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Abstract

Based on the positioning method of composite robots in machine tool stacking and unloading, this
paper focuses on the positioning of machine tool dishes and end-end operation surfaces. Firstly,
based on the working principle and basic structure of composite robots in the process of machine
tool stacking and unloading, including the functions and characteristics of AGV (automatic guided
vehicle) and assistant robot, we have elaborately elaborated on how to identify machine tool dish
and end-end operation surfaces through visual systems and end correction algorithm. In this way,
we can achieve accurate positioning of composite robots in the process of machine tool stacking
and unloading. Then this paper proposed a positioning method based on visual systems and end
correction algorithm, which can effectively identify machine tool dish and end-end operation sur-
faces. Finally, conducted experiments to verify the proposed positioning method and compare it
with existing positioning methods. The experimental results show that the proposed positioning
method can effectively improve the positioning accuracy and work efficiency of composite robots
in the process of machine tool stacking and unloading. In summary, this research provides a
valuable positioning method for the application of composite robots in machine tool loading and
unloading and has a high practical value.
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B RECTE LA oo ITAER,  BR= A X 22032 R0 X AR gk A b 2y 43 32 B & A3 A H T
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BURVE N TAVERL, fE TRt B 28 A R E AL, K 75 ZENLPR I L 1) AR sh 2455 n AL
AMNAFIN ALK TAF R E SRR NHUR B TR Dy . H Al teass WAHUAR BN ED s HUT . a4
Pois/NE . TOLHLE NS fEE A HlE L, R L A BeE N THETHUR B R e, XA
=P, DT REARBE R E R, SR, ARSEARTRET AR, Rt BRI, 6
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RIS B [6] [7], 207N HAENUR BB DR o] DA 2kl B AGV+IMENL & At
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2R RR R IR R EAR R, (EGRAE E A SR A A A 220 UK [11] [12]
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RARGBARAREREUT LD L HURG 8)REENAE™ sk, ST TR, 2.
AGV (HBIF 5N EENUR Z RS % F, PR AT . 3. IMENLES AT LS TAE A G —E T
B, PUT—EERFE MR S5, I-EAE R 4. Bl 6 750 MR ER A, R MR SG2ER. 5. A
B ERTAEAE AR BB AR, R SRR R RS . XA Rgulid | 3 A e
WA, $om 7 AP R MTR, R T NS, R BARHIE i B A o

2.1 ®lLEH

LA =M AR 1, 725008 1 HUR, RERGHIZOE D, Aot AT EZ M A T,
TRLEALAR AT AL A, o] BB A BT U R 2E 77 . 2. AGV (H 3T 51/ M) AGV I TERLIR
Z S, AR P SR OB [ AR A TR . BRES A = S0, D AT, 3R @A=L
o 3 PMENLEE A PMENLES NS AR N BB o b AR, eI AT — S ek
FHES, BB E AR, BT 5.

Figure 1. Machine tool collaborative robot and AGV
B 1. #URIHMENEE AR AGV
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Figure 2. The gripper is in the position of the machine tool chuck
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Figure 3. The gripper is located at the entrance and exit of the automated warehouse
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Figure 4. General route chart
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Figure 5. Pick and place route chart
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N, WTEE 6. B P AEBA ARSI ARKR 2B (X, y) R, YY), IBAA:

x=rcos(a+6)=rcos(a)cos(d)-rsin(a)sin(6) O
y =rsin(a+0)=rsin(a)cos(8)+rcos(a)sin(8)
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Figure 6. The rectangular coordinate system X'O"Y" rotates relative to XOY
B 6. HEALIRR XOYHEXT XOY st
B PR an N 7, R O'FE XOY ALt R P AL E (X0, y0), JRAMFREH A y:
X=X'Cosf—y'sind+x,
: i @)
y=y'cos@+x'sind+Yy,
[FIFER], A XOY AebR REEH] XOY AAR R 1A X N:
X'=(X—=%,)c0s0+(y—y,)siné @
y'=—(x—x,)sin@+(y—y,)cosé
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Figure 7. Rotation and translation of rectangular coordinate system X'O'Y" relative to XOY
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WRE 8 fias, 5 GHURE FABIMA Zn%s, Lie—N%E0, FEE—4N74. AGV B3l
FINURFE IS, HLEs NSNS sh BRI AL @ik 10 A 4T edi, HMLEsisi@mmg, R
A RS TEAS IIEUE 1~7, Horp 1~5 NHURLLE, 6 NRIINIE, 7 ASIAREBAN L E .

LB AL TR AT 1R B HI A AR (x, Y)FIIEFEME 0. K AGV HIFHRFE SR 2, 55— A HE
{E.(x0, yO, OO)FH J& THIBE i 23 FIME (xn, yn, On) 3 w2 .
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Figure 8. Machine identification label
8. HUKIRBIFRE
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PL—EHURAE], 5B URHER, SR+ R AR e fE &, IRt WL SE 1 E 4, K sRAsE
RN NAAR R T o SRR BHUR REFINLEE ARG ALbR o« SR B BN MENLES N AL bR &R T 1E

T B ST EAAE G A R IR 14T .

1. o ahmid s AL RS S L3 N A AR R AL FR .

2. HURRHER R AR @S WL N R BUE 3RS

CEINURPR AL EAE (X, ty, 16), MR RELAAHFR(PX, Py), 58 n IRFLIRFRZELL(tnx, thy, thb).

REFREDEE n IREIHLR R # AL BR(Px, Pny), @1 FE 9 AR

M

Yr
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Figure 9. Target coordinates and cross label coordinates in the robot coordinate system
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33 BIRRMREEHS(0< REAE <90)
A DA 3R S ) AU # 930 F F) ELRR A bR R B, 0T 1A 10 R

1. (Px, Py)TELA(tx, ty) N JE S AL KR 2 XOY FHIALER A(X, ) = (PX — tx, Py — ty).
2. (Pnx, Pny)ZE BA(tnx, tny) M 5 S AL KR 2 XOY i KA845 (X, v7) = (Pnx — tnx, Pny — tny).

3. e EOAALI SR 2 IEE I SUE 0 = —ac = t0- tnd.

4. AEbR R XOY HHIXT T4 45 & XOY Ji A Il H (0, y0) = (tnx — tx, tny — ty).

Y

Y* (x*y*)

(x0,y0)

O

Figure 10. Corresponding to rotation and translation of coordinate system

[E 10. AFRARBEE BTN

CEILINNE'S = ¢/ipuT
(x,y)=(Px—tx,Py—ty)
(x",y") = (Pnx—tnx, Pny —tny)
6 =-ac=tf-tnd
(x0,y0) = (tnx—tx,tny —ty)

N AR -RELAAAR(Pnx, Pny) )52
BEAR bR B RS AR S AL AR,

ax = Px—tnx

ay = Py —tny

ac=tng-to

X=X#*c0s6—Yy*sin g+ x0
y =Xx*sin@+y=cosé+y0
2. WA S it AL &
Px —tx = (Pnx —tnx)cos & — (Pny —tny)sin @ + (tnx —tx)
Py —ty = (Pnx —tnx)sin 8 +(Pny —tny)cos 6 +(tny —ty)

®)

(6)
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3. Pl I 2= (tnx — tX) A (tny — ty):

Px —tnx = (Pnx —tnx)cos & —(Pny —tny)sin 6 ©)
Py —tny = (Pnx —tnx)sin & +(Pny —tny)cos &
4. F ] ax A1 ay 43 9B AP — tnx) FI(Py — tny), AZNHEIL4 513k LL cosd F1 sing:
ax*cos @ = (Pnx—tnx)cos#° —( Pny —tny)sin 6 * cos &
ax *sin @ = (Pnx —tnx)cos & *sin @ —(Pny —tny)sin 6> 10)
ay *cos @ = (Pnx —tnx)sin 6 * cos @ + (Pny —tny ) cos °
ay *sin @ = (Pnx—tnx)sin 6 + (Pny —tny) cos 8 *sin ¢
5. A3 10 5 LATHNES 4 4TARIN, B 3 ATFIEE 2 47 AHIR:
ax*cos @ +ay *sin 6 = (Pnx—tnx) 1)
ay *cos@ —ax*sin @ = (Pny —tny)
6. ¥ — T PHILAL &
Pnx = ax *cos @ + ay *sin 6 +tnx (12)
Pny = ay *cos @ —ax *sin 6 +tny
7. N ac = -0 Ja 153
Pnx = ax*cosé —ay *sin 8 +tnx (13)
Pny = ay *cos @+ ax *sin @ +tny
34. BIFEREZHES(RERE =0)
Zac=0Hm, MAK 13 715:
Phx = ax +1
{an ax + tnx (14)
ny = ay +tny
AN 6 A5
Pnx = Px (15)
Pny = Py
2ac=0W, & MERERAXIESIEA LS, EFRT.
Pnx = Px+ (tnx —tx) (16)
Pny = Py +(tny —ty)

R AERA, JUFRTERA B E I EIAT R, %A EHES W2 EE .
3.5. EFESTMpAD

Decompose p [0] = target_s [weizhi]

LA AT 2 T2 /A4, target_s [weizhi]l AN [FIALR-RALH H bRAL B, HL#s AR um AL AR A% 20X, y,
z, rx, 1y, rz], FEALE R NAMERE RS p 0], ZEEFEELWAME, BI-REARFRH x fly.
Fp[0]=x, p[1]=y.

ax = p [0] — markp. x [weizhi]

ay = p [1] — markp.y [weizhi]
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CA_EP 26454 8 markp 958 n CRALIE B ONLRAR RS, 648 4 AME, b weizhi 256 TE RS 1)
H, REAFRBIHR. x My 735+ 5 5L Bl L 85 N A8 bR R IAH R . C vt 5 3L e %
.

15 ax, ay NE n RARSEAAAR ALK B AL FR 2218

ac = trot — markp.c [weizhi]

ZHLE AT markp.c [weizhi] Y RSHERF OR A7 1+ 7 SR HERE A, trot R n A+ 7 28
e 1L

px = ax*cos(ac)—ay *sin(ac) +tx
py =ax=*sin(ac) +ay*cos(ac) +ty

MR~ 13 AT AR LRI EE n I HARHLIRED X, y 18

Point target = Trans (px, py, p [2], p [3], p [4], p [5] — ac)

a2 R R ME B BUS TR PLEAR &, BRINUR RS A RN ML a NALbR R B, HLas A
BN AL E N ] AMER B E 2R A E .

4, SLIGEER

TPWrite 0, “num:%d, case:%d, dpx:%.2f, dpy:%.2f, dtx:%.2f, dty:%.2f, dtrot:%.2f”
, N4, weizhi, px-p [0], py-p [1], tx-markp.x [weizhi], ty-markp.y [weizhi], ac
ISR AREFIES, ZRE/Ri 0, RURHEE HETENLU T EUE, XEBUE K A ZE, Tifl
SHEAmZEVL . B AT R SAME R A A, T R RE RS AAF I R AT T RAR 2.
AFFMER R
weizhi=1-5
Ax1= px—p[0]
Ayl= px—p[1]
AX2 = tx—markp.x [ weizhi]
Ay2 =ty —markp.y[weizhi]
A0 = trot —markp.c[ weizhi]

(17)

1) weizhi fREMA R AR 2, FLAHLUR S 54 weizhi = 1 2] weizhi = 5, #0155 weizhi = 6, 74k
N A weizhi = 8, A SCACRIENURE) BB, U758 1~50 18 AL AEHL RS 1 25 T A b i B

2) Px NG A BRI 5 LR R B 00 67 B 1K x A8Kx, p [0 AEAZHE B 5 s BUW LR B2 AL B x
AARR,  TAXL N ERRAEZMLIRIS 5, F2 PP 4T B H SR HE 48 A S Bn A8 R R 22

3) Py NS AFR A5 LR REL IO B 1 y 2445, p [LPNFERAERIBHE R BURHUR R EALE y
AARR,  BRAYL NERRAEZMLIRIS 5, T2 PP 4T B H KA HEH 8 A S Bn B R 22

4) tx AZHERT 5 ML SEARAL S I RIAR 2207 B ALK X, markp.x [weizhi] A A AL 1 bR 25
AL E AR o AREREFIX AGV BB 2 -

5) ty AV B AR B AR AL bR 2+ 2 B AR y, markp.y [weizhi] AR U B A7
T AL E ARy AREREFIX AGV BB 2 .

trot SAREHE S 5 AR SE AR AL SEEL AR 2200 B TE z RUB B 7 ) e f %, markp.c [weizhi]
NARUAINLER I bR 2+ AL B TR z B E 7 10 BRI M 5 . RREIR AGV B IR ZE
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Table 1. First-round bias after calibration

® 1 RERFE—RREE

f?%_ Ax1 mm Ayl mm AX2 mm Ay2 mm A0

weizhi dgree
1 6.4013 5.9309 6.7813 7.4386 8.4715
2 8.5046 5.9762 2.9758 4.9626 1.3169
3 2.9995 6.8911 6.3755 7.2070 1.0953
4 7.0973 1.9475 5.8840 8.5044 2.1060
5 6.5977 4.5633 8.9308 1.3817 5.5938

Table 2. Second-round bias after calibration

F2 RERBZRRERE

?.%. Ax1 mm Ayl mm AX2 mm Ay2 mm A0

weizhi mm
1 5.4822 6.6827 2.9532 1.9135 9.4063
2 7.5157 4.4402 8.8092 3.8997 1.6990
3 9.7358 3.1925 8.7306 4.2490 6.3962
4 5.6054 5.8676 5.9947 2.1155 4.5969
5 8.7776 3.3070 2.9799 8.0674 2.1669

Table 3. Third round bias after calibration

®3 REREZRREE

f?%_ Ax1 mm Ayl mm AX2 mm Ay2 mm A0

weizhi mm
1 9.6658 4.0045 3.3416 4.8037 4.7632
2 5.1569 8.6073 5.7412 9.8391 9.3039
3 9.7476 9.1660 1.4742 3.3562 4.2172
4 2.1922 5.7841 6.3014 4.6257 3.0814
5 6.2563 8.3037 9.4659 1.9753 9.1479

Table 4. Fourth round bias after calibration

4 RERBNRRER

f?%_ Ax1 mm Ayl mm AX2 mm Ay2 mm A0

weizhi mm
1 5.9592 2.2127 4.1525 7.5605 4.6481
2 5.2068 2.9898 4.0297 3.8331 3.5285
3 1.7568 1.8142 4.0338 9.1117 8.6688
4 4.1578 4.3156 4.6664 2.2126 6.2265
5 2.8369 9.5406 3.4804 3.7934 7.1494

S ZRMIE I 3 10 £ 2, %30 K4, (WZAE 10 mm LA AT CAIESEIREL, 244 BRI X,
y st 10 mm 5 10 LV, & E3 AT EHTRAEA REIEH TAE. i A — MOV E R e,
Koy AGV f BB, EALEMZER G, PLEs N HIUATEL S BURSEHRRFEEEL, M 10
JEm LR Z T 10 mm LR, FREEFRME.

5. &g

FENUR BRI, — s A U7 AR L& N AT kL. 12057 RAH B ILEs N A&
B RIETRE B SCELHL S AR S ITUBORS B2 AE 0.3 mm A2f . (HR M7 RECE ST EHl, AJ7 k47 e
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A AGY B MENLEE N T7 ZMAE S ET AGV BEARNEEAE + — 10 mm /o7, #5380 5T 1
i, B RAE, ARl EOIEEHLE N ER FERTCR, WAL 20~40 mm, HRASTCILSERK
TAFIECHURDIARL T AT B R ks BN 2 mm, A BERL Ao @ A SO F A Sk, mT LA
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