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Method for 3D motion recovery of non-rigid object

with point features

Gong Xiao, Shi Jinlong, Liao Fang
(School of Computer, Jiangsu University of Science and Technology, Zhenjiang 212003, China)

Abstract: In order to obtain 3D moving trajectory of non-rigid object with point feature, two calibrated
high-speed cameras were used. A practical 3D motion recovery method of non-rigid object with point
feature was proposed. The method included image spatial reconstruction, temporal series reconstruction
and other steps. The spatial reconstruction and temporal series reconstruction were the core of 3D motion
recovery. In spatial reconstruction, the coordinates of the points on the image were obtained by using
ellipse fitting method, and the matching points were searched according to the Mahalanobis distance.
Then, triangulation was used to calculate the 3D points. In the aspect of temporal series reconstruction,
the searching method was used to match the coordinates of the points between sequential images. So, the
3D motion recovery of the movement process was realized. Then, the reconstruction result was used to
calculate the parameters, such as speed, acceleration and curvature change of the non-rigid object. The

experimental result shows that the method improves the speed and accuracy of the spatial matching and
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realizes the temporal series matching simply and effectively. What' s more, the time of the whole

reconstruction process is reduced. Through the reconstruction of the target, the 3D motion data of the

object is obtained accurately.

Key words: 3D reconstruction; point feature;

05 &

FURG, = 4 @R T2 0 T4 7l il
W2 HOE AR S ML i 4 3 A F 5
T ROME A5 o % 58 1 25 4 % Jr 12 TOF A AL 7 ik
PO AR P O 5 B O AP R b Ak R
RN 7% N S D e D A LI (E G < 7. N
REAR B S R E IR = 4 iz s s . 2T EIMR W
=4 T A R g ORI AR LA A A G e
[i] 1 23 (8] b B 47 A DG IE 5K B 3 A 0K 09 2 TR) 45
52 B[R] 3 51 F 0328 gk O 4l AR Sh A vk i =
iz 15 8 .

B A 2 M A MR = 4B gl T R A 2 E R
FERIME S . SRR S g mEM L, s S Yk = Y
AT BB H S AR B, TR B 4 DT [
— EMGF AN AT G R A2 8l . 22 SCER[9148 1 T —Fh
SEARRUCUE e 249 5 7 1, A o8 BUAS [R) B 2 [) — ) 41
FL 132 Bh VT L, SR )5 117 DG Jic 7 14k B 4% o XoF B[] e 51
I D FCORS BE ER R, VGG 45 R B R S 4k
BOR . S 2% IR0 B T Sz AR08 5 8 i 45 & 1
18 3 F ARG I 7 1 R HE AT )R S B IE S, T
U 1 o AR R P R P RO, DT 43 R I A
W32 3l B AR YRR . 22 SCEROTLME T 20 & A8 BLER
WRE AR Z MERBE RS, K558 Hinm £ 8
LIEL, SR 5 A GG T BRG] 6 IR 2% 1R
W R — AR, I JE R 22 00 1810 B ST R B R kAR
B — B 20 0 RS B RS R 2 RE RS
BAS PO K, B2 9 BE 208 o

SCHR R T R SRR R S S R i T =
iz WK E W, R ASURRIE A R = 4k
Bt R RURHE” S AR BN CRRBERY
[ A5, I HL7E $lce 1 RE 0% 7 26 i 98 It 42 1% ik
i F 5 5 AH L [R) B 410 45— B 32 1 A k)1 32 3h W
IR BRI B — TR o AR RN
1.5mx1.5m, ¥ 5B A, REAFHEN025ecm 4

matching;

non-rigid object; motion

5, H R — 7 B R — S AT 24 48 A 8] A5 2 1]
M RE BTy 2 em SR 518 FH K IE A bR 2 5 UG 22 A AR
LT AR € , SRR A ALY NI S 80, A8 RS . 7
I FH b 2 5 5% 22 A7 P AR LA B 3 AT S R R OE S
23 [A) s W VC R o g 3 2 8 () 0 it ) R g Ji) )
) 1) T A 58 LR AN 32 Bl b B K . AR A [R) A DT
Bt b, o F ARk b E SR, W ARl A SURF
SIFT % B30 g A3 A5 b S5 4 I 22 AN FRAE A,
ToE AT R HEVC L . 2 2% SCBR[15] 42 T — Bl ple okt
Ja BB AS 75 AE B v 1f ) RANSAC UV v 51 5 4t 15
DG L g5, 1% 7 125 56k 30 32 1 A R AE A D R AK o
PG SC R 4 T o5 — B BK o X A R T Y [ R
Fife/D BRI A, R4S 20 A5 0 1B e I3 A T
AR AR, 23 SRR IR Z R, 22 A T A T X N [ A
[ — 7K P26 b5 T, AR M [QHE B9 R 47 [ A 9 1T
BE o 05 VA ASAHIAR G 1 6 B 1 T ELER & T IR 1Y
W, R — )P AR BAR S s IC R -, 2 3% 3
Bk 16142 T 6w s g EE 4y B vk, R B OE
B PP AR T I () Js 0 72 A LR ORE &R iz (8] ) A G
PR FR B b — Wi 25 F i ] AE LE B X G R, K
Lo T O U sl 1S S T R 1S s - TR
SUTE TG — Wt b T 25 4R B0 2 AR R, BT DA T —Fh
7 B AU 7 1%, A6 R e 51 22 1] R A b 22 15 F
A7 T8 53 F IC TC B B o 65 S v g D ) S o [ L
X = 4 F A R DO A AR L 4R T A B 1 D iy
WL B TR A R U R R Z O RO
F W IRIE Byt B2 T ) B AR A

1 748 IE #0 [ 45 P AL

1.1 ZFEKRIE

(1) Sz A TE ) H A -l B 2 24 SRR X B A
{8 2R R 1 M TR R A AR 2 B — 4R
R L SEARKE S, 45 76 A DA BR A A R A T
— KPR b ER 7R B SR X H LR R G
AN AE 56 42 10 3 T AT 0k oE B T A B 4% L P AR T

0917009-2



bk T2

% 9 M

www.irla.cn

% 47 %

1, BT LA AT SRR IE

(2) SEARBCIE Y J5L B 5 — 25, B AR E SR A 1Y
U)o W A2 AR (6] W A % HO0S T P T B I 8 5 55 2
K 7 A T TR i B A GG T 5 5 = R A 1A
QA FL TR A5 %0 v o 2 A7 PR IR R 0 0 G806 Bl e % | e
b JE PRI BL AR L AT TR R PR T 4
1.2 BKRETE
1.2.1 #h B A 5 45

SRR R Z IR R A A AR AT IR . S X 4
e — PR A KB S R A, R g5k ek
PEWUA R RRAE A, H NP B 5 R DL 2
iz Bt B 5 5 7 A TR AR SR &, 78 B4 4% 1 &l
B BB 2 28T M 5 o e LA AE ] Je /s — 3 40
1R, 45 2 R B BT B A (R AR AR .

BT RO LG M B, w ek R R
IR L, B b 21, K 5 i FH Canny 53 #E 17 10
TN, A5 21 ) i 2 2 1 R AR DX Y 0 S TG G el B
BER b RUEHGE R, O — D L R R AL
— RSB, DT A 55 O 58 Gt B B A 25 44 o o i 3R
IR B0 8 — ARG B RIS 1, P B s
g5 N AR B G R A, SRS BE S,
e /INME B RS M B 22 TR) R B R B — i Y A T
TR

X*+Axy+By*+Cx+Dy+E=0 (1)

B, y)(i=1,2,3, - ,N) A E 56 5 1 1) N(N=5)
AN, AR B/ R UL, LA Y H AR eR R
H

N
f(A,B,C.D,E)= Y, (x +Axy+By, +Cx+Dy+E) (2)
i=1

N fA,B,C,D,EYWfE I/, 1A

of _af _of _of _of _ (3)
at 9B oC oD OE

o AT 7S — AR R AL, R AT S 5 Rk
fiff A5 Ty R A AR ROV Sy 0 (B 2 K, AR B T T
W 12 7 [0 0 A
122 EfRALEBERS

25 b A 1R 0L 5 AT LA 30 R R B A [
B IO A B, R JS DG IE 26 A R A 180 o IR R ARG OE
J& WA A AR R AE R — K4, i LR A
] — 7K P2 b4 S DE E Ao T R A A LA AR Al
KBS, A 5 T IR X A S ST

A, B ECBE B A RN 254 s SR AR 23 A A7 5 i
HE&AGEA S 0A K, SRR BA e AL
PR S A A AL o X 72 AT —RE AR A x=[x, 0107,
WO A B n A i A 22 1) X={ [, 0", - [,
yal'} s REAR S0 x BIREAR P p=[ g, 1" 19 5 G HR
SR

Dy(x)=\ (x=p)'C. (x-p) (4)
Hoop REA K  FIED J7 EHEE CL 4B -

T

I-“'=[I~Lx’“y]T=:T[ zxi’ zyi ]
i=1 i=1

Cx=n%1 2 (o=, i i ) L= s Vi ]

B Xi={ () s (e, ye) s s G,y b 1 Xo=
{Cear, y21) s (o, ) 5 oo+ (s Vo) } 0 901 0 7 A PRI AB T] —
Wk By o XA X X BB SCORA [R) A A
Az a), R 2 @) TR A U B RS SO
(4 5 [ BE 8 23 9 ) Dan={Dn (1), ++ , Dan(m) } Fl Dyp=
{Die(1), -+, Dyp(m) } o

W 8=Dyn(i)=Dip(j) o M4 5 K IE 25 1 £ 5 A2
AL, FE AT 8=0 B, (xu, i) T (g, yy) B — X
PEE A, X T3R5 19 8, an SR AE — > 8/ 1 91 L Py )
TN — X UL E AR, A5 I 4k 2k 4R, OB R BT A
BRI A

2 ZHER

21 TEHRER
TEVC T SE M 2 JG , AT LAARAS SR Pk A b A B e 7
2 A7 W T R ot L I R AR AR AR, PR = A
i 1% (Triangulation) n] L3R A5 [ 1 ) 23 (8] = 4E AL 45
B 7 A AL ) B AR BILAE B 23 1 O Py Py, = 4
25 (6] B — 5 XA e A A T b B AR R X
X0, ZHUT KR
P X=x,
P X=x,
PAZE I BIL A i 5 A s 8 09 S, 28 A AL A% 4 3
TH: S A B 2R Y T % A B O BAALHE B T, P RS A N
0. F AALEL #2157 A8 bR 2 B9 e e JE R O R, F- 7%
A To ZEAARPLI N2 2000 KK, X 28 55
A H 5K IE A bR A AR, U ZE A AL A B [ T
PAER EAT A8 A

()

0917009-3



L oh ok AR

%9

www.irla.cn

% 47 %

Pi=K,[110]

Py=K,[RIT] (6)
KO 3x3 A FE ; [11010 3x4 FEFE . W Py oy 3x4
L [ BE Py O 3x4 JHEFE, A]HE A S(5) ke R LA
A

1

P P,

1
1 X 2 X
2 2
P] X= yl ) P2 X= yZ (7)
: 1 1
P P

A cx X0 ye 00 R 2 A AR A PR BT R R
1 e A AR o A2 30(6) AT AAR 81— 4 56 F =4k 5
X .

®)

YoP) X—P, X=0

1o FF) 2 5 M1 43 A (SVID) 77 0 77 3R 75 7 R 4L 19 A
B Sk 25 ) 2 = 48 Ak B
22 WEFIERE

HEAT 2 4 T 1 A — A AR AE 8 18 3 1
A, AR AL A 25 ) _E X P AT 4 T 7 T
Bt A A A A T kL T R
32 B F AR AT WU 91 2 i DT

5 Fi (A B 25 Wi/s % 1 5 5 99 2 el
S BN A S IE B 2 R 2 E— /G
B 22 1A, 7 L 7E i W02 16038 5 010 A8 B 9% HE A7
IVSHE . 5 L5 m Wi E A () Lyl )FE X, Y il
Jr ) L B4 8k Ax,, Ay, B S BEE —ASE
HORE, RUCEEHY, 7E mel Wb AT AR AR 1 e A
o, MR E] G 2 A BRI A, Ay, B/ B9 B0
fic 15 :

x:." —Axin:.M $x:" +Ax,
(=1,2,3,-,N) (9

Vi -Aysy T <yl Ay,
U0 2R S WA B S K, AE b A bR 25 N 2

B i B v L, AT 5 5o R 4k
RXF R — > = HEAR AR, AR AL AT DURE = 4 5 D G

0.999 983 410 339 667

oK, DA S5 BT[] 77 41 b i DG e o 3% 55 3 Bt — AT
5 WA Az S B AR 1 s .

x1E— S8 5 WSz &R
Tab.1 Coordinates of the first 5 frames of the point

Serial number X/mm Y/mm Z/mm
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2
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Fig.1 Experimental equipment
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Fig.2 Illustration of ellipse fitting result
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Fig.3 Comparison of two matching algorithms
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Tab.2 Comparison of feature points extraction

method
Method Feature points Matching  Runtime
Left  Right ~ Points /ms
Actual values 720 720 720 -
SIFT 1564 1574 1425 2703
SIFT & RANSAC 1564 1574 21 9891
Experiment values 719 723 719 297
2 ZHEEER
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Fig.4 3D reconstruction point cloud
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Fig.5 3D points motion between two frames
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Tab.3 Velocity changes of 4 spatial points

Velocity/mm - s~

Time/s
1 2 3 4
1/24 153.7272  108.290 1 54.214 4 67.362 1
1/12 152.4940  115.1390  121.5130 70.692 4
1/8 38.093 3 96.423 3 94.918 6 95.870 6
1/6 123.572 126.9891  117.0558 98.053 8
5/24 55.1857 135.8115  136.863 4 91.451 1
1/4 161.2168  151.5559  151.2509 89.368 6
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Tab.4 Acceleration changes of 4 spatial points

Velocity/mm - s™'

Time/s
1 2 3 4
1/24 3689.5 2 598.96 1301.15 1616.7
1/12 -29.595 164.3717 1615.2 79.928 5
1/8 -2745.6  -449.1772 -638.2655 604.276 4
1/6 2051.5 733.5812  531.2932 52.396 1
5/24 -1641.3 211.7370  475.3817 —158.465 0
1/4 2544.7 377.8043  345.2999  -49.980 1
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Tab.5 Curvature changes of 4 spatial points in the

first 5 frames

Velocity/mm - s

Time/s
1 2 3 4
1/24 3689.5 2 598.96 1301.15 1616.7
1/12 —-29.595 164.371 7 1615.2 79.928 5
1/8 -2745.6  -449.1772 -638.2655 604.276 4
1/6 2051.5 733.5812  531.2932 52.396 1
5/24 -1641.3 211.7370  475.3817 —-158.4650
1/4 2544.7 377.8043  345.2999  -49.980 1
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