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Abstract: In order to determine the influence of each error source on position and orientation
determination error for three-field position and orientation device, the error analysis model of system was
established. Firstly, the principle of three-field position and orientation device using space analytic
geometry method was proposed, and the various error sources which affected accuracy of position and
orientation was pointed out. Secondly, the characteristic and the probability distribution of error source
were summarized; and the impact of error sources on position and orientation information pair was
assessed. Then, the position and orientation error analysis model was established by using the
homogeneous coordinate transformation matrix and principle of navigation. Finally, the error simulation
was analyzed by using Monte Carlo method. The simulation results show that mean of position fix error
is 121.0 m, mean of orientation fix error is 7.4"”, and it is pointed out that dominant error source is

horizontal measurement error, followed by data error of deviation of vertical. Field experiments show that
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the mean of position fix error is 182.12 m; mean of orientation fix error is 9.3”, and it is demonstrated

that horizontal measurement error has the main influence on the overall outcome.
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celestial navigation

space analytic geometry method; position and orientation determination;
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Tab.1 Distribution characteristics of main errors

L. Error Probability distribution Types of probability
Item  Parameter Parameter description s
parameter parameters distribution
Measurement error of X axis in the tilt 0.005°(x£10°),0.003°(x£7°), R
1 p Ap t distribution
sensor 0.001°(x3°)
Measurement error of Y axis in the tilt 0.005°(x£10°),0.003°(x£7°), o
2 T At o oo t distribution
sensor 0.001°(£3°)
T t t f
3 Temp emperature mea.s urement error ATemp N(0,0.02°) Normal distribution
meteorological sensors
Humidity measurement error of
4 Hu Y : AHu N(0,2%) Normal distribution
meteorological sensors
P t f
5 pr fessure measurement eror o APr N(0,0.3 hPa) Normal distribution
meteorological sensors
6 Pt Error of centroid extraction APty N(0,0.051) Normal distribution
Angle errors caused by installation
7 Ay, parameters and optical parameters AAy N(1.710",1.153") Normal distribution
calibration
Azimuth errors caused by installation
8 Zy, parameters and optical parameters AZ,, [0,360°] Uniform distribution
calibration
Ax, e (-0.4",0.4"), . S
9 Xps Yy Error caused by ignoring pole shift Ax,, Ay, A)IVPEE((_O'.‘S”,O.6")) Uniform distribution
. An~N(0.663",0.723"), .
A n, & Error of deflection of the vertical Am, Aé A”l§~1\/((0.659”’0.724”)) Normal distribution
Ei d by at heric refracti
B v, Tror causec by alOSpuetic feftraction INK AV, e (=0.9",0.9") Uniform distribution

correction model
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Fig.4 Flow chart of position and orientation determination
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Fig.5 Flow chart of Pt;,, computation
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Fig.6 Simulation results of position fix error
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Fig.7 Simulation results of azimuth fix error
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Tab.2 Simulation results of position fix error when

adding different group noises separately

Error category I I | v \ )\l
Meanp;gg./m 110.0 3.8 7.6 2.9 9.1 33.3
MeandeVpige/m 47.8 1.8 3.1 1.4 6.1 19.3
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Tab.3 Simulation results of azimuth fix error when

adding different group noises separately

Error category I I | v \ )\l
Mean e/ (") 7.0 1.2 2.1 0.1 0.9 1.5
Meandev e/ (") 6.2 0.9 1.6 0.1 1.0 1.6




2372 295k TAR

% 44 %

5.3 JK TR BAER M E IR ZE X E AL E [ B2
B XS KT 10T A £ IR i i DN 15 22 2 ) B R )
AL 2 A gy RS [R] P I dR 22 I E N E 18] TR 2
(05 BLAE A R AT LATR Rl Sl ) R 2 Ay 3
I, s L 1] 1R 22 2RI
xR 4 AEZK T RN EIRZE B E ALE iR ZE B
HEER
Tab.4 Simulation results of position and azimuth fix
error when adding different levels of

inclination measurement noises

Ap,AT/(°) 0.001 0.003 0.005
Meanpg./m 110.0 332.8 558.3
Meandevpe/m 47.8 140.8 248.5
Mean /(") 7.0 17.6 30.4
MeandevV g/ (") 6.2 15.1 25.5
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Tab.5 Simulation results of position and azimuth
fix error when adding different centroid

extraction noises

APt /pixel 0.01 0.03 0.051

Meanpy:,/m 1.0 2.3 3.8
Meandevpg/m 0.7 1.0 1.8

Mean g,/ (") 0.2 0.6 1.2
Meandev i/ (") 0.2 0.4 0.9
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Fig.8 Experiment platform of the three FOVs position and

orientation determination equipment
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Fig.9 Field experiment results of position fix error
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