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Abstract: In order to improve the pointing precision of photoelectric detecting system, parametric and
non-parametric model kinematic calibration algorithms were proposed. Firstly, based on the component of
system, the pointing error sources of photoelectric detecting system were analyzed. Subsequently, in times
of the parametric model, pointing error model was established by multi-body system theory, and the least
square method was used to calibrate the model. Then, aiming at the non-parametric model, bilinear
interpolation algorithm was used to calibrate the pointing error. Finally, structure of the experimental
platform, and two groups of data were measured to do the kinematic calibration and verify the calibration

model. The experimental results demonstrate that the pointing precision has been improved from 141.7" to
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22.2" by parametric model calibration, and from 141.7" to 27.9” by non-parametric model calibration.

These two algorithms can both improve the pointing precision. As for the system mentioned in this paper,

the pointing precision of parametric model calibration is slightly higher, but non-parametric model

calibration has simple modeling process and small computational complexity.
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Fig.1 Structural diagram of photoelectric detecting system

Elevation axis

1.1 HMIEZRIRE

LRI AR GEAUARAE SR ¢ 2 J9E 71 3 A HE 200 AR
iV e HENR T EE DR AT

AR T, 255 2 2 0] N2 AH B3 1 S PR T
RN BLH, i TAAEZ I TR 22 R iR 22 , Otk
5 A AREA ik 5 (Sl 7 il - i e 2 ] A
TETE B URZE A R b IR0 4l 55 07 (o7 il AR 4% [

0517005-2



aohligk T2

% 5 2

www.irla.cn
——

% 45 K

SR AT R X IZ B, G A R ) Bl BT 7
Bl AREAC b R X T HE SRR A AE I R 22 RN AE
IR 2%
1.2 XERFIRE

H2F R G HE %A CCD AL IR 21 4ME K
#% \LASER BOGIBEHL, 206 R G 25 5 0 H
B AR 2R R A — SR 22 IR ZLAME IR
#% CCD HMLTE TAEN i T L Ar 2 R sh Uik |
EiWIE- Y SN I S O Tl e SR |
FUSAR A TR A AE A iR 25
1.3 HEHEMHFIRE

: HL 2 A5 2 v 1R 25 5 T A 1 2 4 1R 25
ORI, FALIR2ETE Gt 25 Z 7 5 HUAAE 2257
AN B, BALRZERME B, R A iR 22 8 1E A g
AT R 25X G MRS BE I E I deis AR BB 0
e L AR DR 2R S () e 5 R AR
SEERRIAEED M iR 25

2 MRARN_FENSBERIRE

2.1 BERGER

N 2R R G R i 4 1) R 25 B FR RO
PRI 2R Geax A 250 R W 2 AR — D 2R R
ESTIE VAR LS HA LY T

FEHEAERR R (B ) SR RE O AT N RS
HEZL [ s, X, il Y, Bl T 23N, Z, il TR
H T &%,

TR < SR E SO RGEREAR R ot T
S MR FR (A B Xoo BT 7 57 D £ Gt 5 24 5 7
D7 10), Zao T BLF 07 (v HE R 2256518 |, Yy AE L2206
SETE N, AR AR ZR (A B Z, Sl 7 4k S PR
5 Fsf 4 17

DA 2R 2 SRS e SO R GERESL B s, IRFAS
S MR FR (Ey F) W X S0 IRFACD U 73 2t 055 22 25 o7
Jr1al, Y i B TR AE 222 B T, Zy) A 22 26
SETE N L RS AL AR 2R (E ZR) I Y VR ORA 4 52 B
(SR

SRR R L RSO E RN R G B s R
TE8CH AL BR R (0 )Y X, $ill 7 1) 4 IR 21 7 Jk
#5%, CDD MHLGHIFE 7], WO BEHLAR bR R (L R)
1) X, 57 ] O EE R O 1)

HARTR [ A AR 2 (T &) UG AP E HARIE.O

Ry I, SR S [ SEBREE 91 X A
2.2 IEEIREER
2.2.1 KihdhZ

T H AR R R 22 0 AEAE, KPR BARds a5
PRAE HARTS [0 Z (B AFAE T DR 25 Aay, A FA 12
2 AB,, HFFUR Aa bR AR 5 [

" T=Rot(z, Aa,)Rot(y, ABy) (1)

WES 0 2t S5 ML L R BOE6H PR
FHAES AR5 — sk 2 BIFEAE 7
FAIR2E Ao, FIIFAN AR 2E AB,y, N FF IR AR R AR e
HERIR A

? T=Rot(z, Aa,)Rot(y, AB,) (2)

WS 0 REMIMNG E RA PR SG, S2FR
THOL T AR IR A ABx:

" T=Rot(z, A, )Rot(y, AB.) (3)
2.2.2 ARMdh &

Wi E R S5 S% E, RZ IR a5
P25 25 77 A VR 22 AN 1) SE R R 2R 1R 22, A,
F Aaw, B Ey REE Xy HIFD Z BTEFE 00 P15 1% 22 I
(e AT BRI . B=p+AB=B+AB+AB, HH B
RN R BRARE , AR, WL IR 25, AR, I FH IR 25
E, ZHXT A RAERETEIRE Aa, F1 A6,

" T=Rot(y, B)Rot(x, Ab,)Rot(z, Aay)  (4)

» T=Rot(z, Aa,)Rot(x, Af,) (5)
223 FAiih &

Fhih A REHNE% A, ZZ BB shsEm
s 25 25 7= A IRV iR 22 T 67 ) E L S 2 IR 22 . A6,
ﬂ] Aaah 5‘7 A, /%% X Z‘FHH:‘H Zo %ﬁ}%%ﬂ/‘] E%ﬁé% , ji
frFDER ARG AIR % . amatAa=atAatAa, H o
SAREAN £ BRABE , Aoy HFNLIRZE , Aoy AN TR 25

Ay ZMXT B R EEHEIRZE AL, Al A6,
" T=Rot(z, ®)Rot(y, ABsRot(x, Aby) ()

| T=Rot(y, AB,)Rot(x,AB,) (7)

W Z IR RGEHIE S RG bR R, LIS

AR R NS PR R, AR A bR R OB AR BR AR, T
DI RGAG MR EBIRI R IR R .

BBA“AE“EOLT
p:A“TA TE‘,TE TOTL TTT p (8)

0517005-3



aohligk T2

% 5 2

www.irla.cn
——

% 45 K

Kb ofp=[x,y,z, 11" W HIRTERL AL PR R B R A
AR, Tp=[1,0,0,1]" N H ARG 012845 2 X, il 05z
femm i, HAXD~DIRALK @) RIFHIEDEH
PRI R GE98 )R 2= AR 25 TR 25 5 A Yo Al/IME,
BT BL cosA=1 sinA=A AA=0, HILFE )15 2545
LA .
x=(AB+AB,+AB.+AB,+AB,)cosasin -
(Aaz+Ao,+Aa,+Aa,)sina—(Aa+Ac,,)
sinacosB+cosacosB—(A0,+A6,.)sinasin B—
AB,sinf
y=sinacosB+(A0,+A0,.)cosasinB—
(AB+AB,+ABA+AB,+AB,)sinasin B+
((Aa,+Aa,+Aa,+Aa,)cosa+
(Aa+Aa,)cosacosB+A6,sinf
2=(AB+ABL+ABAAB,+AB,)cOsB—
sinB+A 6, sinacos B—A B,.cosacos3
2.3 MARNIEREHILSH

W22 SCHR 191 BT 3 | K B A AL bRAs B 5 48 Oy 4
] 15 2 3 T ASE AL, AR A 2 () A A A 5 4 )R 25
iﬁﬁ&ﬁmmwmmﬁﬂmwwmbgﬁﬁﬁ@

E30Rh Jr SE A AR A ) R 2 A
da=(Aa,+Aa,+Aa,+Aa,)sec+
(A6,+A0,)tanB+A0,sinatan B+

9

Af,cosatanB+(Aa+Aa,)+y (10)
SB=(AB+ALu+ABA+ALBL+AB,)—
A6, sina+AB,cosa+ @
G.=[1,secf3;,tanf3;, sine;, tanB;, cosey, tanfB;,0,0,0]7(11)
Gg=[0,---,0,1,sing;,cosa;] (12)

[bl=[Aa+Acw,.,Aa,+A, , Aa,+Aa,,
AO,+A6.., ABi, Ab,., AB+AB,+AB, A+
AB,+AB,,—Ab,.,AB,]" (13)

W Gy G b A1) . (12) (A3) TR, W Sa=
[Sa, ey, ==+, 8, ]" OB=[8B1, 8B, - , 8B.]" . Gu=[Ga,
Ge, Gl \G=Gpa, G, -+, Gal ' ¥=v1, ¥2, oo, wl'
=, Mo, oo, M T, FE IR 2R PRI 0] LSRR A

8=Gb+n (14)

o 8=[6a, 8B]".G=[G., Gil" . n=[v, ¢l. S=Gb H+&
R ZE B IER B IE SRR IR 22

n=56-S=8-Gb (15)

is /N 3R, Rl BB ERRRDEZE 1

B/, BMREIE2ZMH 6-Gb IS D5 FlligliP=IlGbl1> B )
/MAE, brRE BB IEBIRIZEL b /N kAl 1T
Eh=(G"G)"'G"S, HJl .

A T T T T
b=(G,G.+G,Gp) (G, 8.+G 8 (16)

g5 b, RN IR ARAE T B IE AR S8
TRAA T (15) H 45 )15 22 16 TF A S 5% 4vin 2%
0, R T TN 2R G A5 RS

3 MAREERENIFSHERIRE

3.1 ESHEBRE

SRR TR (1) 8 3T T B AR A B (R
AR AR TIRZFIMOLA R, LRI T, 5 &
P FIRZEHMNEF GARERE, M AL
RIFEAZ L, RIS EOE AR 87 o B P B A A —
FREE LM AT L, X SEBRAR (0 AT S EOB Rk A7
E—E MW 2, i S B AR & 1S5t &
5 BRAE DA 25

S BRI SE REHEANIE AL, A
AEER X, %Xy, cee xR AR By 9 4 A BRI AR /b | ik
o T S BRI 5 SE PR DA R 25 i Il 8, an s
KA FRAES AL fx,x, + ,x) WAL IR
£, e ARENLIRZE . AT UL, AE S BB RY AT DL X S5 PR
RGP A HARLER NI, XA FOE X0 SEPR £
G — R,

V=X, Xy, ", X)+& (17

SR, SEPR R GE T, BEA™ H 722 5 0 e 22 0 [ A%
#A 2 HARIMVER  SES B AR e L # d, BA
7% %o e 1 728 e R TRl A T AR AT 1 22, AE S %k
R 2 ME L FE 53 2 B HS FEA 1028 5 ey R 30 e ¢
SR IEH]
3.2 WML REE

JSEHLRI R G TARIRES T, 0 A Fn 4
] 1% 22 25 [A] X N 06 R BRI KR, g KRR
LA A, RICR Ll A A (B 47, 110 b =ik
FESRAEAH O = Ad B/, B 2 FE AR, 78 — 4R B8 4k
5 ARz N

68 FHROUER P47 1 T LA P 0 4571 s R A A7 (L A5 31
FEOE s IR B4R pR A, N 2 i, EE A &
WA B.C.D AR G AT IR A, AT LA
FIMEIE ABCD P AE FREL,

0517005-4



aohligk T2

% 54 www.irla.cn

% 45 K

Sxtly+1) p

< Syl

\;‘i
7yt

~~_ « -
A(x,y)

PRl 2 XL A 1 T B R

Fig.2 Schematic diagram of bilinear interpolation
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Tab.2 Accuracy of pointing error before and
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