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ENVIRONMENT 

GIANT is a modular style program written in FORTRAN 77. The source code for the 
software is on a nine-track tape at 1600 bpi density in ASCII format. 

Although originally written for the IBM 360/370 computers, the program has no machine 
dependent limitations when run on a virtual memory computer. The maximum size of a project 
that the program accommodates depends on the values of certain parameters. These are defmed 
during the installation of the program. 

A VAll..ABILITY 

This documentation of the GIANT program accompanies the software sold by the National 
Geodetic Information Center (N/CGI74), Coast and Geodetic Survey, National Ocean Service, 
National Oceanic and Atmospheric Administration (NOAA), Rockville, MD. See inside cover 
page for further information. 

A list of the organizations and individuals who acquire the package will be maintained by 
NOAA. Future enhancements, corrections, or updates to GIANT will be announced and made 
available to those on the list. 

Specific questions regarding GIANT should be addessed to: 

Photogrammetric Technology Programs (N/CG213) 
Nautical Charting Research and Development Laboratory 
National Ocean Service, NOAA 
Rockville, MD 20852 

Telephone number (301-443-8985) 

Mention of a commercial company or product 
does not constitute an endorsement by the 
U.S. Government. Use for publicity or 
advertising purposes of information from 
this publication concerning proprietary 
products or the tests of such products is. 
not authorized. 
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PREFACE 

This user's guide addresses the needs of a photogrammetrist who may want to perform 
analytical aerotriangulation using the new version 3.0 of GIANT (General Integrated ANalytical 
Triangulation) program. This GIANT V3.0 is an extension of the original GIANT program 
(Elassal I976) explained in the 1987 GIANT Users's Guide (Elassal 1987). However, since 
there are several significant changes and enhancements to the 1987 version, it was deemed 
necessary to rewrite the guide. 

The main text of this GIANT V3.0 User's Guide is kept simple by avoiding such details as 
project planning, preprocessing of measured data, and related considerations. The objective is to 
give to a photogrammetrist sufficient information to enable him to build the data files, execute 
the program, and interpret the results. No unusual demand is required of the user, although 
interpretation of results will become more meaningful with experience and knowledge. 
Appendices have been added for some of the important background information relating to the 
GIANT program. For more information on aerotriangulation in general, the reader may wish to 
consult the Analytical Mapping System User's Guide (Engineering Management Series 1981). 
Another good reference is the Manual of Photogrammetry (American Society of 
Photogrammetry 1980). 

iii 



Blank page retained for pagination 



CONTENTS 

Preface 

I. Introduction 
A. Functions of the GIANT program 
B. Program capabilities and restrictions 

n. Data flIes used 
A. An overview 
B. Input files and their organization 

1. COMMON file 
2. GROUPS rue 
3. IMAGES file 
4. FRAMES me 
5. GROUND file 
6. Sample input data file 

C. Output files 
1 .  Printout rue 
2. Updated frames data file 
3. Adjusted ground data file 
4. Sample printout rue 

D. Logical identification number assignments 

m. A list of diagnostic messages produced by GIANT 

References 

Appendix A. Data structuring by GIANT 

Appendix B. Coordinate systems in GIANT 

Appendix C. Exterior orientation 

Appendix D. Mathematical model 

Appendix E. Error propagation 

Appendix F. Atmospheric refraction 

Appendix G. Photobathymetry 

Appendix H. Run strategies and data editing 

iii 

1 
1 
3 

5 
5 
6 
6 

10 
11 
13 
15 
17 
22 
22 
22 
22 
22 
45 

45 

48 

49 

52 

55 

58 

63 

67 

70 

73 

Appendix I. Self calib. of principal distance and principal point location of a camera 79 

Appendix J. Compensation of unmodelled symmetric radial errors 

Appendix K. Precision kinematic GPS in aerotriangulation 

v 

80 

82 



Blank page retained for pagination 



Figure D.l .  

Figure n.2. 

Figure A.1. 

Figure B.l 

Figure B.2. 

Figure C.l .  

Figure C.2. 

Figure D.l. 

Figure E.1. 

Figure F.1. 

Figure F.2. 

Figure G.l. 

Figure G.2. 

Figure K.1. 

FIGURES 

Schematic of input and output files 

Aemtriangulation project (layout) 

Normal matrix for the six photos defined in table A.l 

Relationship among the physical surface, the geoid, and the ellipsoid 

Geographic and geocenteric coordinate systems 

Exterior orientation 

Rotations 

Local vertical coordinate system 

A typical three-photo block 

Atmospheric refraction 

Correction for atmospheric refraction 

Water refraction of underwater target (P) 

Image displacement due to water refraction 

Offsets: Antenna to camera node 

TABLES 

Table D.1. Files used by GIANT 

Table A.1. Examples of six photographs 

Table E.1. Computations of unit variance for a typical three-photo block 

vii 

5 

18 

51 

53 

53 

55 

57 

61 

66 

69 

69 

72 

72 

83 

45 

49 

65 



I. INTRODUcnON 

A sufficiently dense control net is required to adequately control instrument settings for 
exploitation of photographs to generate base maps by stereocompilation, orthophoto mosaic, or 
other methods. Control can be established by one of the three well known photogrammetric 
methods: analog, semianalytical, or fully analytical. The fully analytical approach is usually 
used. This method has developed since the 1960's when digital computers made the associated 
computations both possible and economical. Its primary advantage is the flexibility to accept 
and enforce various photographic formats, camera focal lengths, ground control, camera station 
state vector, and other parameters of the data acquisition system. 

The three data reduction phases of an analytical system: 

o Preprocessing or data refinement. Measured image comdinates of all the points are 
reduced to the plate coordinate system, centered at the principal point. Effects of all 
known systematic errors, such as lens distortion, are removed. 

o Triangulation. Programs such as GIANT (General Integrated ANalytical Triangulation) 
accept pre-processed plate coordinates, focal length, ground control, initial estimates of 
camera station position and orientation, etcetra, for an iterative least squares solution to 
solve for camera station position and orientation, and ground coordinates of all points. 

o Postprocessing. Camera station position and orientation are subsequently transformed 
into instrument settings, which are then used for stereomodel setup, to generate base 
maps and other cartographic products. 

A. Functions of the GIANT program 

GIANT is a computer program designed to perform analytical triangulation to solve for the 
ground comdinates of image points measured on two or more photographs. The basic 
parameters solved for by this program are the ground comdinates of each of the measured image 
points, and the state vector (position and attitude) parameters of the camera at each of the 
exposure stations in a block of photographs. GIANT V3.0 is an extension of the previous 
GIANT (Elassal 1987) version. It incorporates several computational refinements and a new 
capability to exploit kinematic (airborne) Global Positioning System (GPS) in triangulation. 

In GIANT V3.0 the concept of a photo group has been introduced. A block of photographs 
in an aerotriangulation project is broken up into sub-blocks, henceforth called photo groups, 
each having a unique set of data reduction parameters (sec.IT.D.2) associated with it, depending 
on the characteristics of the data acquisition system. Each photograph in a block belongs to 
only one photo group. 

In GIANT V3.0 three additional parameter sets have been introduced in the mathematical 
model of the generalized photogrammetric least squares solution. Depending on the application 
and the characteristics of the photo group data acquisition system, the user can select any 
parameter set for each photo group. These additional parameters are introduced as observations, 
and are treated as either known or unknown entities in the photogrammetric adjustment. These 
parameters are solved simultaneously for all the photo groups in the photogrammetric adjustment. 
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Explanation of the three sets of additional parameters is given below. Corresponding to the 
three sets of additional parameters, GIANT V3.0 uses three distinct mathematical models in the 
generalized photogrammetric solution. 

Model 1 (appendix I): The three additional parameters in this model are the principal 
distance, and the x and y position coordinates of the principal point (in the image coordinate 
system). This model is used when calibration of the camera system is desired. 

Model 2 (appendix J): The three additional parameters in this model are the coefficients of a 
polynomial, which represents unmodelled systematic errors caused by various unaccounted for 
factors such as the Earth's curvature, optical abberations, and various in-flight environmental 
conditions. This model is used when calibration of the camera system is desired 

Model 3 (appendix K): This model solves for three additional parameters, which are the 
three offsets between the GPS receiver antenna and the camera node, in the image coordinate 
system (fig 1.1). This model is applicable to the group of photographs taken with an active 
GPS receiver on board an aircraft. 

Null Model: None of the above models are used. No additional parameters are solved for. 
The solution is identical to the one provided by the previous GIANT version (Elassal 1987). 

A note of caution: Most of the aerotriangulation projects will use the null model. However, 
if other models are used, extra care and knowledge of the parameters, their solution and 
significance will be necessary. Appendices I, J, and K have been introduced for explanation. 
The GIANT V3.0 documentation is to be used only as a guide. The decision as to what model 
to use is left to the user. 

A switch is provided for selecting any one or none (null option) of the three models for each 
of the photo groups in a block of photographs to be triangulated. (See sec . II.B.2, record no. 1, 
GROUPS fJ.J.e.) 

The program uses an iterative least squares technique. All parameters are treated as weighted 
observations, ranging from known to unknown (except for the three additional parameters which 
are either known or unknown). Observation equations are set up as functions of the parameters. 
The solution assumes only uncorrelated observations. All parameters and observations may be 
weighted to reflect a priori knowledge of their precision. This is particularly useful in 
differentially weighting control (ground or GPS determined), compensating for different sources 
of control and varying precison, as well as being able to utilize control with unknown 
components. By allowing the use of partial control points, any horizontal and vertical 
component, known with varying accuracies, can be used The user may enforce known camera 
station positions and orientation, if they are determined by external sources, such as GPS or any 
geopositioning device on the aircraft When these parameters can be determined with sufficient 
accuracy and enforced as observed quantities, the need for ground control is significantly 
lessened for comparable accuracy. In this regard, mathematical model 3 facilitates the use of 
kinematic (airborne) GPS-controlled photography. 

The program also propagates error estimates through the solution, computes the a posteriori 
estimate of variance of unit weight and, on option, the variance-covariance matrix and standard 
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deviation of each parameter of camera station position and orientation, and of ground 
coordinates. When used with a fictitious data generator, a user may predict results of various 
project configurations, using a set of photographs, a given control pattern, or other variables. 
Accuracy could be predicted, and additional or different configurations of control could be 
planned. 

The iterative least squares approach requires an initial approximation for each unknown 
parameter. The user furnishes initial approximations for camera position and orientation 
paramters whereas, the program generates the initial estimates of the pass point coordinates and 
of the missing components of the ground control points. The program accepts reasonably gross 
approximations for these parameters. 

The program expects object space coordiantes to be in a space rectangular or in a 
spherical/geographic coordinate system. The rectangular coordinate system is generally required 
for close-range photogrammetry and the spherical/geographic system for conventional mapping 
projects. The camera attitudes are parameterized in tenns of roll, pitch, and yaw (00, CI», lC) 
referenced to the local vertical, and express the relation between image and object coordinates. 

B. Program Capabilities and Restrictions 

The GIANT V3.0 employs a highly effICient algorithm for the formation, solution, and 
inversion of large linear systems of equations. During installation of the program, the agency 
using the program must determine the maximum size it will ever handle for the following 
parameters: 

o Maximum number of photographs or exposures . . . . . . . . . . . . . . . . . . . .  N 1 

o Maximum number of ground points, including all 
points of which ground coordinates are computed . . . . . . . . . . . . . . . . . . .  N2 

o Maximum number of ground control points . . . . . . . . . . . . . . . . . . . . . . .  N3 

o Maximum number of frames on which a unique point appears . . . . . . . . . .  N4 

o Maximum number of photo groups . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  N5 

o Normal equation bandwidth (appendix A) . . . . . . . . . . . . . . . . . . . . . . . . .  N6 

Due to the virtual memory available in computers, the size of the project that can be handled 
is almost unlimited. 

Other capabilities include the following: 

o Object space can be expressed in a space rectangular or in a spherical/geographic 
coordinate system. The rectangular coordinate system is generally required for close­
range photogrammetry and the spherical geographic system for mapping projects. 
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o Camera attitudes are parameterized in terms of roll, pitch, and yaw (00, CI>, lC) and express 
the relation between image and object coordinate spaces or vice versa. 

o Camera station position and attitude parameters can be constrained individually, using 
proper weights. 

o Vertical and/or horizontal components of ground control can be utilized as full or partial 
ground control points. 

o Photographs from any number of photo groups (not to exceed NS as defmed above) may 
be triangulated simultaneously. 

o Data entries are grouped by photographs with the program performing all necessary 
cross-referencing and pass point ground coordinate estimations. 

o An error propagation facility exists for detailed statistical assessment of the triangulation 
results. 

o A facility exists for sorting the triangulation results 

o Corrections applied to ground control point coordinates as a result of the triangulation 
are listed for reference. 

o The internal defaults for estimated standard deviations of object space coordinates of 
control points can be declared on an additonal record (sec. n.B.I). Provision still exists 
for declaring individual data items (sec. II.B.S). 

o The unit variance of the triangulation residuals is listed. 

o Camera station position and attitude corrections for each iteration are given. 

o Control points can be designated as unheld and used as test points. The residuals are 
listed separately and separate root-mean-square errors computed. 

o Run time errors detected during the input phase, due to illegal format or data types, are 
printed showing the record number and contents of the offending record. 

Expanded capabilities (sec. I.A): 

GIANT V3.0 introduces new parameters for each photo group into the photogrammetric 
solution. The new parameters are introduced as observations and are weighted as either known 
or completely unknown in the least squares solution. There are three types of parameter sets to 
choose from, depending on the data acquisition characteristics of the photo group and the user 
needs. A switch is provided in the photo group flle (sec. n.B.2) for selecting one or none of the 
three sets. Corresponding to each of the parameter sets is a mathematical model, giving 
additional capabilities to the GIANT V3.0 program. 
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II. DATA FILES USED 

This section describes the input and output data files. 

A. An Overview 

The five input data files: COMMON, GROUPS, IMAGES, FRAMES, and GROUND, are 
input into GIANT and are processed to give output data files PRINT and DATA. (See figure 
11.1.) 

INPUT 
Fn.ES 

OUTPUT 
FILES 

PRlNTFU.E 
EXTEJUOR 

ORIENTATION 

GIANT 

PRINTFU.E 
ADJUSTED GROUND 

COORDINATES 

DATAFU.E 
EXTERIOR 

ORIENTATION 

DATAFU.E 
ADJUSTED GROUND 

COORDINATES 

Figure II. l .--Schematic of input and output files 

There are three stages of data reduction as explained in sec.l. In the preprocessing stage, the 
measured image coordinates are reduced from machine coordinate system to the image coordi­
nate system, and are refined by eliminating cenain systematic errors before entering the GIANT 
V3.0 program. The corrections made are for film deformation, lens distortion, and atmospheric 
refraction. For a detailed description of a typical preprocessor, refer to the Engineering 
Management Series (1981). 

The switch for applying atmospheric refraction correction (sec. IT.B. l ,  record no. 2) within 
GIANT V3.0 is turned off if the correction has already been made in the preprocessor. 

The GIANT V3.0 program has an atmospheric refraction correction model applicable up to an 
altitude of 9,000 m (appendix F). The dynamic nature of this model makes it possible to carry 
out a more accurate correction for the refraction effect. This correction is based on the altitude 
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and attitude of the camera. In the program's iterative adjustment process, the atmospheric 
refraction c01TeCtion is carried out according to the updated state vector of the camera. The 
application of this model slows down the convergence of the solution with only a slight 
improvement in the results. This may discourage its use by production units. In the future, the 
model will be replaced by another more universally applicable correction model due to the 
9,000 m altitude limitation. 

B. Input Files and Their Organization 

A description of the five input data files, their contents, and organization are given in this 
section. 

n.B.l. COMMON File 

The ouput listing will depend on the options used in the input COMMON file. Also, the 
various steps in the computations will be dictated by the options chosen in the job definition 
data record in the COMMON file. 

Record No. 1 :  Job Title - Alphanumeric characters 1-80 

These 80 characters will be printed at the top of each page of the program. 

Record No. 2: Job Definition 

This record contains option flags and parameters for the triangulation run. 

Column No. 

1 

Content 

Definition of object spacel 

=0, Rectangular coordinates 
=1,  Geographic coordinates 

Field/Remarks 

11  

lIn all mapping applications use geographic coordinates; in close-range applications use 
rectangular coordinates. 

All angles in Degrees, Minutes and Seconds (OMS) are in the form: 

DMS field: +DDDMMSS.SS ... SS 

Where DOD are degrees: MM are minutes: and, SS.SS ... SS are seconds. The DMS field is 
interpreted by the program left to right and leading zeros may be dropped. For example, an 
angle with zero degrees can be expressed as: MMSS.SS ... SS, but leading zeros must be 
included in the minutes and seconds portion for obvious reasons. 
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Record No.2, COMMON file (continued): 

Column No. Content FieldlRemarks 

2 Type of camera station rotations switch 11 
(affecting both input and output) 
=0, Photo-to-ground 
=1 ,  Ground-to-photo 

3 List input camera station parameters switch 11 
=0, list 
=1, do not list 

4 List input plate coordinates switch 11 
=0, list 
=1, do not list 

S List input ground control switch 11 
=0, list 
=1, do not list 

6 List output triangulated ground point 11 
coordinates switch 
=0, list 
=1, do not list 

7 Save (as data fue) output triangulated 11 
ground coordinates switch 
=0, save 
=1, do not save 

8 List output adjusted camera station 11 
parameters switch 
=0, list 
=1, do not list 

9 Save (as data file) adjusted camera station 11 
parameters switch 
=0, save 
=1, perform intersection only, holding 

camera position and attitude fIxed 

10 Selected process switch 11 
=0, perform complete triangulation 
=1, perfonn intersection only, holding 

camera position and attitude fIXed 
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Record No. 2, COMMON file (continued): 

Column No. Content FieldlRemarks 

1 1  Error propagation switch 11 
=0, do not perform error propagation 
=1 ,  perform error propagation 

12 A posteriori unit variance adjustment flag 11 
::{), unit variance is based on completely 

free camera parameters 
=1, unit variance is based on constrained 

camera parameters 
=2, Set unit variance equals unity 

13 Son triangulated ground points switch 11 
::(), perform ascending sort of ground points 
=1 ,  do not perform son 

14 Maximum allowable number of iterations in 11 
the least squares adjustment. If this field is 
left blank, the program will assign a maximum 
of four iterations 

15 Any valid alphanumeric character. Leading Al 

character(s) matching this character 
will be removed from name fields of camera 
systems, camera stations, and ground points 

16 Air refraction model switch 11 
::(), apply 
=1, do not apply 

17 . Water refraction model switch 11 
=0, apply 
=1 ,  do not apply 

18-19 Criterion E for convergence of least squares 12 
adjustment. Least squares solution will be 
considered complete if the absolute change 
in the weighted sum of squares for two 
consecutive iterations is less than E percent. 
If this field is left blank, the program 
will assume E=5 
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Record No. 2, COMMON me (continued): 

Column No. Content FieldlRemarks 

31-40 Water level (linear units) with respect to the F10.3 
reference ellipsoid, at the time of exposure. 
This value applies to the whole block for 
bathymetric mapping application 

41-50 Plate residual listing criteria (F, in no 
micrometers) 
equal to 0: All images residuals listed; 
greater than 0: Only those residuals whose 
absolute value > F will be listed; 
less than 0: No residuals will be listed 

51-60 Semimajor axis of the Earth's spheroid in FlO.2 
linear units. H not specified, program will 
assume the value of Clarke's 1866 spheroid. 
(=6,378,206.4 m) 

61-70 Semiminor axis of the Earth's spheroid in FlO.2 
linear units. H not specified, program will 
assume the value of Clarke's 1866 spheroid. 
(=6,378,206.4 m) 

Record No 3: COMMON file: Default standard deviations1 (optional) for object space 
coordinates of control points. 

Column No. Content FieldlRemarks 

Standard deviation (planimetry) 

1-10 x (meters), defaults to 1.0 units F10.3 
or A. (OMS), defaults to 0.01 DMS 

1Standard deviations of object space coordinates of control points can be defined in the 
GROUND file (sec. ll.B.5). If not specified, the program will adopt default values. This record 
is used to modify the program's built-in default values in the GROUND flle. 
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Record no. 3, COMMON flle (continued): 

Column No. 

1 1-20 

Content 

Y (linear units), defaults to 1.0 units 
or cI» (OMS), defaults to 0.01 DMS 

Standard deviation (elevation) 

21-30 Z (linear units), defaults to 1 .0 units 
or H (linear units), defaults to 1.0 units 

IT.B.2. GROUPS File 

FieldlRemarks 

FI0.3 

FI0.3 

This rue contains information of imaging system(s) for photo groups in a triangulation block. 
What distinguishes a photo group from another is that each photo group has a unique set of data 
reduction parameters. The program allows for inclusion of several photo groups in a single 
triangulation run. The number of photo groups may not exceed the maximum number as 
defined by the parameter N5. (See sec. lB.) 

Record No. 1 through No. N: (N = Number of photo groups) 

One record per photo group is required as follows: 

Column No. 

1-8 

1 1-20 

21-30 

Content 

Photo group identification: 
A blank identification is legal and 
may be used in case there is only 
one photo group 

Photo group camera principal distance1 

(micrometers) in a right-handed coordinate 
system 

Standard deviation for image x-coordinate 
for the photo group. Default is 10 microns 

FieldlRemarks 

2A4 

110 

110 

lPrincipal distance is negative if working in positive plane, and positive if working in negative 
plane. 
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Record No. I through No. N, GROUPS rue (continued): 

Column No. Content FieldlRemarks 

31-40 Standard deviation for image y-coordinate 110 
for the photo group. Default is 10 microns 

41-50 First parameter of model opted in column 76. FlO 
If no model is opted, then leave blank 

51-60 Second parameter of model opted in column 76. FlO 
If no model is opted, then leave blank 

61-70 Third parameter of model opted in column 76. FlO 
If no model is opted, then leave blank 

76 Model type:(O=null model),(I=Xc" Yo, f model) II 
(2=K1 , �, � model), (3=AXo, A Yo , IlZ" , GPS) 
See appendices I, J, and K 

78 1= solve, 0= enforce parameters of model type I II 

79 1= solve, 0= enforce parameters of model type 2 II 

80 1= solve, 0= enforce parameters of model type 3 II 

II.B.3. IMAGES File 

This fIle contains preprocessed image measurements for all the image frames (photographs) in 
a block. Frames in a block may be included in this file in any order desired. Each frame 
(photo) bas the following records. 

Record No. I :  Frame header record for each frame (photo) 

Column No. Content Format/Remarks 

1-8 Frame (photo) identification 2A4 

11 



Record No. 1, IMAGES me (continued): 

Column No. 

21-30 

31-40 

41-48 

Content 

Assigned standard deviation of 
image x-coordinate (micrometers). 
Default option for this field is 
10 micrometers 

Assigned standard deviation of 
image y-coordinate (micrometers). 
Default option for this field is 
10 micrometers 

Photo group identification: 
(same as in GROUPS fIle ) 

FormatlRemarks 

110 

110 

2A4 

In triangulation tasks, which involve one photo group, the photo group identification may 
be left blank. This alleviates the need to enter characters in columns 41-48 of the current 
record. Furthermore, if the default standard deviations for image coordinates are exercised, then 
columns 21-40 are left blank. 

Record No.2 through No.<N+ 1): (N=Number of image points per frame) 

One record for each image point is required as follows: 

Columns Content FieldlRemarks 

1-8 Image point identification 2A4 

1 1-20 Image x-coordinate 110 

21-30 Image y-coordinate 110 

Any number of image coordinate records can be included for each frame. 

12 



Record No. (N+2): Frame termination record 

Column No. Content FieldlRemarks 

1-8 **** 2A4 

I.B.4. FRAMES File 

This fIle supplies GIANT V3.0 with estimates of positions and attitudes for each frame 
(photo). The frames included in FRAMES fIle must also be included in the IMAGES file. 
However, frames in the IMAGES file may or may not be included in the FRAMES file. Only 
those frames (photographs) appearing in the FRAMES file will be considered in the 
triangulation process. 

The order in which frames are included in this file influences the perfonnance and efficiency 
of the triangulation process. This subject is discussed in appendix A. 

For each frame (photo) there are two records: one for position and one for attitude. 

Record No.1 :  Frame (camera) position 

Column No. 

1-8 

9-20 

21-32 

Content 

Frame identification 

Primary component of frame position: 
Coordinate (X) in space rectangular 
coordinate system (linear units); 
Longitude (A.) in geographic 
coordinate system (OMS) 

Secondary component of frame position: 
Coordinate (Y) in space rectangular 
coordinate system Oinear units); 
Latitude (cj) in geographic 
coordinate system (OMS) 

13 

FieldlRemarks 
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Record No. I, FRAMES file (continued): 

Column No. Content FieldlRemarks 

33-44 Tertiary component of frame position: F12.3 
Coordinate (Z) in space rectangular 
coordinate system Oinear units); 
Elevation (h) in geographic 
coordinate system Oinear units) 

45-54 Standard deviation of primary coord. F10.3 
of frame position: Sigma-X 
in rectangular coordinate system 
(default option = 60,()()() units); 
Sigma-Longitude in geog.coord.system 
(default option = 10 minutes) (OMS) 

55-64 Standard deviation of secondary coord. FIO.3 
of frame position: Sigma-Y 
in rectangular coordinate system 
(default option = 60,000 units); 
Sigma-Latitude in geog.coord.system 
(default option = 10 minutes) (OMS) 

65-74 Standard deviation of tertiary coord. FIO.3 
of frame position: Sigma-Z 
in rectangular coordinate system 
(default option = 60,000 units); 
Sigma-h in geog.coord.system; 
(default option = 60000 units) 

Note: DMS field is read as real field and then interpreted as degrees, minutes, and 
seconds. 

Record No. 2: Frame (photo) attitude 

Frame attitude record must be prepared in the following format. 

Column No. Content FieldlRemarks 

1-8 Frame identification 2A4 

14 



Record No. 2, FRAMES file (continued): 

Column No. 

9-20 

21-32 

33-44 

45-54 

55-64 

65-74 

Content 

Primary rotation angle (00) 
frame attitude (OMS) 

Secondary rotation angle (cj» 
frame attitude (OMS) 

Tertiary rotation angle (lC)l 
frame attitude (OMS) 

Standard deviation of primary rotation 
angle (default = 90 degrees DMS) 

Standard deviation of secondary rotation 
angle (default = 90 degrees DMS) 

Standard deviation of tertiary rotation 
angle (default = 90 degrees DMS) 

FieldlRemarks 

F12.3 

F12.3 

F12.3 

F10.3 

FIO.3 

FIO.3 

l(lC) is approximated by a clockwise angle (photo-to-ground) and counter-clockwise 
(ground-to-photo) measured from east to the photo (x) in the plane of the vertical photograph. 

The maximum number of imaging sensor stations depends on the value of the parameter (Nl) 
which is defined during the installation of the GIANT program. (See sec. I.B.) 

II.B.5 GROUND File 

This fIle contains the ground coordinates of ground control points up to the maximum number 
specified by parameter N3, as explained in sec. LB. The value of N3 is assigned during the 
installation of GIANT V3.0. 

Record No. 1 through No. N: (N = number of ground control points) 

Format for each ground control is as follows. 

Column No. Content 

1-8 Identification of ground point 

15 
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Record No. 1, GROUND file (continued): 

Column No. Content FieldlRemarks 

9-20 Primary component of ground control F12.3 
Coordinate-X in rectangular coord. 
system (linear units); 
Longitude (A.) in geog.coord.system(DMS) 

21-32 Secondary component of ground control F12.3 
Coordinate-Y in rectangular coord. 
system (linear units); 
latitude (cj») in geog.coord.system(DMS) 

33-44 Tertiary component of ground control F12.3 
Coordinate-Z in rectangular coord. 
system (linear units); 
Elevation (h) in geog.coord.system(DMS) 

45-54 Standard deviation of primary component FIO.3 
of ground control coordinates: 
Sigma-X in rectangular coord. system 
(default to values in COMMON file) 
Sigma-Long. in geographic coord. system 
(default to values in COMMON file) 

55-64 Standard deviation of secondary component " FlO.3 
of ground control coordinates: 
Sigma-Y in rectangular coord. system 
(default to values in COMMON file ); 
Sigma-Lat. in geographic coord. system 
(default to value in COMMON fJle) 

65-74 Standard deviation of tertiary component FIO.3 
of ground control coordinates: 
Sigma-Z in rectangular coord. system 
(default to values in COMMON file); 
Sigma-h in geographic coord. system 
(default to values in COMMON file) 

16 



Record No. 1, GROUND file (continued): 

Column No. 

80 

Content 

Missing component indicator: 
= 1, means primary component is 
to be ignored. 
= 2, means secondary component is 
to be ignored 
= 4, means tertiary component is 
to be ignored. 
= X, where X is the sum of any two 
of the above mentioned codes. The 
corresponding two components are 
to be ignored 

Example: 0 = complete control 
X = 1+2 = 3, elevation point 
4 = planimetric point 

n.B. 6. Sample Input Data File 

FieldlRemarks 

11 

The computer printout that follows shows the input data corresponding to the aerotriangulation 
project depicted in fig. n.2. The input data are in five distinct data fJles: COMMON, 
GROUPS, FRAMES, IMAGES, and GROUND. (See sec. n.B.l through n.B.S.) 

The sample project consists of an area covered by 18 photographs in three flight lines, five 
ground control points, and nine additional vertical control points. Figure 1I.2 shows the layout 
of the project. 
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----------------------SAMPLE INPUT DATA FOR 'COMMON' FILE---------------------------

1 2 3 4 5 6 7 8 
1234567890123456789012345678901 23456789012345678901234 56789012345678901234567890 

SAMPLE RUN FOR NOAA/NOS G IANT PROGRAM 
1 0000000000005001 1 0  

----------------------SAMPLE INPUT DATA FOR 'GROUPS' FILE---------------------------

'. 

1 2 3 4 5 6 7 8 
1 2345678901 2345678901234567890123456789012345678901234 56789012345678901234567890 

CAMERA -153280 8 8 o 

Record Description 

1 1- Job Title 
12- Job Definition 
Il- standard Deviations 

Record Cescription 

1 1 - I.aging Group System Data 



II.) 
0 

--- -------------------SAMPLB: INPUT DATA FOR 'IMAGES' FILB-----·---------------�--

1 2 3 4 5 6 7 8 
1 2345678 9012345678901 2]4 56789012]4 5678 901 234 56789012]4 5678901 2 3 4 5678 9012345678 9 0  
------------------------------------------------------------------------------------

51 C0295 CAMERA 
] 1 1  -1 726 -86562 

H60R -]0321 -3 ]48 2 
H60 -2011 6 -4515 

]JI -8 950 -128 3 
H60L -21 301 3264 0 

H61 59665 1 928 
HU R 58234 -4]98 3  

68 1 81 607 -85579 
•••••••• 

51 C0296 CAMERA 
JII -6541 6 -89]4 6  

H60R -95757 -]7092 
H60 -8 668 5 -76 28 

]JI -75595 -4004 

Record Description 

Frames Header Record 11-
1 2 - Image Point I D, Coordinates 

. 
I(N+1) • • 

I(N+2) Frame Teraination 
11 - Frame Header Record 

• 

1 2- Image Point ID, Coordinates 



----------------------SAMPLE: INPUT DATA FOR 'FRAMES ' FILE-------------- --- --- ------

1 2 3 4 5 6 7 8 
234 5678901 2 34 5678901 2 34 5678901 234 5678901 2 34 5678 901234 5678 90 1234 5678901 2 34 567890 

51C0295 -97001 4 . 879 
51 C0295 
51C0296 -970007 . 604 
51C0296 
51C0297 -970000 . 269 
51C0297 

. 
· 535 034 3  -965931 . 803 

535 0343 

30391 6 . 037 

3 0391 9 . 31 5  

3 03922 . 591 

3 03925 .466 

61 8 . 229 

61 3 .141 

61 3 . 383 

608 . 529 

• 

----------------------SAMPLE: INPUT DATA FOR 'GROUND ' FILB------------------- ------

1 2 3 4 5 6 7 8 
234 5678 901 2 34 5678901 2 34 5678901 2345678901 2 34 5678 901 234 5678901234 5678901 234567890 

H60 -97001 6 . 895 30391 4 . 58 7  1 09 . 783 0 . 0  0 . 0  0 . 0  0 
H60L 0 . 000 0 . 000 11 0 .1 09 0 . 0 0 . 0  0 . 0  3 
H60R 0 . 000 0 . 000 1 09. 067 0 . 0  0 . 0  0 . 0  3 

H61 -970008 . 467 30391 8 . 974 11 6 . 955 0 . 0  0 . 0 0 . 0  0 
H61L 0 . 000 0 . 000 114 . 425 0 . 0  0 . 0  0 . 0  3 
H61R 0 . 000 0 . 000 11 6 . 08 6  0 . 0  0 . 0  0 . 0  3 

H64R 0 . 000 0 . 000 1 24 .1 57 0 . 0  0 . 0  0 . 0  3 

Record Description 

11-
IZ-
• 

Frame (Camera, ID, Position 
Frame (Camera, ID, Attitude 

Record Description 

11 - Ground Control, std . Deviations 
1 2- Vertical · " • 



C. Output Files 

I .  Printout File 

Output data fIle, logical identification no. 6t table H.I, sec. H.D, is a fonnatted printout data 
file, the contents of which depend on the print options selected in the job definition record of 
the COMMON input rue. The printout gives the triangulated ground coordinates of points, the 
images of which are measured on two or more photographs, and the camera parameters, which 
are the position and attitude of camera at each of the exposure stations. 

A typical sample of the printout file follows. Explanations of the items appearing on the 
computer printout are also given. 

2. Updated Frames Data File 

Output data file, logical identification no. 8, table n.I, sec. IT.D, contains adjusted values of 
parameters of each camera position and attitude. This file is created during each iteration of a 
successful convergent solution of GIANT V3.0. This file is used in applications such as 
stefeocompilation and orthophoto mosaic. 

Output data file, logical identification no. 20, table IT.I ,  sec. n.D, contains updated adjusted 
values of parameters of each camera position and attitude, irrespective of solution convergence. 
This flle can always be used at the user's option to restart the iterative solution from where it 
left off. 

3. Adjusted Ground Data File 

Output data rue, logical identification no. 9, table n.l, sec. n.D, contains adjusted ground 
coordinates of all points measured on two or more photographs. This rue is created during each 
iteration of a successful convergent solution of GIANT V3.0. This flle is used in applications, 
such as stereocompilation and orthophoto mosaics. 

4. Sample printout of a typical aerotriangulation project: 

This section contains an explanation of a sample printout for a typical aerotriangulation 
project. Figure D.2 shows the layout of the project. Typical pages of the printout are 
selectively reproduced for this report. A page-by-page description of the printout follows. 
Three computer runs were made for the aerotriangulation: 

Case No. I :  
Case No.2: 
Case No.3: 

Aerotriangulation without error propagation 
Aerotriangulation with error propagation 
Aerotriangulation without error propagation but with additional parameters, one 
set for each photo group. (See I.A.) 
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Explanation of Sample Printout 

Case No. 1: Aerotriangulation without error propagation 

Page Nos. 
PrintoutlUser's Guide 

0 / 27 

Case No. 1 
Conrents/Explanation 

A description of the options selected in the job definition record of the 
COMMON file of the input data is printed on this page. 

Example: Error propagation was not requested, as indicated on line 
four. This corresponds to option = 0 in column 1 1  of record no.2 (job 
defmition) of the COMMON input file (sec. IT.B.l). 

1 I 28 The following information appears: 

Photo group (group specific) parameters: 
Group name 
Principal distance (microns) 
Std.dev.(microns) of image x and y coordinates 

Auxiliary parameters (do not appear on the printout because no 
auxiliary model opted in GROUPS file). 

2 / 29 The following information appears: 

Frame number: 
Group specific parameters: 

Group name 
Principal distance (microns) 
Std.dev.(microns) of image x and y coordinates 

Camera station position: 
Longitude, and std.dev.(DDMMSS.SSSS) 
Latitude , and std.dev.(DDMMSS.SSSS) 
Elevation, and std. dey. (meters) 

Camera attitude: (photo to ground) 
Omega(roll), and std.dev.(DDMMSS.SSSS) 
Phi (pitch) and std.dev.(DDMMSS.SSSS) 
Kappa (yaw) and std.dev.(DDMMSS.SSSS) 

Plate coordinates: 
ID image point 
x refined plate coord.(microns) 
y refined plate coord.(microns) 
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Case No.1 (continued): 

Page Nos. 
PrintoutlUser's Guide 

Case No. 1 
ContentslExplanation 

20 / 30 

1 / 1  

22 / 31 

23 / 32 

Ground control data: 
ID ground control point 
Longitude, and std.dev.(DDMMSS.SSSS) 
Latitude, and std.dev.(DDMMSS.SSSS) 
Elevation, and std.dev.(meters) 

Type of control--planimetry, vertical or both. (Details are given in the 
description for character 80, sec. n.B.S.) 

Error warnings, if there are any. 
Note: Section ill contains a list of error warnings and their explanation. 

Camera station cOITeCtions: 

This page shows the cOITeCtions to position and attitude parameters of a 
camera after performing an iteration in the solution. The provisional 
weighted sum of square also appears at the end of the page. This total 
is used for computing a posteriori estimates for the unit weight 
variance. The difference in its current value and its value in the 
previous iteration forms a criterion for convergence of the solution 
(character 18-19, sec. n.B.l). 

The printout contains the following infonnation: 
Iteration number: 

Photo or camera station no.(S IC029S) 
Positional cOITeCtions (meters) to X, Y, and Z coordinates of each 

camera station 
Attitude corrections (radians) to roll, pitch, and yaw, for each 

camera station 
Provisional weighted sum of squares 

Plate coordinates residuals at the end of a least squares adjustment of 
the aerotriangulation run, may be printed in a manner selected by option 
in columns 41-S0 of record no.2 of COMMON file (sec.n.B.I) 

The printout shows the following: 
Triangulated ground points residuals 
ID of the image measured 
ID of frames in which the image of the point appear and image 

coordinates measured 
Residuals (microns) in the x and y coords. of the image point 
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Case No. 1 (continued): 

Page Nos. 
PrintoutIU ser' s Guide 

Case No. 1 
ContentsJExplanation 

24 / 33 

25 / 34 

27 / 35 

Aerotriangulation statistics: 
Weighted sum of squares (camem) 
Weighted sum of squares (ground) 
Weighted sum of squares (plates) 
Weighted sum of square (total) 
Degrees of freedom 

A posteriori estimates for unit weight: 
Variance 
Standard deviation 

The weighted sum of squares value shows the contributions of various 
factors to the total residuals in the solution. The a posteriori estimates 
for unit weight variance will compute to nearly one if the relative 
weights of the parameters entering the solution were realistic. This 
value is an indication of the soundness of the weight assignments. 

This page shows the state vectors of the triangulated camera stations: 

10 of camera stations 
Position vector: 

Adjusted longitude (DDMMSS.SSSS) 
Adjusted latitude (DDMMSS.SSSS) 
Adjusted elevation (meters, above datum) 

Attitude (photo to ground): 
Adjusted omega (roll) (DDMMSS.SSSS) 
Adjusted phi (pitch) (DDMMSS.SSSS) 
Adjusted kappa (yaw) (DDMMSS.SSSS) 

This page contains the position vectors of triangulated ground points: 

10 of object points (including ground control points indicated by type 
in front of 10) 

Type (vertical, horizontal, or both vertical and horizontal ground 
control, sec. n.B.5) 

Adjusted longitude (DDMMSS.SSSS) 
Adjusted latitude (DDMMSS.SSSS) 
Adjusted elevation (meters, above datum) 
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Case No. 1 (continued): 

Page Nos. 
PrintoutlUser's Guide 

Case No. 1 
Contents!Explanation 

28 / 36 This page gives the corrections applied to the ground control. The type 
of ground control is considered in the least squares solution. 
Accordingly, weights are assigned to constrain one, two, or all three 
components, X, Y, and Z, or A., cI», and h, of a control point. 

In the printout, the following appears: 

ID ground control point 
Corrections to longitude and latitude (DDMMSS.SSSS) and elevation 
(meters) of a control point. 

Note: In case it is a vertical control point the latitude and longitude 
corrections appear within parenthesis; hereas, in the case of a 
horizontal ground control, the elevation correction appears within 
parenthesis. 

Longitude - number of components, indicates number of ground control 
whose longitude values are known and constrained accordingly in the 
least squares adjustment. 

Latitude - number of components, indicates number of ground control 
whose latitude values are known and constrained accordingly in the 
least squares adjustment. 

Elevation - number of components, indicates number of ground control 
whose elevation values are known and constrained accordingly in the 
least squares adjustment. 

RMS - root mean square errors for longitude and latitude 
(DDMMSS.SSSS). 

RMS - root mean square error in elevation (meters). 
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NOAA/NOS GIANT SYSTEM • • •  ( 10/90) I SAMPLE RUN FOR NOAA/NOS GIANT PROGRAM 

OBJECT SPACE REFERENCE SYSTEM IS GEOGRAPHIC 

ROTATION ANGLES ARE PHOTO-TO-GROUND 

COMPLETE TRIANGULATION PROCESS IS REQUESTED 

ERROR PROPAGATION IS NOT REQUESTED 

ATMOSPHERIC REFRACTION WILL BE INCLUDED IN '!'HE ADJUSTMENT 

WATER REFRACTION WILL NOT BE INCLUDED IN THE ADJUSTMENT 

IMAGE RESIDUALS GREATER THAN 10 (MICRONS) WILL BE LISTED 

LEADING ' 0 ' WILL BE ELIMINATED FROM ALL IDENTIFICATIONS 

SEMI-MAJOR AXIS OF SPHEROID - 6378 206 . 40 

SEMI-MINOR AXIS OF SPHEROID = 635658 3 .8 0  

TRIANGULATED GROUND COORDINATES WILL BE SAVED 

ADJUSTED STATION PARAMETERS WILL BE SAVED 

PAGE o 



N 
<XI 

NOAAINOS GIANT SYSTEM • • •  ( 10190) t SAMPLE RUN FOR NOAAINOS GIANT PROGRAM 

P H O T  0 G R 0 U P P A R A M E T E R £ S 

GROUP : CAMERA 

PRINCIPAL DISTANCE - -153280 ST. D .  OF X - 8 

PAGE 1 

ST. D .  OF Y • 8 



N 
\0 

NOAA/NOS GIANT SYSTEM • • •  ( 10/90) I SAMPLE RUN FOR NOAA/ NOS GIANT PROGRAM 

"LNG -
0 . 0000 

LAT -
0 . 0000 

ELV -
0 . 0000 

ID X 
Y 

3 1 1  -1726 
-1283 

H60L -2 1301 
42864 

H61 59665 

. 
FRAME: 51C0295 GROUP: 

PRINCIPAL DISTANCE = -153280 ST. D. OF X .. 

STATION PARAMETERS 
P 0 S I T  I o N (CAMERA) 

-" 97 0 14 . 8790 ST. D. = o 10 0 . 0000 OMEGA ... 

30 39 1 6 . 0370 ST. D. ... 0 10 0 . 0000 PHI -

618 . 2290 ST. D. - 60000 . 0000 KAPPA -

PLATE COORDINATES 
Y ID X Y ID 

-86562 H60R -30321 -33482 H60 

32640 3 5 1  3788 96775 3 6 1  

1928 H61R 582 34 -43983 68 1 

PAGE 2 

CAMERA 

8 ST . D .  OF Y = 8 

A T T  I T U D E ( PHOTO TO GROUND) 

0 0 0 . 0000 ST . D .  - 90 0 

0 0 0 . 0000 ST. D. - 90 0 

0 0 0 . 0000 ST. D.  - 90 0 

X Y ID X 

-20116 -4515 3 3 1 -8950 

7 1389 91706 H61L 5662 1 

8 1607 -85579 



NOAA/NOS GIANT SYSTEM • • •  (10/90) I SAMPLE RUN FOR NOAA/NOS GIANT PROGRAM 

G R O U N D  C O N T R O L 

LNG - .. 97 o 16 . 8950 ST. D. • 

H60 LAT - 30 39 14 . 5870 ST. D .  • 
ELY - 109 . 78 3 0  ST. D. • 

LNG - 0 0 0 . 0000 ST. D. .. 

H60L LAT - 0 0 0. 0000 ST. D .  • 
ELY - 110 . 1090 ST. D. • 

LNG - 0 0 0. 0000 ST. D. • 

H60R LAT -
• 

0 0 0 . 0000 ST. D. • 

ELY - 109 . 0670 ST. D. • 

LNG - .. 97 0 8 . 4670 ST. D. • 

H61 LAT - 30 39 18 . 9740 ST. D. • 

ELY - 116 . 9550 ST. D. .. 

w 
0 LNG - 0 0 0 . 0000 ST. D. • 

H61L LAT - 0 0 0 . 0000 ST. D. .. 

ELY - 114 . 4250 ST. D. • 

LNG - 0 0 0 . 0000 ST. D. .. 

H61R LAT - 0 0 0 . 0000 ST. D .  .. 
BLY - 116 . 0860 ST. D. .. 

LNG - .. 97 0 1 . 0780 ST. D .  .. 

H62 LAT - 30 39 22 . 2830 ST. D. .. 

D A T A 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 0 
0 0 

0 . 0010 
0 . 0010 
0 . 0100 

0 . 0010 
0 . 0010 
0 . 0 100 

0 . 0010 
0 . 0010 
0 . 0100 

0 . 0010 
0 . 0010 
0 . 0100 

0 . 0010 
0 . 0010 
0 . 0 100 

0 . 0010 
0 . 0010 
0 . 0 100 

0 . 0010 
0 . 0010 

TYPB - 0 

TYPB - :J 

TYPB - :J 

TYPB - 0 

TYPB - :J 

TYPB - :J 

TYPB - 0  

PAG B 20 



NOAA/NOS GIAN'l' SYSTEM • • •  ( 10/90, I SMPLE RUN FOR NOAA/NOS GIANT PROGRAII PAGE 22 

S T A T  I O N  S C O R R E C T  I O N S 

ITERATION 1 
51C0295 POSITION -0 . 00000075] 0 . 000004388 58 . 6  ATTITUDE 0 . 055298190 0 . 001744533 -0 . ]8398 5] 14 
51C0296 POSITION -0. 0000004 ] 1  0 . 0000020]7 0 . 1 ATTITUDE 0. 04 18]4562 0 . 006216514 -0 .  ]6973578 1 
51C0297 POSITION 0. 000000167 -0 . 0000009 19 51 . 9  ATTITUDE 0 . 0130]2 4 64 · 0 . 0070801 8 1  -0. 4 1 3999101 
51C0298 POSITION -0 . 000000290 -0 . 0000007 15 50 . 5  ATTITUDE 0 . 014 6138 26 0 . 01404854 1 -0 . 4 1 3 14 7 36 1  
51C0299 POSITION 0 . 000000746 0. 000000]44 48 . 3  ATTITUDE 0 . 012786607 -0 . 002606765 -0 . ]904 12525 
51CO]00 POSITION 0 . 000002 198 0. 000000196 46. 1 ATTITUDE -0 . 016243288 -0 . 02673 1762 -0 . 429808 5]3 
52NO]16 POSITION -0. 000001066 0. 0000017]5 28 . 0  ATTITUDE 0 . 04001989] 0 . 046472320 -0 . 4 05401762 
52NO]17 POSITION -0 . 000000573 -0 . 000001531 29 . 7  ATTITUDE 0 . 0074 31540 0 . 04 8 198779 -0 . 427 163027 
52NO] 18 POSITION -0 . 000001592 -0 . 000002272 ]8 . 9  ATTITUDE -0 . 0072 47630 0 . 048288748 -0 . 40858 1207 
52N0319 POSITION -0 . 000000608 -0. 000000798 43 . 3  ATTITUDE -0 . 0097]5586 1) . 04 7 3 10862 -0 . 4 10449640 
52NO]20 POSITION -0 . 000001344 -0 . 000000915 45 . 5 ATTITUDE 0 . 000917621 0 . n4l981086 -0. 4 27103429 
52NO]21 POSITION -0 . 000005214 -0 . 000000249 46 . 6  ATTITUDE .-0 . 0003 17372 0 . 052784328 -0 . 437181840 
5]SO]38 POSITION 0 . 000001275 0 . 000001052 70 . 4  ATTITUDE 0 ·. 02126629] -0 . 016176390 -0 . 387188876 
5]S0339 POSITION �0. 000000095 0 . 000000567 58 . 7  ATTITUDE 0 . 0606 143 54 0 . 001892756 -0 . ]765252]2 
5]SO]40 POSITION 0 . 000001041 -0. 000001604 56 . 5  ATTITUDE 0 . 011601995 0 . 000229489 -0 . 42]520182 
5]SO]41 POSITION 0 . 000001]82 0 . 000000104 5] . 9  ATTITUDE 0 . 01]5 528 5] 0 . 008615623 -0. 425447555 
5]SO]42 POSITION 0 . 000001944 0 . 0000005]] 49 . 6  ATTITUDE 0 . 027 3 166 ]8 -0 . 005538455 -0. 429461629 
5]SO]4 3  POSITION 0 . 000002984 0 . 000002952 41 . 6  ATTITUDE 0 . 027006126 -0 . 012974019 -0 . 4 36122793 

PROVISIONAL WEIGHTED SOlI or SQUARES - 0 . 404607B+I0 

w ITERATION 5 
I-' 51C029S POSI"I'ION 0 . 000000000 0 . 000000000 0 . 0  ATTITUDE 0 . 000000081 0 . 00000002 1 0 . 000000008 

51C0296 POSITION 0 . 000000000 0 . 000000000 0 . 0  ATTITUDE 0 . 000000019 0 . 000000001 0 . 000000009 
51C0297 POSITION 0 . 000000000 0 . 000000000 0 . 0  ATTITUDE 0 . 000000020 -0 . 000000010 0 . 000000007 
51C0298 POSI"I'ION 0 . 000000000 0 . 000000000 0 . 0  ATTITUDE 0 . 000000031 0 . 000000009 0. 000000005 

5]SO]40 POSI"I'ION 0 . 000000000 0 . 000000000 0 . 0  ATTITUDE 0 . 000000014 -0 . 000000021 0 . 000000007 
5]SO]41 POSI"I'ION 0 . 000000000 0. 000000000 0 . 0  ATTITUDE -0 . 000000012 0 . 000000004 0 . 000000004 
5]SO]42 POSI"I'ION 0 . 000000000 0 . 000000000 0 . 0  ATTITUDE -0 . 000000009 0 . 000000017 0 . 000000006 
5]SO]43 POSITION 0. 000000000 0 . 000000000 0 . 0  ATTITUDE -0 .  000000016 0 . 000000023 0 . 0000000 12 

PROVISIONAL WEIGHTED SOlI or SQUARES - 126 . 140 



w 
II.) 

NOAA/NOS GIANT SYSTEM • • •  ( 10/90) I SAMPLE RUN FOR NOAA/NOS G IAN'!' PROGRAM 

T R I A N G U L A T E D  G R O U N D  P O I N T S  R E S I D U A L S  

1 5 !  51C0297 51C0296 51C0298 52NOJ 18 52N03 19 5JSOJJ9 5JSOJ4 0 5JSOJ4 1  
-10 14 

1 6 

5 1 1  5JSOJ41 51C0299 51COJOO 5JSOJ 4 1  5390342 5 1C0298 
-4 

-17 

H63 *0* 5JSOJ41 52NOJ2 1 51C0298 52NOJ 19 5 1C0299 5 1C0300 5JSOJ4 1 5JSOJ42 52.0320 
1 1  

5 

2 J I  51C0299 52.0J20 51C0298 5 1COJOO 52N03 19 52.032 1  
1 0  

0 

2 6 1  52N032 1  51C0299 51COJOO 52NOJ20 5390342 53S034 1  
10 -10 
-8 5 

PAGE 2 3  



NOAA/NOS GIANT SYSTEM • • •  ( 10/90) I SAMPLE RUN FOR NOAA/NOS GIANT PROGRlUI 

A E R O T  R I A N G U L A 'I' I O N S 

WEIGH'I'ED SUM OF SQUARES ( PHOTOS, • 
WEIGH'I'ED SUM OF SQUARES (GROUND) .. 
WEIGH'I'ED SUM OF SQUARES (IMAGES, • 

WEIGHTED SUM OF SQUARES (TO'I'AL) -
DEGREES OF FREEDOM • • • • • • • • • • • • • •  • 

'I' A 'I' I 

A POSTERIORI ESTIMATES FOR UNIT WEIGH'I' 

w 
w 

VARIANCE = 0 . 520 
ST. DEY. - 0 . 72 1  

S T I C  S 

1 . 5  
2 . 8  

98 . 2  

102 . 5  
197 

PAGe 24 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90, I SMPLE RUN FOR NOAA/NOS GIANT PROGRAM PAGB 25 

T R I A N G U L A  T E D S T A T  I O N  S 

IDEMT POSITION �TT ( PHOTO '1"0 GROUND, 

LNG .- 97 o 14 . 8229 OMEGA - 0 7 11 . 57 01 
5 1COZ95 LAT = 30 39 16 . 0567 PHI 0 19 3 5 . 8173 

ELY . 617 . 4481 KAPPA -- 2 6  2 3  17 . 8929 

LNG -- 97 0 7 . 5400 OMEGA - 0 3 1  27 . 5002 
51C0296 LAT - 30 39 19 . 3 364 PHI =- 0 15 1 0 . 2 065 

ELY - 612 . 3 894 KAPPA -- 2 4  3 1  1 6 . 9658 

LNG -- 97 0 0 . 2082 OMEGA - 0 3 5  1 1 . 4277 
51C0297 LAT - 30 39 22 . 6 156 PHI a- 0 8 3 1 . 27 04 

ELY - 612 . 8024 KAPPA -- 2 6  3 2  5 1 . 5016 

LNG -- 96 59 52 . 8538 OMEGA - 0 5& 2 3 . 2&58 
51C0298 LAT - 30 39 2 5 . 8800 PHI - 0 10 2 0 . 6344 

ELY - 61& . 9580 KAPPA -- 2 5  28 5 1 . 2 535 

LNG -- 9& 59 4 5 . 1&52 OMEGA - 0 34 2 5 . 1912 
51C0299 LAT - 3 0  3 9  29 . 1904 PHI co 0 5 & . 4240 

ELY - 62 1 . 2436 ICAPPA -- 2 4  1 9  2 9 . 2861 
w 
.co. LNG -- 96 59 37 . 7 19 1  OMEGA a- 0 40 3 5 . 8729 

51C0300 LAT - 30 39 32 . 3483 PHI -- 0 2 4 9 . 5255 
ELV - 623 . 6036 ICAPPA -- 26 6 3 . 87 39 

LNG -- 97 o 16 . 5298 OMEGA - 0 39 2 1 . 3 184 
52N0316 LAT - 3 0  39 2 5 . 4072 PHI .. 0 52 1 1 . 5870 

ELY - 593 . 1 177 KAPPA -- 2 5  50 57 . 61 34 

LNG -- 97 0 9 . 2 22 2  OMEGA - 0 30 4 9 . 0261 
52N0317 LAT - 30 39 28 . 697 1 PHI co 1 26 12 . 8647 

ELY - 588 . 8534 KAPPA =- 26 3 6 . 1477 



NOAA/NOS GIANT SYSTEM • • •  1 10/90' I SAIIPLB RUN FOR NOAA/NOS GIANT PROGRAM PAGII: 27 

T R I A N G U L A T E  D G R 0 U N D P O I  N T 9 

I DENT POSITION 

10 1 LNG -- 97 0 12 . 6046 LAT - ]0 ]9 3 7 . 9637 ELY - l U . 590 
1 1 1  LNG -- 97 0 7 . 4 237 LAT - ]0 39 39. 351 6 ELY - 115 . 104 
U I  LNG -- 97 0 3 . 0676 LAT - ]0 39 3 2 . 0685 ELY - 1 19 . 715 
1 5 1  LNG -- 96 59 57 . 3986 LAT - ]0 39 2 3 . 3612 ELY - 118 . 378 
161  LNG -- 96 59 50 . 1427 LAT - ]0 39 26 . 9 175 ELY - 118.041 
18 1 LNG -- 96 59 56 . 4011 LAT - ]0 39 35. 2 651 ELY - 125. 640 
2 0 1  LNG -- 96 59 59 . 9227 LAT - 3 0  3 9  4 3 . 2 3 37 ELY - 119 . 3 U 
2 1 1 LNG -- 96 59 51 . 684 1 LAT - 30 39 4 5 . 0408 ELY - 1 2 1 . 64 2  
2 3 1  LNG -- 96 59 48 . 2622 !.AT - ]0 39 38 . 4 656 ELY - 120. 067 
2 5 1  LNG -- 96 59 4 3 . 3992 !.AT - ]0 39 29 . 7767 ELY - 1 1 5 . ]80 
2 6 1  LNG -- 9 6  59 35. 5795 !.AT - ]0 39 3 3 .  U36 ELY - 1 17 . 50] 
28 1 LNG -- 96 59 39 . 7 357 !.AT - ]0 39 4 1 . 0205 ' ELY - 116 . 537 
3 1 1  LNG -- 97 0 10 . 3 177 !.AT - ]0 ]9 7 . 5779 ELY - 1 1 1 . 4 18 
3 3 1  LNG -- 97 0 15 . 8295 . !.AT - ]0 39 1 5 . 4326 ELY - 109 .818 
3 5 1  LNG -- 97 0 19 . 8105 !.AT - ]0 39 25 . 4 501 ELY - 111 . 126 
UI LNG -- 97 0 12 . 0462 !.AT - ]0 39 2 8 . 1088 ELY - 112 . 975 
51 1 LNG -- 96 59 39. 2345 !.AT - ]0 39 20. ]639 ELY - 1 14 . 23] 
601 LNG -- 96 59 3 2 . 9038 !.AT - 30 39 23 . 2638 ELY - 118 . 411 
65 1 LNG -- 97 0 2 . 7306 !.AT - ]0 39 1 . 7307 ELY - 1.12 . 54 5  
66. LNG -- 96 59 56 . 1514 !.AT - 30 39 3 . 7289 ELY - 110. 238 

"') 68 1 LNG -- 97 0 1 . 2'179 !.AT - 3 0  39 1 1 . 7038 ELY - 116 . 25 1  
U'I 73 1 LNG -- 96 59 53 . 2342 !.AT - 30 39 14 . 7480 ELY - 1 12 . 436 

751 LNG -- 96 59 49. 2063 !.AT - 30 39 7 . U43 ELY - 109 . 127 
78 1 LNG -- 96 59 46. 6321 LAT - 30 39 19 . 5208 ELY - 114 . 2 58 
801 LNG -- 96 59 4 2 . 9456 . !.AT - 30 39 1 1 . 7442 ELY - 110 . 179 
8 1 1  LNG -- 96 59 33 . 5543 !.AT • 30 39 U . 7951 ELY - 114 . 617 
901 LNG -- 96 59 26 . 1837 !.AT - 30 39 16 . 7385 ELY • 1 17 . 997 
H60 ·0· LNG -- 97 o 16 . 8951 !.AT · 30 3 9  14 . 5868 ELY - 109 . 782 
H61 ·0· LNG -- 97 0 8 . 4665 !.AT • 30 39 18 . 9740 ELY - 1 1 6 . 951 
H62 ·0· LNG -- 97 0 1 . 0779 !.AT • 3 0  3 9  2 2 . 2835 ELY - 1 18 . 769 
H63 ·0· LNG -- 96 59 4 5 . 8981 !.AT - 30 39 28 . 3 246 ELY - 1 17 . 358 
H64 ·0· LNG -- 96 59 29. 3024 !.AT - 30 39 3 5 . 7671 ELY - 123 . 91 2  

133 1  LNG -- 96 59 29 . 1755 LAT - 3 0  ]9 3 5 . 1733 ELY - 123 . 855 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90, I SAMPLB RUN FOR NOAA/NOS GIANT PROGRAM PAGB 2. 

C O R  R B C T I O N S A P P L I E D T O  G R O U N D C O N T R O  L 

LNG" - 0 0 0 . 0001 LNG" 0 0 0 . 0005 LNG- 0 0 0 . 0001 LNG- - 0 0 0 . 00 1 1  
H60 LAT- - 0 0 0 . 0002 H61 LAT- - 0 0 0. 0000 H62 LAT" 0 0 0. 0005 H63 LAT- - 0 0 0 . 0004 

ELV" -0 . 001 ELV .. -0 . 004 ELV- ·0 . 002 ELV- 0 . 00 1  

LNG- a 0 0 . 0006 LNG" ( 0 0 0. 0000' LNG- ( 0 0 0 . 0000' LNG" ( 0 0 0 . 0000, 
H64 LAT- 0 0 0 . 0001 H60L LAT= ( 0 0 0 . 0000) H61L LAT= ( 0 0 0 . 0000) H62L LAT- ( 0 0 0 . 0000) 

ELV" -0 . 001 ELV- -0 . 00 1  ELV ... 0 . 001 ELV- 0 . 004 

LNG- (- 0 a 0 . 0000) LNG- (- 0 0 0. 0000) LNG= (- 0 a 0 . 0000) LNG- (- . 0 0 0 . 0000) 
H6lL LA,... (- 0 0 0 . 0000) H64L LAT= ( 0 0 0. 0000) H60R LAT= ( 0 0 0 . 0000) H61R LA.,. ( 0 0 0 . 0000) 

BLV- -0. 002 ELV- 0 . 00 1  ELV= 0 . 000 ELV- O . OOl 

LNG- ( - 0 0 0 . 0000) LNG- ( 0 0 0. 0000) 
H62R LAT- ( 0 0 0 . 0000) H64R LAT- (- 0 0 0. 0000) 

ELV- 0 . 001 ELV- -0 . 00 1  

LNG NUMBER OF COMPONENTS - 5 AIlS - 0 0 0 . 0006 
LAT NUMBER OF COMPONENTS ... 5 AlIS - o 0 O . OOOl 
ELY NUMBER OF COMPONENTS - 14 AIlS ... 0 . 0020 

w 
en 



Explanation of Sample Printout 

Case No. 2: Aerotriangulation with Error Propagation 

NOTE: Printout page number 0 and three new pages (41. 53. and 54) are given 
here to show the enhancements to Case No. 1. 

Page Numbers 
PrintoutlI'ext 

0 / 38 

25 / 39 

27 / 40 

30 / 41 

Case No. 2 
Contents!Explanation 

A description of the options selected in the job definition record of the 
COMMON file of the input data is printed on this page. 

Example: Line four describes the option which was selected in 
character 1 1  of record no. 2 Gob defmition) of the COMMON input 
data flle. Error propagation was selected with this option. 

This page corresponds to printout page 25 (case no. 1). which gives 
adjusted longitude. latitude. and elevation of the triangulated camera 
stations. In addition to the position parameters. corresponding 3 by 3 
covariance matrices are printed. Another 3 by 3 covariance matrix for 
the three rotational angles (ro. cj). lC) is also printed. The square root of 
the diagonal terms give the standard deviation with which the 
corresponding parameter has been detennined. During the 
computations. all angular parameters are expressed in radians. such that 
the square root of a diagonal term of an angular parameter gives the 
standard deviation in radians. 

This page gives the position vector of the triangulated ground points as 
shown on printout page 27 (case no. 1). and, in addition. shows a 3 by 
3 covariance matrix and standard deviations for the three components: 
longitude. latitude. and elevation. The square root of each of the 
diagonal terms of the covariance matrix gives their standard deviation. 

This is the last page of case no. 2 and shows the triangulated ground 
points. The rms errors in longitude. latitude. and elevation are 
displayed. These rms values are averaged over all the triangulated 
ground points. 

37 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90' • SAMPLE RUN FOR NOAA/NOS GIANT PROGRAM 

w 
CD . 

OBJECT SPACE REFERENCE SYSTEM IS GEOGRAPHIC 

ROTATION ANGLES ARE PHOTO-TO-GROUND 

COJIPLETE TRIANGULATION PROCESS IS REQUESTED 

ERROR PROPAGATION IS REQUESTED 

UNIT VARIANCE WILL BE BASED ON COMPLETELY FREE STATION PARAMETERS 

A'I'IIOSPHERIC REFRACTION WILL BE INCLUDED IN THE ADJUSTMEIft' 

WATER REFRACTION WILL NOT BE INCUJDED I N  THE ADJUS'l'IIENT 

IMAGE RESIDUALS GREATER THAN 10 (MICRONS, WILL BE LISTED 

LEADING ' 0 '  WILL BE ELIMINATED FROM ALL IDENTIFICATIONS 

SEIII-KAJOR AXIS OF SPHEROID - 6378206 . 40 

SEIII-MINOR AXIS OF SPHEROID - 6356583 . 80 

TRIANGULATED GROUND COORDINATES WILL BE SAVED 

ADJUSTED STATION PARAMETERS WILL BE SAVED 

PAGE o 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90' • SAMPL£ RUN FOR NOAA/NOS GIANT PROGRAM PAGE 25 

T R I A N G U L A T  E D S 'I' A T  I O N  S 

IDENT POSITION COVARIANC£ MATRI X  A'I"I' ( PHOTO TO GROUND, COVARIANC£ MATRIX 

LNG -- 97 o 14 . 8229 0 . 2 19£-15 0 . 508£- 1 6  0 . 3 36£-09 OMEGA. • 0 7 1 1 . 5707 0 . 109£-07 -0 . 69 1 E-09 0 . 1 1 3 E-08 
51e0295 LAT - 30 39 16. 0567 0. 508£-16 0 . 113£- 1 5  0 . 150E-09 PHI -- "  0 1 9  3 5 . 8 173 -0 . 69 1£-09 0 . 263E-07 -0 . 145 8-09 

8LV - 617 . 4481 0. 3 36£-09 0 . 150£-09 0 . 1 368-02 KAPPA. -- 2 6  2 3  17 . 8929 0 . 1 1 3 E-08 -0 . 14 58-09 0 . 27 3 8-08 

LNG -- 97 0 7 . 5400 0. 120£-16 -0 . 685£- 1 7  0 . 2938- 1 0  OMEGA - 0 3 1  2 7 . 5002 0 . 82 3£-08 0 . 606£-09 0 . 5798-09 
51C0296 LAT - 30 39 19 . 33 64 -0. 685£-17 0 . 554£- 1 6  0 . 3928- 1 1  PHI -- 0 15 10 . 2065 0 . 6068-09 0 . 52 18-08 0 . 8 168-10 

ELV - 612 . 3 894 0. 293E-I0 0 . 392£- 1 1  0 . 386£-03 KAPPA -- 2 4  3 1  1 6 . 9658 0 . 579£-09 0 . 8 16£-10 0. 1 53 £-08 

LNG -- 97 0 0 . 2082 0. 690E-16 -0. 701£- 1 7  0 . 594 £- 1 1  OMEGA - 0 35 1 1 . 4277 0 . 8 18£-08 0 . 490£-09 0 . 1 10£-09 
51e0297 LAT - 30 39 2 2 . 6156 -0 . 701£-17 0 . 53 5£- 1 6  0 . 787£- 1 1  PHI -- 0 8 3 1 . 2 704 0 . 490£-09 0 . 498£-08 0 . 4 068-10 

8LV - 612. 8024 0. 594 8-1 1  0 . 787£- 1 1  0 . 342£-03 KAPPA -- 2 6  3 2  5 1 . 5016 0 . 110£-09 0 . 406£-10 0 . 1 1 9£-08 

LNG -- 96 59 52 . 8538 0. 808£-16 -0 . 307£- 17 0 . 668£- 1 1  OMEGA - 0 56 2 3 . 2658 0 . 856£-08 0 . 499£-09 -0 . 7 17£-10 
51e0298 LAT - 30 39 25 . 8800 -0. 3 07£-17 0 . 58 1£- 1 6  0 . 1 63£-10 PHI - 0 10 2 0 . 6344 0 . 499£-09 0 . 575£-08 0 . 276£-10 

ELV - 616 . 9580 0 . 668£-11 0 . 163£- 1 0  0 . 3 14 E-03 KAPPA -- 2 5 28 5 1 . 2535 -0 . 7 17£-10 0 . 276£-10 0. 106£-08 

LNG -- 96 59 4 5 . 1652 0. 1 15£-15 0 . 299£- 1 7  0 . 276£-10 OMEGA - 0 34 2 5 . 1912 0 . lU£-07 -0. 3 19£-09 0 . 1 37 £-09 
51e0299 LAT - 30 39 29 . 1904 0. 299£-17 0 . 819£- 16 0 . 3 578-10 PHI - 0 5 6 . 4240 -0 . 3 19£-09 0 . 101£-07 0 . 5058-10 

w 
8LV - 62 1 . 2436 0 . 276£-10 0 . 357£- 10 0 . 4 8 1 8-03 KAPPA -- 2 4  19 2 9 . 2861 0 . 137£-09 0 . 505£-10 0 . 1598-08 

10 
LNG -- 96 59 31 . 7191 0. 119£-15 O . ll lB-16 -0 . 9 10£-10 OMEGA -- 0 40 3 5 . 8729 0 . U6£-07 0 . 105£-08 -0 . 2 29£-09 

51C0300 LAT - 30 39 32 . 3483 0 . U 1£-16 0 . 103£- 15 -0 . 170£-10 PHI -- 0 2 4 9 . 5255 0 . 105£-08 0 . 147£-07 0 . 944£- 1 1  
ELV - 123 . 60]6 -0 . 910£-10 -0 . 11 0£- 10 0 . 549E-03 KAPPA -- 2 6  6 3 . 87 3 9  -0 . 2 29£-09 0 . 944E- 1 1  0 . 196£-08 

LNG -- 97 o 16. 5298 0. 108£-15 -0 . 392£-17 0 . 197E-09 OMEGA - 0 3 9  2 1 . 3 184 0 . 13 3 £-07 0 . 122£-08 0 . 706£-09 
52N0316 LAT - 30 39 25. 4012 -0 . 3921-17 0 . 980£- 16 - 0 . 9 34 £-10 PHI - 0 52 1 1 . 5870 0 . 1221-08 · 0 . 814£-08 -0. 2 ] ] £-08 

ELV -. 593 . 1117 0 . 1911-09 -0 . 934£-10 0 . 128£-02 KAPPA -- 2"5 50 57 . 6134 0 . 706E-09 -0 . 23 3 £-08 0. 32 1 £-08 

LNG -- 97 0 9 . 2222 0. 291£-15 0 . 26 11- 16 0 . 2 34 £-09 OMEGA - 0 3 0  4 9 . 02 6 1  0 . 1651-97 0 . 628£-08 -0 . 2 80£-09 
52N0317 LAT - 30 39 28 . 6971 0 . 2611-16 0 . 112E-15 -0 . 555£- 10 PHI - 1 2 6  12 . 8647 0 . 6281-08 0 . 3 14 £-01 -0 . 26 8 £-08 

£LV - 588 . 8534 0 . 2 341-09 -0 . 555E-I0 0 . 109£-02 KAPPA -- 2 6  3 6 . 1477 -0 . 280£-09 -0 . 268£-08 0 . 293£-08 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90' SAMPLB RUN FOR NOAA/NOS GIANT PROGRAM PAGB 27 

'l' R I A N G  U L A T E D  G R O U N D P O I .N T S 

I DEft POSITION COVARIANCE MATRI X  STANDARD DEY 

LNG -- 97 o 12 . 6046 0. J58E-16 -0 . 110E-16 0. 10JE-09 0 0 0 . 0012 
101  LAT - JO J9 J7 . 96J7 -0 . 110E-16 0 . 500E-16 -0 . 22JE-09 0 0 0 . 0015 

ELV - l lJ . 5897 0. 10JE-09 -0 . 22J£-09 0 . 405E-02 0 . 0636 

LNG -- 97 0 7 . 42J7 0. J52E-16 -0. 101£-16 0 . 1 16E-09 0 0 0 . 0012 
I I I  LAT - JO J9 J 9 . J516 -0. 10IE-16 0 . J66£-16 -0 . 174 E-09 0 0 0 . 0012 

ELV - 115. 104 1 0. 1 16E-09 -0 . 174£-09 0 . J84E-02 0 . 0620 

LNG -- 97 0 J . 0676 0. l 1JB-16 -0 . 22J8-18 0 . 105E-I0 0 0 0 . 0007 
13 1 LAT - JO J9 J2 . 0685 -0 . 22JE-18 0 . 108£-16 -0 . 221E-I0 0 0 0 . 0007 

ELV - 119. 7 151 0. 105B-I0 -0. 221£-10 0 . 832E-OJ 0 . 0288 

LNG -- 96 59 57 . J986 0. 654B-17 -0 . 12 1£-19 0 . 132E-ll 0 0 0 . 0005 
15 1 LAT - JO J9 2 J . J612 -0. 121E�19 0 . 562£-17 -O. J12E-ll 0 0 0 . 0005 

ELV - 118. J775 0. 132B-ll -0.J128-11 0 . 258B-OJ 0 . 0161 

LNG -- 96 59 50 . 1427 0. 760B-17 -0 . 120£-18 -0. 692E-12 0 0 0 . 0006 
161 LAT - JO J9 26. 9175 -0 . 120B-18 0.6388-17 0 . 109E-12 0 0 0 . 0005 

BLV - 118 . 0407 -0. 692B-12 0 . 109£-12 0 . 291E-OJ C' . 0171 

.... LNG -- 96 59 56. 4011 0. 127B-16 -0.798£-19 0 . 108E-I0 0 0 0 . C007 
0 

18 1 LAT - JO 39 J 5 . 2651 -0. 798B-19 0 . 116£-16 -0. 282E-I0 0 :; U . 0007 
ELV - 125. 6405 0. 108B-I0 -0. 282£-10 0 . 996E-OJ 0 . OJ16 

LNG -- 96 59 59 . 9227 0. J46B-16 -0. 9798-17 0 . 967E-I0 0 0 0 . 0012 
201 LAT - JO 39 U . 2JJ7 -0. 979B-17 0. 446£-16 -0. 2 18E-09 0 0 0 . 0014 

BLV - 119 . 3 1 3 1  0. 967B-I0 -0. 218£-09 0 . U8E-02 0 . 0662 

LNG -- 96 59 5 1 . 684 1 0. 324B-16 -0 . 303£-17 0 . 4 14E-I0 0 0 0 . 0012 
2 1 1  LAT - 3D J9 4 5 . 0408 -0 . 30JB-17 0 . 387£-16 -0. 180E-09 0 0 0. 0013 

ELV - 121 . 642J 0 . 4 14B-I0 -0. 180£-09 0 . 378E-02 0 . 0615 

LNG -- 96 59 4 8 . 2622 0. 148E-16 0 . 510£-18 -0. 555£-12 0 0 0 . 0008 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90) SAMPLB RUN FOR NOAA/NOS GIANT PROGRAM 

T R I A N G  U L A T £ D  G R 0 U N D P 0 J: N T 8 

IDBNT POSITION COVARIANC£ MATRIX STANDARD DEV 

LNG -- 96 59 59 . 2306 0 . 74 4£-17 0 . 2 12 £-18 0 . 6 2 1£-12 0 . 0  0 . 0006 
H62R ·3· LAT - 30 39 18 . 897] 0 . 212B-18 0 . 601£-17 · . 0 . 578£-13 0 0 0 . 0005 

ELY - 116. 6909 0 . 62 1E-12 0 . 5788-lJ 0 . 474£-04 0.0069 

LNG -- 96 59 47 . 4 7 32 0. 983B-17 0 . 351£-18 0 . 2 57£-12 0 0 0 . 0006 
H63L .]. LAT - 30 39 ]2 . 1409 0 . 351E-18 0 . 7 73£-17 0 . 2 2 1£-1 2  0 0 0 . 0006 

8LY - 118 . 3281 0. 257E-12 0 . 22 18-1 2  0 . 478E-04 0. 0069 

LNG -- 96 59 32 . 82 1 1  0. 236£-16 -0 . 152£- 17 -0. 3 06E-ll 0 0 0 . 0010 
H64L ·3· LAT - 30 39 40. 5129 -0 . 1528-17 0 . 189B-16 -0. 1 52E-ll 0 0 0 . 0009 

BLY - 120 . 9880 -0 . 306E-ll -0. 152£- 1 1  0 . 51JE-Q4 0 . 0072 

LNG -- 96 59 27 . 3394 0 . 220B-16 0 . 162B-18 -0. 3 42E- l l  0 0 0 . 0010 
H64R ·3· LAT - 30 39 ]2 . 7565 0. 162E-18 0 . 190B-16 -0. 187E- l l  0 0 0. 0009 

ELY - 124 . 1565 -0 . ]4 2B-ll -0 . 187£- 1 1  0 . 514E-04 0 . 0072 

S U M M A R Y  S T A T I S T I C S  FOR G R O U N D  P O I N T S  

RIIS FOR STANDARD DEVIATIONS 

COUNT - 38 
COUNT - 38 
COUNT - 29 

LNG ­
LAT ... 

ELY .. 

o 0 0 . 0010 
o 0 0 . 0010 

0 . 0523 

PAGE 30 



Explanation of Sample Printout 

Case No. 3: Aerotriangulation without Error Propagation and additional 
parameters (radial distortion, model no. 2, sec. I.A.) 

NOTE: Printout page nos. 1 and 25 are unique to this run. Only these pages 
are explained herein. The rest of the output is similar to the one for 
Case No. 1. 

Page Numbers 
Printout/l'ext 

Case No. 3 
Contents/Explanation 

1 / 43 

25 / 44 

The following appears on this printout page: 

Title: Photo group Parameters 
Group name 
Principal distance (microns) 
Standard deviation of measurements of x and y image coordinates 
Auxiliary parameters (according to the model used): 

Model No. l :  Principal distance and principal point location 

Model No. 2: Coefficients of a polynomial to account for 
unmodelled radial distortions 

Model No. 3: Offsets between GPS receiver antenna and the outer 
node of the aerial mapping camera 

Note: In the example, three strips STRIPl, STRIP2, and STRIP3, 
each have a set of radial distortion (model no. 2) parameters switched 
on or off at the user discretion. 

The following appears on this printout page: 

Title: Unmodelled error parameters (type, e.g., radial distortion) 
Photo group: Name: Values of parameters as obtained after the 
aerotriangulation adjustment. 

Note: Each photo group has the adjusted parameter values. 

42 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90) I SMPLB RUN FOR NOAA/NOS GIANT PROGRAM 

P H O T  0 G R 0 U P P A R A " E T E R E B  

GROUP Z  

PRINCIPAL DISTANCB . -1 53280 ST. D. OF X - 8 

AUXILIARY PARAMETERS (GPS ANTENNA OFFSET) 
PI . O . OOOOOD+OO UPDATING SWITCH ON 
P2 - O . OOOOOD+OO UPDATING SWITCH : ON 
Pl - O . OOOOOD+OO UPDATING SWITCH : ON 

PAGE 1 

ST. D .  OF Y - 8 



NOAA/NOS GIANT SYSTEM • • •  ( 10/90, I 

PHOTO GROUP : CAMERA 

SAMPLE RUN FOR NOAA/NOS G IANT PROGRAM 

U N M O D E L L  E D E R R  0 R P A R  A M E T E R E  S 

(GPS ANTENNA OFFSET, 

PI - 0 . 20202D+O l 
P2 .. -0 . 15407D+Ol 
Pl " 0 . 62 674D+00 

PAGE 2 5  



D. Logical Identification Number Assignments 

All of the mes used by GIANT have been assigned the following logical identification 
numbers. 

Logical ID 
Number Type 

1 
2 
3 
4 
6 
7 
8 
9 
1 1  

19 
20 

Input 
Input 
Input 
Input 
Output 
Input 
Output 
Output 
Scratch 

Output 

Table 1I. 1.--Files Used By GIANT 

Format 
(F) Formatted 

(UP) Unformatted 

(F) sec. II.B.2 
(F) sec. ll.B.3 
(F) sec. ll.B.4 
(F) sec. II.B.S 
(F) sec. ll.C. l 
(F) sec. ll.B.l 
(F) sec. II.C.2 
(F) sec. II.C.3 
(UP) 

(F) sec. II.C.2 

Utilization 

Groups data set 
Image coordinate data set 
Frame data set 
Ground control data set 
Printout 
Common data set 
Updated frames data set 
Adjusted ground data set 
Temporary storage 

Updated Frames data set 

Text Page 
Number 

10 
1 1  
13 
15 
22 
6 

22 
22 

22 

Output flles logical ID Nos. 8 and 9 will not be generated by GIANT in case the solution fails 
to converge. 

Output me logical ID No. 20 will always be created whether the solution converges or noL 
This flle can always be used at the user's option to restart the iterative solution from where it 
left off. 

ill. A LIST OF DIAGNOSTIC MESSAGES PRODUCED BY GIANT 

The occurrence of errors during the execution of GIANT results in the generation of 
appropriate diagnostic messages. Two types of diagnostics are reported, warning messages and 
fatal messages. If the detected error reflects the occurrence of a fatal error, execution of the job 
is terminated. A warning error message does not result in the abandonment of 
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"a job. The user must, however, carefully interpret the effect of all warning messages produced 
by the program, as they might point to problems of which the user is not aware. 

" The remainder of this section contains a list of the various diagnostic messages that may be 
produced by GIANT. The list gives the text of each message, defmition parameters, resulting 
action taken by GIANT, and a brief explanation of the meaning. In the list, fatal eITOr messages 
are identified by the preflx"**". 

**ILLEGAL DMS FIELD DETECTED IN INPUT STREAM 

This message will result from an attempt to read an angular field with the degrees part >360, 
the minutes part >60, or the seconds part >60. 

**ERROR IN SUBROUTINE MODID 

ADDING VARIABLE XXXX 

VARIABLES YYYY YYYY YYYY YYYY YYYY 

VARIABLES YYYY YYYY YYYY YYYY YYYY 

This eITOr indicates the present input data arrangement has resulted in normal equations with a 
bandwidth that exceeds GIANT's capacity. Usually, a rearrangement of input data will cure this 
problem. The present version of GIANT has a bandwidth of N6. (See sec. lB.) This message 
can only occur when GIANT is running in the triangulation mode. 

In the diagnostic message, the integer number (XXXX) is the input stream sequence number of 
the camera station that caused overflow of the normal equations storage. The integer numbers 
designated by (YYYY) are the sequence numbers of camera stations occupying the normal 
equations storage when overflow took place. 

PASS POINTS APPEARING ON ONE PHOTOGRAPH 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX xxxxxxxx 

The message provides a list of alphanumeric identifications (XXXXXXXX) of ground points . 
which appear on one photograph. All of the indicated image points will be dropped from the 
adjustmenL 

PASS POINTS APPEARING ON MORE THAN N4 PHOTOGRAPHS (See sec. I.B.) 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 

xxxxxxxx XXXXXXXX xxxxxxxx XXXXXXXX 
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The listed alphanumeric identifications (XXXXXXXX) are for imaged ground points appearing 
on more than N4 photographs. GIANT will retain only the first N4 image coordinates and drop 
the rest. (See sec. I.B.) 

**CAMERA STATIONS EXCEEDED XXXX 

An attempt to adjust more than (}{XXX) camera stations will result in GIANT issuing this 
diagnostic message. In the present version of GIANT, XXXX is Nl. (See sec. lB.) 

**IMAGE POINTS EXCEEDED XXXX 

The total number of image points in the triangulation exceeded (XXXX), which is limited by 
N2. (See sec. I.B.) 

"''''GROUND CONTROL EXCEEDED XXXX 

This message will result from a ground control tile which contains more than (XXXX) points. 
XXXX is N3 in the present version of GIANT. (See sec. I.B.) 

ERROR WARNINGS 
POINTS NOT PHOTOGRAPHED 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 

xxxxxxxx XXXXXXXX XXXXXXXX XXXXXXXX 

This diagnostic message provides alphanumeric identifications of control 
points for which no image data exist. GIANT will ignore ground control 
coordinates of listed points. 

ERROR WARNINGS 
DUPLICATE CONTROL POINTS 

xxxxxxxx XXXXXXXX XXXXXXXX XXXXXXXX 

XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 

The listed alphanumeric identifications are for control points which are 
repeated in the control file. GIANT will retain only fU'st reference to 
the listed points and ignore all subsequent duplicates. 
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APPENDIX A . - -DATA STRUCTURING BY GIANT 

Input data are reordered by GIANT to facilitate the use of an efficient 
algorithm for the formation, solution, and inversion of the normal equations . 
The purpose of the data structuring process is to produce an efficient , 
diagonally banded matrix of normal equations . 

The overall efficiency of the adjustment process depends on the arrangement 
of submatrices in the normal set which produces the narrowest possible band­
width of nonzero elements .  Bandwidth for the normal system structured by 
GIANT is a function of input data ordering . 

It is true that a particular arrangement of data for the given job will 
imply a certain bandwidth for the normal equation matrix . A different 
arrangement of the data results in a different bandwidth. Since the maximum 
allowable bandwidth is a function of computer available storage, there may be 
cases where data arrangement becomes a determining factor in whether a j ob can 
be executed . By the proper arrangement of input data, the problem of exceed­
ing the allowable bandwidth can often be prevented , or by rearrangement of the 
data, the problem can be rectified . The normal matrix is formed by GIANT 
under the following rules : 

1 .  Modifiable parameters are divided into sets , each set being composed of 
three parameters . Therefore, a single camera station ' s  parameters constitute 
two parameter sets , one for position and one for attitude . 

2 .  The first reference to a ground point through one of its images results 
in the inclusion , in the normal matrix, of all parameter sets associated with 
the point . Therefore, parameter sets for camera stations observing the point 
will be added to the normal system if they have not already been placed in the 
matrix by reference from a previous point . 

. 

A simple example will best demonstrate the data structuring process used to 
build the normal equation matrix . Consider a strip of six photographs , each 
containing three image points distributed as shown in table 1 .  

Table A . l . - -Examples of six photographs 

Photograph Image Points 

1 

2 

3 

4 � 
6 

5 5 

9 
6 
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Assume that input data are arranged as shown in table A . l from photographs 
1 through 6 .  Following the rules outlined above , the normal matrix shown in 
figure A . l would be constructed as follows : 

Image I of photo I is the first point encountered, resulting in the entry of 
the two camera parameters sets ( CI , CI ) and the ground point parameter set (PI ) 
into the normal matrix . Nonzero blocks occur whenever there is correlation; 
shown by shading the figure . The next image point encountered is point 2 
which occurs on photographs l and 2 . The camera station parameter sets for 
photograph I have already been included in the normal system, so only C2 , C2 ) 
and (P2 ) must be added to the system. In the same fashion , image point 3 adds 
(C3 , C3 ) and (P3 ) '  etc . , through photograph 6 .  Images 7 and 8 add no more 
camera parameter sets but they do add ground point parameter sets for points 7 
and 8 to complete the normal system . The diagonal matrix produced is 
symmetric about the dashed diagonal line . Without further exploitation of the 
structural peculiarities for the normal matrix , the GIANT algorithm would 
require an amount of internal computer memory equivalent to the cross-hatched 
area in the figure . 

GIANT logic , however , allows computer memory to be shared by a special group 
of unknown parameter sets . Any parameter set which is uncorrelated with the 
parameter sets that succeed it , is qualified as a member of this special 
group . Therefore , parameter sets PI ' P2 ' and P3 will share a common storage 
area within the cross-hatched area in the figure . This arrangement results in 
a reduction of the bandwidth from the original nine parameter sets to an 
effective bandwidth of seven parameter sets . The effective bandwidth notion 
applies to all possible positions of the cross hatched area along the matrix 
diagonal . 

The reader would now be able to visualize what would happen to the normal 
matrix if the order of data input was changed . If photo 1 and photo 6 were 
exchanged in order in the previous example ,  the resulting effective bandwidth 
would be approximately double the original one . 

As previously stated , the maximum allowable effective bandwidth is a 
function of computer system configuration .  The limitation is based on the 
number of 3 by 3 matrix parameter sets which will fit a work area of computer 
memory , and it can be expressed in terms of the allowable number of photo­
graphs , either preceding or succeeding a given photograph, which may have 
points in common with the given photograph . If K is the number of parameter 
sets that will fit in · the computer memory , then (K- l )  camera parameter sets 
will be allowable in the normal matrix, using one set for the common ground 
point . Since two parameter sets are required for each photograph, a total of 
(K- l )/2  photographs may be involved . This amounts to allowing a photograph in 
a given input arrangement to have conjugate points with a maximum of (K-l )/2-1 
photographs before or after it . 
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Figure A.l.-Nonnal matrix for the six photos defined in table A.I .  
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APPENDIX B . - -COORDINATE SYSTEMS IN GIANT 

Two object space coordinate ·systems are available on option ( character no . 1 ) 
in to the GIANT program: 1) geographic (geodetic) and ( 2) rectangular ( sec . 
II . B . l , Job Definition Data Record) .  The preferred option for almost all block 
adjustments is the geographic coordinate system. Using this system, the Earth ' s  
curvature is incorporated in the mathematical model and the interpretation of 
input and output is easier and more meaningful . 

The Geodetic Coordinate System 

This coordinate system is the conventional ellipsoidal coordinate system. 
Rigorously defined, geographic refers to a spheroidal coordinate system, and 
geodetic refers to a similar system based on an ellipsoid of revolution (fig .  
B . l ) . In ordinary usage. however . the two terms are used interchangeably. If 
the default values are accepted , the coordinate system chosen will be the 
ellipsoid of revolution (fig . B . 2 ) ,  using the semimajor and semiminor axes 
defined for the Clarke 1866 spheroid . However , it is possible to change 
ellipsoids by . entering the values of semimaj or and semiminor axes in character 
spaces 51 -60 and 61 -70,  respectively. (See II . B . l , Job Definition Data Record . )  
This is usually used when working in other parts of the world where the basic 
control net is on a different spheroid . 

The use of feet or meters for object space .. coordinates is .. also determined by. 
the ellipsoid constants . If the default or another spheroid in feet is chosen, 
all linear components ( elevations ) must be in feet . If spheroid constants in 
meters are chosen, all input using linear measure must be in .meters . Output 
uni ts will be determined by the choice made for ·input •. -� The values . required for 
the Clarke Spheroid of 1866 in meters are: 

Semimajor axis : 
Semiminor axis : 

a = 6 , 378 , 206 . 4  m 
b = 6 , 356 , 583 . 8  m 

The program does not use the geographic system directly in its adjustment but 
converts to geocentric coordinate system X, Y, Z ( fig . B . 2) , using the widely 
accepted conversion formula. Additionally, for interpretation, the camera 
attitude angles are referenced to a local vertical system at the positi�n of the 
camera, with Y pointing north and Z pointing up . A more complete description on 
orientation angles is given in appendix C . 

The geocentric coordinate system may be described as a right-handed, rectan­
gular , orthogonal coordinate system. It has three axes , usually designated X, 
Y ,  and Z .  They are linear measurements , and all three must be at right angles 
to each other . Any point may be uniquely described by giving its X, Y ,  and Z 
coordinates . The most common system of this type is the geocentric coordinate 
system where X and Y are in the plane of the equa�or , Z is then through the 
North Pole, and X is through the zero longitude ( fig . B . 2 ) . In this system, 
points in the eastern United States would be +X, -Y,  and +Z , while figure B-2 
points in the western United States (west of 900W longitude or approximately New 
Orleans ) would be -X, -Y,  and +Z . 
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The Rectangular Coordinate System 

The other possible input coordinate system is rectangular . The primary use 
of this system is for "close-range" photogrammetry, although it may also be 
used rigorously with geocentric coordinates and with some local coordinates . 
The danger in this system is that the curvature of the Earth is not modeled 
for State plane and Universal Transverse Mercator (UTM) coordinates . 

It is possible to use this option with State plane coordinates and UTM 
coordinates ,  but it is not a rigorous or correct usage . For small areas , and 
when the Earth ' s  curvature is negligible , it can be used , but again, always 
with caution and results should be checked carefully. Interaction of the 
parameters can often adjust most of the errors and provide satisfactory 
results for small areas . Systematic error is left which cannot be correctly 
resolved by the least squares adjustment technique because any errors will be 
treated as random errors . Although the residuals themselves may appear to be 
satisfactory, systematic errors may remain in the solution . State plane and 
UTM systems , as with all map projections , are not geometrically similar to the 
Earth ' s  surface and consequently they introduce distortions . 
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APPENDIX C . - -EXTERIOR ORIENTATION 

Definitions 

A discussion of the exterior orientation of a photograph ( fig . C . l ) 
follows . 

1 .  The position of the camera exposure station C in the object space 
coordinate system. This can be represented by the three space coordinates 
(XC ' YC ' ZC) ' or equivalently, by the camera station vector 

Xc 
-+ 
C = YC 

Zc 

2 .  The orientation matrix 

ml l m12  m13 

M =  m21  m22 m23 

m31  m32 m33 

which gives the angular orientation of the image coordinate system ( x ,  y ,  z )  
with respect to the object space coordinate system (X, Y ,  Z) . 

x 

Figure C . I - -Exterior orientation 

55 



The elements of M are· the cosines of the nine space angles between the three 
axes of the image coordinate system and the three axes of the object space 
coordinate system; that is 

cos Xx cos Yx cos Zx 

M = cos Xy cos Yy cos Zy 

cos Xz cos yz cos Zz 

where cos Xx, cos Yx, and cos Zx are the cosines of the space angles between the 
x-axis and the X- , Y- , and Z-axes respectively, etc . Obviously, these elements 
are direction cosines . 

This matrix is arranged to transform object space to image space, or as it is 
often called, ground to photo : 

x cos Xx cos Yx cos Zx X 

y = cos Xy cos Yy cos Zy Y 

z cos Xz cos yz cos Zz Z 

or x = MX .  

Sequential Rotation 

The orientation matrix can be factored into three orthogonal matrices , each 
representing a simple rotation of the image coordinate system about a particular 
image coordinate axis . The sequence of the three rotations must be specified 
because different angles of rotation result from different sequences . 

In all cases , the orientation is considered in the following way . The image 
coordinate system is initially coincident with the object space coordinate 
system. The three rotations are applied to the image coordinate system in the 
appropriate sequence to place the system into its final position ( fig .  C . 2 . ) .  

The orientation matrix M is an orthogonal ·matrix . There is one, and only one, 
orientation matrix , M,  for a given orientation situation . 

Sequence 

Primary - Roll (w) 
Secondary - Pitch ( , ) 
Tertiary - Yaw ( K) 

Axis of rotation 
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Roll (wl is an angle of rotation of about the x-axis . Positive roll 
rotates the positive y-axis toward the positive z-axis . 
-180° < w < +180° . ( left wing up) 

Assume +x is direction of flight ; +y is at a right angle to +x , 
and the positive direction is out the left wing ; +z �s at a 
right angle t� the x y plane , and the pos itive direction is up . 

Pitch (!l is an angle of rotation about the y-axis . Positive pitch 
rotates the positive z-axis toward the positive x-axis . 
-180° < • < +180° . (nose down) 

is an angle of rotation about the z-axis . Positive yaw rotates 
the positive x-axis toward the positive y-axis . 
-1800 < K < +1800 • (counterclockwise is positive) 

( K )  is approximated by a clockwise angle ( photo to ground) and 
counterclockwise (ground to photo) measured from east to the 
photo ( x )  in the plane of the vertical photograph . 

z 
, \ 
� \CAMERA AXIS 

I I \ 
, \ 

PLUMB LINE: ' \ 

: �\ 
f:. � · \ 
I .. I \ 
I J.. - - ..1 
I I 
I I 
� .  
Ie 

Figure C. 2-�Rotations 

57 

r 



APPENDIX D . - -HATHEMATICAL MODEL 

Collinearity Equations 

The only mathematical model in the GIANT program is collinearity . This 
expresses the condition that in undistorted space , a vector from the camera 
station to an image point is collinear with a vector from the camera station 
to the corresponding point in object space. Since the "real world" is not 
distortion-free, preprocess ing has hopefully compensated for the distortions . 

The orientation matrix M transforms vectors in the object space coordinate 
system into corresponding vectors in the image coordinate system; that is ,  

x X 

y = M  Y 

z z 

Because M is an orthogonal matrix, the length of a vector remains unchanged 
after the transformation . Indeed, the geometrical representation of the 
vector is  not changed at all in length and direction by the transformation ; 
the components of the vector are simply expressed in the image coordinate 
system instead of in the obj ect space· coordinate system. In f ig .  C . I ,  1 = cp 
is such a vector . Its components in the object space coordinate system are 

-+ 
A = 

and its components in .the image coordinate system are 

-+ a = yp Yc 
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Now , the vector from the camera station C to the image point p is given in 
the image coordinate system by: 

xp - Xo 
-+ a = yp - Yo 

-f 

where xo ' Yo are the plate coordinates of the principal point ( fig . C . I > . 

When the exterior orientation of a photograph has been correctly estab­
lished , it is clear from fig .  C . I  that the vector a is collinear with the 
vector A .  The two vectors differ only in length. Thus , if they are both 
expressed in the same coordinate system, one is simply a scalar multiple of 
the other ; that is 

-+ -+ . 
a = kA • 

The scalar k is called scale factor . This leads to the projective equations 

-+ -+ 
a = k MA, 

xp 

or yp 

- Xo 

- Yo = k 

-f 

ml l  m12 ml3 Xp -

m2l m22 m23 Yp -

m31 m32 m33 Zp 

Expressed individually, these proj ective equations are : 

(xp - xo > = k [ml l  (Xp - XC> + m12(Yp - YC> + ml3 (Zp 

(yp - Yo > = k [m21 (Xp - XC> + m22(Yp - YC > + m23 (Zp 

( -f > = k [m31 (Xp - XC> + m32 (Yp - YC> + m33 (Zp 

Xc 

Yc 

Zc 

- ZC> ] 

- ZC> ] 

- ZC> ] 

Dividing the first equation by the third equation and the second equation by 
the third equation, and multiplying throughout by -f ,  we obtain : 

(xp - x > = -f ml l (Xp - XC> + m12(Yp - YC> + m12(Zp - ZC> 
0 

m31  (Xp - XC> + m32(YP - YC ) + m33 (Zp - ZC >  

(yp - Yo ) = -f m21 (Xp - XC> + m22(Yp - YC> + m23(Zp - ZC> 

m31 (Xp - XC> + m32(Yp - YC> + m33(Zp - ZC> 

These equations express the fact that the obj ect point P ,  the image point p ,  
and the exposure station C all lie on the same straight line . They are , 
therefore , referred to as "collinearity equations . "  
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Angles 

If M is given , w, " and K can be found using the following relations : 

tan C&I = 

s in = m3l 

tan = 

Local Vertical Coordinate System 

The origin of the local space coordinate system is taken at the coordinates 
o� each c�era station . The geocentric coordinates of the origin 0 are X '

o ' 
y 0 '  and Z 0 ( fig . D . l ) ,  and the geodetic coordinates of the origin are �o ' 
Ao ' and ho e The z axis of the local system is taken along the normal through 
the origin , with positive z directed away from the center of the Earth. The 
y axis is in the meridian through the origin , with positive y directed toward 
the north pole . The x ,  y, z axis form a right-handed - coordinate system. 
Since only angular rotations are considered here , the value of h is of no 
importance . The local coordinates are x ,  y, and z .  They are obtained from 
the geocentric coordinates using the following transformation : 

x 1 0 0 -sinAo COSA o 0 X · - X · 0 

Y = 0 s in,o cos� -COSAO -sinho 0 y ' - y ' 
0 0 

z 0 -cos� o sin�o 0 0 1 Z ' - Z ' 
0 

or x = M� Mh X 
0 0 

Combining the two orthogonal matrices , we get 

x -sinAo COShO 0 X · - X · 
0 

Y = -sin, o COShO -sin, o s inho cos'o y ' 
- y ' 

0 

z cos'o cosAo cos' o sinh o s in, o Z ' - Z ' 
0 

or x = M� hO 
X 0 
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Orientation Matrix M 

The orientation matrix M = Mw M, MK 

Where w is roll,  , pitch, K yaw 

and Mw = 

and MK = 

1 

o 

o 

cosw 

o 

sinw 

o -sinw cosw 

cos, 0 -sin, 

o 

s inC/l 

1 

o 

COSK sinK 

-sinK COSK 

o o 

- - -

o 

cosC/l 

o 

o 

1 

z 

l�-
---�------����--r-�--��� y l  

Figure D . I--Local vertical coordinate system . . 
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Hence 

(COK cost) 

Compos ite Matrix (MK�w) 

(sinw sin, COSK + cosw sinK ) .( �cosw s in9 COSK + sinw sinK) 

= (-sinK cost) (-sinw s in9 sinK + cosw COSK ) (cosw sin� sinK + sinw COSK ) 

sint -sinw COS9 

or x D MK�� - - ground-to-pboto 

Computational Sequence 

GIANT uses the following computational sequence : 

Evaluate ( compute) 
as derived 

Transpose forming 

Form 

(Transpose of derived matrix) 

Premultiply 

Note this is equivalent to : 

= 

cosw cost 

Local-to-camera 

Camera-to- local 

Local-to-geocentric 

(Camera-to-Iocal and Local-to-geocentric )T 

Yielding 

which will 

(M )T �o AoW�K 
transform geocentric-to-camera 

Either photo-to-ground or ground-to-photo angles may be used . The f inal 
results will be numerically the same for ground point positions , although 
differing values for w ,  9 ,  K will be obtained . 
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APPENDIX E . - -ERROR PROPAGATION 

. The error propagation options ( characters 1 1  and 12 of record 2 of COMMON 
file,  sec . II . B . 1 )  are expensive to exercise , requiring additional computa­
tions and printing . Based on the input and the. solution , the results are 
estimates of how well the camera station and the ground points are determined . 
These options are exercised only on the last two or three runs , because the 
solution does not provide much information while the data are being "cleaned 
up" and edited . 

A variance covariance matrix for each set of parameters is determined from 
the inverse of the normals . This is then multiplied by the estimate of 
variance of unit weight . The standard deviation for each element is the 
square root of the diagonal terms of that matrix . 

Variance of unit weight (0 2 ) may be estimated by the equation : 

where 

0 2  = t(viwivi ) 
o (n-u) 

o 

v ·  is the residual of the ith observation 1 

Wi is the weight 

n is the number of observations 

u is the number of "unknowns" or "solvable parameters" 

(n-u) is the degree of freedom. 

In the photogrammetric problem the number (n) of observations is equal to 
the numbers of plate coordinates , one for x,  and one for y,  or two times the 
numbers of image points measured . Add to this the number of measurements for 
ground control coordinates , one for each of the known coordinates ( latitude , 
longitude and elevations ) .  Depending on the external source of information , 
camera station position (Xc ' Yc ' Zc) and orientation elements (w, " K ) ,  as 
well , can be added to the number of observations as six times the numbers of 
camera stations . Although these are considered as solvable parameters , they 
can also be treated as weighted observations if sufficient information is 
available . 

The unknowns or solvable parameters (u) are the ground control positions . 
For each unique point in the adjustment , three unknowns are counted . Camera 
station position (X,  Y ,  Z)  and orientation (w, " K )  are usually considered 
"unknowns , "  giving rise to additional numbers of unknowns equal to six times 
the number of camera stations . 

To summarize , let : 
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v = the output residual for each observation . 
w = input weight which may be thought of as 1/02  for each observation .  

(Note i t  i s  s igma squared) .  
n = total number of observations • .  

m = 2 * number of plate measurements .  
c = 1 for each ground control component . 
s = 6 * number of camera stations . (Factor 6 represents the camera 

parameters : the position coordinates X .  Y .  Z and the orientation 
elements w, " K . These parameters are always treated as unknowns ; 
however, depending on the external source of information, these may 
also be treated as weighted observations contributing to the number 
of direct weighted observation equations . When the weights of the 
direct observations are small . the camera parameters may be treated 
as completely free and no contribution is then made to the direct 
weighted observations) .  

p = 3 * number of points (X. Y .  Z) . {Note : one , two , or three of these 
components may have also been counted as observations under "C . "  

Again simplistically, the estimate of variance of unit weight is defined as 
the summation of the input weights ( 1 /0 2 )  multiplied by the output residuals 
squared (v2 ) .  If all is perfect , Iv2 = (n-u) for all observations . This 

� 
summation , when divided by the degree of freedom (the number of observations 
minus the number of parameters ) results in a value close to 1 . 0 .  

Table E. 1 computes the unit variance for the solution o f  a typical three­
photo block ( fig . E . 1 )  with case 1 considering the camera stations as unknowns 
and case 2 conSidering the camera station as constrained or known ( character 
no . 12=1 , record no � 2 ,  COMMON file,  sec . II . B . 1 ) .  
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Table E . 1 . - -Computations of unit variance for a 
typical three-photo block . (See fig .  E . 1 . )  

m = 2 * number of plate measurements 
Photo 1 12 
Photo 2 20 
Photo 3 14 

c = 1 for each ground control component 7 

s = 6 '* number of camera stations 0 

n = m + c + s 53 

MINUS 

s 18 

P 30 

u = s + p 48 

DOF ( degrees of freedom) = n - u 5 

002 = Unit Variance sq . ( l:vwv/DOF) 10 . 6  

00 = Unit Variance 3 . 3 
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APPENDIX F . - -ATMOSPHERIC REFRACTION 

The GIANT program has an atmospheric refraction correction model applicable 
up to an altitude of 9 , 000 meters . The dynamic .nature of this model makes it 
possible to execute a more accurate correction to the refraction effect . This 
correction is based not only on the altitude of the camera but also on its 
attitude . In the iterative adjustment process , the atmospheric refraction 
correction is carried out according to the updated state vector of the camera. 
The switch for applying an atmospheric refraction correction to the GIANT 
program ( character 1 6 ,  record no . 2 ,  sec . II . B . 1 )  is turned off if the 
correction has already been made in the "preprocessor . " The application of 
this model slows down the convergence of the solution for only a slight 
improvement in results . This may discourage its use by production units as 
long as the results , obtained without its use , are good enough for their work . 
Also , the 9 , 000-meter limit on altitude will have to be overcome by replacing 
the model by another more universally applicable version .  

Mathematical Model 

In its simplest form, atmospheric refraction can be expressed by (American 
Society of Photogrammetry 1980) : 

where 

taa = Katan a 

is the angle of displacement due to atmospheric refraction ; 
is the angle the ray makes with the "true vertical; "  
i s  a constant related to the atmospheric conditions . (Refer to 

fig . - F. 1 . )  

The constant Ka can be varied as the amount of displacement (angular ) 
attributable to a ray at 45 degrees from the vertical . Ka is a constant 
related to the atmospheric conditions . For flying heights (H) up to 
9 , 000 meters , Ka can be given by : 

Ka = 13(H-h) [ 1 - 0 . 02 ( 2H + h) ] microradians 

where 

H is the flying height (kilometers ) 
h is the ground point elevation (kilometers ) 

In a vertical photograph, the correction ( tar ) for the effect of �tmospheric 
refraction can be shown as : 

where 

r is the radial distance of a point image from the photo nadir ; 
f is the focal length of the camera . 

Obviously. the approach will work for near vertical . . photographs only . 
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However, tilts of the photograph must be considered, and computation of the 
correction made during the iterative solution . This can be accomplished quite 
simply by a change in the approximate Z ( in a local system) coordinate . The 
change in the Z ground coordinate which will produce the same effect at the 
plate as the atmospheric refraction is given by ( fig . F . 2 ) : 

dZ = (Zo - ZG) tan a ( 6�) 
sin2a 

The angle a is the difference in the direction between true vertical and 
the point in question . The correction then can be written as : 

where 

dZ • 6X2 + 6y2 + 6Z2 Ka 
6Z 

6X = (Xc, - Xc;) 
6Y = (Yo - YG) 

6Z = (Zo - ZG) 

This correction is easily applied in each iteration of the triangulation 
so�ution for every point . 
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APPENDIX G . - -PHOTOBATHYMETRY 

To account for errors caused by water refraction of the light rays from 
underwater features ,  corrections are applied to each and every underwater 
point during each iteration of the triangulation solution . The switch for 
applying water refraction correction is character 17 , record no . 2 of COMMON 
file . To apply the correction to underwater points , water level (meters ) with 
respect to the reference ellipsoid at the time of photography is entered in 
characters 31-40 , record no . 2 of COMMON file .  

The basic approach for applying water refraction correction i s  similar to 
applying atmospheric refraction correction . The water refraction model may be 
expressed by ( fig . G . 1 ) :  

where 

Aa is the angle of displacement 
a - is the angle the ray makes with the true vertical at the camera 

station 
Kw is the constant related to water refraction for an underwater feature 

It can be shown that the value of Kw is given by ( fig . G . 1 ) :  

Kw = [ {tan (a + ba) /  tan a} - 1 ] / [ 1  + tan ( a + ba) tan a ] 

or , Kw = [ (H + d)/ (H  + d) - 1 ]  I [ 1 + tan2a] 

and the correction ( 6r) for water refraction ( f ig .  G. 2 ) :  

where 

r = radial distance of the image point from the photo nadir 
f = focal length of the camera 

The equation for water refraction correction ( Ar) is similar to the air 
refraction correction (appendix F) except that the constant Kw replaces Ka in 
the expression .  . 

In the GIANT program the air and water refraction corrections are applied 
as a change ( dz )  in the Z coordinate ( fig . F . 2 ) given by: 

dZ = (Zo - ZG) tan a ( ba) 
sin2a 

The angle a is the difference in the directions between true vertical and 
the point in question . The correction dZ can be expressed as 

dZ = 6X2 + 6y2 + 6Z2 (Kw) 
AZ 
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where 

� = � - �  
6Y = Yo - YG 

6Z = Zo - ZG 

This correction is easily applied to every underwater point (with negative 
elevation) and in every iteration of the solution . The expression is similar 
to the expression for air refraction correction . Both the air and water 
refraction corrections to the Z coordinate of a point can be applied by the 
formula 

dZ = 6X2 + 6y2 + 6Z2 (Kw + Ka) 
6Z 

where (Kw + Ka) replaces Kw or Ka in the expression for the correction . For 
points at or above water level Kw = 0 in the algorithm, such that the 
correction is only for the air refraction . 
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APPENDIX H. --RUN STRATEGIES AND DATA EDITING 

INTRODUCTION 

The flexibility which makes GIANT useful also makes it difficult to 
establish a unique procedure for data editing and evaluation . The 
circumstances of any given job may necessitate a change in the procedure . 
However , the following discussion will help in establishing a logical 
procedure. 

In general , aerotriangulation tasks performed by GIANT have the following 
characteristics : 

1 .  The objective is to establish a sufficiently dense net of control to 
enable stereomodel setup for compilation . 

2 .  Photography is flown with flight height of less than 9 , 000 meters above 
mean sea level with a calibrated mapping camera and near vertical orientation . 
(The atmospheric refraction model is valid up to the altitude of 9 , 000 meters . 
For higher altitudes , a more suitable model would be necessary) . 

3 .  External information for the camera parameters are enforceable . In any 
case , a close approximation of the camera parameters is desirable . 

DATA EDITING 

In a measured data set , such as plate coordinates , there are three general 
types of errors : 

1 .  Accidental or fortuitous errors , which the least square technique 
minimizes ; 

2 .  Systematic error , which is not amenable to solution and has hopefully 
been removed by preprocessing ; 

3 .  Blunders or mistakes , which are the result of incorrect observations or 
recording . 

It is this last type of error , the blunders , which must be recognized and 
removed . The first two types of errors must be recognized and accounted for , 
but the third type must be removed for a valid solution . It occasionally 
becomes difficult to differentiate between large accidental errors and 
blunders . The "rule of thumb" is that errors exceeding the 3 s igma ( standard 
deviations ) level may be considered blunders . 

Editing Plate Coordinate Data and Other 
Input Data by Using Intersection-Only Run 

An intersection-only computer run allows identification and removal of the 
following gross errors : 

1 .  Very large errors in plate coordinate or misidentification . 

2 .  Incorrect combinations o f  photograph numbers and associated points 
which appear on the photograph. 
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3 .  Consistently bad photographs which either have a blunder in one or more 
of the camera station parameters or in the preprocessing of the plate 
eoordinate data . 

4 .  Differences in ground control coordinates which are proofread for 
differences . 

In this computer run ,  one must only look for gross errors (blunders ) .  
Gross errors could be due to misidentification of points , recording errors , 
etc . Since this run is made with initial approximations only , large patterned 
residuals should be expected , especially in plate residuals . What one looks 
for then is a break in the pattern . 

If examination of the run shows the computed elevation of a ground control 
point to be higher than the camera station position, one of the two most 
probable blunders occurred . 

Sign of f .  The most probable blunder is the sign of the focal length being 
incorrect . If the plate coordinate data , as preprocessed , should be 
reconstructing a photo positive , the sign of the focal length should be 
negative ; if a photo negative, the sign should be positive . 

Yaw. The other probable cause is that the yaw angle (K )  is incorrect . 
This may be checked by plotting several points from a photo positive on a map 
and rechecking the relationship of image space ' y '  and north . 

Editing by the Study of Plate Residuals 
in a Photogrammetric Adjustment Run 

Maj or blunders are easy to identify and rectify in plate coordinate data . 
Difficulty occurs when gross errors are eliminated and a j udgment must be made 
on eliminating points such that the large residuals are removed . There is a 
human tendency to start eliminating plate coordinates with large residuals 
until a run is produced with all small residuals . This procedure may be 
carried over several runs . In this procedure , the user may inadvertently 
eliminate readings in an area until all readings connecting adjoining plates 
have been dropped . This leads to weak solutions and results in poor 
coordinate determinations . 

Listed below are some phenomena which should occur as one approaches the 
best solution and which will not be obvious to the casual user . When editing , 
the following must be kept in mind : 

Residuals will be grouped by the number of photos (rays ) IIseeingll a point . 
The residuals will appear larger for those points seen by more rays . 

Residuals in the direction of flight will tend to become zero . The error 
resolves itself in the vertical component . This is especially true for two­
ray points . The elevation of the computed ground position should be watched 
along with the plate residuals . 

Ground control will tend to show a different residual grouping than for 
uncontrolled points . This tendency · is directly related to the weighting of 
the plate coordinates and the control coordinates . 
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The residuals should balance for each point , i . e . , the positive and 
negative residuals should add to zero . This will be approximate , but 
generally true for a well-adjusted run . 

There should not be any undesirable pattern of errors , i . e  • •  no systematic 
component . The residuals should conform with the laws of normal distribution : 
small errors are more likely than large errors , the error zero is most 
probable . and positive and negative errors are equally likely. 

Editing by the Study of Camera Parameters 

When editing photogrammetric computer runs with unconstrained camera 
stations , the camera stations are reflecting only the influence of the other 
data, the plate coordinate, and the ground control .  The rule of thumb is 
twofold: mapping photography is flown straight and level as far as possible; 
and an aircraft never flies exactly straight and level . 

On each run, the user should examine the camera positions and orientations , 
and ensure �hey are following a consistent path. Any deviation should be 
explained . 

Editing by the Study of Ground Control 

Three possibilities may cause errors : misidentification of control ;  poor 
point transfer; and bad coordinates of the point . 

Remedial action is determined by the cause . Options for the remedial 
action are : 

o downgrading the "typel! of point ; e . g . , from fully known to horizontal ,  
only if the elevation component i s  bad ; 

o increasing the associated standard deviations to reflect the point is 
not as well known as others ; 

o changing the type from control to a passpoint ; and 

o removing or rereading bad plate coordinates ; 

All coordinates of ground control points are treated as weighted unknowns . 
Furthermore, the program provides initial estimates of the values and their 
weights for the unknown components of ground points . referred to as UNHELD 
components .  In determining the degree of freedom for the solution . direct 
weighted equations for UNHELD components of ground control are not counted . 
On the other hand , the HELD coordinate components of ground control are held 
in the solution to the extent of their assigned weights . The program uses its 
supplied values as best estimates and counts the direct weighted equations in 
determining the degree of freedom for the adjustment . 

The following "key numbers" should be watched carefully : 

A Posteriori Estimate of Variance of Unit Weight 

This is an important single number by which to judge a run . For a normal 
case , this number should approach one ( 1 . 0) .  The number starts out very large 
and as data editing and bootstrapping improve the data , it comes down to a 
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reasonable value. Remember, this number only reflects the balance between the 
input standard deviations and the output residuals . If for some reason the 
weighting is not realistic , this number may not approach one ( 1 . 0 ) .  Watch it 
carefully as an indicator of overall performance along . with the contributing 
components of the number . 

Weighted Sum of the Squares 

This number, along with the changes in camera station parameters , is  
printed for each iteration. It  can be used to judge how much each iteration 
is changing the solution and, to some extent, where the change is occurring . 
This number, which most often is huge at the beginning, is an estimate of the 
sum of the squares of the plate .residuals . It is used as a convergence test, 
i . e . , when this number changes less than a predetermined percentage the 
solution is stable and iterations stop . If the number increases between 
iterations , the run has "diverged, "  usually because of bad data or weak 
geometry, and is incapable of reaching a good solution. Edit the data or 
submit with fewer iterations and then edit . 

Number of Iterations 

The default value for this input number is � which is sufficient for 
most runs . This represents the maximum number of times it can compute a 
correction and update the solvable parameters to improve a solution . A run 
may cut off before reaching the maximum number of iterations because of other 
established criteria . The reason for having this number variable is that in 
some cases one may want to perform a less amount of iterations to isolate 
blunders from the solution . In other cases , one may want to extend the number 
of iterations to reach the best solution , regardless of computer time 
involved . 

Weighting 

The weight matrix is the inverse of the input variance-covariance matriX, 
which is composed of the input standard deviations for all measurements . It 
is possible to "warp" the solution in any manner desired by manipulating the 
weights . The best available guide is to assign realistic values to weights . 
If control is scaled from a 1 : 24 , 000 map , make the weights appropriate to the 
accuracy of the map and scaling error . Plate coordinates , likewise, should 
reflect the care and accuracy of the equipment and personnel and requirements 
of the job;  5 to 15 micrometers (microns ) is the normal range of standard 
deviations assigned in the input data. 

Invariably, an occasion may arise when insufficient information is 
available . When things are not working right and the user does not know why, 
it may be helpful to change the weights : lock the control ,  loosen the camera 
positions , tighten the orientations . Any combination can be manipulated until 
the cause of  the problem can be identified . In the absence of sufficient 
information , these are legitimate data editing techniques done deliberately. 
If possible , the weights are changed back to realistic values . 

RUN STRATEGY 

From the above discussions , run strategy should suit the job .  Multiple 
runs will be required to produce the best solution . The objectives of these 
runs are listed below. A run may achieve one or more objective from a single 
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run. or multiple runs may be required for each obj ective. depending on the 
amount of data and the number of blunders .  

Blunder Edit 

The first run should be with the INTERSECTION ONLY option exercised . This 
option overrides the normal solution and allows the program to go through all 
the motions . Taking only the initial approximations , it computes plate 
residuals and ground coordinates . No adjustment is performed . This is 
extremely useful in the first run to eliminate large blunders before they mess 
up an adjustment beyond recognition . . 

Clean-up Plate Coordinates 

The second objective should be to tie the plates together ; i . e . , to achieve 
consistent and low-plate coordinate residuals . This can be achieved with 
little or no control and the camera station parameters relatively "loose ; "  
i . e  • •  free to adjust .  If there are many problems . i t  may be necessary to 
constrain the camera station parameters more tightly to prevent them from 
over-reacting to the errors . It may also be desirable to cut the number of 
interactions to one or two . 

Fit the Control 

The objective now is the twofold requirement of improving camera station 
position and orientation . and fitting them to the ground control.  A run is 
made with only those ground control points which seem to fit or show 
systematic discrepancies from the preliminary runs . If the solution shows 
marked improvement . it may be desirable to save the camera station parameters 
and change the initial approximations to those of the last run . This is often 
called "bootstrapping . "  DO NOT tighten the weights ( lower the values of the 
input standard deviations ) because no new information has been received . nor 
are the parameters known any better . 

Error Propag�tion 

The last run should include the error propagation option . This is an 
expensive option to exercise and does not yield much information in the 
initial phases . The output shows the spread of accuracies of the points and 
camera station parameters . 

Bandwidth Errors 

Bandwidth errors are the result of a point appearing on photographs beyond 
the program limit . The first and last appearances of a pOint may not exceed a 
certain number ( program limit ) of photographs . The most common cause of this 
error is the duplication of a point number . inadvertently. or separate sets of 
photographs . 

If this message appears during a run , or other very bad unexplained results 
occur , rerun the job with the INTERSECTION only option exercised . An error 
message identifying the point in question wi�l be listed . If this is not the 
cause , the user will probably be able to isolate the problem. 
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Adding Points After Job Completion 

A common occurrence is to finish a triangulation proj ect and then later 
receive a request for additional point coordinates from the same project . This 
may be accomplished easily by saving the last set of camera station parameters 
and setting up an INTERSECTION only run . The new points are marked , measured, 
and preprocessed as were the points used in the previous adjustment . They are 
then either added to the appropriate frames or run in the program by themselves , 
preferably with some other points previously determined for checks . If this is 
done, the solution will not be affected and a consistent set of coordinates will 
be produced . 
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APPENDIX I . - - SELF CALIBRATION OF PRINCIPAL DISTANCE AND 
PRINCIPAL POINT LOCATION OF A CAMERA 

(Model No . 1 in GIANT V3 . 0 )  

Precise location of the principal point in the image plane and the principal 
distance of a camera are important in the reconstruction of photogrammetric 
stereomodels , and are the fundamental parameters determined in camera 
calibration . These parameters can be calibrated by laboratory methods , or in­
flight , during a mission for aerotriangulation . A note of caution in 
calibrating the pricipal distance is that it is highly correlated with flying 
height . Therefore, the camera station position must be known precisely in order 
to be able to calibrate principal distance . However , the in-flight method may 
be used to determine principal point location without the above constraint . 

In the generalized photogrammetric solution ,  two parameters of the princ ipal 
point coordinates , xo ' and Yo ' and one for the principal distance , f ,  are 
included in the data reduction for aerotr iangulation . Using collinearity 
condition equations , model no . 1 in GIANT V3 . 0  enables the determination of 
these three parameters "in " addition to the usual aerotriangulat ion parameters . 

The collinearity condition ( fig .  K . 1 )  gives the following relationship ( eqn . 
1 ,  appendix K) : 

[X - xo] 
Y Yo 

f 

where , 

= 

X , y  - plate coordinates of an image point p 

xo ' Yo - principal point coordinates in the plate coordinate system 

f - principal distance of the camera ( sensor ) 

M - rotation matrix in terms of rotations w, 9 ,  K 

( 1 )  

The equations can be reduced to two linear observation equations in which xo ' 

Yo and f are carried into the least squares adjustment . The aerotriangulation 
solution, using model no . 1 in GIANT V3 . 0  program, gives the calibrated 
coordinates of the principal point location and the calibrated principal 
distance . 
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APPENDIX J . - -COMPENSATION OF UNMODELLED SYMMETRIC RADIAL ERRORS 
(Model No . 2 in GIANT V3 . 0) 

INTRODUCTION 

Symmetric radial errors introduced in the data acquisition system could be the 
ones which may not lend themselves easily to mathematical modelling ( e . g . , due 
to the dynamics of the situation) or the ones whose models may not have been 
incorporated in the data reduction scheme . A good example of such an error is 
the one caused by the glass plate in front of the camera lens at the time of 
photography . In GIANT V3 . 0  a generalized mathematical model based on an odd 
order polynomial has been selected to simulate such errors . The coefficients of 
the polymomial are introduced as the additional parameters in the generalized 
photogrammetric least squares solution for higher precision in a photogrammetric 
proj ect . 

Most of the times in photogrammetric applications precise value of the 
altitude ( Z  coordinate) of photography is not needed such that symmetric radial 
errors are compensated for by the adjusted value of the camera altitude . 
However , when GPS is utilized in aerotriangulation , the camera position is 
determined precisely such that this compensation for the symmetric radial errors 
is not possible . Therefore, with the introduction of GPS in photogrammetric 
solutions it is necessary to compensate for such errors by some sort of a 
mathematical model. A polynomial ( eqn. 1 )  in the generalized photogrammetric 
solution is used . 

An odd order polynomial to express x and y components of the symmetric radial 
errors ( 6x and 6Y) are derived from the radial error (6r) : 

6r 

such that 

6x 

and 
6y 

where , 

x , y 

xo ' Yo 

6r 

r 

= « 6r)/r)  * (x xo ) 

= « 6r)/r)  * (y Yo ) 

image coordinates of a point p at a radial distance r from the 
point of symmetry (principal point) . 

principal point coordinates 

symmetric radial error 

radial distance of the image point under consideration . 

Substituting value of 6r from equation ( 1 ) :  

6x = ( K1 * r2 + K2 * r4 + K3 * r6 ) * ( x  - Xo ) 

6x = C * ( x  - Xo ) 
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similarly, 

where , 
6y = C * ( y  - Yo ) ( 3b) 

The collinearity relationship ( eqn . l , appendix K) can be further expressed as : 

- - - - - - - = 

f 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - = 

In functional form: 

F(x) = (x - Xo + 6x) + f * (Mx/Mz) = 0 

similarly, 

F(y) = (y - Yo + 6y) + f * (My/Mz ) = 0 

where , 

Mx 

Mz 

( 4a) 

( 4b) 

ml l , ml2 , ml3 , • • •  , m32 , m33 are the components of rotation matrix M :  

and 
x ,  y 

xo ' Yo 

f 

6x, 6y 

ml l m12 m13 

M = m2l  m22 m23 

m3l  m32 m33 

measured plate coordinates 

principal point plate coordinates 

principal distance 

symmetric radial errors in terms of Kl , K2 , K3 

In the solution of collinearity equations of the form above, the coefficients 
Kl ' K2 , K3 for the polynomial are solved for to obtain their adjusted values . 
This procedure, using model no . 3 in the GIANT V3 . 0  program, is suitable to 
compensate unmodelled symmetric errors in the data acquisition system. 
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APPENDIX K . --PRECISION KINEMATIC GPS IN AEROTRIANGULATION 
(Model No . 3 in GIANT V3 . 0) 

INTRODUCTION 

NAVSTAR Global Positioning System (GPS ) has been used in obtaining camera 
positions at the instant of photographic exposure . The GPS-derived camera 
positions were then used to compute the positions of the ground targets . It has 
been shown (Lucas 1987 ) that if the positions of a photogrammetric camera can be 
independently determined to an accuracy of 5 cm, then comparable accuracies may 
be obtained for points on the ground with little or no ground control required . 
Thus, the economic benefit of precision kinematic GPS in aerotriangulation is 
obvious . Also , this procedure can be effectively used with other imaging and 
nonimaging sensors . 

DETERMINATION OF FIXED VECTOR: (ANTENNA TO CAMERA NODE) 

To apply kinematic GPS in aerotriangulation, fixed antenna to camera-node 
vector must be determined precisely. The GPS measurements give the position of 
the receiver antenna located on the aircraft at the instant of photographic 
exposure . The antenna to camera-node vector then relates the antenna position 
to the camera position at exposure . Collinearity condition equations are then 
generated for a generalized photogrammetric aerotriangulation solution to obtain 
coordinates of ground points . 

In the GPS experiments (Lucas 1987 and Lucas and Mader 1989) the antenna to 
camera-node offset vector was measured with the help of steel tape and a .level . 
The offset components measured were fore/aft (x) , starboard/port (y) , and 
up/down ( z ) . These components were then used to relate the camera position to 
the observed antenna position . 

MATHEMATICAL MODEL 

Model no . 3 of photogrammetric triangulation in GIANT V3 . 0  determines the 
three offset components of the antenna to camera-node vector in the image 
coordinate system, in addition to : 

o the adjusted values of all other conventional parameters solved for in the 
generalized photogrammetric solution, and 

o the adjusted coordinates of all ground ( target) points . 

The modified collinearity equations (eqn . 3) used in the model include the 
antenna to camera-node offsets . (See fig . K . 1 . )  
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Considering the ground point P ,  the image point p ,  and the camera-node C ,  we 
obtain the following collinearity condition relationship (eqn . l ) :  , 

where , 

x ,y  

f 

M 

CAl ,  " Ie 

Xp ' Yp' Zp 

Xc ' Yc ' Zc 

Also , 

6X,  6Y , 6Z 

Thus , 

= ( 1 )  

- measured and refined plate coordinates of point P 

- principal distance of the camera scale factor 

- rotation matrix, ground to photo coord . system conversion ,  implicit 
in CAl ,  " Ie 

- rotations about x,  y and z axes 

- Geodetic coordinates of ' a point P 

- Geodetic coordinates of camera node 

( 2 )  

- geodetic coordinates of antenna 

- rotation matrix, photo to ground 

offsets , antenna to camera node, in geodetic coordinate system 

offsets , antenna to camera node, in image (photo) coordinate 
system 

( 3 )  

Knowing XA,  YA' ZA from GPS , and the measured and refined plate 
coordinates x ,y  of a target point , the unknown parameters : 

are solved for . 
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The complexity of the generalized collinearity equations is not brought out in 
this presentation . This only illustrates as to how the three components :  �Xo ' 
�Yo ' �Zo ' of the fixed vector , antenna to camera node, are introduced into the 
formation of equations based on collinearity condition . 

Observation equations of the form described above provide a formal solution to 
the problem of aerotriangulation without ground control , but additional 
conditions must be satisfied before an unambiguous solution is possible . It can 
be seen that some ground control is required for a single strip of GPS­
controlled photography . Aerotriangulation using GPS without any ground control 
is possible only when multiple photo strips with side overlap are used . Ground 
points , where only the elevation is known, are sufficient constraints for a 
single strip of GPS-controlled photography, provided this elevation control is 
far enough away from the vertical projection of the line through the antenna 
positions (Lucas and Mader 1989) . 
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