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Abstract The error model of four—prism based on the unique scan four-prism tower mirror of domestic airborne
laser scanner is put forward. And the position error models in horizontal and vertical direction are established
respectively. The effect of positioning accuracy in qualitative and quantitative aspects are analyzed. The analysis
demonstrates that the influence of error in the vertical and horizontal direction is different, which is related to the
scanning angle and increases with the increasing of scanning distance . The vertical error in X direction is bigger
than Y. Z directions. The influence of horizontal error is parabolic trend in Y direction, and seems like the influence
of roll in Z direction. The analysis shows that the four—prism tower mirror error has the significant influence on
the positioning accuracy, the three links of the design and processing of the mirror, the integrated of components
and the host system calibration must be strict controlled in order to eliminate or weaken this error, the study of
error has the important influence on improve the airborne laser radar system positioning accuracy.
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Fig.1 Structure of four—prism tower mirror. (a) Front view; (b) side view
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Fig.2 Working principle of four—prism tower mirror (side view)
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Fig.3 Working principle of scan four—prism tower mirror (front view)

H P& 3 R, SN A7 AR KT i £ 8 B, 548 1 0 2 WO IR I ASHOGE L, SO G2 LUY R X027 T

] 1 R b T R TR Y, T AR AR N R K A I RS B AT iR A A i A OE 2 o

EAE K VAl A7 B 8, WO AT 1A SR IR 451 415 11 0% #7322 0 52 e HAB Ry (0+8,) o MRS 155 1) fi £
(R L BRI AT R, S R B LR W REFERE 1, DR FFAL e e 3 %

R'(5,,0,A0)=[sin 1° cos 1°sin(@+A0=5,) —cos1°cos(@+A0+3,)], (11)
[38
= R.(5,,0,A0)(p + Ap) +1,, (6,A6) . (12)
P BT A 15 25 A o7 A Y A ST JiiF%HEET KT R 22T B 6 1 SO A5 AR A AE
1'6,)= Ry R)RIR.(B,yp+1, 1+ Al + 1, . (13)

4 DU BB AN AR o XoF Hb R A BE 1Y 52 R 43 BT
P DAL 20 Al R WA 5 O A & X M S S JEE A2 0 BRIV AT B R R O 1 =1+ AL R AL SRR %R
2 X 5 SN B 3 AR R R A R T 3 T IO D R X 3t K R AR IR BOE OB I XS B AR R S
AR R FR 0 A AL AR AT L B RY I BAGLRE R, 1, R O HARBE AT XU M X, /AT AT
W L7 1] AT, O AR REVR f AT A ﬁﬁlﬂﬁﬁ’”ﬁo I 3 LA A 6, KD A 8, 1915 22 R L T AR
GrTE AL - 1'(8,)= RVIRSS,yp +1, 1+1. 5 1'6,)= R\[R(S, yp +1, 1+1, . 09 T T 5047, A% A 4 M Y1 i

0914001-4



A R S
AR AR R R HEAT XS M SE ALK BE B R o3 B o LA B o A A UL B0 5 ORI EE B p 435 9 50,100,200,
300 K 500 m, 319 1 3 Bl 4 [-35°,35°], 3 L K K- T 1 i £ 229 (B g 0.01° 0K R k73 Bt 1% A B2 R0 2 07
JE 1 52 W]
4.1 EHESERA S, MEMIBEEZN
H R 07 15 2 R 20 ] R BT 1 i AR 6, R R BE B R
p'[sin(1° +6)—sin 1°]
Al = p* sinfcos(1°+68)—cos 1°]; - (14)
p* cosBlcos 1° = cos(1°+6)]
PO PR IO i 5 s 7 X R S K TR 145 W) -5 980T DN BE (R A A A LR O G AR S ORI BRI E
Lo, BEE 4 A B 0 AR AR 25 S TE — @ YU NI Bl , L AT 5 1) X KD ] Y R 3 B ) Z YA R S
AR ALLECE 73 B X X LY 2 5 18] B 0 A 4 T

0.010

[

5 0.006 : ==

= 0.002 —=—p=100 m

= 11— 1 ——— P

840 205002 20 40 +p=200m

% e O OOl ——p=300m

0006 ~ p=500m
Scan angle /(°)
0.001 0.0018
EEEEEES = (© 0

g @ oows £ hie———
Sl ==——==--: 5 EE=——p02 =
i==—=S=oc & 0.0010[ —
< Y —=—=—-0.0008 === ==
£ Mpop DB 5 L G000 <o o
o -0.0004 SE === L
§ ~0.0006 == § e -
2 ~0.0008 —=_— T_f0=——To0gq000t o=

—~0.0010 L———Jagﬁoom £ =

Scan angle /(°) can angle /(°)

Vel 4 2 1 D A 0T 5 2N BE B2 o () X 5 T8 ; (b) Y7 T s (c) Z J5' 6]

Fig.4 Influence of vertical angle to positioning accuracy. (a) X direction; (b) Y direction; (¢) Z direction
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Fig.7 Change of scan lines in Z direction under the influence of horizontal angle
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