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Abstract—'?® In this paper the Multiple Hypothesis Tracking ~A. Probability evaluation

with group tracking is applied to tracking targets in video k . : -
sequences. The width/height ratio is used as a target featar Let 7 denote an hypothesis at tim wherei is the

to help in target/detection association. Group tracking istested NyPOthesis number. The probability of a new hypothesis in
in real video sequences (PETS 2001) and shows that is possibl time & given the measurements® is denoted byP(QF|Z*),
to keep linked the otherwise interrupted tracks. and is calculated recursively as follows [5]:
P(QF|ZF) = P(yF|1QET, Z(k)) - P(QE7HZHY) (2
| INTRODUCTION (QF[Z7%) = P(yi|y ", Z(k) - P(Q, 7 [Z2777) (1)
The Multiple Hypothesis Tracking (MHT) algorithm, pro_where_Q’;*l is the parent hypothesis, ang’ represents the
posed by Reid [6], is fundamental in the field of MuIti-Targe"E‘SSOC"'?‘t'O”S in the current frame. The second term on the rig
Tracking [1]. In this paper we describe an application dtand side (RHS) of the equation corresponds to the probabili
the MHT enhanced with group tracking. Group tracking i8f the parent hypothesis in the hypothesis tree, and the first
necessary to maintain the tracks of several targets whan tiig™M on the RHS of the equation represents the probability of
come together for several frames. The targétith/height the assignments in the current hypothesis. The modeling of

k-1 o : ;
ratio feature is used to help in the association problem. Tﬁ’él/fﬂﬂ?- , Z(k)) is mtrodug?(lj in the following. _
MHT has also been applied, with group tracking, to track Considering a hypothesi3;~" and a new set of detections

persons with a robot's range finder by [4]. Z(k), each detection may have several different origins: an
existing target was detected, the detection is a false ti@tec
Il. FRAME PROCESSING or a new target is detected. For each existing target: it may

In order to detect targets in the frame we start by detectiigve not been detected in the current frame, it may be
active pixels as in [3]. To detect active pixels in frathethe @ssociated with a detection, or its track may be terminated

last framel;_; is used. The difference frante, is calculated (for lack of detections for several frames).
asIp = |I;—I;_1|. A thresholdT} is applied tol 5 in order to The probabﬂmes of false detection, new ta_rget, and aetarg
generate a binary matrik; with active pixels.Iz(z,y) = 1 NOt being detected are constants, respectively,, Pnr,
if Ip(x,y) >=T). Pyip. Letdy r be the d_|_stance betwegn the detectiorand

In order to avoid many false alarms, we apply morphologicHl€ targetl’, the probability of association of a measurement
processing based on the local density of the active pixelshE D With a targetl” (Pp.r) is 1/dp,r, or 0 if the detection if
pixel of the filtered image/y (z,y) is considered active if NOt within the target's gate. A track is terminated if itsgr
the number of active pixels in the neighborhodg(w(z,y)) IS not detected aftelV,,4 frgmes. A _tr_ack termination has no
wherew(z,y) denotes the window centered(at y), is larger influence on the hypothesis probability. L&§ 4, Ny7, Nap
than a threshold. Agglomerative hierarchical clusterippi Pe the number of false alarms, new tracks, and missed target
then applied ta/,; to generate clusters of active pixels. Eacfetections, then:
cIusterj_is represented by its centroid; which is termed P(w£€|Q§*17z(k))
a detection (measurement). We dend&té:) = {¢; : j €

N N N
1..N} the set of measurements observed in framand Z* = (Pra)Nra - (Pyp)MT - (Pyp)M ™ - [ Por
{Z(1),Z(2), ..., Z(k)} the set of all measurements up to time (D.T) €y
k. where(D, T) is an assignment of detectidn to trackT.
[1l. T RACKING

B. Group tracking

At any frame, any two targets or target groups may merge
&ogether. Only two targets or target groups are allowed to
merge at each frame to prevent a combinatorial explosion of
ngothesis. The groups are formed when several targets (or
groups of targets) are associated with the same detection, s
each detection may have been caused by one or more targets
and groups of targets. At any frame any group may split into
123hello several subgroups (or single targets).

Target information includes itéz, y) position and, an ad-
ditional feature, thevidth/height (w/h) ratio, to help solve
associations. No motion model is used to predict the pasiti
of targets in the future frames. The targets’ gates are laircu
around the target. The number of the last frame where t
target was detected is also maintained, for track terngnati
The MHT is implemented with clustering [6].
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Group creation/merging and splitting have no direct influ- 70
ence in the hypothesis probability. The group operationishivh
better explain the input data will be selected through great
probability. For example, if ian‘1 there where two close F
tracks and inZ(t) there is only one measurement in that area,
then the hypothesis that the two targets form a group will be
selected. This hypothesis will have greater probabilitgnth
for example, one where only a target is detected.

(a) moving objects

—_—

C. Target Features

The width/height ratio of each target is used to solve
association problems. It is particularly useful in probem
involving certain types of targets, most noticeably peapid
vehicles. Each target has a ratio which is only updated when
the target is the sole responsible for a single detectien . = = =" " -
the target is not in a group) because a group of targets has¢ . @z ol
different ratio than each of its elements. In certain fraraes - T
target’s ratio may suffer an abrupt change due to the process
of cluster detection. To attenuate this effect the targetso
is calculated as a floating average.

In a hypothesis?¥, a change in a targetq ratio R”
modifies the hypothesis probability by = 1/(1 + |R£lc —
ng_ll - F). The factorF' adjusts the weight of ratio cﬁanges
in hypotheses probability calculation. Then:

~_

(e) with group tracking (f) with group trackig

Fig. 1: Comparing not-having vs having group tracking.

k k—1 _
P71, Z(k)) = V. CONCLUSIONS

N N N
(Ppa)™ - (Pr) 787 - (Pap) T - The benefits of enhancing the standard MHT application
H Ppr-Cr with group tracking were evidenced. Thédth/height ratio,
(D.T) €yl can be very effective in discriminating between different
targets as the provided example demonstrated.
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