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Three Dimensional Rigid Objects Pose Tracking and Optimization
Based on Multilevel Line Representation and M-Estimation
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Abstract To track and estimate the pose and position of known rigid objects efficiently in complex
environment, a method coupled three dimensional (3D) particle filter (PF) framework with M- estimation
optimization in a closed loop is proposed. A novel similarity observation model is constructed based on
multilevel line representation; line correspondences between 3D model edges and two dimensional (2D) image
line segments are received easily based on the tracking state of PF. After that, line correspondences are
provided for M—estimation to optimize the pose and position of objects. The optimized particles are fused into
the particle filter framework according to the importance sampling theory. Moreover, to speed up the proposed
method, line detection and search space is limited in a local region of interest (ROI) predicted by PF.
Experiments show that the proposed method can effectively track and accurately estimate the pose of freely
moving objects in unconstrained environment. Comparisons on synthetic and real images demonstrate that
proposed method greatly outperforms the state—of—art method in accuracy and efficiency.

Key words machine vision; three dimensional tracking; line representation; M-estimation; particle filter
OCIS codes 150.1135; 330.5000; 150.5758; 110.4153

1 5 7
= YE D) R A H B i S K AR HLAR X T3 5 A B e R L 50 B bR AR X T AR BLAY AE X iE 3, AT
Wr%m H#3: 2014-06-03; W Bl 1& 25 B #3: 2014-08-14
H&WB: K 973114(2013CB733100)
EE R IRIRTR (1987—) B W5 A, B S EHR I i SN SE A SE 7 T 58 . E-mail: zyoungnudt@yahoo.com
SURE A THRIE(1958—), 5 28, W1 A i, o R 7 B B, 320 DA EE s R IR o 55 40 50 T A 9F 5
E-mail: yuqifeng@vip.163.com

0115003-1



Dl R R

VAT W4 B A O A = 2 s 1) N S B0 AR A BB R A A A I . R B AR T2 O T e S e AR e A
B B2 AT

T GER) = HEBRER D7 1 — O B AR R AT B A 1ER S . i T A VEAR i UGB 0 8 35 T 7] B
114 PR Ak 2T B R 52 B0 B AT 0 3 R R S BUR AR R B, HL 5 Tt 7. 4k (2D) MR 1) = 4 & AR A i 1 %o
NLOCER AR I8 S n B L (PaP) S B n L2 WL (PnL) S VA" TME RE SE I H AR MR M T . T T3
7 32 ifp SR DR TR 8 R e M i B 1) 45 RAE S WD AL, SRS TR AR AR 7 1 B /M = 4R bR S B B — 4E R
FEAE A B R i AR SR T8 RAF Y S50 25 PR 22805 TR AT 50 A AR el P IORS JB2 , LS PR AR
SRMTESZPRIE BLT , A AEAR A 5 WO R T AS P UL, 502 DR kg AR A 11 1) 22 A i HE B 07 9 i 22 , AT 5 25
P 228 il SR 2 Wl 2 L AR R ARG o % T R R A H AR, RV Gk AR I A AR A A B (EUR H b B B
BUE R (B BT RAE B 45 858 ) C, 5823 M T F R A 5 1) S 96 45 At vl A S 80 B 7 8 1O A B
A SCHEFE X S0 A Bz 3h i A3 B AR, 1238 BARSCEE A ] 5, ) 1 R IR B0 SCRRRIEAR ME 52 2 H AR L
LR ER o SR, AT N E H AR SR SCH, A0 B AT KA BE A AR A SO H AR LA £ A 2, AN T AR, 34
GORRAE SR AT AR AT . g, A G R AT LS B RS 7 8 B BR R A 3T

BT G F AR 2 BRER D5 1 7] Loy P2 - Jorfs B s U2k A0 75 A s B R SR U R T ik o
55— T5 1k 2 W B R Rk E T 1) 3 PR S el B AR R LA, 3o Ak 1 B S B, R A il 1526
D7 VETC AR G b4 00 2R B E 28, DRI I M 80, PR R (9 0 RAPID J5 35 O 1 4 v BR R AR 1 L
SRR BRESAEZL S, SCHR R B T =205 05 - D I G AR [ LA e AE A Bl 5, ANl & 10 5 5 OC B U R A 19 7
T B S GBI 9 05 I B A S GO B SR D7 ik 2) G AR AR A O 1k [ M-t B
HLAh AR — B (RANSAC) AT R B3k 1 DT IE 14 52 Wi ™, 33 b Oy YR 7 P45 00 ik B B O B 22 A Mg, 1B SR A
7] Pl 5 e IS 9FE [ B3 o A PR 3 J7 vk S B AL, e 7 R0k RO X 3 — AN 2 DR G A 3R 119 320 % DL FE AT
KR AT Sk BRI R 22 B T OB A9 2 5 3) P AR et i, N TR T B I A O IR B R s v A —
JE B H A IBORE R 68 R GE 10 Jm S LR, T 07 O H R R B T 2l e i 7 B ist, D e A A
PET R, LB GURROA B . W B B R I E A R T IE T B A R LR UL el E A Ff S
PR i 5 5 2k B AT IC IR , e AT A B OC 28 BEAT A S A AN BRER o 122605 125 D0 5 by T LA PRl 3 B A6 1
LA R PRI T A0 B g (B, o7 8 A5 ) S SIUPR 3 3D RS [ i 2 5 23 Y — ZE (1D) g% 2D 48 3R s i 7 AN i 2k
7] P 45 T 28 10 08 2 5 2%, 1) P 66 T L 90 7 48 Ak B O 0 T LS B L AR 8 ) DI AL SR A, 3 A0 i e o ] 44 2%
AR, T L 22 A0 P S B AR S B A AL B 0 Bt > F AR B R S (5 T DR B AR AR O A
PREEHIBEAT 3D BRER o %I T5 ik A2 ) T A BUR IUES R AN AR RE DA BB R L R A i i SR T B LR B
P U1 9 e R Dol 2 o LA HE S 1 2 4 3 4G DU (LS D)™, 1 25 22 ) S P 1.4 73 Gz I (ED Lines)™ L & 5]
P27 B A B T AR S A A R R, X B Ty U5 SR B A, 0 2 B BN R, )P OB IR s Bl
PR 25 B A B i AR f v

P T — bR TR DR RN M-l T bR R R A vk . BN T R B YRR T
AR B2k [ PR B2 O BE B OBt 1B A A AL UL I A R P T A R AR AR S A TR T U D R R
SR PR A E TR AR T PR AR L A X B 0GB I A M- AT D7 ik X H AR BEAT T AL B A
H B R AR BA DAL T AT BOB R AR TR T IR PR SR 2 v o 53 AR U A bR 7 2 E R B 2
JEGHR XK (ROT) , 7 1815 Jay i DX Il 0 A7 B 4R 300, AR R Dl 20 1 AR A AR 0 145 22 ) e 1]

2 FET HZZ 0] R R B H AR 2828 PR R
2.1 [ERRH#ER

Hbr 0L T8 B AR R A bR 3R 09 S S TE A DL R 0 =R A A5 (x,y.2 ) Ros o H AR AR R R AR X T AH AL
AR R ITER R R H Rodrigues Z 8L r,r,,ry, HEATHEIA

it 2 BRER B H RS SRS S FARIO O B 25 RS BN

X= [xayazar]vrzarpvﬂv) vvzaw,]vwrsz,3] ’ (1)

0115003-2



DI S S
Koo o, 0N 2y 2 DT ERERE w s w,y wy Ry B AGER
RGRETER

X, =FX,_ +Mv,_, 2)
Soft o, =[U(5) UG) UG UG UGm) 0] = 0 B I 1 G A0 T S A 8 5
Mo W THREPX R AERAET ARBHNE, HWWE s 2 2 ny, Wl &l HAs T —ZI ] ge 3

T — 7 3 [ PN A A R DR T 8 P 8 1 28 MR 3 A TRl 5 2% 20 20 A B AL SE A 2
FORRGRPIRE R, M o RGE M, 7 BAT i g s

_[1 @aor _|esr
r L I}WJM LWLQ )
S Av Sk T T T4 % ] B B ]

WLMAE B Y, Rk B2 ER E R A B2 2SRy kS B e kY, =(Y,.Y,, . Y,) o TR
T-08 U AE A B AE TR S tE R et B B AR A A AT Dy b L AR Y iE 8, lﬁtﬁﬁﬁﬂ #H47 H bR
(BRI o BT U8 D A% O SR AR (8 B — A UL T (X 00, (X)), -+ (X} 0)) 13T 2R 40 5 00 HE 2R 23

p(X)Y,,)~ Zw;a(xk - X)), Zw; =1, (4)

FawaE 5( ) J& Dirac FREL, w %‘:2/7‘*4? X, B9 — 1B EE
L~ AL [ SO T L SR AE A6 B TE L, B
w, < p(Y,1X,.S)), (5)
Horfr S, WL B .
22 ETELZRFRTHIMMIER
R BEARALR AT LAY, H & g 5ehne B p IR3D AL G P B R AT LA RIR A
(RP+T), P (RP+T) P
P=l kP T). :f*'PTZ’ T T). :fuT’ ©)
LA p=(p.op,)' s Po=RP+T H 3D BRLAAEAIDLR AR, £« f, AARBL oy J7 (o) S0 AR 00, R T Ayt 52
Al R B AHAIL AL bR R 00 T 5 FT- B8 AR 4
B B 7 BRI A AR AR 3R 7R

p,cosf+p sinf-p,=0. (7)
B ©)FXACA (D, AT ATEF]
N«RP+T) _
(RP+T),
K N=(f, cos 0.f, sin 6, -p,) o 1R LR 5 1948 56 - 1 5 1 Bt
A N=N/|N|, U Ny EG E 2 00 2 194552 1 507 3 ) o, BB B R ZE 4558 - 1l 29 AT L3RR Ry
N+RP+T)=0. (9)
mE 1R B P L P, 3D L WA, L AR T L 1, Ko S0k p,
Poo 2 T (92U AT DASE SCANTT B S pR 4K
1, if N-T(L.X)<e

0, otherwise

pz(lﬁLj’XI:):{ (10)

[
ﬁq:r@,,x;):f” T gyt s R A

AP2+T1.

(10)2X 8 %E /Y 2 2t £ SCRR[2977 A, 224 P15 T A I A oy 5¢ B ik, 01 T (10) 20 7 9 1 B T2 2t o K RE 0
S A bR B RS E BRER AR AE SE PR D0 T, i T2 IO VB A S5 LA IR A R A 50 TR AR

0115003-3



K1 3D HEE MY
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Table 1 Standard deviation of pose errors over simulation sequence

Error /10 A, 1(°) A, 1(°) A (%) T. /mm T, /mm T./mm
Ababsa’s method 4.56 2.27 0.24 22.96 41.87 301.43
Tracking 2.37 1.57 0.61 9.01 15.87 176.74
Proposed method 0.33 0.43 0.06 6.34 4.75 60.22
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pose optimization results
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Table 2 Dissection of the running times in increasing order of image size

Frame rate /(frame/s)

Image resolution /pixel

Ababsa’s method Ababsa’s method +ROI Our tracking method Our method
320%320 22.8 34.9 352 9.6
640%640 10.1 273 28.0 9.5
800%800 6.9 22.4 234 8.5
1024x1024 4.5 17.5 18.5 8.0
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Fig.3 Errors on the tracking and optimization pose over simulation sequence
AT T RSP, S5 R AN A 4 s o B4R 5 1k B ) 5 06 T CAn 18 458 — A7) R A AR L S (A
458 AT ) LA e e 32 sl (B 4 55 = A7) # A AR 5 p R fde vk

¥

frame 32 frame 34 frame 51 .‘ frame 54
different light condition simulation

frame 174 frame 201 frame 253 frame 280
occlusion and clutter

frame 503 frame 571 ‘ frame 626
rotating and moving

Pl 4 2 S PR 91 B e 25

Fig.4 Pose tracking and optimization pose for real sequence
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