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Acquisition and Application of the Machining Initial
Point Coordinate of Hybrid Robot Based on Binocular
Vision Principle

LUO Jiman ,2WEI Zeming ,LIU Siyuan ,DU Chuang
(Shool of Mechanical Engineering, Shenyang Jianzhu University , Shenyang, China, 110168 )

Abstract; In order to improve tool efficiency and processing accuracy the three-dimensional coor-
dinates of the initial processing were obtained and applied to the robot’s automatic tooling process.
The mathematical model of the binocular vision system was established based on the binocular vi-
sion principle and experimental data, and the coordinate transformation relationship between the
image pixel coordinates and the three-dimensional coordinates was deduced. The camera calibration
was carried out using the MATLAB visual toolbox and the pixel coordinates of the target points on
the workpiece were extracted. Three-dimensional coordinates of the target point were obtained by
the three-dimensional reconstruction. The three-dimensional coordinates of the machining initial
point is obtained by simulation and experiment, and the relative error is less than 3% . The simula-
tion method can be applied to the automatic tooling system of the engraving robot, which can re-
duce the risk of manual knife and improve the working efficiency and machining precision.

YrFs B HE:2017 -04 -20
EETIR . BEHEHARREREATH (51575365) 1L T4 AARRHA 4T H (20102185)
EE RN D aki2 (1966—) , &, ¥z, FENFHLAR B A H AR5



CAR Ul

UK G 45 LT H AL IR A TR HIL &% ARG s AL BRBIFSE 151

Key words : binocular vision principle ; hybrid robot ; three-dimensional coordinates ; automatic tool-

ing

NZETE L E AR X 80% (14 M A5 ., T
RH SRR 5 B B b i g B
Pk, A2EA BEALA A B0 A AL i &R
g, BhHLAS AN LS EREE | DU S B4 b
AR A=A T RE. T iE T AL e = R 4%
ot A5 2 G N R P SE e B A O i A B
T B, i AL AR R 5€ B Ak B A i
B TR E B A A= R P 3 4
P A A SR Bk TR
AT IR A Al 20 AR N O K e
ZIBLER NS 7 LA BARERBLAS N HEA T 25 Fl ™ i
SO T HAT Z5A DL i TR BR PIL #5 A A2
(1R AN NP N A R 0 I 77 R P2
JO7 . TR 2 0 B8 0 i AR BN T
PRIRE LT RE , T 2T I T AR s 0 TT i 7.
FRTZB B2 0 N T4, S BCTARSCRAE,
TENEAKTHE, HAGR PR, 1y ELAE X R — 2
PFEFR R AT YR In T, P23l %} T] 7
AR 2E 2 FBEOIN TR TR a8 X H
o J R A 4 fih % TS 17, BIE X H
SEAGHLAI U A0 4 A5 = 4 28 1A 0 %
FILBRBALAS AT RA [ s (o, nT 4R
AR RO TR BE. 2635 R HIAUH 58 i
PRS0 ST TGS R G A b A AR S o
FRHLXT H bR sibn e, A 1 90m Tk )
U s 0 = A AR A% = AR bR R T LA
NGB L L2 oR IR SIRCE IR IN
JI RN G R 2 BRI TAF 00 4k P
BB EEAE , BT SE L A ShX) )i A

1 XCHSE R G T

1.1 BESZLRAREFERIR

FUbR R A0 R A A B Wt ik
TRl e Al A T RLaa i i A% A
FRZ [B] AR G 4 oA S B K B AR s AR
WG BERE LR (0, - UV) ; EER Y

AR (O = XY) , (uy,v,) J B O 1ER1E
G Hebr R A bR AR LA AR R (O, -
Xyz ) Kt H 8 H R (0, -
X, Y, Z )P g HAR A, S5 AR R K
A 1 FiR.

P, z,

] / ]

Pe

3 O (ug,vo) x

z,
r,
y

X, o, X,

1 BBPRRAE L RE
Fig. 1 The coordinate system position relationship
K1 AP RS R AR R S W) BEAR bR AR Y
Fet ez

1
u dx 0 u X
Vv | = O L v 1y | (1)
B 0
1 dy 1
0O 0 1

Krrou,v o AR s BRI R e br R T
MR s dx, dy M RBEF A5 x,y A H AR
FE UG Dy R AL bR rh B A AR AR

UG Py 3AL bR 2R 5 3R AL bR Z2AH N A
PR R N

XC

X1 [f 00 0],
ch=0f00-ZC. (2)

1] oo 1 o0o]|

1
XX, Y, Z, 4 H bR SRR LA R &
AT s f AR AL ER IR,
FHARPLALAR R 5 T 5L A bp AR AR B e



152 WHERKESMARBFR)

o534 3

X, X,
Y, R 1t 7Y,
Z, {OT 1} z, | )
1 1

Kb X, Y, Z, 4 B s s et 5 AR bR &
HOAEDR s R D TEFEHER s ¢ AP A2 [ k.
1.2 BEGNER

HESL T 4 FhaS AR AR RS, TR
FHAR AR Z A R AR = Ak A 1 B AR
AR R R 23 (R0 G R, i AT 254> A
P AR Z (8] A AH LG 4.

REPASC A b 2 [E] e 5 T H b A
PUGRAR R A b5 LT AR R 3R ik O

ul [fo 0 wu O
Z 0 f 0 [R t} b
o V= Y =
c 0" 1]]z,
IJ'lo o 1 0
W_ XW
YW YW
M M, =M =MX,,. (4)
ZW ZW
1] 1
Sttef, = L, = M O 3 x4 IEIBAIFE.

P
KJ
/? T /?
Py . .
0 - oo

1
0\/ x, o}

2 2

(a) LRI AT E

Mﬁ%éﬁf@ﬁmwwﬂ%%Jigééi
HGEBHLN EREEA A O, Fr R BAR AL N &R
SR, M, 584 BRI ARG S AR bR 7
DSE , FRASAR LIRS, e /e R
ARSI ik ¢ S BRI E AR R
1.3 X Ei@EREEE

RE SEARPLE B AR 0 5
B A S JRER A R AH AL, S AT A AN [] £ 40
FOWEER —=5 W, LASRICTEAS [R) R £ T 1 &
158t G LA T 353 R R 2 TRl for
B 22 (2%, dE AR IR E AR = 4E R
SRR T £ B AR AL AR R O B S 7
11, BE SRR SE 2 58 43R AT X H AL
ARG AAETAT W H M RS

XH ARG & 2 f s, R 2 Haf
FRELEA 7S (0] 5 A = 4 {5 B, 25 ) AT B —
HN P PIRAGHL 0 N €, C,, BFR Ry
WA 0,—X,Y,Z,,0,—X,Y,Z, , Hoh & 2(a)
HERASRALOGHEAT , S BEAR A XL H R 5 A
AU SE PR e s B K. Kt
— AP AL AR LT 25 A BE TR, &l
2(b) Fr7R. A3 ik 85 AR A B R B/
TIVESRAG P Yk [R] AR

"ﬁ

(b) SRR R

B2 WHAE

Fig. 2 Binocular vision model

TEARFAT S B3 H e R 4R A5
23 (8] g0 PR = 4R AR ok AR An R R
P(x, v, z,) WIS AER A A AR AR, A

LEATPHA B AR AL b 1 SR 3= AR 43 501 Ry
Pl(“l Vl)sPr(ur Vr),lﬂu:



UK G 45 LT H AL IR A TR HIL &% ARG s AL BRBIFSE 153

51
xW
U
Yw
| v, | =M, =
Ty
1
1
xW
My My, Myy My
Yw
Mpy My  Mpy My, s (5)
Ty
My My, My My,
1
xW
ur
Yw
Zr vr :Mr =
Ty
1
1
xW
My Myy Myz My
Vw
Moy My My My, . (6)
Ty
Mg Mgy Mgz Mgy 1

P M, M, G35 A A TR LA S A
FRBWPEHRE X NE L 2,2, AT,
[y —my myu =y, mygu —my

My Vy =My MV =My MgV =y,

mm I/tl_ —mr“ mr32ur —mﬂz mr33u

T mrl3

| Mg Ve =My MgV, =My MgV, =Ml

My — My Uy

Mpy = MV,

(7)

My, — MU,

_mr24 — MgV,

M EARELF B ZE A BHRPLE NSNS 8
DU FAR s BB R A b AR (7)) 1
AR P AR FAR AR 2R A 4R AR AR,

2 MREARGLES

2.1 BENERE

TE EMGIN  1o F2 LA R HLAS o g H v
SR R 2 B AR SR T 5 = T LAl
HAERGHL AR Th X 5 Z B A BOC R
WIS A AR BUAR A JLARTASE A | 35k 4 J faf
BRI BAR DL S8, A A5 B AR BN R TL AT

He2FRRE R L R 5 Sk AR 1 S5
PRAEAG AL N 2805 LA S ARAR AR X i 5
AB R BT LR R A S H TR ik X B S )
ARG

R TR T VR B AT AT S MR
& T HME T & SERR AL ek
a5 50 mm x 50 mm B9 52 AH 8] A9
FEFRAE . P ALK VR B 535 %) B2
THREBARBMEZI LA N6 L B9 TAFw)
U R A R SR AR AT BRI T A DX 8 Y [
Jrid it Matlab 8 58 T AR FEAT 4b BE 2L K A
FEFRAZHL, A LA T FE AN & 3 i
IZLRE AT ABR 2 H R P NSNS

EBRBVLRE | | GREVRE
PR BB B E &

BB E R E R

ELELBRILA || BEHF LR
SYHRIFLER J

ELABRBIEX R
BRI SEFRAELR

3 XUBHGHLbRE AR A

Fig.3 Dual camera calibration flow chart
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Fig.4 Error Analysis of Camera Corner Coordinate
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Table 1 The positioning accuracy error
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