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Multiple Object Tracking

By i1

Gt (Vi, Ev) Git1 (Visr, Err)

» Lett € N and let G(V, E) be a graph with
n—1 n—1 n—2
V= U ‘/t and FE = U Et U U Et,t+l
t=0 t=0 t=0
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Multiple Object Tracking

Gt (Vi, Ev) Git1 (Visr, Err)

> Lety € {0,1}7.

» Foranyt €n and any {v,w} = e € E, let y. = 1 indicate that v and w
belong to the same object.

» Foranyte€n—1andany {v,w} =e € Et 41, let ye = 1 indicate that v
and w belong to the same (object-)track.
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Multiple Object Tracking

Gt (Vi, Ev) Git1 (Visr, Err)

A feasible solution to the multiple object tracking problem is a y € {0, 1}7 that
satisfies three classes of constraints (discussed below):

1. Clustering constraints

2. No-split constraints

3. No-join constraints
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Multiple Object Tracking

G (Vi, Ex) Git1 (Visr, Err)

Clustering constraints:

VC €cycles(G)Vee C: 1—ye < > (1-yo) (1)
e’€C\{e}
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Multiple Object Tracking

By i1

G (Vi, Ex) Git1 (Visr, Err)

No-split constraints:

vt en—1V{u,v} € (Y4)
VC' € uv-cuts (Gt+1) VP € uv-paths ((‘/t U Vigr, Br U Et,t+1)) :
1_2(1_ye)§2ye (2)
ecP eeC
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Multiple Object Tracking

By i1

G (Vi, Ex) Git1 (Visr, Err)

No-join constraints:

vt en—1V{u,v} € (%)
VC e uv-cuts(Gt) VP e uv-paths((Vt UVig1, By U Et7t+1))t
1_2(1_ye)§2ye 3)
eeP eeC
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Multiple Object Tracking

Definition. For any ¢ and G as defined above, and for any ¢ € RZ, the
instance of the naive multiple object tracking problem wrt. G, t and ¢ is

max E CelYe
E
y€{0,1} ek

subject to  (1),(2),(3)

Remark: Any y defined by a set of node-disjoint paths satisfies (1), (2) and
(3). Such a y can be used as an initial solution for a local search algortihm.
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Multiple Object Tracking

Next, we will discuss generalizations of the naive multiple object tracking
problem:

» Node variables and constraints
» Track termination variables and constraints

» Track creation variables and constraints
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Multiple Object Tracking

Node variables and constraints: Let z € {0,1}" and ¢/ € RV.

Veec EVveEe: vy <z 4)
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Multiple Object Tracking

G (Vi, Ex) Git1 (Visr, Err)

Track termination variables and constraints: Let & € {0,1}" such that

Vit eEn—1 Yu S ‘/t vC S LIV;+1-CLItS((V;g U V;g+1, Et U Et,t+1))1

=S <o (5)

ecC
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Multiple Object Tracking

Track creation variables and constraints: Let 2’ € {0,1}V such that

Vien—1Yu e Viy VC e Vtu—cuts((Vt U ‘/;5+17Et,t+1 U Et+1))

Zu_zyegm;

ecC

(6)
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Multiple Object Tracking

Definition. For t and G as defined above, for any ¢ € RZ, any ¢ € RV and
any ¢/, ¢ € (Ry)Y, the instance of the multiple object tracking problem

/ 1! 1
wrt. t, G, ¢,c’,c’,c" is:

Z CelYe + Z CyZy + Z cvxv + Z c,'u":v;

eck veV veV veV

subject to  (1),(2),(3),(4),(5), (6)

ma:
y€{0,1} £ z,a’ ze{o 1}V
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Multiple Object Tracking

One may further generalize the multiple object tracking problem so as to
capture long-range connectedness:

For any F C (‘2/) \ E:
V{u,v} € F VP € vw-paths (G) :

1- Y{u,v} S Z (1 - ye)

ecP

V{u,v} € F YC € vw-cuts (G) :

Y{u,v} < Z Ye

ecC
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