
CS 585: Image and Video Computing

Homework 4 - Solution

April 13, 2020

1 Exercise 1: Single-Object Tracking (5 pts)

1.1 (a) What is meant by the term “tracking by detection” in
computer vision?(2 pts)

In computer vision, the tracking by detection is a tracking paradigm that first applies a
detector to obtain all the instances (or detections), and then run a tracker on the set of
detections to perform data association, i.e. link the detections across the frames to obtain
full trajectories.

1.2 Briefly describe the difference between such a tracker and the
alpha-beta tracker. (3 pts)

Both trackers involve detection and data association. The different part is that, alpha-beta
trackers do data associations between predictions and measurements while “tracking-by-
detection” trackers merely associate measurements from adjacent frames. No predictions
about a tracked object will be made in “tracking-by-detection” methods.

2 Exercise 2: Kalman Filter (8 pts)

Proof. By definition of M , we have the following equations:

M [t|t− 1] = E
[
(x[t]− x̂[t|t− 1])2

]
,

M [t− 1|t− 1] = E
[
(x[t− 1]− x̂[t− 1|t− 1])2

]
.

We substitute the state equation x[t] = a ·x[t− 1] + q[t] into the first equation above and
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obtain:

M [t|t− 1] = E
[
(x[t]− x̂[t|t− 1])2

]
= E

[
(a · x[t− 1] + q[t]− x̂[t|t− 1])2

]
= E

[
(a · x[t− 1] + q[t]− a · x̂[t− 1|t− 1])2

]
= E

[
a2 (x[t− 1]− x̂[t− 1|t− 1])2 + 2a (x[t− 1]− x̂[t− 1|t− 1]) q[t] + q2[t]

]
= a2E

[
(x[t− 1]− x̂[t− 1|t− 1])2

]
+ 2aE (x[t− 1]− x̂[t− 1|t− 1])E[q[t]] + E[q2[t]]

= a2M [t− 1|t− 1] + E[q2[t]]

= a2M [t− 1|t− 1] + σ2
q ,

where we used the fact that x and q are uncorrelated (so that we can apply E(AB) = E(A) ·
E(B)), and that E[q[t]] = 0, and that σ2

q = V ar[q[t]] = E[q2[t]]− (E[q[t]])2 = E[q2[t]].

3 Exercise 3: Kalman Filter (6 pts)

Proof.

x̂[t|t] = x̂[t|t− 1] +K[t](z[t]− x̂[t|t− 1])

= (1−K[t])x̂[t|t− 1] +K[t]z[t]

= (1−K[t])ax̂[t− 1|t− 1] +K[t]z[t],

where we used the equation proved in the previous problem, i.e., x̂[t|t− 1] = ax̂[t− 1|t− 1].
The Kalman gain factor K[t] weighs how much to rely on the measurement z[t] versus

x̂[t− 1|t− 1], the estimate of state x at time t− 1 based on our knowledge up to time t− 1.

3.1 (a)K[t] = 0.5

In this case, 1−K[t] = K[t], which means the estimate x̂[t− 1|t− 1] and the measurement
at time t, z[t] are equally important.

3.2 (b)K[t] > 0.5

In this case, 1−K[t] < K[t], thus the measurement z[t] weighs more than the estimate.

3.3 (c)K[t] < 0.5

Similarly, we have 1−K[t] > K[t] and hence we rely more on the estimate.

4 Exercise 4: Multi-Object Tracking: Data Associa-

tion (2 pts)

Advantage of GNNSF: Simple.
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