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Autonomous measurement of relative attitude and position
for spatial non-cooperative spacecraft based on stereo vision
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Abstract: To solve measurement problem of relative attitude and position for non-cooperative
spacecraft in on-orbit capture, an autonomous measuring method for relative attitude and position of
spatial non-cooperative spacecraft based on stereo vision was proposed. Main body of spacecraft and
satellite-rocket docking ring were taken as recognition features in this method, and no staff was
needed to participate in the recognition process; meanwhile, a feature matching method based on
spatial geometry constraint was introduced. With the guidance of spatial geometry constraint, three-
dimensional information of features was directly obtained at the time of completing matching to realize
integration of feature matching and reconstitution; finally, the relative attitude and position of
spacecraft were calculated according to spatial vectors, and calculation accuracy was improved via fully
utilizing redundant information. Experimental result shows on condition of main body of spacecraft at
280 mm and relative distance at 2 m, attitude and position measurement error of the proposed method
are less than 1. 5° and 4 mm respectively, satisfying on-orbit capture measurement requirements of
relative attitude and position for spatial non-cooperative spacecraft.
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Fig. 2 Flowchart of center extraction for concentric circles

2.2.2 AFESAEMR B AKIRAR

A BAEM R AR B A HERFE HIL, 55k
i3 Hough A% e £ B EE 9 B 4R AR AED .
Hough 78 46 (1 B A VAR . I T K8 5 0] 5 2 8K
2% (] -2 8 X AR P o AR 2 (] o ) R 4 31 2
Has (A G AT FR 0, DA T S B AR A5 ) p B4R
ARSI, G 3 TR .

1% il * Y P

3 PGS [ 3 2 5005 T 1 28 4

Fig. 3 Transformation from image space to parameter space

e 58 MR BLZR AR SR U L LA Hf 3 42 36
50 S 205, PR3 T T ALK A AR TR Y B AR, 2
FLALHE LUT AP B (D 33 5 B 0 4 30 (50
B 2% ELLR 0 B R, RIS 22/ T 45 %€ B {H Dist
HELZBHAANT 4 WEZH; (O ELAT,
e HUPT P M T 90° /Y 4 45 Lk RICH B TR
o A I B AT i O 2R P A S AR AR
AR AL bR, I TR LSS BN A, =
1L B 58 B 2 ) AR AR i 3RO A L 7R R
MBI HEREANRNS S,

3 Ak S AEAL R % e xbAs K AR 5

TEAR AR B VR R AR AR U R AR, 38 75 X
Ze A RS AP TOG 4 AR R AT DR IC L O 58 i = 4k
Hay R T S B X AR A A K A A XL 28 2 R
5
3.1 FEAFSEMRAF[HELREEN

BT A5 VR0 TR A TR AR AIE DC PE ) 2, A SORE
BT A A A 2 2 AR HE ) B a5 ] L B — o T s
[F] JUART 249 50 B R A DE JBE 5 3% o 3% 5 1 7 DR T i 7
Hhiz IS )L 29 A5 1 S DT I, S5 X 70 4 (]
8O0 P B8 — e PETAR A T R A 4R R AT L 2 07 T DC A
RO DECRS B , 7 58 UV FE B9 [ B 3 ] 4 35
FRAE B9 = 2 {5 5L, S B T R AR DT C 5 A 1Y —
1.



1334

e K TR

5 25 &

3.1.1 RMEIUTX Z

TEXUH LA E F GE K 22 A7 3 AR HL TR —
S 220 2R R P IR PR AR e o L 5 L, an el 4 B
IR AR pipe 23 R [R] — 25 E] S P AE R PR
ERBEE L WFR pr 5 pe RN, X B Y DT
B 55 4% 2 JLAn] 2 DI AR O

Bk,
I{)I'

A7 B G i,

C| =1
e PGl
B4 BH SEARILDE R ARk 2R LA G 3R

Fig. 4 Epipolar geometry relationship in stereo vision

1
L2

TEF 4 R e p MR T EXERETF p
BRI S e p W T, EXIRET p SRR
2. fEEME I . po ORI SR 00 T p 761
1% I B 2R b, B p, 6D T &k e p, b
JLZ IR8K . FERUE SR BLSE % 29 SRR R 2R

X, f N f-r r
(Or Yr = f 'r ¥y f .r rs
1 7 g

TR A ] g AR ] RN N

LS HAE X O D 14 48 2R 43 ) DA R iR R
A /NEVRE A L R AR T IERASOR .
3.1.2 ZHRAMEEMER

FERCE SRR 5, i T A () 22 00 3 i 17
SYETE A W 5 FT RN B A AR LA AR
ZEMIBFRR Oxyz: BE, AEBRPLLIRR R
0y zs L AT AR HLIE R AL AR &R 3 5 O -
XY 5 O XY HMERARHN £ 5 £

B 5 XUH 7L S = 2k T i A

3D reconstruction principal of stereo vision

Fig. 5

XETF Oy AR F 9 25 18] i P B AR LXS

PR Z A I AR

f'r ” fr L Z};l // f“l

fory fﬁi ST (D
Ty t -

JI ZX1/f1
J y— ZYl/fl
{ _ fiCfet,— X, 1) _ FiCfet,— Yot
* Xr(7"7X1+7‘8Y1+f1r9)*fr(1’1X[TLTzYlﬁLfH"g) Yr(r7X1+7’8Y1+f11’9)*fr(7’,1X1+T3Y1+f1r6)

3.1.3 A TFTREJLTH RMGFIET AL EH4
A 3. 1.1 9 AT A 2R 24 HJE — RGO T
LT LI R O F2 o FEAS T v R A5 T T P A A 2k
Ly B0 A3 [A], I 4R — B R T s B LA 29 5
MVRREDCRC 53k . 5 TR S n 2 TROF
T (14 DG JC 5% W T 2 SR FH 6 18- 25 ) 56 & 1 DL
[V L TR = b Ry DI R A SR OR o
FERCH SR E 1 25 A2 BUR CH RO AR 5
(R 2 o T s ) S5 A = AR A L AT AH G 25 [ A5 4%
BT MR (2B T TS 31— R R A1
W SRR Z R A RS th 2, &l 6 fros ., 25 ]

(2)
RS 3. 11 1 PR PR

P

Ao g kB

AP Lo, AT PG H Lo,

P
K6 2 ) JLfn 29 R 2

Fig. 6 Demonstration of spatial geometry constraint



555 W ¥

T R TS ARLE 14 2 ) AR S VR R AR A (6 28 1 20 1335

Ze A BAGHLIE A ARG 1 -1, po WA
FUR T BB —A 20 8 AR A5 AR 3 25 A B R A TRl
AL 62k opr— M af py 7E %5 1) T 3R R P
Co RREFAZHIG L) o X TAR A prs B XS
BEzS 6] PR = ZEAe bR = B9 THE = o UAR
PG P i i pI G =5 8 = ZE A bR Po (o
yorz) o HHBEE p SAE (HRAE 2 Az W15
ek opy b BB A %8 18] B Poio BT Proscs WAR AL o
JIE X RO 19 55 1) 4 P — 3 0 T LR BEP iy P 10 32
T K3 3 S AFAR L 5 B BN 2R B Py P 2
R ER L L RTS8 22 ER P a p 7R
BBz B 2k 2 B, s p 7 KR
I, A AT E 5 — L TR B L an i 7 B .

A7 kT2 ] LA 29 3R FRAE DT i

Fig. 7 Feature matching based on spatial geometry constraint

TEAE EMG  E L p S Pl 1Y DR S 7 1
W, RG2S B U 20 o, 3615 p TE 4
I AR CEC T . K 8 p ZEZE R I 0
A G 1 v A X R %) DT L B T 22 () A R AL A
JEE SCR A — A AH I 2% NCC, =X (3) Fr
NCC(p, ) =
DL — I X (L(s() — 1)

se W
JZ(L(s) T JZ(I,(M)) — 1)
sEW

SEW

3

- 1 — 1
Hd, [ =—— S -t "
Horp: mxnéw:h(s)alr . DIL(()),

New

LCe )TN L Ce )23 53 3R 76 RHR R A AR 8
M KIE s mon HVCECE O W KRN, s IO F A
FIRICECE 1WA i — R sCo) A7 R
AR 25 18] JL AT 24 TR0 A5 B AH L DE PR 2 11 Hh A 4R
A5 sC) AR LR BE AR AT LA SE 3 76 A7 R T vhdE
11 WA N 3R AT

B GOATLLE X B LB NCC AT
RS IH — A R B B R S p AL ZS(A] 2
(2€ [ — Az FAZD BRI RS, I, A E
e MR b B S5 py A0 AR O B9 25 1] = A A Y
BEMK AR =0 1 Az ff NCC ik ) KAERT Y = 1F J&
WEM p IEWZSE) = bR, R BERE T p
A EMR LR AEC R & . S op AR
(3R B IR 2525 A= B . AR IEDCIE Y 7]
SEME L FEVC I A2 P oA A — R M O R B NCC i3 a2
— M EE, HA VCER X NCC KT 45 52 1 8
{EL A A K i% DU L AR AT S — XF 1E 5 (1% VT B, 75 0], A
R VB e AR X S DR E I 4 57 i VT Fe A4 %

AR p LT 25 (8] = A bR DL AR 3
(2 BRI A3 BG AT p AL A 25 8] =4k bi . MK
Rt B AT DL AR SO v AT AR S€ AL 2 £ (]
AF B3 AR BURAIE ) = 2 Ak b, I HL UG BL B 75 X —
e UG A7 4 AE R BRI AT L 2 5 T DE e s8R 5 U e
KB B B T R AR DT BC 5 H R 1 — ARk
3.2 EFZAEENHENIESHER

TE 58 BAR A VR i K 2% R AE VT fic 5 A 5
SCAEA VR R 2% H AR A6 A5 R, I AR 48 43 18] 1] 5 %t
e A VE ML K 5 A X 07 B S HGE AT R 5.

H 3. 1 1 Al AR E A VR R 48 A PR T0 8 R I 7E
AR R P AR FR N P Gi=1, -, 4) , P HUTR
RURRAE (8 IO R B bR AR AR 2R 00 T 5, B

4
O = % S P 4)
i=1

HARARDR A 3 A AL HR A B B[] e AT B H
e — Py,— Py
J " Pre— Pro |
3 _ e X(Py,— Pi) (5)

€ —
) H e, X (Ps,— Pi.) H

€,y = €,. X €,,
Hr. P, P, Py HAEGAEM R &5 AR 3 A~ JE 4t
2R TH S ARAE R 8 B,

o
L9

O wapapig
El 8 HEGAEMIRAR Hbr e br R

Fig. 8 Target coordinate system of non-cooperative spacecraft



1336 b=

k% TR

5 25 &

A VEAL R S AR TS FRAE7E B A5 A bR &
By A bR AT R O
e, » (Pr,— O
Py,= e * (Ppu— O |. (6)
e+ (P,— O
T RSCRRAE 75 HH 5 A2 A5 R 1 AL AR Pr s 2E X
.

Pjvip'w
5 5 7 | P Pu Il 0
H ij_Piw H H ! H

0, | Pjy— Pu Il =0
Af.i=1,2.3,j=2.3.4,j>F5 k=@— D
—D/2+G—1D,

’ (7)

Uy —

uwf >< Ui H
T |y Xu || #0
H U X Ui H ’ @ “ ,

(8

Ve —

0, || uy Xu, |l =0
Hfi=1,,5,j=2,.6,j>F5 = (12—
DG—D/24+G—D.,

T 0w, s v, T S0 R 50 1

V.= w v ot Vs . €D

) 3 5% 1 T00 R AE AE H b A8 A5 R TP A A
P, AT LIRS AN 460 V... JEFE V., 5V, 7718
WFRR:

Vm - RI)I’UJVK" ( ]O)
GG R
R,..=V,VL(V,V]) ' (1D

AEGAEML R ZF AR T 25 BRAE A A5 Py B P,
i A2

Piw:Ruv)1Pi111+Tzrw»7 (]2)
CEIREEACE
T = Pio = R P s (13)
HA iy 56 2500
1
Twnm - %E (Prw — meme)- (14)
i=1

W= D AR (14) B AT 45 3 23 (6] HE A VE
KSR 2 S50, Ho5e 4 R T 25 18] 1] 42 1Y
TURAE B m TR RS I .

4 FHER 55

A 2o 77 S 8 M S5 B 52 6 6 AR S B R
fow FH 0T 28 2 B I k7 3 BEAT IR
4.1 FEXR

AR A SCAR 5 R ALK A AR 7 2 2 500

FEAT AT, 52 ) 0 A R 0 PRV AT LA
— R BT AR B VR R & FRAE & A0 B 7 4 5
] o G 4 I PR 5 A A 4 IR 22 L BB DL E 1R 22
S5 5 5 — R 2 X HE G VE ML R &% A X AL 2 S 80
N0 e B 2 7 AR SR AR B AR AT R SR AR R
PRIt o AR Y 32 0 o 5 S 58 43 BT IR S AR AR A%
7 E 57 M 7 5 JHC A A RUST o AR R 37 8 2 50
i BE 1 S

LEE T R (A SEPOE B X (PN i
XSS RS B B e, SRae b BOE AR A
PEALR A AR R ST 2 1 000 mm, R4 & 7 e
KR 1~10 mm, AH R (9 067 28 2 500 50k B a0
9 Fras. WAL LUE L 3R G R K & A X
37 2% 2 500 % 2 T MR 7 KT 1 B DR T B R, 4R
117 BV B 7 i B S B 10 mm B, A0 1R 2547
SRAE 0. 8°LLIN o B I 2 1% 2 4T3 AR TE 6 mm LLIN,

0.8 T T
—— Roll
2’; 0.6 ---Yaw : i
o --=-- Pitch il
W 041 0 T ;
P 02 A 4 kg ,t:::!,!.;ll JIII_!,
(=] e 1 i ¥ L R LA
b AL Sl ﬂ"‘:‘ L ONE Y]
Z | . Hhi'g | B D L
g ug’*&i&ﬁ*{'%@,{”{‘ i \ng g S
5 AR ¥ lffm HIEATI L U HILEE ,;W!.. iy |
e _(y9 AL Ly e ¥
g-02 TR
H] v D B
z 04 Lot ek T
s . : ::
-0.6
1] 1 T

0334 5 6 7 8 9 10

Noise level/mm
Ca) Z2 25000 4 3 2 I Mg 7 7K SF- 28 1k it
(a) Attitude measuring errors change with noise level
[§] T

71| f—

2

i
k
A
U%“,"%' At
1

| i g T T
—r—
Spers T LT — Ty

——
p—
-
——

==
e
=3

Measuring errors of position/mm
I
[E]

1 2 3 4 5 6 7 8 9 10
Noise level/mm

Ch) o7 500 42t 58 22 Bl MR 7 7K SF- A2 Al i 2
(b)Position measuring errors change with noise level
(19 A X0 225 2 500 a3 22 I Mg 7 KP4 1k it 26
Fig. 9  Measuring errors of relative attitude and position

change with noise level



555 ¥

T R TS ARLE 14 2 ) AR S VR R AR A (6 28 1 20 1337

SR AR IR E AL MR S — E I OL R e Mk
B VLR 255 4 A RUSH R X A7 28 2 5000 4 0 32 1
SO, S b B AR MO 5 mmL B A
PERLR B AR SF R 50~1 000 mm ., KB 037 25
SN R AN 10 Bros . BT RT LA 1L 3R
B T IR 2 2 285 T 5% 22 o AR O IR 1 3t R T
Wl AEAR B AR AL R 85 A R R SH 35 3] 250 mm DA
Jo, AWM R 22 B AT 1) LW Wi dE & 1E
AL R i 7 5 It 5 2 ) B AR S A2 LA AR RS 1 52
i 75 M P K S 5 mm B, 7 B 1R 25 JE AR
FE 4 mm LAY, 5B 9 P g AT A .

-—--Yaw
---- Pitch ]

LAy & &
Ah! N A W\nwkwm
¢ By s i

f

Measuring errors of angle/(°)
'%g_—’f?::
TR
i
sl
,
E::

0 100 200 300 400 500 600 700 800 9001 000
Size of non-cooperative target/mm

Ca) %3 250 4t 1% 22 AT R 48 A i R8s it 46
(a) Attitude measuring errors change with spacecraft size

4

o = N W

Measuring errors of position/mm

0 100 200 300 400 500 600 700 800 9001 000
Size of non-cooperative target/mm

() o7 8 00 5% 22 WAL R 4o A 1A )~ 42 b ot 2
(b) Position measuring errors change with spacecraft size
P10 AEX L %8 2 B0 ik DR 22 BT K R AR RS AR Al
ih £
Fig. 10 Measuring errors of relative attitude and position

change with spacecraft size

4.2 LRI

Ry B E A SR VAL IR i A X 67 28300 1y 1k
S M IS R %, KR GK EEH W
H AR S BE S (AR B VE MR S B | RS R S 45
il 55 50 A FRAR B A Al R, L AR PR FH
Z K Point Grey /A A B FL3-20E4M, 53 #E K K
1 280X 1 024, Wi#H ~ 50 frame/s, AEEVENT K #%
HBE Y ALK g AR AR 5 5L A7 X6 2 3R 41 A, P o R
PR R P 280 mm, X IR N H N
120 mm, MR A2 A 140 mm, W1 11 iR,

280 mm

P,
AR B A K

X ER

| I AR

280 mm

B 11 JEGVEM R AR R

Model of non-cooperative spacecraft

Fig. 11

TESCHG P R AR B ML R AR BB 223 TR &5
ELEEGSIERGAMIE 2 m, F O R AR
E TS AR AR R B 5 A AR AR DL K H AR AR s R ]
R OC 28 . I I e ST A B AR AR AR
AL R A 114 PR AR KA SR )R T AS SC5 ik
X AR IRCA P A5 R R AT Ak B SRASAE B AR 0 K A%
BERL AR (0L 5 20, I B2 SR S e & 4 B
P HEAT HEXE AT A5 AR A3 28 2 M0 o 2R 22 Y S
SR 12 Fron . NIRRT RUE HY T K A
AMRAT N 280 mm AHXEE RN 2 m B9 %00 F
AL AL BB R 25 /N T 1,57 f
TR 2E/NT 4 mm B9 EOR . SEPR N B R 22
o7 B 2 i R, 2R i T AR SE BRI & R s A
T AR R R 225



1338

I % TR % 25 %

Counts of experiments

Measuring errors of roll angle/(®)

Measuring errors of yaw angle/(°)

180 180
160 160
£ 140 £ 140
E 120 £120
(7] o
£ 100 & 100
= 80 = 80
“ 60 £ 60
2 40 2 40
o L=
20 20
0 0 0
8 0.6 04 =02 0 02 04 0. =2 15 -1 0 05 1 15 -15 -1 -05 0 05 1 1.5

Measuring errors of pitch angle/(*)

200
180
£ 160 < Z
E 140 g 2
3120 5 5
£ 100 1 g
% 80 E s
£ 60 E E
g w 8 g
20
(r+
-4 -3 -2 -1 0 1 2 3 | 1 2 3 4 4 -3 -2 -l 0 1 2 3
Measuring errors in X direction/mm Measuring errors in ¥ direction/mm Measuring errors in £ direction/mm
12 XL % S 500 iR 2
Fig. 12 Measuring errors of relative attitude and position
HBRIETFANSYE ARG R —Fh T 25 [\ LA
5 & #® LY PR AR VL C J7 5 L A8 5€ L VE FE A9 [8] i ) B

=S (B4R G P H b 4l 20 2 2 17 1 BT K i 4
16 B S0 R e 1 B A AR St T B i S e R A
A L AR X A7 4 25 1% 00 52 7 1L K 1) S B T
B o ASCR T — R R T L AL BE YA TR A AR
AU A AR 2 28 H B T7 . eI R
VIR s A AR A2 7 0T 2 B A by DR RRAIE , TR0

SE Lk

(1] Z.AEm &, R, 5. S EHLENESEM RS

TEPUIR 55 O 52 9E e [T ], AL 8 A, 2012, 34 (2):
242-256.
LIANG B, DU X D, LI CH, et al.. Advances in
space robot on-orbit servicing for non-cooperative
spacecraft [ J]. Robot, 2012, 34(2): 242-256. (in
Chinese)

(2] Zx&. FLEHMRENLELNZF EGHFL
[D]. M IR « W R ¥ Tolk K727, 2013.

WANG ZH CH. Research on wvisual measurement
method of mnon-cooperative spacecraft [D]. Harbin:
Harbin Institute of Technology . 2013. (in Chinese)

(3] EK. 3 AAEAaadin&nl 2R34T &% [D]. 1|
IR W R Tl K2, 2014,

XIA Q. Research and design on relative pose meas-
urement and tracking [or non-cooperative targel
[D]. Harbin: Harbin Institute of Technology,

RBCRHIE ) = 4815 8, SE LT DL e A i — 1R 1k
P VAR VERCRS BE S = 4R A ROR i e L IR T
2 (] 1] g ST AR B AR K A8 AR 8 S50
R I o, R R A8 A AR S 280 mm AR B
B2 m WM BN RZENT 157, L
B AR 2E /N T 4 mm, REGE W 2 25 W HE S E B
P TSI AR B AR R 280 5K

2014. (in Chinese)

(4] ARmIAE AL D F. 25 B EHE SV B AR AL OG0 &

ORI %k 5 ke F % &, 2013, 50
(8):080028.
HAO G T, DU X P. Advances in optical measure-
ment for position and pose for space non-cooperative
target [J]. Laser & Optoelectronics Progress,
2013, 50(8): 080028. (in Chinese)

[5] BISCHOF B, KERSTEIN L, STARKE J, et al..
ROGER-robotic geostationary orbit restorer [ CJ.
Proceedings of the 54th International Astronauti-
cal Congress of the International Astronautical
Federation, Bremen, Germany, 2003:. IAC-03-
TAA.5.2.08.

[6] KIMURA S, NAGAI Y, YAMAMOTO H. Ap-
proach for on-orbit maintenance and experiment
plan using 150kg-class satellites [C]. Proceedings
of IEEE Aerospace Conference, Piscataway,
USA, 2005. 837-845.

[7] DARPA Tactical Technology Office. Broad Agency



5 5 ]

(7B R BRI RS EIE B (PN o EPO R VA A S el s

1339

(8]

(9]

[10]

[11]

[12]

[13]

Announcement: Phoenix Technologies Project Page
[EB/OL]. http://www. darpa. mil/tto/programs/
Phoenix. html, 2011.
R A& B, MR ARG AT R A ] AR XL 22 1
HH R E AL, b R T K S 54,2006, 30
(5):564-568.
ZHANG SH J, CAO X B, CHEN M. Monocular vi-
sion-based relative pose parameters determination
for non-cooperative spacecrafts [ J]. Jowrnal of
Nanjing University of Science and Technology,
2006, 30(5): 564-568. (in Chinese)
XA, 1T, R L ARG R R 2% 0 AR X AL 22
MEL]]. k% H % T42,2009,17(7) :1570-1581.
XU W F, LIU Y, LIANG B, et al.. Measurement
of relative poses between two non-cooperative
spacecrafts [ J]. Opt. Precision Eng., 2009, 17
(7): 1570-1581. (in Chinese)
I AE, R B R FL A EHLAS A RIS E H
FRE I G 5 R ik [T, AL E AL 2010,32(1)
61-69.
XU W F, LIANG B, LICH, etal.. Measurement
and planning approach of space robot for capturing
non-cooperative target [ J]. Robot, 2010, 32(1):
61-69. (in Chinese)
Bk A TR A ZARMA 69 GEO 3E 448 B 4rfs £
M & AR LD, WG IR WG /R I Tl K%, 2012.
XUE Q. Research on pose measurement method of
GEO non-cooperative target using binocular stereo
cameras [ D]. Harbin: Harbin Institute of Tech-
nology, 2012. (in Chinese)
FEoPRE R, F AT AERNHAN TIRE
WalsE iz [J]. & % # % £ 4, 2015, 23 (2);
566-572.
LIY. YE P J, PENG J, et al.. Artificial target
recognition and location based on Mars exploration
[J]. Opt. Precision Eng. ., 2015, 23(2): 566-
572. (in Chinese)
HEA KT T KE, & REAFRNE MR
BRGARE )] s 5k T 42,2015, 44
(9):2831-2836.
XIAO ZH T, ZHU SH SH., GENG L. et al..
Calibration method for parts dimension measure-
ment system based on depth constraint [J]. In-

frared and lLaser Engineering, 2015, 44 (9).

1EE @It

B T 986 ), B, I REEY AL
+, TR, 2016 4F T #a R I Tl K2
PRI AL, FEE A &7
T 4 AR T A B LS T
AW 5E . E-mail: yn3714@163. com

[14]

[15]

[16]

[17]

(18]

[19]

[20]

2831-2836. (in Chinese)
s A, L kMg, K E. T H AR % 2 0 7 1
WEoE 5 0 [T]. AL % BL& 5 3R, 2009, 30 (12):
2593-2598.

XING D K, DA F P, ZHANG H. et al..

and application of locating of circular target with high

Research

accuracy [ J]. Chinese Journal of Scientific Instru-
ment, 2009, 30(12): 2593-2598. (in Chinese)

XU Z, SHIN B, KLETTE R. Closed form line-seg-
ment extraction using the Hough transform [J]. Pat-
tern Recognition, 2015, 48(12): 4012-4023.

R B, EAEE L FRL.F T Hough 22 i il
FLIRGITr ik wise 5 52 BT ). & dh 5 2 7. 2016.31
(6):621-625.

ZHANG H W, WANG SH Y. LI X L, et al..
Research and implementation of pupil recognition
based on Hough transform [J]. Chinese Journal
of Liquid Crystals and Displays, 2016, 31(6):
621-625. (in Chinese)

ZHOU F, ZHONG C, ZHENG Q. Method for
fundamental
ture lines [J]. Neurocomputing, 2015, 160(C):
300-307.

Eok, M, TR, F ETEaREMIHE W=
FEFERGEBII] L F #% 142,2014,22(5) .
1379-1387.

WANG X, YUAN K, YU X, et al.. Design of

binocular vision 3D reconstruction system based on

matrix estimation combined with fea-

motion recovery [ J]. Opt. Precision Eng. , 2014,
22(5): 1379-1387. (in Chinese)

T — R MR S RIS E R B
FREEE vk S BT ot sk T A,
2015,44(3) :1053-1060.

WAN Y L., BAIL F, HANJ, et al.. Method and
realization of significant target recognition and dis-
tance ranging in the binocular vision under low illu-
mination [ J]. Infrared and Laser Engineering,
2015, 44(3): 1053-1060. (in Chinese)

Wk, ikt BT 5 KRR AR VT B A ST 1R BTHS
BV, & dh 5 2 7,2015,30(4) :666-672.
TIAN H N, ZHANG Y. Quality evaluation of stereo
image based on edge and characteristic point matching
[J]. Chinese Journal of Liquid Crystals and Dis-
plays, 2015, 30(4): 666-672. (in Chinese)

=H A9 B LK ME N, W
+ L, G T AR, 2011 4F F 75 %2 B 7R
. FRFRB L0, EEMNFEARES

.- Wt TBALIE AR L Rk 41 9 L R 55 U7 T Y

B 5%, E-mail: shenjingshi @ hotmail.

com



