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Research on the small-range two-dimensional attitude measurement method of
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Abstract:To solve the problem of high-precision two-dimensional attitude measurement for long-distance laser tracking cooperative
targets, a small-range two-dimensional attitude measurement method based on the collimated laser is proposed in this article. Firstly, the
optical characteristics of the angular prism and the principle of laser tracking based on the angular prism are described in detail.
Secondly, a two-dimensional attitude measurement method using a cube-corner prism with incision and photodetector is proposed, and
the mathematical relationship among laser beam vector, cube-corner prism with incision, photodetector, and the cooperative target is
analyzed, the attitude solution model is established, and a cooperative target is designed. Finally, a high-precision attitude measurement
system is established. Experimental data acquisition and parameter model calibration are carried out, and accuracy analysis and
evaluation are implemented through verification experiments. The experimental results show that the proposed measuring device is
ingenious and practical. The measuring angle error is less than 0. 011° in the working range of +5°, which meets the demand of high-
precision engineering applications.
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Fig. 1  Characteristics of the cube-corner prism
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Fig.2 Cube-corner prism with incision
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Fig.3 Diagram of a two-dimensional attitude measurement

system for tracking cooperative targets
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Fig.4 Diagram of spot coordinate change of incident direction
tracking light on a photodetector through the cube-corner

prism with incision
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Fig.5 Definition of the coordinate system

YR BDEREE G LTI 8% B TB AR bR (27,97 ,2") " I,
JAERUAR AR R T R AARRIR N (a7 ,y 7,27 T A
R ALRR R EE X7 e gyl 0, 3] 07 - X" Y7 2" | Jieh
RN

1 0 0
R(0,)=|0 cosf, - sind, (1)
0 sinf,  cosf,

0" — XYV Z" L5 YP W E 0, 3 0" -
XUYP 7 R .

cosﬁy 0 sin@y
R(6)=| 0 1 0 (2)
- sin@) 0 cosﬂj

0" - XUYV 77 5% 77 W s A 0. 3 0 -
XUY" 2" TR

cosf, —sinf, O
R.(6,)=|sinf, cosh, O (3)
0 0 1

0" - X"V 2" GV BEE 0T - XY 2T, TR

A

TIT) :(XO’Y(]!ZO)T (4)
T
T D
X X
y | =R.(0)IR(6)R(6,)|y" |+ T} =
T D
V4 V4
xl)
Ry |+ T, (5)
D
V4

Hrb R, =R.(0)R (6,)R.(6,) FrsGHLHM AR AL
i 2 B AR AL AR 2R B BERE ARG, STl LLIAC 6,.0,.6,
Xo Y, M Z, R BAE HAREAR I RGESEL. M TOLHLERIY

e " HENE TR " = 0,

JE— 2D T s Al b 2R B o] B AR AR R B G AR
SE X =LA 0 I B HON FE LT, 7S E H
PRI 25 LI R O B A HE G B, G SCHAE AR AL bR 22
NIRRT Po( g,y ,20) ", FEAA T (0] 1] 1 0] LR IR

o= () I e
1P 1P I 1Py |

RO - XYz T, b | P, || FoR kK, [,
A FOREE P(x" ) 2T B i e, =

T
( i , i , i ) . mT o' -XY'Z" 5 0" -
AN
XY 2 TS, T UL — A Me, HER: G I Se, &
& TR
o o
1P, | 1P, I
T T
Y\ R(Y)R(B)R(a)| 2 (6)
A I P, I
7 i
P, | 1P, I

Horb, o FOR AR IR SR B8 FR AR TTBE ARy
FORMARIRSN M, TEREE, i T T, WAL, {7
e, =(0,0,1)" (7)
FRAZ(6) , T LAFH 21 i A S Ol o 00 25 48000 D'
BEARR (x,",y,") BUSEAREII AL,
cosy,;sinf3,cosa; + siny, sina;
siny sinB,cosa; — cosy,sine; | =
cosf,cosa;
(cosf,cosf, )x. + (cosB sinf sinf, — sinf cosh,)y! + X,
1Pl
(sin@zcose),)xf + (sinf,sinf sinf, + cosf.cosf, )y’ + Y,

1P 1l

(= sind,)x,” + (cosh,sind, )y,” + Z,
2 |l

(8)
3 S1EBREBIRZIT

BET A SO BRER A A H AR 4 2825 I i B A 3
B, A E AR SR 3 22 o O LA SR 8519 1 FL A0 % [
REH A, A FOREA FLRE T3
3.1 FALAERR

RSCE B 1 IT LA AR B8 10 S S R, AR e
BATHE BT, t FIT LA HER BoAr /e U0 H Ry JLIA



192 %A R F¥ M

a5k

FEERERIE R R S/ B R HR—A
ML o XT3 36, i T IL B T T2 0 7 5%
o FHERR BT LS T JR0F- A7 T A S0 T £ i T, 5 i
OGBS o IE=MIE, iE 6 FiR,

Ko il T LA HER SR RS 151
Fig. 6 Photograph of a spot of light through a cube-corner

prism with incision
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calibration and accuracy evaluation of an attitude

Diagram of an experimental device for parameter

measurement target
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Fig. 12 Experimental device for parameter calibration and

accuracy evaluation of an attitude measurement target

S LA T B 5 A Db s o B i o R R AR
KAV AR AR [ 7 B P e A% & b 2 T DA A #E 4R i
IR A2 250 0 B2 D A 2 AR BRI Z TR A



194 f# £ ¥

a5k

TR (56 0 AL bR 2R [H] Y 5%, R T I 7
Bt R A o R v R BR ' 2 A S AR AT 5 | 2
R 2E I E BRSO 1 TC AU E— 4 PR a2 8, B
R HFENLRS 3 T AL RS 7 1) SR R S e B
], PO E R i A bR R . R CCD A IR
JEHE BRI B | 2R [BDGAEBR EE CCD BB G BEN B AR
— 3 BIEA R SE R T — U

SEE T OGRS 650 nm 2L AMEOG RS, 8 T R
CCD M4 i, fE R EE CCD M A& CCD R4 4 i
T 650 nm JECH
4.2 BEREXY

AR P IERE 5 417 S AR 7™ A2 07 (o f AR, 54T R 48

SRAUE B), EA T 11 A 12, SRR RN

1) PRS0 B 3 R PR e 45 (7 B, (O sk
IEAS B, E SR LIRS & A A, RS EBE
T AR (ah ) LASBREESEBREE AR (6,9 4

)W EN B BB S A E AA, iC SRR &
FAEEA,,

3) B IR G, (BB YEBE AR AR T O A Ak 1] £
(2" ,y") IO R M S IR AR (27 57 o

TR e & M BE Sl A, B, 7 S 25 f LA A
L XHR B,,, Z5EBH., T i s
Al BN B A AR B EMBN I AE, 256
(8) , 145 FHI 4l .

(cosf.cosh, ) x! + (cosf.sind sinf, - sinf_cos, )y + X,

Pl

- cosy;sin(A;, = A, + B,..) cosa, + siny,sina, =0

(sinf.cosf, )x; + (sinf sinf sinf, + cosf,cosh, )y, + Y,

Pl

(- sinf, Yal + (cos0},sin0x)yf +Z,

Il

Horr, o) oyl FA R oy, 1B, IR AR A
AAE R HETE S A AR R 6, .0, .6, X, Y, Fil Z,
F o N RESHL,

SEEAE L=0.5 m AbHERAE 5 DREMEE A, - A, T
XERLE 5 GDEHEARDR (x ) ) , BEA B R A T 10 A
REZERE, SRBARMGH RN 2 s JHd W 5
v, T RIS E CCD _EAGER AR R 1
I BRICRSE TR & iy BISCHR N

xf(pm) = 1. 85u! (pixel) (1)

y'(wm) = 1. 850" (pixel)

x2 ATHERZESEMNIRHEMNGITE
Table 2 Statistical properties of experimental data used

to fit system parameters

A; = Ay ltip THE 1{ SEHME ufy b2 vf b2
/() /pixel /pixel /pixel /pixel
-5 621.793 1438.776  0.008 528  0.004 408
-2 1338.965  1430.099  0.007 862  0.004 173
0 1818.000  1424.303  0.008 944  0.005 390
2 2298.222  1418.489  0.005 164  0.003 723
5 3022.967  1409.723  0.008277  0.003 666
WHIUE RES BN G RN 3 s,
4.3 RBEIFHIE
DLRLEE e 417 s AR 77 25 7 R A8 Ak, A7 2

PEMY SIS SEA IR 11 012, RS R

- siny,;sin(4, - A, + B,..) cosq, — cosy;sina; =0 (10)

- cos(A, — A, +B,,..)cosa;, =0

R3 SHUEER
Table 3 The results of parameter fitting

BAUA B P44 H
6./(°) 0. 658 105
6,/(°) -0. 852 367
6,/(°) 2. 850 873
Xo/mm -2.892 765
Y,/mm -2.784 796
Z,/mm 25.218 919

D) ARASK 3 R GES R, PR B AR 15 0 H 48 e
B mhE (2 BRI S TTA0 A B, R AT RE
i 0, A A% s shid f PR bn 2 F A EHEAR

PREY y, " RIS T IR GBI L AR (27 ") |
HAENE A, H0,
2) SRR QBRI AE A,

3) MK AR AL RS &, ol IR B DG BE AR R IE 0 A s [1] 3]
(x",y") e ST St M AR W i Ff B, o

)Xt A, -A, 58, - By

4 PR UL 1o KRR TARIEMJE A, - Ay A\
5o E 5ory 11 AT AR, A T IS4
WSEE, FE A AL E T s TAEBE B Y L =20 m AbJRBIF
SEE

24 5B, =0.9875,E— i A, -A, 58, -
B, W ZE(H , AP E 22, 45 5 &l 13 Fiios



545

S L 25 < T LSOOG A BRI B4 H AR/ B — 4R 225 7 i 5T 195

x4 NELR

Table 4 Measurement results (°)
FRUEFIEE A,-A, MR B,
-5.0 -4.002 6
-4.0 -3.0230
-3.0 -2.009 3
-2.0 -1.0119
-1.0 -0.005 1
0.0 0.987 5
1.0 1.9859
2.0 2.987 4
3.0 3.990 4
4.0 4.994 0
5.0 5.986 5
0.015
0.010 |
£ 0.005 /\/\
. 0 .
b 46 -4 -2 0 2 4 6
<0-0.005 |
=Y
-0.010 |
(-4,-0.010 45)
-0.015L A-A4/C)
K13 s iR 2 £

Fig. 13 Error curve of attitude measurement
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