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for each view £ do
> Multilayer Model Construction
Indicate FOV
Label entry-exit sides clockwise starting from top side
Determine step parameter value
Construct Matrix /, a grid over the ground of intersection
Assign a layer to each entry-exit side
Determine Near and F'ar neighborhoods of each layer and all cells
> Multilayer Graph Construction
Determine entry and exit cells of each layer
Determine 7" (number of frames in each batch)
Define vertices for each time, layer and cell, vﬁj
Add Entrance, Exit and Transition edges
Assign weight w to all edges
end for
> Homography Matrix Computation
Determine the main view (n;_,_,..)
for each view £ do
Compute Homography matrix Hy ,,,
end for
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1: for each batch of frames do

2 for each view £ do

3 for each frame ¢ do

4 Get detections from a detector for frame ¢
5: for each detection (vg4e) in t do

6 if (vg4e; entering the intersection) then

7 [ < layer number

8 tag < tag number

9 [midz, midy|] < the centroid of vz

10: [i, j] + the cell [midz, midy] is located at

11: Create track record [vﬁj«, tag, midx, midy|

12: else

13: [(MidTpew, Midyne,| < the centroid of vy

14: [i', 5] « the cell [midx, ey, Midyne,) is located at

15: if (check Near neighborhood based on layer and tag number) then

16: Update track record [vll.;'fj,, tag, midx,ew, Midypey)

17: Update the weight of edge c(t — 1){, ;) between vertices
vﬁ:;_l and Uﬁ}fj,

18: else if (check Far neighborhood based on layer and tag number)
then

19: Update track record [vé}fj,, tag, midx,ew, MidYnew)

20: Update the weight of edge c(t — 1)1(1 j).(i".7) between vertices
vt and oY,

irj i'.j

21: else

22: found = history checking and predicting vg.; belongs to which
track

23: if found then

24: Update track record [vﬁzfj,, tag, midpew, Midypew]

25: Update the weight of edge c(t — 1){, ;) () between ver-
tices vll-:;_l and vﬁ;fj,

26: end if

27: end if

28: end if

29: end for

30: end for

31: end for
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32:
33:
34:
35:
36:
37:

50:
: MLMGSP = Compute complete tracks if they are in more than one batch

51

> First phase tracker (MLVFE)

for each view k do
MLVE . =Track based on track records and multilayer model

racks

Compute Restimated_#of tracks for view k

> Second phase tracker (MLGSPVE)

MLGSPV}, . =Track based on multilayer graph by shortest paths and

racks

Restimated_#of_tracks
38:

39:
40:
41:
42:
43:
44:
45:
46:
47:
48:
49:

> Mapping multilayer graphs

for each edge that has tracking information in view k (e ., ) do

e ok k k

Determine e, and e,  foredge e,

Determine the detection resultonef ~ andel

Map the detections to the selected view using Hy,,,
selecte

Determine the mapp.ed vertices €y, . o and e, oo

Reduce the edge weight based on (B.6)

end for
end for

> Final tracker (MLMGSP)

K = maxj<g<n ("festimatedi#ofitracks (k>)
M LMGS Pygien= Track based on mapped multilayer graph by shortest paths and

SIS 6,50, Y wx 6,59,) Sl (29,5 &S golpeuing 15, A .wlua;'e..i;aj)a SS9,

NUWW PRWIREE SR IPR IV JRVE TR WL L] K gp SO USRI URUE
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Abstract

One of the most important fields in Intelligent Transport Systems is Visual Vehicle Tracking.
Main phases are considered tracking and behavior analysis. So, one of them is tracking such as
vehicle tracking. Therefore, as tracking is performed, it should be able to obtain accurate tracks
from the moment a vehicle enters field of view till it exits.

Tracking is challenging when the environment lighting changes, the object changes its size or
shape, or occlusion occurs. Tracking at intersection gets more challenging when vehicles change
direction at intersections, and more occlusions that happen. That results in losing the tracks. One
of the approaches to solve this is using multi-camera systems. As multiple cameras give more
information, but also it adds issues such as camera calibration and data association.

In this thesis, a new approach for tracking multiple vehicles from a multi-view is proposed to
overcome occlusion caused at the intersections with undetermined motion flows. For this purpose,
a multilayer model is presented, which assigns each motion flows to distinct layers. Moreover,
we introduce different neighborhoods for various layers considering the regular motion flows in a
layer. Hence, vehicles entering from the same side of intersection with the same motion direction
are assigned to the same layer. Then, a multilayer graph is presented that assigns motion flows
to distinct layers with different neighborhoods for each layer represented by the graph’s edges.
Hence, the vehicle trajectories are distributed among layers. Then tracking can be performed in
graph of each view separately. After that, all multilayer graphs of different views are mapped to
the graph of the selected view. Then, tracking is performed on the distinct layers of the mapped
multilayer graph by computing min-cost flows.

In cases such as vehicle crossing, misdetection or occlusion, first the method can predict the
vehicle’s tracks by using history, layer neighborhoods, and then in graph tracking by using other
views’ information. Experimental results show a consistency of the ground truth and the analysis

obtained using the proposed approach in tracking vehicles in the inner part of the intersection.

Keywords: Visual Surveillance, Multiple Vehicle Tracking, Intersection, Multi-camera, Mulilayer

Graph
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