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Abstract

In order to solve the problem of tracking offset and target loss caused by the offset of the recording
device during target tracking, a target tracking algorithm based on YOLO and KCF is proposed. This
paper uses the YOLO algorithm based on the end-to-end design idea of regression to achieve target
detection. Before target detection, the video image frame is grayed and average filtered to achieve
image enhancement, reduce redundant data and remove noise. Afterwards, the tracking frame of the
KCF algorithm is initialized by the YOLO algorithm, and the offset error rate (OER) is set in the track-
ing process to adjust the tracking window position in real time to achieve real-time tracking of the
target. Experimental results show that the method proposed in this paper has higher tracking accu-
racy and robustness than KCF algorithm and Camshift algorithm when facing the recording device.
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1. 5|8

BE&E AL FRMIAWI R R, HFOU - EA R AR W IRAR T 58 WAk gh 2D, TS LA o BV s i Bl
ST CNHR” S HPy M E AR R ST . HAT, HENAE IR F BRI TR R 4% . R RRACE
FEHN U, A R R 45 A I BRGNS B SR B AR BIRRARAE B, S B S B E ARk
AEbRERER, X H AT AREAT AN S B

AR FEN HARIREE R AR BEATHI S, HARERER ST UL A O Sk, EEFHH S, WS
R4 R 5 T R SR AT 5, BREF VA DO 7T B S B SE bR ORI ES [ 1].

H bR ER R 5 A gt 2 75 25 78 MAIE FURTAE W H AR /N5 400 B RGBT, 05 2Rt hiz H B 1 K/
508 . N7 E R ERER R O BRER v O R A A, 1 SR T H AR RN SR H AR B AR, H AT
LR BE 2 ) AR IR 2, — 2R Tk XS ) H AR 5509, 2 B m: R-CNIN 2],
Fast R-CNN [3]. Faster R-CNN [4]; 53— TR H bt il 50%, #AEEa: YOLO [5]. SSD [6]
%5, b R-CONN SR 2 Tk XS Ry Rtk 5 2R SR BV 2 X R-CONN SRR T 5 LASRAG 5
e AR A 38 R 1) 28 1 B0 o R-CNIN (19 A S AR R FH e 5648 2% 503 (Selective Search)7E & HH & HL AT
Re & H AR IR X3, SRJ5H CNN $&HURHE, SO HFRERER[7]. ik T [EH1 YOLO #1 SSD &%,
SR HARTION [F B 64T, Horh YOLO Bk Rb rl Ab 3 45 il G RERE I 2 B br BRER I ST .

PR G Mt B ARSI 5, EARRAS T H e B AR S = 6 8 B Ariz a5 B &St . 40 B ix
FRER %N KCF (Kernel Correlation Filter) 5k B A BRI LIE, H 256 & & K AE MmN, ~HIE
WRERER M, H AR K HR.

N T R RS R R ER R AR RS A1 H AR 25 2R ) JR, AR SCRFHZE T YOLO A KCF g H ARER BR 50
I YOLO SHWIaA KCF FEEREFAE, 15 B (515 22 28 5 7 o] I 55 0 KCF S92 PR R A 1 AT 58T

2. EGTAEERN B R
A T L i K P AR D RS 8 B v v ) IR E R v S B G AL B, D TR E R, BRI AR
YOLO FiEs2 Bl H brta i o
2.1. Eli&iHE5E
Ve 45 358 5 1 5 v A% B [R) A FASORT 0 N S SR 52, S I K P AR He . L T PR B 1l A R 2 Sk g
WA, M SR A I | R RN [E) S P S (8] AN S K FE AL AT SAE JE VA D TURTE S, BRI AT
1) KJEM, 7ERGB &M d, W R=G=B K, NWEOXK R —FMEKEHE, H+ R=G=B K{HEMY
KIEME, Hit, KERGEMEERERTE N UEROKEECRRREE EMH), KEBEA 0~255,
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Figure 1. Grayscale image
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Figure 2. Mean filtering method
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Figure 3. YOLO network [9]
[ 3. YOLO MI48#581[9]
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YOLO BiLHNZ, B NI ERETY) 448*448*3 [ =iBiE g, =@iELfEGha, 4, &
IR BN AR E R E KN AR RN, TR R JE N 48 S RO ISR R G OR /N
EFRCE, I N BUR BT Y]y 448*448 [ € K71 .

WMANZEZJE 24 FER)Z, BN BRI T BRI R RAE R, Il SRRA R ER 77 8 5 2200 7
FAEARENS . YOLO ML R 3%3 A1 1*1 MR, Hb 1% BB 3 ZE AR R GRS
B E, WO ESHEITSE

YOLO PZg R b Ak 2 A AR 2 W 25 Ak 2 D ReAH [R], A — MEARE X R IX R R S . YOLO
W £ A 2R e e e KA, T AR 00 B DX el KB R AR B o R Xk, 9k U R i, By bt il

YOLO M4 5 RS FH A~ 41 32 24 B A0AL Jo 2 48 ds “hifh” oy —4Em &, NS 728
(AR GHER

YOLO W £ 17 (1) fiz J — J2 4 )2 5 CNN B ) SoftMax 73 88 SR 4 7 452 2 40008 70 S i A
8L, R ERRAE AN o 2 H AR 0070 88, (H G AN[F] YOLO Bk th 24 H — A 7+7*30 iysk &, 7*7
ERNER 77 WRSAEXT R, 30 ARG BUR PR i) 73 2845 IR UL S BAS Bt . 5 il 48— 20 5E i)
77 2O 1% ) B AT RS 72 SR PG b s ) R R &5 R

2) A

YOLO Sy s N 1 UG 53y S*S M , 54N W% A SR I & 76 Hho0 s (1) B AR I 3845 H R IUAE .
REA™ B AR IUAHE B L 4E T S 504 R B Aot s AR A2 (x,y), - B R (w,h) R ELAS FE (Confidence) »

BEZHENAXA-DYIR

C= Pr(Object)*IoU (1-1)

ARA-DH Pr (Object) /Mg HARUAEH HARAAERI AT RETE, Object X HAFX AR, IoU (Inter-
section over Union, 22 7 H0) T B 7= 24 % 25 T 21 1) B AR AE AL & RO HERf 1, RIERUWARA-2) 7R .

ToU™ box( pre) Nbox (true)
0] =

pre

box ( pre)w box (true) (1-2)

AR1-2)F box(pre) e n T HARIIHE, box(true)F/n H.5E H bRilAE

YOLO HiAs M AE Wi 4 frar
3. RAREEE
3.1. KCF &%

KCF SiE i B F BRI 088, kT ERABES TG —A Bt es, 6
it 1 E AR A 2% ZS A R — WA R AL B, SRTUNZ A B R T AT B H bR, SRS SR A
SER LT HIIGRAE[10]. PAMORSZHUSE 7 H AR I 2% o 38 3 76 A A () 4 L AR R (0] 05, 4 H bR X3
PERIEREAR, FRAEHE B AREI XA FREA, 35 1 H br DX A0 i DO 8 A B AT K 1
BEPER AR A KB IREA,  SEBLE AR 28 K1 25

1) SHkiES
BENGEREARE N (xsy), WL FH R ECA A R Q-D TR,
f(x)=w'x, @-1)
o, wARERII R EAE REL N T BRIRBUR R, RACEVE, T2 R /D kR g ana(2-2)
Frs.
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Figure 4. YOLO algorithm detection process

4. YOLO E ATz

min 3(f ()=, + 2|l (22)
HFERE AN
min|[X, — "+ 2wl (2-3)
ARQYXHAFH, Jof Al REAMURRSE, CHMETG, A REMLSE, 7Lk
WE, HEAUE w, K AXQ-4HR.
w=(X"X+21) X7y (2-4)
o, ﬁff'ﬂ%%ﬁ@?@ﬁﬁ'\jX:[xl,xZ,xS,x4,---,xn]T, vy FREEE, y AR, B S S E AR L
O AEIAAAE, BB EEHOERE, KX Q-4 TR0 AR 2-5)Fs.
w=(X"x A1) X"y (2-5)
Hof, X FRH R RO B X

2) KCF S35 B AR
TE BT MWOZE IS T — 1l H AR FTEALE R B AR XA, $REBCEARMEIEFEA, WA weh BIEIE
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Ye, 37 FARIK IR 5 IR G — RIS, ¥R G, (1 € (0,12, w—1}x{0,1,2,+-, A -1}).
XHEAMRHERRIAT BRI, FHRIE S, = Y ak(x,. ) TR S HARATBUEE (7 DBUR AL,

RN — W SAEA T SR s AT AL, SRS BRI 22 K(2-6) T o
S=F"[F(k)-F(0)] (2-6)

KCF BREFSVEEA W SR AF . R AR T, U I8 A e 4 5, 7R AT 1
SRR BEARH PR, PRERCRA AR R (1] (H 2 PR PR (0] 33 R AR SO0 1 s i 2% R AR s I 5 BU6VE
HERA R ER B R K H AR

FIHEASCR A YOLO FIl KCF SUAICA I HARERER S, TR P ik &% I Fe 18 B AN HERA B2 2R H AR
) 7] R

3.2. BRERERE LRI

1) W% %2 3 (Offset error rate, OER)

TR KCF HE R & e R R ERER AL A E Ax 2R @, i YOLO 5%t 47 KCF 51
WILEA, (EERERIEFES, ¥4 KCF SIET A B ARALE (ke,ky) FH ke 5 YOLO 532 H Rkl A7 8 (x,p) H 1)
x AT LRI, PIRRRIEAE x Bl 7 1) B LA e SR RS 1% 22 %6 (Offset error rate, OER) U1 /A(2-7)FiR . 18
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2) Bkt

H Fts i

Y

YOLOSEIERI A ALER
EiE

v

KCFAE3: H b it

v | J
I T EIN YOLOSE A6 KCFSL:HSLAEA RN
Iz BLAT AR BURIUIEN
Y
ST H ARArE
i R ER R R

Figure 5. Flow chart of target tracking algorithm combined
with YOLO and KCF
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ASCHEH AT YOLO M KCF ) HARBRERSIE, AHEC T SRR e o 7 I BRER v o 2R f 6 i
P HVEDBRWT:

Stepl ¥IUH1k: YOLO Hikw)ih1k KCF Bk iR EEHE;

Step2 KCF HykERER: R KCF HiEREE Hbx, i OER HIWr & & KA mMBEE K BRI E:

1) Afmf%: # OER>p, Hrh g AmABIME, W\ HARERER KA Wifs . RN H H AR AR RS )5
F LI YOLO B9 H bR e IR KCF B9 HH R ER

2) L% £ OER <p, WA JNIGES HAr#ERES, H KCF Bik4k L iles.

3) £k HFR: # OER=0, MK KCF HiLEZEKRHFR. @it YOLO Hykxt KCF Hik kAT Y60
SEPLH bR ERER

2T YOLO M1 KCF 1y H brBREFFIERAZE a1 5 Fow .
4. KWHERR 7R
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Figure 6. Tracking effect of KCF algorithm
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Figure 7. Target tracking effect of Camshift algorithm
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Figure 8. Target tracking effect of YOLO and KCF algorithm
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Figure 9. Tracking effect of KCF algorithm
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Figure 10. Target tracking effect of Camshift algorithm
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Figure 11. Target tracking effect of YOLO and KCF algorithm
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