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Unified Detection and Tracking of Humans
Using Gaussian Particle Swarm Optimization
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Abstract: Human detection is a challenging task in many fields because it is difficult to detect humans due to their variable
appearance and posture. Furthermore, it is also hard to track the detected human because of their dynamic and unpredictable

behavior. The evaluation speed of method is also important as well as its accuracy. In this paper, we propose unified detection
and tracking method for humans using Gaussian-PSO (Gaussian Particle Swarm Optimization) with the HOG (Histograms of
Oriented Gradients) features to achieve a fast and accurate performance. Keeping the robustness of HOG features on human
detection, we raise the process speed in detection and tracking so that it can be used for real-time applications. These
advantages are given by a simple process which needs just one linear-SVM classifier with HOG features and Gaussian-PSO

procedure for the both of detection and tracking.

Keywords: human detection, human tracking, HOG (Histograms of Oriented Gradients), PSO (Particle Swarm Optimization),
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Fig. 1. Map of HOG-SVM output.
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III. HISTOGRAMS OF ORIENTED GRADIENTS

£ e Y AL A% 2% SWM RIS 8
A1 S oG 574 Ao Aplem HOG
ARE o2 4 Aolzo] HE A=g2rE F

o 7 HE 959 88 A AMZJ AZ Yol
7k 2x2 A 1%01 ME BAAE B5S 7430
A, @4 1-D [-1, 0, 1] ZHTUNE JES 7}9-A%
glo] AHgstedn HE dwg el gk 2
Akttt e omAle 7}t Adeldis] W& ALt
Zo| 7} & L2-normE 7HAE AEY aHUQE M
£ ARt

O @AZ JYHAE Zdxe uig s2EadS e
L e e A 7Jr A gelol disiA ARkeb 2 o
Aol aYUJAE A5E 0~18059] FE T = 4=
T3k 97hel ?ﬂgi T3 gtk 7 Bie g

e oy
it o

e K

(m o
it of,

%o >

)

[t e

335 0 =3

Azel o) JFeEa, AEet XAl s A FREEe
FAAE AboldlA BIPHS A8t

HFHo g HOG 54 HEH= 7xI15 /le] £
ojx|a1, 7t B2L 2x2 7)) Ao] &elold 1A
01?8‘3}. Wb 2z E5E AR AAA HH, ¢ £F
36-De] =3 AHH@AAS obins JF|EEIWE R
L2-norme AM-3lA Z4zF Aars) @k wabs] 7b 64x128
Aol AE AETE 3780709 FHOZ o]Folxl EHAR
Z Yehd F Ut o] SAFRE o]&3|A H4F SVM
F71E gFA71, 3

ol
. = =
7 QAps AR AAsh SEE gaEsR s g

A F3E bl M lejz 2718 "k 2 Wl AA dAE N
47} No|aL, zt 9427} D 2Fe] wE Y u), s ¥HEo]

el QIAEe) 99k S ()7 @2

X(0) = {af.f 2l ) m
V1) = {070y 05 o) @)

SHEIR
22 (8) = {wh (1),2 () a2 (1),22(8) } 3)

wio] WYBA4E YAEL 250 o)d A ANEL
HEST FHHWA £RH0 =L dAEe 245
Sy F a5 A7 ANES AR 9 @ B

g S5} XS yAFT)
V1) = V) + ¢, (e — X))+, (1 — XX (5)
X(t+1)= X(t)+ Wt +1) (6)

7N p,E oA AH ARolm [, B JAE] AF
A ARE A FY AFelth o p,E ¢ =
rand(0,c,), @, =rand(0,c,), A71A ¢, AXFH & <
A}, o5 AFEIA Shgg Q1Rjoth

2. MY X} 2 A3}

Age] = AN 4 (9 BY AFAY g, 2 £F

she Fu2 ()Y (9 2ol Y & uk
Vt+1)=aV(t)+, (p,.— X))+, (1, — X)) (7)
Vi +1) = V) +, (e — X))+, (g0 — X)) (8)

A7 e BAAFIIL g, A ZHAN A7
o A% gReltk. (el 7E FE WY

A = 24
s A9 Paln A9 FAlo) FHE 2F7) 95 AL
i, @ e T NPe +9 FEE e 9

A A ATH16,17).
R. A. Krohling2 7}-$-A]<F

e &5 Al A8 ARESRE GPSOE  AlSHEFATHIS



JtRAIRH Xt

M
ibal
Jrall
Ja
[
L]
o

GPSOT cognition learning factor ¢; 3} social learning factor
e FQT A L3 BFY PSORTF wEA Stk
GPSO®] &&= 784 212 o33} 2t

Wt +1) = lrandnl(p,, ., — X(t)) +Irandnl(g,,.,— X(t)) ©)
A7)A Jrandn| 2, abs [N(O,)]$} 72 71-AIQF &85 EX
o] Hfzkel uwebr AAE g g o]FofHTh du
ZF 12 2713 T Al HdE 9 FHd FFoZ A}

|5 GPSOY 3 2HS Jehdoh

dudE 1. AE 2 F9S 93 GPSO.

Algorithm 1. GPSO for detection and tracking.

1: procedure G_PSO(5)

2 fori=1,---,N do

3 calculate velocity v;

4: 7 s s#iy ol 14

5: end for

6 fori=1,---,N do

7 Extract HOG features of S;

8 SVM output as a fitness value of 5;
9 Update ppes; of S; and find gp..;
0: end for

11: end procedure
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Algorithm 2. Unified detection and tracking.

I: 8 = {x;. v, c}: i-th particle
2. r;: 2-Dimensonal center coordinate of detection window
represented by i-th particle in the image

3. Vi Velocity vector of i-th particle

4.y Scale factor of detection window relative to 64 = 128
5: N: The number of particles

#: iter: The maximum number of iterations

7: PV: The predicted velocity of human

4 procedure SDAT(N . iter)

9 Generation +— ()

10: Mode +— Detection

11: Get the frame

12; fori=1..-- .N do

13: Initialize each particle 5, for detection

14: -1, {01} uniformly distributed

15 - (0) =0

16 -r; +— random scale in predefined range

17 end for

18: repeat

19 Generation +— Generation + 1

10 Get the frame

2k if Mode = Detection then

22 G_PSO(S)

3 if Human is detected at gy.., then

24: Initialize each particle 5; for tracking
25; -ri(0) ~ N (&g, + PV at)

26: -u;00) 10

2T - +— random scale in predefined range
% Generation + ()

29 Made + Tracking

0 else

3l if Generation = iter then

32 Initialize each particle 5; for detection
iy Generation +— 0

34 else

35 Continue

36 end if

ke end if

3 else Mode = Tracking

3 G_PSOIS)

40 if Human is detected at gy..; then

41: Initialize each particle &; for tracking
42 Generation + ()

43 else

44: if Generation = ifer then

45 Initialize each particle S; for detection
46: Generation +— 0

47 Muode + Detection
43 else

49: Continue

50 end if

Sk end if

52 end if

53 until End of Frames

54 end procedure
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Table 1. The result of the proposed algorithm according to the

number of particles.
Particles | Avg. # of Frames to Detect| Tracked Frames |FPS
10 60 608/729 (83.4 %)| 58
20 20 757/759 (99.7 %)| 24
30 15 761/761 (100 %) | 15
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