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Analysis on Precision of Multi-lens Area Array

CCD Mapping Camera

SONG Mei

(School of Software and Information Engineering, Beihai College of Beihang University, Beihai 536000)

Abstract Mapping precision is very important for the mapping camera, and there are lots of

factors that can influence the survey precision of butting mapping camera. Camera concerned here

is the multi-lens butting mapping camera. The mapping precision of the camera, affected by the

multi-lens area array CCD butting, the geometry calibration, the coordinate transformation and

the image restores processes in the butting mapping camera of outside field of view was studied.

Factors influencing the precision and the method to improve the precision of mapping camera were

analyzed based on the characteristics of those factors. Through the research, the principal factors

that predominate in the precision of mapping camera were decided.
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((�)�#�!#" ���!� $����
"�"#$$�� [1].
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Fig. 1 Array order of three CCD

2.��" 0� Y = [Y1, Y2, Y3]T, !3#�
��!#, Y1 48.*��34 9:�, Y2 41,
9/, Y3 4% Y1, Y2 44�50" 0. . CCD �
�26" 0� Xi = [Xi1, Xi2, Xi3]T, 1/" 0
�3#5���6;�!#,!%��" 03#7
7,4���%��" 0�', 8328.* CCD

��26" 0%��" 077,�<-+" 4
!,9,3 CCD��26" 05#!,.* CCD

��Æ67�26" 04'/ [2−3].
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8�?�B@� f2, fi, ζi, ηi �@A�, Qi � P i

;�@A�, �<A21��/�%B, CCD ��
26" ,��" 0�4!, B5��C CCD �
��<-� [2].
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C 1 ./012D3E456F78GH9:; (I<: =>)

Table 1 Measurement data of two cameras after importing error of butting angle (unit: pixel)

θ/(′′)
CAMERA I CAMERA III

Δx/pixel ν ν2 (×10−4) Δy/pixel ν ν2 (×10−4)

1 0.015 −0.0215 4.623 0.005 −0.0266 7.076

2 0.02 −0.0165 2.723 0.016 −0.0156 2.434

3 0.022 −0.0145 2.103 0.021 −0.0106 1.124

4 0.025 −0.0115 1.323 0.026 −0.0056 0.314

5 0.029 −0.0075 0.563 0.03 −0.0016 0.0256

6 0.042 0.0055 0.303 0.035 0.0034 0.1156

7 0.049 0.0125 1.563 0.039 0.0074 0.5476

8 0.051 0.0145 2.103 0.045 0.0134 1.796

9 0.055 0.0185 3.423 0.049 0.0174 3.028

10 0.057 0.0205 4.203 0.05 0.0184 3.386

Σ 0.365 0 22.93 0.316 0 19.85

Δx̄ = 0.0365 σ̂(Δx) = 0.01596 Δȳ = 0.0316 σ̂(Δy) = 0.01485

? Δx, Δy BBCDCEJCKDDLEEMFFGN; OF θ HCCEJCKDLEEDGEDEIFG Δα0 FGJEDEI
FG Δω0; ν HKG; σ̂(Δx), σ̂(Δy) BBCDFPG.

87 1 �.0<#HI�/, 9" #!�
�8.,  ��� +�(.�" #!���J
I, G>���:JQ9+�LHI,/3J�7
0+��M, :JQ(K��+��� 1′′, G>
LN-�KM-+$-)" /��, 9-���
� 1/20pixel N, �"9 CCD /�$-)" /�
���2O 0.5μm, Æ19$-)" /���8
.Æ�H�(.)(21LO.�"!�KP�� 
��� +�(.��������, ��:JQ(
K���A21O, 1′′, Æ1Æ�>�+�(.;
-QL=R0/, 5)(9(.RMPN�L. Q+
�(.9 1′′ ∼ 10′′ PNL�NM, #!�<�" 
��/�45��RS9 0.05 pixel�L (� 0.5μm),

!�(.ÆSM�PN.Æ12T� ��� +�
(.�/����������JI, )(21LO
-=.

2.2 @S�*ABC@D*T�+
����L��6�� $�8, $N9��

� $01NU9O$4P/,1RV $N���
��. �QT&��� $01�@4WR, U $
01�4+3O�34%���34�4+, :<T

& $01���,U $01.�,4+3O�3
4%���34�V77.G>���:JQ��P
W$-),#�����;+�,9�S<#��7
0:#��������+=�;+0/. U>LN
-�KM��,$-)�"#" .

:�1/VX, >,��"'/1/$-)�
+�0/�"#" ���/, ���� $�<
#. T>X'.0�<UYV, ����01.13
CCD�"01�W $ 25Y<#, 1/Z <#�
�U8B/�8�?, 25YZ <#Q� 50/�8.

G>���:JQ���$-)70��=�;+
�MZ �W�9ZX. 9��% $QI�$<,

�9>?6�@A, =YV4�WY01. 9@A/
<6[, >,R?<��&���01<UYV:

y − y0 = f tan ω0 cosα0.

9��<#6[/�,U>=:IXY�6S>
\P�)�?M13 CCD,ZA/< (x0 y0), f ,�
�&/���/< $. "'�" 0�� 2 Æ8.

Z[/'T]��), :�����?, 52>
,7 2 Æ*��P ��� ��,\�L��6
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C 2 EF78G<GHH9:;
Table 2 Orientation measurement data of left camera

DGE/(◦, ′, ′′) GJE/(◦ , ′, ′′) x/pixel y/pixel Ex/pixel Ey/pixel

270, 56, 56 298, 19, 58 357.35 363.36 0.0056 0.0048

270, 34, 1 298, 19, 45 431.26 363.73 0.0122 0.0266

270, 11, 2 298, 19, 22 504.07 363.27 0.0045 0.0058

269, 48, 8 298, 19, 14 576.77 363.93 0.0102 0.0104

269, 25, 9 298, 18, 55 649.32 363.68 0.0069 0.0077

270, 57, 11 297, 57, 0 357.79 436.47 0.0162 0.0102

270, 34, 12 297, 56, 44 430.36 436.22 0.0053 0.0028

270, 11, 19 297, 56, 29 503.58 436.07 0.0059 0.0191

269, 48, 15 297, 56, 10 576.86 435.93 0.0115 0.0127

269, 25, 29 297, 55, 48 648.98 436.09 0.0042 0.0110

270, 57, 27 297, 34, 2 357.34 509.35 0.0081 0.0051

270, 34, 33 297, 33, 46 430.20 509.41 0.0037 0.0684

270, 11, 37 297, 33, 27 503.55 509.24 0.0068 0.0092

269, 48, 38 297, 33, 9 576.64 509.15 0.0069 0.0203

269, 25, 46 297, 32, 54 649.50 509.04 0.0122 0.0149

270, 57, 43 297, 11, 2 357.42 582.67 0.0105 0.0439

270, 34, 52 297, 10, 51 430.50 582.41 0.0041 0.0156

270, 11, 52 297, 10, 33 503.69 582.45 0.0684 0.0029

269, 48, 56 297, 10, 6 576.78 582.19 0.0184 0.0098

269, 26, 0 297, 10, 3 649.73 581.74 0.0029 0.0204

270, 58, 6 296, 48, 2 357.36 655.65 0.0065 0.0069

270, 35, 4 296, 47, 52 430.53 655.47 0.0091 0.0079

270, 12, 13 296, 47, 31 504.04 655.42 0.0046 0.0108

269, 49, 11 296, 47, 18 576.58 654.90 0.0095 0.0095

269, 26, 12 296, 46, 57 649.64 655.36 0.0304 0.0025

? x, y MFH[^ 10 \D_`N; Ex H x MF[^DFG, Ey H y MF[^DFG. ]OFFGH[^DFPG.

5 2 [�^�\
Fig. 2 Coordinate of image side

� $HI (1!" �!(.2�5� pixel).

_������9 $HI:

x̂0 = 503.83, σx̂0 = 0.01;

ŷ0 = 508.76, σŷ0 = 0.01;

f = 98.55mm.

>'<�)�$���=5������=?
�<� $HI�!.

$������9 $HI:

x̂0 = 503.54, σx̂0 = 0.01;

ŷ0 = 508.90, σŷ0 = 0.01;

f = 98.78mm.

5������9 $HI:

x̂0 = 503.78, σx̂0 = 0.01;

ŷ0 = 509.24, σŷ0 = 0.01;

f = 98.79mm.

*#1/���� ]HI,9!#!��=?
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�8., �����������;+=��+ÆU
>��)1���,$-)�"#" NÆU>�
�),!�aÆU>�)(K��������Æ�
H���. ����;+��G>���:JQ�
�PW�, ��:JQ(K���A21O, 1′′, Æ
1�>�+�(.;-UL=R0/, 5)(9(.
RMPN�L.9��,$-)�"#" NÆU>
��LN-�$�?), ]��HI21aM�, �
���^bV�PN.

2.3 �I`JKLM�+
�������!��H9�"W�7U<X

Y.������"Z[�^\KM_c70=�4
!KM��"W�N/KMB`�.

�"U>�\��-+ ��� ��)da
C�������. 8�! ��� �]���
�$C1\��70=�+�,-�', Æ1�_U
>=�4!KM,9�\��'NU^,�<#$�
91��" 0!, ���'�=�`I, bQ_e
1���\ab.

,��c@" 0.�"6:�=�4!<,!
" �U@:LH4?,;A�daf,C`&<"
6�U,�1�" 0�"6=���S4!<"6
ca�.0. Æ1�_U>�"W�N/KM=?
�Æ,"6�W�/.

�"Ue��)�,*#���b+�1P��
���+,1.0��g���"��c" 0Æ9
4', 1!#��#, =?M�d�"=f,�" 
0<7���d�"�e��h�,:<G>�" 
0.�1/" �U*#=f�0Afd!93�

".�" �U, *#fdM�3�"" /bN 4

/"6�W�/,G>eWYN/�g)�M!9�
" 0�Æ" �W�/.

!'1�6;'? CCD ��"Z[�(�-
+�$�/.

*#���b+�1P�����+,1.0�
�g���"��c" 0Æ94', 1!# O �
�# (8� 3), =?M�d�"=f,�" 0<7
���d�"�e��h�,:<>�" 0.�1
/" �U*#=f�0Afd!93�".�"
 �U,fdM3�"" /bN� 4/"6�W�
/, G>eWYN/�g), �M!9�" 0�Æ
" �W�/.

2��01/<�!.

CCD "'hi 9.1mm×9.2mm,

CCD "6hi 9μm×9 μm,

�`"6 1008× 1018,

3U6;@�fc 100mm,

�� 5◦11′39′′ (@4), 5◦14′45′′ (1,),

"670+��� 18.56′′.

2.3.1 NOPQd�
@i$ab�, ,���!#" (X, Y ), !

� F , U^�"�aI (H × V , 2� pixel), "6
hi� A, ��0b+� B, ���� FOV. =��
0�� 3 Æ8 [2].

*#� 3 Æ8�=��0, =?1!/<.

!?`�"hi:

�"h�
V = 2V1 = 2F1tan (FOV/2 + B)/A = 2965pixel,

5 3 Æ�g
e\
Fig. 3 Relationship of space projection
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�"��
H = H1 cos(FOV/2)/ cos(FOV/2 + B)

= 1016pixel.

"?`!#: ?`!# O1 " ,

XO1 = 1483pixel, YO1 = 508pixel.

%?`!�: ?`!� F = F2.

2.3.2 �*���R
91�=�" 0!�"6" �U> (X, Y )

78,9���"" 0!�"6" �U> (U, V )

78, =�

U = F2tan
{
B + arctan[(X − XO1)/F1]

}
,

V =
√

(X2 + F 2
2 )arctan

[
Y/

√
(U − XO1)2 + F 2

2

]
.

2.3.3 STUeV
N/�0�� 4 Æ8.

5 4 jfhikg
Fig. 4 Linear interpolation of duality

� 4 . (u, v) 78#!<�"6" , (i, j) 7
8���"" 0.�"6" . =# (u, v)�W�
21�� 3 0N/>,, �Q*# (i, j) � (i + 1, j)

B#�W�/ f(i, j) � f(i + 1, j) N/>,

f(u, j) = f(i, j) + α[f(i + 1, j) − f(i, j)].

:<*# (i, j + 1) � (i + 1, j + 1) B#�W�
/ f(i, j + 1) � f(i + 1, j + 1) N/>,

f(u, j + 1) = f(i, j + 1) + α[f(i + 1, j + 1)−

f(i, j + 1)].

:<*# (u, j) � (u, j + 1) B#�W�/ f(u, j)

� f(u, j + 1) N/>,
f(u, v) =f(i, j)(1 − α)(1 − β)+

f(i + 1, j)α(1 − β) + f(i, j + 1)(1 − α)β+

f(i + 1, j + 1)αβ.

*#WYN/\P�
α =

xu − xi

xi+1 − xi
,

β =
yv − yj

yj+1 − yj
.

6[/�A21=?# (u, v) �W�, !. x, y �W
�1/"6.*�f9�h9" /.

�C=?R2, �"jQfe
xu = xi +

1
2
(xi+1 − xi),

yv = yj +
1
2
(yj+1 − yj),

=��/�=?, α = 0.5, β = 0.5. 5# (u, v) e
9 (i, j), (i + 1, j), (i, j + 1), (i + 1, j + 1) j#"#
.*. N/#�W�/8!�i$:

f(u, v) =0.25f(i, j) + 0.25f(i + 1, j)+

0.25f(i, j + 1) + 0.25f(i + 1, j + 1).

i/Æk,9Æ�#W�/=?M�A��C&
d�"��"Z[�^\�8 [3]. ����":�
� Z[�<�`I�� 5 Æ8.

5 5 
[ghji
�
5
Fig. 5 Butting picture after resuming of image

9�"(.�B/�k,�Q9-+70=��
NM, �� +��/%, Æ1�"�+�(.��
�. Z[X'�KP, 9�"+�(.;-U���
���H��, Æ121LO-=. l�/�9-+
W�7U<NU>eWYLN-��), U>��



�A�:  !"#$ CCD %&'()*+,- 595

�)(K>:Qj#���,:;Ul��S?)(
..

3�km

���@$�������,���-+CV
'��/,Nl�##�@$�������-+C
kl%lK. &\=�/C�6;'? CCD ���
����  ��,*#�� ��� �����
����mY,_c+�(.��,n�(.��,�
W-+C.0�/, ��.0�/, >MC#���
��).
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