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Abstraet

Mining automation has incrementally progressed l'rom line-of-sight remotl' operation to

teleoperation and automatic control of mobile machines. mainly duc 10 signifieanl

advances in underground communication systems. The present trend points towanls a

robotic mining environment where mobile machinery and Sl'Ilionary equipment will he

l'ully integrated with a mine-wide information syslem overseeing ail aspects of mining via

a communication network. The successful design and implementation of the soflware

and hardware components necessary to realize this vision depends on the level of

seamless inlegration achieved. The complexity involved in terms of systems funelionality

and coherence necessitates systems analysis and computer-'lÎded software engineering

tools to actively support this integration effort.

Hence. the primary objective of this thesis is to introduce and rclate systems analysis

concepts and 100is to the business of mining. This investigation begins by setting Ihe

industrial context of this work with respect 10 past initiatives and future lrends. Il

discllsses different approaches to the design and implementation of mining mformalion

systems. It reviews the fundamentals of software and information enginecring as weil as

structured and object-oriented analysis and desiga. It presents a survey of eomputerized

too1s for systems analysis. It then applies systems analysis concepts and lools to a

high-Ievel top-down analysis of a Mine Information System and examines a specifie

mining process in detail. Finally. it compares the applicability of structurcd versus

object-oriented analysis and design methodologies to the complex problem of mining.
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L'automatisation minière en souterrain a connu une progression depuis l'opération à

distance jusqu'au contrôle automatique d'équipements lourds grâce surtout à d'importants

développements en matière de communication sous terre. Présentement. on se dirige vers

un environnement minier robotique dans lequel l'équipement mobile et fixe à travers la

mine serait relié à un système d'information par l'intermédiaire d'un réseau de

communication. La conception et réalisation des éléments matériels et logiciels

r.~cessaires au développement de cet environnement dépendent largement du niveau

d'intégration atteint lors de la planification de ces systèmes. C'est pourquoi une analyse

approfondie avec l'aide d'outils informatisés est primordiale afin d'étudier la complexité

des systèmes requis.

L'objectif principal de cette thèse est donc d'introduire les concepts de l'analyse des

systèmes et d'établir un rapport entre ceux-ci et le domaine minier. Le contexte industriel

de ce document est d'abord situé par rapport aux initiatives passées ainsi qu'aux tendences

futures. Différents points de vue sont discutés au sujet de la conception et de l,a

réalisation de systèmes informatisés pour le domaine minier. La théorie fondamentale d'J

génie logiciel et informatique est présentée ainsi qu'un sondage d'outils d'analyse assistée

par ordinateur. Ces théories et ces outils sont par la suite appliqués afin de présenter une

analyse haut-niveau d'un système d'information minier. Finalement, l'application de

techniques structurées et orientées-objet au problème complexe minier est examinée.
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Introduction

•

•

The Canadian mining industry is faced with the challenge of streamlining its core

processes to remain competitive in a global economy whose balance has been disrupted

by dramatic political changes in the former Eastern block, new economic alliances in

North America (NAFfAl, and open mining legislations in Central and South America.

Competition is rising from the Commonwealth of Independent States as weil as from

Latin American countries, such as Chile, Mexico and Peru, where mineraI resources are

rich and often under-exploited, labor is relatively inexpensive, and regulaticns are less

stringent [Ashcroft93] [Valenzuela93]. In fact, interesting mining opportunities,

particularly in Latin America, have allracted Canadian inve.lment overseas, threatening

the future of our industry at home and inspiring initiatives such as "Keep Miraing in

Canada" [ROB95] [Wykes95]. In addition. over-supply combined with declining world

commodity prices have decreased the profit rnargin of Canadian minerai and metal

producers, which are no longer in a position to reduce operating costs by more traditional

methods such as downsizing and improving productivity by means of mechanization and

bulk mining. In most cases, the workforce has been reduced to a minimum, often

overworked, and mechanization and bulk methods have reached an impasse due to the

physical limitations of both the equipment and the environment in which it operates

[Baiden93a] [Scoble94].

In this context, many mining companies have recognized the need for automation as a

step forward in assuring the survival and competitiveness of the industry. Automation

offers the possibility to increase the profit margin once more, by increasing efficiency and

lowering operating costs. It is the next logical step following mechanization. However,

the successful design and implementation of adequate automation applications to the

mining environment can only be achieved through a systematic analysis of the overall

problem and careful planning. Hence. the solution lies in fully understanding the CUITent

mining processes in order to confidently assess the present situation. isolate bOlllenecks,

1
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and identify the most critical areas needing improvement and re-engineering.

Concurrently, a thorough investigation of the interfaces between processes is also

necessary when automating conventional mining equipment. These initial steps are

essential to the consistent and integrated development of rohotie millillg systems, both in

terms of software and hardware. Systems alla/ysis and computer-aided softwure

engineering tools offer the capability to analyze present and future systems, in their most

abstract form (Le. processes, inputs, and outputs) down to the specifics of their

implementation. Other industries have successfully utilized these tools to assist in the

development of numerous and varied applications. The mining industry is now in a

position to integrate these proven techniques within its efforts 10 develop robotic miniog.

1.1 Objectives

The primary objective of this thesis is to introduce and relate systems anulysis concepts

and tools to the business of mining in a robotic environment. An effort is mude to

address both underground and surface mining issues throughout the thesis to demonstrate

the widespread applieability of this study.

.L2 Contributions

Significant contributions made by this thesis include:

i) a discussion approach to the design and implementation of mining information

systems as presented through a series of case studies (Chapter 2);

ii) a concise review of the fundamentals of software and information engineering as

weil as structured and object-oriented analysis and design (Chapter 3);

iii) the relation of these abstract concepts to the business of mining (Chapter 3 and

Chapter 5);

iv) a survey of computerized tools for systems analysis (Chapter 4) including a listing

of vendors and products (Appendix A);

v) a practical example of the application of systems analysis concepts and tools to a

specific mining process (Chapter 5);

2
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vii)
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an extensive bibliography on the subjeets of information systems for mining and

systems analysis tools and techniques complete with abstracts when applicable

(Bibliography);

a view of mining as a process industry, rather than an "art".

•

•

U Methodolo~y

Between May 9 and December 16, 1994, the author was employed by the Automation and

Robotics group of Mines Research. INCO Ltd., Ontario Division, under the direction of

Dr. Greg Baiden. During this work period, a pilot project was initiated "to prove that a

comprehensive systems analysis is essential to the consistent and integrated development

of robotic mining [systems]. both in terms of software and hardware" [Motto1a94a].

.lA Thesis Structure

This thesis is structured as follows:

i) Chapter 1: introduces the topic;

ii) Chapter 2: focuses on the evolution of information systems in mining;

iii) Chapter 3: discusses the fundamentais of systems analysis concepts and tools;

iv) Chapter 4: addresses computer-aided software engineering (CASE) too1s;

v) Chapter 5: presents a system mode1;

vi) Chapter 6: draws conclusions and outlines recommendations for future work.

Summary sections at the end of each chapter recapitulate and provide a transition to the

next chapter. The thesis a1so inc1udes a Bibliography of references and related literature

complete with abstracts where applicable.

3
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Minin!: Information Systems

The present state of mining automation results from past research and dcvclopmcnt

efforts focusing almost exclusively on individual machinery rather than on an ol'crall

automation strategy [Baiden93a). Although essential to the natural progression from

mechanization to automation, this machine-centercd approach has lead to the introduction

of advanced mining equipment which often operates in isolation bccausc it lacks thc

capability to interact effectively and safely with other equipment and pcrsonncl. As

progressively more complex systems are being implcmented in mining opcrations, thc

problem of inlegration is becoming a logistic colossus which can no longer be harncssed

with temporary solutions. Henee, the need to gain a more global perspective has beeome

apparent and researeh efforts are being direeted at analyzing the functionalîty addressed

by existing and future equipment as weil as the overall information requircments of a

modem mine.

The successful integration of automated mining equipmenl involves three steps: i) data

collection, ii) data transfer, and iii) data interpretation. These can be translated into: il

instrumentation, ii) a two-way communication network, and iii) an information system.

The first step, data collection through instrumentation, has been extensively researched

and implemented over the years on a wide variety of mobile machinery and stationary

equipment, both in surface' and underground mines2
• However, the importance of the

second and third steps has only partly been recognized by the industry. In the conlext of

underground mining, a high-capaeity high-speed communication infrastructure was the

topic of a Ph.D. thesis by Dr. Greg Baiden [Baiden93a). Developed during extensive

underground experiments [Baiden92b) [Baiden93c) and with an impressive

demonstration at the 96th Annual General Meeting of the CIM in Toronto [Baiden94bl,

For example: equipment performance monitoring systems for haul trucks IGouldKKI IME901.
shovels [ME90l, and drills [Hendricks95] .

For example: LHD condition monitoring system [Baiden88] IKnights94b], real-time monitoring of
the mining environment [Beu592).
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the communication network is now in production use at INCa's Copper Cliff North Mine

and Stobie Mine in the Sudbury area (CasteeI95b]. In open pit operations, the widespread

use of radio tc1emetry to link the truck lleet and other mobile machinery to a central

dispatcher has laid the foundation for a similar mine-wide communication network.

Modular Mining's DISPATCH® Real-Time Mine Management System (Zoschke95] and

Aquila's Total Mining System™ (Peck95] are two examples of what such communication

networks coupIed with aps can offer to surface mining. However, so far, there has been

limited comparable research and development efforts in the study of adequate information

systems to overlay and complement the communication infrastructure. Recent work

undertaken by INCa Lld. and EOS Canada in this direction has led to a high level design

of core and peripheral systems needed to operate and maintain a modern underground

mine [EOS93] (Baiden95]. This thesis deals with the information requirements

associated with the implementation of rot" ,tic mining systems. As such, it addresses the

issue of a comprehensive mining information system to meet the objectives of an

integrated automation strategy.

This chapter is based on a Iiterature review of information systems in mining. It defines

the nature and functionality of information systems, reviews their evolution in the context

of the mining industry through a series of case studies, and examines their application to

the problem of integrating present and future mining processes, both in a surface and

underground environmenl.

At this stage of the thesis, investigating information systems particularly from the view

point of the mining industry is important to the overall objective of this study in that it

provides the reader with a deeper understanding of the evolution and present frame of

mind in which the industry perceives the role of computer-based information

management and, consequently, systems analysis. Furthermore, by reviewing different

design approaches to building rnining information systems and their results, a number of

lessons can be learned about the nature of the problem as welI as about the technical and

other issues which are of utmost importance to mining corporations.

5
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~aturc of Information Systems

•

•

2.1.1 Definition

The most basic concept of this investigation is that of a system. The primary dcfinilion of

system as given by the Webster's Dictionary is: "a regularly inleracling or inlcrdcpcmlenl

group of items forming a unified wholc".) Hence. a system is composcd of a group of

units. which in tum can be considered as systems. each of which can be composcd of

smaller units. Funhermore. it can be argued that the system of inlcrcsl is ulso :1

component of a larger supersystem. comprising other systems that form ilS cnvironmcnt.

This simple analysis has led to the identification of:

i) a system of interest~

ii) its supersystem~

iii) its subsystems;

iv) and the environment with which it interacts.

Such hierarchical decomposition is a common technique utilized in the analysis of

systems. regardless of their application domain. whether social. ccologica1.

computational. or other. Returning to the definition. it is specificd that the componenl

subsystems form "a unified whole". Hence. there must be an undcrlying structure to lhe

system which provides the basis for interaction and integration among subsystcms. This

structure is defined by the hierarchical as weil as behavioral relationships that exisl

between subsystems. such as sequence. interdepcndence. and triggering INordbottcn851.

The primary definition of infonnation as given by the Webster's Diclionary is: "the

communication or reception of knowledge or intelligence":' The concepts of knowledgc

and intelligence both imply that the message communicated has beco interpreted and

converted ioto something useful. narnely information [Nordboltcn85]. Traditionally. this

element of communication and interpretation would he attributcd to a human rccipicnt.
-----_._._----~-

Webster's Njntb New Colle2Îate Dictjooary. Mirriam-Webslcr. Springfield. Ma'>sachusell'i. 19K5. p.
1199•

Ibid. p. 620.
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but, in the context of a modern computer-based information system (IS), the conversion

of raw data into information is achieved before it is presented to the user, thus providing

value-added manipulation of data. However, the first information systems were

exclusively data-oriented and their function was to store, retrieve, manipulate, and display

data. Application domains included inventory control, banking, payroll, and the like,

with a typical example being an airline reservation system. The conversion was then

performed by the user and, in Iight of our modern definition, those systems should be

more accurately termed data-processing systems (DPS), since the information aspect was

externalto the system itself.

2.1.2 Functionality

The traditional functionality of an information system comprises the areas of transaction

processing, management reporting, and decision support [Whillen89]. Transactions are

business events such as purchase orders, customer invoices, sales receipts, and the like.

Transaction-processing systems (TPS) are computer-based systems which receive,

validate, process, store, and produce transactions according to a specified set of

instructions. Due to the weil defined and repetitive nature of transaction processing, this

application was the first to be implemented in computer·based data-processing systems in

the early-60s. Management reporting is the natural extension of transaction processing,

whereby the data that was captured and stored could be used to produce information of

value to managers, and, for this reason, this type of computerized application was termed

management information system (MIS). The original concept of MIS introduced in the

early-60s envisaged a single, large scale, integrated system supporting ail levels of

management decisions. As companies realized that such a total system could not be

developed due to its lack of flexibility and difficulty to evolve, the concept was reduced

to a more realistic definition involving subsystems with varying degrees of automation

and delivering timely and accurate information. Decision support systems (DSS) were

then introduced as a third generation of information systems applications specifically

taillJred to the needs of decision-mcl:ers. These systems became especially popular with

the advent of personal coml'uters and the possibility for managers to obtain quick
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customized information at their fingertips. Examples of decision support systems include

spreadsheet programs, simulators, and expert systems [Whitlen89]. Recently, a new

category of decision support systems has emerged from the growing use of networks in

corporations. As more and more people are connected on 10c;11 and wide area networks,

workgroup computing allows them to work together on projects easily and seamlessly, by

aecessing, tracking, updating, and sharing a wealth of information as weil as

communicating and managing more effectively. Examples of such workgroup

applications are Lotus Notes™ and the popular electronic mail, commonly known as

e-mai! [Norton95].

U Evolutjon ofMinjng Information Systems

When discussing the evolution of information systems in mining, a disti;;clion must be

made between generic systems, often ported from other industries, and uniquc

applications to the business of mining. Generic systems, including for example payroll,

accounting, and maintenance, are common to a number of industries and have becn

introduced in mining with littie or no customization. On the other hand, unique

applications, such as mine planning, orebody modeling, and rock mechanics, are spccific

to this business and have been developed accordingly.

Over the years, a number of vendors have developed mining software to fulfill the need

for unique applications. However, their efforts to provide the industry with a set of

reliable, flexible, and standard computerized tools have been hindcred by the widely

varying nature of orebodies and mining operations in conjunction with a relatively small

customer base. In other words, the cost of developing a complex ali-inclusive mining

software package to accommodate for a wide variety of specific requircmcnts is

prohibitive given the restricted marketplace. As a result, vendors have been specializing

in providing smaller, robust applications targeted to meet the requircments of a particular

field. This, in tum, has led to an array of products which do not interface smoothly, if at
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ail, and often store data in proprietary file formats, cau~ing engineering departments at

mine sites to becorne internally disjointed and obstructing the f10w of information.

This problem will become apparent as the evolution of mining information systems is

discussed through a series of case studies in the following sections. These have been

chosen from an important number of cases primarily for being representative of corporate

strategies to introduce and impIement the computerization of processes related to the

business of mining. Each case study presents an interesting view point as weil as lessons

learned form the experience.

2.2,1 Data-processing Systems

The history of mining information systems began with the introduction of data-processing

systems in the mineraI industry in the carly-60s to mid-70s. Originally mainframe-based,

these systems supported a variety of activities, as reported by Ben Seegmiller

[Seegmiller73) in the first edition of the SME Mining Engineering Handbook

[Cummins73]. The areas in which computers and data processing systems were utilized

in 1970 comprise: surveying, ore reserves, mine planning, production scheduling,

equipment selection, materials hanéling. construction scheduling, drilling and breaking.

ventilation. rock mechanics, on-line control. ore dressing, inventory, maintenance.

financial analysis. and accounting. Other computer applications used to a lesser extent

included geological a.,d geophysical data analysis. statistical and trend analysis, resource

and manpower scheduling, production forecasting and control, open pit optimization,

drillhole records. power-line design. and metallurgical data analysis. These tasks were

accomplished by means of owned. rented, or time shared computers such as the CDC

6600 (Control Data Corporation, 1963) and mM 360 (International Business Machines.

1964) [Seegmiller73].
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2.2.2 Typicai Management Cost Control System

The same Handbook [Cummins73] featun's :l case study by William Wraith [Wraith731

in which the implementation of a late-60s compllter-bnsed "mnnagemcnt cost control

system" for an iron ore mining company is described in dctail. As the primary purposc of

this system was "to help maximize profits by reducing costs and expenscs in ail arcas of

the mining company" [Wraith73]. it is an examplc of an early managcmcnt information

system (MIS) customized for the mining industry. The system, based on an IBM 360

Model 25, consisted of five main subsystems:

i) Responsibility Reporting: for monitoring the effeetiveness of the fOllr-stcp cost

control cycle, namely plan. report, analyze, and correct;

ii) Performance Reporting: for timely evaluation and control of plant and elJlIipmcnt

perfonnance in mine and heneficiation operations;

iii) Supply Inventory Controls: for improved inventory control pcrformancc.

improved purchasing performance. and reduced clerical effort;

iv) Capital Project Controls: for evaluating and controlling current capital projects, in

relation to budgeted costs and completion schedules:

v) Detailed Maintenance Controls: for controlling and scheduling maintenance

activities of ail types [Wraith73].

Hence, this system was designed to gather, sort, and analyze large volumes of data about

the status of capital and operating costs, inventories. maintenance schedules. and

production statistics. At the time, such computer-based system signified a dramatic

improvement in the availability and transfer of critical data within the corporation, data

which, until then, was handled exclusively manually. However. the limited hardware

eapabilities and data-processing nature of this early MIS precluded the possibility of

tuming data into infonnation before it was presented to the user in the form of printed

summary reports [Thompson79]. In fact, despite numerous advances and upgrades in

hardware and software. the countiess reports generated by this kind of legacy system still

plague mining corporations today.
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2.2.3 Newmont Minln~ Corporation

A specific example of the evolution of MIS within the mining industry was reported by

Thomas Van Riper and Jean-Michel Rendu [VanRiper89) in a conference paper

uescribing thc historical development and philosophy of information systems at the

Newmont Mining Corporation. Much Iike the iron ore producer of the previous case

study, Newmont entered the world of clectronic data-processing in 1968 with the

installation of an IBM 1130 at ils New York headquarlers. Initial applications included

ore reserve estimation, pit design, and basic financial programs. During the period of

1972-1978, the IBM equipment was replaced by Digital Scientific computers Iinked to

Sperry remote job entry stations at various mine sites. Selected primarily for its speed

and engineering capabilities, the new hardware laid the foundation for the "Newmont data

network". Further expansion in 1979 established two Data Centers equipped with

Burroughs B6800 systems in Tucs0n, Arizona, and Danbury, Connecticut, to support

New York headquarlers and field locations. The hardware was then upgraded to B7800

and on-Iine services for remote mining operations were added.· However, the basis for

Newmont's 1989 information system was introduced in 1984 with the replacement of

rcmote job entry stations by Burroughs A-Series minicomputers and the installation of

UNC, Burroughs' fourth generation programming language, and the Burroughs Network

Architecturc (BNA) for mainframe to mainframe communication. These systems

effectively Iinked Newmont's central and remote locations and provided the capability to

dcliver applications for multiple users in a timely fashion. At the time, these applications

included:

il Financial Systems (e.g. accounting, payroll);

ii) Support Systems (e.g. materials management, maintenance, mine and mill

operations statistics);

•
iii)

iv)

v)

vi)

Production Systems (e.g. laboratory, exploration drillhole database, blasthole

database);

Geological Systems (e.g. geological data collection, display, and interpretation);

Deposit Modeling Systems (e.g. geostatistical models);

Mine Planning Systems (e.g. pit optimization, mine planning);
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vii) Mine Opcrations Systcms (e.g. ore control);

viii) Statistical Systems (e.g. quality assurance, cxperimental design);

ix) Specialized Systems (e.g. geophysical analysis) [VanRiper89).

Newmont's decision in 1979 to select Burroughs as its mainframe vendor shaped and

faeilitated the evolution of the architecture of its corporate information system over the

next ten years. By commiuing to Burroughs hardware, network architecture. and fourth

gencration programming language, Newmont considerably narrowed the focus of ils 15

departmentto catering the needs of the whole corporation rather thun expending efforts in

a constant re-evaluation of fast changing computing technologies, a Iimiling choice that

proved to be effective given the time period of 1979-1989.

2.2,4 Corporate Solution for Teehnical Computing

In a 1989 MjninLl MaLlazine article, Simon Houlding and Ed Rychkun [Holilding89]

identified four factors as being the cause for the present inadequacy of technicul

computing in the mining industry. Firstly, the computer technology explosion of the 70s

and 80s resulted in an array of non-standard systems, creating a "platform for chuos".

Configuration of equipment, operating systems, networks, communications. and software

became a monllmentaltask which precluded the implementation of an integrated strategy.

The focus was forcefully shifted on the solution of isolated parts rather than on the

achievement of an homogeneous whole. Secondly, the inability to deal with this

technology explosion aIso affected the workforce. Mining professionais were struggling

to keep up with the fast-paced progression and proliferation of hardware and software

systems, often making uninforrned decisions at an unqualified level. Thirdly. the focus

on individual systems brought about an inherent underestimation of the larger problem,

that is an effective computing solution for the entirc corporation. Isolated working

solutions did not provide for a smooth flow of information between departments. Finally.

the life-cycle of a system was an evolutionary process which followed the learning curve

of the end users. from training and acceptance. to expansion, to enhancement.
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Unawareness of how the solution should have evolved over time reduced the payback of

systems which became prematurely obsolete [Houlding89].

Houlding and Ryehkun offered a corporate solution for technical computing in the 90s

based on the primary elements of data, process, results, and flow. At any level of the

corporate hierarchy, data is gathered, then processed, and the results are passed on to

another level, therefore allowing only a portion of the data to flow out, the publie domain,

while retaining the rest, that is the privale domain. Their corporate solution highlighted:

i) the effective conversion of data into useful information (results) at each level;

ii) a minimal flow of public information;

iii) the efficient sorting and storing of private data for local access;

iv) and the proper management of the corporate information base for global access.

They promoted the importance of considering management objectives, technical

functionality, operational efficiency, and cost effectiveness on the same level, to achieve a

truly integrated solution that spans ail internai boundaries and provides a transparent flow

of information. The issues discussed in this article regarding the integrity, up-keep, and

distribution of the information as weil as the implementation of a corporate mining

information system still remain current and pressing today. However, Houlding and

Rychkun presented the mine planning function as "the vital ingredient in the pyramid of

inter-disciplinary information that leads towards the corporate solution and its benefits"

[Houlding89]. It can be argued that, although the data and information generated from

the various geological, surveying, and planning acti·tities are certainly vital to the

business, centering an enterprise-wide information system upon a single set of activities

can lead to overlooking other important areas whieh may be prone to bottlenecks, such as

equipment maintenance. Instead, the system should incorporate a balanced attention to

ail primary and secondary processes associated with the busintss of mining,

proportionately to their impact on the bottom Hne and emphasizing on integration and the

transparent flow of information.

13



•

•

•

Systems Analysis for Robotic Mining: Chapter 2: Mining Information Systems

ln spite of this observation. Houlding and Rychkun's focus on mine planning is not an

isolated case of bias towards this significant activity in the process of mining. In fact, an

evident trend has surfaced in the industry whereby the need for integmted computerized

systems has sprung l'rom the geology and mine planning departments and propagated

outwards to ail other areas. These departments were forced to he the tirst to recognize the

problem due to their use of a wide variely of computerized tools 10 assist in performing

the complex tasks of surveying, ore reserve estimation. geologicalmodeling. mine design,

short-, medium-, and long-range planning and scheduling, to name a few.

2.2.5 Newmont Gold Company

For instance. the evolution of the Newmont Mining Corporation information system

deseribed earlier may be a typieal example of how mining coml,anies introduced

computing teehnology into the business. Originally located at Ihe head oflicc.

mainframes were gradually inslalled at strategic data cenlers servicing the whole

corporation. However. this configuration severely limited access time and qualily for

Newmont's remote mine sites. even al'ter the New York headquarters and the Tucson and

Danbury data centers were consolidated and relocated in Denver, Colorado. laler in 1989

[VanRiper89]. For this reason, the expanding Newmont Gold Company, exploiling the

rich Carlin Trend in Nevada, began to investigate new hardware and software solulions to

satisfy its growing short-range planning. engineering, and ore control needs. progressively

leading to the "integrated production information system" described by Gary Flye

[Flye88] and Stephen Winkelmann [Winkelmann90).

Between 1988 and 1989, the Newmont Gold Company undertook a comprehensive

evaluation of its computing needs with respect to the responsibilities assumed by the

mining engineering department. These were:

i) Short-Range Planning (e.g. annual and monthly production plans);

ii) Engineering Systems (e.g. ore control, production reporting, surveying);

iii) Project Engineering (e.g. waste disposai, stock piles and leach pads design,

equipment selection);

14



• iv)

Systems Analysis for Robotic Mining: Chapter 2: Mining Information Systems

and Geotechnical and Hydrological Engineering (e.g. slope stability, dewatering)

[Winkelmann90].

As a result, the emphasis was shifted from mainframe applications towards software for

mini- and microcomputers because of their speed and graphies capabilities. In particular,

Newmont Gold developed its own mine planning and ore control systems in-house to run

on Silicon Graphics Iris™ workstations. The mine planning software allowed Newmont's

engineers to perform both short- and long-range planning as well as deposit modeling and

pit design. The long range plan, prepared in Denver using an inverted cone algorithm

with a Lerchs-Grossman optimization subroutine, was broken down on an yearly and

monthly basis by the short-range planning department in Carlin. The ore control system

comprised automatic tracking of assays with bar codes, electronic collection and transfer

of surveying data to the mainframe database via field recorders, geological krieging of

polygons, month-end reconciliation of the geological model with the actual mined

polygons, and stockpile inventory book-keeping. The installation in 1989 of Modular

Mining's truck dispatching system in the Gold Quarry pit brought additional functionality

to the ore control system, allowing the mine to monitor more c10sely the production of

ore with respectto material type. Other commercial software utilized by Newmont Gold

as part of the mine planning and ore control systems included Surpac™, to review and

store surveyed shapes, and AutoCADTM, to enhance and print Iris™-generated mining

plans and topographical maps. Smooth transfer of data between the Iris, Surpac™, and

AutoCADTM software systems was under investigation in 1990 [Winklemann90].

2.2.6 Barrick GoIdstrike Mines

Unlike its neighbor Newmont Gold, Barrick Goldstrike Mines Inc. never relied on

traditional centralized mainframes to perform engineering computing functions, mainly

due to its relatively young age. In fact, Toronto-based American Barrick Resources

Corporation acquired the Goldstrike mine, located in the Carlin Trend near Elko, Nevada,

in 1986. With few preconceived ideas about computing and a strong confidence in its

engineering group, Barrick Goldstrike performed all mine engineering functions on-site,
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including reserve estimation as weil as strategie and long-range planning. The eompany's

approach to developing integrated mine planning and production systems was described

by Chris Bostwick in a recent conference paper [Bostwick93]. Until 1988, a Micro Vax

II was alone responsible for assisting with ore control, surveying. reservc estimation. and

assay tracking. American Barriek's aggressive planned development of the Goldstrike

property called for more powerful hardware and software. and, in 1989. Sun

Microsystems SPARCTM workstations were purchased to service Modular Mining's truck

dispatching system. These Unix-based workstations quickly becarne the computing

platform for a number of off-the-shelf commercial packages and in-house softwnre

developments that followed. In fact, by June 1993. the engineering departrnent was

equipped with 16 such workstations running over an Ethernet™ network. Hence. the

company established a powerful distributed computing environment and involved its

users. the engineering staff. to proactively commit to a "eomputer-assisted engineering

environment" [Bostwick93]. At the same time, the accounting. purchasing. payroll,

warehousing. and mill and mine maintenance functions were also transported to a similar

SPARCTM-based distributed environment.

While the hardware solution appeared to be c1ear. Goldstrike's requirements in terms of

orebody modeling, mine planning, ore control, and equipment evaluation forced the

company to complement commercial software packages with applicatiolls developed

in-house. Due to the relative strengths and weaknesses of each package. Goldstrike opted

to utilize distinct software systems in each of its main engineering areas, namel)', orebody

modeling, pit planning and scheduling, ore control, surveying. and technical drawing.

This decision brought about the obvious problem of data transferability and cOl~patibility

between packages, whieh required extensive developmenl of interface pHlerams to allow

for an adequate fIow of data. Despite this difficulty, the engineering staff of Goldstrike

favored the functional diversity provided by merging carefully chosen off-the-shelf

packages with customized software. The resulting computer-aided mine planning and

production system described by Bostwick comprised the following areas:
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Mine Modeling: to model the orebody including gold reserves, eut-off grades, and

acid-generating properties of waste (performed using MEDSystem™);

Long-Range Planning: to design pit layouts with respect to a floating-cone

economic analysis at various gold prices (performed using Q'Pit™);

Equipment Evaluation: to determine truck fleet requirements based on haulage

networks with route profiles and cycle times (performed using a customized utility

within Q'Pit™ for generating route profiles, the Komatsu-Dresser ESP program

for calculating cycle times, and combining the results in a Lotus spreadsheet);

Short-Range Planning: to coordinate the movement of drilling and loading

equipment and sequence the drill-blast-load cycle on a daily basis (performed

using a customized utility within Q'Pit™ which produces a spreadsheet of daily

shovel capacities);

Ore Control: to estimate the grade of blasted rounds and assign the materialto the

correct destination (performed using MEDSystem™ for krieging, MEDS

Interactive Graphics Planner™ for grouping blocks in minable units, and

DlSPATCH® for routing trucks to the appropriate location);

Truck Dispatch: to control and optimize equipment allocation including drills,

shovels, and trucks, as weil as for production reporting and equipment

performance monitoring (performed using DlSPATCH® with customized

extensions) [Bostwick93].

•

The philosophy that Barrick Goldstrike Mines chose to develop its own mine planning

and production system was founded on the principles of openness and partnership

[Bostwick93]. By considering alternative approaches to performing traditional tasks, the

engineering staff opened to new possibilities, utilizing various computerized tools to

improve the quality and flow of their work. By establishing a climate of partnership with

Modular Mining Systems and the developers of Q'Pit™, Goldstrike benefited from a

highly customized and prompt service which resulted in the implementation of product

extensions tailored to the needs of the operation. However proactive, this philosophy

unfortunately did not yield an overall integrated solution, mainly due to the problem of
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data transferability and compatibility between numerous and diverse applications. ln

addition, the tendency to automate manual repetitive tasks still prevailed despite the effort

"not to force the application to mimic the methodology previously employed"

[Bostwick93). For instance, the decision to base a new short-range planning system on

Q'Pit™ to interactively, yet still manually, develop daily, weekly, and monthly shovel

sequences defied the principle of openness cited above. The shovel sequence obtained

with such a computer-aided system presents the same short-sightedness inherent to the

manual method and caused by the human inability to foresee bottlenecks and critical

paths of action in a complex situation and over a longer period of time. In fact, this

argument was precisely the driving force behind the development of a short-range

production planning software package for the Quebec Cartier Mining Company based on

dynamic programming techniques to calculate a daily solution over a three month period

comprising a precise drilling and blasting sequence, shovel displacements and utilization,

as weil as the type and quantity of material to be mined [Lestage93).

2.2.7 Endako Mine

In a similar case at the Endako Mine, an open pit molybdenum operation in British

Columbia, Robert Jedrzejczak and Mike McDowell of Placer Dome Inc. recently faced

the problem of integrating Islands of computerized systems [Jedrzejczak93). In fact, the

main functional areas of the mine were serviced by a variety of DOS- and Unix-based

systems which, individually, were fully autonomous, but, collectively, offered no means

to exchange inform~tion, thus impeding the work flow, the real-time analysis of data, and,

ultimately, the decision-making process. The functional areas under consideration were:

i) milling operations, ii) warehouse and accounting, iii) maintenance, and iv) mme

engineering. In order to smooth the flow of inter- and intra-departmental information,

Endako proceeded to initiate a property-wide hardware and software rationalization with

the objective to implement a "fully integrated total property management information

system" [Jedrzejczak93). The rationalization resulted in the selection of a common

platform, the Sun Microsystems SPARCTM 670 MP server running under Soiaris™, Sun's

version of the Unix operating system. The Endako information system was founded on
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three main software packages: PROGRESS, a central database, ULTRAMAIN, a fourth

generation applications development environment, and XPONENT, a visual editor.

Specifie applications designed using ULTRAMAIN and XPONENT to interface with the

PROGRESS database included: materials management, purchasing, accounts payable,

personnel records, maintenance management, warranty tracking, work requests,

inventory, elc. With respect to the mine planning and engineering functions, the existing

Unix-based Placer Dome OP39 in-house long- and medium-range planning system and

AutoCADTM for surveying, geotechnical, and short-range planning were also interfaced to

the central database. The total property management information system described by

Jedrzejczak and McDowell achieved a number of improvements for the Endako mine,

namely: single data entry on an operation-wide basis, data access at any level, superior

analysis of data, timely information f1ow, informed decision making, and a proactive

approach to the day-to-day operation of the mine [Jedrzejczak93].

The approach taken by Endako to integrate information systems across the whole

organizalion without focusing on a particular business process was certainly conducive to

the successful implementation of an enterprise-wide knowledge base spanning functional

areas as weil as hierarchicallevels.

2.2.8 Highland Valley Copper

Other mining companies have taken different approaches. to developing mining

information systems. Highland Valley Copper's large open pit operation located in

Kamloops, British Columbia, opted to focus on the aspect of data acquisition at the

source, that is the equipment performing the tasks of drilling, loading, and hauling. By

interfacing drill, shovel, and truck performance monitoring systems with existing mine

planning and production control systems, the mine enhanced the quality and f10w of

geological and operational data upon which other processes depended. However, the

mine management information system described by Jim Gray et al. [Gray91] showed

considerable weaknesses with respect to the automatic transfer and conversion of this

data into information and, in fact, sorne data entry and most of the interpretation were
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performed manually. Furthermore, the Highland Valley Copper MIS comprised a vuriely

of software systems, including Mintec's MEDSystem™, Cominco's Geologicul

Exploration and Ore Reserve Estimation System (GEORESTM), Modulur Mining's

OlSPATCH®, and a number of in-house applications, and thus was plugued with the

same data transferability and compatibility problem discussed previously. Although dalu

acquisition is certainly an important aspect of the overull effort of implementing u

comprehensive mining information system, this cuse is unother example where Ull

imbalanced approach has lead to less than optimul results.

2.2.9 Mount Isa Mining

ln the mid-80s, Mount Isa Mining Ltd. (MlM) [Chadwick92), located in Queenslund,

Australia, began investigating computer-based mine planning systems to replace its papcr

plans, data sheets, and various other documents [HaIl93). In 1989, after carefully

reviewing commercially available software packages wilh respect 10 particulur

requirements, it was decided that an Integrated Mine Planning System (lMPS) be

developed in-house based on the MicroStation™ CAD packuge and Orucle® dalubuse

running on a network of Intergraph Unix workstations and DOS PCs. In a first stage, the

system quickly grew to accommodate for diamond drill hole data, orebody block model

data, and surveying data downloaded from the mainfr::me à~tabase. Generution of

three-dimensional surfaces constructed from interpretations of ddlling sections and

krieging procedures were added in a second stage, providing the oasics of a mine

planning system, although geoIogical interpretations were still donc off-line and

transferred into the system. A third stage of the development involved the complete

transfer of the existing geology and survey functions from the mainframe into the IMPS,

to eliminate the need for interfaces and use of multiple systems. The resulting planning

system was perceived to be a success for a number of reasons: i) the engineering and

geology staff championed the system; ii) senior management was invoIved and

committed from the beginning of the project; and iii) IMPS was regarded by ail as a

"technical design and database system, not just a CAD system" [HalI93].
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2.2.10 Falconbrldge

Atthc same time as Mount Isa Mining was working on IMPS, Falconbridge Ltd. Sudbury

Operations, Ontario, was developing a Computer-Aided Mine Planning (CAMP) system

to fill in the inadequacy of commercially available software [CampbeIl91]. The CAMP

system wa~ also based on a CAD platform to minimize total development time. although

the selected CAD package, SilverScreen™, by the Schroff Development Corp., offered

significantly different features than MicroStation™, including solids modeling

capabilities and object-oriented principles. After researching CAD systems used in other

industries, Falconbridge deemed these characteristics, coupied with C programming and

an internai ~atabase, to be essential to the development of a CAMP system which could

evolve weil into the future. CAMP was implemented on a network of Unix-based Silicon

Graphics Iris™ workstations and DOS PCs at the Fraser Mines.

Other papers of interest on the use of three dimensional modeling and solids modeling for

mining applications are: [Kavouras88] on raster octree encoding for volume

representations; [Mill89] on the quadtree technique for graphical display and storage of

raster m:.ps; [Houlding91] and [Houlding92] on the vector 3-D component modeling

technique; and [Clarke93] on the Quintette 3-D modeling and planning system.

Aiso noteworthy to the discussion of the evolution of mining information systems are: a

series of papers by Betty Gibbs reporting the state-of-the-art in mine planning software

[Gibbs90a] [Gibbs90b] [Gibbs9Ib] [Gibbs92] [Gibbs94a] [Gibbs94b]; [Stokes93] on the

current challenge of mining software; [Manaster9l] on a mine planning package for the

Macintosh® developed in-house at the Cyprus Miami Mining Corporation; [Grady90] on

a mine planning and reserve modeling software system developed in-house at the

Mesquite mine, Gold Fields Operating Co.; [Grant90] on a borehole information system

at INCO Ltd.; and [SinghaI89], [Melvin89], and [Kovach89] on mine managel.lent

information systems.

1merestingly, !he evolulion of computerized mine planning al Falconbridge Ltd., Kidd Creek
Division, look a different pa!h. In 1989 lhe company signed an agreemenl with Datamine
Inlernational to jointly develop a !hree·dimensional underground mine design system [Taylor9l].
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U Yiews on IDieiraled Minin~ Informalion Syslems

The previous sections discussed past and present corporate philosophics for implemcnling

information systems in mining. The pattern of evolution exlracted from the case studies

indicates that the mining industry is slowly recognizing the bcnefits of more integrated

approaches and is now moving toward experimenting in lhis direclion. In lhis conlext,

the following sections discuss ideas reflecting this trend and colleclivcly expressing whlll

will probably be the next effort in amalgamating informai ion teehnology and mining.

Please note that the author's views on integrated mining information systems is presentcd

in Chapter 5.

2.3.1 CaterpiIIar Total Information System

From an equipment manufacturer standpoint. Caterpillar's vision of integralcd

information systems for mining was described by C. Schaidlc as comprising four

elements:

i) basic communications: mobile phones and automatic data transfer;

ii) machine health: on-line analysis of machine vital signs;

iii) planning and operations: linking computer-based planning to operaling

machinery via a communications network in order to provide a lwo-way

automatic information flow between planning and operations;

iv) and control: automatic control and guidance of mobile equipment [Schaidle94].

These elemenls are expected to incrementally achieve an integraled total inJonnatiofl

system by utilizing progressively more sophisticated technologies a~ they bccome

economically feasible. Schaidle cIearly expressed CaterpilIar's commitment to develop

and support earthmoving in the inJonnarion age. while emphasizing the importance of

creating a partnership among technologists. producers, distributors, and users of

equipment in order to successfully translate this vision into reality [Schaidle~·4].
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2.3.2 The Digital Mine

Peter Knights and Malcolm Scoble of McGill University described their view of

integrated mining information and control systems as a stepping stone toward digital

mining, that is a type of lean mining empowered by the ability to make rapid decisions,

quickly deploy equipment, and selectiv~ly extract ore [Knights95] (sec also [Scoble95a]

and [Scoble95b]). Lean mining was defined as aiming to acceJerate cash flow over the

life of the mine by minimizing throughput time. stockpiles. wastage, and rework. Of

particular interest to this investigation is the authors' perspective on the processes and

support systems involved in surface mining. of which Figure 2.1 is a representation.

Although 'heir paper focused mainly on open pit mining. most of the material discussed

in it is cqually applicable to underground mining.

Figure 2.1: Model of Surface Mining Processes and Support Systems. from {Knights95].
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Note (hat, in this figure, the communication infrastructure is the backbone of the overail

system linking the mining processes and the support systems across the mine. Aiso note

the presence of distributed databases servicing the support systems, insteud of one cenlral

repository.

Furthermore, this paper emphasized the need to consider the opemtion us u whole, mther

than merely a sum of its parts. that is to optimize the performance globully, mther Ihun

locally. This point concurs with the lessons learned while discussing the evolution of

mining information systems and certainly results from a growing uwureness within the

mining industry of the need for integration to minimize the compounded effects of

individual, myopie solutions. Similarly to Schaidle, Knights and Scoble identified four

key areas for developmenttowards lean, digital mining, namely:

i) monitoring, data analysis. and diagllosis: involving monitoring equipment

location, status, performance, and health, as weil as sensor fusion. filtering.

pattern recognition, and diagnosis;

ii) communications systems: needing high-speed high-volume data transfer;

iii) integrated support systems: based on data exchange standards, shared datubase

structures. and concurrent engineering;

iv) and process and machine control: based on real-time supervisory control and datu

acquisition (SCADA) [Knights95).

Finally, the authors stressed the importance of information technology plunning and

industry standards to facilitate the implementation of truly integrated systems across the

digital mine.

The underlying inspiration for this paper and the concept of the digital mine originated

from the manufacturing industry and its efforts to implement flexible mel/lufactllring

systems (FMSs), that is large, complex systems including

computer-numerically-controllcd (CNC) machines, robots. and automatic guided vchicles

(AGVs). Gene Bylinsky. in an article in Fortune, described FMSs a~ the "harbingers of

lights-out automatic factories operating around the clock [and) almost withoul workers"
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[Bylinsky94). These systems proved to be inherently vuln.:rablc to failure and werc latcr

fragmented into smaller, more manageablc cclls, giving rise to soft IIIclIlufacturil/g, a

balanced approach to plant automation involving robots, humans, and computer nctworks

interacting in a digital factory. As the name suggests, soft manufacturing relies heavily

on software and, in manufacturing, software is in fact becoming more important than

hardware because it serves as a "unifying communications tool" [Bylinsky94) which

integrates, enhan,-.s, and capitalizes on the individual abilities of automated sy.tems,

computcrs, and human beings. Knights and Scoble transposed and applied the concept of

the digital factory described by Bylinsky to the context of mining and termed itthe digital

mine. Without engaging in a lengthy discussion on the similarities and differences

bctween the manufacturing and mining industries, it suffices to say that the latter can

certainly benefit from the lessons leamed by the first provided that the following be kept

in mind: the manufacturing environment :~ entirely man-made and composed of

homogeneous materials, its behavior is weil understood and casily controllable, whereas

the mining environment is mostly natural, heterogeneous, and largely unknown and its

hchavior is only partially understood and somewhat controllable.

2.3.3 CRA Advanced Mining Systems

Michael Richmond and Gary Lye of Conzinc Rio Tinto Australia (CRA) Pty. Ltd., a

subsidiary of Rio Tinto Zinc (RTZ) Ltd., have stated that "the high leverage points in

mini!!/; operations lie in continuous and automated mining and integrated processes

wherc each process is systematically trcated as part of a wider whole" [Richmond94). As

described by Richmond and Lye, CRA's view of integrated mining information systems,

collectively termed advanced lIIining systemr. lAMS), includes the following:

i) mine-wide information and data acquisition systems;

ii) real-time monitoring of material flows and grade control;

iii) continuous and selective mining;

IV) responsive computerized systems for mine planning and equipment m?Jntenance;

v) automated and teleoperated equipment;

vi) and decision support systems [Richmond94).
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According to the authors. the key lo integrating advanced mining systems consists in li

"systemalic attention to [the] informalion now" [Richmond9 ~J bctwcen li sequence of

unit processes, as shown in Figure 2.2.

, .
r.1AINTEfiJANCE

Figure 2.2: Proccsses and Information Flows. from [Richmond94] .
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When a maintenance programme is integrated wilhin the structure of this ligure.

additional information flows are required to link the mine produclion and scheduled

maintenance plans with condition monitoring data. This results in a complex and

voJuminous flow of infonnation which needs effective management, analysis, and

application in order to benefit the overall AMS strategy. However. the authors express

lîttJe doubt as to the improved flexibility of the integrated informai ion systems,

particularly with respect to "the clcar superiority in handling variability. be il inlroduccd

from either maintenance or production disturbances" [Richmond94].

•

2.3.4 Modular Mining Real·Time Mine Management System

•
ln the late·70s, Modular Mining Systems Ltd. devclopcd and implcmentcd its first haul

truck dispatching system for the mining industry under the nume OISPATCH®

[White87] [White89] [White92]. Originally designed for optimizing haulage in open pil

mines. over the years this product has evolved into a real-lime mine management system
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equally applicable to underground operations [Zoschke95]. In addition to optimized

truck or LHD assignment between loading and dumping points, the present DISPATCH®

system provides the following:

i) a communications network across the mine;

ii) equipment location given by radio beacons or a satellite global positioning system

(GPS) on surface and infrared (IR) transponders or radio frequency identification

(RFID) tags underground;

iii) condition monitoring of equipment vital signs;

iv) event-driven simulation for evaluating "what-if' scenarios;

v) and extensive reporting and accounting capabilities for production, maintenance,

and inventory purposes (e.g. tires, fuel, lubricants, etc.) [Carter94] [White94a]

[Zoschke95].

These features form a solid framework for integrating mining processes other than the

load-haul-dump cycle, since other types of equipment, such as drills, may be linked to the

communications network and benefit from the capabiIities of DISPATCH®. Ideally, ail

the mobile and stationary equipment should be linked to a similar mine management

system in order to provide a total monitoring solution responding to the needs of the

cntire mine.

2.3.5 Aquila Total Mining System™

lndeed. this approach has been followed by Aquila Mining Systems Ltd., a young.

dynamic Canadian company which is developing the basis for "a comprehensive real-time

monitoring. control, and information system [for open pit mines] called the Total Mining

System™ or TMSTM" [Peck95a] [Peck95b] [Aquila]. Jonathan Peck and Jim Gray

describcd the principal elements required to impIement the TMSTM concept as including:

i) a bi-directional communications network with adequate responsiveness and

bandwidth to accommodate current as weil as future transmission needs, including

voice. video, and data signaIs;

ii) on-board maclline condition monitoring, control, and positioning (GPS);

iii) a reactive production planning and control system;
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iv) a flexible database management .fystem (DBMS);

v) and an open-architecture, objcct-orienlcd mine mode/inl-: .\')'stem [Pcck95a}.

Figure 2.3 below iIlustrates the TMSTM design concept.
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Figure 2.3: TMSTM Design Concept. from IPeck951 .

Aquila's TMSTM strategy aims to improve productivity by favoring proactive planning

"through a better two-way information flow between each component of the operation"

[Peck95a]. As such, this system will provide the basis for integratcd mining information

systems in open pit mines.

For example, Fording Coal Ltd. recognized the potential of utilizing GPS-based systems

in conjunction with equipment performance monitoring to improve the surface mining

process and hence maintain a competitive edge in the marketplace. Fording recently

installed a GPS-based dispatching system by Modular Mining Systems Ltd. at the

Greenhills mine and a GPS-based surveying system with equipment by Ashtcch at the

Fording River mine6
• In addition, Fording is actively supporting and participating in

Aquila's TMSTM concept of integrated systems [Wusaty95].

• 1\ Also on GPS. see [AvCan].
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2.3.6 INCO FOREMAN Project

The Future Ore Manufacturing (FOREMAN) Project of INCO Ltd. is an exemplary

on-going effort on the part of a large Canadian mining company to seamlessly integrate

processes and systems across the mine. FOREMAN was initiated in 1989 at the Copper

Cliff North Mine with "the goal of developing an information system as the basis for

automated systems for underground hardrock mining" [Baiden92b].

The lirst phase of the project, termed FOREMAN l, was completed in carly 1993 and

involved the development of a communications network capable of supplying voice,

video. and data services underground. A broadband network with a leaky coaxial antenna

system was developed to provide the large bandwidth of bi-directional communication

required for these services. A considerahle portion of the mine was covered by the

network allowing phones, programmable logic controllers (PLCs), computers, video

cameras, and radios to be connected to the system, thus enabling the teleoperation and,

later. automatic guidance of mobile equipment from surface [Baiden92b] [Baiden93a]

[Baiden93c] [Baiden94b].

The second phase of the project, termed FOREMAN II. is still on-going and aims to

develop a comprehensive information system required to integrate ail the processes

related to mining across individuai operations and the entire corporation. To accomplish

this. EDS Canada is undertaking a series of information technology (IT) planning

activities7 for FOREMAN II comprising:

i) a high level requirements analysis [EDS93];

ii) a statement of technical direction (IT policy) [EDS94d];

iii) a technology business case [EDS95a];

iv) an IT architecture [EDS95b];

v) and an IT implementation plan.

Although the detailed lindings of thcse studies cannot be discussed here, Figure 2.4 below

iIIustrates the major systems required by FOREMAN II.

On the impOrtance of IT planning. see (Thomas91). rConnell93J. and [Devine94J.
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~I

Economie
Modela

Figure 2.4: FOREMAN Il Wheel. from 1Baidcn951.

In summary. the "FOREMAN wheel" comprises the following:

i) core systems: including database management (repository) for storing information.

three-dimensional solids modeling for mapping the underground cnvironmcnt

(mine workings. geology. etc.). systems operation~ and nctwork management

(SONM) for monitoring the communications network and the strategie systems,

machine control for teleoperating and automatically controlling equipment. and

configuration management for integrating and coordinating the flow of

information between ail core and strategie systems;

ii) strategie systems and rools: facilitating specifie proccsses related to the design

and operation of <:. robotic mine;

iii) extemal systems: interfacing with the core and strategie systems. but lying be:/Ond

the scope of FOREMAN II [EDS93].
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Intereslingly, a similar configuration to this one was described by Simon Houlding in

1992 as an "onion-skin" structure consisting of "a core of 3D modeling and system

functions accessed by a layer of applications modules which are in turn driven by a

graphics user interface" [Houlding92]. The striking similarity between the FOREMAN Il

wheel and Houlding's onion-skin structure serves to prove that this layered, concentric

system design, based on solids modeling and a central database, offers a sound and

logical framework for building integrated mining information systems.

Finally, the importance of the overall INCO FOREMAN effort must be emphasized as a

unique, visionary, and substantial undertaking towards securing the competitiveness of

the Canadian mining industry weil into the future.

Other views and issues regarding the future of integrated mining information systems are:

[Mason90] on information systems for the corporation; [Morrison95] on the importance

of supplementing technological efforts with an adequate change in management

philosophy; [Scoble94] and [Moss95] on the role of rock mechanics in the future of

information systems for production management; and [TEKES94], [Baiden94a], and

[Hatch94] on overall mining automation strategies.

2A Summmy

This chapter has provided a definition of information systems and reviewed their

evolution in the context of the mining industry through a series of case studies. The

following points summarize the computing philosophies presented:

il the need to consolidate data into meaningful reports, and, later on, to convert this

data into information;

iil the impact of information systems, no matter how primitive, on cost control;

iii) the efficient management of the corporate information base;

ivl the migration from mainframe to networked systems, be it workstation- or

PC-based;
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• v)

vi)

vii)

viii)

ix)

x)

xi)

the development of in-house software applications to complement commcrciully

available packages;

the focus on individual solutions creating isolated systems;

the problem of data transferability and compatibility;

the tendency to automate existing processes leading to shortsighted upprouches;

the emphasis on mine planning and geological modeling;

the importance of enterprise-wide standards for hardwure. softwure. and dutu;

the need for reliable data acquisition systems.

i)

ii)

• iii)

iv)

v)

In addition. a number of prominent views were presented to outline the probable future of

integrated mining information systems. In summary, these collective visions highlight

the importance of:

a mine-wide high-speed high-volume communications network";

machine monitoring. including location. and the analysis and diagnosis of

performance and condition;

machine control, either by means of automution or teleoperation";

process monitoring and control, based on real-time data acquisition systems;

integrated decision support systems, to effectively relay information between thc

engineering and operations areas;

vi) a flexible ~eposilory to store and manage the information base'";

vii) event-driven simularion for evaluating "what-if' scenarios;

viii) optimizing the performance globally, rather than locally;

ix) industry standards and open systems";

Additional sources on communications networks other than thc ones prescnled in this chpaler:
[Baiden93al. [Hackwood931. [Hackwood94].

•
•

,.
"

Additional sources on machine monitoring and control: [Baiden881. [Gould881. IME901•
[Baiden92c). [Knights931. [Knights94bl. [Dasys94j.[Grenier941. [Hendricks951. [Poole961.

Additional sources on database management systems: IKay941.

Additional sources on induslry standards and open systems: [Champigny91) 15as94)
[Federchuck95).
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as weil as forming a parlnership among equipment manufacturers and mining

companies to jointly translate this vision into reality.

•

Finally, it is important to note that the fundamental difference between the traditional

information systems discussed in Section 2.2 and the integrated information systems of

Section 2.3 resides in the ability to control cost versus process. Real-time data

acquisition and analysis offers the capability to react virtually instantaneously to changing

conditions, thereby controlling the impact on the process white: it is being affected.

Delayed information processing hinders this ability to react in a timely malter, hence

resulting in cost control after the fact '2•

• " See [Bascur93] on bridging the gap between cast conuol and process control.
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Fundamentals

The primary definition of analysis as given by the Webster's Dictionary is: "the separution

of a whole into its components parts; an examination of a complex, ils clements and their

relations"l3. Analysis is understood as the iterative breakdown of a problem into

subsequently lower-Ievel problems, until manageable, relativcly simple problems arc

defined. This process is fundamental to Ihe concept of systems clllalysis which utilizes

decomposition to reduce the apparent complexity of systems and thus facililale their

design and implementation [Topper94]. This definition is also consistent with thal of a

system given in Chapler 2.

Systems analysis employs numerous techniques and tools to achieve its goal. This

chapter reviews the fundamentals while allempting to relate them to the business of

mining in a robotic environment. It begins with a discussion of the discipline of software

engineering (SE) and proceeds to introduce the methodologies of information engineering

(lE), structured analysis and design (SAID), and object-oriented analysis and design

(OOAID). Il concludes with a presentation of computer-aided software engineering

(CASE) tools to assist in the analysis of systems and provide a background for Chapter 4.

Further correlation of the concepts prese.nted in this chapter to the thesis topic can be

found in the discussion of the system model presented in Chapter 5.

II Software En~ineedni

In a robotic mining environment software is an important driving force behind complex

systems. For instance, the smooth navigation, coordination, and control of aUlonomous

mobile machinery depends on weil planned software components that integrate the

individual functionality of each machine within the overall logistics of the mining

• Il Webslers Njmh New CoUe2jale Dicljonary. Mirriam,Websler. Springfield. Massachusells. 1985. p.
82.
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operation. The planning, design, and construction of software systems is regulated by the

discipline of software engineering.

Software engineering (SE) encompasses methods, tools. and procedures enabling

engineers to structure and control the software development life cycle. Briefly. SE

methods, or techniques, (e.g. lE, SA/D, OOA/D) provide the technical specifications of

how to develop software and SE too/s (e.g. CASE) the automated suppon for these

methods; SE procedures enable the timely development of software through quality

control and project management. The development of software systems through methods,

tools, and procedures is in turn regulated by SE processes, or paradigms, life cycle

models such as the waterfall model and the spiral model [Boehm881, which describe the

overall logistics of the development effon and therefore the nature and behavior of the

software development life cycle. Figure 3.1 below illustrates the relationship between

these software engineering components.

T
Methods ~: procedures:
(techniques): • CASE .TQM

·IE • Project Management
·SNO
·OONO

paradjgms (processes):
• Waterfall Model
• Spiral Model

Figure 3.1: Software Engineering Companenls.

Independently from the process chosen, the software deve/opment /ife cycle (SOLe)

comprises the following core phases:

i) Ana/ysis: involves defining system requirements and functionality, as weil as the

interactions between major sub-systems and the "outside world";
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Design: translates the logical model, built during analysis, into a physical modcl

of the system which can be assessed before coding begins; the design phase can he

broken down into preliminary (high-Ievel) and detailed (Iow-level) design,

depending on the level of procedural detail, data structure, architecture, and

interface characterization specified;

Construction: consists of coding the design specifications into a nmchine-readahle

language;

Testing: ensures that the software performs satisfaclorily;

Maintenance, or evolution: manages the changes made 10 the softwure once Ihc

product is delivered;

Documentation: produces a record of the software developmcnt process, system

requirements, design specifications, etc. [Pressman92).

•

•

These Iife cycle steps are essential to the developmenl and implementation of coherenl

software systems, regardless of the application to which they are destined. ln fact, laken

out of the software context, these conceptual steps form the building blocks necessary 10

design and construct a variety of tools, from mechanical devices to electrical components,

or on a higher level of abstraction, even processes such as mine planning or ground

support.

As discussed in Chapter 2, the heurt of the robotic mining environment resides in an

information system which manages and compiles data from a number of sources.

Understanding the nature and characteristics of the information to be manipulated is

therefore of capital importance to the development of such a system. Software

engineering can assist in the analysis of information requirements by means of techniques

such as Information Engineering (lE), Structured Analysis and Design (SND), and

Object-Oriented Analysis and Design (OOND). The lattcr is rapidly gaining in

popularity and may very weil surpass more traditional methods in the near future. The

following sections describe these methodologies.
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Information Enl:ineeriml

The term information engineering (IE) was coined in the early 1970s by James Martin. In

his own words, information engineering is defined as "an interlocking set of automated

techniques in which models are built up in a comprehensive knowledge base and are used

to create and maintain [information] systems" [Martin89]. It is important to note that,

while software engineering focuses on one project, information engineering examines the

enterprise as a whole.

In fact, IE begins with a top management view of the enterprise by conducting an

information strategy plan and progresses downward into greater detail through the

analysis of a particular business area, and the design, construction, and, later maintenance

of a system which implements selected processes of the business area. Hence, the four

stages of information engineering are:

il information strategy planning: concerned with top management goals, critical

success factors, and the strategic use of technology to create new opportunities or

a competitive advantage;

ii) business area analysis: concemed with the processes and data flows necessary to

run a selected business area;

iii) system design: concerned with the implementation of selected processes in a

particular business area;

iv) construction: concemed with the coding of the design [Martin89].

It must be noted that the information engineering discipline requires that most of the time

be spent on planning, analysis, and design, rather than on execution. This ensures that the

systems built as a result of this process accurately meet the business needs which

motivated their development. In addition, the design and construction phases are Iinked

by means of prototyping to facilitate the validation by end users. Figure 3.2 illustrates the

four stages of information engineering.
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The information generated throughout the investigation is collected in an cflcyc.:/opcdiCl, a

computerized repository which helps control the accuracy and validity of the knowlcdgc

base. It is precisely these characteristics which distinguish the encyclopedia from the data

dictionary (discussed later in Section 3.3.4) since the latter does not store thc mcaning

represented in diagrams and thus cannot enforce consistency within the model beyond

nomenclature [Martin89].

Figure 3.2: Four Stages ofInformalion Engineering. from [MartinR9] .

S.,.••m o.llon
Cone..ned wolll Ilow ••Iecl.d pro<..... In Ill.
bUlln re impl.m.nlld in proeedu''', .nd
Ilow Ih p'oced~," wo,~. A dlFlC'! .nd·u••r
Involvem.nl i. n.eded in Ille dliion of
proe..dongl.

~tl""' Are. An.lytl.
--',r--- Conelrnld wlllI wll.r p'oc..... .,. n••d.d.0 run e ••llClld bUlln... "",

Ilow '11... p'oc..... inl.".I.l•• end wll.,
d.,• .,e needed.

.:..
-,:00"':;'- Conltructlon

'mo'emenlilion DI 1111 procedure. u.inO.
wll... ortC\icel. lou"h·Olner.hon IlnO~'O'I,

code o.n'FI'(I'I, Ind .nd,uI" 10011. o.llOn "
IInk.cllo conllrul;llon by m..n. 01 p,o,olyo,no

lIlform.tlon SI,.t-.lY ....nnlnll
Conee.ned WI'h 1"'I'Ole llIrulll. 10P minloem.nl

Œ
ooell .nd c"lie.1 I~cceu 111;10'1. coneerned WI,II

---- 1I0w leellnolooy e. ft Ile ~..d '0 c...,. n_
oppo"~nlll".nd olve eomlMlllhve .dvln"oe•.
A 1I1gll.level overv"w Il e"".d al Ille .n,.,p,i...\ 1'. lunetionl, d.,••nd Inlo,mellon n••dl

1 \
1 \
1 \

~ :r
! "i
"' ::1::1 Q.
< •_. ::1

a ë
::1 ::13 _
• ::1':. .

•

•

•

In the context of mining, lE can assist in gaining a more comprehensive understanding of

our business by zooming in on problem areas from a wider perspective. ln this respect.

lE is analogous to utilizing satellite images or aerial photography ta idcntify potential

mineralization. On the other hand, structured and object-oriented techniques are

eoncerned with the detailed analysis and design of specifie systems, analogously to

exploration drilling. whieh provides insight on the nature of the minerai deposit, and mine

planning. whieh addresses the subsequent layaut and design of the operation.
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Since the foclJs of this thcsis is on syslems analysis. a more detailed discussion of the firsl

IWO stages of information engineering follows.

3.2.1 Information Stratcgy Planning

Information stralegy planning (ISP) creales an overview model of the enlerprise through a

series of aClivilies designed to analyze the goals and information needs of lhe corporation.

These activilies are:

i) orgallizutiollu/ decompositioll: compile a computerized organizalional chart

complete with ail business units. respeclive managers. and geographic localions;

ii) fUllctiollu/ decompositioll: identify lhe major business funclions and decompose

into lower-Ievcl functions and their processes;

iii) mappillg: create a number of matrices mapping functions to organizational units.

geographicallocations. and executive involvement;

iv) gou/·alld.prob/em alla/ysis: identify both long-term and short-term (tactical) goals

a.~ weil as associated problems and map these against organizational unils;

v) critica/ success factor (CSF) alla/ysis: identify and measure factors which am

criticalto the success of the enterprise and its business areas;

vi) tee/Ill%gy impact alla/ysis: compile a Iist of potential lechnological changes

which may impact the enterprise and relate these to business opportunities and

competitive threats;

vii) strategic systems alla/ysis: identify the systems which enable the corporation to

achieve a direct advantage over its competition;

viii) elJlity-relatiolls!zip alla/ysis: identify the relationships between entities (ilems

about which data is stored);

ix) affilli'y alla/ysis: establish the degree to which certain entities or processes

a.~sociate with one another and form groupings of affiliated items [Martin90a].
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3.2.2 Business Arca Alialysis

Business area analysis establishcs a detailed framework for building an information-based

enterprise by analyzing in detail each business area identificd during the information

strategy planning. It uses diagrams and matrices to modelthe dat:l and processes vitalto

the enterprise and understand the relationships which characterize them. These diagrmns

and matrices arc:

i) data model diagram: for a particular business area, exp;mds upon the entities

identified during the ISP by adding allributes and normalizing the data (i.e.

synthesizing data items into data structures);

ii) process decomposition diagram: decomposes the business area functions

established during the ISP into a hierarchy of processes;

iii) process dependency diagram: maps the dependencies bctween processes, the

predecessors and successors (similarly to a flowchart);

iv) process-data matrix: maps the processes against the d'lta. showing which

processes create. read. update, or delete (CRUDj which data [Martin90a]'4.

As part of the FOREMAN Project discussed in Chapter 2, Section 2.3.6, EDS Canada

recently conducted a study on behalf of INCO Ltd. [EDS93] which clearly illustrates the

breadth of information strategy planning and business area analysis as weil as their

applicability to the business of mining. Through numerous interviews with key

personnel, this study documented INCO's business objectives and crilical success factors

(CSFs) for robotic mining. It then compiled a business model comprising a functional

decomposition and description of the processes involved in an underground hardrock

mine. The intent of this model was to assist in the re-engineering of underground mining

processes with respect to robotic systems. The type of information required and produced

by each process was also identified and a "blueprint" of the distribution of both

information and systems within the business was drawn [EDS93].

" For an example CRUD matrix applied 10 mining systems. see lTE1ŒS941.
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Structurcd Analysjs and Pesj~n

Tom DeMarco popularized the term "structured analysis" in 1979 by introducing the

notation and techniques necessary to create information models [PeMarc079]. Structured

ana/ysis employs modeling tools and process decomposition to build a functional

requirements document comprising data llow diagrams (DFPs), entity-relationship

diagrams (ERPs), a data dictionary, and process specifications (Pspecs). Structured

design utilizes functional partitioning and hierarchical decomposition in a top-down

fashion 10 build a system exhibiting high cohesion and /ow coupling, that is with a strong

functional association within a single module and weak dependence between separate

modules. The chief representation of structured design is the structure chart and program

logic representation for the individual modules [Topper94].

Variations on the method proposed by Tom PeMarco were later suggested by Meilir

Pages-Jones [Pages-JonesSO]. Chris Gane and Trish Sarson [Gane79], and many others.

but did not provide an adequate notation to address the control and behavioral aspects of

real-time engineering problems. These deficienci.:s wcre addressed by Paul Ward and

Steve Mellor [WardS5a] [WardS5b] [MellorS6] and Derek Hatley and Imtiaz Pirbhai in

the mid-80s [HatleyS7]. A recent variation on structured analysis that is widely used in

the United Kingdom and Europe is SSAPM or Structured Systems Analysis and Design

Methodology described by Cutts [Cults90] and Hares [Hares90]. A modemized

treatment of structured analysis has been published by Yourdon to accommodate for the

use of CASE tools [Yourdon89].

Generally speaking, structured analysis techniques comprise the following activities:

i) functional decomposition. or process lIlodeling;

ii) data llow analysis, or data lIlodeling;

iii) enlÏty-relationship analysis;

iv) control flow and state transition analysis, or behavior lIlodeling.
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These arc complemented by a data dictionary. process specifications. and control

specifications. The following sections briefiy describc these concepts as weil as the

notation and characteristics of a few methodologies of interestto this investigation.

3.3.1 Data Flow Diagram

A data flow diagram (DFD) is a modeling tool which allows to represent a system as a

network of functiona! processes connected to one another by pipelines and data stores.

The major components of a DFD arc:

i) processes: transforming input data fiows into output data fiows;

ii) dataflows: representing data in motion between a source and a destination;

Hi) data stores: modeling a collection of data at rest;

iv) tenninators: representing external entities with which the system communicates.

A context diagram is a dat.a fiow diagram in which a single process represents the entire

system being modeled. It highlights several important characteristics of the system. such

as: the people. organizations. or systems with which the system communicates

(terrninators); the data received from the "outside world" that must be processed by the

system; the data produced by the system which must be sentto the "outside world"; and

the data stores shared between the system and the terminators [Yourdon89].

There exists two principal notations for the data fiow diagram. that is the Gane and

Sarson notation and the DeMarco-Yourdon notation.

al Gane and Sarson

Chris Gane and Trish Sarson described the DFD notation as follows: processes are

represented by rectangles with rounded edges; data fiows by arrows; data stores by

open-ended rectangles; and terminators (external entities) by double squares [Gane?')].
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DeMarco-Yourdqn

Tom DeMarco, and later Edward Yourdon, described the DFD notation as follows:

processes are represented by cireles (bubbles); data nows by arrows; data stores by a pair

of horizontal lines; and terminators (external entities) by rectangles (DeMarc079]

(Yourdon89].

3.3.2 Entity-Relationship Diagram

ln contrast to the DFD, which for the most pan illustrates data in motion, the

enlily-relalionship diagram (ERD), created by Peter Chen (Chen76], ilIustrates data at

rest. In fact, the ERD (sometimes referred to in the literature as an "information

modeling" tool) offers a more detailed picture of the data stores represented in the DFD

and specifies the relationships between data entities independently of the processes

perforrned (Whitten89]. In this respect. the ERD is quite different from the DFD. which

models the functional characteristics of the system, as weil as from the state transition

diagram (STD), which mode1s its behavior. The major components of an ERD are:

i) enlities: rcpresenting real or abstract items about which data is stored (data

clements);

ii) relalionslzips: describing associations between entities;

iii) connections: specifying the cardinality of relationships (zero-to-one. one-to-one.

one-to-many. zero-to-many, etc.).

ln addition, Merarchical indicalors connect super-entities to their sub-entities via an

unnamed relationship and associaIive indicalors link a number of related entities.

Entities are represented by rectangles. relationships by diamonds. and connections by

lines labeled with special symbols (Yourdon89] (Pressman92]. Complementing the

ERD. data elements. or al/ribules, characterize entities by providing their detailed

components as weil as the keys which differentiate one instance of an entity from another.
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3.3.3 Real·Time Extensions

With a growing proportion of softwarc applications bcing timc-dc[Jcndcnt and rcquiring a

quick response to inputs, a distinction must bc madc betwccn on-Iinc and rcal-time

systems. The response time of on-Iinc systems, no mattcr how spccdy, is drivcn hy

non-functional rcquircments such as the uscr nced for rapid access to information. On the

other hand, the very nature of real-time systems requirc that inputs hc gathcrcd and

processed sufficiently quickly to affect the environment virtually at that same lime.

Hcnce, real-time systems perform high-speed data acquisition and control under scvere

time and reliability constraints. Examples of real-time systcms application domains

include process control, industrial automation, aerospace, military. and mcdical and

scientific research [Pressman92) [Martin67) [Hinden83).

To accommodate for the analysis of real-time systems, Paul Ward and Stephen Mellor

[Ward85a) [Ward85b) [Mellor86) and Derek Hatley and lmtiaz Pirhhai IHatley87]

proposed extensions to the basic notations of structured analysis descrihed ahovc. These

real-lime extensions, described in the following sections, allow the rcprcscmation of

control f10w and control processing in addition to data llow and data processing to modc1

the bchavior of real-time systems.

al Ward and Melfor

The Ward and Mellor extension, based on the notation for DFDs proposed hy Tom

DeMarco [DeMarc079), offers the modeling support for characteristics specilic to

real-time systems, namely:

i) continuOlIS dataflolVs, as opposed to discretc data llows occurring sporadically;

ii) control flolVs, whieh trigger control processes and other evcnts;

iii) control processes, which transform controillows;

iv) control stores, where control f10ws arc stored;

v) and multiple processes, that is a numbcr of equivalent instances of the same

transformation which are sometimes needed in multitasking situations

[Pressman92) [Ward85a).
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b.l Harley and Pirb}wi

The Hatley and Pirbhai extension focuses less on the creation of additional graphieal

symbols and more on the representation and specification of the control aspects of the

system. A similar control flow is provided (dashed arrow), but the controls are modeled

separately from the data in a control flow diagram (CFD) containing the same processes

as the OFD, but showing control flow rather than data flow. In the CFD, notational

references (solid bars) Iink the control flows to a control specification (Cspec) which

dcfines how the proccss is controlled; similarly. process specifications (Pspccs) define the

inner workings of processes represented in the OFD. Data conditions (dotted arrows)

from Pspecs assure the connection between the process model (DFOs and Pspecs) and the

control model (CFDs and Cspecs), whereas process activators contained in the Cspecs

link the latter to the firsl. Figure 3.3 below illustrates how the process and control models

relate to one another. Note that data conditions occur whenever an input data flow to a

process in the OFO results in an output control flow defined by a control specification in

the CFO [Pressman92] [Hatley87].

0,1a ,nPUl

Proeeu
aewalO'$

0'1a OUlPUl

•

Daia
condrtJOns

Figure 3.3: Correlation Between the Process Model and the Control Model. from [Pressman92].
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The control specification (Cspec) contains diagrammatic and tabular reprcscntations of

the behavior of the system, namely the state transition diagram and the proccss activ'ltion

table. The control signais flowing into and out of the Cspcc bars in the cros arc the

primary elements of these modeling tools. The .'itclte transition (liCl~ram (STD) ùcpicts

the events (contraIs) that cause the system ta change statc and the processcs which arc

activated as a result of these events. A statf! is defincd as "a moùe or condition of

being"15. In an STO, states arc reprcsentcd by rectangles and lransilion.\' bctween sl<ltes

are drawn as arrows. Each arrow is labeled with an expression of the type [event/action],

where an event causes the transition between one state and another and an Clction is

triggered as a result of the event. Proce.'is llclivmùm tables (PATs) show lhe

circumstances under which the processes in a DFD are enabled and disabled. The actions

l'rom the STD are listed in the process activation table along with the processes which

they affect. The table is completed with zeros and ones according to whether the 'lction

enables (1) or disables (0) the process [Hatley87].

3.3.4 Data Dictionary

WebSler's Nintb New çol!e~iale Dictjonary. Mirriam-Websler. Springfield. Ma'isachuscils. 1985. p.
1151.

--~~--- _.~~---

The data dictionary, also referred to as the requirements dictionar)'. Îs a lextual

supplement to the diagrams (DFDs, ERDs, CFDs, STDs) and tables (PATs) proùuced as a

result of the structured analysis of a system. Edward Yourdon defined the data dic:lionary

as being: "an organized listing of all the data elements that arc pertinent ta the system.

with precise, rigorous definitions so that both user and systems analyst will have 'l

common understanding of a11 inputs, outputs, componenls of [data] stores. anù

intermediate calculations" [Yourdon89]. The data dictionary must conlain the following

information:

names: of data and control flows. processes. data stores. terminators. elc.~

descriptions: of what these names represent~

types: of data. such as character or real, continuous or discretc~

composition: of packets of data clements in motion (flows) or al rest (stores);

i)

H)

Hi)

iv)

• .,
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v) values: of data elements, their range, units, and meanings.

For instance, each entry in the data dictionary describing a process should include a

unique name, description, input and output data flows, and process logic. Entries for data

flows should include a unique name, description, input and output processes, data

elements, values, and so on. The notation used to develop a content description for a data

item entry enables the analystto represent composite data in one of three ways:

i) as a sequence of data items (e.g. itell10 = item, + item,);

ii) as a selection from among a set of data items (e.g. itell10 = [item, 1item, 1itemJ]);

iii) as a repetition of data items (e.g. itell10 =, (item,}).

Optional data items are denoted by parenthesis (e.g. itell10 = (iteml) + item,), key data

items are identified by a preceding @ sign (e.g. itell10 = @item, + item,), and comments

are delimited by asterisks (e.g. *this is a comment*). The data item is expanded until ail

composite data items have been represented as data elements, that is items that require no

further expansion. In this manner, the data dictionary defines entry items unambiguously.

For large computer-based systems, such requirements dictionary grows rapidly in size and

complexity and quickly becomes difficult to maintain manually. For this reason, the use

of computerized tools is recommended (see Section 3.5) [Pressman92) [Yourdon89).

3.3.5 Process Specification

The purpose of a process specification (Pspec) is to define the inner workings of each

elementary process in a DFD. Aiso referred to as mini-spec, for miniature specification.

the Pspec can be constructed by means of a variety of tools, such as structured English,

decision tables. flowcharts. and so on. Narrative English is avoided due to its inherent

ambiguity and predicate calculus is seldom utilized due its highly mathematical format.

Process specifications are only developed for the bottom-Ievel processes in a hierarchical

set of DFDs, since the Pspec for a higher-Ievel process consists in its lower-Ievel DFDs

[Yourdon89).
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3.3.6 Structure Chart

Once the structured analysis of a system is complele, the resulling dat:l tlo\\' diagnlllls

(DFDs), entity-relationship diagrams (ERDs), control no\\' diagrams (CFDs), st:llc

transition diagrams (STDs), data dictionary, process specifications (Pspecs), and control

specifications (Cspecs) are used to create an architectural model for the syslem

comprising a hierarchy of modules. The struclllre clrart is one common graphical

technique for modeling program structure during the design phase. Struclure chari

modt/les are represented by rectangles (e.g. subroutines or proccdures) and module

invocations by arrows (e.g. subroutine calls) passing either dHla tlo\\'s (depicted hy a

small circle on the tail of the arrow) or control nows (depictcd by a small darkened circlc

on the tail of the arrow) between modules. Structure chan modules are presumed to

execute in a top-to-bollom.left-to-right sequence (Whillen89] (Yourdon89].

:id Object-Oriented Analysjs and Desi&n

Object-oriented concepts originated in the late 1960s with the development of the Simula

programming language (DahI73] and progressively evolved with the work of several

researchers while developing object-oriented programming languages (OOPL) such as

Smalltalk (Goldberg84] (Lalonde94], Eiffel (Meyer92], Ada (Booch94b], Objective C

(Cox91]. and C++ (Stroustrup91]. While, at first. object-orientation may appear to be

nebulous, its concepts are actually simple and compact in nature. ln facto we live in an

object-oriented world, where physical objects display certain characteristics and

behaviors. and where similarity is commonly recognized and categorized. This process of

classification, in conjunction with object allributes and behavior. forms the basis for

object-oriented technology.

An object is an entity comprising altributes. a set of predictable behaviors, and which

communicates with other objects via messages. A class is a grouping of objects that

share functionality and information. and each object is a unique instance of its class.

Operations. or functions. specific to an object or class are called met/lOds; these determine

48



•

•

•

Systems Analysis for Robotic Mining: Chapter 3: Fundamentals

the actions triggered by a message and corresponding responses. lnheritance is the

sharing of object allributes and methods among classes based on a hierarchical

relationship: it allows child entities (objects or classes) to reuse data and functions from

parent entities. Conversely. information hiding. or encapslIlation. precludes certain

methods to bc shared among entities. so that individual objects can be internally modified

without affecting the behavior of related objects. Polymorphism enables a single message

to trigger different actions when received by different objects [Rumbaugh91] [Topper94].

Essentially. object-oriented techniques differ from structured techniques in that data and

methods are encapsulated locally within an object and not in a central database. The

information stored in the objects is accessed and updated exclusively via messages passed

between objects [Topper94]. Perhaps even more fundamentalto what differentiates these

techniques is the fact that object-orientation begins with mapping the real world in

objects and classes and then proceed to encapsulate methods. allributes. and data within.

whereas structured techniques begin with modeling the processes and associated data

nows and then proceed to group them in structures. Hence. object-orientation ensures a

direct representation of the problem domain by first characterizing what is commonly

recognized. that is the abstract and physical objects making up the real world. As a result.

object-oriented software is more adaptable to evolving requireménts because it is based

on the stable, underlying framework of the problem domain itself. rather than on the

changeable. immediate functionality of the system [Rumbaugh91].

Brieny. the goal of object-oriemed analysis (OOA) is to build an object model identifying

a correct set of objects complete with allributes. methods (functions). and relationships.

Object-oriemed design (000) groups objects into classes. defines massaging protocols,

data structures. and procedures [Topper94].
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Schools of thought regarding object-oriented analysis and design (OOA/D) inclllde:

i) Grady Booch: [Booch94a];

ii) Sally Shlaer and Stephen Mellor: Object-Oriented Systems Analysis (OOSA) and

Recursive Design (RD) for real-time systems (Shlaer88] (Shlaer92]:

iii) Rebecca Wirfs-Brock et al.: Responsibility-Driven Design (RDD)

[Wirfs-Brock90];

iv) Peter Coad and Edward Yourdon: OOA (Coad91a] and OOD [Coad91b[;

v) James Rumbaugh et al.: Object Modeling Technique (OMT) 1RlIlJ1baugh9 11:

vi) Ivar Jacobson et al.: use case-driven Object-Oriented Softwure Engineering

(OOSE) [Jacobson92];

vii) James Martin and James Odell: Object-Oriented Information Engineering (001E)

[Martin92] [Martin93];

viii) Hierarchical Object-Oriented Design (HOOD) [Burns94];

ix) Bran Selic et al.: Real-Time Object-Oriented Modeling (ROOM) [Sclic(4);

x) Derek Coleman et al.: Fusion (Coleman94];

xi) Meilir Page-Jones and Steven Weiss: Synthesis [Pages-Jones89];

xii) Ian Graham: SOMA. a semantically rich method for OOA (Graham94];

xiii) Edward Berard: object-oriented domain analysis, requirements analysis. and

design [Berard93];

xiv) Donald Firesmith: Object-Oriented Requirements Analysis and Logical Design

(OORALD) [Firesmith93];

xv) Brian Henderson-Sellers: object-oriented knowledge [Henderson-Sellers92[

[Henderson-Sellers94];

xvi) Wasserman et al.: Object-Oriented Structured Design (OOSD) [Wasserman90J;

xvii) Reenskaug et al: Object-Oriented Role Analysis. Synthesis. and Structuring

(OORASS);

xviii) Desfray: class-relationship method [Desfray92];

xix) David Embley et al.: model-driven Object-Oriented Systems Analysis (OSA)

[Embley92].
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Il must be noted that, in the world of object-orientation, techniques developed for design

arc often useful in analysis, and vice versa. In fact, historically, object-oriented design

preccded object-oriented analysis, which is a much more recent innovation [Graham94].

The following sections describe in more detail a number of prominent OOA and 000

methodologies which should be considered when undcrtaking a comprehensive systems

analysis for robotic mining. These methodologies arc discussed in a chronological order.

3.4.1 Booch

In 1986, Grady Booch presented what is perhaps the oldest 000 methodology in a paper

describing a design approach using sorne of the features of the Ada programming

language in an object-oriented style [Booch86]. From this point of view, Booch's original

000 was based on the principle of infonnation hiding rather than on functional

decomposition or inheritance [Graham94]. He then revised his work in 1991to broaden

his perspective and present an 000 melhodology independent of any specific language

[Booch94a). Il is precisely this revised approach which is discussed here.

According to Booch the four major elements defining object-orientation are abstraction,

encapsulation (infonnation hiding), modularity, and hierarchy. The latter includes the

principles of classification (and thus inheritance) and composition (or aggregalion).

Classification involves the hierarchical grouping of specialized classes under a common

general class, thus forming a generalization-specialization structure (e.g. general class:

mobile equipment; specialized classes: LHO, haulage truck, drill, etc.); composition

involves the aggregation of classes which are part of a more comprehensive class, thus

fonning a whole-part structure (e.g. whole: LHO; parts: engine, electrical system.

hydraulic system, etc.). Central to the concept of object-orientation, and to Booch's

perspective, is the object mode!. As explained before. objects are entities which combine

the characteristics of process and data, since they perfonn functions (methods) and store

the results locally. In the object model. emphasis is placed on representing abslract and

physical components of the problem domain in terms of self-contained objects with

well-defined behaviors. Hence. the Booch object model comprises two dimensions and

51



•

•

Systems Analysis for Robotic Mining: Chapter 3: Fundamentals

four views, namely. the logical-physical and the dynamic-stutic pairs of models, Bolh

dimensions are necessary to model the structure and behavior of an ohject-oriented

system, Furthermore. each model is specified in terms of diagrmns as follows:

i) logicalmodel: class diagrams and object diagrams;

ii) physicalmodel: module diagrams and process diagrams;

iii) dynamic model: state transition diagrams;

iv) static model: interaction diagrams [Booch94a] [Gruham94].

Essentially. the class and abject diagrams describe the logical, static view of a system.

Since the physical view may differ from the logical. Booch distinguished class l!iagrams

from module diagrams, the latter corresponding to program segments. Pmee.\'.\' dial:ralll.\'

show the communication relationships between physical devices and processes. State

transition diagrams illustrate the dynamics of classes by modeling the events that cause

state changes as weil as the resulting actions. [meraction dÙll:rtll/ls show the timing of

methods due to the passing of messages between objccts [Booch94a] [Graham94).

3.4.2 Shlaer and Mellor

Sally Shlaer and Stephen Mellor tirst published their OOA methodology in 1988

[Shlaer88]. although their original approach could not be rcgarded as truly object-orientcd

because it totally missed the concept of inheritance. which is key to object-orientalion

[Coad9Ia]. However, inheritance was later introduced in a second book published in

1992 [Shlaer92]. The overall Shlaer and Mellor Object-Oriented Systems Analysis

(OOSA) approach consists of three views:

i) the infonnation model: showing objects. attributes, and relationships;

ii) the state model: showing the state of objects and transitions between states using

state transition diagrams (STDs) and tables (STTs);

iii) the process model: showing the processes involved in an enhanced form of the

traditional DFD. the action data flow diagram (ADFD) [Shlaer92].

This method was strongly influenced by the notation of Ward and Mellor's structurel!

real-time extensions discussed earlier, and, as such. is widely used in the analysis and
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design of real-time systems [Graham94). Shlal'r and Mellor also provided a Iink from

OOA to OOD via u language-independent notatinn known as OODLE (Object-Oriented

Design LanguagE) comprising four tools:

i) the cla.I',I· dia!l'alll: showing the external view of a c1ass;

ii) the clas,l' struc/llre chart: showing the internai structure of the methods of a c1ass

and the now of data and control (based on the structure chart);

iii) the depelll/ency diagralll: showing the relationships and invocations between

classes;

iv) the inheritmlcc diagralll: showing the classification (generalization-spedalization)

of classes IShlaer92].

As pan of this method. Shlaer and Mellor support the principle of recursive design (RD)

rather than itemtil't: design, to integrate analysis models uniformly across a set of design

rules (recursive app;oach). rather than individually converting models to design and

subsequently integra'.ing them into software (iterative approach) IGraham94].

3.4.3 Wirfs·Brock et al.

The Responsability-Driven Design (RDD) method describcd by Rebecca Wirfs-Brock

and colleagues [Wirfs-Brock90] was based on the concepts of c1ass. responsibility. and

collaboration (CRC). Brieny. each class assumes responsibilities for knoll'ing the Slate of

its objects as weil as respon.fibilitiesfor doing. that is for pcrforming the methods within

its objects. Collaborations are rcquests (messages) bctween classes and objects to help

fulfill a certain I~sponsibility :md COll/raets define which rcques!s 2 ' upported by which

objects [Wirfs-Brock90] [Graham94] [Jacobson92].

RDD is a simplistic method which docs not cover ail the issues necessary to model

complex systems. However, it is a very practical method which is often used during

walkthroughs of scenarios as a prccursor to ether OOA/D techniques. Le. in the

rcquircments stage [Graham94].
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3.4.4 Coad and Yourdon

Peler Coad and Edward Yourdon discussed the object-orienled lIpproaeh to systems

analysis in a book first published in 1990 entitled Object-OrieO!ed Anlllysjs (OOAl

[Coad91 a). In thcir book. the authors address four issues as being key to impmving the

analysis of computer-based systems: il problem domain understanding and system

responsibility definition. ii) person-to-person communication, iii) continuai change, and

iv) reuse. The proposed OOA methodology altempts to satisfy these issues as weil as

incorporate the underlying principles for managing complexity found in the more

tr~.Jitional approaches of functional decomposition. data and control flow represenwlion.

and entity-relationship diagramming. According to the authors, the csscnlial clements of

object-orientation are objects. classes. inhcritance. and communication via messages.

Thesc elements exclusively deline whethcr a programming language or method is truly

object-oricnted. The Coad and Yourdon OOA mcthodology cncompasses these clements

by merging sclected concepts from the disciplines of structured analysis. object-oriented

programming. and knowledge-based systems engineering to provide for the following

live non-sequential activities:

il identifying sllbjects: Ihe problem domain is decomposed into subjects to reduce

the complexity and facilitate analysis;

iil identifying classes of objects: classes and their objects are identified by Icarning

about the problem domain; classes of objects can include extcrnal systems.

devices, roles, operational procedures. sites, and organizational units;

iii) identifying struclllres: two types of structures are identified for characterizing

classes of objects. namely classification structures (generalization-spccializatÎon)

and composition structures (whole-part); cla~silication structures incorporate the

concept of inheritance;

iv) delining allribllles: specific characteristics add detail to the abstraction of

structures and classes of objects; altributes and their exclusive services (mcthods)

are trcatcd as an intrinsic whole;
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defining services (methods): each class of objects is equipped with methods for

creating and dcleting instances. updating and accessing values, and controlling the

behavior of objects via messages [Coad91 a] (Graham94].

•

•

Finally. the authors propose to move from OOA to OOD by progressively expanding the

five layer object model with three new components. human illleraction. Il/sk

IIUlnaliemelll. and data manallemelll, and transferring the results of OOA into a prob/em

domaill com{Jonent. These components allow design-specific issues, such as graphical

user interfaces. communication protocols, and database architecture. to be included in the

object model. Hence. the OOA layers model the problem domain and the system

responsibilitics, whereas the OOD component expansions model a particular

implementation [Coad9Ia] (Graham94]. Object-oriented design was the subject of a

second book by PeterCoad and Edward Yourdon published later in 1991 (Coad9Ib].

3.4.5 Rumbaugh ct al.

The Object Modeling Technique (OMT) of James Rumbaugh and his colleagues

(Rumbaugh91] is widely regarded as one of the most complete OOA methodologies

published so far. Il is strongly rooted in traditional structured methods and offers a very

rich and detailed notation [Graham94]. According to Rumbaugh et al., the principal

clements of object-orientation arc identity (defining objects), classification (grouping

objects into classes), polymorphism, and inheritance. The OMT consists of building a

model of the problem domain and then adding implementation details during the design

of a system. It comprises the following stages:

i) lllla/ysis: maps the real world into a model;

ii) .çystelll design: organizes the objects into subsystems;

iii) object design: translates the model into algorithmic structure;

iv) imp/elllellllltion: converts the design into code.
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The OMT uses three separale models to describe an objecl-orienled system:

i) the objectlllode!: is a static view of the ohjects :md their relationships \Vith classes

and comprises an abject diagralll;

ii) the dynalllic IllOde!: is a dynamic view of the system consisting of .vtat,' cliagralll.v

showing the events and transitions between states;

iii) the fl/Ilctiollal lIIode!: describes the processes :md associated data l1o\Vs in cima

j101V diagrallls.

Eaeh model contains references to the other models and ail are used during the four stages

described above progressively acquiring implementation detail as developmeJ1l :Idvanees

from one stage ta the next [Rumbaugh91].

3.4.6 Jacobson et al.

In a book published in 1992 [Jacobson92), Ivar Jacobson et al. described a simplilied

version of a proprietary method for OOAlD referred to as Objectory, for OBJECTive

FactORY. Jacobson and his colleagues terrned this approach Object-Oriented Software

Engineering (OOSE) because it addressed the entirc software devdoprnent life cycle

(SOLCl, from analysis, to design. construction. t~sting, and maintenance, in :m

object-oriented context. This section reviews their software engineering philosophy with

respect to the analysis and design phases only.

While OOSE encompasses many common ideas to other software engineering

methodologies, it introduces the original concept of use cases. Aceording to Jacohson, in

a given problem domain, actors (earlier referred to as terminators or external entities)

represent whatever interacts with the system and I/sers represent the people who actually

use the system. Hence, an actor represents a panicular role played hy a user and, in this

context, can bc regarded as a c1ass, whereas users arc instances of this class. When users

enact specific roles, they "perforrn a bchaviorally related sequence of transactions in a

dialogue with the system" [Jacobson92). This sequence is termed a I/se case. As

software development progresses through its life cycle, this use case-driven approach

direetly traces the user requirements and enforces the system architecture to refleet the
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needs of the customer. Hence, OOSE exploits use cases as a source of quality control.

This form of traceability also promotes adaptabilily to new requirements since system

behavior car! be allered by remodeling the appropriate use cases [Jacobson92]

[Graham94).

The use case model developed atthe requirements stage includes illlerfaces to the system

(e.g. prototype GUIs) and a domain object model consisting of objects in the problem

domain. These are then mapped into an l/Iwlysis model by characterizing the domain

objects into three types. entity objects, interface objects, and control objects, capturing

respectively the information. presentation. and behavior of the system. and thus

reinforcing its stability by Iimiting the effects of changes locally. The resulting analysis

model is refined into a design model comprising blocks, that is implementations of one or

more objects communicating via stimuli. The communication between blocks is

represented in interaction diagrams expressing global dynamics.

3.4.7 Martin and Odell

ln 1992, James Martin. the chief architect of lE. published a book with James Odell on

combining object-orientation and information engineering [Martin92]. The resulting

Object-Oriented Information Engineering (OOlE) methodology reflects the traditional lE

pyramid structure presented in Section 3.2. progressing from enterprise-wide modeling

(information stralegy planning in lE), to business area analysis. to system design. to

construction [Martin89]. However. where data and processes once defined the views of

lE. object structllre and object behavior now characterize the analysis and design phases

of OOIE. In facto object structure involves object structllre analysis (OSA). concemed

with object identification and hierarchy. and class structure design. concemed with class

identification and hierarchy; object behavior involves abject behavior analysis (OBA).

concemed with object f10w diagrams and event diagrams. and method design. concemed

with the identification of methods [Martin93].
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Complller-Ajded Software En~jneerin~ (CASE) Tools

The preceding sections discussed a variety of softwarc cnginccring Illcthods l'or

undertaking syst~ms an~lysis and design. These tcchniqucs :lrc hlllh sCIll:lntic:llly rich

:lnd graphically el:lborate. requiring conlextual links hetween :1 numher or di:lgrams.

tables. specificmions. and a dictionary. Furthermore. the complexity :lnd size or Illodern

on-line :lnd re:ll-time information systems continue to grow. Hence. it hecomes c1e:lr th:ll

inform:ltion engineering and structured or object-oriented :ln:llysis :lnd design :Ire hesl

implemented in conjunction with computerized tools. commonly known :lS

cO'nputer-aided software engineering (CASE) tools.

The software industry has been experimenting with CASE technology since the e:lrly

1980s. At first. CASE products were simple rliagramming tools without a reposilory ur

verification checking of models. Since then. they h:lve evolved into sophisticmed tools

including requirements collection and tmcking, prototyping. code generation.

documentation management, and even reverse engineering l'rom existing code

[Topper94]. Hence today. CASE tools offer an automatic support to the entire sOftw;lre

development life cycle. To draw a parallel with the manufacturing industry. CASE is

analogous to complIIer-aided engineering (CAE) and cOII/[JlIIer-aided desilill (CADJ, in

terms of analysis and design of software systems. and to COII/flllter illtell'Ilted

II/ClIwfaclllring (CIM) in terms of construction, testing. and m:lintenance. Roger

Pressman. an internationally recognized consultant and :luthor in software engineering.

stated that "CASE has the potentialto become the mosl importanl technological :ldv:lnce

in the history of software development". but that "tod:lY. CASE is where CADfCAElCIM

were in 1975". The usage of individual CASE tools is spre:lding rapidly across the

software development industry and numerous efforts are being undertaken to integrate

these tools to form a consistent environment [Pressman92).

In the present context of CASE evolution, there exists a certain fragmentation within

commercially available tools. In fact, upper or froll/-end CASE refers to tools that

support the analysis and preliminary design phases, wherea.~ [(}Iver or buck-end CASE
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refers 10 those that support detailed design, construction, and testing. CASE 10015 which

support specifie tasks within the software development life cycle and lhat must be used in

conjunction with other products are called compollem CASE (C-CASE). On the other

hand. illlellraled CASE (I-CASE) tools enforce the seamless integralion of ail upper and

lower componenls and their deliverables within a common repository. By themselves.

fronl- and back-end CASE tools provide only a portion of the overall functionality

delivered by (-CASE, wilhout the benefilS of interoperability and a shared reposilory to

manage lhe complexity of modeling large systems [EDS94bJ.

~ Symmary

This chapter reviewed the fundamental concepts necessary to undertake a comprehensive

analysis of robotic mining systems. The discipline of software engineering (SE),

regulating the software development life cycle (SDLC), comprises a variety of techniques

of which informalion engineering (lE), structured analysis and design (SNO). and

objecl-oriented analysis and design (OONO) have been discussed. Several schools of

thought reg:uding these methods have also been presented. Finally, the scope and

evolution of computer-aided software engineering (CASE) tools have been introduced to

prepare the reader to the next chapter.
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Computerjzed Ioois

This chapter presents a survey of commercially available computer-aided software

engineering (CASE) tools undertaken between August 3. 1994 and November 10. 1994

while the author was employed by the Automation and Robotics group of Mines

Research. INCO Ltd.• Ontario Division. The following sections describe the scope and

objectives of the product survey and explain the details of the product evaluation and

selection processes.

1..1 Product Survey

4.1.1 Seope

The product survey and evaluation were conducted under thc scopc of a pilot projecl

aiming to plOye that a comprehensive systems analysis is essential to the consistent and

integrated development of rc>botic mining systems. both in terms of softwarc and

hardware. Ihis premise was to be ascertained by means of a syslematie analysis or thc

nature and behavior of processes and data llows involved in robotic mining as it is

perceived today. The ultimate goal of the pilot project was to steer the Automation and

Robotics group towards considering the system model as a critical component or the

overall robotic mining project life cycle as weil as a foundation upon which to build a

commonality between future hardware and software systems [Motlola94a).

4.1.2 Objectives

Given this scope of work. the speeific objectives of the product survey and evaluation

required the selection of a suitable CASE tool capable of:

i) supporting the notation and semantics of different systems analysis methods. that

is IE. SND. and OOND;
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supporting the OS/2™ or Microsoft Windows™ environments, the IBM Local

Arca Network (LAN) Server. and the Oracle® rclational database;

at a cost not exceeding $ 5,000 US.

iii)

iv)

v)

vi)

vii)

viii)

ix)

• x)

•

The importance of experimenting with different systems analysis techniques originated

from the fact that the software development process is enriched by the variety of methods

il incorporates. Information engineering focuses on strategie planning and

enterprise-wide critical success factors and information modeling. Structured techniques

arc strong in modeling data and processes, but propose an awkward transition from

analysis to design. Object-orientation offers consistency of representation and a superior

ability to model the real-world [Toppel94). Selecting a CASE tool which supports

various methodologies is preferable to develop an expertise in systems analysis which. in

turn, will lead to a more educated choice of a specific computerized tool when

implementing the full-scale robotic mining projec\. Restrictions on hardware and

software platforms as weil as cost were dictated by INCO Ltd..

4.1.3 Strategy

The stralegy followed to undertake this product survey and evaluation consisled of:

i) researching a number of CASE too1s and corresponding vendors;

ii) contacling the vendors by phone and requesting product lilerature via fax and

mail;

reviewing the product literaturc and software demos when available;

designing an evaluation form complete with selection criteria;

faxing the evaluation form to interested vendors;

establishing weighting factors and rating values for the selection criteria;

gathering and compiling the resu1ts of the survey;

identifying potential candidates;

holding a forum discussion within the Automation and Robotics group to select a

specific software package to he purchased;

initiating the order and preparing an internal report [Moltola94b].
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Appendix A contains a Iist of Ihe vendors contacted for this CASE tool producl survey

and detailed forms for the top three CASE tools identified.

:l2 Product Eyaluation

4.2.1 Evaluation Criteria

When looking at CASE tools, it is helpfulto consider products based on u common set of

functions and components. The following elements were considered in the evaluution:

i) development life cycle: support for the different phases of Ihe softwure

development Iife cycle (SDLC), namely planning (from lE), analysis, design,

construction, testing. maintenance. and documentation;

ii) methodologies: support for different methodologies, numely information

engineering (IE), structured analysis and design (SND), and objeet-oriented

analysis and design (OONO);

iii) repository: the data store containing ail the information regarding the system

being developed should be shared by ail the modules of the tool and provide

built-in configuration management functions;

iv) model maintenance: addressing the functionality provided by the 1001 with respect

to maintaining the system model;

v) diagramming: representing system components from different perspectives, e.g.

DFD, ERD, STD, etc.;

vi) prototyping: the ability to simulate the functionality of the system prior to coding

for the benefit of both developers and end users;

vii) construction: graphical user interface (GUI) construction. databa~e schema and

code generation as weil as database architecture design;

viii) documentation: support for building a complete documentution set about the

software developmentlife cycle and system components;

ix) inteifacing: importlexport capabilities enabling part or ail of the information 10 he

transferred between CASE tools and other third party products;
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x) hardware and software plat/orms: support for different hardware and software

platforms and environments;

xi) service and sllpport: various issues regarding the service and support provided by

the vendor as weil as cost data.

These items were included in the evaluation form sent to the vendors (see Appendix A).

The following sections explain in detailthe components of the form.

al DeyeloDUlent Lire Cycle

The software development life cycle phases considered in this evaluation were planning.

analysis. design, construction. testing. maintenance. and documentation. as explained in

Chapter 3. Recall that planning (ISP) refers to James Martin's information engineering

methodology and consists of defining goals and critical success factors in order to

develop a model of the enterprise. This product survey focused on the analysis and

design phases, with sorne emphasis on construction and documentation. Reverse

engineering capabilities were investigated for information purposes only.

III Methodologies

Support for the following methodologies was considered in the evaluation:

i) information engineering: Martin (enterprise modeling. process modeling. data

modeling, activity decomposition, and critical success factors);

ii) structured analysis and design: DeMarco-Yourdon, Gane and Sarson. SSADM;

real-time extensions: Ward and Mellor, Hatley and Pirbhai;

iii) object-oriented analysis and design: object information model, dynamic or state

model, functional or process model; Booch, Coad and Yourdon, Rumbaugh et al.

(OMT), Wirfs-Brock et al. (RDD), Fusion, Jacobson et al. (OOSE), Berard,

Firesmith. Shlaer and Mellor (OOA and RD for real-time), Martin and Odell

(OOIE).

The economic reality of CASE product development is such that these tools are generally

specific to one methodology, that is the vendor has made the decision to support one
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technique well. rather than partially support many. Fully supporting a ll1ethodology

involves more than merely providing the corresponding notation for diagranuning; il

should also enforce the rules and logic that drive the technique [Topper94].

cl RepositoQ'

One of the principal components of the CASE tool is the repository. where the clements

of the system model are stored. It should be central to the tool modules and provide Ihe

following built-in configuration management functionality:

i) completeness and consistency checking (balancing, redundancy control)

preferably in real-time or atleast upon request;

ii) control for multi-user access;

iii) change and version control (audittrailing. change history).

The vendors were asked to provide the underlying file structure used by the repository.

Le. Oracle, DB2. Sybase, Ingres, Informix. or sorne other commercial database

management system (DBMS).

dl MOdel Maintenance

Issues of importance regarding model maintenance were:

i) merging of separate models with no loss of information and automatic checking

for completeness, consistency. syntax, etc.;

ii) integrated model views where changes made to any one view are automatically

reflected into other views;

iii) distinct logical and physical models such that the first IS implementation

independent;

iv) model verification;

v) requirements traceability.
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D;C/gromm;nr:

Diagramming is the representation of systems components from different perspectives.

The following diagramming tools were considered in this evaluation:

i) data flow diagram (DFD);

ii) entily-relationship diagram (ERD);

iii) state transition diagram (STD);

iv) slructure chart;

v) malrix mapping of components (e.g. create-read-update-delete or CRUD).

.fJ. Pmtoryn;ng

Prototyping is used to preview the functionality of a syslem prior to coding and is

specially useful when building complex real-lime systems. The following capabilities

were considered:

•
i)

ii)

iii)

graphical user interface (GUI) prolotyping: screen mock-up;

animation: replay of pre-recorded animation sequence;

simulation: demonstrating the appropriate reaction to events or stimuli in

real-time.

•

g1 Cons/mcr;on

The following construction capabilities were considered in order to ensure a certain

flexibility when undertaking later phases of the project:

i) graphical user interface (GUI) construction;

ii) database schema generation, data definition language (DDL) generation for

Oracle, DB2, Sybase, Ingres, Infonnix, or other commercial DBMS, and database

architecture design;

iii) code generation for C, C++, COBOL, Ada, etc..

1I1 DOCIIUll'1l!at;on

The capability to build a complete documentation set was regarded 10 be important and

the following were considered:
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text and graphieal report generation;

development Iife cycle documentation building;

data dictionary;

process logic specification (Pspecs, mini-specs).

•

•

il Interfacjn g

Import/export capabilities enable part or ail of the information contained in the repository

to be transferred between CASE tools and other third party products. Inlerfacing also

addresses Microsoft Windows™ Oynamic Data Exchange (ODE) whieh allows "eut and

paste" to the clipboard and Object Linking & Embedding (OLE). Seveml file fornmts

were investigated, such as the Hewlett Packard graphics Iibrary (HPGL). eneapsulmed

postscript (EPS), bitmap (BMP), Word Perfect™ graphies (WPG). and others.

il Hardware and Software Pla!forms

Support for these platforrns and environments was surveyed:

i) hardware requirements: processor (PC or workstation), cloek speed, mndom

aceess memory (RAM), hard disk storage, graphieal display;

ii) development platforrn: IBM OSI2™ Presentation Manager™, Mierosoft

Windows™, Microsoft OOSTM, Unix™, Windows NTrM;

iii) network support: IBM LAN Server, Novell, NETBIOS, TCP/IP;

iv) database support: Oracle®, OB2™, Sybase®, Ingres™, Informix®. and other

database management systems (DBMS).

kl Service and Sueport

The following service and support issues were considercd whcn cvaluating the vendor:

i) company image: product documentation quality. number of years in business,

customer installed base for the product;

ii) professional services and support: on-site training, public training, consulting,

hot·line availability. newsletter. electronic bulletin ~oard (c.g. CompuScrve);

iii) cost: single user license and upgrade. annual support fec.
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4.2.2 Evaluation Proccss

This investigation involved reviewing 25 candidate products researched liJmugh software

engineering. computing, and applications devclopment publications such as the Journal of

Object-Orjented pro~rammjn~. abject Ma~azjne. pc Week, .Ihls:. and th,. Mjcrosoft

Systems Jo.uma.l. COr.JpuServe was browsed for information on CASE tools and product

reviews. Allhough the product list in Appendix A is far from being exhaustive. as Ihere

arc ilundreds of related products. it is nonelheless represcnlative of the major information

engineering. struelured. and object-oriented CASE 100is on the mark:1 i,; 1994. EDS,

Electrol1ic Data Systems Corporalion. kindly provided a recent evalualion of upper CASE

tools focusing on tradilional structured analysis and design techniques and Ihe

informalion engineering melhodology [EDS94bJ. This product evalualion was consulted

for insight on how 10 conduci such a review and was considerably modilied to renecl Ihe

objectives of the pilol projeci and include objecl-oriented 1001s.

Duc 10 the limiled time and resources available. this evalualion was conducted solely

through produel literature and feedback from Ihe vendors. However. a few vendors

provided demo copies of their producl; these were reviewed bUI nol laken inlo accounl in

the evalualion. For a more in-deplh product evalualion. certain vendors offer limiled

usage of their tool in stand-alone mode. generally over a pcriod of 30 10 60 days and al a

cost.

A sel of weighling faclors was eSlablished in an allempl 10 qualify and quantify Ihe

suitability of each too. Each cr.;"ria described in Ihe previous seclions was weighted and

mted a~ describcd below. and a weighled average was compuled for each grau;> of relaled

requiremenls. The weighling faclors were as follows:

i) weighl of 5 for a highly desirable funclionality;

ii) weighl of 3 for a moderalely desirable funclionalily;

iii) wcight of 1 for a desirable funclionalily:

iv) weighl of 0 when Ihe inquiry was for informalion purposes only.
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The overall weighted average for each individual product takes into :Iccounl the relative

importance of each set of criteria: for example. the support for different mClhodologies

was weighted more heavily than the reposilory fUllclionality or the construction

capahilities.

The rating system employed was as follows:

i) rating of 5 when the product exceeded expectations for a spccific functionality.

the company had been in husiness for more than 10 years. the customer installed

base for this product was greater th'lII 5000. or the cost of the product was Icss

than S 5.000 US;

ii) rating of 3 when the product offered acceptahle functionality. more than 5 years.

an installed base greater than 1000. or a cost between $ 5,()()O and $ JO.OOO US:

iii) rating of 1 when the functionality was present. hUI not aeceptahle. more than

year. an installed base greater than 100. or a cost greater than S 1O.IXlO US:

iv) rating of 0 if the functionality wa~ not present or not applicahle .

In terms of hardware and software platforms. the prcferred configuration (mting of 5)

consisted of an 80486 50 MHz processor. 16 MB of RAM. 100 MB of hard disk stor.lge.

VGA display. running OS/2™ Presentation Manager™. and offering mM LAN Server

and Oracle® support.

~ Product SelecliQll

Please rcfer to Appendix A for the detailed forms of the top three CASE Ioois identified:

i) Excelerator II© by Intersolv (score: 4.09):

ii) Visible Analyst© Workbench by Visible Systems Corporation (score: 3.78);

iii) and System Architect© by Popkin Software Systems (score: 3.74).

The complete product evaluation worksheet was compilcd using Lotus 1-2-3n '. The top

thrce alternatives were scrutinized particularly with respect to thc objectives of this

product evaluation. as stated in Section 4.2.1:
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l'lrsl Objective: Support for different methodologies:

i) Excelerator HiD: supported information engineering and major structured analysis

and design techniques. plus Rumbaugh ct al. and Martin and Odell; however.

structured real-time extensions. such as Ward and Mellor and Hatley and Pirbhai.

as weil as Booch. Coad and Yourdon. and Shlaer and Mcllor. were to be

purchascd separately and at high cost;

ii) Visible AnalystiD: supported information engineering partially and major

structured techniques; however. the product did not support structured real-time

extensions nor object-oriented methodologies;

iii) System ArchitectiD: supported information engineering and major structured

techniques. including Ward and Mellor real-time extension; objecl-oriented

methodologies (Boocb. Coad and Yourdon. Rumbaugh el al.. Shlaer and Mellor)

were supported through a rclatively inexpensive option module.

Second Objective: Hardware and Software Platforms:

i) Excclerator HiD: OS/2™ and Windows™ versions were available as weil as

support for IBM LAN Server and Oracle®;

ii) Visible AnalystiD: Windows™ version were available as weil as support for IBM

LAN Server and Oracle®;

iii) System ArchitectiD: Windows™ version was available for System Architect©

release 3.0 (OS/2™ version was being upgraded at the time); support for IBM

LAN Server and Oracle® was available.

Third Objective: Cost:

i) Excelerator lIiD: $ 5.850 US or over $ 21.000 US with Customiz.:r Too1;

ii) Visible AnalystiD: $ 3.300 US;

iii) System ArchitectiD: $ 2.066 Ils with System Ar~hilect Object module.

System ArchitectiD was the tinal selection made on Novembcr 10. 1994 during a forum

discussion within the Automation and Robotics group. System Architect© -.vas chosen
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because of its superior assortment of mClhodulogics lIvlIilllble un Ihe Windows1M

pllltform and lit li lower cost. In lIddition. in 1994 EDS ClInlldll WlIS lIndertaking lin

Informlltion Technology Architecture silldy for the INCa raREMAN pruject involving

dUla lInd process modeling lIsing System ArchiteclQ) [EDS95hl.

1..1 SlimmllCY

This chllpter hlls described the rutionllie behind li CASE prodllcl survey. eVllllIlll jun. 1I1ll1

selection undertllken in 1994 on behalf of INCa Ltd.. Il serves lu provide lin ideli of the

spectrum of too1s aVllilable to the systems lInlllyst liS weil liS tu jllstify the lise of Syslem

Architect© for the purpose of this investiglltion lInd pilot project.

70



•

•

•

Systems Analysis for Robotic Mining: Chapter 5: System Model

System Model

The previous chapters have set a solid framework tor iIIuslrating the power of systems

analysis spccifically in the context of mining. Recapitulating. Chapter 2 explored Ihe

evolution of mining information systems through a series of case studies exemplifying

different corporate philosophies and strategies. In the same chapter were also discussed

recent trends towards more inlegrated approaches. Chapter 3 introduced the

fundamentals of systems analysis in terms of software engineering. its methods. and

computerizcd tools. Finally. Chapter 4 reported the results of a survey of commercially

available computer-aided software engineering (CASE) 100is conducted under the scope

of a pilot project for robotic mining.

The principal objective of the pœsent chapter consists in demonstrating the applicability

of systems analysis concepts and 100is to the business of mining and particularly te the

development life cycle of future robotic mining systems. However. it must be noted that

systems analysis should also be applied while planning for more immediate or smaller

scule projects. such OlS hoist rope damage detection systems or plans to reduce eleclric

consumption in mines. The chl!pter begins with a discussion of integrated mining

information systems in terms of the present state and future vision of underground

hardrock mining and the neœssity 10 bridge the gap which separates the two scenarios by

means ef an intermediate stage. Il then presents an ovelview of the information system

model and a comparative study of systems analysis methodologies through a particular

application case.

ti Mine Information System

Typically. underground hard rock mining is performed by accessing the orebody via a

vcrtical shaft and a series of drifts and tunnels. Connection between levels is secured

through a ramping system or the shaft itself. Mobile machinery is manually operated and
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consists of load-haul-dump (LHD) vehicles. haulage trucks. top-hanllller drills. jumho

drills, and bolting machines. Stationary equipment includes l'ails. pumps. a crusher.

hoists. and maintenance facilities.

The ultimate goal of robotic mining is to access and exploit underground resollrces

without the need for people to enter the mine. The ore would be retrieved hy a ne\V

generation of intelligent and autonomous mobile machinery Iinked to surface facilities via

a communication network. This fleet of robotic machinery would acquirc information

regarding the orebody and surrounding rock mass while mining to complcment the inilial

exploratinn. The infom.ation system resDonsible for managing and interpreting tl',e data

l'rom different sources would be located on the surface. although parts o. ils funcliomllity

may oe distributed betweer, underground equipment and a number of subsystems and

databases.

A technologieal gap exists between the conventional and robotic mining scenarios•

particulariy with respect to the sensing technology neccssary to gather sufficient

information about the rock mass with minimal supporting infrastructure. Incrementai

advances in mining automation have already proven the viability of teleopcration and

automatie control of mobile machinery. and progression is headed towards refining these

technologies to include more sophisticated and flexible capabilitics [Baiden94b 1. The

nrxt logical step to bridge the gap between conventional and robotic mining consists of

an intermediate stage. where the slUtionary equipment and mobile machinel'Y utilized

today is Iinked to an information system via a communication network. Figure 5.1

illustrates this concept. where a mine information system interfaces with four main

underground functional area.~: i) mobile machinery; ii) stalionary equipmcnt; iii) mine

monitoring; and iv) infrastructure.
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InlrBslructurB

Ml~e

Inforll"ation
Sysfll"1

Equipmenl

Figure 5.1 :Mine Information System Ovcrview.

•
Figure 5.2 offers a more delailed perspective of this diagram and the following sections

dcscribc ils componcnts.

Figure 5.2: Mine Information System Components.
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5.1.1 Mobile Maehinery

The basic mobile machinery found in a meclmnized hurd rock mine essentiully comprises

eombinutions of the following:

i) development drill. sueh us ajumbo drill. to advunce underground tunnels;

ii) prodllction drill. such us an in-the-hole (ITB) or top-hammer drill. to drill

production holes;

iii) exploration drill. such as a diamond drill. for retrieving core sumples;

iv) bolting machine. to mechanically sUPI'0rt the tunnels with bolts und screens;

v) explosives loading machine. to load blast holes with explosives;

vi) load-halll-dlllllp vehicle (LHD) and

vii) halliage IflIck. to transport material from a loading point to a dumping point.

Assuming that ail of this maehinery possesses teleoperation capabilities and a minimum

of automatic control. then a two·way Iink to the information system viu u mine-wide

communication system is necessary to support these functions. regardless of the task to he

accomplished. In addition. effective monitoring of production parameters and vital signs

can be aehieved by outfitting the machines with appropriate sensors and transmiuing

relevant data through the network. Henee. operating mode, production monitoring. und

condition monitoring are common functions needed for ail mobile machinery opcrating in

such a preliminary robotie stage.

The specifies of production monitoring vary according to the particular funclion of a

machine. For instance. drills wouId collect performance parameters such as meters

drilled, feed force, t'Jrque. piston blow rate, machine vibration. etc., as weil a.s hole

deviation and perhaps mcial content of the rock encountereO. LHDs and haulage trucks

wouId measure tonnage, fragmentation. and perhaps sense ore grade. Cycle tinles.

including operating, servicing (maintenance), and idle times. arc an important aspect of

production monitoring which determine the utilization and availability of machinery.
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5.1.2 Stationury Equipmcnt

Underground stationary equipmenttypically consists of the following:

i) drainage system: including pumps, sumps, pipes;

ii) ventilation system: including fans, vent doors, ducts;

iii) crushill!: system: including an underground crusher, ore bines);

iv) IlOistin!: system: including the hoist assembly, hoist room, cage, skips, ropes;

v) conveyor system: including conveyor head and tail assemblies, rollers, belts;

vi) mailllellclI/ce facilities: including garages, shops;

vii) and storage facilities: including warehouses, explosives storage rooms.

Production and conditi"n monitoring data can be gathered from all stationary equipment

much in the same manner as it is obtained from mobile machinery, with the exception

that stationary equipment can be hard-wired to the communications network. Production

variables of interest would be power consumption and throughput, such as tonnes per

hour for the hoist and crusher and liters per minute or cubic meters per minute for the

pumps and fans respectively. Automatic control of this equipment, with occasional

manual override, allows for efficient operation and energy savings.

Storage and maintenance facilities exchange a different kind of information. Inventory

tracking of supplies and parts kept underground can result in just-in-time delivery of

r.eeded materials thus reducing production delays and the need to stock up. Pre-processed

condition monitoring data routed to the maintenance facility can assist in preventive

maintenance of both mobile machinery and stationary equipmenl.

5.1.3 Minp. Monitoring

The intermediate robotic stage requires that information be gathered about the

surrounding mining environment. such as groundwater flows. air quality. and ground

conditions. This is achieved using sensors strategically located throughout the mine and

constituting the following systems:
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a drainage monitoring system: for water levels. in-now rates, ehemistry, and

suspended solids;

a velllilCllion monitoring system: for air nows and air qualily;

a grOlllld monitoring system: for stress. deformation. seismieity:

a backfillmonitoring system: for permeability and water pressure;

a blastmonitoring system: for fragmentation. vibration, and rock mass damage:

and an ore tracking system: for in-transit tonnage. grade. and 1cvels (e.g. in ore

passes and storage bins).

•

•

This information is valuable in monitoring the status and performance of production as

weil as the operating environment. Sorne is directly utilized as inputto control stalionary

equipment. for example where drainage and ventilation data indieate the nced to activale

or shut off pumps and fans. Information related to ground conditions. backlill, blasting,

and ore tracking indirectly innuences mining processes such as ground support.

production planning. and blast design. by characterizing the dynamic nature of tbe mining

environment. The sensing instrumentation required to adequately and reliably provide

this kind of information poses one of the greatest challenges towards aehieving robutie

mining.

5.1.4 Infrastructure

The principal underground infrastructure consists of:

i) a power distriblIIion system;

ii) a compressed air distribution system;

iii) and a water distriblIIion system. needed for the operation of various machinery

and equipment;

iv) a backfilltransport system. l'rom surface facilities to mined out areus;

v) a communications nellVork. providing a mine-wide electronic Iink to the surface;

vi) and a personnel identification system. for tracking the whereabouts uf

underground personnel.
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I-Ience, the primary function of infrastructure components is to assure the distribution of

"lines" needed for the overall underground operation. As for mobile machinery and

stationary equipment, the health of infrastructure eomponents must be monitored to

ensure effective distribution throughout the mine. Also included in this category arc

personnel tags transmilling the location and identification of the underground workforce,

possibly via a radio frequeney identification (RFID) system [Knights94a) [l-lind94).

i.2 Madel Descrjption

Figure 5.2 gave an overall view of the structure and flow of information in the Iikely

transition from conventional to robotic mining. The information associated with each

component block is both complex and extensive and cannat be effectively analyzed

without suitable methods and laols. A systematic approach must therefore be taken ta

capture in detail the nature and behavior of each individual element as weil as its

interaction with other components of the system. Systems analysis and computer-aided

software engineering laols can assist in accomplishing this task in a dynamic and

constructive manner.

This following sections present a top-down analysis of the overall system model

constructed using the CASE tool System Architeet©. The methodology and notation

utilized at this point ar;: those of Gane and Sarson struetured analysis and design

described in Chapter 3.

5.2.1 Level 0 DFD: Context Diagram

As expbined in Section 3.3.1, a context diagram is a data flow diagram (DFD) in which a

single process represents the entire system being modeled, in this cast: the Mine

Information System. Figure 5.3 is a context diagram for this system, showing interfaces

to the four main components diseussed in the previous sections. that is mine monitoring.

infmstructure. stationary equipmcnt. and mobile machinery.
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Contllx1 Diagmm
Sysillm Architllc1
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Figure 5.3: Mine Information System Context Diagram (Lcvcl (1 DFD).

•

The context digram is essentially the highest Icvel of abstraction in a top-down system

analysis and hence it is referred to as a Level 0 DFD. Although this figure appe4lrs tn he a

mirror image of the previous one. it must be emphasizcd that. in a CASE tool, cach ohjcet

(rectangle or arrow) is more than a mere graphical reprcsentation, but in fuel corresponds

to a database record in the CASE tool encyclopcdia (repository). Hcnce, thesc abjects arc

meaningful entities Jinked to one another and possessing propertics and descriptions

inlegratcd within a machine-readable database. In other words, the dala flow diagram

constructed with System Architect© posscsses an additional perspcctive or depth which

cannot be represented on paper. but that exists within the CASE too1. This point is valid

for ail subsequent figures shown in this thesis and created using System Architcct©. In
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addition, please note the three circular indicators on the top left corner of process P: these

arc expand indicators proper to System Architect© and not to the Gane and Sarson

notation. In fact, a blackened left indicator signifies that the symbol has a dictionary

comment and a blackened center indicator signifies that the symbol has a child diagram.

The third indicator is not relevant at this point.

5.2.2 Level 1 DFD: High·Level Diagram

ln Figure 5.4, the central process shown in the context diagram and representing the Mine

Information System (proccss P) is expanded to iIlustratc its internai functionality,

comprising:

i} exploration functions (Pl), such as exploration drilling and core logging;

ii} engineering functions (P2), such as geological modeling and mine planning;

iii} support functions (P3), such as maintenance, materials management, ventilation,

and drainage;

iv} and operations, including deve/opmelll functions (P4), such as development

drilling with a jumbo drill, and production functions (P5), such as production

drilling with an ITH drill, blasting, and material handling.

As such Figure 5.4 is a Levcl 1 DFD and the processes within the boundaries of the Mine

Information System are numbered Pl through P5.
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5.2.3 Level 2 DFDs

Procccding with U lop-down structured analysis of the Minc Information S~'stCll1. the

Level 1 proccsses of Figurc 5.4 are further expumled 10 prmlllcc thc lïve Lcvcl 2 DFDs ot'

Figures 5.5 through 5.9. Nole that the suh· proccssc:s ShOWIl in Iltcse lïgures arc

surrounded by the external cntitics with which they communicate.
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Figure 5.5: Mine Information System: Exploration (Leve! 2 IWD,.
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Figure 5.6: Mine Information System: Engineering (Level 2 DFD).
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Figure 5.7: Mine Information System: Support (Leve! 20FO).
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Figure 5.8: Mine Information System: Development (level2 ~FD).
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Figure 5.9: Mine Information System: Production (Leve! 2 DFD,.
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It is beyond the scope of this pilot project to expand upon ail the Level 2 processes shown

in Figures 5.5 through 5.9, and their associated sub-processes. These are presented to

illustrate the progression of the proposed systematie approach to the analysis of mining

systems. However, since the focus of this investigation is on the production cycle,

process P5 shown in Figure 5.9 will be examined in detail.

The production process of underground hardrock mining can be described in terms of the

following sub-processes:

i) productioll drillillK (P5.1), with an ITH or top-hammer d.ill;

ii) explosives loadillg (P5.2), by means of explosives loading machines;

iii) blastillg (P5.3);

iv) supportillg (P5.4), by means of bolting machines;

v) and lI/ateriallul1Idlillg (P5.5), including transport with LHDs and haulage truck:;,

as weil as crushing and hoisting.

5.2.4 Lcvcl3 DFDs

Each one of the processes in Figure 5.9 in turn consists of a number of sub-processes and

associated information nows. Figures 5.10 through 5.14 eaeh represent a Level 3 DFD

for the processes of production drilling. explosives loading, blasting, supporting, and

material handling respectively.
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Figure 5.10: Mine Information System: Production Drilling (Level 3 DFD).
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Figure 5.12: Mine Information System: B1asting (Lcvcl 3 DFD).
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Each one of these Level 3 DFDs can be further cxpandcd inta lawcr-Ievcl diagnlllls

containing sub-processes and information flows, until the mosl clcmcntary functions and

data fows are identified.

5.3 Comparative Study of Methodologies

5.3.1 Application Case: Production Drilling

The process of production drilling has heen chosen as a practical application case tn

effectively compare structured and object-orientcd analysis and design rnclhodologics.

The following sections describe in detail the sub-processes involved in production

drilling as shown on the low-Ievel DFD of Figure 5.10.
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al Connectin (! anc! Disconnectjllg

Auxiliary connections are needed to provide compressed air, water, and electricity to the

urill. Water flushing is used as a form of dust control and cooling while rcmoving the

driH ~uttings from the bottom of the hole. The connecting time is cumulative for allthree

connections an:.! is added to the time it takes to disconnect the machine from the service

lines. Air, water, and eleetric consumption are also recorded through monitoring of these

infrastructure components. The connection data gathered is relayed to the information

system database via the communications network. This link is here represented by the

information flows to the data store "Connection Data". This convention is used

throughout the diagram.

/zl Macb;lle Posit;(JuiJlg

The machine is positioned within the working area according to its planncd location

given by the pattern to be drilled. The correct machine location corresponds to the

position of the drill required to collaI' the hole at the (x,y,z) coordinates specified in the

drill pattern. Hence, machine location can be specified in terms of hole location. The

positioning error can be obtained by comparing the planned versus actual location. The

machine positioning time includes the time it takes to install and levelthe machine.

1:1 Drill Positioll;1l g

Once the machine is in place, then the drill is precisely positioned according 10 the drill

pattern describing the hole orientation. For an ITH drill, the mast is positioned with

respect to azimuth and dip angles. The drill posilioning time includes aIl time periods

required to achieve the proper orientation.

dl lll-Tbe-Hole Drill;llg

The hole is drilled to a pre-determined length specified in the drill pattern and the

following performance parameters are measured while drilling: footage, feed force,

torque. rotary speed. bit air pressure. bit air flow rate. piston blow rate. machine vibration,

92



•

•

•

Systems Analysis for Robotic Mining: Chaptcr 5: System Model

and rod vibration. Hole deviation is calculaled by comparing hit location vcrsus the

planned trajectory given by the drill pattern.

cl Bor! Hanr!lin g

In the case of an ITH drill. where production holes can reach lengths of Ul' tu 1JO meters.

an automatie rod addition/removal meehanism is ineorpomted into the maehim' tu eXlend

the drill string. The rod handling time is cumulative during Ihe urilling pmccss and

continuous whe.l removing the rods once the hole is completed.

.a Mov;ng

There are three means to move a drill. namely by tramming. towing. or caging.

Tramming is the usual manner in which drills arc tempomrily displaceu when hlasting or

moved between working areas that are on the samc level. !TH drills arc crawlcr mounted

and are usually towed or carried by an LHD between levels or over long uistanccs. When

moving equipment between levels whieh arc not connecteu hy a ramI' system. caging

becomes necessary. The moving time is cumulative for Ihese activities and inciuues ail

pre- and post-move preparation periods.

gJ. Servicing

Servicing encompasses three types of maintenance: routine. preventive. anu hreakdown.

Routine maintenance. and associated downtime. consists of replacing consumahles. such

as bits. rods. and lubricants. Preventive maintenance involves continuously monitoring

vital parameters of the machh.~ subsystems. sounuing alarms when thrcsholus arc

reached. and perhaps offering a preliminary diagnosis as part of an expert system. The

time spent in performing preventive maintenance is accumulated separately. Bre;lkuClwn

maintenance results l'rom a machine l'ailure and tracks the time at which it occurred as

weil as the time it takes to diagnose it and repair il. This information allows the

ealeulation of quantities such as mean time betweeu l'ailures (MTBF) and mean time tCl

repair (MTIR) for a specifie part and l'ailure.

93



•

•

•

Systems Analysis for Robotic Mining: Chapter 5: System Madel

Idling takcs into account ail pcriods of inuctivity, such as wuiting for instruciions.

Note that, in Figure 5, 10, scrvicing and idling are not explicitly connected to the o!her

suh-processes for the following reasons: firstly, in essencc, sen'icillg encompasscs the

condition monitoring a:.pcct of production drilling and, as such, is required to

continuously guthcr information about ail the sub·process; secondly, therc is no

information nowi:Jg to and from idUng, but only an cvent that triggcrs this condition, In

addition, the Ihickcr lines represenl concrete muterinl nows, such as water and rods,

rather than ahstract information nows.

5.3.2 Struclurcd Analysis and Design Methodologies

As explained in Chapter 3, structured analysis involves the modeling of proccsses, data.

and behavior through a series of diagrams, narnely the data now diagram (DFD), the

cntity-rclutionship diagram (ERD), the state transition diagram (STD), and the control

now diagram (CFD). In order for a system model to be complete, ail three vicws must be

examined. However, it is bcyond the scope of this investigation to analyze the

application case of production drilling with respect to entity rclationship or behaviour.

5.3.3 Ohjcct-Oriented Analysis and Design Methodologies

This section bricny invcstigates the application of object-oriented principles to the

problcm domain of a Mine InfomlUtion System and, particularly, to the case of drilling.

System Architect© supports two cONO methodologies, namcly Booch [Booch94a] and

Coad and Yourdon (Coad9Ia] (Coad9Ib]. as prcsented in Chapter 3. The Coud and

Yourdon methodology and notation have been selected for the purpose of this exercise.

Recall that abject-orientation bcgins with mapping the problem domain, that is the real

world. Coud and Yourdon proposed ta accomplish this by first identifying the classes and

objects pcrtaining to the problem domain which can he round in the following fonns:
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c1nssification structures (gcneralizntion-spccialization) und composition strllcllln..'s

(whole-part); externat systems; implcmentation-indepcndcnt devices such ilS scnsors;

events to be recorded; roles played by human bcings; opcrational prnccdlll'cs: physkal

locutions. e.g. sites; and organiz~llional units [Coad91 u1.

In order ta demonstrate the application of Coud and Yourdon's aOA l11cthodology. Ict liS

consider the mobile machinery component interracing with the Mine Information System.

as shawn previously in Figure 5.3. A generalization-spccialization unulysis of the mohile

maehinery super-elass leads ta the identification of u nllmber or sub·clusscs. JHullcly

drilling machine, hnuling machine. and explosives louding machine, illllsiratcd in rigllrc

5.15.

•

•
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Figure 5.15: Mobile Machinery Class.
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The Coad and Yourdon notation represents both objects and classes with rounded

rectangles. However, a distinction is made between a cJass with ils objects (Iight

rectangle) and a general class whose objects arc portrayed by its specialization classes

(bolded rectangle). For example, drilling machine is a general c1ass and explosives

loading machine is a c1ass with ils objects. The generalization-specialization of mobile

mar~hinery also defines its c1ass hierarchy and hence its inheritance mechanism.

Consequently, the auributes and services (melhods) encapsulated into the mobile

machinery cJass arc inherently passed on to its sub-cJasses.

Since the application case of interest is drilling, the drilling machine cJass is further

cxpandcd in Figure 5.16.

•
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Note that two generic classes have been identified, numcly the long-hole drill c1uss und

the short-hole drill c1ass. These huve been introdueed to group the

exploration-production and development-bolting drill puirs under u ellmmon eluss

refleeting a similar equipment configuration. Sinee the bolting muehine includes u drill,

it hus been c1assified as u sub-c1uss of the drilling Illuehine with speciul uddilionul

functionality.

5.3.4 Discussion

The application of structured and object-oriented anulysis to the process of drilling leuds

to the discussion of a number of issues. For instuncc, it is deur lhut the proccsses of

production. development. and explorution drilling arc very similur to one anothcr and

that, in faet, they differ only in the type of equipment utilized and the opcrational

constraints that it imposes on the process itself. Therefore, it would he prcferable III

design the process of drilling at a level of abstraction which enables the application of its

sub-processes to different conditions. For example. when positioning the drill to match

the hole orientation specified in the drill pattern, the production drill requires azimulh and

dip angle adjustments, whereas the development drill requires boom rotation und lift

angles and feed tilt and swing angles. This distinction cun be made deepcr within the

definition of the drill positioning process, rather thun creating another process specifieully

for the development drill. Similarly, the proeess of servieing, including routine.

preventive, and breakdown maintenance, can be tailored to cuter to different types of

mobile machinery and stationary equipmenl.

These observations cali for the use of object-orientation. In the previous section, the

generalization-specialization analysis of the mobile maehinery c1uss has resulted in the

identification of a hierarchy of classes which, in turn. defines the way attributes and

services (methods) are inherited by the sub-c1asses. As the classification process takes

place, objects and classes acquire a progressively higher level of specialization which

precludes duplication and promotes re-use.
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Symmaey

This chapter has presentcd the following:

i) a high-level architecture for a Mine Information System designed to bridge the

gap that currently exists between the conventional and robotic underground

mining scenarios;

ii) a top-down structured analysis of the overall system model constructed using

System Architect© and the Gane and Sarson methodology;

iii) the details of the production drilling process. as an application case;

iv) and a comparative study of structured and object-oriented analysis and design

melhodologies.
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Conclusions and Recommcndations

Summary Qf the Investi~atiQn

The primary Qbjective Qf this thesis is tQ intrQduce and relate systems analysis concepts

and tQQls tQ the business Qf mining. whether in a cQnventiQnal Qr robQtic environl11ent.

This investigatiQn has addressed this Qbjective by:

i) reviewing the fundamentals Qf sQftware and informatiQn engineering as weil as

structured and Qbject-Qriented analysis and design (Chapter 3);

ii) relating these abstract cQncepts tQ the business Qf mining (Chapters 3 and 5);

iii) presenting a survey Qf cQmputerized tQQls fQr systems analysis (Chapler 4 and

Appendix A);

iv) analyzing a specific prQcess tQ demQnstrate the applicatiQn and signilicance of

these cQncepts and IOQls tQ mining systems (Chapter 5);

v) initiating a pilQt prQject tQ prove that a cQmprehensive systems analysis is

essential tQ the cQnsistent and integrated develQpment Qf robQtic mining systems,

bQth in terms of sQftware and hardware;

vi) addressing bQth underground and surface mining issues tQ demQnstrate the

widespread applicability Qf this study;

vii) undertaking an extensive literature survey Qn the subjects Qf information systems

fQr mining and systems analysis tQols and techniques (BibIiQgraphy).

Other significant contributiQns made by this thesis include:

i) a discussiQn Qf different approaches tQ the design and implementatiQn Qf mining

infQrmatiQn systems with an emphasis Qn eVQ!utiQnary patterns and future trends

(Chapter 2);

ii) a view Qf an intermediate stage bridging the gap that currently exists between the

cQnventiQnal and robotic undergrQund mining scenariQs (Chapter 5);
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• iii)

iv)

a preliminary systems analysis of a Mine Information System interfacing with four

main functionai areas of the underground mining environment, namely mobile

machinery, stationary equipment, mine monitoring, and infrastructure (Chapter 5);

a comparison of structured and object-oriented analysis and design methodologies

by means of an application case that is key to the process of mining (Chapter 5).

Q.2 Conclusions

A discussion of the evolution of mining information systems from a case study

perspective has set the industrial context of this work with respect to past initiatives and

future directions. From this discussion, a number of important issues have surfaced

which, regardless of design approach, have continuously challenged the mining industry.

The fundamental issue is the complexity of the problem and, more precisely, the degree of

difficulty involved in managing this complexity. From an engineering point of view; a

number of problem-solving techniques are necessary to reduce the complexity to a

manageable level. However, it is important that the techniques chosen be proven,

methodical, adaptable, and offering the capability to gain both a high-level as weil as a

low-Ievel understanding of the problem. These characteristics are representative of

software engineering methods such as information engineering, structured analysis and

design, and object-oriented analysis and design. A review of the fundamentals of these

techniques has prcsented their inner workings as weil as the rationale behind their

application to the business of mining. In addition, computer-aided software engineering

tools offer the automated support necessary to effectively utilize these techniques and

thus manage the complexity. Finally, the applicability of both methods and tools has

been demonstrated by undertaking a top-down analysis of a Mine Information System and

subjecting a specific mining process to further scrutiny.

The key success factor in the analysis, design, and implementation of mining information

systems is a focus on global integration above local functionaIity. Systems analysis

provides the framework necessary to achieve this goal. Although considerable up-front
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effort is required in the preliminary stages of planning and analysis. lon~-lerm payback

can be expeeted.

QJ. RecommendatjQns for Future Work

Future work could include the following, to:

i) further explore the suitabilily of several objeet-orienled methQdol()~ies in the

analysis and design of real-time mining informalion systems;

ii) translate the information caplured in the system model intQ a database architecture

for Oracle® and carry through the software developmenl Iife eycle fQr a specilic

process, e.g. drilling;

iii) instrument a drill aceordingly and interface it IQ Ihe database via a

communications network;

•

•

iv)

v)

vi)

use this platforrn as a test case to physieally assess the benelits of systems analysis

on the development of mining systems;

expand the system model 10 build a comprehensive abstracl represenlaliQn QI' Ihe

mining environment by consolidaling currenl praclices and new concepls;

use this model 10 evaluate the impaet of robolic systems on the overull mining

process.
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Slobie mine on 2000 leve\. Commissioning of the system was started in 1990 and at present a
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devclopment of a communications infrastructure capable of supporting future underground hard rock mine
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evaluate the design criteria and performance of several communications infrastructures. The work
successfully demonstraled the capability of real-time operation of voice. data, and stationary video
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demonstraled in operation at Copper Cliff North Mine (CCNM) since late Seplember 1993, 'n,e lests
performed ta dale have evaluated the feasibility and production viability of multiple LHD opemtion. l'rom
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graduai introduction of robotie rnining equipment. The necessary components of Ihis change arc already
being experimented with and sorne are in production today. This paper explores the clements required III
aehieve robotic mining: telecomrnunication systems. robotic mining equipment. underground positillning
systems. and robolic mining software. The eeonomics of moving la robotie mining arc discussed.

•
[Bascur93) Bascur.O.A.

Bridging the Gap Between Plant Management and Process Control.
Emerging Computer Techniques for the Minerais Industry. SME Annual
Meeting and Exhibit. Reno, Nevada. February 15-18, 1993. 73-81.
[Scheiner93)
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Current cnmpellt.ve demands on the process induslries slimulate lhe need fur improved operating
efliciencies and compliance to stricler goveromental regulalions. Emerging information technologies allow
narrowing lhe gap bctween managemenl business objectives and the process control level. Benelils come
from enhanced energy managemenl, operaling cosls reduction, enhanced scheduling of aClivities, reduced
quality giveaway, enhanced market driven produclion and enhanced decision making. PianI management
systems integrate economic performance moniloring by conlrolling lhe business rather than juslthroughpul
and producl quality. Sound business based decisions about how ta operale the plant can be achieved by
adequale dynamic performance moniloring at the plant level and lhe enforcement of lhe desired largets al
the process conlrol level. This paper describcs some of the key requirements ta implemenl a process
managemenl syslem ta meet sIricler process performance standards. Extensions are made ta facilitate
conforming wilh regulalions eSlablished by various goveromental and industry monitoring agencies.

[Bawdcn93] Bawden, W.F.; Archibald, J.F. (Edilors)
Innovative Mine Design for the 21 st Century.
A.A. Balkema. Rotterdam, Netherlands. Proceedings of the International
Congress on Mine Design. Kingston, Ontario. August 23-26, 1993.

[Berard93] Berard, E.V.
Essays on Objecl-Oriented Software Engineering.
Prentice-Hall. Englewood Cliffs, New Jersey. 1993.

•
[Beus92] Beus, M.J.; Orr, T.J.

Applicatiolls of Real-Time MOllitorillg 10 ail Ulldergroulld Millillg
Ellvirollmellt.
Sth Canadian Symposium on Mining Automation. Vancouver, British
Columbia. Sep:ember 27-29. 1992.68-77. [Piche92]

U.S. Bureau of Mines researchers are using computerized dala acquisilion systems and real·lime monitoring
10 visualize underground metal mining operations. including deep shafts. cUl-and-IiIl mining in creeping
ground. and drift·and·lill mining. Sensors monitor rock ma55 deformalion and Slrain, support loads.
temperalUre. sa, emissions. and blasling. The syslem functions through a distributed PC-DOS network and
high·speed modems. Results from testing at several mines in South Dakota. Idaho. and Alaska show the
syslem improves confidence in ground control measurements and couId improve mine productivity and
decrease mining costs. Data scans are triggered by blast sensor alarms, as weil as recarded periodically.
Results are visualized on a real-lime basis within Ihe context of Ihe process being monitored. Research is
underway ta deline and test specilic process control functions. such as air daors. ventilation fans. and shaft
hoisting. and loading pocket operations using Ihe sensor and processor nelwork. A mulli·user. graphical
interface is bcing evaluated for moniloring and control of lhe underground mine environment.

[Boehm88] Boehm. B.W.
A Spiral Madel ofSoftware Developmellt alld Ell/zallcemellt.
IEEE Computer. 21. S. 61-72. May 1988.

•
The spiral model presenled in this article is one candidate for improving Ihe software process model
siluation. The major distinguishing feature of the spiral model is that il creates a risk·driven approach la the
soflware process rather than a primarly documenl-driven and code-driven process. It incorporates many of
the strengths of other models and resolves many of their difficulties. This article opens with a short
description of software process models and the issues they address. Subsequent sections outline the process
steps involved in the spiral model: iIIustrate the application of the spiral model ta a software projecl:
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summarilC the primary advantagcs and implicntillns invnlvcd in usin~ thl~ spiral mOllel :nul the prilllUfY
difficultics in using il at ilS current incomplclc Icvclof clahoration; and present rcsuiling l'onclusÎons.

[Booeh86] Booch, G.
Object-Oriented Developmell/.
IEEE Transactjons on Software Engineering. SE·I2. 2. 211·221. February
1986.

[Booch94a] Booch, G.
Object-Oriented Analysis .md Design with Applications.
BenjaminlCummings. Redwood City. Californhl. 2nd cd. 1994.

[Booch94b] Booch. G.
Software Engineering with Ada.
Benjamin/Cummings. Redwood City. California. 3rd cd. 1994.

[Booch94c] Booch. G.
Measures ofGoodness.
Report on Object Analysjs and Design. 1. 2. 8-10, 14. July-August 1994.

[Bostwick93] Bostwick. C,J.; Buchanan, T.L.
Computer-Aided Achievement of Mine Planning llnd Production Gouls at
Barrick Goldstrike Mines Inc.
International Congress on Mine Design. Kingston. Ontario. August 23-26.
1993.303-311. [Bawden93]

Over the pasl five years American Barrick Resources has implcmenlcd an extensive suite of systems
designed la assisl in achieving an agg.essive 415,000 tpd mining program allhe Goldstrikc operaIion near
Elko. Nevada. Goldstrike employs a mix of software la undenake reserve modeling, long·range planning,
equipment evaluation. shan-range planning. ore control and daily produclion oplimizalion and accnunling.
The key ta inlegrating lhese funclions is utilizing the hesl off·lhe·shclf software cUITeOlly availablc and
developing custom applications to Goldstrikc's specifications when software oocs not exisl tn meel the
requirements.

[Braithwaite88] Braithwaite
Analysis. Design. and Implementation of Data Dictionaries.
McGraw-HiII. New York, New York. 1988.

[Brooks87] Brooks, F.
No Si/ver Bullet: Essence alld Accidents ofSoftware EngineerillK.
IEEEçompul~20.4. 10-19. April 1987.

[Burns94] Burns, A; Wellings, A.J.
HRT-HOOD: A structured Design MetllOdfor Hard Real-Time Systems.
Real-Tjme Systems. 6.1. 73-Jl4. January 1994.
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MoS! slruclUred design melhods elaim III address Ihe needs of hard real·lime syslems. However. few
conIain ahslmclions which direelly relaie 10 cornmon hard real·time nctivilies. such as periodic or sporudic
processes. l'urlhermure. Ihe melhods do nol conslrain Ihe designer 10 produce syslems which can be
analy,ed for lhcir liming properlies. In this anicle wc present a struelured design method called
HRT·HOOD (Hard Real·Time Hierarchical Objecl Orienled Design). HRT·HOOD is an exlen"ion of
HOOD. and includes ohject types which enable eornmon hard real·lime abstraclions 10 be represenled. The
method is presenled in lhe conlext of a hard real·lime syslem life cycle. which enables issues of timcliness
and dependabilily ln he addressed much earlier on in Ibe developmenl process. Wc argue Ihal lhis will
enable dependable real·lime syslems to be engineered in a more cost effeclive manner Iban the currenl
pracliee. which in effect lreals Ihese lopics as performance issues. To illuslrale our approach wc present a
simple case sludy of a Mine Drainage Conlrol System. and sbow bnw it can be designed using lbe
Ilbslractions presenled in Ihe arlicle.

[Bylinsky94] Bylinsky. G.
TIle Digital Factory.
Fortune. 130. 10. 92·J JO. November 14. 1994.

The new American faelory i.' an I:1formo:ion Age marvel thal is enabJing U.S. manufaeturing. declared dead
more often than a lalhe tums. 10 come storming back. In industries as diverse as construction equipment.
cars. PCs. and eleclronic pagers. Japanese and European producers arc scrambJing to copy American
lechniques. The new aUlomalion :-aradigm they arc looking 10 involves an ingenious balancing in whicb
soflware and eompuler nelworks have emerged a., more imponant Ihan production machines. in whieh
robols play a mere supporting role. if tbey arc present at ail. and in wbicb human wurkers arc baek ln

unexpecled force. Cali il Ihe digirat facror)'. for ils dependence on informalion lechnology. or Ihc .<ofr
facror)'. for ils mix of Ibe human and Ihe mechanical. Whalever you cali il. il is Jikely to set Ihe lone of
manufaeluring for yeurs. e'len decades. la come.

[Campbell91] Campbell, P.S.; Smith. B.F.
An Jntegrated Mine Planning System for GeoloKY. SlIrveying. and
Engineering.
Second Canadian Conference on Computer Applications in the Mineral
Industry. Vancouver. British Columbia. September 15-18. 1991. JJ5-J26.
(Poulin91]

An integraled mine p'a_ning syslem bus been developed on a CAO platform. The CAO system is bused on
solids modeling. ulilizes object·oriented concepts. is programmable in C. and bas a user·defined schema for
attaching attribules la graphical objecls. The mine pla.ming system provides inlegrated lools for ore reserve
estimation. stope design. developmenllay-oul and sarvey control. ail within one database struclare. The use
of an object-urienlcd solid modeler hus stanliny, implications in geologieal block modeJing. eJiminaled most
engineering drafling and simplifies monlh-end volumelrie calculalions.

(CampbeIl93] Campbell. p.S.; Smith. B.F.
Models and Drall'ings in CAD·Based Mine Design.
International Congress on Mine Design. Kingston, Ontario. August 23-26.
1993. 659·669. (Bawden93]

ln mine design. very much more than geomelric information musl he considercd. Informalion Jike tonnes
and grade of Ihe orebody by zone. stope. or blusl is very imponanl but is Iypically nol included in a
CAD-drawing syslem. In arder to be a useful design 1001. designers of mines require a complete model of
Ihe mine consisling of geomelric and non.geometric data. Such a model must contain ail information thal
an engincer mighl wish 10 consider in Ihe course of designing a mine. This informalion migbt consist of

108



•
Systems Analysis for Robotic Mining: Bibliogmphy

dinmond drill hole dntn, geologicnl interprelnlions, ore reserves, struelural geology, ground Sln'"es, CllSls,
schedules ns weil ns geomelric dala l'rom existing nnd planned excavations. At beS!, this non·geolllelri,·
informnlion is very difticult to Iink with entities in a drowing systelll.
A CAO·design system musl strive ta build n complele 1II0dei of ail dala in lhe design proee". '1'0 he of
practical use. non·geometric information must be a." accessible ilS gcomctric inforl11i.\tiol1 is. Fnlcnl10ridgc
hu., developed such n model·based mine design syslem. 111e syslem was buill on a CAD plat l'onu Ihaluses
solid modeling. The solid mode11er, is object·oriented, uses a hierarehienl dnla slroclure, has an inlernal
dnlnbnse for storing nnd retrieving object nmibules, nnd is programmable in C. This pnpcr will foeus on
Fnlconbridge's modeling npproach versus n more conventional dmwing methodology.

[Carter94] Carter. P.
Reaf·Time Mine Management Systems.
AIC Mining Information Technology Conference. Sydney. Australia,
February 16-17. 1994.

•

The processes chat consume expenditure and determinc output in a mining operation oceur in rCOlI lime in lin
environment dominnled by unpredictnble events nnd vnriable condilions. Mining has long been reganled ns
nn inexncl science conducted in unprediclnble circumstnnces with mnny indcpendenl vnriables affeeling the
output nnd resultnnt cost of production. Finnnciai nccountants keep troek of expendilure and m,,,,agement
accountants annlyze the cosl of production usually on a weekly or monlhly basis, bUI alllhis effort eannnt
affect the outcome Ihat was determined by Ihe real·lime events and vnriations of circumslanees over a week
ago. Such reporting nnd analysis can result in conclusions being drown aboul what improvements ean be
mnde and how you might do beller nexttime, bUI genelally, the data is not detailed cnough, is disturled by
job function bias or misrepresents the real issues.

[CasteeI95a] Castee1. K.
Concurrent Engineering: Thinking Fast, Free-Form and Virlt/af Reality.
World Mjning Equipment. 19. 1. 35-37. JanuarylFebruary 1995.

Mining has been quick ta apply advances in computer graphics ta the modeling of deposils ,,,,d mines.
Similarly. equipment manufacturers hnve made good use of campu1er aided de,ign and engincering
techniques such as finite clement annlysis. It's also the case Ihal minc project managcmenl tenm,
recognized awhile back the value of what is known as concurrent. or simultaneous. engineering. the carrying
out of clements of an engineering projecl in parallel ralher than in sequence. Presently in use bUI also under
development, are Iwo techniques which. used in concurrent engineering projccts. have potential tn 1I1:.1ke Ihe
design and realization of mines and their equipment quicker. more efficient, and safer.

[CasteeI95b] Casteel, K.
Masterhaulers ofSudbury.
World Mining Equipment. 19.6.20-24. luly/August 1995.

Technically exciling and cost·effective technologies have been under study and, in some cases, under
development by INCO's Mines Research unit al Copper Cliff in collaboralion wilh mine manngement. In
particular. INCO engineers have facused on new sYSIems for nUlomating Ihe drilling and haulage funetions
in bulk mining methods and on more cost·effective mechanized drilling nnd hauling for other minin/(
methods. Thesc new technologies are being applicd at thc largest of thc existing Sudbury mines, Slllbie,
and in the new orebodies presently being developed in the area. al McCreedy East. Craighllln Oeep, and
Viclor Oeep. This article reports on the haulnge aspects. while INCO's work on automnted and narrow vein
drilling tcchnology will be reported in Ihe Oetober issue of WME.

[Chadwick92] Chadwick, J.
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Mount lsa: Mining.
Mininl: Mal:azine. 167. 1. JO.2/. July 1992.

[Champigny91] Champigny, N.; Pearson, W.N.; Gibbs, B.L.
Tire Needfor Data lll/ercirange Standardsfor Mining Systems.
Second Canadian Conference on Computcr Applications in the
Mineral Industry. Vancouver, British Columbia. September 15-18,
1991. 925-934. [Poulin91]

Software has been under eontinuous development over the last decade and as a rcsult, a number of ore
deposit modeling und mine planning systems are availbale ta mining practilioners in the 1990s. Even
though manu systems offer a full range of capabilities they ail suffer from lack of compatibility with other
systems. This compatibility problem can only be solved through the adoption of data interchange standards.
Implementation of such standards would: i) facilitate data exchanges between mining organizations.
consultants, universitiles, and olher mining systems users; ii) eliminale the nedd for mining syslems vendors
ta develop their own dala interchange format and thus allow the vendors ta focus their efforts on the
development of specialized products rather than data conversion routines; iii) encourage mining
organizations la purchase commercial syslems that use lhe standards rather than develop their own in·house
systems. The paper discusses the benefils ta be gained from lhe use of data inlerchange standards and
reviews initiatives underway 10 implement standards in Auslralia, USA, and Canada.

[Chen76]

[Clarke93]

Chen, P. P.
Tire Entity·Relationship Model: Toward a Unifying View ofData.
ACM Transactions on Database Systems. 1. 1. 9-36. March 1976.

Clarke, D.; Sharman. K.
Modelling. Planning, and Mining a Geologically Complex Coal Deposit.
International Congress on Mine Design. Kingston, Ontario. August 23-26.
1993. 237-246. [Bawden93]

Quintette Operating Corporalion operates a large open pil coal mine located in northeastern Brilish
Columbia. Canada. The mine is comprised of 3 main pits (Mesa. Wolverine. and Shikano) which employ
truck and shovel mining techniques ta pruduce 4.35 million tonnes of melallurgical coal annually. The
geological struclure is extremely complex. A high degree of folding and imbricate thrust faulting within the
main syncline and anticline features has resulted in coal seams with dips ranging from nearly flat ta
overturned. Mineable seam thicknesses vary from 0.6 ta 10 meters. The complexity of the deposit has
made interpreting. planning, and mining a challenge and has necessilated the adaptalion of the mosl up ta
date three·dimensional mudeling and planning technology available ta Quintette's unique operation.

(Coad9Ia]

(Coad9Ib]

Coad. P.; Yourdon, E.
Object·Oriented Analysjs.
Yourdon Press. Englewood Cliffs. New Jersey. 2nd ed. 1991.

Coad, P.; Yourdon, E.
Object·Oriented DesÎl:n.
Yourdon Press. Eng1ewood Cliffs, New Jersey. 1991.
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[Coleman94] Coleman, D.; Arnold. P.; Bodoff, S.; Dolly, c.; Gilchrist. M.; Hayes. F,;
Jaremaes, P.
Objeet-Oriented Deyelopment: The Fusion Method,
Prentice-Hall, Englewood CHffs, New Jersey. 1994.

(ConneIl93] Connell. R.E.
Emerging Computer Tec!lIliql/es for thc Minerais Imll/stry "nd Norcllld" 's
Commitmentto Excellence.
Emerging Computer Techniques for the Minerais Industry, Reno, Nevada,
February 15-18. 1993.173-182. (Seheiner93]

From a macro business process perspective. lhe mining industry may be considered a "simple husiness", If
it is so simple. where does information technology fil ? How does il affecl our induslry '! Is il a slrategic \(loi
? Whal approach should wc be employing to ensure wc arc ulilizing informalion tcchnology effeclively '!
How is information technology integrated or tied together with olher areas in the organi"'lion such as
process conlrol? What kind of people and skill sels arc required to Supporllhe whole nrea of infurmlllion
technology? What effecl does information technology and aulomation have on strellllllining ,md rethinking
the way we do business in the 90s? This papcr eovers how lhese areas have heen addressed wilhin lhe
Noranda Group of Companies, Il reviews how information technology has evolved. the approach and what
effect il has had on a diversified nalural resources company in the mining and metals. furests produCIS. and
oil and gas industries,

(Cownie94] Cownie. J.
Boeing's New 777: "Right-First-Timc".
En~ineerin~ World. 8-10. August 1994.

Boeing's 777 incorporates major technological advances than any previous design l'rom the company,
Paramount among these is AIMS. the information management system which embraces llight management.
conlrol of glass cockpit displays. central maintenance condition monitoring. and digital communications
management. The exploitation of an almost paperless "right-Iirst-lime" philosophy has been used in the
design of Boeing's new 777. Using the DessaultllBM CATIA (computer-aided three dimensional
interactive application) system. engineers were able to optimize the aircraft's conceplion. manufaclure. and
service and development life.

[Cox91] Cox, 8.1.; Novobilski, A.1,
Objeet-Orienled Pro~rammin~: An Evolutionary Approaeh.
Addison-Wesley. Reading, Massaehussells. 2nd cd. 1991.

[Cummins73] Cumrnins. AB. (Editor)
SME Minin~ En~ineerin~Handbook.
Society of Mining Engineers (SME) of the Ameriean Institute of Mining.
Metallurgieal, and Petroleum Engineers Ine. (AIME). New York. New
York. 2 vols. 1973.

•
(Culls90] CullS

StruelUred Systems Analysjs and Desi ~n Methodolo~y.

Van Nostrand Reinhold. New York, New York. 1990.
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Dahl, O.-J.; Myrhaug, B.; Nygaard, K.
SIMULA Begin.
Auerbaeh. Philadelphia, Pennsylvania. 1973.

[Daneshmend94) Daneshmend, LX (Editor)
6th Canadian Symposium on Minin!: Automation.
Canadian Centre for Automation and Roboties in Mining
(CCARM). Proeeedings of the 6th Canadian Symposium on
Mining Automation. Montreal, Quebee. Oetober 16-19,1994.

[Dasys94) Dasys, A.; Drouin, A.; Louis, G.
Teaching an LHD /0 Muck.
6th Canadian Symposium on M.ining Automation. Montreal, Quebee.
October 16-19,1994.87-93. [Daneshmend94)

•

Mining automation research has put a concentrated effort in the development of mining production vehicles
capable of traveling in mine drifts without operator intervention. Vehicle guidance is but one part of the
automation puzzle that must be combioed in order to implement a manless mucking system within a modern
mine. This paper presents the work done in automating the loading cycle of a load·haul·dump (LHD)
vehicle. The paper brieny describes HDRK Mining six year research project, the current control hardware
and software.

[Desfray92) Desfray, P.
Ingénierie des objets: Approche classe-relation application à C++.
Editions Masson. Paris, France. 1992.

[Dejesus95) Dejusus, EX
Big OOP. No Oops.
~20. 8.74-78. August 1995.

GTE Government Systems is completely rewriting the firmware and software for its new high-capacity
ATM (asynchronous transfer mode) switch. The GTE project team adopted the Shlaer-MelJor
object·oriented analysis and design methodology to undertake this task, supported by Cadre Technologies'
ObjectTeam for Shlaer-MelJor CASE tool running on Sun SPARC Stations. Benefits of using this method,
such as reuse, concurrent development. and simplified upgrades, are discussed.

[DeMarc079) DeMareo, T.
Structured Analysis and System Specification.
Prentice-Hali. Englewood Cliffs. New Jersey. 1979.

[Devine94) Devine, M.; Brogden, I.
Infonna/ion Technology Planning: Cri/ical for Implementing Advanced
Mamifac/uring Au/orna/ion.
6th Canadian Symposium on Mining Automation. Montreal, Quebec.
October 16-19. 1994. 239-256. [Daneshmend94)
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The successful implcrncntation of flexible automation systems in manufucturing entcrpriscs rcquin~s

significnnt investrnent of resources and cxecutive leadership in the pruccss of information tcchnnlugy
planning. Forward·thinking mining companies that underSland the value of implememing lllll'unced
aUlomation systems ta remain compelitive can learn from the experiences of mllnufaeluring cmnp"nies. By
recognizing the key role thut information technology planning has pillyed in suecessfully enllbling the rnpid
introduction of new technologies imo manufacluring operaIions. Ihey can achiel'e similllr resulls in their
mining operalions. Wc describe the major components of Il business driven informalion technolngy pilln
and diseuss the faelors crilical for suceessful development and implemenlation of Ihe l'hm.

•

[EDS93]

[EDS94a]

[EDS94b]

[EDS94c]

[EDS94d]

Hjgh Levellnformation ReQujrements for INCO's Mine 0llermiQn,
EDS Canada. InternaI Report to INCO Ltd. November 1993.

EDS Technology Policy,
Electronic Data Systems Corporation. Piano, Texas. Internai Report.
March 1994.

Upper CASE Tooi Product Evaluation.
Electronic Data Systems Corporation. PIano, Texas. Internai Report.
August 1994.

Configuration Management for FOREMAN II.
EDS Canada. InternaI Report to INCO L1d. Technical Consulting Progrmn
Class XXXIV. August 1994.

FOREMAN Statement of Technical Direction,
EDS Canada. Internai Report to INCO L1d. October 1994.

[EDS95a] FOREMAN Technology Business Case.
EDS Canada. Internai Report to INCO Ltd. February 1995.

[EDS95b] FOREMAN InformaIion Technology Architecture.
EDS Canada. InternaI Report to INCO Ltd. May 1995.

[Embley92] Embley, D.W.; Kurtz, B.D.; Woodfield, S.N.
Object-Oriented Systems Analysis: A Model-Driven Allllroach.
Yourdon Press, Prentice-Hall. Englewood Cliffs, New Jersey. 1992.

Falconbridge Ltd. Kidd Creek Mine, in Timmins, has decided la install a Central Hoisling facilily ta conlrol
seven hoists from three distinct head frames, two located on surface and one internai shaft on the 47(XJ foot
leve!. The central hoisting faeility will be located in the Administralion Building dry areu and will be able•

[Federchuck95] Federchuck, B.; Sas, J.A.
Central Control and Mine Automation at Falconbridge, Kidd
Creek Mines.
97th Annual General Meeting. Halifax, Nova Scotia. May 14·18,
1995. Paper 36.2.
CIM Bulletin, 89. 996. 33-35. January 1996.
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10 operale and lrouble shoot the hoists from Central Control or remotely from Montreal. Over Ihe paslthree
yeurs, Kidd Creek and ABB have been working closely logether wilh the inslallalion and upgrading of PLC
based hoist conlrols, ultimate hoisl monitors, that replaced the Lilly Controllcr, and loading pocket controls.
Wilh the installation of these high tech products, wc are now able to bring ail the controls back to a central
location to provide a safe, productive, efficient control as weil Ils an information highway for operators,
maintenance and management personnel. Il will provide the compuler infrastructure to huild on the future
for the integration of other mining functions into the system. This paper describes the reasoning for the
Cenlral Control Ils weil as the technology used.

[Firesmith93] Firesmith, 0.0.
Object-Orjenled ReQuirements Analysis and Logical Design: A Software
EnLlineerjng Apllroach.
John Wiley & Sons. New York. New York. 1993.

[Flye88] Flye, O.S.
A Fully /ntegrated Production/nformation System at Newmolll Gold.
First Canadian Conference on Computer Applications in the Mineral
Industry. Quebec City. Quebec. March 7-9, 1988.503-509. [Fytas88]

An essential factor in cost competitiveness for today's mining operations is the efficient use of information
to aid in decision making. This paper describes the development of a fully integrated production
information system utilizing distributed databllSe and fourth generation language technology. ArellS of
application include mine production, ore movement, mill production, laboratory automation, wurehouse
inventory, equipment maintenance, exploration drill hole logging, and finished material accounting. The
techniques employed in designing this mulli·database system ure described with special emphasis upon the
integration of each database system with ail others. Each component database system is evaluated in terms
of realized or anticipated benefits, followed by a concluding evaluation of the entire projeCI.

[Fortney96] Fortney, SJ.
Advanced Minewide Automation in Potash.
CIM Bulletin. 89.996.41-46. January 1996.

This paper covers the minewide automation program at the Potash Corporation of Saskatchewan Inc.•
Rocanville Division. TH emain focus of the paper is the automation of the five Marietta 780-AW4 rotary
miners. Other subsystems of the automation, such as broadband, central control room, communications
options, hois! integration, and various maintenance and operating concems are addressed. The miner
automation program focussed on utilizing a system which wouId not alienate the operator and would be as
easy to maintain as possible. The use and application of scintillation, laser guidance, ultrasonics. vision
systems. digital videao and remote control, as it applies to the miner, is presented. A discussion of operator
acceptance. maintenance training. costs savings and improvements to the operation is included.

•

[Fytas88]

[Oane79]

Fytas, K.; Collins, J.-L.; Singhal, R.K. (Editors)
Computer Applications in the Mineral Industry.
A.A. Balkema. Rotterdam, Netherlands. Proceedings of the First Canadian
Conference on Computer Applications in the Mineral Industry. Quebec
City. Quebec. March 7-9.1988.

Oane, c.; Sarson. T.
Structured Systems Analysjs: Tools and TechnjQues.
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Prentice-Hall. Englewood Cliffs, New Jersey. 1979.

[Gibbs90a) Gibbs, B.L.
Mining Software Trends and Applications.
Mininl: Enl:ineerinl:. 42. 8. 974-981. August 1990.

[Gibbs90b) Gibbs, B.L.
Ore Body Modeling and Mine Planning Software.
Mininl: Enl:ineering. 42. 8. 976-979. August 1990.

[Gibbs90c) Gibbs, B.L.
SMEICOGS Computer Bulletin Board is Open for Business.
Minine Engineerine. 42, 8. 982-984. August 1990.

[Gibbs91a) Gibbs, B.L.
Toward a Mining Data Standard.
Computers & Mining. 6. 9. 1-4. May 1991.

More than 15 software vendors offer inlegrated mining systems which in many respects provide similar
capabilities for deposit modeling and mine planning. However, one fealure commnn 10 ail is the Inck of
compatibility between the systems. The difficulties of transferring datn belween systems me:IOs that the
vendor must develop complete systems even if their expertise is stronger in one nrealhan in nllolher.

[Gibbs91b) Gibbs, B.L.; Krajewski, S.A.
Workshop Attendees Compare Ore Modeling and Mine Planning Software
Systems.
Minine Eneineering. 43. 7.732-737. Ju1y 1991.

[Gibbsn) Gibbs, B.L.; Krajewski, S.A.
Surface and Underground Mine Modeling with Computers.
Mining Engineering. 44. 7. 689-692. July 1992.

[Gibbs94a) Gibbs, B.L.
Computer Use in the Minerais Industry.
Mining Engineering. 46. 3. 208-213. March 1994.

To attain a better understanding of how computers are used by minerais producers in the Uniled Stales and
Canada, Gibbs Associates developed a survey questionnaire and in 1991 sent il to 1800 companies across
the full range of company sizes and commodity types. The questionnaire covered hardware and suftware,
users and uses, training and plans for future compuler expenditures. 112 responses were received. To
update the 1991 survey information, selected respondents were contacted directly in the fall of 1993 and
asked about changes that had occurred during the past 2 years.

[Gibbs94b) Gibbs, B.L.
Computers: The Catalystfor Information Accessibiliry.
Minine Eneineerine. 46. 6. 516-517. June 1994.
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A general overview of mining applications for the information age: CAD systems, information sources (the
Internet and software directories), mining software packages, GPS, and GIS.

[Glass83] Glass, R.L.
Real-Time SQftware.
Prenticc-Hall. EnglewoQd Cliffs, New Jersey. 1983.

[Goldberg84] Goldberg, A.
Smalltalk-80: The Interactive Programming Environmenl.
Addison-Wesley, Reading, Massachussetts. 1984.

[GQuld88] Gould, G.B.; McConechy, B.; Srajer, V.
Equipment Performance Monitoring.
First Canadian Conference Qn Computer ApplicatiQns in the Mineral
Industry. Quebec City, Quebec. March 7-9, 1988.463-470. [Fytas88]

This paper descrihes Gregg River's evaluation of OBDAS, a real-time equipment performance monitoring
system developcd by Philippi-Hagenbuch Inc. For the evaluation, OBDAS was installed on two 154 tonne
haultrucks and opcrated for a six month trial period starting January 1987. During this time a series of
studies were carried outto test the reliability, accuracy, and repcatability of the system. The presentation
will describe the system and its installation, the findings and conclusions of the studies and its potential role
as a building black in developing an equipment management system.

• [Grady90] Grady, L.; HQlm, V.; Mitls, R.; Brumit, P.
Short TernI Mine Planning and Grade Control Practice at the Mesqllite
Mine.
Mining Engineering. 42. 2.187-190. February 1990.

•

The Mesquite mine is a large, open pit, heap leach gold mine owned and operated by Gold Fileds Operating
Company. The mine uses a fully integrated mine planning and reserve modeling software system developed
at the mine. The system has recently been extended to include short-term mine planning, grade control, and
daily production reporting. The grade control portion of the program uses a multiple indicator krieging
approach using the blasthole spacing and exploration assays. The program permilS ore control geologists
and mine planning engineers to have immediate access to ail the information.

[Graham94] Graham, I.
Object-Oriented MethQds.
AddisQn-Wesley. Reading, Massachussetls. 2nd ed. 1994.

[Grant90] Grant. R.W.; PattersQn. S.C.; Krause. B.R.
A Borehole Information System Incorporating AlItoCad.
CQmputer Treatment Qf ExplQratiQn and Mining Data WQrkshQP and
ExhibitiQn. TQrQntQ, OntariQ. March 9-10, 1990.

Bore hole data are crucial to exploration and are valuable corporate asselS. lETS has accumulated data for
many thousands of boreholes. Approximately 600 new boreholes from 25 projeclS are added annually. This
information must he stored securely and he readiliy accessible. A borehole infoftr.ation system developcd
to meet these needs utilized PC-compatible and DEC Micro VAX hardware. Software was purchased or
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developed as warranted. to creale an open. modular syslem. Ali programs nre open to dllln exchaoge
allowing unobstructed dala now. Comprehensive commercinl syslems were nol adopled sincc none wcrc
entirely suitable; most did nol hnve sufficient capacity and many suffered l'rom innexible dala formats \Vilh
no acceptable means of exchanging data with olher applicmions.

[Gray91] Gray, J.; Amon, F.; Peek, J.
Integrated Mine Planning and Production.
5th CIM District 5 Meeting. Fort MeMurray, Alberta. Scptember 17-20.
1991.

In order to achieve cornmon objectives in Mine Planning nnd Operutions and optimile unil coslS. it is
necessnry to integrale the different mining functions in both groups. The firsl slep is to mensure the
condition of the muckpile at the different slages of development. Information on pre· nnd posl·bhlSt
conditions necessary for optimization can be acquired in an automated manner using inslrumenlUliol1 un
blasthole drills and mining shovels. The paper reviews current avnilable technology in drill and shovel
monitoring, mine engineering application systems. data prneessing and analysis. positioning and loeating of
equipment, and the integration of performance monitoring data. The management information system lU

Highland Valley Copper is described.

[Grenier94] Grenier, A.; Chevrette, G.; Coache, C.
Noranda Automatic Guidance System Architecture OverviclV.
6th Canadian Symposium on Mining Automation. Montreal, Qucbcc.
October 16-19, 1994. [[6-[[9. [Daneshmend94]

This paper covers the architectural decisions that were made to identify and select the components uf an
Automatic Guidance System adapted for LHD vehicles and low profile trucks in an underground mine
environment. Ali the decisions were made on the understanding that thc target system will need to exeeed
the overall performance of current operators in order to get general acceplance. The selection of the
components was also based on a Iist of criteria such as maintainability. robustness, and testability to assure
the success of an implementation on a production environment.

[Haekwood93]Hackwood, J.; Poole, R.
Selection ofMedia for a High BandlVidth VtiUty to Serve liS the BlIckbo/lc
ofa Mine Information System.
International Congress on Mine Design. Kingston, Ontario. August 23-26,
1993.891-899. [Bawden93]

As a result of five years of research and development on its Future Ore Manufacturing (FOREMAN)
project. INCO Mines Research and its panners have developed a communications and information system
that supports the current .nd future demands for underground mining automation and control. The system
is capable of supponing simultaneously, over a single cable system, mobile and fixed information services
for voice. video and data. As the backbone for the system. a high bandwidth broadband coaxial cable
system has becn selected. This paper discusses the criteria around which this selection was made.
Consideration of high bandwidth architecture utililing fiber optic cable is discussed. Olher media types.
such as unshielded twistcd pair. shielded twisted pair and simple coaxial cable arc not discussed because of
the relative low bandwidth.

[Haekwood94]Hackwood. J.; Poole, R.
The Evolution ofMine Communications: A Vtility for Modem Automation
and Related Services.
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6th Canadian Symposium on Mining Automation. Montreal, Quebec.
October 16-19, 1994.218·224. [Daneshmend94]

The latest communicalions systems used in conjunction with aulomated equipment and related services
represenlthe single most important opportunity for improving mine produclivity and personnel safety. The
telecommunications syslem is the ulilily on which modern aUlomation technologies and related services are
supported. The wired and wireless communicalions services on the system provide the modern mine wilh
the same benefits as those which automated manufacturing plants have achieved over the last few decades.
Overluoked as an essential utility in the underground mine, implementation of modern mine communication
systems is often an after-thoughl. In the pasllhis could easily be seen because the communicalion systems
supported only Iimited services; therefore the communications infraslructure was considered non-essentia!.
This is nottrue any longer. The latest generation in communication technology is a system that supports the
currenl underground communication requirements for improved safety. productivity, and reduced costs.
The applications supported include data acquisition and control, radio voice communication, computer
networks, closed drcuillelevision, and the aulomation needs for unmanned operation of mobile equipment
such as drill jumbos, LHDs, trucks. and production drills.

Mount Isa Mines Ltd. (MIM) has been developing its own compulerized mine planning system for four
years, based on Inlergraph workstations and the MicroStation CAD package. Initially, a purchased geology
.nd design package and in-house database facilities were used. Subsequent developments have involved the
establishmenl of an Oracle database for the geology. survey. and mine design funclions. Utilities developed
enable both regular and occasional users 10 access the system on both Unix workstations and DOS PCs
through a common user interface for operations ranging from simple viewing of portions of the mine to
complex geological interpretation and mine design procedures. Use of industry standard CAD and database
software as the core of the system. combined with in-house developments and porting and integration of
existing stand-alone mainframe facilities. is providing an integrated system which is able to evolve with
computing industry developments, yet be tailored precisely to the necds of a variety of users within the
company.

•

[HaIl93]

[HareI90]

[Hares90]

Hall, B.E.
Development of a Computerized Mine Planning System at Mount [sa
Mines.
International Congress on Mine Design. Kingston. Ontario. August 23-26.
1993. 385-396, [Bawden93]

Harel. D. et al.
STATEMATE: A Working Environment for the Development of Complex
Reactive Systems.
IEEE Transactions on Software Engineering. 16.3.403-414. April 1990.

Hares
SSADM for Ihe Advanced Practicioner.
John Wiley & Sons. New York, New York. 1990.

•
[Hartman92] Hartman. H.L. (Editor)

SME Minin!: En!:ineerin!: Handbook.
Society for Mining, MetaJlurgy. and Exploration Inc. Littleton, Colorado.
2 vols. 2nd ed. 1992.
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The National Research Council of Canada (NRC). Industry Canada (IC). and lhe Canadll Center for Minerul
and Energy Technology (CANMET) retained Hatch Associates la Cllrry out Il markel'lnlllysis of lIuton,,"ioo
technology opportunities in the mining sector. The purposc of the sludy WIlS 10 dClermine lhe teehnielll
nature and economic dimensions of future mining automation lrends. Four levels of fucus hllvc been
identified: i) types and methods of mining; ii) mining processes: iii) pOlelltial applicatiolls of al/tolllll/joll:
and iv) enabling technologies. Technologies have been cillssified as being base. key. pt/cillg. or "",·rgillg.
Four categories of automation were considered: group 1- commullica/iolls illfra.urtlcm,,: group 2 - t'elltral
information system; group 3 - semi-automated equipment; and group 4 - celltrali.ed colltrol of fl/lly
automa/ed equipment. The ultimate goal of an automaled mine is the total inlegration of clements l'rom nll
four groups. Automation has the polenlial ta improve the Canadian mining industry compelilive position
through improved productivity and improved protectioll of workers and the ellvirollmellt. Concerns relaled
ta the use of automation include design issues, proven reliabili/)'. and safet)' ofoperarioll. Factors affecting
long-term commitment ta mine automatioo have been identified as such: i) size of mine; ii) remaining life of
mine; iii) skills level of personnel; iv) long-term commitmenl l'rom upper management; v) mine-wide
communications infrastructure. The current status of mining automation is analyzed with respect to ellch
one of the mining processes. the limitations of current methods and equipment arc discussed. and key
potential applications of automation are lisled. In conclusion. sixteen high priority applications were
identified through in-depth interviews with personnel at a sample of Canadian mining companies. Based on
these, six areas of technologies which should be the focus of further R&D were presented. Finally, the
Canadian mining indusuy capability to undertake such research and developmenl wa, discussed and market
potential scenario described.

•

•

[Hatch94)

[Hatley87)
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Market Analysjs of Automation Technology Opportunities in the Mining
Sector.
Hatch Associales Ltd. Mississauga, Ontario. Condensed Final Report for
Industry Canada. April 12, 1994.

Hatley, D.1.; Pirbhai, I.A.
Strategies for Real-Tjme System Specification.
Dorset House. New York, New York. 1987.

•

[Henderson-Sellers92)Henderson-Sellers, B.
A Book of Object-OrieDled Knowledge.
Prentice-HalI. Englewood Cliffs, New Jersey. 1992.

[Henderson-Sellers94)Henderson-Sellers, B.; Edwards, J.M.
Book Two of Objecl-OdeDled Knowledge: The Workjng Object.
Prentice-HalI. Englewood Cliffs, New Jersey. 1994.

[Henddcks95) Henddcks, C.; Daneshmend, L.K.; Doucet, R.
Advanced Maintenance Monitoring of Drills and Shove/s at the Iron Ore
Company ofCanada.
97th CIM Annual General Meeting. Halifax, Nova Scolia. May 14-18,
1995. Paper 19.3.

Aquila Mining Systems Ltd. has becn working on a drill and shovel monitoring at the Iron Ore Company of
Canada (IOC) since carly 1994. This effort has culminated in an operational Aquila drill monitoring system
at IOC capable of: i) automatically identifying the location of fractures within a blasthole and computing a
blastability index for each hole; iil facilitating determination of bit condition and performance using trend
analysis of drilling variables; iii) enhanced maintenance monitoring procedures. In addition, an Aquila
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shovel monitoring system is now operational al IOC which is capable of automalically logging and
assessing: i) shovel operating praclices: ii) muckpile diggability and blasl effectiveness; iii) basic shovel
produclion statistics. This previous work by Aquila has indicated the significant potential benefits of
combining advanced maintenance monitoring functions, such as condition·based maintenance moniloring,
with existing production monitorin~ lechnology on drills and shovels. There is significant commonality, in
both the hardware and soflware requirements, between produclion monitoring and maintenance monitoring
in term of: i) data acquisition; ii) data processing and analysis; iii) information transmission and display.
ICÇ is commiued ta achieving comprehensive, condition·based maintenance monitoring of major
production equipment. This paper reports on the maintenance aspecls of lhe existing Aquila monitoring
systems at IOC, as weil as the on.going work which builds upon these capabilities to achieve various
advanced maintenance monitoring functions.

[Hind94) Hind, DJ.
Applications of Radio Frequency Identification Systems in the Mining
Industry.
6th Canadian Symposium on Mining Automation. Montreal, Quebec.
October 16-19, 1994.34-49. [Daneshmend94)

Radio Frequency Identification (RFID) systems arc one of the automatic data capture technologies taking
over from bar codes and magnetic swipe cards in many applications involving automatic hands free
operation in arduous environments. RAD systems arc based on the use of miniature radio transponders
carrying encoded electronic data that is uscd to uniquely identify the identity of transponders. The paper
reviews the types of systems available and compares the various techniques involvcd in the different
systems. Applications of RAD systems in the mining industry arc described in considerable detail,
covering applications both on the surface and underground.

[Hinden83) Hinden, HJ.; Rauch-Hinden, W.B.
Real-Time Systems.
Electronjc Design. 288-311. January 6, 1983.

[Houlding89) Houlding, S.W.; Rychkun, EA
Technical Computing: A Corporate Solution for the 1990s.
Mjning Magazine. 160.5.401-411. May 1989.

As the 19905 approach, technical, computing is being lookcd al in a new light: major influences arc
changing the nature of technical computing in the mining industry. The authors examine the growing need
for an integrated solution for the application of technical compuling, one that faces the corporale challenges
rather than the specialized local needs of isolated departmental groups.

[Houlding91) Houlding, S.W.
Computer Modelling Limitations and New Directions.
CIM Bulletin. 84. 952.75-78. August 1991. (Part 1)
CIM Bulletin. 84. 953. 46-49. September 1991 (Part II)

The objective of Pan 1of this paper is ta identify the limitations of the traditional modeling methods and ta
iIlustrate, by example. the potential for errer creatcd by their application to complex deposits and mining
situations. Pan II describes the evolution of new, proven technology which eliminates these deficiencies
and provides precise and practical altematives. These promote the use of realislic geological and mining
shapes and eliminate altogether the rcctangular approximations of traditional methods.

120



•

•

•

Systems Analysis for Robotie Mining: Bibliography

[Hou1ding92) Houlding, S.W.
Real-Time Grade Colltrol in Mine Planning and Production.
23rd International Symposium on the Application of Computers und
Operations Research in the Mineral Industry. Tucson. Arizonu. April 7-11,
1992.747-755. [Kim92]

This paper summarizes recent developments in computer modeling and estimation lechnology. Significllnt
improvements in computalional and modeling efficiencies have aùvanced lechniclIl computing tll Ihe stllge
where, for the first time. it can be realistically applied to short-term mine plllnning and produclion cnmml.
Real·time interaclive grade estimation of complex shapes, volumes IInd grnde dislributillns. hased on
immediate turn·around of production sample grades. is now possible. An IIdded benelil is Ihe lIbilily III
produce complete geostalistical estimates which include confidence limils. These can be incorporllled inlo
the decision making and risk ussessment processes of production conlrol.

[Jacobson92) Jacobson, 1.; Christerson, M.; Jonsson, P.; Overgaard. G.
Objeet-Oriented Software Enl:ineerinl:: A Use Case priyen Appmuch.
Addison-Wesley. Reading. Massachussells. 1992.

[Jedrzejczak9] Jedrzejczak, R.; MeDowell, M.
Evolution ofa Mine Information System at the Endako Mine.
Mininl: Enl:ineeriOl:. 45. 4. 355-358. April 1993.

The present compulerized information flow allbe Endako Mine sile is concentrated inlo four main and self
contained areus: i) milling operations; ii) warehouse·accounting; iii) maintenance: and iv) mine-engineering.
These systems are fully autonomous, networked togelher and inlegraled wilhin their respeclive areas. The
departmental information flow, however, is by hardcopy output. This is inefficienl as far as dala transfer
and lacks real time analysis and decision making. This article focuses on the existing and developing mine
planning and engineering systems, the hardware and software ralionalization for the operation and Ihe
benefits of these progressive changes.

[Jonkman93] Jonkman, J.; Dagdelen, K.
64-8it Computing: New Tee/mology That Will Revolutionize Mine
Planning and Mine Design.
International Congress on Mine Design. Kingston. Ontario. August 23-26,
1993.595-600. [Bawden93]

The r~ent introduclion of 64-bil computing is revolutionizing the application of mine planning and design
to a much greater extenllban wus experienced in Ibe late 19705 wilb the introduclion of n·bil computing.·
The ability to address 4 bil!ion times more data and achieve computational speeds far grealer Ihan similarly
configured and priced 32-bit systems will unleash applicalions previously not imagined and provide
answers to problems which lusl could not be solved. This paper introduces the new computing architecture
us it applies to mine planning and design and discusses 21st century applicalions being made possible b; Ihe
64-bil architecture. Technical details will be provided to assist software developers in oplimizing Ihe use of
Ihe new archileclure.

[Kavouras88] Kavouras, M.; Masry, S.E.; Smart, J.R.; Ree1er, E.C.
An Advanced Geo-Information System for Mining Applications.
First Canadian Conference on Computer Applications in the Mineral
Industry. Quebee City, Quebec. March 7-9,1988.51/-515. [Fytas88]
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Resource evalualion and mine design involve large amounls nnd differing types of spntial informalion.
Efficienl integration and hnndling of such informntion requires ndvanced geomelrie madeling techniques
und dala organilhl ions. General purpose computer.nided design. and computer grnphics systems nre not
designed tn denl wilh such eomplexily. 11lÎs pnper present efficient npproaches la handle geo·informntion
in order 10 facilitale mine design nnd plnnning. Particular emphnsis is given to spalinl informntion. 111e
oetree seheme is introdueed as it is used ta represent highly irregulnr orebouies. A prototype syslem. which
has becn developed as a result of this research. is nlso intradueed. The system facilitates geomelric
operations. and also spalinl and attribute queries whieh nre essential la mine de,ign. An example of the
proclical "lilily of the system is also presented.

[Kay94] Kay, R.
Objects in Use.
~ 19.4.99-104. April 1994.

•

A whole new clnss of objeet·oriented dnlnbn,e mnnngement systems (ODBMS) hn, been ndded ta n wide
vnriety of puwerful and relatively inexpensive nnt·fiIe dntnbasc mnnngement systems (DBMS) nnd
relmional dalabase mnnagement systems (RDBMS) praduets on the mnrke!. Ta find out how lhese new
praducts nre being used ill the renl world. Byte tnlked to n number of end users nnd syslems devclopers
about their expcrienees wilh abject dntnbnses.

[Kim92) Kim, Y.C. (Editor)
23rd APCOM: Application of Com12uters and Operatjons Research in the
MjnerallndustQ'.
Society of Mining, Metallurgy, and Exploration Inc. Lillieton, Colorado.
Proceedings of the 23rd International Sympo:;ium on the Application of
Computers and Operations Research in the Mineral Industry. Tucson,
Arizona. April?·II, 1992.

[Knights93) Knights, P.F.
Sensor Selection for Maintenance Fallit Detection in ST-8B
Load-Halll-Dllmp Vellie/es.
McGill University. Montreal, Quebec. Internai Report to INCO Ltd.
December 9, 1993.

[Knights94a) Knights, P.F.; Kairouz, J.; Daneshmend, L.K.; Pathak, J.
Applications of Rc;dio Freqllency ldelllijication Systems in Undergrollnd
Mining..
6th Canadian Symposium on Mining Automation. Montreal, Quebec.
October 16·19, 1994.28-33. [Daneshmend94)

Radio Frequency Identification (RFID) syslems opernte by exehnnging unique identification informntion
betwcen low·cost robust transponder tags and an antenna and controller unit. In mdny c~r.s. l!ansponder
lags are passive and are sufficiently energized by radio signaIs emiued by the 1mnSmiller unit ta generate
retum signaIs eontaining unique ID cades. This p"per outlines the operating principles of RFID syslems
and provides a brief coverage of some of the .pplicalions of these systems. Existing .nd potenti.1
applications of RFID systems for pmeess conlrol, inventory conirai, mnteri.ls handling, .ccess conIraI,
,",eurity and transpon.tion in underground cool and hardrock mines are discussod. Reference is made la •
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prototype ore Ionnage tracking system which is currently bcing dcvelopcd for nn LHD vchicle li! the
CANMET cxpcrimental mine in Val d·Or. Quebec.

[Knights94b) Knights, P.F.; Dancshmend, L.K.; Baidcn, G.R.
A Met/IOda/ogy for Deve/oping Fr,;!t Detectioll allti Diailllosis ~)·.\·I<·m.\'fol'

Amomated Minillg Eqllipment.
6th Canadian Symposium (In Mining Automation. Montrcal, Qucbcc.
October 16·19, 1994. 143·155. [Daneshmc .d94]

The full produclivity benefils of automated mining equipmenl will nol bc rcali7.ed unless altemion is
directed towards increasing equipment reliability. availability. and maintainability. Fault deteetion alld
diagnosis (FOO) systems offer one means of increasing automaled equipmem availability. This )laper
examines lhe suitabilily of expens systems. case based reasoning (CDR) lools and hypenexl systems fur
machine l'ailure diagnosis. and proposes a hybrid system which employs nn expen syslem skeleloll linked 10

hypertexl submodules. The paper also inlroduces Reliabilily Centered Mainlenance (RCM) concepts whieh
aim la preserve crilical machine functions by identifying r .~ure modes which can defeat Ihe funetiolls.
RCM has proven ta be an indispensable tool in the comm.....1airline. nuclear powerplallt alld military
seetors. Central ta Ihe RCM process is an analysis technique called Failure Mode. Effecls alld Criticality
Analysis (FMECA) which can be used as a structured means of knowledge acquisition during developmenl
of FDO systems. Dased on the theory oUllined. a decision support system architecture is preselllcd and
illustraled wilh reference la a fault detection and diagnosis syslem currenUy bcing developed f,'r ail
aUlomated LHO vehicle at INCO Limited.

[Knights95) Knights, P.F.; Scoble, M,J.
IlIIegrated Mining InfomlCltion and Control Systems: Tmvards the Digital
Mine.
SME Annua1 Meeting. Denver, Colorado. March 6·9, 1995. Papcr 95·121.

lntegrated mining information and process control systems can reduce information delays, enhance dccisÎnl1
making and improve the rcsponsiveness of mining operations ta. for example. variaiions in markel
conditions. mineraI grades. and ground conditions. This paper examines devclopments in thc meas of:
monitoring. data analysis and diagnosis. communications systems. integrated mining support systems. unù
process and machine control. lt concludes that Ihe development of a comprehensive information technology
plan is fundamentallo the phased implementation of Ihese technologies. In addition. hardware and softwarc
standards and concurrent digital design t\nd simulation practiccs in selected manufacluring induslries ;uc
examined and concluded 10 have relevance 10 the mining industry. Inlegraled informalion and proccss
control syslems will lead to emergence of Ihe "digital mine". Such advances in mining information
infraslructure as weil as mining equipmenl will enable mining operalions ta shif! l'rom mass production
methods la leaner produclion techniques. "Lean mining" aims ta enhance and accelerale cash llow over lhe
life of a mine by focusing on reduction of: throughput times. stockpiles for volume and qualily conlrol. and
wastage and rework.

[Kovach89) Kovach, T.S.
Design and ImplementCllion of a FI/lly Integrated Mine Information
Management System.
215t International Symposium on the Application of Computcrs and
Operations Research in the Mineral Industry. Linleton, Colorado. February
27·March 2, 1989.34·38. [Weiss89)
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11lÎs paper describes the cooperalive effort between a coal produeer and a ulilily euslomer to dcvclop and
install a fully intcgratcd minc information managemcnt syslem at a 2.5 million tons pcr ycar minc in cast
Tcxas. A dcscription of each itcm of thc modulcs is includcd along with thc problcms cncountcrcd during
dcvclopmcnland how lhey wcrc corrcclcd. Thc syslcm configuration is also dcscribcd.

[Lalonde94) Lalonde, W.
Discoyerin~ Smalltalk.
Benjamin/Cummings. Redwood City, California. 1994.

[Lestage93] Lestage, P.; MOllola, L.; Scherrer, R.; Soumis, F.
Integrated Short Range Production Planning at the Mont Wright
Operation.
International Congress on Mine Design. Kingston, Ontario. August 23-26,
1993.323-330. [Bawden93]

Thc short range production planning (SRPP) problem considered in this paper is lhat of a large open pil
lruck and shove! iron ore operation. Currenl computerizcd melhods utilized ta perform SRPP display
several limitations. In panicular, shovel disptacements cannot be evaluatcd by systems bascd on shoveling
capacitics. The SRPP process consisls in fulfilliog the extraction requiremenls defincd by the long range
plan. whilc respecting thc operating coostraints as wcll as improving grade control and equipmcnt
ulilization. 111e SRPP objective is ta suggest an optimal mining sequence given an initial pil configuraIion.
ln nrdcr ta realistically auain this goal. a new software package was developed by Ad Opl in conjunction
wilh lhe Quebec Conier Mining Company. Based on dynamic programming techniques. il provides a daily
solution ovcr a threc monlh pe..iod comprising a precise drilling and blasting sequence. shovel
displacemcnts and ulilization in time. as weil as the type and quantily of malerialto he mined. The SRPP
softwarc package was installcd at the Mont Wright operalion and is presently being utilized by the mine
planning team ta obtain suggested planning strategies as weil as ta evaluate the impact of what-if scenarios.
Automated interfacing with the long range planning and truck dispatching systems in place is currently
underway.

[Linthicum95] Linthicum, O.S.
The End ofProgramming.
~ 20. 8. 69-72. August 1995.

Rapid Application Development (RAD) tools promise two advantages over traditional programming. The
first is a shoner. more nexible development cycle. enabling you ta leap directly from prototype ta finished
application. The second is that a reasonably sophisticaled end user can develop applications.

[Manaster91] Manaster, C.J.
Inteiface Considerations in Mine Planning Software.
Second Canadian Conference on Computer Applications in the Mineral
Industry. Vancouver, British Columbia. September 15-18, 1991. 167-171.
[Poulin91]

The author is one of a team of people at Cyprus Miami Mining Corp. that recently developed a mine
planning package ta run on the Macintosh using Object Pascal. Emphasis was placed on user interface ta
encourage more people ta take advantage of computer capabilites.

• [Manin67) Manin,J.
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Desi~n of Real-rime Computer Sys!ems.
Prentiee-Hall. Eng1ewood Cliffs, New Jersey, 1967.

•

[Martin89]

[Martin90a]

[Martin90b]

[Martin92]

[Martin93]

[Mason90]

Martin. J.
Information En~ineerin~: Introduction !Book Il.
Prentiee-Hall. Englewood Cliffs, New Jersey. 1989.

Martin. 1.
Infoonation En~ineerin~: P1annin~ & Ana1ysis !Book Ill.
Prentiee-Hall. Englewood Cliffs, New Jersey. 1990.

Martin J.
Information Engineerin~: Desj~n & Constnletjon rBook 1!Il.
Prentiee-Hall. Englewood Cliffs. New Jersey. 1990.

Martin, J.; Odell, J.
Objeet-Orjented Analysjs and Desi~n.
Prentiee Hall. Englewood Cliffs. New Jersey. 1992.

Martin, J.
prinejples of Objeet-Orieoted Ana1ysis and pesin~.

Prentiee Hall. Englewood Cliffs. New Jersey. 1993.

Mason, M.; Pugh, 1.
Dataplan.
Minin~ Magazine. 162.2.128-135. February 1990.

The aUlhors describe a new way for corporations 10 do Iheir operating and fmancial planning. gening
information from borehole 10 boardroom in Ihe shortesi possible lime. Dalaplan dues nnl replace exisling
mine scheduling syslems nor displace Lolus'Iype spreadsheels. bUI il docs link lhem lhrough a corporale
planning dalabase in such a way Ihal ail departmenls can inlerchange lheir dala and seninr managemenl ean
produce ad hoc reports from up-lo'lhe-minule dala wilh bare minimum of lraining. Il brings logelher :111
aspeCIS of a company, from production scheduling la financial modeling and human resource planning.

[McGregor92] MeGregor, J.D.; Sykes, DA
Objeet-Orieoted Software Devclopment: Engineering Software for Reuse.
Van Nostrand Reinhold. New York. New York. 1992.

[ME90] Applying Compulers On-Board Surface Mining Equipmenl.
Mining Engineerin~. 42. 4. 349-350. April 1990.

•
Application of microprocessors, programmable logic devices. and olher compuler-orienled hardware and
soflware on·board large surface mining equipmenlto optimi7.e availabilily and produclivily, slrelch machine
Iife, and prolect against calasuophic breakdown has been a goal of heavy equipmenl manufacturers for
several years. Summarized here are Ihe on·board compuler·oriented products of thrce heavy equipmenl
suppliers. P&H Harnischfeger (2800XP mining shovels), Mara!hon LeTourneau Vital Signs Monilor (Titan
trucks and fronl-end loaders). and Haulpak division of Dresser Metalert Monitoring Syslem (haul Irucks,
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fronl-end loaders, crawler tractors, conlinuous miners) nol a comprehensive survey, bUI perhaps indicalive
of the direction such development is laking.

[Mellish87] Mel1ish. M.; Prel1er, A.H.; TUllon. DA
Integrated Open-Pit Planning Approach and Systems.
IMM Transactions (Section A: Minin~ Industey). 96. AI62-AI70. October
1987.

The Rio Tinto Zinc (RTZ) Corporation PLC operales major open pil mines around the world, ail of which
have been planned wilh the use of compulerized techniques. The successful projeci planning and delailed
operational planning of many of these have been achieved by the applicalion of an integrated sel of
computer software Ihat has been constantly improved over the lasllwo decades. Discussion is limited to the
consideration of large open pilS, but many aspects arc also applicable ta other types and sizes of operation.
The approach is bascd on leamwork by geological and mining slaff in which bath geological and mining
aspecls arc considered al alltimes. The software follows the same philosophy: integrating mining concepls
in the reserve calculations and geological aspects in Ihe plan. The software is modular ta prevent it
becoming unwieldy, but it allows Ihe transformai ion of borehole information inlo a reserve model on which
mine planning programs can operale. These, in turn, atlempt ta optimize the shell design of Ihe mine. ta
consider the best sequence of mining, ta examine cut-off grade policy using the concepls of the finite
resource and opportunity cost and finally, ta produce delailed. scheduled mine plans. The soflware is
practieal and is designed as a 1001 for use by an engineer. Ils oplimization techniques arc partial and
directed at costs and lime. Il functions in the way thal an engineer undelStands and has no "black-box"
features. Above ail, it speeds up an engineer's work and enables many cases ta be considered. It is lested
and proven.

• [Mel1or86] Mel1or. S.1.; Ward. P.T.
Structured Development for Real-Time Systems: Implementation
Modeling TechniQues (Volume IID.
Yourdon Press. Prentice-Hall. Englewood Cliffs. New Jersey. 1986.

[Melvin89] Melvin, G.1.; Scherman. D.P.
Some International Experience in the Implementation ofa Fully Integrated
Mine Management System.
21 st International Symposium on the Application of Computers and
Operations Research in the Mineral Industry. Lillieton. Colorado. February
27-March 2,1989.39-44. [Weiss89]

Mincom's soflware, known as MIMS (Mincom Information Management Systems) addresses Ihe major
funclional areas of: i) maintenance management; ii) materials management; iii) cast accounting and
budgeling; iv) production statislies; v) financial aeeounting; in an integrated set of modules. This paper
highlights some ofMineom's international implementation experiences.

•
[Meyer92]

[MiIl89]

Meyer, B.
Eiffel: The Langua~e.

Prentice-Hall. Englewood Cliffs. New Jersey. 1992

Mill, A.1.B.
Second Generation CAD and IT Systems for Mine Planning and
Management.
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Minin~ Ma~azine. 160.2. )34·)37. February 1989

The author describes the second generation of mine CAD syslems now heing developcd und shows ho\\'
they will eneompass decision support. database mnnagement und 3D imernctive graphics. bridging the
divide which at presenl exists between computer graphics and informalion leehnology.

[Mitri95] Mitri. H.S. (Editor)
Computer Applications in the Minerallnduslcy.
McGill Uniersity. Montreal. Quebec. Proceedings of the Third Cunudi:m
Conference on Computer Applications in the Mineral Industry. Montreui.
Quebec. October 22·25. 1995.

[Morrison95] Morrison, D.M.
Deep Hardrock Mining: The FlIIlIre.
97th CIM Annua! Genera! Meeting. Halifax, Nova Scotiu. May 14·18.
1995.

The most important factor in Cnnadian mining is not the operating cost of current projects. hut lhe
availability of capital for fUlure projeels. The future of mining at depth will be producing ore from the t~"

of the orebody working downwards with very effective. tightly comrolled mining methOOs. i.e. eilher
selective mining or bulk mining with weil controlled dilution and fragmentation. 111e key eharacteristics of
future mines will be smaller access excavations. more effective ground support. very precise blasling
techniques and more efficient and reliable materials handling syslems. Equipment will he snJalier and
designed for high efficiency and low maintenance. reducing bolh the capital and operating cosl. 111is menns
there will be fewer scoops. more continuous mucking machines and conveyor belts. both lateral und
vertical. Orepass failures have beeome aeeepted and the resultant re·developmenl and re·tramming has
bccome common. The capital investment in so-ealled permanent orepasses and crusher stalions becomes
questionable. particularly when crushers are only necessury for less than 10% of the ore going through lhe
system. The hest way to solve the chronic instability of orepasses is. as with ail of lhe stability prublems Dl

depth. by reducing the excavation size rather than increasing ground support. Smaller aeeess drifts wnuld
reduce the capital cost and increase the rate of development a.< weil a.< reduce the amount of waste tn be
handled. reducing the ground support and the ventilation requirements. urge drift< and orepasses arc
essential only for the equipment needed large pieces of ore and the productivity of scoops is very expensive
when lhe requirements for ventilation and large access drifts are taken into accounl. 111e key issue is lhe
fragmentalion generated by primary blasting. The future of mining in Canada will depend on simple and
robust technology geared to the environment in whieh it will have to operate. Ils survival will depend on
something mueh more fundamemal and difficult to aecomplish than a technological advanee: il will require
dramatic change in the way the mining process is managed. how work is organi7.ed. how cl'forl is rewarded
and how eosls are measured: a complete change in mind-set.

[Moss95] Moss. A.; Scoble, M.J.; Mathews, K.
Rock Mechanics and Production Management.
97th ClM Annual General Meeting. Halifax, Nova Scotia. May 14·18,
1995.

Rock mechanics has evolved from an initial focus on ground control at mine site towards increa.<ing
involvement in design and planning. This paper considers the further developmenl of rock mechanies in
aceessing and nnalyzing information in support of production management. Il relates to recognition of the
particular need for knowledge of the orebody and ground conditions. This has been compounded by the
reduced access to information experienced by many mines recently in making the lransition frum
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cut·and·fill 10 non·entry bulk mining. Recent advanees in underground communicalions. information
technology and sensing will eventually permit Ihe developmenl of the digital mine. 10 provide improved
speed and reliability in accessing ail information relaling to Ihe mining processes. These advances offer the
opportunity ta radically improve produclion management and integrate rock mechanics fully into fUlure
supporting informalion systems. 111is paper reviews the nature and structure of production managemenl,
examining Ihe role of rock mechanics in stralegic planning as weil as tactical produelion and ground
cnntrol. The issues and priorities in desiening production management systems are reviewed. Il then
discusses the potential management ralionale thal will drive fulure syslems, ineluding just·ill·time millillg,
leall millillg, and complller·illlegrated millillg options. Il concludes by considering informalion lechnology,
rock mechanies integration, and sensor development to improve information quality for production
management.

[Mollola94a] MOllola, L.
Systems Analysjs for Robotic Mjnjng: M.Eng. Thesis ProposaI.
INCO Mines Research, Automation and Robotics. Copper Cliff, Ontario.
Internai Report. Rev. 4. October 14, 1994.

[Mollola94b] MOllola, L.
~SE Tools: Product Evaluation.
INCO Mines Research, Automation and Robotics. Copper Cliff, Ontario.
Internai Report. December 15, 1994.

[Mollola95] MOllola, L.; Scoble, M.J.; Peck, J.P.; Baiden, G.R.
Syslems Analysisfor Robotic Mining.
Third Canadian Conference on Computer Applications in the Mineral
Industry. Montreal, Quebec. October 22-25, 1995.595-604. [Mitri95]

Mining automation has incrementally progressed from line-of-sight remote operation ta teleoperalion and
automatie control of mobile machines, mainly due to significant advances in underground communicalion
syslems. The present trend points towards a robotic mining environmenl where mobile machinery and
stationary equipmenl will he integrated with a mine·wide information system overseeing ail aspecls of
mining via a communication network. The successful design and implementation of the software and
hardware components necessary 10 realize this vision depends on the level of seamless inlegralion achieved.
The complexity involved in terms of systems functionality and coherence necessitales systems analysis and
computer.aided software engineering tools and techniques to actively support this inlegration effort. These
offer both a detailed and global perspective of robotic mining systems. This paper examines the
underground hard rock robotic mining environment in terms of mobile machinery. stationary equipment,
mine monitoring. and infrastructure. Il auempts to relate sorne fundamental concepts of systems analysis to
this environment and iIIuslrates how this discipline and its tools can have a significanl impact throughoot
the life cycle of both hardware and software components. The structore and tlow of information which
underlies robotic mining is then reviewed and related to the application of software engineering.
information engineering • structured analysis and design. and object-oriented analysis and design. The
paper concludes by considering how a specific CASE tool. System Archilect©, is being used to analyze the
information requirements of robotic mining systems.

•
[Mutmansky73] Mutmansky, lM.

The Scope ofSystems Engineering.
SME Mining Engineering Handbook. Society of Mining Engineers
of AIME. New York, New York. Chapter 30.1. 30.2-30.5. 1973.
[Cummins73]
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Nordbotten, J.C.
The Analysjs and Desjl:n of Compllter-Based InforD1j1!jo!! Systems.
HOllghton Mifflin Company. Boston. Massachllssetts. 1985.

•

(Norton95] Norton, P.
Introduction to Computers.
G1encoe Macmillan/McGraw-Hill. Westerville, Ohio. 1995.

(O'Neil79] O'Neil, T.J. (Editor)
16th APCOM: Applicatjons of Compulers and Operntjons Rescarch in the
Mineral Industey.
Society of Mining Engineers of AIME. New York. New York.
Proceedings of the 16th International Conference on the Application of
Computers and Operations Reserach in the Minernl Industry. Tucson,
Arizona. October 17-19, 1979.

(Ozdemir9l] Ozdemir, L.; King, R.; Hanna, K. (Editors)
Mine Mechanization and Automation.
Colorado School of Mines. Proceedings of the First International
Symposium on Mine Mechanization and Automation. Golden, Colorndo.
June 10-13, 199J. 2 vols.

(Ozdemir95] Ozdemir, L.; Hanna, K. (Editors)
Mine Mechanjzation and Automatjon,
Colorado School of Mines. Proceedings of the Third International
Symposium on Mine Mechanization and Automation. Golden. Colorado.
June 12-14, 1995.2 vols.

(Pages-Jones80]

(Pages-Jones89]

Pages-Jones, M.
The Praetieal Guide to Structured Systems Desil:n.
Yourdon Press, Prenlice-Hall. Englewood Cliffs. New Jersey.
1980.

Pages-Jones, M.; Weiss, S.
Synthesis; An Object-Oriented Analysis and Design MetllOd.
Ameriean Programmer. 2.7. 64-67. 1989.

With the implementation of more advanced monitoring. control and locating systems in surface mines. there
is an ever increasing need for their mine·wide integration towards achieving overall optimil.alion. Aquila
Mining Systems Ltd.. and lheir strategie partners. are developing the basis for a comprehensive real'lime

129•
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moniloring, control and informalion system called Total Mining Syslem, or TMS"'. The TMST" system is
being designed 10 address both currenl and futuié needs of open pil mines lowards improving productivity
and minimizing costs, through beller lwo·way informalion Oow belween each eomponent in lhe operation.
At a basic level, feedback from lhe equipment and proeess monitoring will enable decision-making to be
based un quantitalive, on·demand informalion, thus permilling proaclive rather lhan reactive planning.
Dynamic planning would be a valuable tool as markel conditions Ouctuate, equipmenl Oeets age and
variations in lhe grade, qualilY, geometry, and hardness of the mined material ail contribule to eilher
changing production largels or levels of achievable performance. Such capability could be implemented
within lhe next two years. Al a higher level, and within five l'ears, TMS'" will allow for Ihe autonomous
operation and/or real-lime supervisory control of mobil·~ and ntationary equipmenl in open·pil mines. A
discussion is provided in regard to the development and implem,'nl&tion of an aulonomous blasthole drill, to
demonslrate Ihe need for TMST". This paper will oUlline Aquila's program for TMS"f design,
developmenl and implementation, primarily in relalion 10 the higll-Ievel communication system and its role
in lhe future automation of open·pil mobile equipmenl.

•

[Pe.:k95b]

[Piche92]

[Piche96]

Peck, J.; Hendricks, C.
The Total Mining System (TMSfM): The Future ofOpen Pit Mining.
Third Canadian Conference on Computer Applications in the Mineral
Industry. Montreal, Quebec. October 22-25, 1995.586·594. [Mitri95]

Piché, A. (Editor)
Minjnc Automation.
Proceedings of the 5th Canadian Symposium on Mining Automation.
Vancouver, British Columbia. September 27-29, 1992.

Piché, A.; Gaultier, P.
Mining Automation Technology: the First Frontier.
CIM Bulletin. 89. 996. 51-54. January 1996.

Beginnings of a revolution are only seen in history books. Today's mining methods are quietly being
changed. The advent of the remote control for underground LHDs is but the beginning of the automation
revolution. AUlomnted guidance, lelepresence/teleoperation and automaled loading systems have such a
dramatic impact Ihal lhey can change the way mines are designed in the near future. This article
summarizes the work done al the Noranda Technology Cenlre in developing lechnologics that will pave the
way for the mine of the future.

[Poole96] Poole, R.A.; Golde, P.V.; Baiden, G.R.
Remote Operation from Surface of Tamrock DataSolo Drills at INCO's
Stobie Mine.
CIM Bulletin. 89. 996. 47-50. January 1996.

This paper presents the resulls oblained during the past year on a drilling automalion project al Stobie mine.
This project has successfully demonstrated that the remole operation of the uphole drilling process using
Tal1lrock DataSolo 1000 SixtYdrills will bring large rewards in lerrns of labour and maintenance savings.

[Poulin91] Poulin, R.; Pakalnis, R.C.T.; Mular, A.L. (Editors)
Computer Applications in the Mineral Indusuy.
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University of British Columbia. Proceedings of the Second
Conference on Computer Applications in the Mineral
Vancouver, British Columbia, September 15-18. 1991.

[Pressman92] Pressman, R.S.
Software En~ineerjn~; A Praclitioner's Approuch,
McGraw-Hil!. New York, New York. 3rd cd. 1992.

[Richmond94] Richmond, M.R.; Lye, G.N.
The Development ofAdvallced Mining Sysrems,
Australian Minjn~ Joucou!. 89. 9. 42-46. Februury 1994.

Cunudiun
Indusll'Y,

Resource-based companies are increasingly aware of the impacl lhal reduced denHlnd and luwer melal
priees are having on their shortterm profits and long term viability. Mining cust curves arc not slalic allli
companies that do not reduce mining, smelting and transporlalion costs will suffer reduced prolitabilily, As
a parlial counier ta this. CRA Advanced Technical Developmenl (ATD) h"s formed " visiun uf "n
Advanced Mining System for underground and open pit operations. Il is ATD's view lhill the high leverage
points in mining operations lie in continuous and aUlomated mining and inlegraled processes where each
process is syslemalically trealed as pari of a wider whole. As described in this arlicie, ulher benelils from
the approach include better plant performance. reduced unplanned mainlenance. and raliunali/.ed rouling
maintenance. In shorl. allowing operations ta "run close ta the edge". in Ihe sense thal Hamersley lron's
Marandoo mine is being planned. For convenience. ATD has calicd this sel uf inlerrelmed processes
Advanced Mining Systems (AMS),

• [ROB95] A Furure Denied ?
Report on Business Magazine. The Globe und Mui!. Speciul Report on
Mining in Canada. 73-104. September 1995.

The imporlance of Canada's $20·billion·a.year mining induslry ean'l be overstaled. Mining suppurls une
million Canadians and 150 communities and accounts for 15 per cenl of uur exporls, Can"d,,'s mining
industry is a world leader in technological innovation and environmental initiutivcs. Enormnus minerai
resources await discovery. Can this potential be realized? Whal is Ihe future for mining in C"n"d" '!

[Rumbaugh91]Rumbaugh, J.; Blaha, M.; Premerlani, W.; Eddy. F.; Lorensen. W.
Obiect-Orjented Modeling and Design,
Prentice-Hall. Englewood Cliffs, New Jersey. 1991.

[Rutt94] Rutt, D.K.
Blasrhole Drill Posirioning Srudies arrhe 1ron Ore Company of Callada.
6th Canadian Symposium on Mining Automation. Montreal. Quebec.
October 16-19. 1994.120-131. [Daneshmend94]

•
Custom Industrial Automalion Ine. has demonstrated Ihe feasibilily of positioning rotary blaslhole drills
over largel hale locations without the use of survey stakes. The purpose of the demonslratinn and
subsequent sludies was la show the pOlential which the correct application of this technology holds for Ihe
mining industry. The requirements for an operalional drill posilioning system are presenled along wilh "
comparison of various posilion determinalion technologies. For the lirst field demonslration, CIA utilized a
microwave radio-positioning system capable of providing a position accuracy of 15 cm. A PC-based
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computer inlerpreted the position data by providing a conlinuously updaled display depicting the intended
target hale and the currenl posilion of lhe drill in realtime.

[Sas94] Sas, J. A.
Central Control with DistribUled Information in the Mining Industr)'.
6th Canadian Symposium on Mining Automation. Montreal, Quebec.
October 16-19, 1994.205·208. [Daneshmend94]

ln the mining industry of the 90s, issues Iike production quality, delivery time, system performance and
value added service is the focus of today's markelplace for suppliers as weil as end users. Ta realize lhese
goals, the mining induslry is headed more and more lowards microprocessor·based automation systems in
various processes. To integrate differenl mediums of mine.wide communications can be done with
off·the-shelf componenls. Radio systems using leaky feeder lechnology, powerline carrier syslems, optic
tiber networks and sa on can ail be inlerfaced to a central conlrol and information system. As technology
advances, aUlomalion syslems are consisting of many different vendors, integrated inlo a common system.
To achievc lhis integration, open syslems lechnologies are required.

[Schach93] Schach, S.R.
Software Engineering.
Richard D. Irwin and Asken Associates. Homewood, Il1inois. 2nd ed.
1993.

[Schaid1e94] Schaid1e, CL
Earthmoving in the Infomzation Age.
SME Annua1 Meeting. Albuquerque, New Mexico. February 14-17, 1994.
Paper 94-48.
Mining Engineering. 46. 6. 507-509. June 1994.

Computers and communications technology have revolulionized many induslries. In earthmoving, this
revolulion has just begun. The major changes are still ta come, but they are just around the corner. This
paper presents a vision of this up·coming revolution in our induslry. This vision is comprehensive. Il
includes basic communication. machine moniloring and diagnostics, job and business management,
planning and operations. and machine control. For the industry ta realize maximum benetils from the
information age. we musl have a vision of the future that is shared by technologists, machinery producers.
and miners.

[Scheiner93] Scheiner, BJ.; Stanley, D.A.; Karr, C.L. (Editors)
Emerging Computer Techniques for the Minerais Industry.
Society for Mining, Metallurgy, and Exploration, Inc. Liuleton, Colorado.
Proceedings of a Specialty Symposium on Emerging Computer
Techniques for the Minerais Industry. SME Annual Meeting and Exhibit.
Reno. Nevada. February 15-18, 1993.

[Schindler90] Schindler
Computer-Aided Software Design.
John Wiley & Sons. New York, New York. 1990.

• [Scoble73] Scoble, MJ.
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ln/ormalion in Mines.
University of Nottim:ham Mining Qeparlment Magazine. 25. 45-51. 1973.

[Scoble94] Scoblc. M,J.
Compelilive al Deplh: Re-Engineerillg Ihe Hem/rock Milling Proccss.
First North American Rock Mechanics Symposium. Austin. Texas. 1994.

•

Canadian hardrock mines recognize the need la radically improvc compeliliveness in increasingly deeper
reserves. The interaction betwcen mining rock mcchanics and the ncw infornmtion and tlulnl1HUinn
technologies is examined as a means ta re·engineer Ihe mining proeess at dcplh. This will he dependenl
upon advances in mining methods. geosensing. machine intelligence. and intelligent planning nnd control
syslems.

[Scoble95a] Scoble. M,J.
Geological COlllrol ill Ihe Digital Mille.
MRE 95. University of Leeds. April 1995.

Geological control. in the contexl of mine design. planning. and conlrol. refers tu n sequence of
responsibililies: the generation of geological data l'rom exploration and delineation aclivily. using vnrious
sensing sources; Ihe fusion, analysis and interpretation of this data for input inlo lhe decision making
procedures; and the estimation, modeling. and information management rclating lo ore estimation.
geological and geolechnical madeling. This paper examines the role of geotechnical control in lhe context
of efforts ta achieve lean, aUlomated mining and the l'ealization of lhe digilal mine.

[Scoble95b] Scoble. M,J.
Calladiall Millillg Alllomalioll Evollllioll: From Ihe Digilal Mille la
Mille-Wide Atltomalioll.
97th CIM Annual General Meeting. Halifax. Nova Scotia. May 14-18.
1995.

This paper reviews Ihe evolulion of Canadian surface and underground mining automation, principally
relating ta: advances in communications. inilial developmenl of machine teleoperation l'rom line·of-siglll
remole control. and islands of automation. The eventual role of lelerobolics and mine·wide robolic mining
remains ta be resolved. The progress and approaches adopted have tented to vary within each seclor of the
mining induslry. Recenl information lechnology advances have made possible the Digilal Mine, in which
information associaled with ail mining processes. however dispersed, would be integraled wilh support
systems using new communications technology. The Digital Mine will provide the informalion
infraslruclure la serve as the foundation for mine-wide aUlomation. The paper concludes hy reviewing the
issues likely ta govern implemenlation success relating ta: mining process design, machine design, machine
intelligence. and mine planning and conlrol.

[Scoble96] Scoble, M,J.
Calladiall Underground Mine AUlomalion: Progress alld Issues.
CIM Bulletin. 89. 996. 29-32. January 1996.

•
The last decade has seen remarkable progress in bath surface and underground mining automation,
principally relating ta advances in communications and machine teleoperation. Underground pota,h mining
appears ta be c1oseslto realizing the dream of cenlralized control of automated continuous mining systems.
Advances in surface mine dispatching. machine monitoring , and global positioning syslems have also
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recently reactiated sorne of the initial R&D enlhousiasm developed in the 70s for surface mm mg
automalion. How far wc arc from the adoplion of the more advanced telerobotics and mine-wide robOlic
mining remains 10 be resolved. Visions of the ultimnte automaled mine arc still developing and arc Iikely to
be innuenced by the suceess achieved in the application of new advanced lechnologies in olher industries.
This anicle oullines the progress made inl he various mining sectors and discusses what arc seen to be
important issues. These relaie not only to aulomation technology. but also to mine design. systems. safely.
human faclors. and economics.

[Seegmiller73]Seegmiller, B.L.
Computers and Operations Research: Mine Usage.
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AIME. New York. New York. Chapter 30.2. 30.5-30.7. 1973.
[Cummins73]
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Three principal activities arc involved in planning and developing a surface mine: i) definilion of economic
and lechnical feasibility; ii) design, procurement, and construction; iii) mining and reclamation. The last is
the only activily which begins in the feasibility study and continues throughout the life of the mine. Il is
also the aClivity which depends heavily on Ihe use of computers. This paper deals wilh a melhod for
selecting mining software and dwells on the recent progress made in this area. Discussed also is the status
of computerized equipment management and information systems: a microprocessor·based technology
applied to dispatch systems, monitoring of equipment hcalth and performance. wireless data transmission 10

a centralized data processing unit. and mine-wide information and reporting system. Reference has been
made 10 upcoming developments which offer the potential of transfomling the surface mine of the year
2000 into a manless pit.
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Computer simulation models of working mines can he a grcat hcneftt to mining cnginccrs. Such lIlodcls
hnve been used in mine plnnning (how mnny lruck·shovels ta have, when 10 add new equipmenl, ctc.) and
mine design (should n dispnlch syslem be purchased, where is lhe optimum location for mine equipmellt,
elc.). A simulalion model can be thoughl of ns a dynamic represenlalion of the mine. Il cali be easily
chnnged la reflect n vnriety of siluntions. The resulls of the simulation arc then prcsenled by mealls of
animation.
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Exploration Inc. Littleton, Colorado. Chapter 8.3. 563-597. 1992.
[Hartman92]

• [Taylor9l] Taylor, R.B.; Paananen, R.T.
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The lerm informntion technology hns come la describe n brend range of praducts and serviccs facused on
computers. telecommunicntions, and dnln stornge devices. While lhe boundaries l'oiT arc not clearly
circumscribed, ilS presence is clearly recognized in evrydny Iife. Sorne mining companies, because they dn
not view IT ns strategic ta their success, hnve become IT nverse. These are not necessarily lhe companics
that spend the lenst on IT, but their expenditures are usually piecemeal increments and the benefils arc
tempornry. Il is lhe position of this paper that an fT plan can help mining cornpanics gain enduring value
l'rom lheir IT investmenlS.
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analy'i' and processing. Thi, overall concepl. called MINOS (MINe Openlling SySlem) i, heing devell1ped
hy the National Coal lIoard Mining Re,earch and Development E.stabli,hment (MRDE). Eventually moSi
of the ~ala required by Ihe 'ySiem will he captured aUlllmatieally. however. it will he 511me time before these
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During Ihe l..sI decade. Ihe mining induSlry has scen a rapid growth in Ihe field of aUlomation and
robotil.ation. Highly sophi,ticated computer-controlled machines are inlroduced in mining operations.
further:nore. the application of soflware for decision making. operational control. and monitoring purposes
h;~. contributed 10 a significanl improvement in productivily and safety in mining operaIions ail over the
wmld. However. the growlh in complexity and importance of modern day computer·controlled mining
sy'tems demands more altenlion tothe issues of operaiional reliability and systems safely. The operalional
reliabililY of an automatic system in gen,ral depends on both hardware and software. So far in Ihe mining
sector. no altenlion has been paid to analyte and develop methodologies for study and evaluation of the
software cu",emly in use. In this paper. an altempt has been made to address the importance of software
reliabihty togelher with sorne techniques for evalualion Ill' soflware reliabilily.
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111C paper revicws the historien! dcvcloplllcnt uf Ncwlllont infmnHuilll1 systems. the dalil IHnl'cssin~
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White. J.Wm.; ZQschke. L.T.
The Deve/opmelll ofa Compllterized Trllck DispatchillK System.
Minjng Magazine. 157.6. December 1987.

For over fifteen yeaTS. mining companies have looked for ways Co improvc their open pic haulagc operations
by using a computer to dispatch trucks. The idea is simple. Solving Ihe problem lonks easy. In actual facto
Ihe solution is complex. This article reviews the inslallation history nI' the OISI'ATCH® sy'lem al
worldwide operations.

[White89) White. J.Wm.; JQhnson. L.V.
Real-Time MOllitorillg ofHeavy Eqllipmellt ili Opelll'it Milles.
CQnstructiQn CQngress. San Francisco, CalifQrnia. March 5-8. 19H9.
266-271.

Monitoring on-board heavy cquipmcnt sensors during normal operation in a har:o;h mining environmcnt j,

difficult. Here. we repon on a system wilh localllltelligence to interpret on-board signais. Exisling sensolS.
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pressure switches. warning lighls. relays, and on-board monilOring systems providc a mixture of digilal and
analog signais. The local system transmits alarm conditions and sensor values 10 the central COolpu1er via a
UHFNHF radio link for funher decision making and storage. necause Ihe central computer archives such
dala. thc user can reduce. manipulale. and display either currenl real·time information or hislorical dala over
any period of lime.

[While92] White, J.Wm,; OIson, J.P,
On /mproving Truck-SllOvel Productivity in Opell Pit Milles.
23rd International Symposium on the Application of Computers and
Operations Research in the Mineral Industry. Tucson, Arizona, April 7-11,
1992. 739-746. [Kim92]

Mine management now recognizes the valoe of compoler-based truck-shovel dispatching in open pit mines.
'nle key langible benefits arc substanlial productivity inereases with a given tleet of equipment or.
allernalely. significant reductions in equipmenl required to meet produclion quolas. In Ihis work. wc review
Ihe literature. repon on efficienl. optimal algorithms for haol-truck dispatching in real-time. and brietly
discuss melhods used by various mines to evaluate prodoctivily improvements over manual methods. Wc
also presenl actual resulls obtained at 13 mining operations around the world.

[White94b] White, J.Wm.; Zoschke, L.T.
AWomatioll ofOpell Pit Mille Operatioll/s Lollg Overdue.
World Mining Equipmenl. 18.7/8.15-20. July/Augustl994.•

[White94a] White, J.Wm.; Zoschke, L.T.
Awomatillg Surface Milles.
Mining Engineering. 46. 6. 5/0-5//. June 1994.

A decade and a half ago. Modolar Mining Systems Inc. began developmenl and implementation of its
DISPATCH® system for haulage optimization in open pit mines and now has over fony systems in
operation world-wide. The so-called "top-down" approach deliberately used in system design and
implementation now allows addition of features which would olherwise only be feasible after complele
system redesign. This paper discusses new devices. systems. and subsystems eomprising mining's future.
Until recently. truck and shovel operator input provided timing data needed for optimal allocation. Now.
addition of high-speed general purpose token ring loop conlrollcr and infrared transponders to each piece of
mining equipment automates thesc imponant funetions. Addition of Global Positioning Satellite
subsystems provides improved equipment location.

[Whinen89] Whillen, lL.; Bentley, L.D.; Barlow, V.M.
Systems Analysis and Design Methods.
Richard D. Irwin. Homewood, Illinois. 2nd ed. 1989.

To increase gold production while minimizing capilal requirements and providing for the safe and efficienl
mining and processing of ores has required a uemendous effort by the mine engineering group at Newmont
Gold. Organizalional changes were implemented by the company to effeetively deal with a full range of
engineering problems. Specially developed computer software and its appliealions will he e,plained in this•

[Winkelmann90] Winkelmann, S.P.
Newmollt Gold Owlilles /ts Mille Plallllillg Procedures.
Mining Engineering. 42.4. 333-338. April 1990.
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article as weil as improvcments in che techniques used in convcrting gClllogic rcsoun..'cs into rCSCT\'(."S.
Schcduling procedures for the mining of multiple pits to leed multiple proccssing lacililies will likewise he
prcscntcd. Ore control procedures and current mine engineering pructiccs ure discusscd.

[Wirfs-Brock90] Wirfs-Brock. R.; Wilkcrson, B.; Wiener. L.
Designing Object-Orjented Software.
Prentice-HalI. Englewood Cliffs, New Jersey. 1990.

[WME95] SaJety in Microprocessors: TIRIS Trackin/l.
World Mining EQuÎpment. 19.4.44. May 1995.

Texas Instruments Registration and Idenlification Syslem (TIRIS) radio fre'lueney idenlilie:llinn (RFlI»
tags arc being used la detect and control the movement of operalOr-sleered underground vehicles in Chinese
coal mines. The newly formed Davis Derbyl DAC consortium was awarded the order hy the Chi,,,,
National Conl industry Corporation as part of a mine upgrude which includes the inlrmluctÎol1 of ne\\'
free-steered underground vehicles to improve tlexibility and produclivity over lixed rail vehicles. The
tracking system is designed la ensure safe, accident free nperalion and maximum produelivily.

[Wusaty95] Wusaty. E.; Paulhus. L.
Mining's New Frontier: The Fordil//I Coal GPS EXl'cricnC<'.
97th CIM Annual General Meeting. Nova Scotia. Halifax. May 14-IK,
1995. Paper 43.2.

•

[Wraith73] Wraith, W. III
Management Cost Colltrol Systems: A Case S/IIdy.
SME Mining Engineering Handbook. Society of Mining Engineers of
AIME. New York, New York. Chapter 30.8. 30.54-30.88. 1973.
[Cummins73]

Early in 1994, Fording Coal realized that advancemenls in GPS technnlogy made il auraetive for l1Iining
applications. Fording Ihen entered inlo several GPS mining relaled research and development projeels.
ProjeclS undertaken were Ihe development of a GPS survey system. drill positioning and shnvel Incaling
systems. Fording also commissioned a GPS based mine dispatch in Decemher 1994. 11lis parer will
discuss the progress of the projeclS ta data. problems encounlered. and fU!Ure directions of GPS l1Iining
applications.

[Wykes95] Wykes,E.
Keep Mining in Canada.
CIM Bulletin. 88. 992. 25. July-August 1995.

•

Two years ago. the "Keep Mining in Canada" campaign was launched ln raise awarencss of minin~ i:-isues.
Year one was devoted to informing and involving people in mining communilies whose future is dircclly
linked la the future of mining in Canada. ln year two wc are reaching heyand the canvened ln bring cily
people up-to-date on Canadian mining practices which are the hest in the wurld.

[Yourdon79] Yourdon, E.N.; Constantine, L.L.
Structured Design: Fundamentals of a Discipline of Computer Program
and Systems Design.
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Prentice-Ha11. Englewood Cliffs. New Jersey. 1979.

[Yourdon89) Yourdon. E.N.
Modern Structurcd Analysjs.
Yourdon Press. Prentice-Hall. Englewood Cliffs. New Jersey. 1989.

[Zoschke95) Zoschke. L.T.; White. J.Wm.
Mine Managemell/ Systems: The Next Generation.
97th CIM Annual General Meeting. Nova Scotia. Halifax. May 14-18,
1995. Paper 19.2.

ln Ihe late 1970s. Modular Mining implemented ils first Mine Management System. called OISPATCH®.
for haulage oplimizalion in open pit mines. Sinee thattime. this system has been placed in over sixtYolher
mines worldwide. Inilially jusl used for dispalching haul lrocks. the system has evolved 10 provide
complele. real·lime and historical produclion and mainlenance data. Il al50 alJows conneclion to on·board
PLCs supplied by major equipment manufacturers for monitoring machine data and high and low resolution
Global Positioning Syslems. Here wc discuss the lalesl in aulomated mine management systems for open
pil and underground mines.
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Appendjx A: CASE Thois

Appendix A complements Chapter 4 by providing a list of thc vendors contactcd for Ihc

CASE tool product survey and detailed forms for Ihe top lhrcc CASE tools idcntificd.

lU Vendor and Produci Ust

The fol1owing is a listing of vendors approached and associated products in alphahclicOiI

order.

Application Developmellt Workbeneh [code: ADWI
Maxim [code: MAX]
KnowledgeWare Inc.
55 University Ave.. Toronto. Ontario M5J 2H7
lei: (416) 360 2353; fax: (416) 3607027

Berard Objeet and Class Specifier [code: BaCS]
Berard Software Engineering Inc.
902 Wind River Lane. Suite 203. Gaithersburg. Maryland 20K7K
tel: (301) 417 9884: fax: (301) 417 0021

EasyCASE [code: EASYj
Evergreen CASE Tools Inc.
8522 1541h Ave.. NE. Redmond. WA 98052
tel: (800) 929 5194; lei: (206) 881 5149; fax: (206) K83 7676

ERwin and PBwin (PowerBuilder) [code: ERPB]
Logic Works
1060 ROUIe 206. Princelon. NJ 08540
tel: (800) 783 7946; tel outside US: (609) 2521177; fax: (61l9) 252 1175

Exeelerator [code: EXCLI
Intersolv
1 Main Street. Cambridge. MA 02142
tel: (800) 777 8858 x520; tel: (617) 4948200; fax: (617) 577 8945

Information Engineering Faclllty [code: IEF]
Texas Instruments
lei: (416) 250 5287; falt: (416) 250 6961

Object Maker [code: OMKR]
Mark V Systems
16400 Venlura Boulevard. Suite 303. Encino. CA 91436-2123
tel: (818) 995 7671; fax: (818) 995 4267
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Objective Analyst Icode: ANAL]
Objecti ve Spcclrum
901·C Kildaire Farm Road, Cary, NC 27511
tel: (919) 460 15(Xl: fax: (919) 380 6463

ObJect Store
abject Design Inc.
25 Mali Raad, Burlington, MA 01803-4194
Ici: (617) 6745000: fax: (617) 6745010: tel: (800) 962 9620

ObJect Team for Shlaer·Mellor Icode: SHML]
ObJect Team for Rumbaugh Icode: RUM]
Teamwork for Structured Methods 1code: STM J
Cadre Technologies Inc.
222 Richmond SI., Providence, RI 02903
tcl: (401) 351 5950 x295; fax: (401) 4556804

OMToollcode: OMTL]
Martin Marieua Corporalion
640 Freedom Business Center, King of Prussia, PA 19406
Ici: (800) 4387246
Advanced ConcepLs Cenler
50 O'Connor Slreel, Suite 1450, OUawa, Ontario KI P 6L2
Ici: (613) 783 4724; fax: (613) 232 4588

Paradlgm Plus Icode: PAR]
ProloSoft Inc.
17629 El Cami no Real, Suile 202, Houston, TX 77058
Ici: (713) 480 3233; fax: (713) 480 6606

PGC CASE Graphies Icode: PGC)
Pacific Gold Coasl Corp.
15 Glen St" Glen Cave, NY 11542
Ici: (800) 732 3002; Ici: (516) 7593011; fax: (516) 759 3014

Rational Rose
Rational Software Corp.
tel: (800) 7673237

S·Designor (code: SDES]
SDP Technologies Inc.
1 Weslbrook Corporate Center, Suile 80S, Westchester,lL 60154
tel: (708) 947 4250; fax: (708) 947 4251

Select OMT (code: SOMT]
Select Yourdon Icode: SYOU]
Select SSADM (code: SSDM]
Select Soflware Taols
1526 Brookhollow Dr., Suite 84. Santa Ana. CA 92705
tel: (714) 957 6633; fax: (714) 957 6219
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SILVERRUN Application Development Envlronment 1code: SILYI
Computer Systems Adviser Inc.
tel: (800) 361 0528 x245
CSA Research Ltd,
445 Ave. St-Jean-Baptiste. Suite 100. Quebec, Quebec G2E 5N7
tel: (418) 877 1717 x245; fax: (418) 877 2827

System Archltect Icode: SA]
Popkin Software Systems Inc,
Il Park Place, New York, NY 10007-2801
tel: (800) 732 5227 x155; fax: (212) 571 3436

Systems Englneer [code: SE]
LBMS Inc.
tel: (713) 623 0414
120 Eglinton Avenue East, Toronto, Ontario
tel: (416)487 5267; fax: (416) 322 5075

Together C++ [code: TOGj
abject International Inc.
8140 N. MoPac Expwy. 4-200, Austin, TX 78759-8864
tel: (512) 795 0202; fax: (512) 795 0332

Visible Analyst Workbench Icode: YAWl
Visible Systems Corp.
300 Bear Hill Road, Waltham, MA 02154
tel: (617) 890 2273; fax: (617) 890 8909

Weilan LeCASE Icode: WEIL]
Weilan Corp.
24128 S.E. 45th Place, Issaquah, WA 98027
tel: (206) 392 7571; fax: (206) 772 5613
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petailed Eorms

8.2.1 Excellerator II©

cÂsi: Taol Evaluation Crtterla Wls Excelerator Il Rto
Gene,al 0 0.00

Product Name 0 Exceleralor Il 0
Company 0 Intersolv 0
Contact 0 Julie Kelly 0
Phone o . (617) ~52 4521 0
Location 0 Cambridge, MA 0
ReleBse 0 Release 2.0 0
Demo Dlsk(s) 1 N 0
Nex! Relea.. (when) 0 Release 3.0 Januarv 1995 0

Developonenl Llle Cycle 5 4.24
Planning 3 V .. 5
Analysls 5 V 5
Design 5 V 5
Construction 3 SOL DDL through XL: code lhrough APS or add-ons . 3
Testlng 1 7 0
Maintenance 1 7 0
Documentatlon 3 V 5 .
Reverse Enalneerlng 0 COBOL th,ouah Deslan Recoverv add-on ($1,500) 3

Methodologies 10 ... 4.42
James M.rtin Information Engneerlng 3 V 5.00

,

Enterprl.. Modelling 3 V 5
Procass Modelling 5 V 5
Data Modelllng 5 V 5
Acllvlty Decampasilion 5 V 5
Crlilcai Success Factors 3 V 5

$truclutlld Anllysi~ .•nd Design 5 4.36
VourdonlOe Marco 5 V .5....
YourdoniConstantlne 1 V 5
Gane & Sarson 5 V 5
SSADM 3 V 5
Ward·Mellor (real.llme) 3 CustomiZer Taol ($15,000). 3
Halley.Plrbhal (real·lime) 3 Customizer Tooi 3
Bachman 0 CustomiZer T001 3
Chen 1 V 5
Merise 0 V 5
IDEFIX 1 Customizer Tooi 3

ObJec/.Orien/ed Ana/ysis and Design 5 4.14
ObJecllnrormallon Model 5 Y 5
Dynamlc Model (Slale Model) 5 V 1. ,5
Funcllnnal Model (Process Model) 5 . V 5
Booch 5 Customizer Tooi 3
CoadIYourdon 5 Customizer Tooi 3
Rumbaugh (OMT: abject Modelling Technique) 5 V 5
Wlrf..Brock (RDD: Responslbllity Drlven Design) , V 5
HP Fusion 3 CustomiZer Tooi 3
Jacobson (Use Cases) 1 Y 5
Berard 0 Customlzer Tool 3

1Flresmilh 1 Cuslomlzer Tooi 3
Shlaer·MeIior (real-tlme) 5 Customizer Tooi , . 3 _...-
Marlln:Odeli 100 lE) 3 Y 5

Reposnory 5 5.00
Cenlral EncycJopedia (speclfy file structure) 5 RDBMS: Sybase. SOL Server. DB.2/2 (chcose one) 5
Compleleness and Consistency Checklng (real·t1n:o or upon raquest) , 5 real-lime .. , .- 5
Balanclng 5 V 5
Redundancy Conlrol . 5 V 5
Access Control (mufti-user eccess) 5 V . 5.
Chan<Hllnd Version Control IAudli Trallina. Chan<Hl HIstCIVI 5 V 5
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WlI
.._-- '~-_._.-'"~

EXClterator Il -------_._- ,. __ ..Rlg_
5 4.00
5 Y 5
5 Y 5
5 Y 5
5 Y 5
5 ? --- ----.- ..,-----~- ,..... 0
5 -Ù5

5 y 5
5 Y 5
3 Y 5
1 Y 5
5 Interface with Excel 1
1

.. -,-.---'-"."". ----... -
1.57

_. 1 Y 5
1 N 0
1 N - -_.-_._._.... 0
3 3.92
1-- through APS add-on ($7.000-$9.000) 3
3 COBOL Ihrough APS; daveloplng C++ 3
3 Sybase. Orlcle. DB2. DB 212 5
3 Y 5
3 COBOL through APS;.<IeveloPlng C+!__.________ _ _.J __.
3 2.7B 1
5 Interlacewith Word (AmlPro ln Jan 95) 1 1
5 Interlace wilh Word (AmlPro ln Jan 95)

-jJ5 Y
3 Y _._----_..,--- .------_.
1 3.40
3 CDIF 3
3 ? 0
5 Y 5
3 through add-on 3
0 0
1 Y 5
1 Y 5
1 Y 5
1 N 0
1 Y 5
1 Y 5

DI~gr''!'ffilng __
· .pala FI",,!. Dlag",",

_E~lity R_~.la.t.l.ons.~Ip'Dlagram

._ .... _~Jale.T""!,lnlon_ Dlagram
Siructure Chari

--MâiiiiMaPi>ing-olCompanei1ls (speellyl-- -t-----;;--F'~
Pr~tolYplng__ _
._~lJ1PrD!otyplng

Animation
· --Simulaïion-- .-

CASE Tooi Evaluation Criteria

Construction
· C3UI ConsïiUcïiOn
--=~ëh.n;aGenera_ÙiJri(spOclly language)

.D~I~_Qe.fi~nlon Language (DOL) Generalion
Dat~,base Archit~ture [)esign

-'-'-ëOde ·Generation (speclly lang~"'e)'- +_-;--+====,
Documentation

-Rep,iifGëlleration (teXi,graphlcs)
[)OcumenïàilonBuildlng

--.. Ô81abiëilonary
- ..Pioêe.si""lc specification (Ps~s, mini·spees)
Interlaclng ===='-------+--';----+'-----

lmP".d_Iro",_otherC::ASE tools or3rd party (speclly)
.. ExporlJ~ otherC~SE_tools or 3rd party (specily)

· _",,[n_3,LDynamlc.pala Exchange (ODE)
_",,1~3,LQbjeet Llnklng & Embeddlng (OLE)
File lormals

HI'GL(HëWfett l'ackard'Graphics L1brary)
.EPS (Encapsulaled PostScript)

-SMp· (Bnmap)
""PC; C'N0rd .Perleet Graphics)
CGM
iN",,,L--'-"'"'-- L..-C--'-' .

Model Mllntenance
.·•• -Merglngof sepiiiiiiaMOdels
- -'niegraIOd r,;OdefVleWs
•. :C1i~tinciLÔgIc:arj;~dPi;ysical Models

Model Verification
. Reaûiiemenl. r;aëëàbliliV

•

•

Table 8.1: Excellerator I1© Evaluation Form (continuedl.
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Systems Analysis for Robotic Mining: Appendix A: CASE Tools

CASE Tooi Evaluation Cr"ona wta Excolo,alo, Il RI
Hardware and Software PIIUonn. 3 4.17

HarrJwa" Raquïremanls 3 3.80
, Proc..... (PC, mrkil.llonj 1 ,80486 5

.clock Speed 1 25-33 MHz 5
RAM 132MB 1
Hard Dlak Sto,ago 1 30-100 MB 3
Graphlc.1 Dlsplay 1 VGA ' 5"

DavafopmentPl.alJorm S 4.S8
IBM OS/2 P,esentatlon Manager 5 Y '5
MS·DOS WldoWs 3 y 5
Windows unde' OS/2 3 Y , 5
MS·DOS 1 N 0
Uni. 0 N 'cf
~~ OY -r

Networl<Suppori's 'S.OIj'
IBM LAN Sorve' 5 Y:'5'
Novell 1 Y 5
NETBIOS , 3 Y 5
TCPIIP 1 y 5

Databasa Support S 3.14
O,aclo 5 Y 5
DB2 1 Y 5
Sybase 1 y 5
Ingr.. 1 N 0
Informix 1 N 0
Parado. ' 1 N 0
dBa.. 1 N 0
othe' .pecliY! 3 D-Il-2j2 3

Sarvlco & Support , 1 3.95
Company Image 3 ,very good ",4.09,

Product Doculllënt.tionOual"y s"- hlg~ 3
Yoara ln BusineSS 3 12 yrs 5
Cuslome, Instâllëd Ba.. for thls Product 3 325,000 products licenced (1114,000 custome, locations 5

Professlonef Sarvfces &Support 3 4.75
On·S"o Training 5 y 5
Public Training , 5 Y 5
Consu"lng 3 y s'
Hol·llno (hours, toll,'ree) 5 ioll,',ee M-F BA-8h30P 5
Newsle"e' 3 Intenlnk 5
Electronlc Bulletin Board (CompuServe, Internet) 3 available wrth Support PlusService 3

Product Cosl 3 3.00
Singlo Use, Licence (USS) 0 ' " S5,oOo ('S15,oOOfor Custo,,!,lze, T.oI) 0
Upgrade fo'Slngle Use, Licence (USS) 0 $0 0
Annual MalntonancelSuppon Fee (USS) pe' seat 0 sa56(? fO(custollliZér,:r~I), 0
Tolal cost fo, sin le user wrth options and su,""'''-rt'''''U'''S'''S'- -+,.,.,::3'---+S'''5,,850'''''''-'''ove='"S2"1""ooo=,-,wrt"',"h,-,C"u~s"to,,,m",lz,,,e,-' T",oo=1'--- +--'3;...d

Ovarall Welghted Average Wav 4.09

Table 8.1: Excelle,alo, II© Evalualion Form (continued).
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Table 8.2: Visible Analyst Workbench© Evaluation Form.

Systems Analysis for Robotic Mining: Appendix A: CASE Tools

•

•

•

8.2.2 Visible Analyst Workbench©

CASE Tooi Evaluation Criteria

Develo~-,!!.~I!~.~y.l::I~ ..
Planning

:-.-.aî:~~s-=,~=~-=~~=.~~_:: .•~._,.::~- :.
.~ ... ·f;~l.ij~=!:=:~~==::: ..:~.-·:::". -__ ..

Maintenance.... ~,._._' .. ,._.._~._~,.~ .. ,-., ....~-, .. ,...,.-..
DocumentaUon

--·"ReverseEnQl'neerliii··" ..

Metho<l~Iogl~s__."_,,_. .. ",, . . ..._.". "'. ....
,_ ,Jamf!.~MI!r.t!'!.'nfo..'!!.'a.tJon.Engnee.ring
____ ~.'l~~.'P..~~_M~~ll~g._..•.... ,
_ _....!~~.M~~!ll'lg __._. __ ...
__ _J)!!:!~ M.oc:!elllng .....__ ....
_,,_.__~~'l~_-'Y_.~~51~~s_~~!!... .

Critlcal Success Factors
~.--Siiiiêtiired AriaïiiiSanii6ësig"

. "-YoùrdônroeMarêO - .. . ".
"._-. ···-VôLirdoïiïCônstanllnë
.--. ··Ganê-&-sarsoïi----­

SSAD~f .. ---.-----
~:~:__~~~~~-M~II~!_(r~aBlfn~f:._- ...
·__Hatley..elrt>h~.1 (re~I ..llrne)..

Bachman_·_·---Chèn '---._-' .. -
--.----MeriSi----·--······-·-····
·····---iOEFÙC----- .

·:~:·:ë;jbJBëi~9rff'."!èël3~~iYSJ~,,andDesign
· ..9.bJec!. rn!0r:a!la!i\)OM~el ....
"..Dynarn1c. M~el. (~tat~_Mod~l)

_.. _.,,_Func.lIonalf:!1~el (Pro:cess Model) ...
Booch_.,_•.• ,_~., '.L __ ,_oo__ . _. ,__._••__~

CoadIYourdon
=~-=~Rurribaugii~19.MT:.:C:ibjecl Modelling Technique) .

___ JiVjrfS:'BrockJ~Q.I?:Responsibility Driven Design)
HP Fusion

~~+-.:=Jaceibsclri:(lJ.~ça5és) .•..
Berard

~~_r~.m!h -_:~~ .. ~.:--- .. -
___~Shlaer-Mell.o!jr..eal..tim~)_.

Martin·Odeil (00 lE)
~_~~sltory_.______ .
~~!Itral.r;~Yl:~~la_(spel:ify.file structure)_
~mpletenes:; lI,,!d Consistency Checklng (real-Iime or upon requesl)

Balanclng
~~~~~ùndançy .fontr~·- -~.._

._~i::~t~~~biif:;=JTrailina. Chanae Historv)
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W1a Visible Analyat Workbench_.~__ _B!g=:
0 0.00
D VisIble An.rYat Wor1<bench D
D Visible Systems Corp. D
D stewart Nash D

.... D (617) 890 2273. 0
0 Waltham,MA D
0 Retelse 5,4 0
1 N 0
0 Release 5.x, 2nd Q 1995 .-Jl__
5

.~---

4.52
3 Y 5
5 Y 5
5 Y 5
3 Y 5
1 ? 0
1 ? D
3 Y 5
0 Y 2_.
10 2.10
3 Y 3.81
3 Y 5
5 Y 5
5 Y 5
5 N 0
3 Y 5
5 3,18
5 Y 5
1 Y 0
5 Y 5
3 Y 5
3 Release 5,x 0
3 N D
D Y 5
1 Y 5
0 N D
1 N 0
5 0.00
5 N CI
5 Release 5.x 0
5 N D
5 N 0
5 N D
5 ReleaseS.x 0
t N 0
3 N 0
1 ? 0
0 N 0
1 N 0
5 Release 5.x 0
3 Release5.x 0--- 5.00-5
5 Gupta SalBase or Sybase 5
5 real-Iime and upon request 5
5 Y 5
5 Y 5
5 Y 5
5 Y 5



•

•

•

Systems Analysis for Robotic Mining: Appendix A: CASE Tools

CASE Tooi Evaluation Criteria Wta Visible Analyst Workbench Rtg
Model Maintenance 1 . 3.00

Merglng 0' Sepa";i. MOdeis 5 y .. 5
.Integrated Mode.IVlews 5 Y 5.

. DlsUnct Loglcaland Phyolcal Medels 5 N 0
Medel Verlllcatlcn .5.···.·. Y 5
Reculrements Tiiléellblliiv 5 7 0

Dlagrarnrnlng. _• . 1 1.00.
Dala.FIowDlagran1 .. .. 5 Y 5
Entlty RelaUonahlp [llagram 5•.. y 5
Stat.8 TransltlonJ?lagram 3 y ... 5
Structure Chart 1 y 5
MatrlxMapE!!)g of comix,"ent. (~fyl 5 Y 5

Prototyplng .. 1 1.67.... ..
5GUIPrDlotyplng ..... 1 Y ...,.. ," ·

Animation
.

1 N 0.
Simulation'" ,

_...
1 N 0

Construction .. - ... 3..•.. 4.62
GUI Con'trÎlétlon.. 1._ N .. o ..
Schema GeneraUon (apeclfy language) 3 Y 5

1 .• Data DefinKI~n Language (DOL) GeneraUon 3 Y
·

5
Oatabase Archltec_t~re, Oeslgn 3 Y 5

.. Cede Generation lsoeèlfv languaoel . 3 COBOL. C 5
Documentation . 3 5.00

Report~eneràiion(tëid.graphlc. ) 5 Y 5
.D.ocumentaUcn Building. 5 Y 5
Data Dlctlonary 5 Y · .. .. 5

. 'Proc.., Loolc Soeèlfication lPsoecs. mini·soecsl 3 Y 5
Interlaclng ......... 1 2.65

Impert 'romo.ther CASEtools or 3rd party (specify) 3 KriowiedgeWare. PBwin. Excele.rator . 3
. Expert ta otherCASEtools or 3rd party (speclfy) 3 .. KnowiedgeWare. PBwin 3
Win 3.1 Dynaml~.oata Exchange (ODE) 5 Y 5
Win 3.1 abject Llnklng .& EmbC'dding (OLE). 3 N 0
Flle formats 0 0

HPGL (HOW!ërtPaèkàrd Graphies L1brary) 1 N 0
EPS (Encapsulated PostScript) 1 Y 5
BMP (BKmap) 1 N 0
WPG (Ward Perfect Graphies) 1 N 0
CGM 1 N 0
WMF 1 y 5

Table 8.2: Visible Analyst Workbench© Evaluation Fono (continued).
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ch ._~= =_~j9-_~
4,18
5.00

5
5
5
5
5

2.15
o
5
5
3
o
5

5.00
5
5
5
5

4.21
5
5
5
5
5
o
5

atabase 3-,-- -4.'3'8 .
3.55

3
5
3

4,5B
5
5
5
3
5
5

5.00
o
o
o

_____, 5,.,
3.7'

Systems Analysis for Robotie Mining: Appendix A: CASE Toois

CASE Tooi Evaluation Criteria Wta Vlalblel\~alyalYlo'kbon
Hardware and Software Platfonns 3
,'" Ji~,nfo,y~re_l3.~qutre.1J1~nts. 3

Proc....'(~C, workstatlon) 1 80486
Clock~pood 1 25 MHz

1
RAM 1 4MB

.i-tardDlsk-Sïomge. 1 5MB
Graphlcal Display 1 VGA

,pevefopment PlItf..~frfJ. 5
IBM 0512. PrellOntation Manage' 5 N
MS·DOS Wldows 3 y
Windows Unëler·OS/2 3 y

-,0'. ...MS.DOS~.. .._~-- . 1 Y (MS·DOS 4.3)
Uni. 0 N_... .......
WlndOWBNT .. 0 y

:.N!tw'irl< SlJppoif 5
,.,- J.!lM LAN Serve, ..._, 5 Y

---, Novall 1 Y
...... ·NETBIOS 3 y_.

..-•... TCPIIP 1 y
..Dalaba.o·Siipport 5

._--- Oracle 5 Y
'DB2 1 Y

...... ,Sybase.. 1 Y
.~ngres ...__ 1 Y
Inlormbc 1 Y
Paradox 1 N
dBa..

_--'-0'.'.

1 dBase IV w1th SaL
··Othe, iSDêëiiVi 3 any ANSI B9 0' 92 SaL d

l;~!yice &Suppo~. 1
.,. Company.1mago 3 good
_,._.,.,.,' J:)rodu.ct. D~umentatlon Quality 5 hlgh

.. Years ln Business 3 13yrs
": "~Custo~ër Installe(fSasefor thls Product 3 3.000

PralessJonal SalVica•. &,support 3
., .0n-lino.Tralnlng 5 Y

.P,ubllc.,.ralnlng 5 Y
Coru'':J,ning .. 3 Y

.. Ho.l-Llne. (hours,loll-f,ee) 5 9A-llP ET

"

Newsletter 3 Y
...·Electronlc BUlletin Board· (CompuServe, Internet) 3 CompuServe
Praduct Co.t 3

- ... 'SlngleÙ",LTcirn;,;(üSS) 0 $2,795
..... ,Upgrade la, lilng1e.Y'" Llcence (US$) 0 Included ln maintenance

•••••.. Annual Malnl,,!,anceiSupporl Fee (US$) PO' ..at. 0 $505
Total cost fa, slnole use'with ootions and su~ri (USSl 3 $3,300

Ovorall Wa/ahlad Averago W_vg -,

•

•

Table 8.2: Visible Analyst Workbcnch© Evaluation Form (continued).
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5
o
o

5 1
5 1..IOIDIe ln SA 0bt<Cl «Il Q 1994
1 N
3 N 0
1 7 ! 0
0 N : 0

1

1 IN

1

0
5 OOA supporled ln SA Object.-; 000 IIVIiIIbIe 1995 3
3 N 0

_ .. -
5 13n

1

1
5 Y 5

) 5

l~-
3

!
5 5
5 0
5 j~ 5
5 5

._----~--_ ..
Wls Sy~amArcMocI RIa

~ _...-._-----~_.~-_.

0 0.00
0 Sysl.m Arc'onecl 0
0 Papkln Sa",Ylr. 0
0 Kelhertn. McC.rthy 0
0 (212) 571 3434lC205 0
0 New Yor1<, NY 0
0 Rel.... 3.0 0
1 N 0
0 7 0-----_.__..
5 3.95
3 Y 5
5 Y 5
5 Y 5
3 SA Scheme G.neralor ($696 wrth support) 3

..

1 0 ..
1 , 0
3 SA Projecl Doc F.cllity ($1 ,296 wrth support) 1 3 .
0 SA Reve... D.II(beHl·Eno. ($795+$1001 3
1~ 4.04

g 3 Y 5.00.
3 Y 5
5 Y 5
5 Y 5
5 Y 5
3 Y 5
5 4.32
5 Y 5
1 Y 5
5 Y 5
3 Y 5
3 Y 5
3 N 0
0 y . 5'
1 Y 5
0 N 0
1 Y 5
5 3.18
5 SA abject ($421 WI1h support) 5

1

5 ISA 0bt<Cl 5
) 5 SA 1 5

, 5 SA ,~, . 5
( ..-

Systems Analysis for Robotie Mining: Appendir. A: CASE Too15

CASETooi EYlluolion Cr1t....
Oene,al

Product N.me
Company
C_
Phono .
Location
R.I....
D.mo Dtak(.)
N.xt R.Ie... (_n)

Dev.lopment ur. cyc""Ie-­
PIaMing
Analyll.
DlIlgn
Conatructlon
T..tlng
Melnt.nance
Documentetlon
Reve... E!)lIlneert!)ll _

M.thodologle.
J.m.s MI~n Infom -.tion Engn••nn

Enlerprtae Madel~""
Proc:eaa Madelll~

D.te Madelling
AC1Mty Decomposllion
Cr1t1ce1 Success FecI",s

Sltucturad AnetysJs .ndDesign
YourdorVOe Mereo
YourdonlConsllntine
Gene & Se1$on
SSADM
Ward·MelJor (r••~lIme)
H.tJey.PIrIlheI (r••I·llme)
Bachman
Chen
MerIal
IDEF1X

Object.Orlen/.d Anelysls and Design
Objectlnrormellon Madel
Dynemlc Madel (Stet. Model)
FuncIIonel Madel (Pracess Madel
Booch
CoedIYourdoti
Rumbeugh (OMT: abject M:ldeIbng T.....hnIque)
WItfs.Brock (RDD: Rnponsll'Ilty DrMn Design)
HP Fusion
Jecobson (U..CaIn)
Berard
FIrnmith
ShiIef_ (rNI-\Ime)
MarItn-OdelI 00 lE

f=~~='>:=:L--~_._--.- .....
ReposIIory

CenIrol Encyclopedill (SflICIIy 'de structur.)
CompIet_ and Conslstency Checklng (flll.tImoi '" upon requnt
8aIarlcing
lledundancy ConlroI
_ Controll_lCCIIS)

C~v....., ConlroI.(~~ T'"*'II,C~~L

8.2.3 System Archilect©

•

•

Table 8.3: System ArchitectC Evaluation Form.
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Rtg
4.00

5
o
5
5
5

4.47
5
5
5
5
3

1.67
5
o
o

2.08
3
3
5
o
o

ÙZ
o
3
5
3

U5
1
1
5
o
o
o
o
o
o
o
o

Ity (SI ,296 wilh IUpport)

lied value format
ited valUe formai

code__·_o_"". __·· _

5495+S5O)
95+S1OO)

Systems Analysis for Robotic Mining: Appcndix A: CASE TOllis

CASE Tooi EV1Iluatlon Criteria Wta SYltem Archlle.el-
Model Mllntenance 5
~i.1~rglng ~f SepaiOi':MOéletti

.
5 Y

Jnl!llraled Model. 'oIIewII..... 5 N
..QI".lIncl.L,oglca[ ~11d J'hyalcal Moriell 5 Y

Model Verification 5 Y
. Reaulre,:;,erîiti TIÎlê:ëâbliitV 5 Y

--_.~-

Dlagr..,.."lng _ .......• 5
_ DataFIow Dlagra~.... ._ 5 Y

E.ntlty Relillonlhip Dlagram .... 5 Y
•.SlaI~.T.rallsKIon Dlagram .. 3 Y

Structure Chart 1 y
MalÎIX MapptlliïofcompOnêllts (specllyl 5 CRUD

Protolyplng •.•. _ 1
...Cl.!!1 Prototyplng . .. 1 Y

Anlrllatlon
. -

1 N
Slmûlslloll· .

. .
1 N

Construction.. _ 3
GUI Construcllon 1 SA Sereen Palnler (
Schema "enerâtloll{siieelty language) 3 SA Schema Gen (S7
Data Defin~1on LanGuage (DOL) Generation 3 Y
DatabaS8A~chlt~ture Design 3 N

- Code GeneraliollisOeclfv language) 3 CH (In bel....'!.""'L
Documentation 3

Report Ge~eratlon (texl, graphies) 5 N
._.Documentallon Building 5 SA Projeet Doc Facll

Dats Dlcl",nary .'. .,(1' sI 5 y
Pracess (Olllc SDeelrocallon Ps.oOes. mlnl·SDees 3 Minls~pseudo

l"te."-a~lng ......_.• _ 1
.Import Irom other c;ASEtoclls or 3rd party (speclly) 3 ASCII, comma delim

1. Export to O\her CASE.1.001.$ or 3rd party (speclty) 3 ASCII, comma delim
~In 3.,1.Dynarnlr. llata Exchange (ODE) 5 Y
Win 3.1 Object Unking & Embeddlng (OLE) 3 7
Flle formats 0
.. HP.GL (H~Packard'Graphlcs Llbrary) 1 7
.. EP5.(Encapsulaled PostScripl) 1 7

BMP (B~map) 1 7
WPG (Word porteel Graphlcs) 1 7
CGM 1 7
WMF 1 7 _.

•

•

Tablc 8.3: System Architecl© Evaluation Form (continllcd).
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Systems Analysis for Robotic Mining: Appendix A: CASE Toois

CASE TDOI EViluatlOl1 CrII.rII wt. SVllem A,ehllect Rtg
H.rdwar. and SoftWare Pllltforma 3

"",.
4.65

H,rrNI.,. R.qulre~nt~._ . 3~ .. 5.00
P'OCIIIor (PC. worl<stltlon) 1 80386 5
Clock Speed 1 whatever 5
RAM 1 406MB 5
HI,d Dllk Sto,"g. 1 10-16 MB .. 5
G,aphlcalDllplly . 1 Whatever 5

Deve/opment Plaffa"",,_ 5 3.75
IBM OS/2 p,...ntallon Manag.,

.
5 R.I.... 3.0 not ..ady fo, OS/2 y.t 3

MS·DOS Wldows 3 y 5 ...
Windows under OS/2 3 ... Y

·
5

MS·DOS 1 N O.
Unix 0 N 0
Windows NT 0

_..
y 5

Nelworl< Support 5
.,.. ·

5.00
- . ·

IBM LAN S.""" 5 Y 5... .. ". +

Nov.1I 1 Y S ..
NETBIOS 3 y ... 5... _--

5Tcpnp 1 y
-

Delebase Support 5 ... 5.go.
Oracle 5 Y 5

- " .•

DB2 , Y 5
SybI"

, y 5
Ing'"

, Y
·

5
Informix , Y 5
Parado)! .- 1 Y 5
dBase 1 Y 5
Other CooeclM 3 FolCll'o. Int.rbI... Paradox. SOL S."",,; .le. 5

S.rvle. & Support 1 3.9~_

Company (mage 3 very gocd 3.55
P,oducl Documentation Oualily 5 hlgh

-
3

Y.ars ln Bus!neu 3 6yrs ..3.
Cuslomer InsiB'lled Base for this Produet 3 ove,40.000 5

Profession., S.nlices & Support 3 - 3.33
On·Sil. Training 5 Y 5
Public Training 5 Y 5
Consuning 3 N 0
Hol·L1ne (hou". toll.fre.) 5 8h3OA-6hOOP 3
NewsJetter 3 Y 5
Elect,onic Bull.lin Boa'd (CompuS."",. Internet) 3 N 0

Produel Cosl 3 5.00
Singi. U.., Licence (US$) 0 $1.395 R.lla.. 3.0 for Win wilhout oplioris 0
Upgrade for Singi. Uoer licence (US$) 0 0
Annual Malnt.nance/Support Fee (USS) pe' ..at 0 $250 R.lla.. 3.0 for Win 0
Total cool for oll)gle user wilh options and supI"'!!1.CUS$1 3 $2 o6s wilh SA Oblecl 5

Ov~"-.""~9hladAVORIg. W~ 3.74

Table 8.3: System Archilect© Evaluation Form (continued).
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