% 44 K% 3 ISk T2 2015 4 3 /A
Vol.44 No.3 Infrared and Laser Engineering Mar.2015

MIBLHIRERWMENERER X
O TRE LK KLEUELERA L HEELD &2

(1. B F G %P A BIA AT, B G % 7100071;
2. PEIEDEARRHEAREHL TS, @l HFa 621900)

W OE, ATRBREAGHE AT ERIE, TEENDHBRTFSBRDEL B X &SI B 4R
HATHAEEE L, AT G R B AR IR 2 (RMS)ER K ) B, IR BB R F & 5 W4 ik 44
HE BT —AATARRARGHEH AN ELET =, AR MEZREAQEET AL ZET
Wi E ,  EBENEMHT HFEABLE TAA R, B A EELASATER RSELEZATH
B, %G, 5REAR TS AT LN AMRIERNE ANE—RBESFEPTH/FTHREEL, @&
E Lk, FT MRS R LA R AR, SR AN, W& A A (RMS) S A
Aax @A 1l um,y 3 @A 12 um, B H o AT i e E B, 33 T S kidf2e X
KB BB, RPN ATy ke R TARME K

KEIR: azhEha; gEAEmE; ATRAE; BEFE; AEAR

FESZES. TP271'.5  XHEIFRERS: A XE4HS: 1007-2276(2015)03-0901-05

Automatic alignment method for diagnostic instrument
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Abstract: In order to capture accurate data of laser-driven fusion test, diagnostic instruments (DI) which
are mounted onto diagnostic instrument manipulator (DIM) should align the target with tight tolerance.
Traditional alignment methods have problems of time consumption and error large. An accurate automatic
alignment method was introduced, which based on visual servoing according to the virtue of DIM and DI.
First, a 3D alignment vector was constructed to estimate the target deviation in the stereo vision system.
Under narrow field of view, estimated value was close to true deviation. Second, a 3 DOF pose adjusting
mode was founded to promote motion accuracy. Finally, a visual servo controller based on the alignment
vector and pose adjustment mode was designed. The process of alignment needs offline calibration only
once. Through the three steps, DI can automatic align the target with high accuracy. Test indicates that
alignment accuracy (RMS) is 11 wm in x direction and 12 pm in y direction. Laser shot test with X-ray
framing camera show that the automatic align method can satisfy the project requirements.
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Fig.1 Diagnostic instrument manipulator

1.1 BLERRE

FEI2 W IR A i B 4 80 & B2 i BLITT 22 0T,
XIS W& AT — IR B AT B Ardr e . anid 2 e
R, BRI LD A L, SR
U A RS ER 24 2 CCD Wi RS (T, 2
Wikt £ 5 3 RGEHT T, BUE — A BLAR 200 pm (45
FOUERHE , 300 e il v 2R s B LB, W = o 2 R % S
LR S HLBRIE 12 Wik A% 1 i v T Rk
L, B B OE RS VR AUk ) 45 1) B
HAabF £ CCD ¥4t Z 4G &£ 47 CCD L Ly,
ML F LA RDF LR, RELT 4247 CCD B
Wy BRI B LR B e S e S e S R g e
47 CCD E{ZhER#E fLy T 5 ARARA B T FT(IL I 3)

Dizgnostic initrament
Vision swstem
Simulatian target

e

lelescope

Optical breadboard ."/

Holder |
D adjust helder

P 2 Bgek HbrtnE
Fig.2 Target off-line calibration

12 Z#HEEmMENEBNERE

TTHSCER I, %2 CCD MUHE RS 5 L Wrik & —ik
LRGP BT B AR A AL b, R ABIBRLE
N B LR E B H bR T 52 Wi & — iz 3l

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

% 3M

EORF MG RN AR A 903

CInPE 3 iR, M TLEHEOE A T L O [ A
PRSI Ty i, B b B REEE R S5 T RT, SE T b
SE SR S T ST i@ sh A ], T 48 O il 24 i
BIHE To I ¥R A5 T, Ty I B AR AP 5 T T,
12 sh 7 A ) Ry 1) 542 3 7 1) 32 s LA ]
T EH WL &R DI, s s, T, fT, B3z sh 7
AR, FET kT B . —FhRRER 0 02, To VR TEAC
CCD fyGHh L, i Lwsh, B ZE CCD S0 S B, 5%
J1RTo BB R Rvp A O, ZKSFEARAR A Rug, RUp A7 —Fl 1
B2 (1) Rup>0, #L To 7EARE 2L T BRI . (2) Ru<O,
B ToERRE s TS T7 . (3) Ruo=0, AT T, Htx
SEM T EA, B2 WA S AT H AR B E
WRAHT, ST FTHE H BR AR T bR A o 22 1 =
o L 1)

S=[e o Rup) (1)

. 3 T Tra
THT »
Tl L., TR, l .
e, o o,

Left CCD image Right CCD image

Pl 3 i 22 00

Fig.3 Deviation measurement

SCR AT R AT BARTE 2 WA A AR R T Y
23 () gL, T S H A R R S Y
G 22, SR R L 1] R A AL A 2, Y H bR
JE e 1T S (55 B AR, D 22 A0 S (B2 0
TEAE, WA 3 s, HAR s T S5 6 5500
Tl O 558 o AN W (I KA ) LA Y DI,
i Az, Tz S B Too MR v 2N 0,
Wi 20 0, Az 225 0, PR HRE SO i 220
err,=[ien P AZ] (2)
15 e Bl T 0 Ay FErh, #EHY A T, T,
AR bR ke T, i e B AR ey

L L
Yaen=arctan uf%dx ~ ol )

dY] _

¥, =arct o 4
vay—arctan f Bf ()

Az= Uo]:j s 'sinilz og sinEi;IZ (5)
A f MR dX,dY ARG ERYHER ) B HEL K
(OL,0r L) ; m WA CCD MM 0, B, 0 3
R e R 7 ) IR A0 4 B 45 E — N BO/INBIEL, JE R
B 7E fR) A o B2 b 2R AT 0 5 Yoion, W, AZ 30 Al A
{H, 24 T 8803 To 8 Rl —AMR /N8 X3k s, I 5
1 Yoitn» Piaw» AZ ITALL A BB, S ATENE Y o, Vo , "o
G AL PR A5, B (1) ~(5) T A5 4T HE H A5
B ZE S =g EE RN

err, =Y Whaw AZ]=SL (6)
L5 L 1) Y DG IR AR R A
alf 0 0
L= 0 piIf 0 (7)

0 0 wB/fsin%L

13 ZEHHERSANER
R4, 581 5 0T LRI 32 Sh Al ni2
VA=A A AR 1) i 4 AL 58 1A 1] B
B LRI AR BT B B B i, X
FEHCP G HATIM SRS . TEHATIR 42D)
P ZH RS T HLA Y PR 5 L Bl T ™
Wz sh S BT R DR A2 A A i 4%
TR PO s, B E AR kA ER
e XSV AT IS B A B L = H R
LTI K 4 PR B ECE A s P K
%Xﬂ‘j:
Astep=[Avyyen AW AZ] (8)
s Aypen F KT 30082 B 1 5 A W O B L GHCART LD
s Az A A g, R /IME R BOE 52 BR TR 1
PERL, T ek 8— U B Ay, FHIFAD—
NN JE AW, 55 B — D UNE RS Az, 02
B —Arh A R A AT ) T R & 5
FH A5 T,, 78 O-DLDIDI, 845 & T ,AJAIBO Jc %%
DI, #liHEH Avpicn, J5i 5% DI, ST AW, JA, IB P G
W RIB B S AR AR
[Xn" Y Z']=R[Xm Y Zul 9)
[xs" yu' zu']=R[Xic Y zc] (10)
Horpr

PDF #fi % ffi *'| "pdfFactory Pro" = 454 I www.pdffactory.com



http://www.pdffactory.com

904 BRNEY i :

% 44 %

SinAvy 0 COSAYy
R=|sinAW cosAY cosAY -sinAy sinAy | (11)
CoSAy COSAYW -SinAY -sinAy SinAY
A 3(8)~(L0) T 4G AT 1, b, | PN T A
Ali=V (Xa" =X30)+ (Yon" =Y32)+ (230" = Z30)’
Al=V (e =X+ (Ve =Yoe) + (2 -2)”  (12)
Aly=Az
U 2 Xan, Yrs Zons Xoc, Yoo AT s WTHR AR AR, 70 )5 £
FR)32 Bl i v A B BT

4 YISV

Fig.4 Pose adjusting mode
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Tab.1 Deviation of 9 times alignment test

No. Calibration Tilt cross Deviation Deviation
Ccross center Ccross center [pixel /pm

1 (624.90,487.67) (633.32,480.20) (8.42,7.47) (14,12)

2 (74552,502.46) (752.45,496.34) (6.93,6.10) (11,10)

3 (723.33,650.78) (728.84,642.24) (5.51,8.54)  (9,14)

4 (587.19,546.82) (580.93,553.53) (6.26,6.71) (10,11)

5 (600.40,670.71) (594.91,665.22) (5.49,5.48)  (9,9)

6 (658.64,597.32) (652.54,602.81) (6.10,5.49)  (11,9)
7 (675.58,610.39) (668.87,618.32) (6.71,7.93) (11,13)
8 (591.57,605.82) (598.89,611.92) (7.32,6.10) (12,11)
9 (583.77,525.18) (590.48,530.67) (6.71,5.49)  (11,9)
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