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Rotations a,V,K
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¢) Now we will show how to derive the rotations o,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 and C-3):

X =X, +dcosd , Y =Y +d.cosb , Z =12, +decosd ; i=1,3
Py 5000F I3 Py 23
where: 4. =¢T;7 - x. )2+ ( = )2 + c?
1 Pi 0 ypi yo
COSSX. = (XO - Xé.yDi’ COSéy, = (Y0 - XP)/Di, cosGZ. = (ZO - ZR)/Di
1 T i i 1 =

By the procedure (b) in this appendix, the coordinates X5 Y2y OF the prin-
ciple point H are derived in the object space system on The basis of points
0(X,,Y,5Z,) and pi(Xp.’Yp ’Zp.)’ i =1..3, and distances

HO = c, Hp, = V/(X KWL RS N L (i =1,2)

using p, to eliminate false solution.

The three single transformations when rotating a,v,k are (see fig C-3):

i X - X, x'] X" % - Xy x'
I Q- — t Y = 1 - = 1 -
Y'p=RAY - Y r, 1Y RAY'¢t s ¥ yoJ RAY (c-7a)
1 —_ 1 1 —_ 1
Z - Z Z0 P z')p Z P Z Zylp z' )p
with
cosg, sing O 1 0 0 cosk  sink O
Ra = ¢sino  cosa  Op , Rv =<0 cosv sinvg, RK = {-sink cosk O
0 0 1 (0 -sinv  cosv 0 0 1

Further we get from fig C-3:

L T % 2 T % Yo TV T %
= = with z_ - 2z = -¢ (c-Tb)
ZP = @ Zp T Z, ? Zy Z, Zp T 2, D 0 ™
Introducing Xy,Yy,Zy into (C-Ta),we can solve o,v (see also fig. C-3):
= Xy vy = (X = Xp)sina + (Y, - Y;)cosa
tga = Y - v > tgy = 1 = =
H 0 H ) 0
Introducin Y ,7Z. and x 7z  into (C-7), we can solve Kk (see also
g )%19 Pl, Pl pl,yplﬂ pl 9
fig. C-3):
¥ -y
, tgd' - tg0 i Py 0
tgk = tg(O' - Q) = 1 + tg0'ted with tgd = m
1
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1 - s 3 + —
yp1 (XPl X0)81nucosv (YP1 Yo)cosacosv + (ZP1

T = = = -
teo x! (x. - Xo)cosa + (Y - Y0)51nu

1 Pl Pl

- Zo)sinv

Then a (=R) is derived (for more detailed derivation, see [7] p. 27):

X~ X X - X, Ay Bgp By .
Trig.

F=Ft =HE-Y .y B= RKRvRu =4a,, a,, &, . =13 funct. of (c-8)
O,V ,K

Z " Z9)p Z - Z4)p Ay Sup Ty

Introducing (C-8) into (C-7 b) would give (A-1).

Appendix D. Space .resectionwith additional information on outer orientation

Given are the inner orientation (x,,y,,c), two control points P(XP,YP,ZP),
corresponding image points p(xp,y ) and rotations V,k. Unknowns are the
camera station O(XO,YO,ZO) and rotation a. From fig. (C-3) are derived

x' X = 8, X! x! X - Xo} X!
b= R Ny - Y'} = R Ny Y-t} =g Y = (D-1a)
W) K Y YO L = vV J L 0 o) " Z-p—Zb—‘—C
AR z -z 2 z' 7 -2 z'
iy o/p ‘p P 0/p P
X - X, _ X - X, % ~ YO- % = % oot)
Zp = By L - L ’ Zp - By Ly - G

where RK’Rv’Ru are the matrices in (C-T7). o is derived from (D-1), or fig.
C=-3 3

- 1
teo = tg(K - k') = K- PEK

1 + tektgl!
_— 1 = 1
) Tp - Yp Y o
. _ . . . _
with tg a— X? 5 tgK X =% . (Xb’Yp derived by (D-la)).
T2 1 b, P,
Unknown X ,Y ,Z, are derived from:
.
XP. = XO Xp = XO YP. = YO Yp = YO
i _ i _ i g = 1.0
Z -7 7 - Z ? 2 - Z 7 -7 2 ?
0 0 : 0 0
Pl pi Pi Py
where (X - Xo), (y - Yo), (Zp - Zo) are derived by (D-la).
i i i

In the case of that Xo,Yoare given, one control point P1 is needed. 0o is:

% — % Y
P

tgo = t (K = K') - EEK_:_EEKL_ with teK =.__£_____ tgK' = M 4
SRR T+ tektek’ B % -1, ” X!
ot o]
where X' ,Y' are derived by (D-la). Z_  is derived by (D-1b).
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