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Analysis of Attitude Calibration Precision of P4P Camera
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Abstract In order to estimate the calibration error, analyze the factors affecting the calibration error, and guide
the camera calibration system engineering design before the calibration system design, we propose a new
algorithm model for the P4P camera calibration algorithm. This model solves the problem that the azimuth,
pitch angle and roll angle are coupled to each other, and makes the attitude angle solution only related to the
camera internal parameters and the image coordinates of feature points. On this basis, the model of error
analysis is built which can theoretically analyze the influence of image position errors, aberration, principal
point, focal length, and locations of feature points on calibration of attitude angles. The simulation and
experiment are carried out. The conclusion hints that the data of simulation and experiment of calibration

accuracy are consistent and the error analysis model is accurate and valid. The model can guide the design of

calibration system and has great engineering application value.
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Table 1 Input of system parameters

Serial
Item Value
number

1 Coordinate of feature point 1 /mm (—225,—225,0)

2 Coordinate of feature point 2 /mm  (225,—225,0)
3 Coordinate of feature point 3 /mm (225,225,0)
4 Coordinate of feature point 4 /mm  (—225,225,0)
5 Focal length /mm 35

6 Pixel size /(pmX pm) 5.5X5.5

7 (Cx sCy) /pixel (1024.5,1024.5)

8  Resolution of camera /(pixel X pixel) 4096 X 4096

9 (Tx,Ty,T;) /mm (100,100,2000)
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Table 2 Estimate values of error sources

Serial number Item Value
1 Errors of image orientations Ax,; and Ay, /pixel 0.3
2 Aberration Az and Ay /% 0.1
3 Error of principal point AC, and AC, /pixel 10
4 Error of focal length AF, and AF, 91
5 Errors of locations of feature points AX; and AY,; /mm 0.1
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Attitude
A, 0 5 5 —5 —5 30 30 —30 —30
Error
Ax 0 3 -3 3 —3 5 —5 5 —5
Ay 0 3 3 -3 —3 5 5 —5 —5
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R 00t 4 2R B d KRB, Az 24 30.0303%; 18 K &
PP, P, P AbREUE 57 A (381.057,1080.385)
(1605.787, 375.091) , (2336.895, 1614.024) , (1074.999,
2329.341) I, I 5 45 R WU /ME L A, i 29.9697°.
TR 2L N K 0.0303°, 5B (E 0.0301° A
A AR B — B0 UE IR 22 AR AR R G B 22 1 T
flif 5% .
1.3 BRRETHFEEZHSHT

R 1 RESHCREBIESER, 8K F & W
K 2 i, ¥ARN 450 mm X 450 mm 43 A5 (1) B
GAEEAR, LUBDE ol R REAE 28 A HLER B AE = 4t e
AL YA MR T A (2 B AR AE
e B2 GRS 6 (X i 6) . RR 2 %%
PR & (Y i ) ML R ERRE A L =4
HMEAMARPIMIESS . P30 7 A T 45 3l &
BB e R A EEWE L () T H R A HL AL bR R 5

9 0.001° AR FIRE VR e G S BE S 0.01°, B4R AR 1%
FARBLIE T J5 5 AT O 35 2F 47 R AF 5 RS 42 H, 4%
PAP B HAHMLES UL A, =0 Ay =0"Ay=0°
i AL B Eh S G, S B R EEIC
Ao AxoFl Ayo s PAP BFRSEHIIT N FAIE N A, 4%
AA,=max|A, — Ay | HHE I ER 2, & L5 R
4PN,

rotating platform of Z axis

rotating platform of X axis

A< platform of Y axis

pPiative target

B2 ELEmEa
Fig. 2 Experimental platform
FA M AL
Table 4 Results of measurements )
Serial Measuring
Axo Avyo Ay AA
number value A,
1 0 0 0 0 0
2 3 3 5 5.021 0.021
3 —3 3 5 4.982 0.018
4 3 —3 —5 —5.019 0.019
5 —3 —3 —5 —4.980 0.020
6 5 5 30 30.029 0.029
7 —5 5 30 29.972 0.028
8 5 —5 —30 —30.025 0.025
9 —5 —5 —30 —29.972 0.028
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% 2 R T (B A2 420 Tt 2R 8 1 R 26 1 /K T Tl
14 BRI B 15R 28 U5 A7 FE — 8 M 22, (R 0w 25 R
R Sz 0 45 R 5 007 B4 R — Bk fE g R AR
ZERR A IEHE., NR A TLLE M, MM h
+ 57, 1R 25 S B KR 0.021°, 1% 25 BU(E i K
H0.0233° 5 M 75 37 £ Ky 4= 30° B, 15 25 S e R N
0.029°, ¥R 2205 B A fc KRy 0.0330°, S2{E 5 15 BAE
PG Ve BT BRI IR 22 PP AR LR 20

5 %% 1

ABFFERE PAP AR AL 2 25 b € 55 sE AT BE o
Br AE T AL BEIE BEA8Y /Y JE Gl B o PAP LR 1E 5E
RSN W S D N 232 R/ W N TR
RSk b 225 A SRR BRI A Y T R 22 S A A
SAHL 2 AR E A B AR AR AR 56 . 7E I 2 il
e AT S DR ) 3 S AR 22 DR BRI A R
2 B VA AL I 2E AT 0 FO SE 90 20 A, 45 SR R
DR 22 BRI i 4 2R 0 S 50 R AR A L 1R 25 R AL
iR A ST, RE S 18 AN PL A ST RS
Wit B — 2 1 TR R AN fE .
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