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Analysis of Attitude Measurement Accuracy and
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Abstract In order to realize indoor test and evaluation of attitude measurement accuracy of photoelectric theodolite,

an attitude measurement method of photoelectric theodolite is developed. Based on Monte Carlo method, the error

sources are analyzed. Main influencing factors on attitude measurement accuracy are obtained, and a detection
method for indoor attitude measurement accuracy is proposed. Based on outfield theoretical trajectory, target
attitude and measuring station coordinates, the original data of attitude measurement is obtained by inverse attitude
measurement theory. The original data is input into the photoelectric theodolite to obtain the test target attitude.
The theoretical target attitude and the test target attitude are compared, and the attitude measurement accuracy of
the attitude measurement equipment is obtained. According to this method, the attitude measurement accuracy of a
certain type of attitude measurement equipment is tested. Attitude measurement accuracy of the attitude
measurement equipment can be obtained by experiments. The heading angle measurement error is not larger than
1.9°, pitch angle measurement error is not larger than 0.4°.
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Fig. 1 Target model in photography coordinate system
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Fig. 3 Attitude measurement principle

3 SRR LN B o A
3.1 BRESWERESN

bR B 2 25 i 1% 22 322 32 06 i 22 45 A3l 3R iR
2 A A I AR 2 AR 22 VARIIRZE DL RS
Wi 28 AT S L R o 25 Tt [ 2D R 22 | i A
AR H 30 55 IR p 2wt . AR 28 35 ) it
U A BRI T 20 96 H bR B S M iR 22 T 50y
G H 2 A A R 2 O A2 A RUIRAR £ | H BR ik
LB B DR 22 BUEE PSR IBGR 22 MO R GL AR R
MR .

DIJGH A AU iR 2E . AR 22 RO 22 46
SR F2 BERY B AR B, R WO R 28 2SI AR BE Y

WRW B e, FE AR R R 2%
Rl MR S RGE MR RRES., XTH
HA, 28 25 4SO £ 158 22 Y 52 e XL 3R 4 B B = R Ay i
FIWFFESCHREE 2 TEILSCR[11-12], AR SOBHR 2446
ASCIN A A R TR T 4 R 5 2 S N 38 A, KT Bl A
A L O ARG B ER 107,

2) BbRik gt BoR 22 . B AR IE LR 2
B 22 5 BEUR BUR BT i B ARFRE D625 R Ge i A2 LA
FARRFEEA K., RIEIN G LI LR, B bR k&
AR EUR 22 H 0.4°,

DMIE P FEHCR 2, I P RIBGR2E S Hiw
AT A R 22 2 0L, B 32 H AR TR L iRt A 4
WOR Z B 52, ARG AN S 22 9 R PR IR
ZEHL 5 MMEIT.

DI RGEEIEN IR E, WM B F RGE
B R R 5 00 £ 325 o 1 DL SRR 13 3 3 %o B A 5
P 15 55 2 3 G0 1) A BE I 45 SR 0E 47 40 7
MR FRG RN R 2E N 1%,

32 #EREMmEAFERESHE

W 4 BRI b 43 5 T E A, 2 B
oo WK JE N 1.7X10" m(LAF B4 m) . 358 il
IR APy 2k B, B A 28 A BB Y1 2 0y 1) (H
b QAT W b B B %) IR A A7 2% 3 e /0 . EL A A A [
FED S )23 ] {h 4 i S 5007 BT RO R

x=—1+10°/10

y=—10"%"+2./10¢" D
z =8.5 X 10°
Kb € (0100 /T0) . F AR A 75 i Bt g = A
o3
m=—1
n=—2xX10"°r+2,/10- (€))
=0

L A A2 FR G K R T AL S SR A
7% BHE A 3000 mmZIT R F R 0.01 mm, R ITEk
2560 X 1600, T %01 #LIE [l 26 . B b5 %34 F ik bk A
b o R 8285 J7 B 00 32 B A9 B D St o 485 A bR R T
b 725 4 M ARk 7 R 2 3 A8 AR 2R 18 5 7 A FDARE AT
f, Hop AR P B o,
33 REFTELRHBEESW

1 E b 2 25 00 1R 25 43 T T S ) A48 A N
i 1 1R 25 U5 32 B O B 48 26 A AR iR 25 AA R
AE | B FRTE S M M $2 IR 22 A0 VHREE PR LR 2
AP FEEIRIN B R 22 Af . T & 15 28 T 25

0112004-3



ot &2 Es 1z
® 1 ORHE R RIR
Table 1 Uncertainty source
Order Error Error Standard
No. source distribution deviation
1 AA Normal distribution 10"
2 AE Normal distribution 10"
3 A9 Normal distribution 0.4°
4 AP Normal distribution 5 pixel
5 Af Normal distribution 30 mm

Pl 4 AL 3 AE

Fig. 4 Simulated trajectory model
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Fig. 5 Influence of angle error on attitude measurement accuracy.

(a) Pitch angle measurement error; (b) heading angle measurement error
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Fig. 6 Influence of target normal inclination error on attitude measurement accuracy.

(a) Pitch angle measurement error; (b) heading angle measurement error
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Fig. 7 Influence of interception P extraction error on attitude measurement accuracy.

(a) Pitch angle measurement error; (b) heading angle measurement error
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Fig. 8 Influence of optical system focal length measurement error on attitude measurement accuracy.

(a) Pitch angle measurement error; (b) heading angle measurement error
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Fig. 9 Measurement results of indoor attitude measurement accuracy in a certain attitude measuring equipment.

(a) Pitch angle measurement error;

5 45 1

WFIE T OB G A (SO ASINB J7 i  IR R 52 R R
B 7 O S R A I A R 2 VR AT T b A
AN R BE Y 35 5 e [ &, 0 T 4R T#ﬁ‘%
DA I G A T . Bk T A AL LA
ﬁ%uU&{ngﬁlﬁiﬂ:,LLﬁgu{WEfﬁmﬁ‘ﬁ
A5 20 322 25 o 1 DI 0 A P 24 A U0 o D G A
By NS A ER S H AR BB A S
D 25 25 1 00 B bR 2835 159 31 2 A ) o % 1 248
A RS

s % X #

Wang F, Jia T, Zhang C L.

for

(1]

Dynamic correction of

target deviations photoelectric  theodolites by

transform[J]. Optics and Precision
Engineering, 2009, 17(12): 2939-2945.

o7, B, kA N AR bR AR R E S IED R &
245{XHR¥EE[J]. Je K& TR, 2009, 17 (12):

2939-2945.

coordinate

[2] Cui Y P. Theoretical and experimental research on
measuring attitude and velocity of moving target[D].
Tianjin: Tianjin University, 2006: 1-13.

FEEZT. B8 B AR %A T R H e K 925 A

Projection distance /m

Ca) M AVDD 8 300 4k 45 22 5 (o) o i 30 o 1 22

(b) heading angle measurement error

(3]

[4]

(6]

0112004-6

FE[D]. R KHRY, 2006: 1-13.
Jin G. Studying and analyzing on the

photo-electricity

error of

positioning in airborne tracking

survey equipment[D]. Changchun: Changchun
Institute of Optics, Fine Mechanics and Physics,
Chinese Academy of Sciences, 2001: 1-3.

06 HLEOG L BR BRI 1 1 B AR 8 A7 1R 22 43 Bt AL
F (D). K& : hEBABEKE G E R H LS Y8
W5 AT, 2001: 1-3.

Li X Y. Study on attitude feature extraction of test
error[D].

Defense

range and correction of measurement
Changsha:
Technology, 2005: 1-2

ZEUTEE . HB B bR 2 A R AR B BRI R 22 8 OE U7
B D]. Kb ERRER AR R, 2005: 1-2.
Zhang Y, Wang Z Q, Qiao Y F, Attitude

measurement method research for missile launch[J].

National ~ University  of

et al.

Chinese Optics, 2015, 8(6): 997-1003.
SRR, B, SR, A SR AT AR R Tk

W], P EDEAE, 2015, 8(6): 997-1003.

YuQF, Sun X Y, Chen G J. A new method of
measure the pitching and yaw of the axes symmetry
object through the optical image[J]. Journal of
National University of Defense Technology, 2000, 22

(2): 15-19.



ot &2 # 2
T, IVE—, BEEZ. O EA% 66 & =5 8 B br attitude angles of the aerial target and its relative
A £ 0D AT AR R b Al 2k vk (0] B B R A OK A 2 simulation experiment[D]. Changchun: Changchun
%, 2000, 22(2): 15-19. Institute of Optics, Fine Mechanics and Physics,
[7] Peng XD, Zhou S Z, Liu B, et al. Application of Chinese Academy of Sciences, 2006: 49-53.
ellipse of inertia in measuring the object's 3D pose g S B ER A I R B R K H A5 B S8 5T
from mono-view[J]. Acta Photonica Sinica, 2007, 36 [(D]. KF: P EE¥EKECFR BV S Y T
(3): 568-573. T, 2006: 49-53.
R, WA, Xk, SR R R A Bk s [11] Zhao XY, Li Y C. Optical measurement in shooting
Hbtr =4t 5m g T, 6 F 54, 2007, range[ M. Beijing: Institute of Equipment Command
36(3): 568-573. and Technology, 2000: 334-339.
[8] Zhao L R, LiuY H, Zhu W, et al. Measurement of B, WA, EIEE I E (M. dbat: R
aircraft attitude by spatial cosine relationship in R AR BE, 2000: 334-339.
single-station and planes to intersection in multi- [12] Zhang Y, Tian S W, Zheng Z L, et al. Indoor
station of electro-optical theodolite[J]. Optics and examination and error sources analysis of angle
Precision Engineering, 2009, 17(11): 2786-2793. measurement accuracy of CCD television and
BT, MIEN, KR, &, G &4 husas [ 4 theodolite system[]J]. Acta Photonica Sinica, 1998,
5% % 22 v T T A CHLES MR [T] . Jese R T 27(11): 1050-1053.
&, 2009, 17(11): 2786-2793. sk, WASC ek, 45 CCD s 28 26 1300 A1 ks
[9] Wang K P. Researches on auto target detection, FE I 2 A R AR 22 0] . 6 F2# 4, 1998,
tracking and 3-D pose measurement for imagery of 27(11): 1050-1053.
shooting range[D]. Changsha: National University [13] Sha D G. Optical testing technology[M]. 2™ ed.
of Defense Technology, 2010: 89-93. Beijing: Beijing institute of technology press, 2010:
EEY: 1L LR RS U S A R R I A s A N 57-61.
F[D]. Kib: HPiRAAR KR, 2010: 89-93. WRER. bR M]. 2 . debat: JbatHE T
[10] LiQ A. Research on technology of measuring the K H AL, 2010: 57-61.

0112004-7



