The collinearity equations:

M (X =Xg)+1p (Y=Y, )+13 - (Z-2,)
Mg (X =Xg)+ra5-(Y=Yo) + 133 (Z-2)

X=X, —-C

p

_ole (X =Xg) Ty (YY) +r3 - (Z-2,)
M (X =Xg)+rps- (Y =Yo)+133-(Z-2,)

Y=Y,

Let’s use the following abbreviations:
Ny =1 (X =Xg) 4151 (Y =Yo) + 13 -(Z-Z,)
Ny =1y (X =X)+15 (Y =Yo) 415 (Z-2Z,)
D=rg-(X=Xg)+rs (Y =Yo)+r33-(Z-2,)

Partial derivatives with respect to interior orientation parameters; (Xp, Yp, C):
The x-coordinate equation

OX 1 X 0 ax__rll-(x—X0)+r21-(Y—Y0)+r31-(Z—ZO)_ N

X

X, o, o rg-(X=Xg) 4+l (Y=Y, )+r3-(Z-Z,) D

The y-coordinate equation

ﬂ_o oy 1 oy rlzo(X—X0)+r22'(Y—Y0)+r32~(Z—ZO): Ny
o rg (X =Xo)+rs- (Y =Yo)+3-(Z-2Z,) D

6xp ayp

Partial derivatives with respect to exterior orientation parameters; ground coordinates (X,, Yo, Z):
The x-coordinate equation

OX e M [fs (X = X0)+Tog - (Y =Yg )+ a5 - (Z = Zo) |~ ially - (X = X o)+ 1oy (Y =Y, ) + 15y -(Z = Z,)]
[rg - (X =X o)+ a5+ (Y =Yo) 1o - (Z = Z,)

X,
ﬁ:c Faalia - (X = X) + g - (Y =Yo) + a3 - (Z = Z4) =gy - (X = X) 41y - (Y =Y,) 413 - (Z - Z,)]
o [rig (X = X o)+ 15 (Y =Y, ) + 15 - (Z = Z,) [

ox__  Taalfig " (X = Xo)+ 15 (Y =Yo) +gg +(Z = Zg)|=Faaray (X = X o) + 0 (¥ =Yo) + 11 (2~ Z,)]
0Z, [rg - (X = Xo) + 1o (Y =Yo) 135 (Z = Z) [

The y-coordinate equation

oy —c r12[r13'(x = Xo)+ T3 (Y —Y0)+r33-(Z—ZO)]—r13[r12 (X =Xg) T (Y=Yg)+T3 '(Z_Zo)]
X [ (X =X o)+ g (Y =Yo) + 155 -(Z = Z,)

ﬂ:c Falfi - (X = X) + g (Y =Y) 33 - (Z = Z)] = Tya[li - (X = X))+ 10 - (Y =Yg ) + 15 - (Z = Z,)]
Yo [r13'(x_Xo)+r23'(Y_Yo)+r33'(Z_Zo)]2
oy —c r32["13'()( —Xo)+ g (Y —Yo)+r33'(Z—Zo)]—r33[r12 (X =Xg)+Ip (Y =Yg)+T3 '(Z_Zo)]
e [r13'(x_Xo)+r23'(Y_Yo)+r33'(z_zo)]2




In abbreviated form

OX e rD—r3Ny

X, D?
oy rlzD—r13Ny
X, D?

OX ryyD—rysN,
oY, D?

oy ry;D—ryN y
Y, D?

OX e r3D—ryN,
oz, D?
oy r32D—r33Ny
oz, D?

Partial derivatives with respect to exterior orientation parameters; attitude of image plane (o, ¢, k):

The rotation matrix R is:

ry1 = COS ¢ COS K

r12 = -C0OS ¢ Sin K

riz=sin¢

;1 = €OS @ Sin K + SiN ® Sin ¢ COS K

22 = COS @ COS K - Sin ® Sin ¢ sin «

I3 = -SiN ® COS ¢

I3 = Sin @ Sin k - COS ® Sin ¢ COS K

Iz = SiN ® COS k + €COS ® Sin ¢ Sin k

I33 = COS ® COS ¢

O(Element) J(Element) o(Element)
ow o¢ oK
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120 —12 —singsink i=—COS¢COSK=—I’11
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%:—Slna)COSK‘—COSa)SIn¢SInK=—I‘32 —2 — _sinwcos¢sink —22 = _coswsin k —SiN @SiN #COS k = —T;
ow o¢ oKk
or. . Lo or. . or. S .
—32 = cosw oSk —Sinwsin gsink =r,, =32 _coswcosgsink | —2=-sinwsink +COS@Sin # oSk = —ry
ow 0¢ ok
%Z arizcos¢ %:
ow o¢ oK
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—2 = _COSWCOS ¢ =Ty —2 —sinwsing =20
ow o oK
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ow o¢ oK




The x-coordinate equation
X g (X=X )+ (Y =Y )+  (Z=Z )01y (Y =Y 40 - (Z = Z )]+ [y - (X = X))+ (Y =Y) # 0y - (Z=Z )0+ 155 - (Y =Y,) =1 - (Z

0w [ - (X = X) 0 (Y =Y,) + 15 - (Z -2,

X _ Dl-ry, (Y =Y,) 41, - (Z=Z )]+ N, [ryg - (Y =Y,) =1y - (Z - Z,)]
660_ D2

x_ [hs- (X =Xg)+Tp- (Y =Y,) +bs-(Z—Z,) [-singcosi- (X — X,) +sinwcosgcosk - (Y —Y,) —coswcosgcosk - (Z —Z,)]
o¢ [1i3- (X = Xo) + I3 (Y =Yo) + 135 (Z = Z)
[fy - (X = X) oy - (Y =Yg) + 1y - (Z = Z)[cos ¢ - (X = X)) +sinawsing- (Y —Y,) —coswsin g - (Z — Z,)]
[rig (X = Xo) + oz - (Y =Yo) + a3 - (Z = Z,)F

X _ . D[-singcosk - (X — X,) +Sinwcosgcosk - (Y —Y,) — 05w o8¢ cosk - (Z — Zy) |+ N, [cosg- (X — X,) +sinwsing- (Y —Y,) —coswsing - (Z — Z,)]

o¢ D?
X _ - Dcosk[-sing- (X — X,) +sinwcosg- (Y —Y,) —c0swcosg - (Z — Z,)]+ N, [cosg - (X — X, ) +sinwsing- (Y —Y,) —coswsing- (Z - Z,)]
o¢ D?
o _—D’cosk+N,[cosg- (X = X,) +sinwsing- (Y -Y,) —coswsing-(Z - Z,)]
op D?
ox  —D?cosk+ NX[— N, -cosx + Nysinx]
op D?
oK [ris (X =Xo) 415 - (Y =Yo) + 135 -(Z = Z,)
N
x_ Dy
oK D
In Summary:
ox __ DIty (Y =Y) + 0 @ = Z ) N[ (Y =Yo) =1 (2= Z))] ox _ C—D2005K+NX[— N, -cosx+ N, sin] x_ Ny

ow D2 o D2 ok D



The y-coordinate equation

oy c [r13 (X=X )+ (Y=Y )+ (Z _Zo)][o_ (Y =Y,)+1,-(Z _Zo)]+[r12 (X=X )+, (Y=Y )+, - (Z _Zo)][0+ Mg - (Y =Y, ) — I

%_ [rls'(x_xo)+r23'(Y —YO)+I’33~(Z—ZO)]Z

oy D[_ Fyp (Y =Y,) + 1y (Z _Zo)]+ Ny[ras (Y =Y,) =1y, (Z _Zo)]
0w ¢ D?

y_ . [ (X = Xg)+ g (Y =Y,) + 53 (Z - Z,) [singsink - (X — X,) —sinwcosgsink - (Y —Y,) + coswcosgsink - (Z - Z,)]
o¢ [f3- (X = Xo) #1005+ (Y =Yo) + 13- 2 = Z,)

[y - (X = Xg) + T (Y =Yo) + 5 - (Z = Zo) cos - (X = X,) +sinwsing- (Y —Y,) —coswsing-(Z - Z,)]
(g (X = Xo) + g (Y =Y) + 35+ (Z —Zo)]2

. Dfsingsinx (X — X,) —sinwcosgsinx - (Y —Y,) +coswcosgsing - (Z — Z,)]+ N, [cosg- (X — X,) +sinasing- (Y —Y,) —coswsing- (Z - Z,)]

o¢ D?
- CDsinK[sinng-(X—Xo)—sina)cos¢-(Y—Y0)+coswcos¢~(z—ZO)]+Ny[cos¢~(X—X0)+sina;sin¢-(Y—YO)—coswsin¢-(Z—Zo)]
op D?
oy D?sinx+N,[cosg- (X —X,)+sinwsing-(Y -Y,)—coswsing-(Z-Z,)]
2 D2
¥, DZSinK+Ny[NXCOSK+NySinK‘]
o¢ D?
e (X =Xo)+ g (Y =Yo) + s (Z = Zo) iy - (X = X) =Py (Y =Yo) Ty -(Z = Z,)]
oK [ris - (X =X o)+ - (Y =Yo) + 153+ (Z = Z,)[
Y _ Ny
oK D
In Summary:
oy D[_rsz'(Y —YO)+I’22-(Z—ZO)]+Ny[I’33-(Y —YO)—I‘23-(Z—ZO)] oy DzSinK+Ny[NxCOSK+NySinK] oy N,

— — =c—=

oo D’ o¢ D2 ox



Partial derivatives with respect to ground coordinates of tie points(X, Y, Z)
The x-coordinate equation
x OX - ¢ Fafris - (X =X o)+ Tz (Y Yo ) + 155 -(Z = Z) |- P[Py - (X = X)) + 1oy - (Y = Y5) 4151 - (Z = Z,)]

OX  OX, [Fig - (X =X o) + oy (Y =Yo) 153 -(Z = Z,)F

ox __ ox _ Talfig (X = Xo) # o (Y =Yo) + g - (Z = Zo)] =gl -(X = Xo) # o0 (Y =Yo) 413 -(Z = Z,)]

oY Yo [r13-(X—X0)+r23~(Y—Yo)+r33~(Z—ZO)]2

ox __ ax Tl (X = Xo) g (Y =Yo) Mg - (Z = Zo)] =g riy (X = Xo) + Py + (¥ =Yo) + 1y (2= Z,)]

oz 0Ly [r13-(X—X0)+r23~(Y—Yo)+r33~(Z—ZO)]2

The y-coordinate equation
oy oy - ¢ r12["13 (X =Xo)+ T (Y=Y,)+r33-(Z _Zo)]_r13[r12 (X =Xo)+ T (Y =Y,)+13 - (Z _Zo)]

OX  OX, [Fia - (X =X o) + g - (Y =Y) +Fg3 - (Z = Z,)

o N __, Fap[Tig - (X = X o)+ oz - (Y =Yg ) Tag - (Z = Z )]~ Ta[Fip - (X = X )+ T - (Y =Y ) + Ty - (Z = Z,)]

oY Y, [Fig - (X =X o) + g (Y =Yo) 13 -(Z = Z,)

oy oy - ¢ r32["13 (X =Xg) 415 (Y =Y,) + 133 '(Z_Zo)]_r33[r12 (X = X))+ (Y =Yg )+T3 '(Z_Zo)]

oz 0Z, [r13‘(X—Xo)+r23'(Y—Yo)+r33‘(Z—Zo)]2

In abbreviated form

ﬁ:_cw ﬁ:_crmD_rzsNx ﬁ:_cl’ng—r%Nx
oX D? oY D2 oz D2
ﬂ_ CM ﬂ:_cw ﬂ:_chZD_rB,SNy

oxX D? oY D? oz D2



