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Abstract

The tracking of closely maneuvering targets represents a challenge for both the
contact-to-track association and the positional estimation algorithms. This thesis
describes an IMM-JVC algorithm, its implementation, and demonstrates its performance

on some simulated scenarios.

The Interacting Multiple Model (IMM) estimator is integrated with the Jonker-
Volgenant-Castanon (JVC) contact-to-track association optimization procedure in the
IMM-JVC formulation described. The tracking accuracy provided by the IMM has been
recognized as superior to that obtained from other single-scan positional estimators. The
IMM provides a probabilistically weighted combination of the results of multiple Kalman
filters. The JVC method also uses probability weighting in a global nearest neighbor
approach to contact-to-track association. Some emphasis is put on tackling the problem

of asynchronous sensors, which may be encountered in the case of multiple sensors.

A number of different approaches, along with the IMM-JVC, are simulated to

illustrate their characteristic properties and provide a basis for comparison.



Résumé

Suivre la trajectoire d’une cible manoeuvrante représente un défi pour les
algorithmes de |’association de trajectoires et contacts, et de I’estimation de position.
Cette these présente un algorithme IMM-JVC, sa réalisation, et démontre sa performance

avec des scénarios simulés.

L’algorithme d’estimation IMM est intégré avec I’algorithme d’association
optimal dans le IMM-JVC. C’est reconnue que I'IMM offre une meilleure précision que
d’autres algorithmes de son genre. L'IMM fourni une combinaison pondéré des résultats
de plusieurs filtre de Kalman. La méthode JVC utilise une transformation de probabilité
faisant plus probable I'association de trajectoires et contacts d’écartement minime. Dans

le cas de multiples détecteurs, le probléme de détecteurs asynchrones est considérées.

Un nombre de méthodes differentes, en plus du IMM-JVC, sont simulées par
ordinateur afin d’en illustrer leurs propnétés caractéristiques et pour réaliser la

comparaison.
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1 INTRODUCTION

1.1 BACKGROUND

In this paper an IMM-JVC algorithm, and its implementation, for multi-target,
multi-sensor tracking is described. This algorithm has proven, through computer
simulation, to be highly accurate and computationally efficient. Chapter one of this paper
presents terms and concepts basic to target tracking. Chapter two of this paper is drawn
from two papers co-authored by the current author and presented at separate conferences.

These papers describe, for the first time, the IMM-JVC combination.

B. Jarry, A. Jouan, H. Michalska. An IMM-JVC Algorithm for Multi-Target
Tracking with Asynchronous Sensors. Proceedings of the 1 9" JASTED Conference

on Modelling, Information and Control, Innsbruck, Austria, 2000, pp. 603-607.

A. Jouan, B. Jarry, H. Michalska. Tracking Closely Maneuvering Targets in Clutter

with an IMM-JVC Algorithm. FUSION 2000, in press.

Chapter three describes the software used for the IMM-JVC implementation.

1.1.1 Estimation, Decision and Tracking

Estimation is the process of inferring the value of a quantity of interest imperfect
observations. More rigorously, estimation is the process of selection of a point from a
continuous space, as in the “best estimate”. Estimation exists to generate information of
higher quality than raw measurements and which contains information not directly

available in the measurements.



Decision is the selection of one out of a set of discrete alternatives, as in the “best
choice” from a discrete space. However, one can consider a discrete-valued estimation
with the possibility of obtaining some conditional probabilities for the various
alternatives rather than making a definite choice from those alternatives. This
information, that is the conditional probabilities, may then be used without making a
“hard decision”. Therefore, estimation and decision are overlapping, allowing techniques

from both areas to be used simultaneously in many practical problems.

Tracking is the estimation of the state of a moving object [1]. This may be done
using one or more sensors at fixed locations or on moving platforms, such as on a moving

(or stationary) aircraft.

Tracking is wider in scope than estimation. It uses all the tools from estimation
but also requires extensive use of statistical/probabilistic decision theory. This is
especially true in the case of data association. Data association is the process of
determining which measurement should be associated with the state of the moving object

of interest.

Filtering, in the tracking context, is the estimation of the (current) state of a

dynamic system from noisy data [2]. This process amounts to “filtering out” the noise.

~
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Figure 1.1-1 Mathematical view of state estimation

Figure 1.1.1-1 presents a concise block diagram that illustrates state estimation.
The only variables available to the estimator are the measurements. The effects of the
error sources on the measurements are accounted for as *“noise”. In obtaining the state

estimate and its uncertainties, the estimator may use knowledge about:
e The evolution of the state (the system dynamics),
e The sensor (measurement system),

e The probabilistic characterization of the various random factors (uncertainties in
the system and measurement models and error sources) and of the prior

information (earlier measurements).

An optimal estumator is a computational algorithm that processes observations
(measurements) in order to yield an estimate of a variable of interest that minimizes the
selected error criterion (minimum mean square error, etc). An optimal estimator makes
best utilization of the data and of knowledge of the system and its disturbances. However,
an optimal estimator is possibly sensitive to modeling errors and may be computationally

expensive(l].



1.1.2 Surveillance Systems

Due to the widespread use and increasing sophistication of military and civilians
surveillance systems there has been a much interest in algorithms capable of tracking
large numbers of targets using measurement data from many, possibly diverse, sensors.
The effort expended to track n targets can be much more costly than n times the effort
expended for a single target due to the complexity of establishing the correspondence

between targets and measurements, the data association mentioned above.

From figure 1.1.1-1, the requirement for data association can be seen as occurring
between the first and second blocks due to uncertainty in the origin of observations
obtained by the sensor. This uncertainty usually arises for a number of factors relating to
the nature of the sensors involved. Such sensors, for example radar, sonar or optical,
sense energy emitted from or reflected by an object (or several objects) of interest, as
well as from other spurious sources of energy, for instance active countermeasures or
chaff.

Additional uncertainty in tracking targets can be associated with the origin of the
measurements in addition to inaccuracy, which is usually modeled as additive noise [4].
Inaccuracy arises due such things as sensor resolution. Uncertainty related to the origin of
measurements occurs in a surveitlance system when a radar, sonar, or optical sensor is
operating in the presence of: clutter, countermeasures, or false alarms. Further, the
probability of obtaining a measurement from a target, the target detection probability, is

usually less than unity.

Origin uncertainty may also occur when several targets are closely spaced and,

while it is possible to resolve the each detection, it is not possible to associate these



detections to their sources with certainty. For instance, using radar one may obtain three
separate detections for three closely maneuvering aircraft; however, due to the inaccuracy
of the measurements it is impossible to determine the correspondence between aircraft
and detection. A similar situation occurs in track formation when there are several targets

but their number is unknown and some measurements may be spurious.

Application of standard estimation algorithms using a nearest neighbor approach
can lead to poor results is situations where spurious measurements occur frequently or
when separate tracks lie within the range of sensor accuracy. Such an approach does not
take into account that the measurement used may not have originated from the target of

interest.

1.2 TRACKING AND DATA ASSOCIATION

1.2.1 Tracking

Tracking, as mentioned above, is the processing of measurements obtained from a

target in order to maintain an estimate of its current state, which is typically:
e Kinematics — position, velocity, acceleration, turn rate, etc.

o Features — radiated signal strength, spectral characteristics, radar cross-section,

target classification, etc.
e Constants or slowly varying parameters — aerodynamic parameters, etc.

Measurements are noise-corrupted observations related to the state of a target, such



e Direct estimate of position (usually range, azimuth, and elevation),

e Range and azimuth (bearing),
¢ Bearing only,

e [maging.

The measurements of interest are not raw data points but are usually the outputs

of signal processing and detection subsystems as shown in figure 1.2.1-1.

Electromagnetic

or acoustic
i Signal Signal
Environment | ¢P€'8Y | Sensor €
g processor

I

Noise

Measurement

Information
processor
(Tracker/ data
associator)

Target state
estimates

—p
Estimate

uncertainties

Figure 1.2-1 Components of a tracking system

The sensor is a device that observes the environment wherein the target is found

through reception of some signals, a frequent example in aircraft surveillance is radar.

The raw signal from the sensor is transformed into a measurement by use of a signal

processor. For instance, the radiation received by the radar antenna is converted into a

measurement providing the range and bearing of a target. To make this process discrete, a

Sframe or scan is a snapshot of the environment, obtained by the sensor during the

sampling period or at the sampling time.

1.2.2 Data Association

A track is a state trajectory estimated from a set of measurements -- the dara in

data association -- that has been associated with the same targets [l]. The association

process is called for in situations involving multiple targets for measurements of



uncertain origin due to random false alarms, clutter caused by spurious reflectors near the

target, other interfering targets, or in the presence of decoys and countermeasures.
Varieties of data association are:
e Measurement to measurement association — for track formation,
e Measurement to track association — for track maintenance and updating,
e Track to track association — for track fusion in multi-sensor systems.

Track formation is the detection of a target, through the processing of
measurements from a number of sampling times to determine the presence of a target,
and the initiation of its track. Track maintenance or updating is the association and

incorporation of measurements from a sampling time into tracks.
. Further, there are two different approaches to data association [2]:

e Non-Bayesian — this approach makes an association decision using statistical
methods then ignores that the decision made may not be correct for later

decisions,

e Probabilistic (Bayesian) — this approach evaluates probabilities for association

and uses these probabilities throughout estimation.

When determining the association probabilities, even for a nearest neighbor
approach, the evaluation process relies on models of the targets and sensors providing the
measurements. Target models can be easily invalidated through a change of target

behavior such as a maneuver, thereby increasing the difficulty in data association.

A number of data association algorithms have been developed, among these are:



e Nearest neighbor - associate one-to-one each measurement/track to the

(statistically) nearest track/measurement,

e Global nearest neighbor — associate one-to-one by minimizing a function of the
distances between measurements and tracks; one such method is the JVC,

described below,

e Probabilistic data association filter - the PDAF comes in a number of flavors,
such as PDAF, JPDAF, IPDAF, etc; all depend on a probabilistically weighted

all-neighbors approach [1].

1.3 THE KALMAN FILTER

A commonly used approach to fiitering and prediction for multi-target tracking is
the Kalman filter. Kalman filtering generates time-variable tracking coefficients that are
determined by a priori models for the statistics of measurement noise and target
dynamics [3]; that is, the state is predicted using known models for the noise and
dynamics. With expanding computer capabilities, the high-accuracy tracking of the
Kalman filter is giving way to more accurate, flexible, and complex tracking methods

based upon the Kalman filter.
1.3.1 Kalman Filter Overview
Modeling Assumptions

The Kalman filter (KF) makes a number of fundamental assumptions regarding

the system and its inputs. These are:



e The system state x; evolves according to a known linear plant equation
(dynamics) driven by a known input i and an additive process noise w;. This

noise is a zero-mean white (uncorrelated) process with known covariance Q.

o The measurement z; is a known linear function of the state with an additive
measurement noise vi. This noise is a zero-mean white process with known

covariance R;.

e The initial state if unknown is assumed to be a random variable with known mean

(the initial estimate xo) and covariance (the initial uncertainty Py).
e The initial error, the process noise, and the measurement noise are mutually

uncorrelated.

X = F'k't.t +Gk“k + Wi (13.1'1)

. = Hyx +v,
Hence, a state space formulation for the system is, with variables described above:

Also, F; is the state transition matrix, G is the input matrix, Hy is the measurement

matrix, and 4 is the sample index.
Algorithm Flowchart
At every stage & the entire past of the state trajectory is summarized by the state
estimate X, and its associated covariance B, . The state estimation cycle consists of:
1. State and measurement prediction (also called the “time update™),

2. State update (also called the “measurement update™).



The input, which is known and may be due to platform motion or sensor pointing,
is used during state prediction. The state update requires the filter gain W;, which is

obtained from the covariance calculations.

By assuming that the initial state error and all the noises have Gaussian
distributions, the KF becomes the minimum mean square error (MMSE) estimator. If the
random variables are not Gaussian, and only their first and second moments are available,
the KF is the best linear MMSE estimator. Hence, the KF can be said to be optimal in the

sense of minimum mean square error.

10
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The assumptions made above limit the applicability of the basic Kalman filter to a

Non-linear motion models or measurement equations — these can be resolved
through linearization in the extended Kalman filter; a coordinate conversion, such

as polar to Cartesian, may also resolve difficulties from non-linear dynamics,




e Unknown inputs and/or changes in the motion model, referred to as mode

changes,
e Auto- or cross-correlated noise,

e Uncertainty as to the origin of measurements, in terms of data association not

inaccuracy,
e Multiple targets.

More complex filtering methods, most incorporating the KF as their base, have
evolved to resolve these difficulties. A discussion of the conditions for stability of the

Kalman Filter may be found in [11].

1.3.2 Extended Kalman Filter
A sub-optimal method devised to resolve the problem of non-linear motion

models or measurement equations is the extended Kalman filter (EKF).

Modeling Assumptions

The assumptions for the EKF are the same as for the KF except that, while the
noises are still assumed to enter additively, the dynamic and/or measurement equations
are now non-linear functions. The system equations can be inferred from the flowchart of

the EKF, which follows.
Algorithm Flowchart

The EKF uses the Taylor expansion of the non-linear functions in the prediction
stage. The main difference from the KF is the evaluation of Jacobians for the state

transition and measurement equations; therefore, the covariance computations are no



longer decoupled from the state estimation calculations. Linearization occurs at the latest

estimate, or along a nominal trajectory (which decouples the covariance computations).
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The series expansion may introduce un-modeled errors that violate some
assumptions regarding the prediction errors. The non-linear transformation will introduce
a bias (a constant error) and the covarnance calculation based on the series expansion is
not always accurate. Furthermore, since the expansion is of first order, higher order terms
are neglected. Finally, the EKF is very sensitive to the accuracy of initial conditions. A
simple, though incomplete, way of compensating for un-modeled errors is to introduce
artificial noise by increasing the process and/or measurement noise covariance, or to

directly increase the filter-calculated state covariance.

In practice, if the initial errors and noises are small (small being a relative term to

the state and measurement) then the EKF performs well.

1.4 THE MULTIPLE MODEL APPROACH

1.4.1 Overview

The multiple model approach is well suited for estimation in systems whose
behavior changes with time. One typical such system, relevant in this project, is a
maneuvering aircraft.

A multiple model system is assumed to obey, at any time, one of a finite number r
of motion models. Hence, this system contains both continuous, from noise, uncertainties
and discrete, pertaining to the different models or modes, uncertainties. A Bayesian
approach is adopted in that the posterior mode probabilities (the probabilities that each
model was in effect at the current time step given the measurements obtained) are

obtained using their prior values (the probabilities that each model was in effect at the

14



prior time step). As the system evolves the filter switches between modes according to a

Markov chain in order to track the target of interest.

An optimal multiple model estimator carries all the mode sequence hypotheses
(mode combinations, such as: mode 1 at time k, mode 3 at time k+1, etc.). Clearly, such
an approach entails maintaining * possibilities at time k. The complexity of such an

algorithm then increases exponentially with time; that is, it is of complexity O(+").

1.4.2 The Interacting Multiple Model Estimator

The interacting multiple model (IMM) estimator is the best-known iind most
widely used of the multiple model approaches. This method mixes track hypotheses with
unit depth at the start of each cycle; therefore, it provides superior tracking performance,
compared to the Kalman or Extended Kalman Filter, and reduced computational
complexity/cost, compared to the optimum muitiple model estimator or multi-hypothesis
tracking [3]. “Mixing track hypotheses with unit depth” means that a weighted
combination of the one step mode sequence hypotheses provides the tracking result.
More likely hypotheses are more heavily weighted, thereby producing an algorithm of

complexity O(r).
Modeling Assumptions

The state model is:

x = FM ()b, +wlk -1, M (k)] (1.4.2-1)
2o = H[M (k)] +vlk, M (k)]

15



Where M(k) denotes the mode at time £; that is. the mode in effect during the sampling

period ending at &.
There are finite number of modes r, such that:

}r (1.4.2-2)

The structure of the system and/or the statistics of the noise, which is assumed to

be gaussian, can differ from mode to mode:

! (1.42-3
k10 )= N{u Q) )

The mode jump process is a Markov chain (the probability of a random process at

time & given all prior values of the process up to and including the value at the k-1™ time

is the probability of that random variable at time & given only the k-1" time) with known

mode transition probabilities.
PM(k)=M |M(k-1)=M,}=p, (1.4.2-4)

Algorithm Flowchart
The algorithm contains four components:

¢ Interaction/mixing: Mixing of the previous cycle mode-conditioned state
estimates and covariance, using the mixing probabilities, to initialize the current

cycle of each mode-conditioned filter,

16



Mode-conditioned filtering: Calculation of the state estimates and covariances
conditioned on a mode being in effect, as well as of the mode likelihood function;

hence, there are r parallel filters, usually KFs or some variation thereof,
Probability evaluation: Computation of the mixing and the updated mode
probabilities,

Overall state estimation and covariance: Combination of the latest mode-
conditioned state estimates and covariances to produce a single output; this result

is not used in the next cycle of the algorithm and is for output only.

Al [ a2 2
S STIRTY T X1 Pk—lik—l
Interaction/mixing «— !‘Zlqu-l
A0l 0l ~02 02
Xpmtk-1r S Ke-tpe-1 Pk—l[k-—l
. Filter | - Filter P
Wb g A w¥ o PPA
~l | o 2
Teger P e P
: Mode probability 0 .{-1“ , Pkllk _pl State estimate )
AP update and L 2 pe and covariance [ Vi
A% —»| mixing probability - T combination P,
calculation M P

Figure 1.4-1 One cycle of the IMM (iy = 1,...,5)

Steps in IMM Estimation

l. Mixing probability calculation: These are the probabilities that mode M; was in

effect at time &-1 given that M; is in effect at time k conditioned on the set of

17



measurements Z;_ ;. These are calculated, using the assumptions, for ijj = L,...,r,

ds:

l"lfklillk—i = P{Mk—l =M M, =M i Lk

l

"

1
-:P{Mk=Mj|Mk-l=Mi}P{Mk—I=Mi]Zk—I}

J

r

l i — i <
C_—P.»,»Hk-l where o Z Pyl (1.4.2-5)

i=l
Interaction/Mixing: Starting with the previous state estimates _,_, obtained

from the r different modes (the filter blocks in the above figure) and the

corresponding covariance matrices P/_, _,, a mixed initial condition for the filter
o [

M; attime £ is calculated, forj = I.....r, as:

*()/ ~t iy
Y = Z Iy Lt (1.4.2-6)

t ~t a al r ’)_
L u/. -1 Z/‘L Si- [{Pk—llk-l +["'L-A1u»| _x?jllk-l I'rk—l|k 1 -‘? 11k~ 1] } (1.4.2-7)

Mode-conditioned filtering: The mixed initial condition obtained in step 2 as well

as the new measurement Z; are now used as inputs to each filter M; at time &,
producing new modal estimates 1}, and P, . The filters also produce the modal
measurement prediction 2, , and the corresponding innovation covariance S/.

The conditional probability densities for the r filters are, as mentioned above,

assumed to be gaussian and are denoted, forj=1,...,r, as:

A)k =N(-u:/.j|/. I’SLI)

Iy exp{f/LJL H ( S/ )_l [zk = Zlim ]} (1.4.2-8)
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4. Mode probability update: The new, post filtering, mode probabilities, for j =

l,...r, are:

u =P, =m, z}
l r
::AJA-ZP{ML- =M M, =Mr’zk-l}P{Mk-l =M, Izk-l}

=1

A S
=-7Akapf,m-1=;A1.c, where ¢=Y AT, (1.4.2-9)
1=l 1=t

5. State estimate and covariance combination: The next point along an established

track, for output purposes, is generated from:

T =D Sul (1.4.2-10)
1=
L -~ ~ -~ A’ 7-
Py = Z Hi {Pkfk + [xl.{lk Vg ka{[k = Ve ]r} (L4.2-1D
J=1

A number of parameters in the IMM are left to the user to set, these are:
e The types of filters used — such as, linear (KF) or non-linear (EKF),
e The values of the process noise variances,

e The values of the mode transition probabilities pj;.

Finally, for a 3 linear model IMM the computational requirements are

approximately 4 times higher than for the KF.
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2 THE IMM-JVC ALGORITHM

2.1 INTRODUCTION

The tracking accuracy provided by the Interacting Multiple Model state estimator
(IMM). [1], [2], has long been recognized as superior to that obtained from other single-
scan positional estimators such as the adaptive Kalman filter or rule-based maneuver
detectors when operating in environments with maneuvering targets. Although it employs
certain simplifying assumptions, the IMM is the least computationally demanding
algorithm of the multiple model filter family. It also allows for the incorporation of non-
linear motion models (through the EKF) such as coordinated turns. It has thus proven to
be more reliable than an adaptive version of the Kalman filter in detecting maneuvering

periods; for comparisons, see [3] and [4].

However, when dealing with closely maneuvering targets, the most critical role is
played by the chosen method of data association. Without effective association, state
estimation is at risk. Hence, for the purposes of this paper, an IMM state estimation
algorithm was combined with data association based upon the Jonker-Volgenant-
Castanon (JVC) optimization procedure. This IMM-JVC algorithm was developed,
implemented, and tested within an aircraft surveillance program. The combined algorithm
may take a favorable place among other approaches, such as the IMM-JPDAF, [6], or the

multi-hypothesis tracking (MHT) [7].



While constructing the IMM-JVC algorithm, a special emphasis was put on
tackling the important problem of asynchronous sensors, which are likely to deliver
measurements in an out-of-sequence fashion, [8]. This situation is frequently encountered
in the case of multiple radars working at various scanning rates and sending scans (see
chapter one for a definition of scan) of data at a pace depending on target density. Since
the data association sub-algorithm and the modes of the IMM filter employ the most
recent measurements to update the tracks, such “out-of-sequence” measurements, if
neglected, can result in: (a) erroneous state and covariance estimates, (b) improper
measurement to track association, or (c) a complete loss of track. To increase the
reliability of the IMM-JVC algorithm, an approach allowing for the inclusion of such
measurements in the state estimation and data association modules is suggested. This

approach is similar to that found in [9] but results in a different covariance matrix update.

2.2 JVC ASSOCIATION

The Jonker-Volgenant-Castanon (JVC) algorithm is a global nearest neighbor
data association algorithm. It yields a unique pairing of measurements and tracks. While
a nearest neighbor approach would, for every track or measurement, associate each track
(measurement) with the nearest measurement (track), a global nearest neighbor approach

seeks to minimize the total distance, or a function thereof, between tracks and
measurements.
[n terms of the notation put forward in presenting the KF, let Z,,,, denote the

predicted mean of the measurement z., conditioned on the k past measurements

- _ : 3 g7 = i 2 -
Z = {40,...,%}, that is, 2., = Hi X With X, = E[xk+l IZ‘,]. Let Si, denote the

~
o



associated  covariance  matrix, that s, S, =H[ B, . H._ +R,  wher
By = E[("'m T Xk Xxm _xk+l|k)T | ZkJ'

Let i denote variables belonging to the i track and j denote variables belonging to

the /™ measurement. Under the assumption that the probability distribution of the ;"

measurement conditioned on the past Z, is gaussian with mean I, and covariance

S..; (these values are obtained using the KF or equivalent), the normalized innovation

squared d,f =(V{{$I)T(S;*l)'lvif,,, with v{ =2/, -Z ., is chi-square distributed with
number of degrees of freedom equal to the dimension of the measurement. With n
denoting the number of tracks and measurements (the algorithm easily generalizes to the
case of fewer tracks than measurements), the JVC module begins with the evaluation of
the weights cj;, iy = 1....,n, reflecting the probabilistic distances in all possible pairings of

the tracks and the measurements, such that:

¢, =P{y*>d’} (2.2-1)

i

The weights reflect the probability that the system states do not fall within the
observation gates (regions) delimited by the normalized innovations; hence, the weights
are probabilities of non-association. These weights may be placed within an assignment
matrix, allowing the use of a minimizing optimization algorithm as described below. As
described in [11], the JVC algorithm comprises of two sequential steps, the first being
similar to an auction algorithm [12], and the second being a modified version of the

Munkres algorithm [13] for sparse matrices.



A unique one-to-one track to measurement pairing is then derived as the solution

£, to the following linear program:

n n
min c,; X, (2.2-2)
1=l =l
Y, =l Yx, =1 (2.2-3)
1= 7=l
0<x, <1 Vi.j (2.2-4)
Clearly, ¥ is integer valued, with unity signifying association of a measurement
y y = y = y =]
to a track.

The following procedure is used to resolve the matter of track formation. Since
every measurement is considered to be a possible track in this procedure, measurements
are referred to as contacts. When the number of contacts in the buffer is larger than the
number of tracks to be updated, the contacts left unassigned will contribute to the
creation of a new track with a status left as NO-STATUS. If, at a later time, a second
contact is assigned to a NO-STATUS track, then the track, then the track is promoted as
INITIATED. If a third contact is later assigned to an INITIATED track, the track is
promoted as TENTATIVE. It is only at the fourth assigned contact that the status of a

track is declared as FIRM.

When building the JVC assignment matrix, two processes should be considered
since they may alter the performance of the JVC optimization. The first of these two
processes is the buffering scheme chosen to present the sensor reports to the association
module (the JVC module) of the MSDF test-bed. Most of the time, the characteristics of
these buffers (time duration, scanned volume) are intimately related to built-in rules

characterizing each sensor. Those rules are based on factors such as scan duration,
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scanned angular range, estimated target density, etc. Buffers of sensor reports built
according to those rules are very often used without modification in the contact-to-track
association module. Inadequate buffering could seriously degrade tracking performance
in a dense target environment, especially one involving multiple sensors; scenario 3

below discusses this further.

The second of these two processes is the selection from the MSDF track database
of those tracks that are likely to be updated with a subset of the incoming contacts. For
MSDF systems having real-time constraints, specific track selection strategies may be
required to reduce the processing time. For instance, there may not be a need to include in
the assignment matrix a track that is distantly removed from the buffered contacts when
nearby tracks are quite certainly the only possibilities for matching. Filtering out these
impossible possibilities would reduce the dimension of the assignment matrix, thereby

reducing the computing time for association without risking accuracy.

2.3 THE IMM MODULE

The IMM is described above in section 1.4.2. The only modifications made to the

[MM module are to integrate it with the JVC module.

2.4 INTEGRATION OF THE IMM AND JVC

As explained above, step 3 of the IMM algorithm employs the measurement ;. It
is at this point that data association should be incorporated into tracking. Since the state
estimation filter is the IMM, there are, at this step in the estimation process, r different

modal estimates. Rather than matching modal estimates with measurements, a simpler



and faster approach is to obtain a one-step prediction output value from the IMM,

analogous to the updated output in step 5.

The KF/EKF prediction equations, as in the section 1.3.1 or section 1.3.2

flowchart, for the modes j = 1,...,r, are:

200 _ p120y
L1 = F, Xe-tpe-1 (2.4-1

Pi = B R (F) + 0 (24-2)
The weighting for an IMM one-step predictor can be found by introducing the

prediction probabilities 4, | = P{M‘ =M, | ZH}, which are calculated as:

r

/'lkj|k-l =Z P{Mk =M |M, =Mi’Zk—I}P{Mk—I =M, |Z;,}
i=1

= Z pij#lf—l (2.4-3)
i=l

The individual modal estimates 2.4-1,2 are now mixed, as a gaussian mixture {2,
§1.4.16], using the prediction probabilities 2.4-3 to produce the IMM one-step predicted
state and covariance, which identify the tracks for the purpose of measurement to track

association.

[ —- 20
N1 = Z-‘q{--l#k]u—; (2.4-4)
1=]

\ b s b S 2.4-
P = Zﬂék—l{ﬂ?&j-x + [-‘l?ii»-l = V- Ix?d-l —-‘k[k-n]r} (2.4-5)
1=l

These results are readily used as inputs to the JVC module to produce the
innovations and the corresponding probabilistic distances, finally yielding the desired
measurement to track associations. The execution of step 3 of the IMM module is thus

enabled, and the two modules, JVC and IMM, are then integrated into one algorithm.



2.5 THE “OUT-OF-SEQUENCE” MEASUREMENTS

When the measurements from a bank of sensors arrive to a central processor in
batches (such as, corresponding to radar scans) it is a frequent situation that an earlier
measurement arrives after a later one. This calls for a “corrective” procedure whose
purpose would be to incorporate the earlier measurement (arriving out-of-sequence) in
the current state estimate and the corresponding covariance. In this context, a possibility

is presented below.
The Retrodiction Approach

Suppose that a measurement ;) arrives at time . such that 1, —r, <0 that is,
Zr+1 1S an out-of-sequence measurement. Begin by regarding all the previous
measurements Z; as no longer available, that is, the previous measurements were not
stored in memory. This assumption is usually the case since recursive algorithms such as
the KF or IMM do not require the measurement history to function, thereby producing a
saving in the amount of computer memory required. The retrodiction approach
incorporates the measurement Z,; when it arrives to produce a “‘corrected” state estimate

and covariance at time #:
g = E[-"k lzk’:kfl]* and £, ., = E[(-"k --mm)(-\‘k _xklkﬂ), | Zu:k.lj-

For this to be possible, a simplifying assumption is necessary which states that the
process noise at time # is insignificant and thus can be regarded as being equal to zero.
(Otherwise, terms such as E[w,M |Z,]# 0 will appear in the calculations, which are
virtually impossible to account for.) The calculation of the corrected state and covariance

estimates is then straightforward and proceeds as follows.
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The expectations and covariances of the random variables x; and zx,; conditioned
on the previous measurements Z; are either available as estimates at time ¢, or else easily

calculated as:

G = Elx |z,] - avail
e = ECZkH | Zk]= Halﬁ-jl-im
Z, = E.(—"l.- = % Xxk - -{'m-)r | Z, )= By - avail.
. = E.(xk = X:rm - ffullky- | Z,
= PLV(FL-_:l)THk«I
Z. = E_(:k-rl —3k-,.|‘-xlk,| _skfllk)r lzk]
= H:+lﬂ_*llljk|k(Fk1IlYHk+l +R,., (2.5-D

F. is the system matrix providing for the state transition backwards in time

-+l

from xi. to x¢. In terms of the above, the desired estimates are:

kol - £ ~If. _ 2
Neker = e T Z.r:‘z::("k +t "L*l]k)

er (2.5-2)
[)L'VHI = })klk —Zrzzzzzt:
For the purposes of data association in the JVC module:
'{‘kH[k =F k:ll-{'m
(2.5-3)

Pnux— = Fk:llPkik (Fk:ll)r

These expressions are readily used in the next cycle of the IMM-JVC ailgorithm.

2.6 SIMULATION EXPERIMENTS

The following experimental results were obtained on the agent-based Multi-Sensor
Data Fusion Testbed MSDF developed at Lockheed Martin Canada (Montreal) LMC
using a scenario simulator developed by the Canadian Defense Research Establishment
Agency at Valcartier (Quebec) DREV. The algorithm was implemented in the agent-

based MSDF and that implementation is described below in detail.
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2.6.1 Scenario 1 — Aircraft Closely Maneuvering

This scenario shows two aircraft flying along straight paths at 100m/s along a 45°
converging path scanned by radar at a rate of 30rpm. When the distance between the two
aircraft is of 200m they both perform a 90° turn with an acceleration of 3g during 5s.

This trajectory can be seen in Figure 2.6-2.

Simulation shows that when using a nearest neighbor algorithm for association,
the aircraft maneuvers were not detected regardless of the positional estimator algorithm
used (adaptive Kalman or IMM using a constant velocity and a constant acceleration
motion models). For the data fusion module, each aircraft pursues an incorrect rectilinear
(straight line) course. Figure 2.6-1 shows the result obtained when using the nearest
neighbor association algorithm with the IMM for positional estimation. The same
problem occurs when the JVC algorithm is used for association and combined with an

adaptive KF for positional estimation.

As shown in Figure 2.6-2, the two aircraft were correctly tracked when using an
IMM-JVC combination where the IMM motion models are one constant velocity CV and
one constant acceleration CA (hence CVCA). The IMM transitional probabilities (the off-

diagonal entries in the mode transition matrix; that is, p; where { # j ) were set for 10%

switching at 2s measurement intervals (2s being the length of a single radar scan).

One may note that the performance obtained in Figure 2.6-1 would also represent
the expected performance when using the JVC association with buffers of contacts
containing only one sensor report. In such a case, the JVC assignment matrix is of

dimension lxm, where m is the number of tracks — selected from the track database —



which are likely to be updated with the incoming contact. Such a situation would occur
when the measurement report from each aircraft is received for processing separately, as
in the instance of a multi-sensor setup. This situation demonstrates the importance of

proper buffering in a multi-sensor setup.
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Figure 2.6-1 NN association, estimation with adaptive KF or IMM
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Figure 2.6-2 JVC association, estimation with IMM

2.6.2 Scenario 2 - Noise-free Retrodiction

This scenario is of one aircraft flying at 100m/s along a straight path. It is tracked
using a long range radar operating at 12rpm, then enters the range of a short range radar
operating at 60rpm, and finally exits the short range coverage after 750s. Out-of-sequence
measurements were simulated by introducing a delay of 0.5s in the fusion of the slowest

(long range) radar reports.

Figure 2.6-3 shows the covariance of the track in the y-coordinate. The
degradation of the track shown by the covariance increase (the dotted curve) when the
aircraft exits the short range is avoided when using the noise-free retrodiction algorithm

(the dashed curve). This figure also shows that the curve corrected by the noise free
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retrodiction is closely superimposed to that curve obtained when no time shift is

introduced.
300000 8 + - v ] v ]
] —— No lime shift ]
-------- Uncorrected
- -~ - Corrected
200000.0 - [
100000.0 - -
o.ol ‘ .
0.0 500.0 1000.0 1500.0

Figure 2.6-3 Track covariance in presence of out-of-sequence measurements

2.6.3 Scenario 3 - Aircraft Closely Maneuvering with Clutter

In order to demonstrate the capabilities of the JVC module in data association, the
following scenario is presented. In this scenario, the two aircraft of scenario I are again
flying along the same path. After the first 20s of the scenario, where each track is of
FIRM status, random clutter is added within each buffer. For each clutter-free buffer of
N, target contacts, a random number N, between 0 and 3 of clutter contacts is randomly

generated. Then each of the N, clutter reports is assigned a randomly generated time



within a radar scan and a randomly generated range-bearing measurement within the

radar field of view. Figure 2.6-4 shows the resulting tracks with clutter.
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Figure 2.6-4 JVC association, IMM-CVCA with clutter

33



0.0

10.0

b l H L 2 l -

o I
0.0 200 40.C 60.0 80.0
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Figure 2.6-5 illustrates the life duration and status of the tracks that have been
created in the track database. The line length (along the x-axis) represents the track
duration while the track number in the database is given on the y-axis. When only one dot
appears, the track has been created but has a NO-STATUS. When two, three, four, and
more than four dots appear, the status of the track is respectively INITIATED,
TENTATIVE, and FIRM. This figure clearly shows that among the 22 tracks that have
been created, 13 did not rise above NO-STATUS, 3 stopped at INITIATED, 1 at
TENTATIVE, and only 5 reached FIRM status. The KillOldTrack mechanism, which
removes from the track database all the tracks that have not been recently updated, was

deactivated for this simulation. At a scan rate of 30rpm, one might decide to remove
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tracks from the database after 35s (after 2.5 full scans without update). With the
mechanism active, the figure shows that no tracks other than those corresponding to the

two aircraft would have achieved FIRM status.

Figure 2.6-6 2D mapping of the number of contacts in track gates

Figure 2.6-6 shows a two-dimensional mapping of the number of contacts in track
gates. Time is along the horizontal, and the 22 tracks along the vertical. The gray-level
coding in this 2D mapping is interpreted as follows. All pixels in black can be ignored in
that the corresponding track is not selected to build the assignment matrix. Then, 3
brightening levels of gray are used when the corresponding track has: an infeasible
assignment (track is selected but the probability of non-association resulting from the
calculation of the statistical distance is higher than a given threshold), one feasible

assignment (one contact in the track gate), and two feasible assignments. White
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represents the case of 3 contacts within a track gate. Note that the aircraft tracks (the
bottom two) peak in intensity around the scenario’s midpoint when they are closest to
each other. This 2D mapping allows one to identify when JVC optimization is dissimilar

to nearest-neighbor assignment.
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Figure 2.6-7 Number of contacts in buffers

Further information may be obtained by considering Figure 2.6-7. This figure
displays the actual number of incoming contacts in the buffer. Comparison with Figure
2.6-6 allows an evaluation of the time at which track gates overlap. For example, at time
43.31s, Figure 2.6-7 shows that there are three contacts in the buffer (two from the
aircraft, one from clutter) and the 2D mapping shows that 2 contacts fail in the gates of

tracks | and 2, and 3 contacts fall in the gate of track 3. From Figure 2.6-5, one sees that
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the aircraft contacts are correctly assigned and the clutter contact is assigned to track 3
with a status promotion from INITIATED to TENTATIVE. If the KillOldTrack
mechanism had been active, track 3 would have been previously removed and the clutter

contact would have triggered the creation of a new track.

This scenario highlights the critical role played by the association algorithm for
tracking closely maneuvering targets. The global assignment problem, that JVC
optimization is made to solve, yields an excellent tracking accuracy with a reasonable
computer execution time. Track management functionalities such as the KillOldTrack
mechanism also has a role to play to reduce the execution time since it will lead to

assignment matrices smaller in size.
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3 DATA TYPES & AGENTS

3.1 THE DECISION AIDS FOR AIRBORNE

SURVEILLANCE PROJECT (DAAS)

The Decision Aids for Airbomme Surveillance DAAS research project aims at
building a multi-sensor data fusion MSDF test-bed emulating the fusion of the imaging
and non-imaging sensors onboard a surveillance aircraft. The DAAS is a project
undertaken by Lockheed Martin Canada LMC. This test-bed is implemented upon a
Knowledge-Based System KBS shell, in a very efficient, modular, agent-based
architecture. The contribution of this paper to the DAAS project is focused upon the
enhancement of the test-bed by introducing and improving upon existing algorithms for
tracking, namely, the development of the IMM-JVC algorithm. This chapter describes the

test-bed implementation of the IMM-JVC algorithm.

3.2 TESTBED ARCHITECTURE

The architecture developed by LMC in collaboration with DREV uses a
Knowledge Based System KBS shell based on a BlackBoard-based BB problem-solving
paradigm. This architecture is also shown, along with blocks for input, output,
stmulation, and scenario generation, in Figure 3.2-1. The STA (Situation & Threat
Assessment) and RM (Resource Management) agents are outside the scope of this paper.

The test bed includes:
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e Infrastructure comprising simulation, performance evaluation, user interaction

(HCI block), and a scenario generator,

e MSDF agents - tracking and data association algorithms, as well as identification

algorithms.

pleogyoRig

STAAQents '
i

RMAQents '
i

Figure 3.2-1 Test bed architecture
The KBS architecture presents a number of advantages, such as:
e A distributed (multiprocessor) environment,

e Design flexibility, allowing the integration of diversified knowledge sources and

heterogeneous problem-solving mechanisms under a common framework,
e Data- and goal-driven problem solving strategies.

A diagram of the BlackBoard is shown in Figure 3.2-2:
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Generally speaking, a BlackBoard system, like any expert system computer
. program, is a problem-solving engine whose architecture is based on three main

components:
o The knowledge sources,
e A global data base (in this case, the BlackBoard),
e A control structure.

The Knowledge Sources (also referred to as Agents) are the parts of the system
that contain the algorithms, facts, logical rules or heuristics representation needed to
perform the ultimate task of the engine, namely to find a solution to a given problem. The
goal of each knowledge source is to contribute pieces of information by modifying some
control or data structure that is present on the blackboard that eventually leads to a

. solution to the problem. This is where the agents reside.



The BlackBoard is a global structure that is available to all knowledge sources —
the agents — in the system. It contains problem-specific data objects needed by, or
produced by, the knowledge sources, and that are part of the solution space to the
problem. These data objects can then be connected to others through named links or
relations, or organized into more refined structures or hierarchies, for example by

partitioning or introducing layers on the BlackBoard. This is where the data types reside.

The BlackBoard is a global database accessible by all agents. It contains all the
active processing data (interfaced, generated and modified by the agents). The agents
performing knowledge transformation on the blackboard are independent from each other
and are self-activating or data-driven, in the sense that their activation is triggered by new
pieces of data being put on the blackboard. The agents examine the state of the
blackboard, create new data structures and, when it is necessary, modify them by taking a

data structure of one type and producing a data structure of another type.

The Control Structure is arguably the most delicate part of the system, since any
action can create new conditions that in turn require drastically different problem solving
strategies. It is well known that the solution reached by a complex system generally
depends on the sequence of intervention of the knowledge sources ~ the timing in agent
execution. A lot of control mechanisms are available to the developer; typically, they
involve choosing a focus of attention that is triggered in priority, according to a ranking

based on pre-defined evaluation criteria. This is where the context functions reside.

A BlackBoard environment such as the one described above can be viewed as a
high-level set of routines and instructions, similar to a programming language, than can

be used by a developer to implement knowledge rules in order to solve a specific
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problem. The BlackBoard environment has been implemented in C++ rather than in a
higher-level language (such as LISP or Smalltalk) to satisfy the real-time requirement of

the DAAS project.

Figure 3.2-3 displays the MSDF components within the BlackBoard architecture.

imaging
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Assoc ialion } |

Posilion Estimation ‘b '

Link-11

Simulated Data
3

A ID Eglimation J i
ESM ' AT :

MSDF Database

Figure 3.2-3 MSDF components
3.3 IMM-JVC IMPLEMENTATION

The relevant code for the IMM-JVC implementation is included following this
section. This implementation uses one constant velocity CV model and one constant
acceleration CA model for Cartesian co-ordinates and is written in C++. For a complete

description of the data types and agents in the MSDF testbed see [3]. What follows is a

description of one cycle of the algorithm.

e Contacts are received, sorted by type (radar, ESM, etc.), and co-ordinates are
converted. The resulting contacts are available on the BB through the contact list.

Existing tracks are available through the track list.



All possible contact/track pairs are formed using the CreatePairs agent in
CONTACT_TRACK_PAIR data type form. This data type, in addition to the
contact and the track, contains instructions regarding what should be done next to
the pair. When a CONTACT_TRACK_PAIR is placed on the BB (see line 183 of
A_CreatePairs.C), those instructions are triggered. One may wonder at this point
the difference between a data type and a C++ class; a data type may be defined by
a class but a data type is used by the BB to trigger agents as well as to store
information. The CONTACT_TRACK_PAIR data type is a derived data type,
meaning that it is made up of other data types which, when active on the BB, can
also trigger agents. If there are no tracks in the track list, the CreateXYTrack

agent is triggered.

Since, depending on its status, a pair can have different instructions the context
function PairUpdate is used to determine which agent currently is needed to

service the pair.

The first agent to service the pair is usually that which time updates the track in
the pair. For the IMM-JVC this agent is IMMTimeUpdateXYTrack. This agent
does steps 1, 2, and the prediction portion of 3 in the IMM algorithm (see section
1.4.2). Since the code for this agent is fairly long it has been broken up into a

number of functions included in IMM_CVCA.C and IMMRoutines.C.

Once the time update is complete, PairUpdate sends the pair to data association.
Data association is a two-step process which first uses the GateXY_XY agent

then the JVCAssignment agent. Following data association, invalid pairs are
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deleted using the DeletePair agent. Unassigned contacts trigger the use of the

CreateXYTrack agent.

Valid pairs are ready to have the track updated using the contact; that is, the
measurement update portion of step 3, and steps 4 and 5 of the IMM algorithm
may be performed using the IMMFilterXY_XY agent. The pair status is moved to
[D_UPDATE which triggers the ID updating agent, which is followed by the

eventual deleting of the pair through DeletePair.

Both the IMMFilterXY_XY agent and the IMMCreateXYTrack agent spawn
instances of the IMM_COMBINE_STATE data type on the BB. This data type
triggers the IMMGenerateTrack agent which either instantiates a new instance of
the TRACK data type on the BB or finds, updates, and activates the proper
existing instance of the TRACK data type. The TRACK data type triggers an
agent that updates its ID, after which the track is ready for the next contact to

arrive,

As can be seen from the above description, the BB works through a set of events

where a data type triggers an agent which spawns a data type which triggers an agent

which ...

3.4 CONCLUSION

In this paper an algorithm, and its implementation, for tracking has been

described. Chapter two of this paper is drawn from two papers co-authored by the current

author and presented at separate conferences [4,5]. These papers describe, for the first

time, the IMM-JVC combination.

46



3.5 REFERENCES

(1]

(4]

(5]

E. Shahbazian et al. A Blackboard Architecture for Incremental Implementation of

Data Fusion Applications. Report, Lockheed Martin Canada.

E. Shahbazian et al. Fusion of Imaging and Non-Imaging Data for Surveillance

Aircraft. SPIE, 1997.

Demonstration of Image Analysis and Object Recognition Decision Aids for
Airborne Surveillance, Detailed Design Document (DDD), Year 1. Report,

Lockheed Martin Canada, 26 October 1998.

B. Jarry, A. Jouan, H. Michalska. An IMM-JVC Algorithm for Multi-Target
Tracking with Asynchronous Sensors. Proceedings of the 19" IASTED Conference

on Modelling, Information and Control, Innsbruck, Austria, 2000, pp. 603-607.

A. Jouan, B. Jarry, H. Michaiska. Tracking Closely Maneuvering Targets in Clutter

with an IMM-JVC Algorithm. FUSION 2000, in press.

47



Jul 32000 14:32:00 A_CreatePairs.C Page 1 Jul 32000 14:32:00 A_CreatePairs.C Page 2
] sinclude 'ASIIQI\N.I’\(NI!I’.I.’I' 62 P N R Y RNy
K sinclwde “AssocliaetionType.b* . 6} Get¥a buubybDatab it st lnstance{ TRACK _L.IST, TRACK_LIST, ttrack_list);
} sinclude “BDPEtrArray. h* (1]
3 sinclude “ContactPosition.h® ' AR N P Y F Y R Y
Y sinclude *LolBFunctions.h* 66 7*** Aldotute mumory fur selucted Liack list., *ecey
5 .‘"clude -l‘on|.ckna.‘dlh- 61 ,.Q-l----luo--n--o.-.-l.llul..u.nltallnanaln-.-looool
K} tinclude "LoExternParameters.h* 68 FATAL O VALIVIIsulucted tiack _Jist » new Lol.istCardinal () t= NULL,
H sinclude *lLolncludeBaseAgent . h* 69 “Ayunt CrustlyPaizs: Ho more spoce to sllocate memory!!®});
9 sinclude *Lot.istBBPLr.h° 10 FATAL O VALIDlIsclected Lrack _type = nuw LolListCardinal()) ts NULL,
[ pinclude ‘matrix.h”® 71 *Ageint CieatuPoits: o wure space to allocate wemory!tt!®);
(X tinclude "PairiD.h* 72
[ .h‘chlde ‘l‘.ll’lek.h‘ 73 Ia-..---.--.o.-.-.....-.--...-.o.-------.-----sa-.---n-n-o-onll/
B stinclude *FalvType.h® 4 2eese Select o sumple of tiacks (if truck bist not empty), **°*y
K] sinchude 'Ptototypll.h' 153 A R R N NN R Y]
53 tlnclude "StetuType. b 11 sitdut LEnth,
16 sinclude °Stutetipdate.h* X} tprintblutders, "l ot elements in Lrack lise: $d*, track_list->NumberOtElw
V? tinclude *TrackingType.h* mentsi));
L] {14 IHN includes " sendit
19 tinclude °IHHHodeCombinationType.h* 79
20 #sinclude - 1MMStatelpdate.h* L[] bttvsach _list-tunbuttiiements () = 0) 1
20 "l BE NuluctTrochbamplelsetuctnl track Hisy, suluct ed_track_Lypu):
a4 vald Creatwllaics (LoDlsckBlossd *cuntadt _huttuar) H2 )
3 ] L}
23 AssignmentMatrix *assignment_matrix; ¥}
25 Alloci-uon'rypc a IOC‘II.QI\_(YDQ: us R R R N R R Y]
26 HaPtrArray *erack_list; Hé 7ot Chuek bt the selected tiack bist is empty.
27 Cardinel contact_lndx, trvack_indx, counrer, vontact i, H? AR L AR YRV
kL] Cardinel *axpected_numbur. °*list_size: [T]
] CantectPasition *contact_position; [} ] s dsclectud tiack_bist: sllumberOFfE)euents () as O)(
1) Lo_Boolean *delete_contact; 490
3 I.D_nnﬂ'.ln 'tr.ck_undatml; 91 AR N N R Ny N NN ]
12 t.oBlackBoard ‘palr, *assign; 92 I
|) |_°|‘|.(uupt' 'contact_“n; 93 R R N N Y NN RN NN
2] LoL.istCavdinal *selected_track_list; 93
13} Lol.istCardinal *selected_trvuck_type; 95 sitdul BELUG
113 Palripn *palr_Jd; 96 fprntfistdury, *CHEATE _PATRS : cuntect not assigned \n*);
11 PalrtTask ‘paiv_task; 97 tpvsnt flstdens, “nunbus of vlements bn contact Jists wi®, contact_list->Humbe
(L] talsTypo ‘palr_type; tUtE ement s b)) ;
19 Statelype *contact_type; ye sendif
40 StageUpdate *state_update; 29
4 TrackingType *tracking_type; 100 tur (euntuct _sndx = O ; contact_indx < contact_list->HumberOfElementsi) ; co
42 IHHStat eUpdace *1HM_state_update; ntact _fandnee |
4 HiHHoduCombinationType selecteditudeCombo; 101
4 102 /* Allucate Nlemoty for a new CONTACT TRACK_PAIR data type . */
49 bitdef DEBUG 10} FATAL _O_VALIUL (tiack updated = nuew Lo_Boulean) 1= HULL,
46 cerr<< °“CrestePalrs® << endl; 104 ‘Ageit CruatePalss: Ho more space to allocate memory!!®);
41 pendl € 109 CATAL O _VALIDItpals _id < new PalrIng)) s ntll.,
4H 104 *Ayunt CruvatuPairs: 110 mote space to sllocate memoryt!*);
49 P R R R R R R RN R 10? FATAL O V&I-ll‘l(lmh type = Aew PaiaType) ts NULL,
tees / 108 “hyetit Cruatedairs: e mote space to allocate memoryt!*);
S0 /***¢ This agents creatas the contect/track pabss vused tor yataing 1 0 Leach 1y FATAL U_VALID{{pais _task = nuew PuirTask) tu GULL,
/ 1o *Agunt CrustePajnrs: Ho wuie space tu allocate memory!!*);
"l iy selected, the contacts will cruste new trucks amd o gating tebvionsl (R B FATAL O VALTIO{{Lracking_type s auw TracklingType) 15 HULL,
e *hgunt Crustelairs: O meie sSpace Lo allocate memoryt!*);
Y2 /e°** will be pertormed. [NR)
[RE] 7% tict valucs for all the memhers und stesibutes ol o CONTACT_TRACK_PAIN
o4 s it aseesenaa st es st assesanen s s nantasetei et ua o tacsat st ea st be N "y Teatupt wombies THAUK _STATE DEDAVE) . */
136 peir_ luwh « CHEATE HEW THA(CK,;
Y} 1 *taoth upndatued - CTRUE;
"y [ARAEALREALELRALE R AR ELERE ALY 11H *tiuthing typu trrackingtype) G tracking, typu;
' 2% [yt teve tho Contact Liut. ¢/ 1y sulecteditodetombn - CIHoteCudstiat iontfype) G sclectuditodeCambo;
DY ] Jt%%cccsnsertresssvesernsscsssstsaney 120
“ Get ValuvBypDatatcontact _butter, CONTACT_LIST. bLiuntact bhiatd, 121 7 Updaty pait 1d- <t rach_tmber 0/
S 124 ot b stsach tmmbics s N,
(14 Jorrssssenstiinsacansatoninisnscenssy 129 peait il strach anduex < contavt  daadx; 2727 s eer 322333222 check this onu
(1] /% Hutrieve the Track list. *+*ey v
1




Jul

3 2000 14:32:00 A_CreatePairs.C Page 3

Jul 32000 14:32:00

A_CreatePairs.C Page 4

- D A -
- - -

154

19
156
157
158

159
160
161

162
16}
164

166
167
168
169
[ XJV]
1N
12
1)

174
(NE]
176
N
179

/* Update palr_id->contact _numbur */

GelValuuByData{contact _list-sklement (contact indx), COBFACT FOSTTLON,
tact_ pasition);

pair_id->contact_anunber s contect position--contact _nunbes ;

tcon

/* Set attribute PAIR_TYPE. °/

GetValuebyDatatcontact_List->Element (contect _ bndx},
~typel;

GetValueByData{contect_list->Element {contact  indx),
¢_contact});

CONFACTY TYPE., Luountact

DELETE_CONTACT, &delet

A N R R P )

/1 Switch on contact type end Track Cootdinule Systum

/] ®0%0 5000000000004 0 0000000 nasca00RsRRAtREcORRNIIOINTTS

awitch (*contact_type)(
case XV
‘palr_type = XYRY;
el tdut DEBIG

cerr << *CroatuPale:: paly_type o XXV, o Liack dn taock Mist® <o windd;
tendi!
FATAL_O_VALID{ (state_update = new StataUplatul (XY _STATE DIH ¢ 204} ¢+ WU
LL, \
*Agent CreatePairs: No moru space to ullotate memoty! ' *);
break;
case RB:

!t *peir_type = RBRB;

FATAL_O_VALID( ({state_update = new Statullpulatef (HIs STATE O = 2))) s HI}
L., \
*Agent CreatePalrs: Nu nmore spacu tu sl loCote memaiyt!®);
break;
cass BO:
‘pair_type = BOBO;
FATAL_O_VALID( (state_update « nuw Statulipdutelihu STAVE OIIL ° 2))0) - MY
L., \
“Agent CreatePalry: No wiru spucu tu allucuty memuty! ! )
break;
default:
/**** Sat the DELETE_CONTACT attribute tu THUE aiul activate the contact
.l..’
cerr <¢ "CREATE_PAIRS: Invalid comtaucl typu: Dueleting cuntect st * <o
endl;
for l(counter = 0 ; counter < contact_list--BoshetotElementsi) ; tountars
Ol

GetValueByData(contact_list->Elemant [countur ),
-contact);

*delete_contact = TRUE;

ActivatebBBlatalcontact 1ist->Elument tcounten )i,

DELETE CONVACT, tudulete

)
NeAct ivateNat e (CONTACT_BUFFER) ;
4! Exit from the rvoutine
return;

}

21 *** Instantiate the nuew palr on the B, ***
lostant fateNeatalpals, CONTAUT VHACK GAIH);
L€ (| *trecking_typw ra JHH_FILTEW )
FATAL_O_VALID{{INM_state_update 3 nuw NIMSLal cUpdat e ise bectedifadetombie) )
ts HULL, \
*Aygent CreatePairs:

Ho mote spuce (o allucate memory?t*);
SutValueByDatatpalr,

THH_STATE_UPLATE, 1NN state ugnlutel,

SetValueByData(palr, TRACK_UPDATED, track_updatadt,
SetValueliyDataipale, PAIR_TYPE, paii_typul);

'y
T
ih)
182
18}
183
1A%
LTS
LK}
188
Ihs
190
(3]
142
14}
194
199

196

19
L]
199

200
2010
202
2010

LSut Ve lwubybotalpers,
SutVae lucliybDutulpabs,
LutVa lucliyllota lpabs,
SutVa luuliyhDetalpals,
pait - >PutAcLonlisih,
)
delute selectued track

FAIK ID, pair_ dd)y:

TASK, puir_task);

TRACKIIKI_TYPE, trucking_type);
THACK _STATE_UPDATE, state_updatel};

list,

elsel 77 HumbarOtElementsi) ta 0

P A R N R R RN RN R R T

11°°0° Csualye thy contacl ¢ Lruck pairs. eree

[/* %00 s 000 0arstsb0s 000000 00ccsantattebotnsnna

for (contdact_indx s 0 ;. contact_indx < contact_list->NumberOfElements() ; co
ntace_indxeej
for ttrack_fwix = 1} ; track_indx < selected_track_)ist->NumberOlElemantsi)
soteavh bainea
17 Allucate Humury 1t o nuw COHTACT_TRACK_PAIR date type .
FATAL O VALIDI{Lcack_ updated = new Lo_Booleant 1= HULIL,

*Agent Createbairs: o more space to allocate
FATAL_O_VALID (puli_dd 3 new PairID()) t= BULL,

“Aggent CreuvlubPairs: Ho more space to allocate
FATAL O VALIDI(pals type & new PalsType) s NULL,

“Agunt Creatutairs: Ho more space to allocate
FATAL _O_VALIDI (pals _task <« naw PalrTask) t= NulLL,

‘Aguit Credtubairs: No mole space to allocate
FATAL O _VALID{ (trucking typa = new TrackingType) s NOLL,

wemorytt®);
\
menory!!1°);
mamoryti1®);
\

memory!t°);

*Agent Cireatebairs: No more space to allocate memoryt!~);
17 Sut valuus tur ol
17 CONTACT _TRACK FAIN
‘pabr_taul - GAYTIKS;

*track_updated = FALS
*tracking type a

sy lecladlodeCombo

tlhie members 4nd atteibutes of a
lucupt member ‘TRACK_STATE _UPDATE) .

{TrackingType) G_tracking_type;
+ {1ModeCombinat ionType) G_salectedodeCombo;

7 Update pals _ i ~ttack numbes *7
pais _dd-ctruch nunlaes - sulected track list->Elument {track_indx);
pait_id >track _snden - track_indx;

1* Wpdate pair_bd scontact_number */

GetValucbyDatalcuntact _list »Element (contact_indx), CONTACT_POSITION, bc
untlatt positiond;

puir_bd-scontact nawber = centact, position->contasct, aunber;

/% Sul attaibutu PAIN

GutValuubybBatulcuntaut
atotypaed;

GutValuvbyDala {Cunit art
clu Contuedt b

TIVE. o/
Fhut - 2Elemunt {vontact badx), CONTACT_TYPE, Lconte

list >Element {feontect _indx), DELETE_CONTACY, sdeld

Prltcuntart type -« g
tpndnuf tovdore . v Jlambses
“thmbet OEbemuent 543 ) ;
tpeinttistdens. *\a Hunber
ol List-slumbe1 OlElqvent ),
tpranttistdens, “vn tdeh contact elument of type wd-,
mact_typul,
tmintttstders, “\n wlth ti1ack elenment of type $d corresponding to trac
Lotshiee Wt traeck dandx, selected tiack type->Element {teack jndx),

ot Elements in Contget livt =%d*, contect_|

tat
vl Elements in Track list

wwd®, selected_ta

contact_indx, °*co

2




Jul 32000 14:32:00 A_CreatePairs.C Page 5 Jul 3 2000 14:32:00 A_CreatePairs.C Page 6
a4 sulectled_track_list->Elument (teack dnex)i; )
)5 ) inY hitead;
216 290 tauge BO;
2 switch (*contact_typel 291 ‘pull _typu « bbbt
Pl Cose XY 2192 FATALL_O VALID((state_updete « new Statetpdate| (BU_STATE_DIN * 2})) !
21y - HULL, A
240 switchiselected track_type->Element (trach _ladxit 29) “Ayent CreatePalrs: Ho more space to allocate memoryt!
241 case KY: ‘.
232 ‘palr_type » XYXY; 293 bLireab.
24} FATAL_O_VALID((state_update s nNew Stotoalipdutul (KY_STATE DIW * 2310 ! 195 detault :
s HULL, \ Iyé ceri s “In CreatePairs.: track type undefined.” << endl;
KT} *Agent CreatebPairs: No more spuce tu alluvcote memory!? 297 exit10)
R N 298 )
245 299 [
2L fltdef DEIK; jub dedoult,
24 cexry << "Createlalr:: pairv_type o« XYKY* <o wiudl; o Z*0** Sut the DELETE_COHYACT attribute to TRUE and actlivate the contac
238 fendit L. *ceey
249 102 Cert << ‘CHREATE_PAIRS: Invalid contact type: Deleting contact list *
250 break; s« end);
291 case 80: 14l fur teounter + 0 countuer < contact_list->NumberOfElements{) ; counte
252 ‘paly_type = XYBO; ot
2%) FATAL_O_VALID( (state_upduole s naw Statuellpdatuel it STATE 0300 = 2p0p (LK) GutValuuliyDatutcontact_1ist ->Blemunt (conntur), DELETE_CONTACT, btdelu
« M, N lue cuntatt);
2494 *Ayunt Cigatubaelra: Mo moru spuitu Lo sl lucatle menery* Y Silelote cuntact o THIE;
*): joé Activat cliiDat wlcontact  Jiot- 2Elesent (Conmnten ) ) ;
255 break; u? )
256 default: . 108 . Nehct ivat eltut a tCONTACT  BUFFEKR) ;
257 cerr << "In Createlalrs:: tveck type undulined = <« wndl; 109 tetoen;
258 axit 0y, o }
259 LI | I RN
260 . break; e 7* Instantiute the new pofr on the BB, ¢/
2610 a RB: (1B InstentiateDstalpalr, COHNTAUT _CRACK_PAIR) ;
262 switch{selected_track_type->Element (track_indx}){ [ J%} 1€ 1 *tiacking type =z IHN FILTER ) {
26) case RO: s FATAL_O _VALIDI{IIIN, state uniate = pew [MHSLatellpdateisel ectediiodeCombo
264 ‘pair_type = HBRB; UL RS TTHT P PR
269 FATAL _O_VALID({{state_updale = naw Statuthulatet ikl LTATE DIW * 21)) ¢ 16 thyent CreutePalss: No mure space Lo allocate memoryi!®)
s UKL, \ .
266 “Agent CreatePairuy: o oty sputu tu allocate mumuryt? (2N ScetVe buchylhtaipabr, 1N4_STATE _UPDATE, 1M state_update);
‘4 11N
267 bruak; "y SetValuubyatulpars, TRAUK_UPDATED, track_updated);
268 case BO: 120 SetValuetybatalpair, PAIR_TYPE, palr_typel};
269 *‘pair_type = RBBO; 11} SetValuabBylietalpais, PAIR_ID, paic_Iid};
270 FATAL_O_VALID( |state_updata * new Statuclipdate| b _STATE_DIN * 20 ¢ 122 SetValuebylatalpair, TASK, pair_task};
= HULL, 12 SetValuebylatu{pair, TRACKING_TYPE, tiacking _ typeld;
amn “hyent Crteatebairys: Nu mute spucue 1o sllucate amemuiry!! | 2] SutVuluetiyDatalpais, THACK STATE UPDATE, state updated;
") 32 pabe - ctutActonbliih
272 break; )26 satduel BREHWG
21) dafaule: 129 fpsinctistdurr, “UHEATE_PAIRS: contacl #%d associated to track #%d \n”,
2N cerr << °In CreatePalrs:: track type undutinal * <o wrull; poir_id-scuntact numbus . pais id-2tiack _nueber);
2715 exiL0); 2N Sanndit
216 b2y
2117 Ineak; IR1{] )
278 Cusg B0: [ R] ]
2719 switchinelaected_track_type->Element (trat k tindx} )t 142
2“0 Cabe x" ‘l‘ P N R K] L
FL1] *puis _type » BOXY; 133 / ¢ Instant tute thue ASHIGHRENT date Ly ¢/
42 FATAL_O_VALIDI{elalu_update = nuw Stetetpdet al (&Y STATE DL * 230 19 ARARA LR EREREREE RS AR AL LR
- NULL, A\ ile
M) “Agent CreatePalzs: Mo motu Spute 1o allucate momary ! (NN Instant istelatuolossign, ASSIGURENT) ;
) (R} FATAL_O VALIDLtasLbygiment _mat X =~
Hd Lruak; \
2HY casa R [XV] nuw Ausignment Hat g iniselect ed tiock 1out -HunberOfElamunts i),
246 ‘palr_type = RORB; countact _higt-ctunbrei OtElements {1 ) ) 1= HULL,
20! FATAL_O_VALID({state_update = nuw Statulipdatal (RN STATE_DIY ¢ 209y 10 “hAyuntl (arvatePulrs: Ho more space Lo allocaty memory!!~);
s« NULL, A\ IXY} FATAL_U VALIN (expected_punbur 2 new Casdinal) t= HULL,
2ue

"Agent CreatePairu: Mo mortu space tu allocote

oy ! !

\
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e
13
)i
1

146
LY
148

ey

350
st
s2
159
%4
158
156
1%
15k
199
Jo0
)6l
162
16}
164
365
166
1 1Y
J6M
169
170
1
172
17}
14

*Agent CreatePaivs: Ho more space tu ollucule wemaytty,
FATAL. O_VALID{ tassociation_type = nuw Assochatiunlypue) t= HOLL,
\

“Agent Crestelairs: o more space tu ollucule memoiy* ! *y,
FATAL_O_VALID(t)ist_size = new Cardinal} != MOLL,
\

“Agent CrestePairs: Ho more space to allocate memory!?*);

?* Seat values for all the members ond attributes ol the Nute Type ASLIGHIRNT
*t
runpected_number « contact_list->llumberOfElemcntsi) * suluctud trach diue -1
tmberOttlements () ;
*list_size = O;
cassociatlion_type = (AssoclationType) G_associal bon (ypu;
asuslgiuegnt _matz ix-»>teack_numbus _llut » sulductud taiach biut,

SetValueByDatalassign, ASSOCIATION_TYPE, associetion_lype);
SetValueByDatalassign, EXPECTED_HUNBER, expected_numbes):;
SetValueByDatalassign, LIST_SIZE, list_size);

SetValueByDatal lgn. ASSIGHMEUT_HATRIX, assiginmunt matain).
SutVelueliyDacal lgn, CONTACT_TYPE, contacl_tyjwu);

/* Put Lhe Data Type ASSIGHMEHT un thu BY */

assign->PuctActOnBBl);
)

delute selected_track_type:

|
DuActivateData (CONTACT_BUFFEMN) ;
tetudng

IncludebaseAgent (CreatePalrs, °“CONTACT _HWUFFER CONIFACT TRAUK Shlk-,
*‘Create the contact/itrack palrs tor gating *i;
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| sinclude °"ContactiD.h* 6?7 FATAL O_VALIDLItrack_statu 3 nuw TrackState{ (XY_STATE_DIN * 2))) 1= NULL,
2 sinclude “CuntactPosition.h* \

] ¢include “LoUBFunctions.h* (1] “hgunt CivaleXYTrack: HO mure space to allocate memory!!°);
4 sinclude °LotilackBoard.h* (1]

5 sinclude “lLoExternParameters.h* 10 tiack statu-storget_numher = contact_position->target_number;

6 sinclude °*LolncludeBaseAgent . h* 1" ttack_state->track_number = ++G _current_nb_tracks:

T tinclude “OwnshipDaeta.h*® 72 track state-»type ¢ *contact_tLype;

L} tinclude *PairiD.h* 1) track_staete-s>stoetus = JUETIATED;

9 sinclude “PairType.h* KX

11] sinclude “PajrTask.h* % track _statu->time = contact_position->time;

B ] finclude *Prototypes.h" 18 teack state->state_vec->mel0){0) = contact_position->state_vec->me(0)(0];
12 tinclude °Proposition.h* " tiack state--state_vec--melll{0) = contact_pusition->state_vec->mafl)(0);
1) finclude °*SteteType.h" 16

(K] tinclude *TrackState.h* Y LG target pus coutd - XY HEL DLHK)

19 Ho

16 tinclude "TrackingType.h* L1] Liuch statlu->stute_vuec->mal2)(0) = 0.0;

X #include °IHHModeCombinationType.h* 82 track _state->utete vec->me{d}{0) = 0 0;

18 #include "1MHTrackState.h* B3 )

19 dinclude *IMH_CVCA.h* (2] else if (G_target_pos_coord =3 XY_HEL_OIMS) |

20 s 17 Get uwnship duto

a1 void Crestek¥YTrack{l.oBlackBoard *pais) Hé GuiValuchyDat aF i 68 Mt anca (WIISHER DATA, (MNSHIP_DATA, bsownship_data}l;
212 [} Hi trath blotu-sutotly vec-ssuld) i) « - ownship data->x_vel;

4 Catrlinal conteact_numbur, badex; (1] Lead b wbaty-sututy vee smaf 1J{0] < wwiuship data->y_vel;

44 Contect D *contact_id) LT )

K1) Contectiasicion *contact_position; YU

26 t.oBlackBoard ‘data_ptr, ‘contect_pkr; 91 /7 tiuth stote vttule vec->me(2)(U) 2 0 O,

2! 1.0_Boolean sdelete_contace; 492 77 tiath slote->stale vec->mefd)(0) =« 0.0;

a0 talriID spalr_id: 9)

249 PairTask ‘pair_task; 94 teach stalu-«cuv et ->ing(0){0] = contact_position->cov_mat->me(0)(0};

10 Propouﬁtlnn *new_prop) 925 t1uch stalu-»cov_mat->nae|0}|)] » contact_positinn->cov_mat->ma(0){));

1l StsteType *contact_type; 96 tyachk stute-scov_mat->me{l}{0] = contact_position->cov_mat->me(}}0);

3l TrackState *track_state 2 trach utalu->cov_imut->aci{l}{)] = contact_position->cov_mat->mefl}fd);

1) OownshipData *ownship_dat LT tioch stotu-scov_mdt->mel2)(2) + G_default sigma_vxyair * G_default_sigma_vxya
EL double n_rel, y_rel; ir:

18 94 tiack stute--cuv mat -omu(d) (3] = 6 dafault_sigma_vayair * G_defsult_sigma_vxye
16 TrackingType tracking_type; i

X} IHMNodeConbinat lonType selectediodeComho; 100

11} IHMTrackState STMH_tveack_state; 101

39 102 /* Bousl tiack vovatiance when not figim */

40 sitdet DEBUG 10} sm_mlt (G ass_boost_factor, tidck_state->cuv_mat., track_state->cov_mat);
4) cerr << "CreateXYTrack®<c<endl:; 103

“° vendif 105 1* Shauid also compute x, y, altftude, vx, vy, and vz. */

4) 106 trach state-»>x = track_state->state_vec->mal(0){0};

44 /7°*** This agent creates a new TrackState and Proposition *=** 10t track _statue->y = track_state->state_vec->mefl]{0};

49 /**** in order to cre a new AY tiack. XXy 108 tiack slate:-vx s Liack state--state_vec--me(2)(0);:

46 109 tiuch uvate-»vy - track stele-»stat8_vec--muld)(0);

4 /**** Retrieve the contact. ****/ 1o

(1] GetValuaByData(palr, PAIR_ID, &peirv_idiy; 1 ti1ech state sultitudu - contact_position-altltude;

[} contact_pumber = palr_id->contact_number; 12

40 I ({contact_ptr = GetContect{cuntact _nwmmiar)) <+ NOLLL i 27 vanygy aind et g alvays computed tulutlve to Ownship

s curr << * Contact specifiad {n the pair douvs not emist * << wnlb, 13 it t6G tuiget pou_covosd -- XY_HEL_DLRE)

52 raturn; 1S

5) ] 116 20 Gul awnuhip data

5 AN GutValucliyDatab best tnstancu LOAUNISHIPR _DATA, OVUSHIP. DATA, Lownship_duatu);
9% GutValueByDataicontact _ptr, CONTACT. POSITION, bcontact positiond; 11K .

%6 GutValueByData(contact_pty, CONTACT_ID, écontecti_id); Iy x tuel - cantact pusition-sutate vec->ne{0) (0} - ownship_data->x_pou;
LY GutValueliyData(contact_ptr, COUFACT FYHPE, bcuntect typul), 120 y orel - contart posid b cntute vee ool 1] {0] uwnshifpe data- >y, pos;
U1 GulVa luulylstatcuntact _pta, DELETE CUNTACT, bdululy countuit ), 121 boulug

Yy 122 K osel - cuntact pusitiun-sptatle vec->uctid] j0);

(1] sitdef DEBUGC . 12) y 1ul - contact _pusition-rutate vec-zwu|d 0]

(1} cury << "CREATE_KY_TRACK: contact numbes = < Cuntact pumbar vooendl, 129 )

b2 cury << *CHEATE_KY_TRACK: cunLact tLypue 3 ¢ N< tcontuct typu s~ oudl, 129 tioch wlatlu ~toiye e Slant _Rangeix_re), y 1ed);

&) sendi 126 tiach stotye ~beuting a2 Slant Beasbnyix_sel, y rel)

[ 2] 127

65 1o+ Instantiate and [il) the TRACK STATE duta type. */ 128 tracking typy « (TeackingTypu) G tvaching type;

[T 129

switehittsauching _typel

.
1
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11o (LL) *dulete _countace = THUE;
1) case KALMAN_FILTER: oy hct ivateBbbatatcontact plal,
142 1%++* Set the value of the TRACK_STATE duta type anel put 3t sclive i the Bb 190 1etuin;
. teeey 191
113 InstantiateNDataidata_ptr, TRACK_STATE); 192 )
(B1} SutValugByDataidata_ptr, TRACK_STATE, track_stole); 193
[ R} data_ptr->PutActOnbD{); 194 Inc ladelasehgent (CtsateXVTiack, *CONTACT TRACK _PATIR HEVU_XY_TRACK®,
:}: bruoask; 14S “Prepate infurmation in otdes to create a new XY track.*);
196
(R case IMH_FILTER: 19
119 selectedHodeCombo » {I1llHHodeCombinat ionType) G_select editudeCumbo,
140 FATAL_O_VALID{{IMH_track_state * new IHMTrackStateiscbenteditodeCumbiu)l b = 118
L, A\
131 *Agunt CiealeXYrliach: Ho muty opoty Lo ol aba momeiy ' t),
142
14) switch{selectedHodeCombo) {
144 case CVCA:
145 IMM_CVCA_CrestexYTrackitrack_state, IHM_track_state);
146 break;
147 default:
(XL} cerr << *A_CreoateX¥Teack: soluclediodetCombo undat taud Vas,
149
150
1% /%*** Syt the valuw of the 1ML CONBINE STATE data type und gt 1wt tha BBl
l‘O.I
192 InstentlateData{dats_ptr, (N4 _COMBINE_STATE);
%] SetVaiuveByData{dats_ptr. TRACK_STATE, treck_statu);
154 SetValueByDatai(datae_ptr, IHH_TRACK_STATE, IHM_tiack statel;
15% date_ptr->PutActOndBi();
156 brebk;
157 .
158 detault:
159 cerr << °*A_CreateXyTrack: tracking_type undatined \n°,
160
161
162 /*¢*s Instantiaste and £il} the PROPOSITION data type. *f
16) InstantiateData{data_ptr. PROPOSITION);
164 FATAL_O_VALID{ {naw_prop = new Propositionitrack_state->teach umbesi) - L,
\
1898 *Agent CreateXYTrack: No more space to allucete memuiyt?);
166 new_prop->numbher_of_propositions « contact_id->number_ot_propusitiuvns;
167 new_prop->proposition_origin.source = contact_ld->proposition_vrigin. suuce;
168 new_prop->proposition_origin.time = contace_id->propositiun_origin. timu;
169 new_prop->proposition_origin.attribute type = contact_ld--puapasition uiigin o
ttribute_type:
10 new_prop->propasition_origin actribute_value = contact nl cpupostit ben vy
attribute_value;
(N2
V2 tor tindex = 0 ; index <« contact_jd->number_of_propuositions , i1mbuxee)i
1) copy ({{char *} &{contaci_id->paopositionfliandux ¢ OF_H_BAX FROP WYTRS) D
174 {{char *) &inew_prop->propusitionlindex * DE_H BAX_ RGP BYILSHI) . V)
_MAX_PROP_BYTES);
[} naw_prop->massfindux) =« contuaut bd->masefindun};
Ve ]
"M
W
119 SetValueByhata{data_ptc, PROPOSITION, new_prop);
140 Jdeta_ptr->PutActOnBBi);
140
"2
14) 7%*** Sgt the PAIR_TASK attributuy to DELETE_PAIR =y
189 GetValuaeByDataipair, TASK., Lpals_tauk);
1HY ‘paiv_task » DELETE_PAIR;
146
‘“" ,ltll

Sut the DELETE_CONTACT attribmite tu TRUE and aCtivete thy cuntact revsy
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[} sinclude *LoBBFunctlions.h”
& sinclude “loBlackBoard.h*
[} tinclude *loincludeBaseAgent . h*
4
5 finclude *PairliD.h*
6 Sinclude *PalrTask.h*
! tinclude *PalzType.h*
] tluclude *StatsUpdate.h*
? sinclude *TrackingType.h*
0
[R] ¢ M Includes
12 finclude °*tHHStateaUpdate.h*
[N
R vuid Dolutubaly (t.oBlackDossd *pulr)
[ ] ]
1o tardinal Index;
Y] l.o_Boolean *track_updated;
I8 PalrTask ‘pair_task;
19 Pairin ‘pair_id;
0 PalrType ‘palr_type;
2 ScateUpdace *state_update; '
23 TrackingType *tracking_type;
RE ] 1HMSLat ellpidat e *IMM_state_upiatu;
24
2% 0l tdef DEBUG
26 cerr<< *DuletePair® << endl;
27 sundit
an
29 /* Thiy agent deletes ¢ CONTACT TRAUK. PAIR. */
10
11} /* Exvrect data pointer from blackboard and get all valucs
3”2 {void)ExtractBBData{pair);
) GetValueByData(paic, PAIR_ID, epaiv_id);
L] GetValueByData(palr, TASK, spair_task);
9" GCetValuuByData(psiv, PAIA_TYPE, Lpair_type};
16 GetValueByData(palv, TRACK_UPDATED, ttrack_uplated);
M GetValueByData(pair, TRACK_STATE_UPDATE. &Gstate_updetel;
18 GetValueByDatalpalr, TRACRING_TYPE, straching_typel;
9
1] it ( *tracking_type == IMH_FILTER ) |
41 GetvValueBybataipair, INH_STATE_UPDATE. LINH_statue_upduted;
42 delete THM_state_update;
3 }
4
L k) 7° Frue all memory. °/
(13 dulute paiv_id;
41 delete paiv_task;
48 dalete pair_type;
49 delete track_updaced;
50 dulete state_update;
5; dalute Liacking_typu;
Y
93 dalote pair;
Y4
5% rutugn;
113
5!
5 IncludeaseAgent tDeletePaly, “CONTACT_TRACK_PAIKH HULL*,
"y ‘Delete a contact/Liuck palr.*);
(4]

()
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1 #lnclude <«math.h> 67 17 Gut ownship data
2 sinclude *ContactPosition.h” (1] GetValueByDatabisut Inst ance (OWISIHEE DATA, CUISHIP_DATA, township_data);
) #include ‘lLoBlackBoscd.h* 69
[] vinclude ‘LoExternParameters.h* 70 covered _dist_x = ownship_dale->x_vel* delta_time;
5 pinclude *lolncludeBaseAgent . h* 71 covered _dist_y « ownship data->y_vel® delta_time;
[ 3 sinclude °Lol.istBBPtr.h* 12
1 oinclude *matrix.h* M 17 Rutrleva thic 1M _tsuck staty
] sinclude *OwnshipDatas.h* X GetVu luvliyDatuftrack, ITHHM TRACK_STATE, &INM_track_state);
9 tinclude *PairiD.h° 15 modeCombo «» IHI_tiack_state >modeCumbo;
0 tinclude “PairTesk.h* 76
3] sinclude *PositionType.h* M it (track_state->stetus as IHITIATED) |
[ sinclude *Pecototypes.h* LL] 21 An XY Contact updatus an initisted XY Track. No IMN
1) tluclude °*StateType.h® 79 1) tilter by applied but the positional data und the
:4 sincliude *TisckStetu.h* u? 21 cuvarlonig mate ix wiut be ugnlat wil.
S L]
(1] einclude "IHHModeCombinationTypu. b b2 71 Stusn with Lthe THAUK_ STATE
17 tinclude °*IMHTrackState . h’ 8) FATAL_O_VALIO({stetd upd « new TrackState(track_state _dim}} 1= NOLL,
18 tinclude *INMStateUpdate. h* \
19 #include °*IHM_CVCA.h* 83 "A_THNFi btorXY_XY: Ho more space to allocete memory!t®);
0 HS
21 void IMMFIlterxy_XY{loBlackDosrd *pair} (1A utatu uptd stuigul mushues = contect position--tergel_number;
22 { ut Ltaty wpld->track nuslivs - Liack stale- -4 rack_number ;
1) AR e R T T R T L] [1] ututlu upd- stype = track stale-stype;
24 ‘" 1MM update ot XY track with an XY contect Ay 89 dlutu upd-»status = TENTATIVE;
;5 flemcmmccccamrees R SR R L L D LR °/ 90 Ltate_upd->time s contact _position->time;
[ 9
27 Cardinal crack_state_dim; 492 7* Uptatu thae Track. *7/
24 ContactPosition ‘contact_position; 9) it {1{G_turtyut _poy cuoed +: KY_HEL_DLAP) L& (IG_target vel_coord == VXVY_ABS)
29 LoLiseBBPtY *contact_Jliac; )
Jo LoBlackBosrd *data_ptr, °*track, *contact_ptr; 9 |} (IG_targut, pou_conid == XY_REL_OWNS) &4 IG_target_vel_coord ss VXVY_R
3 Pairip ‘pair_id; Bl ovms) )
)2 PairTask ‘pair_task; 9% {
) PositlionType strack_position; 96 t/ Standard case., no velocity correction required :
n TrackState strack_state, °*state_upd; 97 7/ Eithar everything absolute« or everything relative
)8 OwnshipData *awnship_data; 96 state_upd->stoate vec >mel0) |0) = contact_position->state_vec->me(0](0);
)6 double delta_time; 9Y state_upd->stete vec »mell])[0) = contact_position->state_vec->me(l)(0);
1 X} double x_re), y_real; 100 stete_upd->utate vec--mef2){0} = (cuntact_positian->state_vec->mea{0)(0)
1] double covered_dist_x, coveral_dise y;
)9 1] track_state->state_vec->me{0)(0))/delt
40 1¥HHodeCombinat lonType modeCombo; s Lime;
@ IMNTrackState *INM_track_state, *I1NH_statv_ukl, 102 state_upd->utate vec->mel}}{0) = (contact_position->state_vec->mefl) (0]
12 1HHStatelipdate *IMH_state_update;
4) 10} track_state->state_vec->mefl|(0))/delt
[} track_state_dim « 2 * XY_STATE_DINM; o time
44 {112 ] sl DEBUG
46 /* Ratrieve the pair. *7 oy Curte v 0 ARLZARN w1 KELZHEL XY Statw Vector tlpdatued * << end);
4 GetValueByDatui(pale, PAIR_ID, bpalr_id); (Xe1Y sundit
4 107 )
(3] /° Retriave the track_state. °*/ (L] clue #8 (4G vargul poy coosd sx KY REL OWNS) & (G Laryel vul_ coord as VXVY_
40 track = GetTruckipalr_id->track_number}; AlS) )
51 GetValueByData(tvack, POSITION, btrack _positliony; ] t
52 track_state = track_position->state_historyl0), 1o state_upd-sulate vee -mef0) ) = contact_position-sstate_vec->me({0)(0};
53 111 vlate upd->staty vuc--neld ) {0) = contuct _position->utate_vac->muald)(0];
s /* Retilave the contact lisc. °*/ 112 ptatu upnl sutute vue cmef2){0) » (cuntact _positivn--state_vec->mef0) (0}
5y GetValueliyDataFirst 10stanca iCONTACT_BUFFEN, CONFACE LINT, tountact biwt];
Y6 (AR track_statu->stalu_vec->mel0){0) ¢ cav
857 /* Rettlove the contact. ¢/ coodh dltst ) Zdelta_t b
L] i€ ({contact_ptr = GetContacti{palr_fid->contact numbiet)) -- tiLL | 113 vtale upld->stlatye vec <wei{d 0] - (cuntact_pousition:>state_vec->mall|{0)
59 carr << * Contect specitivd in the palr dude vt exivt = <o vl
11} return; (383 track_statu->state_vec->mefl ) {0) + cov
(1]} vted dist_y)Zdolto_time;
82 GetValueByData(contact_ptr, CONTACT_POSITION, &Lcontact positiun); 116 sitdat DEBUG
) 1 celr << *REL/ABS XY State Vector Updated * << endl;
64 delta_time = (contact_position->time - track_state >Limu); [B]] sundil
65 if {1delta_time) delta_time = 0.001; 119 ) elsa |
(1 120 cutr << “A_THHFilLer &'¢ XY Target position or velocity Coordinate not
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supported * <. endl; (XX )
1210 exit i) 14
V22 ] 115 /*¢tt Set the value of the 11H_COMBINE_STATE data type and put it active on
12} the BB, **sy
124 41 For initializing, the current and prior contacts are asswned uncosiuvlated V1 1é lnstent letelata(data_pey, THN_COMDINE_STATE) ;
? 11 SutValucliyblata{data iy, TRACK_STATE, state_upd);
129 state_upd->cov_mat->me|0][0) = contact _position->cov_mat->meft)) 0] ; (K1) ScetValuchiybDutalduta s, 5N FRACK_STATE, THU_state upd);
126 state_upd->cov_mat->me(0)§)) » contact_poslition:-cov mat->wa(0)1V]); 1y Qata _ptr->PutAcsOnnd|
12 state_upd->cov_mat ->na{0){2] = contact _posltion:scov_mat->me(0]1{0)/dedta_tam (¥.10)
., 181 200 Sut the PAIR_TASK swiribute to ID_UPDATE. ®¢*e/
128 state_upd->cov_mat->me{0}{)) = contact_position-»cov_mat->mai0)fd)/delta_tim 182 Get ValueByDato(patr, TASK., Lpalr_task);
“; 183 *‘pair_task = 1D _UPDATE;
129 state_upd-s>cov_mat->mall ) {0] = convact _posltion-zcov_mat-=meld) {0} 184 sitdet DEDUG
130 wtata_upd->cov mat-swmall (1) = contact poultivi--cov mat -smu{ bl 1hy fpointtividure, fusu Lusygut 8% andd Vrack 0nd \n", stetu_up
[R]] wtuty upd >cov mal-smaf b ) 12) - contuct poubtion couv mat enard LELOE 2l bt 1w ctatygal n TR N
“, Iny sumlit
192 stotw_upd->cov_mat->mell) (3} = contaci_pasition->cov_mat--muflifd)/dulta tim In? }
P 188 else it {(track _state->status s= TEHNTATIVE ) ||
1)) state _upd->cov_mat->me(2](0) = contact_pouitiun->cov_mat-smu{0)|0)/delta_tim 189 {track_state--status == FIHM }}{
LH 1%0
134 stete_upd->2cov_met->mal2| ()} = contact_position->cov_nut--mul0llb)/idelio, Vim 19 7° Livt thy Track Staete Updute and IHH _Stete lipdate trom the paire/
'Y 192 GutValuchiyllutalpeai s, 100 STATE UHPDATE, &1HH stete uptatu);
135 statu_upd->cov_mat->me2)(2) = icontect _position >cov watl - omufu) (Ufstench ut 193
c-:.vnotlzﬁnv!l—o-—n-—\:-I-ﬂbln-!bonl-nlln:-l-u 194 A R N N N Y Y NN Y YY)
116 state_upd->cov_mat->mel21(3) = (contact_positlion->cov_mat -imelO0) ) )oetiack ot 195 A The input ot the IMH filter for & XY Contact s prepared.
ety->cov_met->me(0] 1))/ ({delta_time delta_time); Ly
147 stute_upd->cov_mat->meld) (0] « contact_ponltian »cov_mat-smul 1) (0 Zdulta tom 190 Al Mo need thue mssnremant *2° and the cuvariance matrix *R=,
'] .7
118 -n.nalctn.vno<rlun|vlo.u-_—_ s contact_position-vcov_mat- mulldfl)/dulta_t1m 197 R T T T PR Y Y Py y)
L H (R1:}
1)9 state_upd->cov_mat->ma{d} {2} = {contact_position->cov mat->mull}{0}struch st 199 7¢ Mpdate the Tiack's pagamctery */
at->me{)1){0))/(delta_tima*delca_tima); 200 FATAL_O_VALID(Istatly, upd = new TrackSteteltrack_state_dim)) !s WULL,
140 upd->cov_mat->mald)(3) = (contact_position->cov_mat->me{l)(})etiuck st \
ate->cov_mat->mefllii))/(deleta_time*delta_time); 101 "Aguit CreateXYTrack: Mo more space to allocete memoryti®);
14 202
142 /1 Should also compute x, y, sltitude, vx, vy, and vz. 0 stete wupd-statguet _nwmber = contact_position->target _nusber;
) /7 x and y stored in s coordinates as the stale vecto: 203 utete_upd-strack_nber + track_statu->track number;
14 state_upd->x = state_upd->stata_vec->me{0)(0}; 209 vtetu_upd-»typo s tiuth_Ltale->type;
145 state_upd->y = stace_upd->state_vec->mell)(0}; 206 stotu_upd ->stutus < FINM;
146 state_upd->altitude s contact_position->altitude; 267 ttatu _upd->time s contuct position->time;
147 state_upd->vx = state_upd->state_vec--mel2}(0); 104
148 state_upd->vy « state_upd->state_vec->me()1{0]); 209 /7 Nere is wheve it happens
149 210 FATAL, O VALIDI{TIM _state_upd + new IMMTrackStatelimodeCombo)) t= NULL, \
150 /1 range and bearing always computed relative to Ounuhip i *A_INNFalter XY XY: Nu more space to allocate wemorytt®);
151 it (G_target_pos_coord ss XY_REL_DLRP) 212
152 { 1) vwitchtinudeConhiu) t
1Y) x_rel = state_upd->state_vec->mul0)[0) - ownship data->x pus, 213 Cusu CVUA,
154 y_rel a state_upd->statu_vec->mali) [0} - ownthilp data sy puas; 204 T CVCA FiltFrach i DIt stlety upidalu, contacl_position, THM stete_upd, stal
155 } uvise | o nped
156 n_rel « stLate_upd->state_vec->mu{){0}; 26 yab;
152 y.rel o state_upd->state_vec->wull){o]); 20 thuluult;
198 ) i Curt o AL IR ILu XY XY selectudHodeCombo undet inud. \n®;
159 dtate_upd->range = Slant_Rengeix_rwl, y_rull); 21y i
160 utate_upd->hearing « Slant_Bearingix_r1ul, y_scl, 20
161 21 7* Shunld also vompite x, y, abttitude, vx, vy, and vz */
162 /7 Set up the THH_TRACK_STATE 222 Ltatu upd-ox - stute gl ~utote vec- >mel0)10);
1) FATAL_O_VALID{ {THN _state_upd = tuw THNTrackState tmudetCoumbiulb - 1L, . 429 ttaly wnd >y « stule upd -state_vec--wald)l0}; .
164 “A_THHFIlterXY_XY: 1o mote space L allotvate mensny ! "}, 321 slatu upth-salt itule - contect position-s>altftude;
105 m_copyl IHH_track_state->modemu, THN_state_upd- ~modenal 21% tlale upd-2vx &« stale upd-sstate vec--mef2)0];
156 226 utate uptl->vy « statu wul >stute_vec--neld)(0);
Y switchimodeCombo) | 229
[LL) cdse CVCA: . ] 74 vange ond bueoting always computed 1elative to Ownship
169 IMH_CVCA_TnitkFileTrackistate_upd, 1M _state_upeh), 129 it G tutguet _pus_cuoed -« XY _REL _DLRP)
Vo thvek; 230 {
VI Weleult: 230 Z_del 2 stutu vl »stute _vec->me|0){0) - ownship _data->x_pous;
V22 cert << *A_IMNFilterXVY_XY: selectedilodeCombo uwndet ined \n-; 132 ytel s state_updd-cutate vec-cmel 1) {0) - ownship_data->y_pus;
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d4)
Jhe
215
246
KRN
AL
439
210

241
242
24)
244
4y
240
247
248
249
250
25)

452
a5}
254
2495
2%6
%7
258

) else |
x_rel » state_upd->state_vec->me{0)(0);
y_.rel = state_upd->state_vec->me(}) 0]

state_upd->range s Slant_Rangeix_rael, y_rel);
stete_upd->bearing » Slont_UBearingin_rel, y_rul);

/**** Set the velue of tha IHM_COMBINE_STATE date typu amd put
the BB, *¢* ¢y

InstentiateData{data_ptr, IMH_COHBINE_STATE);

SetvalueByData{data_ptr, TRACK_STATE, state_upd);

SetValueByDats{data_ptr, THIN_TRACK_STATE, NN _state upd),

data_ptr->PutActOnBBi);

1°%** Set the PAIR_TASK ettribute to TD_UIFDATE. ey
GetVelueByData(pair, TASK, Ltpair_task);
‘palr_task = JO_UPDATE;

titdet DEBUG
fprintfistderr, “A_IMMFllL@i XY_XY: ftuue targut 8% aind t1uth @
upd->taryet _number, palr_id->track_nunber);
sundlit
)

returni
)

IncludeBaseAgent {THHFi lterXY_XY, °*CONTACT_THACK_PAIR JHH_XY_ XY~
t an XY!Track with an XY Contact using an IHH Fllrer.*);

1t sttt Ive wn

td v, Ltale

*YUlutae Update o
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' dincjude *BuPtrArray.h* 64 trock_list-2lncludeEdement (track);
2 pinclude “lduntity.h* 65
} tinclude “lLoUBBFunctions.h* 66 track->PutActOnsBl) .,
4 #include "lLoBlackBoard.h* 67 )
S tinclude "LoError.h" 68 elisel
6 finclude ‘LoExternbarameters.h* 69 /¢ Activute anly the tiack to be processed */
T #include “LolncluileBaseAgent .h* mn hctivateliBNataitruck);
] sinctude “PositionType.h* " )
9 tincjude *Procotypes.h* 12
10 tinclude *TiackState.bi” 13 o fdet DEBUG
1} " /7 Create as many text tile as tracks and write their
)2 tinclude *®IMHHodeCombinationType.h* 15 /1 stete vectors end covariance matrices in it.
1) tinclude *IHHTrackState.h* 16 tprintlistderr, "\nlirite MW Tracks®);
K] sinclude °IHMStateUpdate. h” i sprint fétrack nmmmbes, ° W°. track_stalu-vtrack _number) ;
Y L] stacpyitungs namy, Trach thtgmt ),
16 fiutine Track_Outpul *HSDMfreck®® 1y Lticut (Qumg_nunw, trock_mudwer) ;
7 ) o tinctistdery, "\nSovu dota in flle V3°, temp_name);
1] void IMHMGenersteTrackil.oBlackBoard *data_ptr) 81 td 2 (FILE *) fopunitemp_name, °a°);
19 { a2 /* print in file with the format: X, Y , VUx, Vy, covx, covy °*/
20 Lo_Boolean new_track = FALSE; (3] tprdneE (€, *SE S0 S € 8¢ 8T AE Si\ne,
H BUPLrArray *track_llut; Hy position-sutaty hiutoey{0]--tima,
22 Tdent ity *lduntity, *teack. fdent ity; HY pouftlon-»stutu hilutoiyl0])--ulute vuc->ma{0} (0],
1) LoBlackbDoard ‘*erechk; HG poudtlon-sutaty hilvtosyl0O]->u1ate voc->mell) {0).
24 PositionType ‘“position; LN positivn-»state histoay|U)->state_vec->we|2) 0],
25 TrackState *tieck_state; HH position->staty history(0)--state_vec->me(d){0],
6 INNTrackState *INM_track_state; HY position->stete hilstoiy|0)->cov_mat: ~me(0) (0],
21 char tump_namef20), treck_number({20); 1] positivn-»statue history(0)-ccuv_mat->mafbild)):
rL] FILE *¢d; 9l tclowul tel);
29 92 sendif
J0 GetValuuByDataldate_ptr, TRACK_STATE. btrack_state), 9}
3 GetValueByDataldata_ptr, IJHM_TRACK_STATE, LTHM _track stotu); 94 11 Sund Track dats to il
12 b Omputfrackitrack);
)) /* Remave contact (rom blackboard and delete dats. °*/ 46 retuin;
)4 {volidlExtractActBBData(data_ptr); 97 )
k] I
)é deulete data_per; 99 tuchudubascAgunt { [INIGenvl ot eTrock, " THN COMBINE_STATE TRACK-, °*Generate or updat
3 « ttach with MY valuesd °F,
bL] /¢ 1¢ track has not been tound on the blackhoard, allucaty mcmviy tol @ liuw tiac 100

k. */ 101
)9 /* Rause the sane LoBlackBoard pointer. L] 102
40 if{ticrack = GCetTrack(track_state->track_nuimber)) =- HOLLY{ 10)
1] new_track « TRUE; (\2]
' FATAL_O_VALIDt{identity = new Identityftrack_statu:sttach nnmbus b b 1« NOLE, 10s

\ 10é
4) *Agent GenerateTrack: Ho more spacu Lo ellucatu memotyt!~);
4 FATAL_O_VALID{ (position = new PositionTypell) !s HULL,,
\
4H "Agent GeneratuTrack: No more space 1o olluvcaly memary?! ")
46 )
[X] elsa(
(L] GetValuuBbyData(track, POSITION, étposition);
49 SetValucbyhata(track, [ _TRACK_STATE, THIH truck stutu),
50 )
i |
42 /* Add new contact into tieck. */
5) position->AddTrackStateltiuck_state);
1]
L%} /% T¢ new tiack, instantiuate It {active) on the Llachbaad * 7
Yo 1Einew truck) (
5 tnstantiateDataftrack, VRACK);
1] SetValuuByDatsitrack, IDENTITY, identity};
59 SetValueByData(track, PUSITION, poaition);
60 SetValueByData{track, IMM_TRACK_STATE., IMM track _state),
61
62 /* Put the track on the track lisc. ¢/
) GetValueByDataFirstInstunce (TRACK_LIST, TRACK LIST, ttirack Jiwl);
1

".
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[} sinclude <math.h> 6 il (delta_time va 0) delta ting = 0.00);

2 sinclude °*BUPtrArray.h* ) 6A

) sinclude “ContactPosition.h* 89 +* Set the value of attiibute tor padr. */

4 sinclude “toBlackBoard.h" "m GutValueliybutaipair, THACK UFDATED, &track_updated);

S sinclude “tol.istbBPtr.h* 1 ‘trath uplated = TRUE;

(Y tinclude *LolncludeBaseAgent . h” n

7 tinclude *LoExternParametecs.h* n 4 Sut thy value of the mwember TRACK_STATE_UPDATE tor the pair. */

H sinclude *matrix.h°* (X} GetVulucliybatoipalr, THACKE STATE UPODATE, tstale_update);

9 tinclude “Ownshiphata.h* &)

10 #include “PairiD.h* 26 1! Ketrieve I values .

11 tinclude *PositionType.h* 1 GetValucByDatattrack, FNM_THACK_STATE, &IMH_track_state);

12 tinclude °Prototypes.h® 18 GetVulueByDateipair, INH_STATE_UPDATE, LIHIt state_update);

13 tinclude °*StateUpdete.h* 19 modeConhu s (THHHodeConbinal fonType) THY track_state->modeCombo;

14 tluciude *TreckState.h* nh

™ "l 27 Capy I wtotu ypadotu the trach statu b to time wpedate

16 77 tHH includes he m_copyitieck_ttuatae-sstate_vuel, slate_update->stete_vec);

1 finclude °IHMlodeCombinationType.h* [} m_copyltrack_stute->cov_mat, state_update->cov_mat);

18 Sinclude “INNStatetlipdate.h” Hi m_copy (LI _track_state->modex, TN _state_update->modex);

19 sinclude “IHMTrackState.h* NS m_copy (1M _truck_state--model, IH_state_update->model);

20 #include *IHM_CVCA.h* HO

21 sinclude °IMMRoutines.h’ (¥ It (tesuck stutu-2otutus ss TENTATIVE ) ||

12 LL tteack ututu->statuy = FERM D)

1 vuld IMNTimelipdateXYTrack(l.oblackboard *paia) Hy

2‘ ‘ ;‘“ I‘I'll.‘.....l.ll-D'..lllIlA‘l.ll‘l.ll..‘ll.l.lll‘.l....l..,

15 llecreccrcncsccconnen AR ¢/ 91 7* An XY Contact updutes o tuntative or thim XY Track. L}

26 ,. l"m‘.ﬂ"'ld.‘. lv ll.ck l’ ,z /lollllt..llllll'llcuilllIllll.ll.lllllllll.A.llh..llnaAltt/

rxl AR R LR cevssconaan ceemat) 9 .
28 Y4 11 1F celatlive positiun ANL sbsulute velocity,

29 Cardipal contace_number; 9 /7 Nave to campunsate for ownship motion between the two polncs

10 Lo_Boolean ‘erack_updated; Yé bt 116G _targut_ pos_coord «- XY_HEL_(AUNS) & 1G_target _vel_coord s= VKVY_ABS))
n t.oblackBoard *trvack, °*contact_ptr; {

32 LoListBBPtr scontact_list; 37 tictValuchyDataFirst Instonce (GARISHIP _DATA, OWHSHTP_DATA, township_data);
1) PairlD ‘pair _ld; b1 }

" ContactPasition *contact_position; 9y

1% Ownshipbacta ‘ownship_data; 100 7/ Gut the cusrent process noluw scalar

13 PositionType strack_position; 103 W - DF _PrucesstiosseScolat{track position. contact_position, delta_time);
1 1) StateUpdete *state_update; 102

18 TrackState ‘track_state; 10} switchimodeComhotd

[} IMHStateUpdate *THH_statae_update; 104

40 IMNTrackState *THM_truck_state; 105 Cavu CVUA:

1) double delta_time, q: 106 IHH CVCA_Timelipdatetstate opdute, 1NN tidack _state, IMII_scate_update.delta_ti
49?2 IMHHodeCombinat ionType wodeCombio; e, ¢p. Gwnshiip _data);

4) Ceardinal i; 107 Lt euk;

44 VEC *%; 108

495 HAT b 109 dutuult:

(19 1o curt s A Nt hmeltpdot XY Truck: THHY mucde combination not selected.\n";
" GetValueliyDotaipalr, PAIR_ID, bpaiv_id); 11 ]

(1] e ]

V] /! Retrleve the track _slate, (0]

50 track = GetTrackipalr_id->tasck_numbur}; (N X] wlau Stitaatk utate: ~statur -- HICTTATEDY |

S0 GetValuaByData(tiuck, I'OSITION, kblrack positiond; (AR}

92 track_state « track_pousition->stete hiutuiyl0); 1o R R N R Ry Py P PR RPN

%) (1K) 7 An XY Contact upnbutoes wib it latwl XY ‘'vack. ¥

5 // Retrleve the contact list Iin /0 (o time update by pat fuamaly v/

% GetValuuByDateF it st Instance (CONTACT_BUFFER, CONTACT LIUT. buvuntact biutd, 1y R R R I B Y T T P PR P PR T T P PP PP Py

56 120

57 // Retrieve the contact_number, contact_gosition 121 F1 0t winking in HELATIVE cuotdinatus, make Sure targut by dnitlelly

SH contact_number = pair_id->contact_numbur; 122 77 PIKED w/y 10 thu shisulute 1telurential, by tewoving the ownship motion
Y9 {f {{contact_ptr « GetContact|contact_numbarj) -- HULLL 12} 71 imly posbtian 13 cursected, no velochty tor Indtiovted track

60 cart << * Contact specklied in the paiv dous ot uxist * << vidl, 121

[ return; 129 bt 16 target pos_cound - KXY IEL OLUNS) |

62 ) 128

6) GetValuebyData{contact_ptr, CONTACT_POSITION, bcontectl position); 127 GutValucliyDataFitut tnstance [MHUSHTB_DATA, MUSHIP_DATA, township_data);
64 124

65 /¢ Compute time since last rrack update: 129 14 Subtract Ownstup motson frum the position update

66 dalita_time « lcontact_position->time - tirack_staluy - i), 130 stute uptlate->stotlu vee ~nel0]{0) -» ownship_date->x _vel * delta_time;

® | o ®
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(D]} stete_updaete->state_vec->me{i){0) -« vwnship duta -y vel * delta_tmg;
112 .

1 /1t Do the same for the IMH modes

(D]} tor { § = 0; | < IMM_state_update->modex->m; 1eo ) |

115 M _state_update->modex->me(0} fi) -» ownship_dotu-2x_vel * delta_time;
136 INM _state_update->modex->mefl)|b] -3 vwnship dute -y vel * delta_time;
147 )

134 )

119 )

140 else |

(X1} cuer << [ Time Update XY :: ntecognized troch stotun * << endl;

142 )

1)

13 retuin;

[K}) )

146

147 includeBaseAgant { INNT imeUpdateXYTorack, *COHNTACT ‘THACK PATR LI TIUE 1DED_2ZY°,
H Time Update of an XY track.*);
148
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1 sinclude <math. h> . (3 GetValuvbyDatalassign, ASSIGHMENT_MATRIX, tassignment_matrix);

2 tlnclude “AssignmentMatrix.h* 6H 2/ Rutiieve thu contact Jist (to get the NumberOfEiements)

] sinclude *AssociationType.h* [X] tiutVuluchyDatuFiest Inst ance {(CONTACT _BUFFER, CONTACT_LIST. tcontact_Jiist);
4 tinclude *BAPtrArray. h* 1 77 Retiduve the tirack list (to gel the HumbeirOfEl ements)

Y slnclude *ContactPosition.h* 1] et VuluetiybatubF st Instance {THACK LIST, TRACK_LIST, btruck_lisc);

6 sinclude “ContactiD.h* 12

K ¢include “loBBFunctions.h* 3] 71 Heserve thy memoty tus Lhe Falrs array.

H sinclude °“lobleckBoard.h* 4

4 slnclude *Lol.ist8BPtr.h° ] W+ aushygnmetl ot ix stiack onmber _1ist-ctanbetOfElenent s ) ;

Tt sinclude *tolncludeBaseAgent . h- 16 o= contact bist-sHunheiofElementsi)

b sinclude *LoExternParametars.h* 17

¥ sinclude *matrix.h* , 18 4/ Resetve the mumory tur Lhe cost matrix

1) sinclude *Palri . bh* 19 FATAL O VALID{(cust mutiax - (float *) calloc{40000, sizeof(float)))ts HULL,
X} Bluclude “taliTask.h* nh Shuyent VCG U oty wpete Lo el bocale sumoaryt 1 ®);

[} sinclude “balatypu.h® "l

i6 eiuclude 'I'ulltron‘fypu.ll' [ 24 Hysuitve the wumaty (vl the wrtay which will contain poluters to the stast v
17 sinclude °*Prototypes.h* t the Jdota

18 sinclude *StateType.h* [}] 1 for each 10ws in the artay cost_matrix

19 #include °*StateUpdate.h" 84 CATAL_O_VALID({fhast & (int *) calloc(B800), sizeofiint)))!s= HULL,

20 sinclude ‘TrackingType.h® L1} “hAgunt OV, o more space to allucate memory!!*);

1) [T}

22 /71 INH Includes Nt 11 Ruseava tha wenoty tar Lhu arvay which will contaln the coluwmn index for es
2) sinclude *IHHHodeCombinstlonType. b ¢h value

24 sinclude " INMStateUpdate. [T] 'y in e ar1day COsL malrix

25 #9 FATAL O _VALIB{IuL) s (it *) callocte0nD0, sizuot{int)))ts NI,

26 void JVCAssignment (LoBlackBoard *assign) 90 “Agent IV o mure spece to sllocate memury!t®);

;.’ ' ’I...‘...............'..............l......'....IIQ......I...I’ 3; ,I R“bu‘vﬁ ‘.lll mu'nu'y ‘n. ‘.le ‘r‘.y ..

29 /¢ Seqrch tor Optl Assignement accarding to JVC Algurithim ¢/ 93 12 X41) in the index ot the column (track) assigned to row (contact) 1
30 R R L R O R R R R R 94 FATAL_O_VALIDIIX = (int *) callociB000, sizeof(int)))1= NULL,

n ' 95 “Agent JVII: No mure space to allocate memoryit®);

32 96

)) int ico, lerk; 97 1/ Reserve he womory tor the array Y.

)4 int |, m, n; 94 1t Y(J) is the index of the row (contact) assigned to column (track) J
)5 AssignmentMatrix *assignment_matrix; 99 FATALL_O_VALIDIIY s fint *) callociB8000, sizeof{int)))is NULL,

)6 AssoclationType soclatlon_type; 100 “Agent VL Ho mose space to sllocate memory!!®);

M BBPtrAVvray *crack_ list; 101

18 Cardinal *axpected_numbuar, *llst _shae; 102 11 Rescivae thy memosy tor the svtay 1.

)9 Cardinal track_number; 10} 11 Uil) iy o dual variable., Lthe dual price of row 1

40 ContactPosition “contect_position: 104 FATAL_O_VALIDEIU = {tluat *} calloci8000, sizeofifloat)h)!la NHULL,

41 Contact D *contact_id: 10% Agent JVC; No more space to allocate memoryi!°);

42 lLodlackBuard *‘pair, °*track_ptr; 106

[}] lL.o_Boolean *track_updated; (11¥} tt Heservuy thy mumory tot Lhe array V.

LX) Lo_Boolean *delete_contact; 108 7/ Vid}l 1% o duad vacriuble, the dual price of column .f

(1) lL.oliseBBbtr *‘contact_list; 109 FATAL O_VALIUIIV + (Hleut *) calloctBO00, sizueot(float)))i= HULL,

46 PalriD ‘paiv_Id; 1o “Ayunt JIVEL No mure space to allucate memory!t®);

47 PalsTask *palr_task; 1)

(1] tals Type *paiv_type; 12 WL an « m_gubinel,mel)

[}] PositlonType *track_position; (AR}

S0 StateType *contact_Rtype; (AR} ulhilind -0,

(1] StatuUpdete ‘*state_update; ns weeeln,

52 TrackingType *trecking_typu; 1L

5] tiost ‘cost_matrix, *\l, °*V; (XN luigu » G Haus s ol max

54 Int *tirst, *abj, °*X, °¥; (L]

9% int oldml, srcy "y o Licu-0, trun, ivure}

56 tloat large, totalcost; 120 {

57 MAT ‘matrix; K21 tostiveb -0, ateham; 1itakes)

58 INHStat eUpdete ¢ IHH_state_updatu; 122 {

89 IHMHodeConbinat ionType selectedHodeCoumho; 121 matsix smelicud )l fitake 3] -assiymmnent _matsix->probabidity->metico)flierk);
60 124 )

(1] 125 |

62 0l tdef DEBUG 126

6) printf{*\nJVC_Assignment stasts\n*); 122 sitdut DENUG

64 sendif 128 forticosl, acucsn;icors)

6% 129 {

66 1/ Retrieve the Assignment Matrix. 110 tortbtab -l atehesm;itehor}
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13 { 197 1t pussible essociation.

132 printt{-\nassignment_macrixivd)isd](=2f*, §co, 11k, 194 77 Fractically this can be overcomed by cieating pajrs for X{1) or Y{J} ¢
(R Y] matrix->melico)litrk)); 199 17 thein L) or VIJ) is difterent from 9999 or 0.

[BE] ) 200 Iy ‘

l's '_lol ?7 ® 8400800000000 RP AL RRINRtLINNININPRRtIRRNNeRbsNRNtINANRSIetNRERARRRARRS
(BT auindi f 202

()] 20} v In the tollowing we select (he paiss using the Y(J) and V(J) outputs
[BL] fur(icosl;lcacsn;icose} 2013

1J9 205

149 fovfitskal;icrkesm;itrkee) 206 foriico:1; icossn;icaes)

141 § 207

142 iftticot=oldml) 208 it {{matrix->me(icallX{icul) t* G_nass prob_max) &t (Xjico) <sm))

1) Jdo( 209 {

143 agci e zi0

13y cost_metsinfarcl-luiyy; 20 o tudel RNtk

1ds oldmlesy 202 pointd i \nmstsixiuby fad)-ut, Assiygnad - new PAIR\N®,ico, X{ico). matrix->»
147 objjarc)smetoldml; welicobixlicoli);

140 first({oldml)sarc; 211 sendit

149 ywhilefico>oldml); 214

150 arcee} 215 77 Thiv s o new pebe .

1% obflearcisitrk; 216 #7 Allutatlu Nunusy Lt a nuw pabs.

152 cost_matrinfarc)ematrin->melico)llitik); 207 FiceAL, O_VALIDT Tk updated « oew Lo Buolesn) s NINLL, \
15 sitdet DEBUG 218 “Agent JVL: o mose space to ellocate wemoryt!®);

154 printfti*\ncost |8d)=Nf\n*, arc, cost_matcixfarcl); 219 FATAL_O_VALID{ (paiv_id « new PaleiDl)) te NULL, A
1%% bendit 220 “Agent JVC: llo morue space to allocate memory!t*);

156 ] 221 FATAL_O_VALID{{palr_type = new PalrType) !as NULL, \
157 ) 222 “Agent JVC: No wora space to allocate memory!!”);

154 whileloldml<n) ) FATAL_O_VALID((palr_task s new PajiTask) ta NULL, \
159 { 224 *Agunt JV(: Mu mora space to allacate memory!i°);

160 arces); 225 FATAL_O_VALIDl(tracking_type = new TrackingTypel !s NULL,

161 cost: wmatrix|{arc)=large; \

162 oldmlee; 226 “Agent JVC: Ho more space to allocate memory!i®);

18} obj(arc)=meoldml; N

164 firstjoldmljeavce; 228

165 ) . 29

166 2)0 /7 The co_num tupresents the contact index (and not the contact number)
167 firstinel)=arcel; i /¢ vo the fallowing Jine is UK.

164 232

o9 mamegy; 2)) GuetVuluvBybatalcontact _list--Element {ico-1), CONTACT_POSITION, &contact_po
V910 s1tiuny,

(%31 DF_JVC{ n, m, cost_matrix, obj, €irst, X, ¥, U, V, stotalcost); 234 GutValueByDatalcantact _list->Elewmentlico-1), CONTACT_TYPE, &contact_typel;
b2 2)8 GutValueByhataicontact list->Elementtico-1), CONTACT_ID, kcontact_id);
1) m e men; 236

114 2)7 puis _id-zcontact _number = cuntact position->contact_number;

(WY sitdef DEBUG 2)d ¥ prioti{-\ncuntact 8%, pais_id »contact_number);

tle print€{*\nm « Sd n « 8d \n*, wm, nl; 2}y ’ tporncd (utders, *\aX(ico)-tatd:, Xlsco)-1);

V2 2490

(XL} turticos); lco<en;icor| 24 tiark mnahys < wulgimsunt _mats ix->t 1ok nombuer _1ise--Element {X{ico)-1);
XY} priontt{*\nRow Sud Colunny S Cost L€\n°. fcao, Xfteo), Dlicel), 2492 /+ peintdisvntrock #nde, touck _tmlan )

100 231

(1] toviicoel; lco<am;icoee) 234 Ftigstack gty « GuiProch it rack musbca ) <= 00 [

[LF} printt(*\nColuwmn 8d How S Cont $f\n®, lcu, Yiteul, Viloui, 234 cute ss f Trath spuchtiud ba thye pels does not exbut * << undl;

18} ot t 236 tutaing

(.1} 241 ]

‘ns I’ll..lllll...‘.lllll-l.i..lll‘l-llll.l..l‘--..l-'l!lll‘llt-nlctlhhlb.u -""

186 /7 Find the pairs. 0y GutValuchybataltsack pte, POSUTION, strack_position);

187 12 ‘fwo ways 419 actually possible accurding to which vesult iy nued: 250

1.1 ] 51 *leuch, updatued - FALSE;

1RY X4 b X)) givas the Index of the column {(the Liack) 292 spodt tash - POS UPDATE,

190 /¢ assochated to the row I (contact indexl, Lhe dual price uf thiy 2%) tracking_type - (Trockingtype) G_tracking_type:

191 t/ assoclation Is contained in the matilx t(l}; 59 suluctedtodetonio = {IfudeConbinat ionType) G_selecteddodeCombo;

192 t? 2) ¥YiJ) is the index of the row {the cuntact) 155

191 /¢ associsted to the column J (track index), the dusl price ot this 184 poi_bd-steack pmumbes < trock unmbes

194 t¢ aspoclation is contsined in the matvix V{(J}. 257

194 1t . 254 Phlsdet BEMNG

196 X Theoretically, the algorithm assumes that cach row hus ut least one 2499 printt - Antumber ot glements 1n Lhe track lystatd®, assignment_matrix->track_n

2
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umber_list->HumberOfElements ()} 120
260 tor (1«0;i<assignment_matcix->track_number_Jist- bt lementsil, io0) in ]
260 peintf(*\n Element I8d s track numbers¥d®, b.asusiynment matpin-2tearl nanhics 122
list->tlement ti}); 32) 14 Instantbete the new pais un the BB,
162 printtt{-\nassigned pair #Vd to track #vd", pelr bd >contact number. grate id -t "2 InstontiuteDataipars, COITACT 'FRACK_PATR) ;
vatk_number); 128 Bt ctracking _type ss TMM_FILTER ) |
e} printfi*\ntrack type #08d*, track position-s>state histaiyln] stypuel. 126 FATAL U_VALIDEINIM atate updete s new HHNIStatellpdat e (se ) ecteddodeComho) )
204 sundit te WL, N
165 b2 “Agunt JVL: flo mote space to allocale memoryt?®);
266 switch (track_posicion->stete_historty|0)->typul| 128 SutValucbyNotulpois, 14 _STATE_UFDATE, IMM_state_update);
267 129 ]
268 case XY: 130 SetValucByDataipait. TRACK_UPDATED, track_updated);
269 switch {*contact_typel| in SutVelueBylutalpaii. PAIR TYPE, pailr_type};
2o case XY: 1l SutValucyDstulpois, FALN 1D, pabe jab);
20 ‘pale type o XYXY; EN N SutValuebybutalpals ., FASK, peid taeuk);
il bruak; 134 SciValusllyDatalpabs . TRACKING_TYPE, Lracking_type);
271 casa BO: 135 SetValueByDatalpals. THACK_STATE_UPDATE, state_updatel;
274 *pair_type = BOXY; 136 pabe - -PuthceOnbbif},
275 break; 17 ]
276 default: 118 wluel
ki tprintfistdore, *In JVC: invalid contect typu. \u*); 1y 77 Unassignud Contucts are glven 8 track number of “HAX_TRACK® .
218 enivi(0); 1340 77 Thure will bucomg ew Tracks.
279 (2]
240 FATAL_O_VALID{ (state_update = new Staetellpdoted (XY STATE_DIN * 233) ta HU 142 77 This is an unusvigned Culitact that will become a new Track.
LL, \ ) 77 ‘this is a new pait
281 “Agent JVC: Ho more space Lo allocatu mumciyt!*), (R} 7/ Allucate Humuiry ful o new pair.
2082 break; 335
28) case RB: )36 Ay bl DEULK;
284 ,switch {*contact_typel W pristticvnmatrixfudiisd)tt, unassigned a> new TRACK\n®, fco, X{ico], matrix->m
205 case HB: uilcobiXticulld;
286 ‘ ‘pair_type = RBRD; IET] sendit
287 break; 149
288 case BO: 150 GutValueHyData (cuntact _JioL->Element {ica-1), CONFACT_POSITION, &contact,
289 ‘palv_type = BORMB; prusition);
290 break; 351 GalValuebyDataolcontact bist->Element {ico-1), CONTACT.TYPE, &contace_type
291 defaulr: Vi
292 tprincfiscderr, °In JVC: lnvalid contact type ‘', 352 GutValuellyDatoftuntact Lisvt->Element (§co-1), COMTACT_ID, kcontact_id);
9) exit (0}, 15)
294 154 FATAL O_VALID( (1 ack vprdat el s new L.o_Boolean) t= HULL,
29% FATAL_O_VALID(| Istate_updata = new Statelpdutel il STATE DI * 200) ta NY \ .
1., \ 159 “"Agunt JVC; Ho more space to allocate memoryi!®);
296 “Agent JVC: No more space Lo adlocCotu memaryt! ., 156 FATAL O_VALID{puis _id + new PalzIDI3) ts NULL, \
297 break; 15? *Ayunt JVC: llu more space to allocate memoryt!®);
298 casae 80: 15m FATAL O_VALIDI(pult type s new PairTypel 1= NULL, \
299 switch (*contact_typel 1%y “Agunt IVC; Hu mose spuce to allocate memory!t®);
100 case NY: iéo FATAL O VALIDI[puts task = iuw PabiTask) 1 UL,
(']} spair_typa « XYHO; ol “Aguntl JVU: Nu nore spatu to allocale memoryti®);
102 break; 362 FATAL, O _VALID{{Ltathing typu = new TrackingTypa) 1= HULL,
10) case RB: \
1] 2] *palr_type « RBUO; 104 Shygunt IV Ho more spece to sllocale wemory! 1<)
oy Lirwak; ('Y}
(111 Y case LO: 16Y *truch upndatud - PRtk
107 palr_type » BOBY; 166 *tiuching_type « (TeackingType) G_troacking_type;
108 Lreak; 167 vueluctediiodeCombin « { IHHudeCoubinet ionType) G sclectedHodeConbo;
109 detault: J6H
30 fprinttistderr, “Tn JVC: dnvalid contact type  vuta, 169 putt Bbescuntuct oumbacl ¢ Contact position->contact, nimnbus ;
1R exit(0); Vo paie b steack mmbier - 0,
e ) (X2
(18} : y12 *putt task ¢ CHEATE HEM THACK;
14 FATAL_O_VALID{ (state_update = new StateUpdet el (I STATE DI ¢ 200 '« HIt i7)
1L, \ V13 wwiteh fcantut typebd
k) “Agent JVC: HOo mnu spuate 10 allutatle momary -y, s Cusu MY
(21 break; 116 ‘pabt _type s RUKB,
i default: i”n PATAL_O_VALIDI (slale upiste 2 new Statellpdate| (RB_STATE_DIH ¢ 2})) 1a
1" tprintf istderr, °“In JVC: invalid tvack type. \n"); [T \
IT] exit{0); 178 “Ayunl JW'; No more spuce to allocate memory!t!°);

. :

3
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119 break;

IR0 case BO:

L1} *pair_type = BODO;

JH2 FATAL_O_VALIDt istate_update = new Statethpdute{iHO_STATE DI * 2830 -
HUMLL, \

18) *Agent JVC: Mo more space to allacate mumary!!~),

nd case NY:

1RS ‘pair_type = XYXY;

146 FATAL_O_VALIN( (state_update = nuw Stetellpdatuf IXY STATE BN ¢ 200 .
HuLt., \

182 *Agent JVC: lHo more space to allncatle memuay ! ) ;

148 break;

H9 daetault:

190 tprinet {atdere, *lo JVC: lnvalid tiack typu. \n*);

(F1] unitto);

192 ]

)9l

194 7/ Instantiste the new CONTACT_TRACK_PAIR on the HB.

199 instanciateData{pair, CONTACT_TRACK_PAIR);

196 10 | *tracking_typs == THN_FILTER )

197 FATAL_O_VALID{ | THM_state_update o naw JHHStat elpdat ulbuleetuditiudet v,
P ts HULL, N\

194 *Agent JVC: Ho more space to allocete muemaryt!*);

199 SetValueByData (palr, THM_STATE_UPDATE, 1HI5_state_uplatul;

400 }

401 SetValueByDatalpalr, TRACK _UPDATED, truck_updateil);

402 SetValueByhataipalr, PAIR_TYPE, palc_Lype);

40) SetValueByDatatpair, PAIR_ID, pair_id),

404 SetValueByDatalpair, TASK, pair_tesk);

409 SetValueByData(palr, TRACKING_TYPE. trvacking typu);

406 SetValueByData(paly, THACK_STATE_UPDATE, slate uprdatul;

407 palc->PutActonBB();

400

409 § /7 torlfcoa.. ...

410

(F}] /4 Extract assignment pointer from blackboard and get all values.

412

) (voidiExtractBBDaca(assignl);

"y GetValusByData ASSOCIATION_TYPE, &assoclation_typul;

“s GetValueByDatalassign, EXPECTED_MUMBEK, &uxpected unumbet);

e GetValuebyDatalessign, LIST_SIZE, &list slae)y

aow? GatValueyDatafassign, ASSIGHHENT MATRIK. Lassigument_matebx);

418

419 /* Frae all memory, °*/

420 dalete ausoclation_type;

421 dulete expected_anumber;

22 delute list_size;

42) delute ausignment _matrix;

224

425 delete asnsign;

426

an /* Fravw the allocated memory */

@28

429 ol fdet DEBUG

410 milatft \ntres allocated memary\n®);

[R1] tendif

(R}

1) {vold} tree{lfloat *) cost_matrixi;

134 {vold) teveellint *) tirse);

435 {vold) freeilint *) obj);

d4)6 {vold) freetiint *) X);

417 (void) freeflint *} Y);

418 {void) treal{tloat *) U);

419 {void) (ree{iflost *) V);

440 m_treeimatrix);

441

142 0l fdet NEBUG

4113 printti"\nleact ivate JVCAsSsignment\n®);

443 sendil

15

316 DeActLivat cAgent (JVCASS ignment ) ;

47

I RL} rTatuth;

419

150 ]

EEY ]

452 IncludebBaseAgeat (JVCAssigmment , *ASSIGHMENT
uchavion with the JVC Algurithm *);

451

194

1499

L PN

157

158

459

160

461

162

46)

ASSOCIATION_JVC®,

“Contact -Track Ass
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] tinclude “LoTypaes.hi* 67 Casua X'VAY:

2 Sinclude "LolncludeContextfFunction.h” 6H feturn 9; 17 Giute AY tiecth with XY contact

) finclude ~PalrTask.h* 1] )

4 sinclude “FalsType.h* 0

b sinclude *TrackingType.h* hH casu 1OS _UPDATE:

6 12 switchitiacking_typel |

7 tdel ine ARGUMENT_TYPE PairUpdate_srguments 3 Ccusu KALMAN_FILTER:

H sduf ine RETUHN_TYPE PalrUpdate_retuin_type 1L switchipais typuld

9 25 Cuse HOLO:

10 Cerdinal PajizUpdatelconst Cardinal °* argumant_array, void** values) 16 return 10; /7 Wnlste BO track state with BO contact using EAKF
¥} ( 77 Casy BORH:

12 lL.a_Boolean track_updated = *{{Lo_Boolean °*)valuas{argument _orray(0))); 78 return 11 /7 Update RB track state with BO contact using EAKF
) PaliTask pair_task = *((PairTask *ijvalues|argumunt _asrayll)}); 19 Casu HOXY:

X} Pals Type paiv_type = *((PuitTypy *ivalues|arygmncnt _atsayl2))), 0o setasn V2 17 Upidate KY tiark utete witds 8D contact using EAXF
[k Tiackingtype tracking_typu o * ({Trackingtype *ivaluvuslargumunt astayl 1130, ol casa Wb,

ie H2 setuan b3 17 Updatu B0 Liack state with R contact using EAKF
1" it t(1ecack_updated){ a) case RBHL:

18 a3 recurn 19 /7 Update RB track state with RB contact using EAKF
19 switch (tracking_type)( -} case XYHO:

20 Hé retuan 15; 17 Wnlate BO track state with XY contsct using EAKF
F 3] case KALMAN_FILTER: u? Cusy XYKY: R

22 switchipaly_typel{ [T'] cutimn Vo; ¢/ Updatu XY truck utute with XY cuntact using EAKF
2) cayy H0BO: WY L

4 Case HWBBO: 90 Cusy JHH_FILTENR:

19 case NYBO: 91 swhtchipain _Lypedd

26 return 0; 1/ EAKF Time updete UBO track 92 Case BOW:

17 case BORSE: 9 lleatuin 11 77 Upidsty B0 Lreck state with BO contact;

2R case RBRB: Y3 tutuan J; 24 THH HOT SUPFORTED, USES EANF

19 ireturn §; /7 EAKF Time update HB track Ys Cusue BOKD:

10 case HOXY: 96 fleutuen 1M, 27 Walate RD Lreck state wilh BO contace;

3 cese XYXY: 97 tetuin 11 /¢ 1HH HOT SUPPORTED, USES EAKF

12 return 2; /1 EARF Time update XY tLiack 98 Cusu BUXY:

1) ] 99 JlreLugn 19; /1 Update XY treck state with BO contack;

M 100 teturn 12; /¢ 1 HOT SUPFORTED, USES EAKF

)5 cesy IMM_FILTER: 100 case HblIO:

16 switchipair_typel{ 102 Thiwtmn 20; 1/ Update BN track state with RB contact;

37 case HOBO: 10) tetusn 1 24 MK NOT SUPPONTED, USES EAKF

1L 104 Cune Kbl

9 as 109 J/sutain 23 /7 \ipdate HU track state with RB contact;

40 return 29; /7 THH Time update BO track 106 teturn 33 £/ 1M NOT SUPPORTED, UWSES EAKFKF

4) case BORB: 10?7 case XYUO:

412 case RBRB: 108 Jleeturn 22; 7+ Update BO tvack state with XY contace;

4) rsturn 10; /7 IMH Time update RB track 109 teturn 15 /7 1M NOT SUPPORTED, LISES EAKF

(1] case BOXY: 110 Coase XVYKY:

4% case XYXY; 1 tetutn 2); 17 Update XY track state with XY contact using IMMCVCA
46 return 3i; // THN Time update AY track 12

LX) ] 13} )

L1 ] } i

49 ) S Cosa 1L EDATE.

50 116 sutuen 24, /7 ALL THE CASES; WUpidote track ldentity with contact lden
51 switch (pais_tank)l tity

52 (R Y]

5 cesu GATING: 1 vaby CHEATE HEV THAUCK .,

9% uwitchipalr_typeld s uwhtchipuin 1ypudd

5% casy BOLO: 120 cusu holit):

56 return 3; // Gate HO track with BO contuct 124 st 2Y; 17 Creute nuw WD track

97 casw HOWB: 122 Casu hbRh.

e ruturn §; /7 Gatu RD track with B0 cuntuct 12) setinn 26, 17 UCrcesta few Il Leack

59 case HOKY: 123 Casu XIRY.

60 return %; /7 Gate XY track with B0 contact 12% teturn 27, 11 Cruate new KY tiack

6) case RBHO: 126

62 return 6; // Gate BO track with RB contacl 121 ] )

6) casy RBHB: 12

64 return 7; // Gate RH tiack with HB cantuct 129 Case BELETE VAIR:

65 case XYWO: 130 tutueie 2H, 47 Delute pais

(1] return 8; // Gate BN tiack with XY contact 131 ]
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112 172 “This cuntert tunction selectis the ayent to he activated based on the track_
i3 .‘u-luln 1.o_ERROR; 77 Rutura 1.0 _ERRUIK which weons “do not upslat vl vtutus, the task to be purformed and the pair type ot Lthe contact/track |
1ty [N
(MY} [ 1"
s [R2]
136 Character *ARGUHEHT_TYPE = "TRACK_UPDATED TASK PAIH_TYPE THRACKIIh: TYPE®, 115
[N
[R1'] Chutacter *HETURN_TYPEL) s (*TIME_UPD_BO*, 71 <« 0 Timuy upnlate WO ti1eck
119 STIHE_UPD_Rb*, ts o= b e update HU erachk
140 “TIHE_WeD_XY", 71 a2 ; Tine update XY track
141 *ASSIGN_BO_B80", /4 s 3 ; Gate BD trach with B
0 contact
142 “ASSIGH BO_HKB°, tr s 4, Gate Kb teack with b
0 cuntact
K] *ASSIGH b XY©, 1¢ =, Gatu X7 taack with b
U cuntact
KR} "ASSIGN_RB_BO", /7 = 6 ; Gate UO track with R
8 contact
145 "ASSIGCH_RB_RB", 11 s 1 ; Gate Hb trachk with R
t contact
146 “ASSIGH_XY_BO-, 11 & W Gatue U track wath X
Y contact
1414 “ASSIGH XY_XYV*©, Z0 o« 9 tiate A tratk with X
Y contact
148 *EAKF_BO_BO", /¢ & 10; lUpdate BO track stat
e with BO contact using EAKF
149 “EAKF_BO_RB", /7 s 11; Updatue HH tiuch stat
& with BO contact using EAKF
150 f *EANF_BO_XY*, 24 s 12, Update XY track stet
@« with BO contact using EAKF
151 ! “EANF_RU_BO", 21 - 1) Updatu BO Liuch stet
u with RB contact using EAKF
152 “EAKF_RH_RB", /7 & 14, Update RB Lrach stat
@ with RB contact using EAKF
%) *EAKF_XY_BO", 27 = 1Y Updote BO tiack stat
« with XY contact using EAKF
1959 *EAKF_XY_XY*, 11 2 16, Update AY trach stac
@ with AY contact using EAKF
19 * IMHCVCA_BO_BO =, 71 s 17 Updaty B tiuck stast
@ with BO contect using ITHHCVCA
156 * JHHCVCA_BO_Rb", t4 = IH; Wpdate HB truack stat
e with BO contact using IMMCVCA
157 * [HHCVCA _BO_XY"*, 27 2 19 Update XY tiuch stat
w with BO contact using IMHCVCA
158 *IHHCVCA_RB_BO", Jr 2 20, Wpdutu B Leach stat
w with RB contact using THMCVCA
159 * THHCVCA_RB_RB", 11 2 21 Update HOB tiach stet
e with RB contact using IHHCVCA
160 *JTHHCVCA_XY_BO"*, 74 2 22 ipdate BO Lrack stot
e with AY contact using IMHCVCA
161 S THI_XY XY*, 11 4 23, Update XY viulh utat
w with XY cantact using IHH
162 “PROPOSITION®, 17 o« 28 Updatu teochk fdent e
y with cuntact {dunt ity
lud “HEW_BO_TRACK®, 14 - 2%, Cacotu tiuw 181 Liack
164 "HEW_HHB_TRACK", 74 + 2&; Civalu tiuw HID Yotk
165 "HEW_XY_TRACK®, 47 + 21, Creutle Naw AY tiach
166 “nuLLe, tro- 2H; Dualetu puin '
ot SIMM_TINE_LI'D B0°, feoo 29, Lime upnlaty ha taadh,
using 101
(1% ] SIUM_TINE_UI'D_Ru“, tro- 30, Pame agndate B tiach,
using 1HH
169 “THH_TIME _UPD_XY* ), 17 - 31, Time update XY vieck
using IMM
110
120 tnchuduContext Funcefon{PailrUpdace, ARGUNENT tYPE, HEHIKN

Vi,
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Page 1

- e OB~ O b

21---411 @Begin IHHModeCombinat lionTypae.h .

slfndet — INMHodeCombinat lonType__
i{nationType__
sdeline __IMNHodeCombinationType __

elaciude “f.oTypes.h*
// To allow & range of models for the modes

enum JHIModeCombinationType
{

CVCA // = 0: One constant velocity mudul
1atiun madel

N

sandi ¢
abinat ionType__

/7---))) End INHModeCombinationType.h

. une conustant uccele

P T Cends

7t __Hiinadelo
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- -

- E . OV &

t1---11{ Begin IMHRoutines.h
i tudet __IMMRout ines__ 27 AHRGaE EDus
tdutine __INNRout ines__

sinclude °*l.oTypes.h*
elncludy *matrix.h*
ftinclude ‘matrix2.h*

MAT *mbmu_calclu_int am,HAT *cbar,HAT °*modemu,MHAT *TransPr.HAT °mixmu),

MAT  *modeP_calclu_int nx,u_int nm MAT °modex,MAT *modexD.HAT *mixmu, HAT ‘modep
L]

HAT ol _to mINAT *mat),u_int Col , HAT *uut);

HATL *m_to_col IMAT *mat] HAT cont . u_lnt cul);

HAT squedtr {MAT °*F,HAT °P,HAT *FiFts);

vee ‘x_calc{u_int nx,MAT *modex,MAT *modemu,VEC *x);

HAT *P_calclu_int nx,u_{int nm,HAT *madex, HAT *modeb, HAT *modumu. VEC *x. IAT *#)

f .
HAT *likell_calciu_int nz,u_int i.double cbari HAT *S.HAT *Sinv,.VEC *hu HAT *c
),

HAT *modumii_calcfu_Iint nm, HAT *c,HAT *mudumi)

vendif X B F TV S T
o8

tt--=))) End THHRoutines.h
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[} dinclude <math.h>

2 finclude *1MNHRoutines . h*

)

] 7* HATRIX HANTPULATION ROUTINES ¢/

4

6 /¢ compute the determinant of a (square) matrinx */
' double duet (HAT *A)

H |

9 HAT *LU;

10 PERM *plvot;

" u_lnt j;

12 u_int n = A->m;

(R} double d;

(R

(K] 100 Ace {BAT 0L, )

1) ecror{E_NULL, *det"};

1 It { A->m 1= A->n )

11} orror{E_SIZES, "det*);

19 pivot = px_getin};

20

n LU & m_getin.nly

22 ) = w_copylh, L),

2) Lutector {1.U,plvot);

24 d = {double)px_signipivor);

5 for { J=0; j<n; jee )

26 d *s LU->melillfl;

27

Pl ] m_freeill);

29 pu_(rgeipivot))

Jo raturn{dj;

»n ) !

32

)} /* computes the element-wise product of two matrices of sumu Lize
11} note: the inclusion of the oulput as a parameter is Lo put
1% allocetion and freeing ocuctside the function */
16 MAT *m_sitmlt (HAT *mat),HAT *mat2, MAT ‘out)

17 ]

18 u_int m,n. i, 4;

19

40 f0 ¢ matien{MAT *JHULL || mat2ss{MAT *)NULL )
1 error fE_NULL, "m_altmit*);

2 If { mat)->m te mat2->m || mati->n t= mar2->n )
q) error (E_SIZES, "m_alimic*);

(1} it { out->m = matl->m J| out->n 1= matt->n )
4% error {E_SI2€ES, "m_eltmic*);

(13 m s mathl->m; n = matl->n;

"

"0 tor | 1v0; dem; deo )

[} {

(1) for | Ju0; jeng Joo )

5 out->mell} i}l = matd->mafil(f)*mat 2 -2mall){));
51 } .

$)

54 seturn tout)h

Sy )

o

87 7* cumputus Lhe vuciprocal of vech eluemunt b a matsin *7
(1] HAT *m ult inv(MAT °*matl HAT *out)

5Y ]

60 u_int m,n, L. 353

1)

62 §f { matla={MAT *}NULL )

6) erior(E_NULL, *m_eltinv®);

64 It { out->m 1= matl->m || out->n tx watd->n }
6Y at1or{E_ST2ES, "*m_eltinv ),

st m e« matl->m; n = matl->n;

0?
68
6y
1a
1
72
2
14
7%
1
”n
78
79
Ho

tor | 1-0; 1em; 140 )
|
tor | )-0; 3sn; jor o}
it matb-cmefi){y] = 0}
out-smels )il = L/tmati->melid(§));

retuLn tout);
1

/* computes the vi*v2ir product of two vectors */
HAT *wvie miLIVES *v) VR *v2, HAT *ount)
]

WAL *vimat, *vimat

:.c_-._’;.n._::.._. __ <un-.<nﬂ..:=_._.-
ertor (E_HULL, *vver_mie*);

it | vut->m t= vi->dim || out-sn ts v2->dim )
uraug {E_SIZES, "vvle wit*);

vimat 2w gut (v]l-sdlim, 1)

vimatl < wm_yut i, v2-aidjm);

.uet_colfvimat,0.v1,0),
.set_tow(v2imat 0,v2,0);
m mlt{ivimat,v2mat.ont};

m lice(vimat}; m_frusf{v2mat);
1atumantoul ),
)

7' puts o matrix into thu jth column ot another; column 0 is
abuve calumn 1, which Is (ollowed Ly column 2, etc */
HAT *w_to_col {HAT *mat),HAT ‘out,u_int col)

{
w_int m,n, 4, §;
VEC *dwinmy;
V0 | mathas (AT *)NULL —_ cutes (MAT *HIILL, )
crsor {k 1., *;m_tu_coul*); .
e mutl-an; s matl-on;
ot betnd - Gut->m )
Lo tE_SIZES, "m to_cal*®);
it { col »+ out (]
eviut {E SBZES. *m to_col*);
dumy « v gutlont--m);
v o zusulduiney);
el tuliont, col, dunny . 0);
Cod L -, s, pee b
{
tor 1 -0, §-m; bee )
vt smefme yed b fent) - wot b smnfal H
b
v tsue lduneny) ,
tetmnfauly,
)

/° puls thu Jth column ut o matrix into annthes matrix containing
o leusee numbul ol 1ows; the sizu of out is prea-determined */

WAT *col Ltu miHAT *macl,u _int col ,HAT *out)

{

YRR TTL AL RN IO S I
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(R Y) 48 1 matlas (HAT *JHULL || outs=s(MAT *IHULL ) 1y t
[BL] error (E_NMLL,, "col _to_m°); (A7) u oant nx2 - nodeb-om; ¢ square of state dim ./
V35 M= Qut-om; n = out-»n; 200 uw_int 4
11 it { (m*n) < matd->m ) 20} HAT *¥F, ‘*modebP, “dunumy;
117 ervor{E_SIZ2ES, “*col_to_m*); 202 VEC *xkl, *wmodexi, ‘wudex01;
(9] it { col >= matd->n } 200}
(] ] error (E_SIZES, "col_to_m°}); 204 (3 = m got{nx,nxh; xhl 2 v gutinx);
1o far | §s0; jen; Joer ) 208 moduxs + v gutinx); mudux0i = v _yet (0x);
141 206 wudell - moget {nx2, nm) ; iy = m_getinx2,nm);
142 tor { 1=0; i<m; 190 ) 2017 .
14) out->mell}|j] = mat)->ma(m*jei)lcol); 208 for 1 i=0; f<am; boe )
144 ) 209 t
145 210 get _cul tmodex. L. moduxi),  gut cal imodexd, i, modex0i) ;
146 ruturnfont); 210 v tubtmuduxi, madux0l, nhl),
14 ) 212 vers mitixhi, xki, 1),
tév 209 w oty col il wodell, ),
149 /* vreturtns the sum of the eluements in a row or col ut o watyin, 219 }
150 rows s dim 0, cols is dim ), § is the particular row w1 col */ 215
151 duuble m_eltsum{HAT *A u_int dim,u_int j) 216 m_edd (modeP, modePP, dumny) ;
192 { 217 m_ bt (durmmy, @l xion, moduk) ,
151 u_int iI; 21m
154 doubile sum « 0.0; 219 w o bruedbPi); v truutlmoduxi), v tiuulmnduxoi);
1% 220 v faueinkl); am trcoimudede),  m tiuaidmuy) ;
156 it { dimeso ) 22) cutumn tmodale) ;
157 tor | 1=0; G<tA->ni; See ) sum oo A-2malflib): 222 }
150 elos it | dimesel |} 22)
159 tor { (0; f<tA->m); §oe ) sum ¢= A->meli)(]}: 2 7* tikulihood calculaut jony ¢/
160 else 225 HAT *Mikell _calctu_int az, u iot v, duuble cbari, AT *S,HAT *Sinv,VEC *nu,MAT *c)
161 error (E_SIZES. "m_eltsum®); 226 t
162 ! 27 VEC *dumnyvec;
16} returni{sum); 228 HAT *dummy;
164 ) 229 duivny s m_getinz,.nz},
16% 230 diinmyvec » v_getinz);
166 HAT *quadtr {NAT *F,HAT °P,.MAT °*FPFtr) 2
167 { 232 c-ome|0) i) = cbari/sqri (fabhs(det {sm it (2°M_PI,S,dummyl))};
160 HAT *dummy; 2 c-omeli) b} = in_prodinu.wmv_mlt (Sinv, nu, dussyvec) ) ;
169 dummy = m_get (P->m, F->m); 2N
170 218 w feue {dumny) ;
" wnty _mlt (P, F,dumay); 216 v. biwe tddumnyved) ;
112 m_mit{F, dummy, FPFLE}; 23 ietuanic);
(R3] 238 )
174 m_[reeldumny); 29
175 returni{FPFLa); 240 t+ calculates the updated mode probabilities ¢/
116 ) 23 HAT =modumu_celciu_inl am, HAT *c, HAT *modeinu)
v 232 §
178 /* END OF MATRIX MANTPULATION ROUTINHES */ *4) u int i,
179 214 duubilu thu sum;
LT /* THH ROUTIHES */ 295 HAY *uhinny ;
[L.1] o
182 HAT smixmu_calclu_int nm,HAT *char, MAT *madumu, BAT *Tiansl's AT “noams} 291 tar | 4-0; tsom; fve
n 234 t
184 MAT charinv, *‘dumny; 249 tha, s - 0.0
as chasinv o m_get(mm, 1); 250 toe 4 -0, yeum; goo |}
(L1 iy . n_gut {um, ) 241 [ T T T R I |
107 242 the ¢ I T I N R R R R A S R R N D I R R I AR RN AR
188 m_eltinvicbar,chavinv); 5) oo - cwe VIO <« 1/ bvthoe sum/Z e smaelUilildd;
189 munt v _mlt {modumi, cbariav, dumwy) ; 251 )
190 m_eitmit {Transbr, duinmy, mbxmul ; 7 wmixtiong prohy ¥ 295
191 256 iy - e get {odenss - i modenng o)
192 m_freeicbarinv); m_freeldummy); 2% the suw - n_eltsumimodun, 1, ) ;
19) return{mixmu}; 254 su_miL (1 /7the_sum, modemu. dummy) ;
194 ] %9 ta copy {ilumny . modetnu ) ;
195 260
196 1% calculates the prior fliter covariances */ 261 n Erewldamny) ;
(KX HAT *moda¥b_calciu_int s u_int wn, BAT *modex, HAT *modextdh, HAE *wfsom 06T *maded 52 cetutnnwabemg) ;

] do) )
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264
16%
266
267
268
269
210
2N
12
)
214
%
276
an
PRl
119
100
P{ 1]
82
20)
64
ns
P{1]
e
200
09
250
291
192
19)
294
295
296
97
2948
299
100
Jo}
102
101
104
10%
306
07
3oy
109

/* calculetes the combined state as a vectos °/

VEC *x_calclu_Int nx,MAT *modex, HAT *moduam, VEC *«)
t

HAT °*xmat;
xmat = m_getinx, l);

m_mlt imodex, modamu, xmat ) ;
get_col {xmat,0,x}; /* chanye to vector */

m_free(xmac);
returnix);
)

7° calvuletunr thu comblnud coverivnce *7
MAT sP_calctu_int nx,u_int om, HAT *modun, HAT Swmudud', HAT Cmoduims, VR *x. I0A0
[}
u_int nx2 = nx°nx; /* square of state dim */
u_int §;
MAT *PP, °*modePP, °*dummy, *vecP;
VEC “xkl, *modexl);

e = m_getinx,nx}; xkl s v_gul ink);
moduxi = v_getink);
modePP = m_get(nx2,nm); dummy = m_gul inx2, nm);

vecP s m_getinx2, ¥);

tor { I=0; l<nm; dee )
{ [

get_col imodex, |, modexi);
v_sub(modexi,.x,xkl);
vver_mlt (xk), xk),PP);
m_to_col (PP, modePP, 1)

m_addimaodeP, modePP, durmy) ;
on_mlt {dummy, modemu, vecP)
col_to_mi{vec?P,0,P);

n_trealPP), v_free{wodexi); m_(reelvect);
v_ireeixkl); m_trea(modebP); m_freeldunmy);

returni®);
)

/* END OF 1NN ROUTINES °*/
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-t -

-l X AT S b

t1---t{t Begin IHNStateUpdste.h

i tndal — IHNStateipdace_ X 1111
StetuUpdate__
el ine ——IHHStatellpdace__

einclude "LoTypes.h*

tinclude °matrix.h*

tinclude °*matrix2.h*

tinclude *iIHHModeCombinalionType. h®

/! The mode matrices are o5 follows:
14

77 1o thy matsdx mutux the flaut coluka ba tha thue Eiret menle ntata verton ., the
sucand

14 column is the second mode state vector, etc.

I} .

¢t/ The wmode covariance mstrices are first converted into tell vectiuss such that

the

4t tlicset column is above the second column, which s above the 1hiod, ete.  Than
these .

?t/ teall vactors are combined into a single matrix modeP whaere the thest column |

s the

/7 tlcst covariance matrix, the second column Is the second cuvar tathice matsix. «
tc.

class [IMMStetelipdate
{
publicy

{HMStatsUpdate(| INHKRodeConbinat fanType seluctediodetiunbu);
~IHHStateUpdatel);

MAT *modex;

HAT *madel;

HAT *char;
1
Bendi( Z0 7 __NMistatuel)
ndete__

74+--3)) End 1IMMStatetipdate h
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J Y L B X T

PSS ewilv=D

tinclude *loError.h*

tinclude ‘lLoExternbParameters.h®
dinciuite °“LoTypes.h*

tinclude °*THHStatelipdate.h”

liiHStatelipdate: : 1IINStatelipdat e { THHIlodeCombinat fontype selectediodeCondio)
{

Cardinel nx; /7 dimension of state vectos
Cardinal nm; 7/ number of modus

switch{selectedqodeCombo) |

case CVCA:
x -« 6
us - 2;
modex « m_gut (nx, na);
modeP = m_get (nx*nx, nm);
cbar = m_get(nm, 1);
break;

dutault:

care << *[HMStatelipdate: CVCA I8 cursuent ly thie uidy smudu combitnat o tygu \n
®i

return;
)

IMHStatal/pdate: : -TNStacetipdatel)
[
m_(rauimodex);
m_{ree (modeP)
m_(reelchar);

recurn;
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-———-—y Xl

- -

- -
o -

1

t1---{il Beglin 1HHTrackState.h

vifndet __IMNTrackStote__ C N 1111 RS H N
ta__
adeline __IMMTreckState

tinclude *LoTypus.hv*

finclude °“matein. h*

tinclude "metsix2.h°

tinclude * IHNHodeCombinat lonType.h*

/1 The mode matrices are os f(ollows:

¥

17 1 the mateix modux the fhest colwnn is the thu tirud mody stote vertur, the
swcaond

17 column s the second mode state vactor, etc.

11

/¢ The mode covariance matrices are f[irst converted into tall vectoes such thet
the

4/ first column is above the second calumn, which % above thy thind, wte.  Then
Lheseo

77 tall vuctors are comhinad Into @ olaglu mat s bx werbel whuru e tiret cabman )
v the

71 thiet cavariance matrix, the second column [y thy uvtoml couvardance matiix, o
tc.

:; The mode probabiility matrix modemu bs of vector turm with the st mule prube
7?':&35. }hn se¢cond, the second above the third, etc

;; The trensition probablility flow matrix fu tound, like the seduectedtiodeConbin,
:7 :::.nexor_rllc {ie. it is set by the user}

class TMHTrackState
{
public:
INHTrackState | IMHModeCombinationType selectediadutivmbiu)
~IHNTrackStatetl):

IHHNodeCombinat ionType madeCombo;

HAT *modex; 11 Mode state vecturs

HAT *wmodeP; /7 Nulie coval 1dnCe MBta bCuy

MAT *modemyn ; 14 Mle parobabii bity wmattix
)
ssndil L B T[] NI $
tate__

71---1))  End IHMNTrackState.h
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] ¢lnclude *loError.h*

2 tincludy *loEnterntarameturs.h*

) thncliude *tolypes.h®

4 #include *1HMTrackStata. h"

S

[ IMNTrackState: ; THTrackState | HilHoleCombitial ionType suelect edifode cmbiat

U {

H u_int nx; 77 dimension of statu vectus

9 u_int no;  // numbur of modes

v

] switch{selectedModeComho) {

12

) case CVCA:

[ R] nx = §6;

[} sus . 2

16 wodux s m_get(nx, nm);

(¥ modeb = m_get(nx*nx, nm);

1] modemu = m_getinm, 1);

19 modeCombo = selectedModeCombo;

n bresk;

20

22 detauln:

24 cory <t IMHTrackState: CVCA |s currently Lthe unly mude combination type.\n®
i

23 )

%

26 raturn;

ra) )

24 1

29 IMHTrackState: : ~-IMHTrackState()

30 {

b1} m_(rewi{modex);

2

13 ] m_treeimodenu);

"

s return;

16

X
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e ———E T NS - -
SOV S -D

~ - -
S ¢ =

2)
22

2]
PX}

ti---{lt Begln THM_CVCA.h

sitndef — IHH_CVCA__ 11 I UVCA
sdefine —IHM_CVCA___
sinclude ‘LoTypes.h*

dinclude *matiin.h°

tinclude ‘watrixid.h”

#include *Statalpdete.h*

ftinclude °*TrackState.h*

sinclude °*ContactPosition.h*
sinclude *OwmshipData.h*

tinclude *IHMModeComblnationType. h®
dinclude " IMNTrackState. h®

sinclude *IHMStateUpdate. h®

vold IMM_CVCA_TimeUpdate(Statelpdate “state_update, IHHTrechState *IUH Liack _sta
te, IMMStateUpdate °*IMH_state_update, double de, doulile . Ownshipllata cownship ¢
ata); .

voild INM_CVCA_CresteXYTrackiTrackState *tarack_statu, [HITievkStulu * 1 Liwck ot
CIX 1N

vold TMM_CVCA_InitFiltTracki{TrackState *state_upd, I[MHHTruckState *INH Liete, upd)

H
void IMH_CVCA_FiltTrack{IMMStateUpdate *ITHH_state_update, CuntectPosition *contae
ct_position, IMNTrackState °IHM_state_upd, TrackState *statu_upd);

sendl t 117 1M CVCA

¢
27---10) End THH_CVCA.h
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| tinclude <stdio.h> Y3 QIO cmal I IL) o ¢ €Ve 02; Q10)->meld)id) = q_CV*'q_22;
] tinclude <stdiib.h> 6)
] sinclude *LoError.h* éd 11 Sut thu CA jprocess noise covariance matrix
4 tinclude “lLoExternParemeters.h* (] g e - 02744 Q.23 & 4 _22/de;
Y5 dinclude °LoTypes.h* 66 (.44 o 27
6 dinclude *IMH_CVCA.h* 6t
7 tinclude *IMMRoutines.h* 68 Uil - ;m et (nx,n<}; . CA = G process_nolse_cov_CA;
: tinclude *INHHodeCombinatfonType.h® (1] 0 1) s0elD}10) - g CACq. CHll->me|0)(2) = Q. .CA*q 02;: Qlll->me(0)(4) q.C
A 04,
10 /¢ Time Update for & CONTACT_TRACK_PAIR using IMHMCVCA ***+y 10 QI =2meld ) 1) 2 g CAy: Qll)->mell|()) = q_.CA*q_02; Qil)->mell)lS) q.C
[ R void IHW_CVCA_Timellpdate({StateUpdate °*state_update, IHNTiackState * T _tvack _sta A _04;
te, THHStatetpdate *IHM_state_updste, double dt, double ¢. Ownshipbatae *vsnship n Ql1)-2mel2]00) = ¢ CA*q 02, QIV)->mal2)i2) = q.CA*qQ.22; Qil)->mef2i(4) q.C
at a) A | 24
" ( 1 VIL) comal FDERD - g CASy 02, QEVE »mal 301Y) - . CA°Q.22; QI))--maldIIS) q
B ] Cordinael nx = 6; 7/ Stetw dimunyion, uilnce CVCA A'q 24,
R} Cordinal am s 2; // thumbet of Hodus, since Cvia [N QIN) ~mu 1400 - o CAy 03 Qid) »meld}12) = g_.CAQ_26; Qll)->mefstid) q.C
15 Cardinal 1] Atq 8,
16 double dt2 = deede; iz Qi) - e dSIIY) =  _CAq 04, Ql1)->melSt()) = qQ_.CA*q_24; Ql))->me(5)I5]) Q.C
17 HAT “TeansPr, °*mixmu; Aoy 44
19 HAT *modemu = ITHM_track_state->modemu; // mode probubiblities 75
19 HAT *char = IHH_state_update->cbaer; 21 prabability wimalizing co 16 71 Set thy statle trunsition metrices
wiutants (R HlO) < m o getlnx, nxh;
I NAT ‘modex = IMM_treck_state--modux; 47 hututy wixing tiack vlalu " o) cwmadDBI0) « 1; FlO)-caulOfl2) = i
20 HAT *modex0 = JHM_state_update->modux; // aftues mixing Lotk stetu 19 BLO) - cmed3TLB) « 1 FIOY-omuf BBl = o
22 HAT ‘modeP = IMH_state_update->modeP; 7/ buforc mixihy cuverlunce 80 FIO)-omuef2)l2) = )
2) HAT *Qial, ‘Flll. ‘P, *FPFRr; L1 FIO)-omaeld) b)) s 8
24 VEC *x, ‘xp 2
4% double qQ_02, GLZI .08, q_ 24, q 44, q _CV. 4 UA; ['}] FLLE - wo yullox, nux);
26 i R} Fllb-omuf{O) (O} & 2 FIb)-omalUbl2Z) o dt; Fll}->me(0){4) = dr2/2;
M // The mode probsblility flow matrix. 8% Fib)-cmeddhE0) o 0 FlV)esmald) (3] o dt; ¥ )->mald)i5) = de2/2;
28 double all = G_mode_prob_{low_all; double 212 = G_wmode_piubh (luw al2; 86 FiY)->maf21§2) = 4; Fil)->mel2) i) = dt;
9 double a2l = G_mode_praob_flow_a2l; double a22 » G_modu pruh _tlaw a22; 87 Fid)->mald}ld) = I Fi))->meld) {5} = dt;
10 1] Fill->mald){4]) = 1;
1 /7 The mode tranaition matrix B9 Fl1)-omalS)I5) = 1;
12 TeanaPr = m_get (nm,nm); 920
1) TeanaPr->me(0} (0] = ) ¢ alledt; TreansPr->mel(0)id]) » al2°di; 9 11 Hudu-matched pediction
12 TransPr->me|l] (0} =« a2i°dt; TransPre->meld]{L) = } + al2t, 92 n - V_getinx); xp - v, gut {nx);
)5 9) ¥ - m_getlox, nx); Fiber + m gut {hx, nx).
16 it ( TransPr->me(0}{0] < 0 ) ( 9
1 TransPr->me|0) (0} » 0; TransPr->melO)(1) 2 ), 9s tur | se0; dcnm, pee ) ¢
1L ) 96 gut cold {modex0, i, x);
9 b 1 TransPr->melll{l) < 0 ) { 97 col tu mimoder, 1,1
(1] TransPr->me|l)[0) » }; TransPr->mefl )it} - b, 9y
o) 99 14 Statu prudiction
112 100 wv nbt (F[E), x.xpl);
q) // Calculation of mixing probabilities 101 it 111G .Larget _pos _courd == XY_HEL OWNS) st (G_target_vel_coord == VIVY_ABS))
(1] wmixmu « m_geat(nm, ne); {
45 102 24 Subtiact Ownuhip motion fium the posiction update
16 mtrm_mit (TransPr, modamu, chac) ; /7 novwalizing cunstants 10) Rp-eve|0) - ownship_dutu->x vel * di;
4! wlamu_calcinm, char, madenu, Tronst'c . minmul ; /¢ wmining prubabi bt v 103 xpicsvall) <+ vwnship_tota--y vel * it
4 m_frea{TransPr); (1} )
49 106 _wul _col tmodux0, |, xp.0);
50 /1 Wining 107
S\ m_mit (modex, mixmu, modaxd) ; 77 muduxl buGinwes tha aftul mixin [YT] 1?7 Cuvarlance peedbctbon
¢ track state 109 m ouddiguadis (b i) P FEFLID QLED. 1),
52 modebP_calc(nx,nm, modex, modux0, mixmu,moduf); 77 modul Lwoumes the ulter mixing 110 w o lreelbln)); m o beewtQiily;
covariance 1 [T RYRNSTY I ¥ DA TITZN IV O B O
99 w_frewiminmu); 12 )
54 (AR
L 1) /¢ Set the CV process noise covarfuance watiix (NN v tieeixpl, w fieelbiFFLa);
46 qQ_02 = 2.0°q/dt; qQ_22 = 2.0°q_02/de; 115
51? 116 11 Combination tor prediction
5K QI0) = m_getinx,nx); q CV a2 (i_process_nolse cov 'V, 1117 x calt fox, modax0. motdemu, x)
Y] Qlo)->mafl] (0) = g_CV*q: QIOY->me {012} + y tVey b2 I P ocaloing mn, modex0, modu P, modemn, x. 1),
uo Qo) ->mefl} {1} « q CV*q; QIO)-2me{ 1Y) - 4 Cvey 02 119
6l Ql0)->mel2}i0) = q_CV*q_02; QIO)->mel21l2) « o Cvey 22 1:0 77 Put anto state_ updstu
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121 stete_update->state_vec->mel0) (0] = x->vel0); 184 u_int §;
122 stete_updute->state_vec->mell|{0) = x->vell}; 185
(F2] state_update->state_vec->mef2){0) = x->vel2]; 1H6 sitdef pEmn
124 stete_update->stacte_vec->meld)[0) = x->vell]; 147 FILE
125 (1.1} Pendif
126 state_update->cov_mat->mei{0) J0) = P->me|0)(0); 189
121 state_update->cov_mat->mel(0)(1) = P->me{0)il}; 190 fov  120; 1<2; ies ) |
(P1] stetw_update->cov_mat->mel0}(2) = P->mel0)12); 190 /7 Set thu utete
129 state_update->cov_mat->me(0} ()} = P->mel0l{}]; 192 MM staty _upd-smoilex-smef0){1) = state_upd->state_vec->me{0)(0];
130 191 i state_upd->podex--meld|{i) + state_upd->state_vec->me{l}(0);
(1 state_update->cov_mat->me(l)(0) = P->me(l)(0); 19 1 _state_upd->modex->mef2] (1] = state_upd->state_vec->mel2]){0);
b2 state_update->cov_mat->meli|(1) = P->mefl]ll); 158 1 state_upd-smoudex--meld)li} + state_upd->scate_vec->wefd){0];
1) state updete->cov_wmat->mell]|2) = P->me{)){2); 196
144 vtate_update->cov_mat->muel1i|3) « Pomulll{)); (Y] 71 Set the cwvagbance
[ 3 ton MY stato_upd-smodol cmefO) i), - stetu_upd--cov_mel --mui)10);
16 state_update->cov_mat->me(2}{0) = P->me(2)(0); 199 IMH _state_upd->modeP-=ma(iltil = state_upd->cov_mat->me{})l0);
(R state_update->cov_mat->mef2}{1) = P->mel2)()); 200 IMH_state_upd->modeP->mef2){i) = state_upd->cov_mat--me{2)|0);
(B 1] stete_update->cov_mat->me(21(2) = P->me{2)(2): 201 NN _statu_upd-»modeP--meldlli) = state_upd->cov_mat->meld](0);
119 state_update->cov_mat->mef21(3} =« P->me{2){d}; 202
140 . 20) 1M statu_upl-smodel- -melé)ii] « state_upd->cov_mat ->me|0)}1);
141 state_update->cov_wmet->me())(0) o P->ma{d}{0); 204 10 state upd-smdeb cmu|?) 1] -+ ptato_upd->cov_mal ->me|i)());
142 state_updetut >cuv_mat->mafd)il] »~ P-meld){1}; 204 INH staty_upch: ool cwelhhil] -+ staete_upd-s>cov_mal. ->mal2)id);
14 state_updeta-rcov _mat->mald| (2] « P->mald){2); 200 MM _staty_upd-caodu® -me{9)(l) + state_upd->cov_mat->mald}td);
144 state updute->cov_mat->mel) ()] » P->meld)d); 207
14% 208 THH _state_upd->modcl--mafl2) (i) = state_upd->cov_wat->mef0) (2]
146 v_[freeix); m_freelP); 209 IHH_stete_upd->modeP--ncl1)|ll) s state_upd->cov_mat->me(l}i2);
147 210 IHH_stute_ugxl->modeP-smefid) (i) » state_upd->cov_mat->ne(2)]2);
148 return; 241 THH_state_upd->modeP ->me|15){i) = state_upd->cov_mat->me{d] {2}
149 } ] 212
150 210 HY_state_upd->moduP->me{lB8)fi] = state_upd->cov_mat->me|0}{)}
151 7°**" IMM_TRACK_STATE setup for TRACK creation. ***¢*/ 214 IHM_state_upd->moduP--me(19]1i] = state_upd->cov_mat->well|{3);
152 void IMH_CVCA_CreateXYTrack(TrackState *track_state., IHNMTiackStatu *1HM_track _st 215 THM_state_upd->modeb->nef20) i) = state_upd->cov_mat->wel2){d};
. ate) Z:g IH_stace_upd->modeP--maf21){i) = state_upd->cov_mat->meld)|d}
1 d )
154 u_ine §; 214 /7 Set the ecceleration part ot the CA covariance
155 2)9 1M _state_upd->modeP->me{28) 1) = G_detault_sigma_axyair * G_default_sigma_sxy
156 for { 1=0; §<2; fee ) el
152 // Sat the state 220 MM _state_upd--modul->mel 15111 « G default_sigms_axyais * G_default_sigms_axy
1504 MM _track_state->modex->me{0){1) = trach_statu->slatu vuc-.me|ll] alt
%9 IHH_track_state->modex->mel)l (1] = track_statu->stale vec->mell) 221
160 IHH_track_state->modex->me(2) (i) = track_state->stata _vec--muf2) 222 14 _state_upd->modemu->nu{0) [0) = G _detault _CV_mode_prob;
161 IHH_track_state->maodex->mefd) (i) = track_state->state vec-smnc()) 22) LI _state_upd->modemy->meflif0] = G _default_CA_mode_prab;
162 224
16) /! Set the covariance 225 sitdel DBELBIKG
163 IMH_track_state->modeP->mu|0)(I] = track_state--cov mat--maftt}| 226 it it < topunt/home?l jarty/AIRBONNE/ Lest 7/t f .out®, *a")) == L)
165 IMH_track_state->modeP->ne[l) (i) = track_state-,cov mat->mall]| 227 t
166 IMH_track_state->modeP->ma{6)li] = track_state--cov_mat -mef0]| I tprintftstders, “Camnnt wpen outpat file.\n");
162 IHH_track_state->modaP->mu{7)li] = ctrack_statle--cuv mat - -smefl]| 229 exitil),
(L] IHM_track_stete->modaP->mu{18)|l) « track stale--cuv mat--mel2f| 210 )
169 tH_tveck_state->modeP->me{21)18) = tiack_state->cuv wat smal bl KRl
10 ) 232 tpaint i t, "A\nlHn CVCA Itk ledrack: truck d\n®, stalu_upd--track_numbher);
n 77 Sut the ecceluration part of the CA covarlancu 21 tpadnt 200, 1N staty el swmuduxin®);  w foutput ($, THM stute upd: >modex);
LI IHM_Liack_statlo-s>nodol->nul2H1{) ] s G_dotault _sbging anyabt ¢ G delanlt sigme o 214 Tpeint e, 1 state uped comdeanivnt ), o doutpal (F, TMH_stelu upd: smodumi};
nyelir; T
[NX] IHN_track_state->modeP->me{ i5311) = G_duloult _slyime uxyatt * G delaubt wiginge o 26 tclusalt),
uyealr; 23! aundhi f
14 L]
17% INN_track_state->modemu->me (0} (0) = G_default _CV_invule prubs, 219 tetan,
116 IMH_track_state->modemu->me(1j{0] = G_dutoult CA mmude prials, 230 [
12! 230
NI’} return; 232 vuld THIE CVECA FiltTeach (TG tat clipdate *THH_state_update, CountectPositinn *conta
19 } Copouitiun, THHFrachState 1IN0 state _upd, TiackState *state_upd)
(L1 241 4
iH) 7% THH_TRACK_STATE setup for en initialized THACK *°¢°y KEE] Cartdanol [N
L] vold IHH_CVUA_TnitFi T cack ITrackStute *state_upd., tHHT1ochSLoty 1 stale upd) 244 tandital  ux - 6, /¢ Stute tlimension, since CV
LK} [} {h
2
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FELY Cardinal nm = 2; 77 Huindser wt Nudes, winea OV io? 71 State update and stufe
A ns mv el toddix, o, 40,0 0, Ku),
241 Casdinal nz s 2; 17 Hedswi e J09 suet _cobimodex, s, xu, 0);
248 HAT *char = IMH_stote_update--cher; 1 probubiibity noamalizing ¢ 110
unscants i 1/ Covariance updute and stogu
439 HAT *modax0 = INH_stete_update->modex; v kel tiuch ustatew "2 b U~ fORIO) + b W osmejolio), I emel0) 1) = -v->mef0){));
2490 HAT ‘modeP0 =« IMH_state_update->madef; 1+ kelik cuvai bencuy 118 L cme L BIIO) - M-omell}§0); T Mil-omefl)Ib) = ) - W-ome(d)l1);
251 HAT *modex = IMH_state_upd->modex; 17 kellkel veuch stutes m PUH-cmel20100) - -W-omuaf2)i0); 1w >me(2) 1) = -W->me(2)]1]); 1
292 HAT *modef s IHM_state_upd->model; 17 Kellkel cuvatlances thi-»mef2)jz) » §;
24) HAT *modemu = IMM_state_upd->modemu; 17 Kol mude probalaabities ns L_A->me 3100 = V- -metd)iO}; 1.W->meld)j)) = -W->meld)()); 1_
253 HAT 2 = contact_position->svate_vec: // measuremcnt M- >mel3pi1) o )
29% MAT R = contact_position->cuv_mat; 74 mcesiemelnt najse Cuvatild 116
nw n? [ S B R I I |
Iy 1H L i S1{ul - U0 conrfal|0]); 1V cinal 4] o ow-emald) (HEg
249t HAY 0, Y, *Sinv, W, CPu, 0 WL, KERLs, MM L, R Y U RATYE N N K ) B I
254 veg ‘T, 'K, 'xu, ‘nu; 1y U cuelSHI0) o -4 smelS)iD]; 1L U-cmu(S)h{l) = -W->mulS)I3;
2%9 LU -smal{SHISE & 0
260 sitdet DEBUG 120 )
261 FILE of; 321
262 sendit 122 w_odd {guadia L1 VI P KPKRL ) quadtn (W, R, WlLE ), P ;
26) 12) m_to_cod thu,maduel, i),
264 47 Syt up the measuirument vuattor 123
265 2 = v_gutinz); 328 21 fibul DEBIKGALLTHORE
266 yet_col{Z,0,2); 126 [ T T A |
261 127 il 11t s fopenit thume/bijarry/ATRBORNE/ test/pf .out®, "a")) == NULL)
260 // Hode-matched flltering . 128 t
269 n e v_getinx) xu »~ v_gutinn); an e« v _gutinegl,; 129 tprinttistders, “Cannut open vutput tile. \n<);
270 [ e m_getink,nx); S = m_gatinz,nzh; Sinv = mqui l 130 exndt i)
FXA} w wim_get{nx,nz); Pu = m_get lox, nx); 131} )
272 I{_Wil & m_get{nk,nx); KPKer = m_get [(nx,nx}; WRlLE = m_get {nx, nx); 1)2
M c = m_get{2.nm); 3133} fprintf (€, "\nlHK CVCA FiltTrack: track V%d time Vf\n*, state_upd->track_num
4 her, staote upd >ting);
2% tor ( is0; f<om; Qoo ) 13 T tprinc €, "xCVAR*); v_loutpueit, x);
276 get_col (modex0, §,x); 33s fprintf €, "rCV\N"); m_toutput(f, P);
277 col_to_m{modeP0,|,P); ))6 tprinttif, “acvin-);  v_foutpuc(t, z);
214 ' M tprloct i, *SCVAn®); m toutput (f, S):
219 /7 Form the Innovatlon and its covariance 1)8 tpsintttl, *Slaovev\n ) m_foutputil, Sinv);
280 nu->ve(0} » z->vel0) - x->vel0); 119 fpaint i, “WCVAL ) m_toutpul (f, Wh;
28 nu-»vell) = z->vell) - x->veall}; 140 fpodot b, *1 vievine ;. m_foutpuett, 1_win;
202 141 fpeinttef, “PuCV\n ), m toutput (€, Pu};
M) S->me(0](0) = P->me{0) (0} » R->mel0)(0): S-omu(0)fL) - B sneiN)(L) » K- )42
CILINAR R 14) tcelosuit);
wd S->ma(i)(0) = P->ma{l] (D) » R->mefl){0]; S-eme{LhEEE = ¥ e UI)) » M- 313d )
wlll i)y 1S sendil
)46
// Form the Kalman gain matrix 47 77 bikelihood calculations
m_inverselS,Sinv); 148 Hilhels caletne, b.chsr-ome{i 1 {0},S,Sinv, ou.c};
149 L}
HW->mal0) (0] = P->mu(0}(0} Sinv->ne{0) |0} » ¥--muef0)(] IR IR }so
W->na ) (0} » P->mell)(0)°Sinv->ma{0}I0) o P->mald) )} s L)), 151 v_tieelz), v_zeruix), v_tiealxu); v_§reeinul;
W->nel2](0]) = P->me{2)(0)*Sinv->ma{0] [0} » V->maf2)(} smald) {0} 182 w_2uvolPl; m_fieelsy, m freelSinv); m free(H);
W->malI1]{0] = P->ma{I) {0l *Sinv->me(0)|0) ¢ P->meld} () sme | V) I0} 15) w_facellal; m_teeell i n_free{KpPKuer); in_free{WAviur);
1%4
W-ome{O0) ()} @ P->mefO0) {0l *Sinv--malO0}|}) ¢ o) cmaf b ) f00, 199 71 Winlu probahib bty ualaty
W-rmall)ll) « P-o>mefd){0]l*Sinv->maf0)|l) o e amaf b)), 146 e _cale fom, ., odivtunl
W-amef{2)1t1} » P->mal2)(0)*Sinv->me|0l(}) ¢ P->mui2](} sl V)Y, 3187 tivulco),
Weomafd)lit = P->mald}{O1*Sinv->mafO) (1] o P-2mufd) ) g )LV, (M)
159 17 Combibnation tur wutpat
bt bead 3 ¢ 160 w_valctnx, mudex, motdumg, X},
W->ma(¢)1[0) = P->meld4]) (0} Sinv-ome{0){0] » P-,meld)l01*Sinv cwul b ) (0], 16} P_caletng no mutdex, model*, modems, x, P);
W->me(S)I0) = P->ma{S1iO)*Sinv->mal0l (0} ¢ P-smelShIV)*Sinv -meld){0); 162
16) /¢ Put inta state_upd
HW->mel(d){l) = P->mel4](0]*Sinv->mal0i{l]) +» L->meld) (L1 Sinv-smelt)|V); 163 state_upd-astate_ved -2me{0) [0) s x->ve|b];
W->meiS){1) = P->melSI{0)*Sinv->mel0tlt] + P-suelSIIII*Siv ~maltl ML, 165 slule_upd-sstatue_vec->mael il 0} » x--vuill);
) 166 wlute upd- ostatuy_veC-smgl201{0) + x->vul2);
"We 167 stute_upd->state _vec-»mefd{0) = x-aveld);
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(11}

109 state_upd->cov_mat->me{0) {0} » P->mel0)(0);

170 utate_upd->cov_mat->mal0) |1} = P->me(0)()});

(KX state_upd->cov_mat ->mel0) {2} = ¢->mel0}(2);

112 state_upd->cov_mat->me(0){)) = P->mel0} (3},

(R X]

(2] state_upd->cov_mat->me(1)(0) = P->me(1}){0);

(W] state_upd->cov_mat->me|l) (1] = P->me(d}{)};

176 state_upd->cov_mat->mu{l| 2] « P->me{d)(2};

m state_upd->cov_mat->me{d ()} = P->mell)(l);

18

179 state_upd->cov_mat->me{2}10] = P->me{2](0];

1] state_upd->cov_mat->me(2) i) = ¢->mel2|(1);

(L]} utate_upd-»cov mut->maf2)142) « P-o>mel2)12);

" pd->cov_mat->uul2) (3 =« V->mul2) 1Y),

in)

184 state_upd-»>cov_mat->me|d} (0} = P->me()|{0});

s state_upd->cov _mac->meld) (i) = P->me(d|());

1'T3 state_upd->cov_mac->me(3)(2) = P->mef)}(2);

m? state_upd->cov_mat->mel3l (3} = P->meld)id);

(L1

Wy o} tdet DEBUG

%0 It ((t » (openi-/hume/biarry/ATRBORNE/tust /UL aul®, *a* )} <+ LN L)

191 {

192 fprintfistderr, “Cannot open output file.\n");

191 exictd);

194 )

198

196 fprincf(C, *\nIMM_CVCA_FiltTrack: track Sd Lime Whyvn®, statye_upd-strack, ounbies ,
state_upd->time);

91 turintf (L, *IHH_state_upd->madex\n*); m_foutputit. 1IN stute upd sinuduex)

)98 vitdel! DEBUGALOT

399 torint (€, *INH_state_upd->modeP\n"}; m_toutput (f, (MM stute upnl >madub) ;

400 tendit

40} fprintfif, "THH_ state_upd->modemu\n®); m_foutput tf. JHI state. ugnd- simuduma) ;

402

101 ftcloself);

404 tendit

405

406 v_free(x}; m_tree(b);

407

408 return;

409 )




Jut 3 2000 15:03:20 Parameter_File.txt Page 1 Jul 3 2000 15:03:20 Parameter_File.txt Page 2
1 67 amax_for_q.: H)

] ssananRIONN (FIIRENE) (1] g.min:: T

' 8 HSOF Paremeters [ ] 69

] ? Units are: [} 10

5 . Distance :: WETERS (] n e (AR XIITT]] [ TXTX]]
[ ] Time 1t SECONDS ] 12 8 Paranutuss taluted to the puocessing of out-of -sequence data.
K} [] Spe«d 1t MH/S (] 3! 8 out _ul _seiuuncu_proc s 0 4> Ho processing
L] ] Angles 1t HADIANS. ] X ? oul of_sujuunce proc + | a> Processing
Yy adosnaptanea % ssdensavas

1o 8 Nefault altitude is in meters. [] 16 out _of_uequunte_ prac:: 0

1" ¢ state_history is In seconds. (A ] noisu_free_retrodiction. . 0

12 assaaNRRDRRE R DS [1X1] 18 prediction_with, lag:: 0

1} 19

K] fdentiey_history:: 10 A0

[} statu_histosy:: 120. []] 0 VPutumutur s sclatud 1o Cruntuted Dunpstug - Shafur .
[ fdutaule _sltitude:: 10000 [¥] I tusbun_upt @ 1

17 default_altitude:: 0. o) idant _max_mass: 0 uY

18 #kildl_delca_time:: 15.5 X} ldent _min_mass 0 01

19 kill_delta_time 10000b.0 a5 ident_updtime 05

20 Hé ident _updt ine 15

21 # Add noise only it the input data are unnolsy 47 fdent _updt ingd ns

2 add_noise:: 1] (1] fygnorance thrushold 0 0y

i) neigins _nolse:: . 9 dulte_vul _thiushold: " 2

24 stagt_seed:: . 90 vel_ignu_threshuld: 02

25 91 tength_igno threshold.: 0 )

26 [ meters related to data assoclation. 92

ral () oclation type = 0 => Nearest teighbour 9) secasene (1] ] anepnam

P (] oclation type = | s> JVC 1T ] 8 Petenuluts dulatud 1o wensues.

29 oclation_type:: 0 9% (EXIXXI]) [TIX11]

30 prob_threshold: 99.9 96 2 Sensor position coordinetes:

1] nass_prob_max:: 9999.9 97 [ Centered oun the ESH;

)2 _gate_factor:: 1000. 98 » X 38 Starbuard tright)

1B) ass_boost_factor:: 1, 99 » YV is Foiward

3" 100 ® Sigmo RU in muters ond radians

)5 [] fsnannaNe 101 sssasseaN waer

)6 ® HSDOF Internal Coordinate System 102 sglS0_xposition

| K] ? Values MUST BE defined as in file 10} 59150 _ypusition:: M

1] rdTypes . h; 103 w180 _zpouition:: 1]

19 segsraane 105 19150 _siymma tungu:: I

40 106 29150 _sigina beating: 0 oue ¢
) ownship_position_coordinates:: 0 § XY_REL_DLHP 107

42 ownship_veloclty_coordinates:: 0 8 VKVY_ABS 108 upsdY_xposition: . 1]

49 109 spud9_ypostcion:: 0

(T} starget_positlon_coordinates:: 2 # RB_REL_OvS 110 wpudéY _zposltion:: 0

(1Y Stargst_position_coordinates:: ] 8 XY _REL_OLis 1 spudY_sigma. tanyu: ; S00.

(1 target_position_coordinates:: o 8 XY_REL_DLNP 12 vpudY_sigma_buar bng:: 0 nnls

(X} starget _velocity_coordinates:: ] » VXVY_REL_Guwns 111

(L] target_veloclty_coordinutes:: 0 0 VAVY_ADBS 114 it ]

LY 1S ¥ u

50 116 [N : 1]

21 (Y1111} seRlRNREREIRRRONID AN 0039 _ulging sange., ., 4tH)

LY [} Qutput Pagameteis (OFF » O on = 1) 1148 LEE3Y _sigms hivar by [N EY

%) (IENRL) sdaeneeene "y

% 2 IS0 xpusition. nu

8 print_sgents_timing:: [} 121 1¢2150_ypouitdun. 0

56 plot_results:: 1 122 VS0 _cpusitiun:; 1

Y peint_results:: 1 12) 1ELIS0 nigmu sungu, St

5H 121 HHELI50 siguae Licasing. . O DLIS

Y 129

(1] sesenbamn (FINNIT] 1000 126 Ligmd _Lucut inhy: . U 0ay

61 § Parameters related to daca positional tusion 129 est_uiging _vhuar ing;: [TI]

62 8 tracking type = 0 => Extended Adaptive Kaliman Filter 128

6) ¢ tracking type # | «> IMH-CV-CA 129 aps506 _xposition.: 1]

64 apquudsiIIn e 130 apu506_ypusition:. 0

(3] tracking_type:: 1] 1} uprudS06 zpousition: . 1]

6b nmin_flor_q:: 5 132 w906 _ulgwa 1ange;: 1% U0
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[RR) upsS06_sigma_bearing:: 0.0042 197 8 Units uso metess, secconds. L wmeter/soecond &

134 198 0 Pionimity fuse is bn muters []

1S 199 asaddneg [ R ]] oo

116 a3a302_xpusition:: 0. 200 L _baventuly: 16

(F R upn902 _yposition:: 0 204 G, Inventory 150

14 apx%02_aposition:: 0. e t depicy _tam:: (I}

[BE] epuS02_sigina_rangu:: 45.0 AR} L deploy gun:: [ -]

1 apn302, wigna_besting:: 0.0042 2 vange mindmun _sam. . 00

(R 20% Lange maximum_bam. ; 20000

142 laingps _sadar _xposition:: 0. 106 1ange_mlnimun_gun [

14) lemps _sadar_yposition:: 0. 207 fange _maxitnum_gun: : L0006,

143 lanps _sader_zposition:: 0. 204 fonge_maximim_stig:: 50000

14% lunps _1adar_sigma_range:: 92.65 7* bampu sadar uncettatat ves bar §ARE 209 weopon speed_sam: 300 .
S stenasio 5 ¢/ 20 waapies Ll g : HH0

i bomgiu sahas uwlyma busi ing [T Y] RN prvxlwbey u. . Yty

La ] vum_hit) probabb by b0

(X 1] prss_xposition: 0. 231 gun_ki1) probublbiey:: 1 0

149 prss_ypositlon: 0. 214

150 gprss_zposition: 0. 215

15 prss_sigma_raenge:: 9265.0 /¢ prss uncestuinties tor LANKS bounariu & ¢ 216 [(ERXIXT Y]] sdeasErlnn (]
’ 211 8 Traching Furamuters (]

1952 pres_nigme_bearing:: 0.017¢ 204 1] wid by thy THM. ]

1%) 21y senapERIROD tveesanoy []

154 liok)lim) _wigma_pos;: 0.001 220 sul et tediiodeCunbio 0

15% linkliml_sig ring:: 0.0175 22) mode. peoh_€low_eld -0.0%

156 finklim2_sigmarenge:: 100 222 mucle. prob, [low_al2 0 05

189 tlnkiim2_sigmabesring:: 0.0175 21) 0 0%

158 224 wode_prubs_tlow_e22:; n.o%

159 ownship_sigma_pos:: 0.001 225 process_nobue_ cuv CVi: 10

160 dhip_sigma_pos:: 0.001 226 plocuss. hubse_cov CA: 1o

161 ¢ 227 dufault _siguu, anyals 10 o

162 dutault_sigmarbh:: 0.0 228 dufeult _CV_maode_ psol [

16) delault_sigma_vxyair:: 100. 229 detaule _CA_mode_prub: o1

164 default_sigma_vxysurf:: 3. 230

165 default_vbhearing:: 0.1 2)) -100-)

166

167

160 seaneee seseseennl

169 # Caseatti Parameters (seconds) (]

170 aspdoRRaRMD sesnmem

$7) time_stare

172 step_time::

17) refresh_time;: 2.0

174 time_update:: 0.

175

116 shsRcdaRRRIRS

v 2 SARsim Peramet

(N1 IR IEANN]]

[¥X] SAHuim_ships _dir:: Thume /o Jouan/NEWTESTHED/Z TR TBLED 0 CZSRNGS I shiipn /

14O

14} [(FIIXXIRRN)S tendesNNNe ]

182 # STA Paiameters L}

(L] 2 Vunits are meters, wmeter/second, & tadians.®

184 [} ssssdaan e saane N L]

(L} UR 1anpe: : j1000.

(.19 UH_cpa:: 9150.

tH QN spuud: : 225%.

1HH ASC_bearing_min:: {.66

189 ASC_Leaving_max:: 4.6

190

191 ? Unics 419 meters & meter/second.

192 clustes _min_radius;: A100.

19) cluster_dJdeltav_max:: 170.

193

195 agsnpidna e (XIITRRN] ]

196 8 RM Parameters




