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Desigen of real-time target tracking system based on DSP+FPGA
GAO Wen*, ZHU Ming, LIU Jian, TANG Yang

(Changchun Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, Changchun 130033, China)

Abstract: Along with the weapon research development, more and more weaponry with high speed and
high mobility are equipped in our country. In order to make target tracker of the weapons have good
robustness under the situation of the target scale changed and high speed, a real-time target tracking
system based on DSP+FPGA was designed. The MeanShift Algorithm was improved by using multi-
level pyramid and the background weighted kernel histogram, which can reduce the influence of back-
ground in the tracking box, then the whole algorithm was optimized to implement on the embedded
system in real time. The experimental results show that the design of the real-time target tracking
system is robust for the rapid motion of the target, scale changing, and some degree of fuzzy. The
average processing time per frame was 13. 5 ms, which can meet the engineering requirements of real-
time and stability.

Key words: DSP; FPGA; mean shift; target tracking

I f5 B #9:2014-02-15; 18T H #3:2014-04-22.
HEWE : b FER A B2 624 % 5 M 5 8 S0 50 = Tl 4 (No. Y2HC1ISR121)
x WAFEE R A, E-mail: cwenzi@126. com



612 W

%29 &

1 7]

Uu\«

Wi 25 T 1 38 28 I 1) 7 S 10 AS T i s o
1o ML 31 BE 7 1) R4 2 A Ok &2, X R B R T
A H AR R EE T 09 LS 2 28 A RE 8 X P s sh
1% & B b e 0% e BB L TR B X E bR S S R
i (A X 32 Bh A R T B0 B bs R AR fb R
PRSI LB A AR G 1) B L X S R R H B R
5 R G0 A T e 1 A R DA T AT 2 e 11 R B
LI T TR R A E bR R R R A %
AR R G B BRE X T s R gL G
AR M SIFT FRAE 5 DU BT 3 T 3 43 4
Hr(PCAY™ i H b5 BRI & T snake FEA 1)
e R gt 25 AR o A ik A 30 R GE L S2 B SE e Ak
R B A TR B A B O SR B A DG R B
XTI A AR AR BR R R R AR M, T LA 4y
MoK kit 7 —Ffr 3 T TI TMS320C6455 +
FPGA (520 H bR B EE 2 40, I ¥ 30 7 52 b
TR, SR RAX T Bz sh UK s £
JRUBE A5 A0 A 5 R s 20 SR 114 [ it A 9 ] 4 g
075 13.5 ms, BEMEIH I TR S PEZR

2 Ao MmbEIMRE

2.1 RGN

A B W IR R R Gk 2 DSP+FPGA |y
FEZE, Hovp DSP SR W it 5 I e K DSP i
B — =N AL 28 (TD 2 7 19 TMS320C6455, H:
T4k 1. 2 GHz, MK T HIsRE RS H
B4 A 1 GHz i) TMS320C6455, A 4b ¥ 8
AR KT, B b6 W T =
T2 Mbyte,

TMS320C6455 J&i% 2\ w) #7119 = o DSP
AR AR H R kb B AR ) B ) A2 a5 DSP,
THE S AR B C64X + DSP R it~ . i%
W T & MR s 4 55T T Y67 & %
C64X DSP 244 iy AR 1%, AR5 RSF -3 40 /8 T
2090 ~30%0, AR M T 2000 o HidE A udE
SR 32 A FE e 1 LA KR AL s 48 A e T

Heid B AR e (FET) DL M B Ay 7% 78
(DCT) Ry fE. TMS320C6455 Bl 8045 % 1. 2
GHz,16 fii % f A BERE J1 R 9 600 MMAC/s, #fE
1 TMS320C6455 1. T1 i DSP 8. 5 kb 3 BE 1 %%
SR o {H SR 00 A T A0 A2 ) RIS A i o A i
EEE RO & BB B A, AT I R TMS320-
C6455 K T SerialRapidlO 422 1 3% A , B % i %
ik 25 Gbit/s ARGF b g P 158 Fr ] i) B30 4% i
P L, 45 i 22 b 38 28 7 B AR 15 T 7 . C6455
TR G A v WA A = 2M F 5, —
A 64 o SR 55 BE 1) EMIFA (A FEAE 284 1)
—AZE0 RAM PR g 44 ] R TG BCE ) 8 A
32 bit 5 64 /Nl 37 3 T8 A 3 5k Y B A R U
i) EDMAS3, Pl & HPI,PCI,12C, T-Jk L K ™ 11
(EMAC) . ml % il i %45 1/0 11 (MDIO) 4§ £ Fp
LA, BT HEEA ROM 77 6f 4%, 75 2 4
#— F FLASH H T4M§51 .

FPGA % ALTERA /A & 1 & % StratixIl
ZH)5 L B Sl EP2S &%) EP2S60-F1020C5,
A B BT 60 440 4, RAM BN
318 024 kbit,DSP blocks 36 4,18 bitX 18 bit 7
Jids 144 A4~ PLL12 4>, & Kl A 1O %% 718 4>,
LU T AU S s o O R 0\Y G/ =i I <
DS90CR285 H1 DSIOCR286 5L,

2.2 TiEIRIB
ARG WSS FHHE RGN 1 iR .
SEZ IR ] 5 R 0% 40 3, S s P 2 K S O i

BAL
izl

-
Lk FPGA ()| DsP

SDRAM

FLASH

> 3]
|
?

1 RGEHEE
Fig. 1 Block diagram of system



%4 Bi 30, % 36T DSPHFPGA HEHN ST H bR B 2 5535 615

G L T SRS S8 di A M B R A R L =
FIbR 20 X 2 4 Jm S i Al B R 0 ok R =
JERMETER) A SR . 2T DSP+ FPGA HEZR & &
Ab P ZR G0 2 T — R R E LT
AR RE 1 454

ARG FPGA 58 J Iy #2 dl L i B8 25 T
&L 78 DSP iz B 58 il

HHALEE A LA A 5% 85 K CameraLink #% 5
K 5 5 e 4l TTL {5 5. # A FPGALFP-

DSP. FPGA L
A

JA BIDMA 3
B AT B

DSPIgAT HFrERER
Hik

DSP i #0854 Hi
4 FPGA

A\ 4
FPGA¥ it il it &
MQE%ﬁﬁL#

e

2 RHETAEWRRE

Fig. 2 Flowchart of system working

GA B 2] R AR 1 R BUE /£ A SDRAM 5 22
it FPGA BEAT K] 14 15 4b B85 % 48 2] 1 AR A7 A
SDRAM, ¥4 SDRAM f¢ A — Wi B J5 , % [A] 7= 2=
MR B B RT3 W A5 5 2 B DSP i) EMFA
F 4% A DSP 1 i I 47 it 25 [ . DSP Ji 31 DMA
M SDRAM s AN &8 N A7, i 47 H s B¢ 1Y A
AL B DSP B U5 45 0I5 R BR B 4 B 1 H
Hts i ST16C752 ff 45 45 il 11 58 ML 5 % 1% 2y 3¢
B 5 R B T SRS bR A 8 (L 4 FPGA.,
FPGA & fin 7 #F M BR B 4E 7 B 12 - 7 A
SDRAM 1, {45 SDRAM () KR 36 A 4 5 th
JFBEAT S A AR R T A S 25 WL
ARG TAERBWE 2 Pros.

3 BARREAE

PIH P H% (MeanShift) ) 8 g J& — F 3 T 4%
W T R JE S B HOR A 7 R
YE R B ARBON 0 16 34 . B G 2R B00E A AH A0 i
R I E RS ) i 2% A0 O i AR B H AR i
P HAT 5 AR /N, B B T3 5 A
SEER L EE i R (1) 24 H AR 18] 52 B
it BAR AR A AL S R R S
G T H bR s G B s (2) IF B Y H AR E B
HRFHECE KRR SR E SRS
TR 45 B bR B R 2o B2 A2 15 5 52 A K 3L
A H R EREEO . A SCRH & FI W Ikt
HHEAT Rk L 3T B X (2) vh 43 BT 4 0 TR R 1
BT ST B HEAT T SR A AL P
3.1 HEFBERREREE

Y B Sk ot B AR Al A R R 5
MmO PR,

P =CO RC|a 1D6[bCe; ) —uls (D
i=1
Hop: C 3 — 1k % kSl #% o 8L Bhatta-
charyya REUE LW -
p(») =p[p(Wql= 23N p(Pa.» (D
u=1

Forp . p oot AR X% B 7 . g B AR 9 4%
EL TR 2 SRS 1) R 28 33D s



614

%29 &

3

Horp oo SR e XS AR 3R A L o DA 1Y
BUE  H A A (D R

w; = 2 #5‘[/}(1,) —ul.
u=l Pu(yo>

3.2 £FEMNEERBRREIEEZR

V(A F kB e H AR R T A — A B
il L2 2 H bR A T — W 2 TR 2 3
it B AR B AR I OB R K IR 3 Ca) TR 8]
r ] f 3 B £ [ B AR 2R 2 T H AR Y B S L A
XAV s i E R TR VA R o R 1] LR =SSN
A ST AR TT S B0 i 2 HE R T AR d R
FEVW L 1 bR 9 ST BN TE I B P L i DA
B E S ANIER . E (b) J& 4 R B R N 2 4T
] T RESRAE L ATIER T LLE B H AR B S B AN FE T
TG Y, S FE ] R RS B 2 A ISR,
H b 11 L 52 07 B A 15390 [ U R 8 L A LA
2 EARALE S P 1 359 (8 3R Sk e H b B R
rh A BR ) AT A 4 I R AT AR

4

-~ -~
(L (o)
(0K &7 DI EEa (R &FI

(a)0-level pyramid (b)1-level pyramid (c)2-level pyramid

K3 &FHEHEERRER
Fig. 3 Diagram of pyramid MeanShift

X T AR bR, H bR E Bl 64 X 64, H
P i 1 X358 B3R 1] K /IN3E S 256 X 256, TS 4 X
2 G4 K RN T SR A T Uk U BE 6% 3 N 4% B R
4k

BB W B 204 R 35 3 =0 1 A 3FL AR 30
mm, 5k B 95 mm (K &8 L) W5 M Hh
2.4°X1.8°,CCD WA R EH N 720 X576, LA
N RN A SR NS i3l NE N @ ¢ 2

5 mX5 mxX5 mgg, EHE HbR 5 km i, LA
BEX R H AR R 2928 0,29 m, B & /> T %
20X 20 AMERE . W AR 1 K/ 7E SRR T 4 B
— %R HFRIY 3~10 £, BRFRIE X T2k
H s o HXF R AR K /N 2/ R 60 X 60, %
BN LK R A B i A R G AR SOR
M R /NBCH 64X 64, 3K & H S 64 5 2 8K
FAGE K & FF DSP $8 4 1 7 K 2 #4E ,

M H bR 02 3 WO 90 km/h B, B
25 m/s, LIASE L0 AR AR S 25 Hz N 35, 4
Wt E AR 32 S B EEAE 1 m, KA Y F 4 ME =,
ALY 19 R e R A B
3.3 B BERMBLEREST

Z I8 E) H bR Sk KR S s, R T
S B 75 AT B0 AR A 2 T

g = Co, D kCl 2 [ 6lbCa ) —ul. (5)
i=1

Horp oo 5 S AUE , Hom i AR R L 2 5 KNG
X EEITE o, B3, 00 WEEITE o, MIE
T /M.

vu:min{m,]}. (6)

0,

4 FBHLEXR

R T B R A SRR A ROE TR R T
DSP C6455+FPGA HEAL (i ARG L ii4T T
Sy AHALR FH 4> BE3 S 1 024 X768 |1y 3CCD #H
B Ak BT 21 1 15 A B AE 1Y [R5 i T IR A%
o FATTR T8 R0 & R AR R B BT L
TR,

B4 h—d g i, a5
Ay bt £0 677 HE S Y FT R H BRI ER S5 2R A
4(a) . (b) WAl DLt H AR 7E W9 it 72 op & A2
T MRS B A SO R AR R IR EE H bR T BN
— R RO A S L B R A Ce) L (D B H AR
BT ORUBE A Ak DA BB S T e » — EL ) 50 A
HARAE K MR 1.5 £ AR SCH L #R BE 5 Fa
BRER

AR E DSP TMS320C6455 | 528,
YIE 47 (R R A 13,5 ms, % T T b 30 Wi fy
P G BB 06 56 1, 52 B Ak 3, 6 2 S BT PEE SR



%4 Bi 30, % 36T DSPHFPGA HEHN ST H bR B 2 5535 615

(@) % 1 i (b) 8 2 i (©) %8 5 i (d) % 10 i
(a)1* frame (b)2™ frame (c)5™® frame (d)10* frame

(e) %8 16 i (® % 21 iy (8) % 25 i (h) % 28 i
(e)16" frame (021%™ frame (g)25" frame (h)28™ frame

() % 321 () % 38 1 (k) 58 50 i (1) % 56 i
(i)32™ frame (j)38™ frame (k)50 frame (1)56% frame

B4 SeemahR

Fig. 4 Experiment results

YA SRRl LA LR X RGN T H
5 % 7w PR a2 3l ROBEAR K AR /N 8 SV T BE 5 LA K —
S B RO X A AR A i R 1 L R T ST 34 Ak
it T — & T DSP+FPGA (1 ik A =52 PRI IAIAE 13,5 ms, AEA% T & T 72 b XF T 52 i
W HARREE AT RS X R G L T — M YK,

& % X #:

(1] JAeAR, 2l 4], B X 3k, BT DSP+FPGA BySE it R 255 ik R it [ ], ik dh b5 27,2013, 28(6) :968-972.

He BG, LiuJ, Ma T W. Real-time image defogging and enhanced system designed based on DSP-+FPGA []].
Chinese Journal of Liquid Crystals and Displays, 2013, 28(6):968-972. (in Chinese)

(2] AR AR KR 5. ST IRA N A Z 4R AE SC I BRER LT . 6 5 % T42,2013,21(2) :437-444.

Zhu Q P, Yan J, Zhang H, et al. Real-time tracking using multiple features based on compressive sensing [ J]. Op-
tics and Precision Engineering,2013,21(2) :437-444. (in Chinese)

(3] &t ATOT. 4040 B . 5. R At Gl Bk 7B 2040 2 FARBRER (T ). b % 45 % £42,2012,20(2) :413- 421,
Gong JL,He X,Wei Z H,et al. Multiple infrared target tracking using improved auxiliary particle filter[ J]. Opt.
Precision Eng. ,2012,20(2) :413-421. (in Chinese)

(4] k4. BT DSP IsEmt BHURBREEORLT ] & dh b 27 ,2013,28(6):963-967.



616

W5 Bos 5% 20 %

(5]

(6]

7]

[8]

(9]

Zhang Y F. Realtime image mosaic technology based on DSP[]J]. Chinese Journal of Liquid Crystals and Dis-
plays2013,28(6): 963- 967. (in Chinese)

HA s, T R, Fhif . ST SURF WS90 M AR R VU B3k [T ] e dh 5 277 ,2013,28(4) :626-632.

Su K X, Han G L, Sun H J. Anti-viewpoint changing image matching algorithm based on SURF []J]. Chinese
Journal of Liquid Crystals and Displays, 2013, 28(4) ;. 626-632. (in Chinese)

Roweis S. EM algorithms for PCA and SPCA [M]//Advances in Neural Information Processing Systems, MIT
Press,1997. 626-632.

FhwE AL E R T, BRERRIERG SRR HAREER(T]. &% 4% £42,2013,21(12):3191-3197.

Sun X Y, Chang F L. Object tracking based on sparse representation of gradient feature [J]. Opt. Precision Eng. ,
2013,21(12):3191-3197. (in Chinese)

EWAE. WA, &L F. SR B#E Mean Shift BE MBI HLEG AT NIREL] ] 2% # % T 42,2013,21(9);
2364-2370.

Wang L J, Jia S M, Wang S, etal. Person tracking of a mobile robot using improved Mean Shift [J]. Opt. Preci-
sion Eng. , 2013,21(9):2364-2370. (in Chinese)

E 4 %, K8 M OKF. 456 bR oh 5 R R MO B i HAR R LT ] 8 4 & T 42, 2012, 20 (1)
2540- 2547.

Kuang J J, Chai Y, Xiong Q Y. Visual object tracking combined normal hedge and kernel sparse representation
classification[ J]. Opt. Precision Eng. , 2012, 20(11): 2540- 2547. (in Chinese)

[10] Comaniciu D, Ramesh V, Meer P. Kernel-based object tracking[J|. IEEE Transaction on pattern analysis and

machine intelligence, 2003,25(5) :564-577.

EE R A R 301985 —) Lo BRIV AT A L 1 -, D BT 5 0% o 22 A < 400 50 B A5 1 4k B 1 4 D B T B AT 5

E-mail: cwenzi(@126. com



