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Horizon Camera

Orientation

Matrix multiplication
facilitates transformation
of angles where the
horizon and mapping
cameras are separated.
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FIG. 1. The pitch and roll of the mapping camera
are ultimately determined from measurements on
the film of the horizon camera of the distances be­
tween the image of the apparent horizon and the
fiducial axes.

(Abstract on page 404)

O BTAINING THE ANGLES of inclination from
horizon-camera film records has been

adequately covered in the literature (see
References & Bibliography). All of the listed
methods consider the usual case for the
horizon camera in which the optical axis for
each of two horizon cameras are directly
aligned with the coordinate axes of the
mapping camera. With this situation, the
numerical values of pitch and roll may each
be obtained directly from the respective
horizon-camera records. Granted that this is
the usual case, occasions do exist wherein the
horizon camera is not so ideally located.
Helava (1957) briefly touches on this pos­
sibility, but does not carry the analysis any
further. The purpose of this paper is to pre­
sent the mathematical technique for accom­
modating a. precalibrated relationship be­
tween the optical axis of the horizon camera
and the coordinate axes of the. mapping
camera.

The horizon camera must be oriented at a
known azimuth, elevation, and roll with re­
spect to the coordinate system of the mapping
camera; the apparent horizon must appear in
the field of view of the horizon camera. Data
from the horizon camera is used to determine

* Submitted under the title "Mapping Camera
Orientation by Horizon Camera."

the orientation of the mapping camera;
however only pitch and roll can be determined
by the horizon camera method. Heading must
be determined by some external means.

T HE HORIZON-FILM coordinate system is
defined as a right-handed, rectangular, Car­
tesian coordinate system with the xy-plane
taken as the emulsion surface of the negative.

GEORGE H. ROSENFIELD

403



404 PHOTOGRAMMETRIC ENGINEERING

are ultimately determined using measure­
ments on the film of the distances between the
image of the apparent horizon and of the
fiducial axes, as indicated in Figure 1.

Let the orientation matrix representing the
direction cosines between the xyz-axes of the
horizon camera negative relative to the xCyC~C_

axes of the mapping camera diapositive,
respectively, have the matrix form:

The origin of the film-coordinate system is at
the intersection of the fiducial axes and is
assumed to coincide with the principal point.
Tf:e y-axis is taken as the vertical line through
the principal point, with the positive direc­
tion toward the top of the negative. The x-axis
is taken perpendicular to the y-axis at the
principal point, positive direction to the right·
when looking at the emulsion side of the
negative.

The tangent-plane coordi na te system is
defined as a right-handed, rectangular, Car­
tesian coordinate system with the X V-plane
passing through the origin parallel to the I

A B

M= A' B'

D E ~'IF (1.2)

ABSTRACT: In the usual application of the horizon camera, the angles of in­
clination of the mapping camera can be determined directly because the optical
axes of each of two horizon cameras are aligned directly with the coordinate axes
of the mapping camera. However, in certain instances the horizon camera may
be physically removed from the mapping camera. The relative orientation of the
horizon camera with respect to the mapping camera must in this case be pre­
calibrated. A matrix multiplication is then necessary to transform the angles
of inclination from the horizon-camera coordinate system to that of the mapping
camera. A bibliography lists techniques for determining the angles of inclina­
tion of the horizon camera.

plane that is tangent to the earth's surface.
The Y-axis is oriented at some given azimuth.
The X-axis is oriented perpendicular to the
Y-axis. The Z-axis is oriented perpendicular
to the tangent plane at the origin with the
positive direction upward. The origin may be
considered as the nadir point of the mapping
photograph. The local tangent plane is con­
sidered as the plane tangent to the surface of
the earth at the time of occurence of the par­
ticular horizon photograph. The tangent
plane is, therefore, determined by orientation
to the local horizon.

I T IS THE IMAGE of the apparent horizon, not
that of the true horizon, which appears on the
horizon film. The dip of the horizon is the
angular difference between the true and the
apparent horizons, and may be calculated for
any altitude of exposure station. Considering
the effect of atmospheric refraction, the value
of the angle of dip in arc seconds takes the
form: '

D" = 58.82H1/2, (1.1)

where H is the altitude of the camera station
in feet. For purposes of this paper, the for­
mula is considered adequate.

The pitch and roll of the mapping camera

in whi;;h

M = f(a, w, K) (1.3)

represents a function of the angles azimuth,
elevation, and rell of the optical axis of the
horizon camera with respect to the coordinate
system of the mapping-camera diapositive.

Because the coordinate axes of the aerial
diapositive essentially correspond to those of
the tangent plane coordinate system, the
orientation matrix takes the usual form for
that of the negative in terrestrial photogram­
metry (A.s.P., 1966):

A = - cos a cos K - sin a sin w sin K

B = sin a cos K - cos a sin w sin K

C = cOSW sin K

A' = cosasinK - sinasinwcosK

B' = - sin asin K - cos a sin WCOSK (104)

C' = cos w cos K

IJ = sin a cos w

E = COSa cOSW

F = sinw.

Similarly, let the orientation matrix denot­
ing the direction cosines between the xyz-axes
of the horizon film relative to the XYZ-axes
of the tangent plane, respectively, have the
matrix form:
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T * *HE QUANTITIES w (elevation) and K (roll)
of the horizon-camera optical axis with re­
spect to the local horizon may be determined
in a simplified manner directly from the
horizon measurements on the film by the
equations:

represents a function of the angles, heading,
elevation and roll of the horizon-camera
optical axis with re~pect to the tangent-plane
coordinate system.

Because the optical axis of the horizon
camera is essentially directed parallel to the
horizontal plane, this orientation matrix also
takes the usual form for that of the negative
in terrestrial photogrammetry (ASP., 1966):

~ = - [D" + tan-1 IHy! + Y2)/fl]

*K = tan- l [(Yl - Y2)/(X2 - Xl)] (1.8)

in which V" is the dip angle in arc seconds.
(Several other techniques are also available
for determining the angles of inclination; see
the attached Bibliography.)

The matrix defining the orien tation of the
mapping camera with respect to the tangent­
plane coordinate system can be derived from
the above Equations 1.2 and 1.5 by the rela­
tionship:

(1.9)

(1.10)

(1.11)

cos1> = [1 - sin 2 <iil"2

cosw = F/cos1>
cos K = A/cos¢>

- *M=MTM,

sin ¢> = i5
sinw = - £.;cos¢>,
sin j( = - A'/cos¢>,

or

A B

~'H
A A'

~IA' B' B B'
i5 R C C' F

* * *A B C
A' * *B' C'
* * *D E F

in which

M =/(w,¢>, 'K)

A = cos¢>cosii

B = cosw sin K + sinw sin¢> cos j(

(; = sin Wsin ii - cosw sin ¢> cos ii
.Ii' = - cos¢> sin ii

B' = cosw cos K- sinw sin¢> sin ii

0' = sinw cos K+ cosw sin</> sin ii
i5 = sin¢>
l~ = - sinw cos¢>
F = case;; cos¢> (1.12)

This orientation matrix denotes the direc­
tion cosines between the xCyCzC-axes of the
mapping camera relative to the X YZ-axes of
the tangent plane, respectively. Based on this
particular form of the angle definition and
sequence to form the orientation matrix, the
three rotational elements of orientation may
be determined from the elements of the ma­
trix in the manner:

represents a function of the usual angles roll,
pitch and kappa (ASP., 1966) of the map­
ping camera optical axis with respect to the
tangent plane coordinate system.

The usual orientation matrix for aerial
photogrammetry (ASP., 1966) is used in
this case. The elements of the matrix are
therefore:

As indicated earlier in this article, for those
cases where the optical axis of the horizon
camera is aligned directly wi th the coordinate
axes of the mapping-camera diapositive, the
numerical values of pitch and roll may be
obtained directly from the horizon-camera
records.

If film records from several horizon cameras
are available, the final values of roll and pitch
can be taken as the average of the individual
values obtained from each horizon camera.

(1.5)

(1.6)* * * *M = !(a, w, K)

in which

* * * * * *A = - cos a cos K - sin a sin w sin K

* * * * * *B = sin a cos K - cos a si nw si n K

* * *C = coswsin K

* * * * * *A' = cos a sin K - sin a sin w cos K

* * * * * *B' = - sinasinK - cosasinwcosK
* * *C' = cos w cos K

* * *D = sin a cosw
* * *E = cos a cOSw
* *F = sinw (1.7)

In Equation 1.7 the quantity ~, the head­
ing direction of the horizon-camera optical
axis with respect to the tangent-plane co­
ordinate system, cannot be determined di-

rectly. The value of ~ does not enter into the
subsequent development because the deter­
mination of heading must be made exterior to
the photogrammetric reduction. Therefore,
its derivation is not presented.
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