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PHOTO COORDINATE 
SYSTEM

Origin at principal pointOrigin at principal point
Defined as:
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Translating ground 
coordinates to photo
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DIRECTION COSINES

P has coordinates XP has coordinates XP, 
YP, ZP

Length of vector OP 
is
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Direction of
vector wrt the
3 axes are:
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DIRECTION COSINES

Vector from PVector from P 
to Q defined as
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DIRECTION COSINES

Direction cosines become:Direction cosines become:
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DIRECTION COSINES

Looking at unit vector OLooking at unit vector, O 
to P is

P has coordinates 
(x, y, z)T

kzjyixOP ++=
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Given a second set of 
coordinate axes I, J, K, 
similar relationships can 
be formed
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DIRECTION COSINES

Rotation between Y and x otat o betwee a d
axes
Writing unit vector in 
terms of direction 
cosines:
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SEQUENTIAL ROTATIONS

The Center for Photogrammetric Training

DERIVATION OF GIMBAL 
ANGLES

Coordinate transformation shown asCoordinate transformation shown as
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Perform a planar rotation of axes in 
sequence: ω - primary, ϕ - secondary, κ -
tertiary
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ROTATION ANGLES IN 
PHOTOGRAMMETRY

The Center for Photogrammetric Training

ω ROTATION

In general form:In general form:

In matrix form:
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ϕ ROTATION

In general form:In general form:

In matrix form:
ϕ⋅+⋅+ϕ⋅=

⋅++⋅=
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κ - ROTATION

In general form:In general form:

In matrix form:

( )
333

333

333

Z0Y0X'Z
0ZcosYsinX'Y

0ZsinYcosX'X

+⋅+⋅=
⋅+κ⋅+κ−⋅=

⋅+κ⋅+κ⋅=

⎥
⎤

⎢
⎡

⎥
⎤

⎢
⎡ κκ

⎥
⎤

⎢
⎡ 3X0sincos'X

The Center for Photogrammetric Training

More concisely:
⎥
⎥
⎥

⎦⎢
⎢
⎢

⎣⎥
⎥
⎥

⎦⎢
⎢
⎢

⎣

κκ−=
⎥
⎥
⎥

⎦⎢
⎢
⎢

⎣ 3

3

3

Z
Y

100
0cossin

'Z
'Y

3CM'C κ=



SURE 440 - Advanced Photogrammetry

Projective Equaitons 8

TRANSFORMATION FROM 
SURVEY PARALLEL SYSTEM

MG becomes, after multiplication
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COMPUTING ROTATION 
ANGLES

If rotation m−If rotation 
matrix known, 
rotation angles 
can be 
computed as 
shown on the 
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COLLINEARITY CONCEPT

Line from objectLine from object 
space to perspective 
center is same as line 
from perspective 
center to image point
Relationship shown

The Center for Photogrammetric Training

Relationship shown 
as:

AkMa =

COLLINEARITY CONCEPT

Collinearity conditionCollinearity condition

Ground coordinates are translated to the ground 
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nadir position and rotated to a photo parallel 
system then scaled to the photograph
– Predicted photo coordinates
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COLLINEARITY CONCEPT

Expressing the collinearity conceptExpressing the collinearity concept 
algebraically:

Dividing the first 2 equations by the last:
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Dividing the first 2 equations by the last:
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COLLINEARITY CONCEPT

Collinearity equation must satisfy twoCollinearity equation must satisfy two 
conditions:
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COLLINEARITY CONCEPT

Since (X X ) (Y Y ) and (Z Z ) areSince (X – XL), (Y – YL) and (Z – ZL) are 
proportion to the direction cosines of
the collinearity equation can be shown in 
terms of the direction cosines 
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COLLINEARITY CONCEPT

The inverse relationship isThe inverse relationship is
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LINEARIZATION OF 
COLLINEARITY EQUATION

For simplicity let the projective equationsFor simplicity, let the projective equations 
be shown in the following form

( ) 0
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( ) 0
W
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LINEARIZATION OF 
COLLINEARITY EQUATION

Condition equation shown as:Condition equation shown as:

Design matrix appears as
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LINEARIZATION OF 
COLLINEARITY EQUATION

Partial derivatives wrt interior orientationPartial derivatives wrt interior orientation 
(xo, yo, and f only):
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LINEARIZATION OF 
COLLINEARITY EQUATION

Partials taken wrt exposure stationPartials taken wrt exposure station
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where P are the parameters
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LINEARIZATION OF 
COLLINEARITY EQUATION

For the exposure station coordinates theFor the exposure station coordinates, the 
partial derivatives of functions U, V, W:
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LINEARIZATION OF 
COLLINEARITY EQUATION

Partials of the functions F & F isPartials of the functions F1 & F2 is
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LINEARIZATION OF 
COLLINEARITY EQUATION

Partial of orientation matrix wrt the angles:Partial of orientation matrix wrt the angles:
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LINEARIZATION OF 
COLLINEARITY EQUATION
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LINEARIZATION OF 
COLLINEARITY EQUATION

Evaluate the ⎞⎛ ∂∂∂ WUUfFEvaluate the 
partials of F1 & 
F2 wrt 
orientation 
angles:

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
ϕ∂

∂
−

ϕ∂
∂

=
ϕ∂

∂

⎟
⎠
⎞

⎜
⎝
⎛

ω∂
∂

−
ω∂
∂

=
ω∂

∂

W
W
UU

W
fF

W
W
UU

W
fF

1

1

The Center for Photogrammetric Training

⎟
⎠
⎞

⎜
⎝
⎛

κ∂
∂

−
κ∂

∂
=

κ∂
∂

⎠⎝

W
W
UU

W
fF1

LINEARIZATION OF 
COLLINEARITY EQUATION
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