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The PTZ Camera Control Method Based on the Improved Kernelized Correlation Filter

PAN Zhenfu, ZHU Yongli, ZHOU Guoliang
(School of Control and Computer Engineering, North China Electric Power University, Baoding 071003, China)

Abstract: Traditional PTZ (pan-tilt-zoom) camera control methods rely on manual operation. By those methods, dynamic
objects can’t be tracked continuously in real time, and the accuracy of object tracking is low. To solve those problems, a
PTZ camera control method based on an improved KCF (kernelized correlation filter) object tracking algorithm is proposed.
Firstly, the traditional KCF object tracking algorithm is improved in terms of motion state estimation and scale estimation.
In target motion state estimation, the particle filter framework is combined with the traditional KCF algorithm to estimate
the position of the moving target. With the motion state estimation method based on probability, stabler target signals can
be obtained, and background interference information is reduced, thereby stronger anti-jamming ability is accomplished in
complex scenarios. In target scale estimation, correlation filter is applied to estimating the scale of the target in scale pyramid,
which improves the algorithm adaptability to the scale changes of moving targets. Secondly, the PTZ camera is controlled
with the PELCO_D protocol according to the information of tracking results in order to keep the target within the viewfinder.
Finally, the comparison experiments are carried out between the improved KCF algorithm and the other tracking algorithms
using the Benchmark data sets in order to verify the effectiveness and robustness of the improved algorithm. The algorithm
is applied to the PTZ camera control, and the PC system of PTZ camera is controlled by the improved KCF algorithm with
C++ language. The experiment results show that the PTZ camera control method can track the obscured target accurately
and keep it in the viewfinder stably.

Keywords: object tracking; PTZ (pan-tilt-zoom) camera; correlation filter; particle filtering; motion state estimation; scale

estimation
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Fig.1 The framework of the PTZ camera system
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Fig.3 Flow chart of the control algorithm of the PTZ camera

311 RZIR[EIYF 5 HKF

KCF SR #5032 K FH 3C (101 B 77 VA2 0 8] )5 53
FKash oI AL RE, B f(2) = w'z. WA
FI| Hilbert FHAEZF A ) AE AR ¥ x; — @(x:), 3E
KRN k(x,x) = (@(x),@(x')); WAL 1] )
AT AR IR A

miny _ ((w,@(x)) —y) + 4wl (D)
Horbt, g WREA, g WA, A AN ER
IEMIfCZ S RS (1) TR AR A B AR 1 2%

TG w:
w=> ax) )

A  "WHEL, FERUBEER o, AR

w.

3L [12] 25 H T AR (8] U ) AR
a=(K+AD) "y (3)
He, o NHEARSEE, KZ2ZHER, 1
e MNRALRERE,  y IR
3.1.2 1EIFERE
XA x BEATREAL AR M, P LASRIGIBFRAERE X,

&I
X1 X2 X3 - Xn
Xn X1 X2 ot Xp—
X=C(x)= |Xp-1 Xn X1 -+ Xy ()]
L X2 X3 X4 - X1

W, X B HEEMEARREx (X3
M5 14T TERBAL AR, Frbh C(x) RanXFEA
I & x J§ IR A7 0 EAT B AR BE. il A il n) &
x NAATAE, P 6 P AR P 0 e e e 2 Ef B AR 4
(DFT) SEEUAEFEXT AL U3, gt

X = Fdiag(x)F" 5)

Hep, FRE—5x BXRNEEHME, FRITHE
DFT, Ul F(z)=+/nFz, F" & F F3L0i56E, %
FoRA R E x B EUE B, 2 =F(x). T
SCHRHH 7 SRR IR — A A B ) B U A
3.1.3 BFRIRIEEN

FRYESC (7] B EEE 1, WAL R ()
ST, WA K NERAERE. Fik,
(3) P ARHE A8 TR B2 VR 1 A5 B A T ) A«

y

k+2
He, K=Ck), kHIILE ki = k(x,x,).

BB R%HE . K F DG C A AR N4 28 T TR A %
HFHTAS. RORVLECARR X ARG IIRE A Z 43 53] 2 3
FIoeER MR x Al z AR G IR G A R, AH B
M, K= AN TR ZEE (P 'z, P x) R —
MERZHERE, Ho P ATEA AL BARE. R
B AT IO R R R SR P

K™ =C(k") (N

Hop k2 x 5 2 IS M AR, W DS B A e £
RN

a:

(6)

fR)=w'z=> aiK(x;z2) (®)

Hrb, x N E—WiES K B FRITECRERL, X Nx 55
RIEAREAL G R, x, =P 'x, n N x TEINE



2638 55 4 1

WIRAR, A ST O SCUER B PTZ 3B MLz H 75 423

Bl 2 MINGRREA. B R 2 AR RS,
5

r n
Z(Xﬂf(xhzl)

1

n
Za,-rc(xi,ZZ)

1

F@)= | ax(x.z) | = K'a 9

5 ek (¥, )
Hor, Z AEGE 2 5 j RIEAR AL R, |,
zj==P 'z, m Az MILEN FEE F(2) W
il E—AmE, Koz AnaErraBAiZskL
A B B, T A AR E R 9), R
EPRHE R )RR W] 45 2000 M A0 S i 45 2

Fz)=k" @ (10)

Forpr, “.7 OyFEFESSRIZ A, 2 R BIEE H AR
HWRE D BB, Akl BArrA &, x M
Bt 22 31 3045 1 H AR, xf 3K (10) 34T DFT
WIS, Bl A B REAS 2 AW SRR, o N
KRB BRI HARPERINE. SRR & % -

a=(1-na, ., +na (11)
i,Z(I—T])ﬁZ,I—I—T]i (12)

Hr, n N¥EIRT, a M a5 53K s 250w
A b — TS T SR AR () SR m) B A &, R,
Xy 3N F R A HTWOR B — WU R 1S Y B AR UL
Y (1 B T A8 AR 4 R
32 BtEsiikasmit

BLFUEP 25 (particle filter) U4 J&—FhdtF D1
P S0 TR 0 AR S RV T VR IR SRR S B E R 110 S 1
Ve, T DRYE A M A B R A s s R A,
B (RIR 25 72 () v 3 o A2 39k i A 25 H b LA ke
LE FRARS FINEZR /AT, X 5L A RE AL S 4 T R Hh
FRARLT, kA0 T J0 55 I W] LUE I AR AT 7
HIRE R 75 A1

7B A 1 D B AR i I s BURE AR
S=(s"n=1,--,N) RS0, K7 EIERR
TSCE, ASCW R R R, RH S #ox. B4
FEARLT s ARFRAZAH ISR 35 (1) e ALY
321 NFBEMREESKRTFES

SR AR 2 1A% AH G UE Ik 245 1) St e Mol S AL 43 A1 By
AN H bR BRI HA. & UM A R UE

e B e (B A ) AT R BEAEAS, BURL TRy

s=(p,v,r,7) (13)
p=(xy) (14)
v =(vy,Vy) (15)

Forit, p R HIRIGRIE, (x,y) IR0
FR. v R THOZ AT, v IR T RN x 71 b
BISERE, v, FRLFRRE y J7 0 LR RE, r A%k
T2 R e B R A B R R R, 7 N
BT IR,

oA T 8 1 900 R 0 8 A T A
. S, —AS, 1w, 1. 3L, A MR AR,
Wi j"j%/ﬁﬁ I 7
322 RNTFIEKSIEE

VIEAL £ — 1 B ZREAORE TBE S, | A AR,
BRI 0 DR So

ERHE MKCTRES, | THRIERE sv.x Phik N
AR

(a) MR L B — P B o

k

k
§ i
s, .
_ =1
C1= N
E i
$;_ -
i=1

(b) F=AE N AN [0, 1] 1135 A2 35 5 43 A 1 Bl AL AR
&, MRS s

() X r AN TR, S o BRI RN
— W RITEREA, {525 A N RN RIIFHRA
jr JR Y = i)

(d) EHHREARLT R, s =5

B4 RIWRGIRETIES, =AS, 1 +w,, 1T
SOIREARL TR S, fhTHRrR A &

MM MRPEARSRLFHE S, R — DR
&, MATRZM IR AL B AL, AR5
SRAGHT AL M.

(a) XKL ¥ HE S, R — R AT AL B A A
KUEVL AR VLWL, 19 BIAZAH < YE Ik 75 1) foe vy o LA
BEHTRL T RS

8.7 = max( firans (7).7) (17)
S;"P = ftraHS(sD'p (18)
o, frans ARLFIRESAE R BREL

(b) M TFEARLTHE S, BBEAKLT, XA —

M) B ARIRAS so SR 1180
sy, =s.px—so.px (19)
sivv,=s.py—so.p.y (20)

(16)



424 M2 A 2016 £ 7 H
(c) MRAFFEARL TRE S, THELAARL T AE - EWRGT Z TH SRS IR e R & Y. SRSl T 4R
A sy B RAH IR RAR Yo £ BT H AR
sl =—" 1) iz
> sk Y=F (g7 @27)
k=0

vt IREBCEAFAEARLTHE S, L A c
TR A I R B R AR P s K AR, 3R AL B AR R AR
N H bR IR B -

5o = (s¥|sk.r = max(si.r),i=1,--- ,N) (22)

33 REf

A Al DSST K BR B2 A 0 B 1 A 1E
VOT2014 5538 2 e A 1. 8 RO Al v 99 N BR B
e R EAR S MU RN 1. AR,
B8 () RURE A B3 v S A T HLA s i T H B AR
R, ONSLBLX—HAR, ARSCHR IR Mo T
LT A I 0 A P M B AT RS S v, 1K
FEA BT 40 R 2 ) 1 48 2% DX 85k B o) 76 5 /N L.
BEAk, B TT DL ER R P RE AN JOST 8 5 A TR R EAE
W, ik, R EREMAERT, @idEI N — 1
YA YR A R AL BB 1) B AR R
331 14EEXS LIRS

KH 1 AERRHERS RN BB E S, W E
BT RIERURHE L f Rox Bs. B2 —1
AR IR SR UE AR By AEAF 1 25 FSAH ISR B 23 1)
RAMEIR Z R A

e=|hxf—gl’+A|lh| (23)

Horb, “s” FoREBUUSH, g A EMIMLE, f
RUNGFEAR. S5 A, >0 NIEMSE. H3C [9]
S (23) Al fEAs
b BT (24)
fr+A
Horr, 7 R (23) HOORLRFS 1 2 e B AR
e FAR w7 FORMEFERIILHERE, Fltn gt For
g FO L R e 0 B A L A e, AT RE R ek
W AR T & XA R B 2R 3R A5 B AR E B 2E h.
N T SRS E R R, 4 ) A S SR A A,
(R (24)) 5T A, F5EE B,

A
B,

(1-mA 1 +ng&F, (25)
(1—=m)B,_,+nf f, (26)

Horb, TAR 0 — 1 RoR b WA S A5 B R R
n R MNFEIERSHL IR X IRy

Horb, FoU o u e B AR
332 FHEEFE

E—ANOAhE S BRI ERHEZE TS, B E
FIHREURE A s 2 PCA-HOG $E 471, 4
1 4 vy 0 ok 0 o A A K B g, RS A
Q7) THEAZFRE & P A S B ) B Y, i A
A SEAEL yymax A 527 1 H AR RUEE.

ik P x R FR YT EAR KD, s RoRRE
‘k$.ﬁﬁ¢ne{kf;1,m,s;1},%m
PLE R N F 0. KANA aP x a'R W EGE J,. H
g RN EANFIEZ 2 B RER . 2GR
Jo PVRHIE BRIV E RN ZRFEAR, RS T IERS n )2
RIRFAERRE R f(n). fhE, A @S (26) B
R BEIEVE AR hgare- FENIRERFEMAE A 3 BT
7K.

4 S2IG44F (Experimental analysis)
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Fig.4 The accuracy comparison between the proposed algorithm and the other algorithms
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Fig.5 The success rate comparison between the proposed algorithm and the other algorithms
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Tab.1 The average speeds of the tracking algorithms (frame/s)
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Fig.6 The operation quality comparison between the proposed

algorithm and the other algorithms
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Fig.7 Tracking when the target is obscured
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Fig.8 Rotation results of the PTZ camera while tracking the

target

5 #5i¢ (Conclusion)
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