


Thus, the search for solutions fulfillin g ( C-4) might be effected by trying 
a chosen set of different values for D1,i,j within the actual range (C-5). 
To obtain an effective and fast solution, a more sophisticated procedure 
described in textbooks on numerical analysis could be applied. In fig. C-2, 
different solutions for D's, obtained ln a theoretical example, are shown. 
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Fig. C-2. The search for solutions ln a theoretical example of resection 

b) The coordinates X ,Y ,Z of the camera station 0 are then determined. 
Th • 0 0 Q I I!' •• I I e correspondlng coordlnates X

0 
,Y ,Z ln the auxlllary system X ,Y ,Z' 

( 
• ) • 0 0 . flg . C-1 are flrst solved from the equatlons: 

(X!- X') 2 + (Y!- Y') 2 + (Z!- Z') 2 = �D�~� · l 0 l 0 l 0 l' l = 1 .. 3 

where the coordinates X! ,Y! ,Z! of the three points P. are: l l l l 

p1 : (0,0,0) 

with 'rwo solutions for z0 are obtained 

�X�~�,�Y�~�,�Z�~� are then transformed to system �X�~�Y�,�Z� by (C-6) derived from the 
following three single rotations: 
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{~t r - X} n =~{~} {~:} =~{~L~ y: ' = RK y2 

zz zl z K,0 z K 

with 

{ cosK sinK ~L { c~s~ 0 sinO! 
RQ ={ < ~sQ 0 

~} RK = -si~K casK R_ = 1 
0 f' sin.\2 

0 1 J Q -sinG? 0 cos<!> -sln.\2 cos .It 

tgK = 

tgl) 

zz 
K zz - zl 

= -X-
2

- = --;( -X-
2
---X-

1 
""") c_o_s_K_+_(:;-Y-

2
---Y-

1
_,.)-s-:-i-n-K 

K 

tg.Q 
-(X

3
- X 1 )sin~cosK- (Y

3
- Y 1 )sin~sinK + (Z

3
- Z 1 )cos~ 

-(X
3

- X
1

)sinK + (Y
3

- Y
1

)cosK 

Thus, 

{~} (C-6) 
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/ <~ J;, 
/ ..... 

Fig. C-3. Rotations a,V,K 
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c) Now we will show how to derive the rotations a,V,K and the corresponding 
rotation matrix a . The image points p . have the following coordinates in the 
object space system (see fig . 's C-1 ana C-3) : 

X = xo + d. coso y = Yo + d. coso 
' 

z = zo + d. coso l = 1,3 p. l x. p. l y . p. l z. 
l l l l l l 

where : d . =j(x - X )2 + (yp. - y )2 + c2 
l 0 0 p. 

l l 

coso = ( xo - ~. ~/Di' coso = (Yo - yp )/D. ' coso = (Zo - Zr. )/Di x. y. . l z. l l l l l l 

By the procedure (b) in this appendix, the coordinates XH,YH,ZH of the prln­
ciple point H are derived in the object space system on the basis of points 
O(X 0 ,Y

0
,Z

0
) and p.(X ,Y ,Z ), i = 1 .. 3, and distances 

l pi pi pi 

HO = c, Hp. = j(x - X )2 + y - Yo)2; (i = 1,2) l . p. 0 p. 
l l 

USlng p3 to eliminate false solution. 

The three single transformations when rotating a,V,K are (see fig c-3) : 

l:l 
X - Xo x'l 

"vF]' 
r- x,l R{t = Ra y - y 

y: t 
= Y Yo = (C-7a) 

0 

Z - zJp z - z 
0 p z Jp ~,z P 

with 

Fsa slna 

~} ' 
{~ 

0 

s~n+ { COSK 
sinK 

:} Ra = ~na cos a R = cosv R = -s~nK COSK v K 
0 lO -sinv cosv 0 

Further we get from fig C-3: 

X - X ~ - X yp - Yo ~ - X 
p 0 0 0 

= = with z - z = -c ( C-7b) 
z - zo Zp - zo z - zo zp - zo p 0 

:p p 

Introducing XH,YH,ZH into (C-7a) , we can solve a,v (see also fig. C-3 ) : 

tga = 

Introducing x_ ,YP ,ZP 
--p 1 1 . 1 

and x y z into (C-7), we can solve K (see also 
p1' p1' p1 

fig. C-3) : 

tgK = tg(8 ' - 8) =tg8' -tg8 
1 + tg8'tg8 with 

2714.. 

YP -Yo 
1 

tg8 =---
X - x

0 PI 



tg0' 

Then a (=R) lS derived (for more detailed 

r- x,) r- X l rl! R y - y: ' Y Yo = R = R R R = a K\!a 21 

z z 0 P Z Z0 P a31 

Introducing (C-8) into (C-7 b) would give 

derivation, 

a12 a13 

a22 a2 3 

a32 a3 3 

(A-1) . 

- Z )sinv 
0 

see [7] p. 27): 

~Trig. ) = funct. of 
a,v,K 

(C-8) 

Appendix D. Space . resection with additional information on outer orientation 

Given are the lnner orientation (x0 ,y0 ,c), two control points P(Xp,Yp,Zp), 
corresponding image points p(~,yp) and rotations V,K . Unknowns are the 
camera station O(X

0
,Y

0
,Z

0
) and-ro~ation a. From fig . (C-3) are derived 

{

x'l ~x- xo lX'f lx') ~X- Xol IX'\ 
Y' r = R~ 1 

Y- y 0 Y' = R~ 1 
y' Y- Y0 ~ = R~ 1 

·y• ~' zp-z=-c (D-la) 

z'j z-z Z'J z' Z zj z•J '0 
'p Op p p Op p 

X - X 
= p 0 

z - zo p 

yp - Yo Yp - yo 

zp - Z0 = zp - Z0 
(D-lb) 

where R ,R ,R are the matrices in (C-7). a is derived from (D-1), or fig . 
C-3 K \! a 

__ tgK - tgK' 
tga = tg(K - K') - -

1 + tgKtgK' 

yp - y Y' - Y' 
2 p1 

with tgK = --------­
XP - ~ 

P2 P1 
tgK' = --:----:-­

X' -X' 
P2 P1 

, (X' ,Y' derived by (D-la)) . 
p p 

• 2 1 

Unknown Xo,Yo,Zo are derived from : 
' 

~ - - X X - xo YP. - Yo y - y 
0 :P· pi 0 

l l l = = l = 
zP. - zo z - zo zP. - zo z - zo p . p . 

l l l l 

where (X - xo), (Y - Yo), (Z - Zo) are derived by (D-la) . p. p . p . l l l 

In the case of that X
0

,Y
0
are given, one control point P1 lS needed . 

Yp - Y0 Y' 

- · ., _ tgK- tgK' 1 P1 
tga - tg(K - K ) - 1-+ tgKtgK' with tgK = Xp _ X , tgK' -

- 1 0 

where X' ,Y' are derived by (D-la). 
p1 p1 

Z
0 

is derived by 
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X' 
p1 

(D-lb) . 

1,2 

a is: 


