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Model Parameters Estimation for Multitarget Tracking
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1 Introduction
Multitarget tracking refers to estimating both number and locations of variable number

of moving targets, using variable number of noisy measurements, some of which may be false
or missing. Temporal evolution of the targets is usually modeled stochastic, with

xk+1 = Fxk + wk, E[wk] = 0, E[wk ·w>k ] = Q, (1)

zk = Hxk + vk, E[wk] = 0, E[vk · v>k ] = R, (2)

where xk is the state of a particular target at time-step k that is comprised e.g. of its location
and velocity, zk is the measurement, and wk and vk are the state and measurement noises,
respectively. The matrices F and H can usually be revealed by accounting for physical nature
of the targets, e.g. assuming nearly constant velocity motion and location measurements. Level
of uncertainty appearing in (1)-(2) is captured by the noise covariance matrices Q and R. To
account for false and missing measurements in multitarget environments, the mean number
of false measurements λ, and the probability of detection PD need to be specified as well. The
meaning of the parameters λ, PD, R and Q is illustrated in Figure 1 for a case of visual tracking.
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λ : how many false measurements there usually
are in a measurement set

PD : how probably there is a measurement that
corresponds to a state of some target

R : how ”far” the measurement is from the
target, if it exists

Q : (un)certainty of the target movement

What are the values of these parameters?

Figure 1: Graphical illustration of the meaning of the estimated parameters.

The parameters λ, PD, R and Q, are usually hand-selected, leading to sub-optimal
tracking performance. Values of these parameters usually cannot be found from first prin-
ciples, but can be estimated from data. For this purpose, knowledge of true target locations
(e.g. from a carefully analyzed time span) is assumed to be available besides the measurements.

2 Motion Noise Covariance Parameters Estimation
Given the sequence (ak1 , . . . , akF ) of known locations corresponding to a particular tar-

get between the time-steps k1 and kF , it is possible to estimate some elements q of Q by using
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the measurement difference method, recently developed in Kost et al. (2022) as

vec
(
q̂
)
= Γ · vec

(
1

kF−L−k1+1

kF−L∑

k=k1

ak:k+L · a>k:k+L

)
(3)

where the matrix Γ depends on the known matrices F and H and position of q in Q. The vectors
ak:k+L = [a>k , . . . , a

>
k+L]

>, k=k1, . . . , kF−L denote stacking of L known locations underneath,
with L depending especially on the number of elements of q.

Given sequences of known locations corresponding to multiple targets, the parameter
vector q can be simply estimated by joining the sequences of known locations together.

3 Measurement Model Parameters Estimation
Denote the sets of measurements and known target locations with Zk = {z1

k, . . . , z
M
k }

and Ak = {a1
k, . . . , a

N
k } at time-step k, respectively. For clarity, assume that the measurements

represent locations as well, and that each target generated at most one measurement at any k.
If the correspondences between measurements and known target locations were known

in each time-step, the matrix R could be estimated via sample covariance and the parameters λ
and PD could be estimated based on the number of correspondences. The correspondences are
unknown, but can be approximated by solving the proposed optimization problem

α̂k = argmin
αk

( ∑

(i,j)∈αk

d(zik, a
j
k)
p − cp · |αk|

)
, (4)

where αk denotes the set of correspondences of the form (i, j) ∈ αk denoting that the i-th
measurement is assigned to to the j-th known location, d is a user-defined metric, c > 0 is
the cut-off parameter and p ≥ 1. The optimization (4) was designed to be in accordance with
multitarget tracking performance evaluation techniques such as in Rahmathullah et al. (2017).

The cut-off parameter represents the maximal d-distance for a pair of vectors to be as-
signed. Its selection is thus crucial for finding reliable correspondences and thus for estimating
R, λ, and PD. The proposed procedure for selecting c is based on an expected behavior of the
number of assignments and corresponding distances resulting from (4). The expected behavior
is accounted for with a number of carefully designed guideline functions.

4 Results for Visual Object Tracking
The proposed method was used to estimate the parameters for visual object tracking

problems. Data from the well-known MOT17 dataset, see Milan et al. (2016), were used. Using
the parameters for multitarget tracking itself is, however, subject for a future research.
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