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ENVIRONMENT 

GI ANT is a modular style program written i n  FORTRAN 77. The 
source code for the software , as well as sample data set ( seven 
f i les in a l l ) , are on a 3 . 5 inch double s ided , high dens ity , 135 
tracks per inch diskette in ASCII format . 

Although originally written for the IBM 3 6 0 / 370 computers , the 
program has no machine dependent limitations when run on a 
virtual memory computer . The maximum size o f  a proj ect that the 
program accommodates depends on the values of certain parameters . 
These are defined during the instal lation of the program . 

AVAILABILITY 

This documentation of the GIANT program accompanies the 
software 'sold by the Information Services Branch ( N/NGSI2 ) ,  
Nationa� Geodetic Survey , National Ocean S ervice , Nationa l 
Oceanic and Atmospheric Administration ( NOAA ) . Future 
enhancements , ' corrections , or updates to GIANT wil l  be announced 
and made ava ilable to those on the l ist . 

Specific questions regarding GIANT should be addressed t o : 

Photogrammetry Divis ion (N/NCG3 )  
National Geodetic Survey 
National Ocean Service 
National Oceanic and Atmospheric Admi�is trati on 
S ilver spring , MD 2 0910�3 2 8 2  

Tel ephone ( 3 0 1)  7 1 3 -1 4 2 8  

Mention of a commercIal company or product does 
not constitute an endorsement by the u . S .  
Government . Use for publ icity or advertising 
purposes' of information from thi s  pub lication 
concerning proprietary products or the tests o f  
such products i s  not authorized . 
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PREFACE 

T his user's guide addresses the needs of a photogrammetrist who 
may w ant to perform analytical aerotriangul ation using the new 

v er'sion 4.0 of GIANT (General Integrated ANalytical 
Tr iangulation) program . Th e sou �ce of th is program is the 
origin al GIANT prog�am (Elassal 1976), explained in GIANT User's 
Guide (Elassal and Malh otra 1987). How ever, several signi fican t 
changes and enh anc ements to th e 1987 v ersion were made and 
documented in the GIANT Version 3.0 User's Guide, NOAA T echnical 
Memorandum NOS CGS 4, (Elassal and Malh otra 1991). Fu r the r 
enhancements lead to the present GIANT Version 4 .0 and prompted 
the rewriting of this user's guide. 

The organization of ·the material is similar to the one for the 
previous GIANT Version 3. 0 User's Guide. The main text of the 
GIANT Version 4. 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 create 
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 from the GIANT Version 3.0 User's Guide have been 
included in their -entirety in this User's Guide for ready 
reference to some of the important background information related 
to the GIANT program. For more basic information on . 
aerotriangulation in general, the reader may wish to consult the 
Analytical Mapping System User's Guide (Engin�ering Management 
Series , 198 1) . Another good reference is the Manual of 
Photogrammetry (American Society of Photograinmetry 198 0 )  . 
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I .  INTRO DUCTION 

A sufficiently dense control net is required to adequatel y 
control photogrammetric instrument settings for exploitation of 
photographs to generate base maps by stereocompilation, 
orthophoto mosaic, or other methods. Control may be established 
photogrammetrically by one of the three well known 
aerotriangulation methods: analog, semianalytical, or fully 
analytical. The fully analytical approach is usually used. 
Various algorithms for analytical aerotriangulation have been 
developed since the 1960's when digital computers made the 
associated computations possible and economical. Its primary 
advantage is the flexibility to accept and enforce various 
parameters of the data acquisition system, such as, photographic 
formats, camera focal lengths, ground control, camera station 
state vector, including positional information obtained from the 
Global Positioning System (GPS) , perform self calibration and 
systematic error treatment. 

The three data reduction phases of an analytical system: 

o Preprocessing or data refinement. Measured image 
coordinates 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, etc. , for an 
iterative least squares solution to soive 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. 

I.A Functions of GIANT Program 

GIANT is a computer program designed to perform analyti cal 
aerotriangulation to solve for the ground coordinates of image 
points measured on two or more photographs in a block of 
photographs. The basic parameters solved by this program are the 
ground coordinates of each of the measured image points, and the 
state vector (position and attitude) parameters of each of the 
camera exposure stations in a block of photographs. In G IANT 
Version 4.0 the concept of a photo group in GIANT Version 3. 0 has 
been extended to define hierarchy/organi zation of a block of 
photographs in a proj ect to facilite data entry and reduction. 
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I . .  A. 1. Background informa tion 

In t he previous version, GIANT Version 3.0, a block of 
p hotographs in an aero-triangula tion project is subdivided into 
sub-blocks, called photo groups. Each photo group is 
distinguished by the data reduction parameters associated with 
it. These pa rameters are based on the characteristics of the 
data acquisition system. To describe the photo group, three 
parameters for a photo group were introduced in GIANT Version 
3.0. These three parameters represent any one of the following 
three mathematical· models (Elassal and Malh otra 1991): 

o a model to enforce the GPS determined camera positions, 
o a model to perform camera self calibration, and 
o a model to compensate unmodelled symmetric radial errors 

in the image plane. For example, errors c aused by a glass 
plate used for mounting the camera in the fuslage, cabin 
pressure , etc.) 

GIANT Version 4.0 has been enhanced to simultaneously include 
parameters to represent any or all of the three mathematical 
models of GIANT Version · 3.0, in addition to an option to include 
a set of three parameters of a fourth mathematical model which 
compensates any unmodelled asymmetric errors in the image plane 
due to the Camera or an imaging system. 

These parameters are introduced as observations in the least 
squares adjustment of the generalized photogrammetric problem. 
These parameters are solved for simultaneously in the adjustment. 

I. A. 2. Hierarchy / organiza tion of hlocJc of photographs in a 

project and its functionality in GIANT Version 4 .. 0 

In order t o  facilitate the introduction of standard deviations 
of measured quantities and the parameters for the mathematical 
models , the concept of photo group of GIANT Version 3. 0 has been 
extended to three levels of hierarchy/organization in GIANT 
Version 4. 0. Figure 1. 1 illustrates the hierarchy/organization 
of a block of photographs for a typical triangulation project 
using GIANT Version 4. 0. This hierarchy/organization is based on 
photographs taken from one or more camera system , each camera 
system having one or more photo groups. The three levels of 
hierarchy , l owest to the highest level, are the photo group 
level , the camera system level , and the proj ect level. 

In case certain parameters (such as standard deviations of 
coordinates of a ground control point) are not given a value by 
definition or by default at a lower level, then it is given a 
value by default at the next higher level in the adjustment. 
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Project Level 
System Level 

Photo Group Level 

r 

Camera 1 · . . .  

Model l (c,Xk,Yk) 
Model 2 (k1, b 3) 
Model 3 (k4,ks,phi) 

I 
Photo 
Group 1 · . . . 

Model (GPS offsets) 

r 

Photo 1 · . . . 

Project 

Camera 

f-' 

Photo 
Group 

� 

Photo i 

1 

1 

· . . .  

· . . . 

· . . . 

Default Std 
Deviations 

1 

1 Camera 01 
Default Std 
Deviations 

I 
Photo 
Group m 

Default Std 
Deviations 

1 

Photo p 

Figure I.l.--GIANT V4.0 Organization/hierarchy of a bloc k  of 
photographs in a triangulation p ro ject. 

Photo group level: 

At this level, each photo group (sub-block) of photographs is 
distinguished by: 

o the usage/nonusage of the model for GPS antenna offsets, 
o the standard deviation values for the image coordinat es 

and the state vector (position and rotations) of the 
photographs. 

(Note: If these standard deviation values are not assigned 
at the group level then these are assigned at the next 
higher level of the camera system.) 
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T he camera system level (Figure 1. 1): 

At this level, each camera system is c ha racterized by: 

o The usage/nonusage of up to three camera system models, 
(described below) , and 

o The standard deviation values (by default or definition) 
for the image coordinates and the s tate vectors of 
p hotograp hs. 

(Note: These standard deviation values will be a s signed 
only when not assigned at the photo group level . ) 

The three mathematical models are: 

o Model l: Includes the three parameters of camera system: 
o parameters (f- focal length, a nd x and y 

coordinates of the principal point) 

o Model 2: Includes the three parameters of unmodelled 
symmetrical radial errors in the image plane: 

o parameters (kl, k2f k3) 

o Model 3: Includes the three parameters. of unmodelled 
asymmetric errors in the image plane: 

. 0 parameters (k4 , ks and Phi) 

The project level (Figure 1. 1 ) :  

At this l�vel, the standard deviation values o f  object space 
coordinates of control points are defined and options for v arious 
computations in the adjustment are also defined (for details see 
job definition record , COMMON file, Sec. II.B.l) . 

Functionality: 

Thus, each photograph belongs to a photo group, which could be 
G P S  controlled, and each photo group could be distinguished from 
other photo groups by the choice of the mathematical models , 
peculiar to the imaging system of the photo group. 

This hierarchy or organization (Figure 1.1 )  is conveniently 
used to assign values (by default or definition) to the standard 
deviations of measured quantities, and for the inclusion of 
appropriate mathematical models for: 

o GPS data input, 
o camera self calibration, 
o correcting unmodelled symmetric radial errors, an d  
o correcting unmodelled asymmetric errors 
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I.A.3. General considerations of GIANT program 

The GIANT program uses an iterativ e least squares technique. 
A ll param eters are treated as w eigh ted observ ations, ranging from 
know n to unknown. Observation equations are set up as functions 
of th e parameters. The solution assumes observ ations to be 
unc orrelated . All parameters and observ ations may b€ w eigh ted to 
reflec t a priori knowledge of th eir prec ision. Th is is 
partic ularly useful in differentially w eigh ing control (ground or 
GPS determined ) , c ompensating for different sources of c ontrol 
and varying precision, as well as being able to utilize control 
with unknown components. By allowing the use of partial control 
points, any horizontal and vertical component, know n with v arying 
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 reduced for comparable accuracy. 

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 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 
parameters 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 GIANT program expects object space coordinates to be in 
a space rectangular or in a spherical/geographic coordinate 
system. Geographic latitude, longitude and ellipsoidal heights 
are converted to rectangular geocentric coordinates. Any field 
measured orthometric height is converted off-line to ellipsoidai 
height before use in the program. 

The rectangular coordinate system is generally required for 
close-range photogrammetry and the spherical/geographic system 
for conventional mapping projects. The camera attitude is 
parameterized as roll, pitch , and yaw (w, ¢, K) in a local 
vertical system, which express the image to object relat ionshi p. 
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I.B. Program Capabilities and Restrictions 

The GIANT Version 4.0 em ploys a highly efficient algorit hm 
for the form ation, solution, and inv ersion of large linear 
systems of equations. During installation of the program ,  the 
agency, using th e program, m ust determine the m aximum size i t  
w ill ever handle for th e follow ing parameters: 

Description of Param eter : 

o Maxim um number of auxiliary m od els 

Symbol 

for camera systems (current value = 0003) . . . . . . . . . . . . . .  MO 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

Maximum number of auxiliary models 
for photo groups (current value = 0001) 

Maximum number of camera systems 

Maximum number of photo groups 

(Maximum number of camera stations) 
+ (MO*NO + Ml*Nl) 

Maximum number of ground points 

Maximum number of control points «= N2) 

(Maximum number of frames seeing 
a point) + {MO*NO + Ml*Nl} 

Normal Equations bandwidth allow for 
(MO*NO + Ml *Nl ) 

Reduced Normal Equations {N6-1} 

Size of coefficient matrix 
(N6 (N6+1) /2) *36} 

Size of Constant Vector (N6 * 6) 

Ml 

NO 

Nl 

N2 

N3 

N4 

. • . . . . • . • . • . .. N 5  

N6 

N7 

N8 

N9 

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

other Capabilities: 

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 (w, ¢, K) which express the rel ation between image 
and object coordinate spaces. 

o Camera station pos ition and attitude parameters can be 

constrained indivi dual l y , using proper weights (Sec.II. b. 2) 

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 
Nl as defined above) and any number of imaging systems (not 
to exceed NO) 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 
resHlt 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 additional record (sec. II.B.1) . Provision still 
exists for declaring individual data items (sec. II.B.5) . 

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. 

GIANT Version 4 .0 introduces new parameters for each photo 
group and for each imaging system (camera) into the photo­
grammetric solution. The new parameters are introduced as 
observations and are weighted as either known or completely 
unknown in the least squares solution. Corresponding to each of 
the parameter sets there is a mathematical model which gives 
additional capabilities to the GIANT Version 4 . 0 program. 
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II. DATA FILES USED 

This sectIon describes the input and ouput data files used In 
GIANT Versio� 4.0. 

II.A. An Overview 

The six input data files are: COMMON, CAMERA, GROUPS, IMAGES, 
FRAMES, and GROUND and the output data files are the PRINT and 
ADJUSTED DATA files as shown in Figure 11.1. 

INPUT 
FILES: 

OUTPUT 
FILES: 

Print File 

Exterior' 

Orientation 

Print 

Print File 

Adjusted Ground 

Coordinates 

GIANT 

Adjusted Data 

Data File 

Exterior 

Orientation 

Data File 

Adjusted Ground 

. Coordinates 

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

There are three stages of data reduction as explained in sec.I. 
In the preprocessing stage, the measured image coordinates are 
reduced from machine coordinate system to the image coordinate 
sys�em, and are refined by eliminating certain systematic errors 
before entering the GIANT V4.0 program. The corrections made are 
for film deformation, lens distortion, and atmospheric 
refraction. For a detailed description. of a typical 
preprocessor, refer to t0e Engineering Management Series (1981). 
The switch for applying atmospheric refraction correction (sec. 
II.B.l, record no. 2) within GIANT Version 4.0 is turned off if 
the correction has already been made in the preprocessor. 
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GIANT Version 4.0 program has an atmospheric refraction 
correction model appli cable up to an altitude of 9,000 m 
(appendix F). The dyn ami c nature of this model makes it possible 

to carry out a m ore accurate correction for the refraction 

effect. This correction is based on th e altitude and attitude of 
the camera. In th e program's iterati ve adjustment process, the 

a tm os pheric refrac tion correction is carried out accord ing to the 
updated state vector of th e cam era . T he application of this 
model slows down th e convergence of the solution with only a 
slight improvement in the res ults . This may discourage its use 
by production units. 

II.B Input Files and Their Organization 

In this section, the following input files: 
FRAMES. IN, IMAGES. IN, GROUND. IN, GROUPS. IN 
detail for their contents and organization: 

II. B. 1. COMMON fi�e 

COMMON, CAMERA . IN, 
ar e described in 

The output list from the GIANT Version 4.0 execution will 
d epend on the options used in the input COMMON file. Also, 
computational steps in the data reduction will be dictated by the 
options chosen in the job definition data record (Record 2). The 
COMMON file for the triangulation project may be prepared by an 
analyst using the details given below: 

COMMON: Record 1:· Project Title 
Eighty (20A4)  alpahnumeric characters title will be printed at 
the top of each page of the program printout. 

COMMON: Record 2: Proj ect Job Definition - This record contains 
job option flags and parameters for the· triangulation run. 

Column 

1 

Content 

Definition of object space 1 
=0 ,  Rectangular coordinates 
=1 , Geographic coordinates 

Field 

11 

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

All angles are in Degrees, Minutes and Seconds (DMS) . The DMS 
field is +DDDMMSS.SS ... SS, where DDD are degre es ; MM are minutes; 
SS.SS ... SS are seconds. For example: 

In DMS field -312 deg. 42 min. 53.49 sec. i s -3124253.49 
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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.SSSS, but leading zeros must 
be included in the minutes and seconds portion. 

COMMON: Record 2 - Job definition (continued): 

Colwnn 

2 

3 

4 

5 

7 

8 

9 

10 

Content 

Type of camera station r otations switch 
(affecting both input and output) 

=0 , Photo- to- ground 
= 1 , Ground-to-photo 

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

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

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

List output triangulated ground point 
coordinates switch 

=0, list 
=1, do not list 

Save (as data file) output triangulated 
ground coordinates switch 
= 0 , save 
=1, do not s.ave 

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

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

camera position and attitude fixed 

Selected process switch 
= 0 , perform complete triangulation 
=1, perform intersection only, 

camera position and attitude fixed 

10 

Fi eld 

11 

11 

11 

11 

11 

II 

II 

II 
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COMMON: Record 2 - Job definition (continued) 

Column 

11 

12 

13 

14 

1 5 

16 

17 

1 8  

Content 

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

A posteriori unit variance adjustment flag 
=0, unit variance based on completely 

free camera station pa rameters 
=1, unit variance based on constrained 

camera station parameters 
=2, Unit variance set to unity 

Sort triangulated ground points switch 
=0, perform aSGending sort of ground points 
=1, do not perform sort 

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

Any valid alphanumeric character. Lea ding 
character(s) matching this character 
will be removed from name f ields of camera 
systems, camera stations, and ground p oints 

Air refraction model switch 
=0, do not apply . 
=1, apply 

Water refraction model switch 
=0, do no apply 
=1, apply 

Cabin pressure refraction model switch 
=0, do not apply 
=1, apply 

Field 

II 

II 

II 

II 

Al 

11 

II 

II 

1 9  Criterion E for convergence of least squares 11 
adjustment. Least squares s olution will be 
considered complete if the absolute change 
in the weighted sum of squares of res iduals for 
two consecutive iterations is less than E per�ent. 
Default value of E is 5. (Reference for criteria: 

p 97, Manual of Photogrammetry , American Society 

of Photogramrnetry, Ed. 1980. And for s pecific 
details see page 46 below) 
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COMMON: Record 2 - Job definition (continued): 

Column 

31-40 

41-50 

51-60 

61-70 

Content 

Water level (linear units ) with respec t to 
the referenc e elli ps oi d, at the ti me o£ 
ex posure. T his v alue applie s to th e wh ole 
bloc k for bathymetric mapping applic ation 

Plate res i du al lis ti ng c riteria (F, in 
mi crometers ) 

=0, All i mag es res i duals listed; 
>0, Only those residuals whose ab solute 

value > F listed; 
<0, No residuals li s ted 

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

Semiminor axis of the Earth ' s  spheroid in 
linear units. If not specified, program will 
assume the value of Clarke ' s  1866 spheriod 
(=6,356,583. 8 m) . 

COMMON: Record 3: 

Field 

F10.3 

110 

F10.2 

F10.2 

This record defines default standard deviationsl o r  sigma values 
for control points. 

Column No. 

1-10 

11-20 

21-30 

Content 

Sigma X, defaults to 1.0 units 
or Sigma n (DMS) , defaults to 0.01 DMS 

Sigma Y, defaults to 1.0 units 
or Sigma ¢ (DMS) , defaults to 0.01 DMS 

Sigma Z, defaults to 1. 0 units 
or sigma H of ellipsoidal height (linear 
units) , defaults to 1.0 unit 

Field 

F10.3 

F10.3 

F10.3 

lStandard deviation of object space coordinates of c ontrol points 
can be defined in the GROUND.IN file. If not s pecified, the 
program will adopt project default value s as above. 
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II.B.2. CAMERA. IN fil e 

A photogrammetric triangulation project consists of one or more 
imaging systems and the CAMERA.IN file defines al� of the lmaging 
systems in a triangulation project. 

Each of the imaging systems may be defined by one or more 
records (maximum of four records : one ZERO record and three 
Model records). ZERO record is a must. However, the model cards 
are optional, depending on the appl�cation. 

CAMERA. IN � Record 1 - System definition or ZERO card: 

Columns 

1 - 8 

10 

11-15 

16-20 

21-30 

31-40 

41-50 

51-60 

61-70 

71-80 

81-90 

Content 

System Name 

Switch = 0 (System definition or Zero card) 

Defaul t -sigma-x for x-image coord. 
(microns, right justified) 

Default sigma-y for y-image coord. 
(microns, right justified) 

Principal distancel 
(microns, right justified) 

Default sigma-X(=60,000 linear} or 
Default sigma h (=10 minutes) for camera 

Default sigma-Y(=60,000 linear} or 
Default sigma ¢ (=10 minutes) for camera 

Default sigma-Z(=60,000 linear} or 
Default sigma-H(=60,000 linear} for camera 

Default sigma-Q orientation (=900) for camera 

Default sigma-¢ orientation (=900) for camera 

Default sigma-K orientation (=90°) for camera 

Field 

2A4 

II 

F5. 0 

F5'.0 ' 

FlO. O 

FlO. O 

F10.0 

FlO. O 

FlO. O 

FlO. O 

FlO.O 

Iprincipal distance is negativ e if wor king in positive plane, and 
positive if working in ne·gative plane. 
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CAMERA. IN - Record 2: 
First model parameters (principa� distance, x- and y- coordinates 
of principal point) are defined 2S Parameters 1, 2, 2nd 3 in the 
format description given below. 

CAMERA. IN - Record 3: 
Second model parameters (radial lens distortion coefficients 
k1,k2,k3l are defined as Parameters 1, 2 and 3 in the format 
description given below. 

CAMERA. IN - Record 4 : 
Third model parameters (asymmetric distortion coefficients 
k4,ks,Phil are defined as Parameters 1, 2 and 3 in the format 
description given below. 

FORMAT Description for Record 2, 3, and 4 .  

Columns Content Field 

1 - 8 System 2A4 
1-0 Model = 1, 2 or 3 11 

11-20 Model Parameter 1 (P1) F10. 0 
21-30 Model Parameter 2 (P2) F10.0 
31-40 Model Parameter 3 (P3) FIO. O 
41-50 Standard deviation of P1 F10. 0 
51-60 Standard deviation of P2 F10.0 
61-70 Standard deviation of P3 F10. 0 

Update switch - switch 1: 
73 for P1 =0 do not update =1 update 11 
74 for P2 =0 " " =1 " 11 
75 for P3 =0 " " =1 " 11 

Solution switch - switch 2: 
78 for P1 =0 solve =1 do not solve 11 
79 for P2 =0 " =1 " " 11 
80 for P3 =0 " =1 " " 11 

Record definitions for other systems: 

Records 1 through 4 :  If more than one imaging system is used in 
the project, create similar records as for the first system and as 
are necessary to define the system. In other words, a system must 
be defined by at least Record no. 1 (ZERO card) and none to as many 
model records (record 2 to 4) as are necessary to define the 
system. 
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II.B.3 FRAMES.IN file 

��ES.IN data file provides estimates of camera position (or of 
GPS antenna position when using GPS offset model) and of at�itudes 

for each frame in a project. For each frame there are t wo records: 

one for position and the other for attitude. Only those frames, 
appearing in the FRAMES.IN file, will be considered in the 

triangulation process. The frames included in this file must also 

be included in the IMAGES.IN file (Sec. II.B.4). However, frames in 

the IMAGES.IN file may or may not be included in file FRAMES.IN 

FRAMES. IN Record 1: Frame position record 

Column 

1-8 
9- 2 0  

2 1-32 

33-4 4 

. 45-54 

55-64 

65-74 

80 

Content 

Frame identification 
Primary component of frame position 

Coordinate (X) in space rectangular 
coordinate system (linear units) ; 
Longitude (�) in geographic 
coordinate system (DMS) 
Secondary component of frame position 
Coordinate (Y) in space rectangular 
coordinate system (linear units) ; 
Latitude (�) in geographic 
coordinate system (DMS) 
Tertiary component of frame position: 
Coordinate (Z) in space rectangular 
coordinate system (linear units) ; 
Elevation or ellipsoidal heigpt (H) in 
geographic coordinate system (linear units) 
Standard deviation of primary coordinate 
of frame position: Sigma-X 
in rectangular coordinate system 
(default option = 60,000 units) ; 

Sigma-Longitude (n) in geographic coordin­
-ates (default o ption = 10 minutes) (DMS) 
Standard deviation of secondary coordinate 
of frame position: Sigma-Y 
in rectangular coordinate system 
(default option = 60,000 units) ; 
Sigma-Latitude (¢) geographic coordin-

-ates (default option = 10 minutes) (DMS) 
Standard deviation of tertiary coordinate 
of frame position: Sigma-Z 
in rectangular coordinate system 
(default option = 60,000 units) ; 

Sigma-H in geographic coordinates 
(default option = 60000 units) 

Solution Switch (see explanation below) 

15 

Field 

2A4 
F12.3 

F12.3 

F12.3 

·F10.3 

F10.3 

F10.3 
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FRAMES.IN Record 2 Frame (photo) attitude record: 

Colwnn Content Field 

1-8 Frame identification 2A4 
9-2 0 Primary rotation angle (U) ) F12.3 

frame attitude (DMS) 
2 1-32 Secondary rotation angle (<p ) F12.3 

frame attitude (DMS) 
33-44 Tertiary rotation angle (K) 1 F2 . 3 

frame attitude (DMS) 
45-54 Standard deviation of primary F10.3 

rotation angle (default = 90 DMS) 
55-64 Standard deviation of secondary FIO.3 

rotation angle (default = 90 DMS) 
65-74 Standard deviation of tertiary F10.3 

rotation angle (default = 90 DMS) 
80 Solution Switch (see eXElanation below) 11 

Repeat the above FRAMES.IN Record 1 and 2 above for as many frames 
as there are in the project. 

Notes: 

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

ThE:! maximum number of frames· depends on the value of the parameter 
(NI) which is defined during the installation of the GIANT·program. 

Explanation of the Solution Switch in the FRAMES.IN tables above: 

Solution Switch 
= 0 components not solved 

1 solve for primary component 
= 2 solve for secondary component 
= 3 solve for primary and secondary components 
= 4 solve for tertiary component 
= 7 =1+2+4 solve for all the components 
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II.B.4 IMAGES. IN file 

This file contains preprocessed (refined) 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. For each frame: 

Record 1 - Header record format : 

Column 

1-8 
11-20 

21-30 

31-4 0 

41-4 8 

Content 

Frame (photo) identification 
Imaging system principal distance (microns) 
with proper sign. If this data field is 
left blank, the principal distance will be 
extracted from GROUPS. IN file, Sec II.B.6. 
Assigned standard deviation of image 
x�coordinate (microns) . Default value=10 
Assigned standard deviation of image 
y-coordinate (microns) . Default value=10 
Photo group identification: 
same as in GROUPS.IN file, Sec. I I.B.6. 

Field 

2A4 
110 

110 

110 

2A4 

the system name 
need t o  enter 

Furthermore, if 
coordinates are 

In triangulation tasks, which involve one system, 
field may be left blank. This alleviates the 
characters in columns 4 1-48 of the current record. 
the default standard deviations for image 
exercised, then columns 21-40 are left blank. 

IMAGES. IN Record 2 through N+l format: 
One record for each image point (N = Number of image points 
per frame) . Any number of such records can be included per frame. 

Column Content 

1-8 Image point identification 
11-20 Image x-coordinate (microns) 
21-30 .Image y-coordinate (microns) 

Field 

2A4 
110 
110 

IMAGES.IN Record (N+ 2) : Frame termination record format: 

Column Content. 

1-8 ******** 

Repeat above records for each sUbsequent frames. 

17 
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II.B.5 GROUND. IN file 

The file contains coordinates of ground contro� points In a 
project. Record format for each ground control: 

Column 

1-8 
9-20 

21-32 

33-4 4 

45-54 

55-64 

65-74 

80 

Content 

Identification of ground point 
Primary component of ground control 
Coordinate-X in rectangular coordinate 
system (linear units) ; Longitude (A) in 
geographic coordinates (DMS) 
Secondary component of ground control 
Coordinate-Y in rectangular coordinate 
system (linear units) ; latitude (¢) in 
geographic coordinates (DMS) 
Tertiary component of ground .control 
Coordinate-Z in rectangular coordinate 
system (linear units) ; Elevation (h) in 
geographic coordinates (DMS) 
Standard deviation of primary component 
of ground control coordinates: Sigma-X 
in rectangular coordinate system 
(default to value in COMMON file) 
Sigma-en) in geographic coordinate system 
(defaul t to value. in COMMON file) 
Standard deviation of secondary component 
of ground control coordinates: Sigma-Y 
in rectangular coordinate system 
(default to value in COMMON file) ; 
Sigma-(<l» in geographic coordinate system 
(default to value in COMMON file) 
Standard deviation of tertiary component 
of ground control. coordinates: Sigma-Z 

in rectangular coordinate system 
(default to values in COMMON file) ; 
Sigma-H in geographic coordinate system 
(default to value in COMMON file) 
Missing component indicator: 
= 0, no missing component (complete control) 
= I, ignore primary component 
= 2, ignore secondary component 

4, ignore tertiary component 
(planimetric control point) 

X, where X is the sum of any two 
Of the .above mentioned codes, means 
ignore corresponding two components 

Example: X = 1+2 = 3, means elevation point 
X = 1+2+3 = 7, unknown point 

18 

Field 

2A4 
F12 . 3  

F12. 3 

F12. 3 

F10.3 

FIO.3 

FIO.3 
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II.B.6 GROUPS. IN file 

The photo gr oups are distingished by the usage/nonusage of GPS 
control s for the photographs in the group. Each photo group has 

a unique camera or imaging system. 

Each group has two records: 

GROUPS. IN Record 1 :  consists of group and camera identification: 

Column 

1-8 
13-20 

Content 

Photo group identification 
Camera system identification 

Field 

2A4 
2A4 

GROUPS. IN Record 2: gives group identification, indicator 
for usage/non-usage of GPS antenna position, GPS offsets: �X, �Y, 
6Z (Equation 2, Appendix K), standard deviations for each of the 
offsets, and two switches: the update and the solution switches. 

Column 

1-8 
10 
13-20 
21-30 
31-40 
41-50 
51-60 
61-70 
71-80 

83 
84 
85 

88 
89 
90 

Content 

Photo group identification 
Indicator = 1 (GPS usage) 
Camera system 
GPS offset: 6X 

" " 
" " 

standard deviation of �X 
" " " 6Y 
" " " 6Z 

=0 (no GPS) 

Update switch: = 0 (do not update) = 1 (update) 
Update switch for 6X 

II " " 
" " " 

Solution switch: = 0 
Solution switch for 

" " " 
" " " 

6Y 
6Z 

(solve) =1 (do not solve) 

Field 

2A4 
11 
2A4 
F10. 0 
F10. 0 
F10. 0 
F10. 0 
F10. 0 
F10. 0 

11 
11 
11 

11 
11 
11 

GROUPS. IN Record 1 and 2 are written for each photo group. 
Each photo group has a unique camera system distinguished by the 
data of these records. 

II. B.7 SAMPLE:. INPUT DATA FILES 

The following section illustrates input data files for G IANT 
Version 4. 0 for a typical aerotriangulation project. 
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Sample COMMON f i l e  
1 2 3 4 5 6 7 8 

1 2 3 4 5 67 8 9 0 1 2 3 4 5 6 7 8 9 012 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0 12 3 4 5 67 8 9 0 123 4 5 6 7 8 9 0  

SAMPLE RUN FOR NOAA/NOS GIANT V4 . 0  PROGRAM 
1 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 3  1 5  
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Sample of CAMERA.IN file: 

1 2 3 4 5 6 7 8 
1 234 5678901234567890 1 234567 890 1 234567 890 1 234567 8901234567 89012345678901234567890 

CAMERA01 - 1 532 80 
CAMERA01 1 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  100.0 1 00.0 1 00.0 0 0 0  0 0 0  
CAMERA0 1  2 0.0 0 0 0  0 . 0 0 0 0  0.00000. 1 0 0 0E+0 5 0. 1 00 0E+050. 1 000E+0 5 0 0 0  0 0 0  
CAMERA01 3 0 . 00 0 0  0.0000 O . OOOOO.OO O OE + O O O. O O O OE+OOO.OOOOE+ O O  0 0 0  0 0 0  
CAMERA02 -1 5328 5  
CAMERA02 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0000 1.00 0  1 .  0 0 0  1. 0 0 0  0 0 0  0 0 0  
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S amp 1 e FRAMES . IN fi 1 e 
1 2 3 4 5 6 7 8 

1 2 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0 12 3 4 5 67 8 9 0 12 3 4 5 6 7 89 0 12 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0  

SAl 
SAl 
SAID 
SAl 0 
SA2 
SA2 
SA3 
SA3 
SA4 
SM 
SA5 
SA5 
SM 
SM 
SA7 
SA7 
SA8 
SA8 
SA9 
SA9 
SB1 
SB1 
SB10 
SB10 
SBll 
SBll 
SB12 
SB12 
SB13 
SB13 
SB14 
SB14 
SB2 
SB2 
SB3 
SB3 
SB4 
SB4 
SB5 
SB5 
SB6 
SB6 
SB7 
SB7 
SB8 
SB8 
SB9 
SB9 

- 12 2 4 4 2 5 . 8 0 2  
- 1 9 2 3 . 3 14 

- 1,2 2 4 9 5 9 . 0 9 2  
2 1415 . 7 4 8  

- 12 2 4 3 53 . 0 22 
21045 . 0 9 4  

- 12 2 4322 . 8 0 8  
3 5721 . 119 

- 1224226 . 4 9 5  
2 0 629 . 3 2 0  

- 122413 8 . 0 9 3  
2424 . 2 11 

- 12 2 4 045 . 72 0  
21924 . 2 03 

- 12 2 3 9 5 5 . 15 6  
14704 . 547 

- 1 2 2 3 9 0 5 .2 64 
. 113 3 4 . 9 6 8  

-1225 049 . 182 
4 3 3 0 . 9 6 6  

- 12 2 4 9 0 6 . 92 3  
2726 . 52 5  

- 12 2 3 625 . 10 6  
' 14 854 . 612 

- 12 2 3 715 . 241 
. 1 3 53 1 . 4 9 8  

-1223 807 . 112 
2 3 12 6 . 0 0 0  

- 12 2 3 85 6 . 541 
· 5 9 0 1 .  775 

-1223 949 . 0 05 
3458 . 622 

- 1224 811 . 15 9  
44621 . 3 3 0  

- 12 2 472 0 . 9 87 
537 . 8 6 6  

- 12 2 4 63 1 . 5 9 4  
23422 . 6 5 8  

- 122454 6 . 3 02 
4455 . 7 3 1  

- 122445 5 . 7 6 4  
2105 9 . 3 9 1  

- 12 2 3 4 0 4 . 8 3 4  
13549 . 3 9 8  

- 12 2 3 4 5 0 . 5 6 5  
21754 . 6 6 5  

- 12 2 3 5 3 6 . 0 44 
- 3 5 2 2 . 4 81 

4710 2 8 . 5 2 5  
- 3 2 5 3 . 147 

47112 6 . 9 8 4  
2 3 7 . 2 4 6  

47 1122 . 2 4 0  
- 3 123 . 8 2 6  

471211 . 7 0 3  
- 3744 . 9 84 

4713 5 5 . 74 5  
- 3 045 . 645 

4715 2 9 . 6 9 8  
-4219 . 7 6 6  

4717 0 2 . 3 2 2  
- 3 73 5 . 117 

47183 5 . 017 
- 3 6 11 . 3 97 

472007 . 552 
- 3 9 0 0 . 67 9  

470954 . 2 9 8  
- 3 0 0 . 6 6 6  

4713 0 8 . 13 9  
- 93 8 . 63 3  

47155 8 . 89 9  
, -4322 . 57 0  
47143 4 . 3 2 1  

-5018 . 47 0  
,471310 . 5 8 6  

-40 3 8 . 613 
471144 . 7 9 9  

-4905 . 47 0  
471021 . 3 13 

- 5 0 2 0 . 15 3  
47144 6 . 9 9 7  

743 . 7 95 
47162 5 . 6 6 8  

- 9 40 . 3 5 9  
471804 . 5 8 9  

13 0 . 3 8 8 
471943 . 7 04 

- H0 8 . 015 
4 7 2 12 2 . 19 8  

-747 . 8 3 9  
472015 . 7.3 7 

- 3 9 2 9 . 8 9 8  
4 7 1 85 0 . 4 5 2  

- 3 5 3 1 . 3 4 8  
471723 . 8 17 

- 3 5 2 3 . 111 
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5 98 6 . 8 3 1  
2 8 4 0 8 2 6 � 1 1 2  

5 52 8 . 2 5 0  
2 8 7 5527 . 9 2 7  

5 9 8 7 . 67 1  
2 845757 . 0 7 0  

5 9 8 8 . 6 6 9  
2 84 0713 . 8 0 5  

5984 . 0 8 2  
2 8 0 5553 . 63 7  

5984 . 6 6 7  
2 815923 . 0 2 7  

. 5 98'2 . 3 61 
2 8 3 0559 . 0 4 8  

5 9 8 0 . 7 8 8  
2 8 0 3 3 2 4 . 42 5  

5 9 8 0 . 3 5 8  
2 8 24929 . 71 3  

552 5 . 17 8  
2 9 0 2 141 . 4 6 1  

5528 . 8 (}3 
2 8 9 0 3 41 . 11 6  

5441 . 29 1  
1144615 . 3 0 2  

543 6 . 8 0 9  
113292 � . 7 0 9  

5447 . 6 8 5  
113443 4 . 43 2  

5443 . 12 9  
1141327 . 4 0 8 ·  ' 

5437 . 85 4  
115485 8 , 10 3  

5 5 3 0 . 0 4 0  
2 8 910 55 . 5 1 9  

5 5 3 0 . 2 0 9  
2 8 81921 . 7 3 1  

552 8 . 57 1  
2 8 613 13 . 8 5 5  

5525 . 27 1  
2 8 55521 . 5 0 6  

5522 . 15 7  
2 87 5 3 17 . 60 5  

543 8 . 94 8  
11213 0 1 . 6 4 3  

54 3 9 . 7 7 8  
H 2 5 3 11 . 8 0 7  

5444 . 15 8  
1121318 . 2 5 4  

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 



s amp l e  IMAGES . �N file 
1 2 3 4 5 6 7 8 

1 2 3 4 5 67 8 9 0 12 3 4 5 67 8 9 0 1 2 3 4 5 67 8 9 0 12 3 4 5 67 8 9 0 1 2 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0  

SAl , .. GROUP1 
lA 3 9 5 0  1649 1 
2 A  7 2 5 0 4  82418 
3 A  9 7 8 5 2  - 9 0 6 5 8  
4 A  108 5 3 4  647 9 0  
6 5 1 1 0 0  - 7411 - 85 842 
6 5 1 2 0 0 10 6 5 6  73707 
6 5 12 0 1  517 0 8  197 8 9  
6 5 1 2 0 2  7 6 1 5 9  - 98 9 9 6  
* * * * * * * *  
SA10 GROUP 1 
1 6A - 8 9 9 17 - 85954 
1711. -124 0 8  83520 
1 8A 167 6 3  - 8 8424 
19A -1014 9 4  -3626 
2 0A 92377 87325 
2 lA 82592 -102001 
2 6A 106444 -1849B 
6 5 1 2 0 0  163 0 0  - 109774 
6 7 9 1 0 0  :-4 0 3 4 7  -43119 
6 7 9 2 0 0  -73 0 B 9  85801 
6 7 9 2 0 1  -59735 - 6 8021 
6 8 02 0 0  257 0 2  35899 
* * * * * * * *  
SA2 GROUP 1 
lA -42 0 9 0  2944i 
2A 25745 98487 
3 A . 51314 -74335 
4A · 627 6 7  80587 
6 5110 0 -512 3 9  ·-71223 
6 5 1 2 0 0  ,.36715 88377· 
6 512 0 1  5 6 5 2  33484 
6 5 1 2 0 2  3 0 6 4 1  - 82615 
* .... * * * * * *  
SA3 GROUP 1 
lA - 83 9 9 6  413 6 5  
2 A  -16 3 0 1  1115 Bl 
3A 8 6 B B - 63155 
4A 215 5 0  9235 3  
5 A  7 9 1 0 1  -77 5 5  
6 51 1 0 0  -9222 1 . -5855 8 
6 5 1 2 0 0  - 7 9 2 9 0  101853 
6 5 12 0 1  - 3 6 0 7 4  44774 
6 5 12 0 2  -112 B 2  -7093 6 
6 5 3 2 0 0  7 9 9 6 0  -787 5 5  
* * * * * * * *  
SA4 GROUP 1 
4A - 6 3 2 1 2  98950 
6 5 12 0 2  -101 0 3 0  - 62192 
6 5 3 2 0 0  . - 9 2 5.1 -75193 
6 5 42 0 0  S 5 B 1 1 79663 
6A 13 8 1 4  912 2 6  
'I- 'It 'f- 'I 'I II- 1. *  
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SA 5 G ;:< OUF l 
3 1A ,53 3 3 4  - 9 0 9 9 4  
5A -86 2 6 4  2 6 1 1  
6 5 3 2 0 0  -84 6 2 5  -70 6 3 9  
6 5 4 2 0 0  4945 852 8 7  
6 5 5 1 0 0  1047 07 -42121 
6 5 5 1 0 1  7 0 0 8 6  - 7 9 1 0  
6 5 5 2 0 0  9 2 3 12 - 218 2 8  
6 5 5 2 0 1 50084 - 89 1 6 5  
6 A  -66122 95 0 n  
7 A  13 3 0 5  - 97 6 3 5  
* * * * * * * *  
SA6 GROUP 1 
lOA 105613 4442 2  
3 1A -22406 -723 5 6  
6 5 4 2 0 0  -76224 103 0 5 4  
6 5 5 1 0 0  26448 ;.237 2 0  
6 5 5 1 0 1  -8114 9452 
6 5 5 2 0 0  14215 - 3 9 7 5  
6 5 5 2 0 1  -25554 -70671 
7A -61872 -79421 
8A 7043 4 - 9 6 6 6 0  
* * * * * * * *  
SA7 GROUPl. 
l.OA 28475 ' 515 8 l.  
3 1A -10163l. -597 0 0  
6 5 5 1 0 0  -519 0 l.  -12 9 0 6  
6 5 5 l. 0 l.  -84982 217 4 8  
6 5 5 2 0 0  -63213 7 3 6 6  
6 5 5 2 0 1  -104664 ";57871 
6 5 7 2 0 0  112329 940 5 5  
6 5 7 2 0 l.  74684 1287 
8A -9834 -882l.0 
9A 9340l. ";9423 8 
* * * * * * * *  

. SA8 GROUP 1 
lOA -51l.7 8 607 3 3  
6 5 7 2 0 0  29Z12 '106 0 6 6  
6 5 7 2 0 1  '';'2840 12 641 
8A -82162 -8043 9 
9A 19916 - 82 3 5 4  
* * * * * * * *  
SA9 GROUPl. 
1 6A -23 87 -9495l. 
17A 7110 6  7 8 0 2 8  
1 8A 105487 ' -92982 
l.9A -l.6029 -117 9 6 � 

6 7 9 l. 0 0  46717 -49 0 0 9 
6 7 9 2 0 0  l.0 072 77 6 2 0  
67 9 2 0 l.  27073 -75274 
6 8 02 0 0 10943 6 3 2 9 6 4  
* * * * * * * *  
SB1 GROUP 2 
17A -1062 9 0  7 7 5 2 0  
l.8A ",,718 22 - 93 9 1 9  
2 0A - 277 0 8 3 4 6 5  
2 1A - 5118 - 10 6 8 9 2  
2 2 A  112 647 -7 114 
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* * * * * * * *  
SB10 GROUP 2 
1 1A -914 6 8  8 0 5 3 5  
1 3 A  -1047 9 6 6492 
3J.. A 24 8 2 7  - 6 57 8 6  
7 0 0 2 0 0  647 2 2  4 2 9 8 0  
7 0 0 2 0 1  17 9 17 - 8 7400 
7 0 0 2 0 2  257 5 6  - 676n 
7A 67 0 2 2  - 5075 9  
8 A  - 8 0 9 4 1  - 5 9815 
. * * * * * * *  
SB11 GROUP 2 
13A - 8 9 6 3 2  6 3 4 3 8  
14A 57510 53146 
3 1A -54547 - 6 8542 
7 0 0 2 0 0  -14 4 2 0  3 85 8 4  
7 0 0 2 0 1  -614 8 0  - 89924 
7A -13 62 3  -545 8 8  
.* * * * * * * *  
SB12 GROUP 2 
14A -243 3 8  54504 
15A 744 6 2  5430 
3 A  1020 6 5  - 63549 
7 0 02 0 0  -9413 5 3 9672 
7A -915 9 3  - 52564 
* * * * * * * *  
SB13 GROUP 2 
14A -1045 9 3  4538 0  
15A - 64 6 8  -200 8 
3A 233 5 5  -7U23 

· 7 0 2 2 0 0  7 6 0 9 4  717 7 8  
7 0 310 0. 7 � 0 0 2  78157 
* * * * * * * *  
SB14 GROUP 2 
15A - 853 5 2  -6918 
3 A  -53 5 5 3  -74955 
6 5 l.l 0 0  59773 - 57705 
7 02 2 0 0  -'5 8 2 3  68391 

· 7 0 3 1 0 0  - 65 0 8  74676 
* * * * * * * *  
SB2 GROUP 2 
2 0A - 9 97 8 0  102416 
2 l.A - 9 2 3 6 7  -88040 
2 2A 2 0 2 2 2  7 615 
2 3A - 8 8 2 2  - 813 16 

· 2 4A 86125 '57920 
2 6A -747 9 5  -6209 
2A -944 0 0  - 84964 
6 5 4 2 0 0  9 5 6 3 2  -949 9 9  
6 8 2 2 0 0  124 9 7  107 0 3 7  
* * * * * * * *  
SB3 GROUP 2 
22A - 6 9 2 5 6 - 4 0 0 9  
2 3 A  - 9 9 8 1 0  - 9 6 5 4 1  
24A -43 7 0  44019 
25A 7 87 3  - 3 9 4 9 2  
6 5 4 2 0 0  110 1 8 - 113 8 11 
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* * * . * . * .  

SB4 GROUP 2 
2 4A - 9 43 9 8  5 5 5 5 9  
2 5 A  - 8 2 9 8 3  - 2 8 8 2 8  
2 7A 1 0 8 3 8 4  - 5 6 9 8 6  
2 8A 1 0 1 6 8 9  67 6 3 0  
6 5 4 2 0 0  - 8 0 5 3 0 - 1 0 0 4 1 6  
6 8 4 2 0 0  1 9 9 7 8  5 0 3 0 0  
6 8 4 2 0 1  1 9 7 4 5 - 5 4 5 9 2  
* * * * * * * *  
SB5 GROUP 2 
27A 213 22 - 61 2 1 5  
2 8A 1 1 9 5 8  6 3 5 3 7  
2 9A 8 6 2 8 8  - 82 6 47 
3 0A 1 0 8 1 0 7  8 8 5 5 8  
6 8 4 2 0 0 - 6 8 5 3 1  4 6 8 9 3  
6 8 4 2 0 1 - 6 8141 - 5 8 1 5 2  
6 8 5 1 0 0  463 4 8  - 23 9 0 0  
• • • • • • • •  
SB6 GROUP 2 
27A - 65 2 9 2  - 5 3 9 8 1  
2 8A - 8 0 9 9 8 7 0 5 4 2  
2 9A _-_113 - 7 2 7 7 1  
3 0A '14 3 7 7  9 9 5 9 8  
6 8 5 1 0 0  - 4 2 8 4 3  - 1 6 2 9 7  
• • • • • • • •  
SB7 GROUP2 '12A 5 5 8 1 8  818 3 6  

, 6 9 7 1 0 0  8 3 0 5 9  - 13 3 0 6  
6 9 7 2 0 0  8 7 8 4 4  4 2 3 6 8  

. 9A . 4 0 8 6 5  - 6 8 9 0 9  
• • • • • • • • •  
SB8 GROUP 2 
1lA 7 5 0 2 9  9 3 2 5 3  
6 9 7 1 0 0  2 6 2 7  .-14 3 3 7  
6 9 7 2 0 0  7 1 9 8 4116 6  
8A 7 3 8 2 6  - 5 0 0 1 8  
9 A  - 37 4 2 3  . - 6 9 6 4 4  
• • • • • • • •  
SB9 GROUP 2 
1lA -7113 7 8 0 5 5  
12A - 10 3 0 8 6  6 7 042 
13A 7 2 7 4 1  6 0 8 2 7  
3 lA 102107 - 7 3 7 7 3  
6 9 7 1 0 0  -:- 7 84 8 3  - 2 5 6 8 0  
6 9 7 2 0 0  - 7 1 8 9 9  2 9 140 
7 0 0 2 0 1  9415l. - 9 6 0 9 7  
8A -.6 3 0 1  - 6 2 844 
• • • • • • • •  
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S amp l e  GROUND . IN  f i l e  
1 2 3 4 5 6 7 8 

1 2 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 67 8 9 0 1 2 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0 12 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0  

6 5 12 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 5 1 2 0 1  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 5 12 0 2  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 5 3 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
65 4 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 5 5 1 0 0  - 12 2 3 9 4 1 . 0 7 7  4 7 1 7 2 4 . 2 8 5  0 . 0 0 0  
6 5 5 2 0 0  0 . 0 0 0 0 . 0 0 0  0 . 0 0 0  
6 5 5 2 0 1  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 57 2 0 0  0 . 0 0 0  0 . 0 0 0 0 . 0 0 0  
65 7 2 0 1  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 7 9 1. 0 0  - 1.2 2 4 9 0 0 . 1.53 4 7 1. 0 2 4 . 43 3  0 . 0 0 0  
67 9 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 7 9 2 0 1.  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 8 0 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 8 2 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 8 42 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 8 4 2 0 1.  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
6 8 5 1. 0 0  -1.224442 . 44 5  4 7 2 02 6 . 5 2 9  0 . 0 0 0  
6 9 7 1. 0 0  . - 1.2 2 3 522 . 749 4 7 1 8 5 8 . 3 8 8  0 . 0 0 0 · 
6 97 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
7 0 0 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
7 0 0 2 01. 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0 ' 
7. 0 2 2 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
7 0 3 1. 0 0  - 1.2 2 3 7 5 2 . 7 5 9  4 7 0 9 5 4 . 0 2 8 ' 0 . 0 0 0  

2 7  

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 . 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 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 0  
0 . 0 0 0  
0 . 0 0 0  
O � OO O  

0 . •  0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  

3 
3 
3 
3 
3 
4 
3 
3 
3 
3 
4 
3 
3 
3 

. 3  
3 
3 
4 
4 
3 
3 
3 
3 
4 



Samp l e  GRqUPS . I N f i 2 e 3 4 5 6 7 8 
1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 34 5 6 7 8 9 0 1 2 3 45 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 45 6 7 8 90 1 2 3 4 5 6 7 89 0 1 2 3 4 5 6 7 8 9 0  

GROUP 1 
GROUP 1 
GROUP2 
GROUP2 

CAMERA0 1 
CAMERA0 1 
CAMERA02 
CAMERA02 

3 . 0 0 0 0  

-4 . 00 0 0  

5 . 0000 7 . 00 0 0 0 . 0 0 0 0 E+000 . 0000E+0 0 0 . 0 0 0 0 E+ 0 0  000 

1 . 0000 ' � 5 . 00 0 0 0 . 0 0 0 0 E+000 . OOOOE+0 0 0 . 0 0 0 0 E+ 0 0  000 
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I I . C . LOGI CAL UNI T  NUMBER ASS I GNMENTS FOR 
ALL THE FILE S  USED IN GIANT VE RS ION 4 . 0  

Al l o f  the files used by GIANT have been assigned the following 
logical unit numbers. 

Table I I.l.-- Files Used By GIANT Version 4 . 0 

Logical UNI T  
Number Type 

11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0  
2 1  

2 9  
30 

I nput 
Input 
Input 
Input 
Input 
Input 
Output 
Output 
Output 
Output 
Scratch 

Format 
(F) Formatted 
(UF) Unformatted 

( F) Sec. II.B. 2  
( F) Sec. II.B.6 
( F) Sec. II.B.3 
(F) Sec. II.B.4 
(F) Sec. II.B.5 
(F) Sec. II.B.1 
(F) Sec. II.D.1 
(F) Sec. II.D.2 
( F) Sec. II.D.3 
( F) Sec. II.D.2 
(UF) 

. . 

utilization 

User ' s  Guide 
Text Page 

Number 

Camera data set 13 
Groups data set 19 
Frame data set 15 
Image coordinate data set 17 
Ground control data set 18 
Common data set 9 
Printout 2 9  
Updated frames data set 30 
Adj usted ground data set 30 
Updated frames data set 30 
Temporary storage 

Output files logical units 18 and 19 will not be generated by 
GIANT in case the solution fails to converge. 

Output file logical unit 2 0  will always be created whether the 
solution converges or not. This file can always be used at the 
user ' s  option to restart the iterative solution from where it 
le ft off. 

I I . D .  OUTPUT FILES 

IIo D . I . .  Prin tou t File 

Output data file, logical identification 17, Table 11.1, 
Sec. I I.C, is a formatted printout data file, the contents o f  
which depend o n  the print options selected in the j ob definition 
record of the COMMON input file. 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. 
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A typi c al s ample of the printout file follow s . E x planations of 
th e items appearing on th e c omputer prin tout are also giv en .  

II. D . 2 .  Upda ted Frames Da ta Fi�e 

Ou tpu t data file, logic al un it 18 , T able 1 1 .1 , S ec . I I . C , 
c on tains adj us ted v alues of parameters of each camera pos ition 
an d attitu de . T h is file is c reated during each iteration of a 
s uc ces s ful c onv ergent s olu tion of GIANT V ers ion 4 . 0 . This file 
is u s e d  in applic ations such as s tere oc ompilation and orth oph o to 
mosaic. 

output data file , logic al un it 2 0 ,  T able 1 1.1 , s ec . I I . C ,  
contains updated adjus te d  val u es of parame te rs of e ac h  cam era 
position and attitude, irrespective of solution convergence . 
This file can always be used at the user ' s  option to restart the 
iterative solution from where it left off. 

II. D . 3 .  Adjus ted Ground Da ta Fi�e 

output data file, logical unit 19, T ab l e  11.1, Se c. I I . C , 
contains adjusted ground coordinates of all points measured on 
two or more photographs. This file is created during each 
iteration of a successful convergent solution of GIANT V4 .0. 
This file is used in applications, such as stereocompilation and 
orthophoto mosaics. 

II . D. 4 .  Samp�e Printout and ��ana tion 

Printout data file, logical unit 17, Table 11.1, Sec. I L C, is a 
formatted file. The contents of the file depends on the print 
options selected in the j ob de-finition record of the COMMON input 
file, Sec. I I. B. l  on input data files. 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 . 

Page by page explanation is given for each typical printout 
page, printed from the printout file, logical unit 17, 
Table 11.1, Sec.II.C, for a typical aero-triangulation proj ect. 

3 0  



A/NOS GIANT . .  V4 . 0  . .  ( 03/94 ) I CALIFORNIA R V AREA 

w 
...... 

OBJECT SPACE REFERENCE SYSTEM IS GEOGRAPHIC 

ROTATION ANGLES ARE PHOTO-TO - GROUND 

COMPLETE TRIANGULATION PROCESS IS REQUESTED 

ERROR PROPAGATION I S  REQUESTED 

UNIT VARIANCE WILL BE BASED ON COMPLETELY FREE STATION PARAMETERS . '/ 

CABIN PRESSURE REFRACTION WILL NOT BE INCLUDED IN THE ADJUSTMENT 

ATMOSPHERIC REFRACTION , WILL BE INCLUDED IN THE ADJUSTMENT 

WATER REFRACTION WILL NOT BE INCLUDED IN THE ADJUSTMENT 

IMAGE RESIDUALS GREATER THAN 7 (MICRONS ) WILL BE LISTED 

. "  

LEADING ' 0 ' WILL BB BLIMINATED FROM ALL IDENTIFICATIONS 

SEMI -MAJOR AXIS , OP SPHEROID . 6 3 7 8 13 7 . 0 0 

' SEMI�MINOR AXIS OF SPH�ROID . 6 3 5 6 7 5 2 . 3 0  

TRIANGuLATED GROmm COORDINATES WILL BE SAVED 

ADJUSTED STATION PARAMETERS WILL BE SAVED 

2 3 - JUN - 9 4  1 3 : 2 5 : 0 0  P A G E  o 



EXPLANATION OF GIANT V4 . 0  PRINTOUT FILE 

EXPLANATION :  PRINTOUT Page 0 ( User ' s Guide page 3 1 )  

Exp lanation of opt ions used i n  the proj ect COMMON f i le : 

ITEM : 

o obj ect space reference system : 

o Camera rotation angles : 

o Triangulation Process : 

o Error propagation : 

o Basis for unit variance : 

o Cabin pressu�e refraction : 

o Atmospheric pressure : 

o Water refraction : 

o Plate residual l i sting: 

o S emi-maj or axis of the Earth : 

o S emi-minor axis of the Earth : 

o Triangulated ground coordinates : 

OPTIONS 

Geographi c  or Rectangular 

Photo-to-ground or 
Ground-to-photo 

Complete triangulat i on 
or Intersection only 
holding camera pos ition 

and atti tude fixed ) . 

perform or do not perform 

camera parameters free or 
constrained , or unit 
variance set to one . 

include or do not include 

include or do not include 

include or do not include 

for a l l  images or images 
with absolute residuals 
greater than F ( eg = 1 0 ) 
microns or for no images 

defined o r  default to 
Clark ' s  1 8 6 6  spheroid 
value . 

defined or default to 
Clark ' s  1 8 6 6  spheroid 
value . 
save or do not save 

o Adj usted exposure station parameters : save or do not save 

( Note : station parameters are not saved but f ixed during 
intersection only proce s s . 

For angular and l inear units , see page 3 6 )  

3 2  



hAINOS GIANT . .  V4 . o  • .  ( 03 / 9 4 )  I CALIFORNIA R V AREA 

w 
w 

I N P U T  C A M E R A  

Camera 
Principal Dis tance 

,De�ault image . t .  deviations 
D e f aul t camera posi tion � t . deviations 
D e f a u l t  c amera a t t i tude s t .  devia tions 

2 3 - JUN - 9 4  1 3 : 2 5 : 0 0 PAGE 1 

S Y S 'T E M  P A R  A M E T  E R S 

system, I CAMERAo l  
F - - 15 3 2 8 5  
x - ,  10  , y - 1 0  

I Lng - 1 0 0 . 0 0 0 0  Lat - 100 . 0 0 0 0  Elv • l O O o . n O o o  
I Omega - 9 0 0 0 0 0 . 0 0 0 0  P h i  - 9 0 0 0 0 0 . 0 0 0 0  Kappa - 9 0 0 0 0 0 . 0 0 0 0  



EXPLANATI ON :  PRINTOUT Page 1 ( User ' s Guide page 3 3 ) 

Angular and l inear units in this sample printout : 
o I nner orientation paramenters of camera and plate 

coordinates are in microns . 
o Al l angles are in degrees , minutes and seconds ( DMS ) 

DMS field : ±DDDMMSS . SSSS 
o Al l obj ect space rectangular coordinates are in meters . 

INPUT CAMERA SYSTEM PARAMETERS 

Camera system : I dentification number 
o Principal d istance : ( calibrated value ) 
o Default standard deviation for : 

o Image : x - and y-coordinates 
o Camera position : Longitude (h) � Latitude { ¢ )  Elevati0n ( H )  
o Camera Attitude ( local VertiGal )  

Omega ( w ) , Phi ( ¢ ) , and Kappa ( K )  

(NOTE : In the example run . there i s  n o  output for the remaining 
i tems . as none of the following three models was used . )  

o Camera system models (None or up to three models ) :  

o Model #1 : three parameters : -principal distance ( p ) , 
-principal point ( x , y )  
-standard deviations 
-update switch 
-exclusion switch 

( exclusion switch overrides update switch ) 
o Model #2 : thre e  parameters : -radial distortion 

paramters : k1 , k2 , k3 
-standard deviations of 

three parameters .  
-Update switch 
.-Exclusion switch 

( eXClusion switch overrides update switch) 
o Model #3 : three parameters :  -asymmetric distortion 

parameters k4 , ks , Phi 
-standard deviations 
-Update switch 
-Exclusion switch 

( eXClusion switch overrides update switch ) 

( Note : The standard deviations and update switch are 
ignored if the exclusion switch is " onn ) 

o other camera systems : 

The above output would repeat for each camera system in 
the proj ect . 

3 4  



AA/NOS GIANT . .  V4 . 0  . .  ( 0 3 / 9 4 )  I CALIFORNIA R V AREA 2 3 - JUN - 9 4  1 3 : 2 5 : 0 0 

W 
<..T1 

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

Photo group I GROUP 1 of  camera system I CAMERA01 
De fau l t  .image s t .  deviations I . X .- ' 6 y • 6 
De faul t camera position s t .  deviations I· Lng - 100 . 0 0 0 0  L a t  - 1 0 0 . 0 0 0 0  Elv - 1 0 0 0 . 0 0 0 0  
Default camera attitude s t .  deviations I Omega - 9 0 0 000 . 0 000  phi - 9 0 000 0 . 0 0 0 0  Kappa � 9 0 0 0 0 0 . 0 0 0 0  
GPS Antenna Of fsets model I 

X D ·  0 . 2 1 0 0 00+00 S td_X . 
Y .  0 . 518 0 00+0 0  S td_Y . 
Z D 0 . 145000+01 Std_Z • 

. 

0 . 100 000+04 
0 . 1 0 0 0 00+04 
0 . 1 0 0 000+04 

. Photo group I GROUP 2 
image . t .  devi ations 

Updating Switch l Off 
Updating Swi tch l Off 
Updating Switch l Off 

Exclusion Swi tch l On 
Exclus ion Switch : On 
Exclusion Swi tch : On 

of camera system I CAMERAOl 
x • 6 Y • 6 D e f a u l t  

De faul t 
Default 

camera position s t .  deviation. 
camera atti tude s t .  deviations 

Lng - 1 0 0 . 0 0 0 0  L.� - 1 0 0 . 0 0 0 0  mlv - 1 0 0 0 . 0 0 0 0  
I Omega - 9 0 0 0 0 0 . 0 0 0 0  phi . 9 0 0 0 0 0 . 0 0 0 0  Kappa a 9 0 0 0 0 0 . 0 0 0 0  

P A G E  2 



EXPLANATION : PRINTOUT Page 2 ( User ' s Guide page 3 5 )  

Angular and linear units in this sample printout : 
o Inner orientation paramenters of camera and p late 

coordinates are in microns . 
o All angles are in degrees , minutes and seconds ( OMS ) 

OMS format : OOOMMSS . SSSS 
o Al l obj ect space rectangular coord inates are in meters . 

INPUT PHOTO GROUPS PARAMETERS 

o Photo Group : GROUP 1 o Camera system : CAMERAO l  

o Default standard deviations for : 

-image coordinates ( x , y) 

-camera position : A , ¢ , H 
-camera attitude : W , ¢ , K  

( local vertical system) 

o GPS antenna offsets model ( GPS assisted photography ) :  

o GPS antenna offsets �X , �Y , �Z a long axes X , Y , Z 

o standard deviations for the three offsets 

o updating switch for the three offsets 

o exclusion switch for the three offsets 

( Note : Exclusion switch overrides the updat ing swi tch 
The standard deviations and updating switch are 
ignored if the exclus ion switch is " ori" . )  

Other Photo Groups : 

o Photo Group : GROUP_2 o Camera system : CAMERAO l 

The printout gives the default standard deviati ons for other 
camera systems . If GPS is used , it also gives GPS antenna 
o f f s ets along with their standard deviations and switche s . )  

3 6  



!\A/NOS GIANT . . V4 . 0 . •  ( 03 / 9 4 ) , z cALIFORNIA R V . AREA 2 3 - JUN - 9 4  1 3 : 2 5 : 0 0 PAGE 3 

I M A G  E I N P U T  P A R  A M E T  E R S 

Frame z 93AC4 6 9 3  Group z GROUP_l 

Principal d i s tance . - 15 3 2 9 5  S t .  D .  of x 6 S t .  D .  o f  Y .. 6 

STATION PARAMETERS 
P 0 S I T  I O N (Antenna) A T T l  T U D E ( Photo to grou n d )  

Lng .. - 121 35 2 . 4 0 2 0  s t .  D .  a 0 0 0 . 0 024  Omega a ,  o 3 9  0 . 9 6 8 0  s t .  o . ..  9 0  0 0 . 0 0 0 1  

w * 7 *  L a t  .. 3 7  3 6  57 . 2 9 4 0  S t .  o .  a 0 0 0 . 0 0 1 9  * 0 *  Phi a 0 9 2 8 . 0 5 8 0  S t .  O .  ;> 9 0  0 0 . 0 0 0 1  
-....J Elv .. 2 9 9 2 . 4 4 7 0  S t .  o . ..  0 . 0515 Kappa .. 1 8 2  1 0  0 . 5 9 8 0  s t .  o .  " 9 0  0 0 . 0 0 0 1  

PLATE COORDINATES 

ID x y 10 x y 10 x y 10 x Y 

1 0 1 - 1 0 3 0 9 4  84233 1 1 1  ,. 9 0 6 5 9  3 2 6 1  12 1 " 8 5597  - 8 9 117 1 3 1 - 3 7 9  8 6 6 5 7  

1 4 1 11733 - 2 4 8 5 4  15 1 - 2 4 17 9  - 974 9 1  4 5  - 9 6 5 9 2  - 4 8156 6' 9 3 2 0 1  - 3 7 7 5 0  5 4 8 1 2  
6 9 3 2 0 2  - 7 2 0 6 3  - 8 0393  

" 



EXPLANATI ON :  PRINTOUT page 3 ( User ' s  Guide page 3 7 ) 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -----� - - - - - - - - - - - - - - - - - - - - - - - - -

Angular and l inear units in this sample printout : 
o Inner orientation paramenters of camera and plate 

coordinates are in microns . 
o A l l  angles are in degrees , minutes and seconds ( DMS ) 

DMS format : DDDMMSS . SSSS 
o Al l obj ect space rectangular coordinates are in meter s . 

IMAGE INPUT PARAMETERS 

Frame : I dent i f ication Number o Group : Name 

o Principal distance ( calibrated value ) 
o Standard deviation ( Sigma-x) of image x-coordinate 
o Standard deviation ( S igma-y) of image y-coordinate 

STATION PARAMETERS 

POS ITION ( Antenna ) : 

o composite f lag value1 ( e . g  * 7 * )  
o Geographic : Longitude ,  Latitude, E l lipsoidal Height 
o Standard deviation : Longitude , Latitude , Ellipsoida l Hei ght 

ATTITUDE ( Photo to ground) 
( Note : Another option available is "Ground to photo" ) 

o Composite flag : ( e . g. value of *0* ) 
o Rotati ons : Omega , Phi , Kappa ( local vertical system) 
o Standard deviations : of Omega , Phi , Kappa 

PLATE COORDINATES 

o Image identification : ( Note : Identification number , which 
is f o l l owed by " 1 " , - is obtained in automatic numberi n g  
mode during measurements i n  order to avoid duplica t i o n )  

o Image x , y  coordinates2 : (plate coordinate system) 

1 composite f l ag defines type of ground contro l . See page 4 0  
for more deta i l s . 

2 Image coordinates are refined for film distortions and 
expressed in the coordinate system defined by the 
ca l ibrated f i ducials or the plate coordinat,e system) 

3 8  



AA/NOS GIANT . . V4 . 0  . .  ( 03 / 94 ) CALIFORNIA R V AREA 23 -JUN- 9 4  1 3 : 2 5 : 0 0 P A G E  1 2  

a R O U N D  C O N T R O L  D A T A 
. 

Lng . -121  3 3  4 1 . 3210  S t .  D • •  0 0 0 . 05 0 0  
213  Lat • 3 7  37  5 3 . 823 0 S t .  D • •  0 0 0 . 0 5 0 0  Typ e  a 4 

Elv • 0 . 00 0 0  S t .  D • •  5 . 0 0 0 0 ' 

Lng . - 121  � 2 . 24 . 75 7 0  St . D • • . a 0 0 . 0 5 0 0  
217 Lat • 37  37  4 4 . 9 9 9 0  S t .  D • •  0 0 0 . 05 0 0  Typ e  a 4 

Elv • 0 . 0 0 0 0  St . D .  ,.; 5 . 0 0 0 0  

Lng . -12 1 3 3  5 9 . 54 9 0  St . D • •  0 0 0 . 05 0 0  
4 5  La t • 3 7  3 7  :11 . 8 0 0 0  S t .  D • •  0 0 0 . 0 5 0 0  Typ e  .. 7 

Elv • 0 . 00 0 0  S t .  D • •  5 . 0 0 0 0  w 
� 

Lng • 0 a 0 . 0 0 0 0  S
·
t • .  D • •  0 0 0 . 05 0 0  

4 8 6201  Lat  • 0 0 0 . 00 0 0  S t .  D • •  0 0 0 . 0 5 0 0  Typ e  a 3 
Elv • 1 8 4 . 4 040 St.  D .  • 5 . 0 0 0 0  

Lng • 0 0 0 . 0 0 0 0  s t .  D • •  0 0 0 . 0 5 0 0  
4 8 6 2 0 2  L a t  • 0 0 0 : 0 00 0  S t ;  D • •  0 0 0 . 05 0 0  Typ e  .. 7 

Elv • 3 3 5 . 2 8 1 0  St . D • •  5 . 0 0 0 0  

Lng • 0 0 0 . 0 0 0 0  S t .  D • •  0 0 0 . 05 0 0  
4 8 62 0 3  L a t  • a a 0 .• 0 0 0 0  S t .  D • •  0 a 0 . 05 0 0 .  Typ e  a 7 

Elv • 23 8 . 04 9 0  St . D • •  5 . 0 0 0 6 

Lng • a 0 0 . 0 0 0 0  S t .  D .  • a a 0 . 95 0 0  
4 8 9 2 0 1  L a t  • a a 0 . 0 0 0 0  St.  D • •  0 0 0 . 0 5 0 0  Typ e  .. 3 

Elv • 3.85 . 2 6 8 0  S t .  D .  • 5 . 0 0 0 0  

Lng • 0 0 0 . 0 0 0 0  S t .  D • •  0 0 0 : 05 0 0 

4 8 9 2 0 2  L a t  • 0 O ·  0 . 0 0 0 0  S t .  D . ..  0 0 0 . 05 0 0  Typ e  .. 3 

Elv • 4 4 1 . 3510  . s t .  D .  a 5 . 0 0 0 0  



EXPLANATION: PRINTOUT Page 1 2  ( Us er ' s Guide page 3 9 )  

Angular and l inear units i n  this samp l e  printout : 
o All angles are in degrees , minutes and seconds ( DMS ) 

DMS format : DDDMMSS . SS . . .  SS 
o All obj ect space rectangular coord inates are in meters . 

GROUND CONTROL DATA 

o Ground po int ident i f i cat ion 
o Primary coordinate o f  ground 

control point ( geograh i c )  
-Longitude A. 

o Secondary " " " -Latitude ¢ 
o Tertiary " " " - E l l ipsoidal Elevat ion H 

( local vertical system) 
o Standard deviation o f  -Longitude ( S igma-A) 

-Latitude ( S igma-� ) 
-El l ipsoidal elevation 

( S igma-H ) 

(Note : I f  standard deviations are not defined here , then 
the default values are taken from the proj ect COMMON f i le )  

o Type of ground control :  miss ing component indicator 
or the c ompos ite flag value1 

lComposite 
f lag value (X)  

o 
1 
2 
3 
4 
5 
6 
7 

X =1 , 
=2 , 
=4 ,  

=7 ,  
=0 , 

means 
means 
means 
means 
means 

Coordi nates update 
Primary Secondary Terti ary 

y 
N 
Y 
N 
Y 
N 
Y 
N 

primary component 

y 
y 
N 
N 
Y 
Y 
N 
N 

ignored 
s econdary component ignored 
t ertiary component ignored 

y 
y 
y 
y 
N 
N 
N 
N 

control not updated or ignored 
c ontrol updated 

4 0  



�/NOS GIANT . . V4 . 0  . .  ( 03 / 9 4 )  I CALIFORNIA R ,V AREA 2 3 - JUN - 9 4  1 3 : 2 5 : 0 0 

.j::> 
I-' 

93AC4 693 
93AC23 14 
93AC4 692  
93AC2313 
9JAC2311  
93AC2312 
93AC4 6 8 9  
93AC4 6 9 0  
93AC4 6 9 1  

posi t ion 
Posi tion 
po s i tion 
pos i tion 
pos i t ion 
p o s i tion 
posi tion 
posi tion 
position 

- 0 . 0 0 0 0 0 0 0 0 2  

- 0 . 0 0 0 0 0 0 0 3 5  

0 . 0 0 0 0 0 0 0 0 2  

- 0 . 0 0 01) 0 0 013 
0 . 0 0 0 0 0 0 0 1 9  
0 . 0 0 0 0 0 0 0 0 2  
0 . 0 0 0 0 0 0 0 0 1  

- 0 . 0 0 0 0 0 0 0 0 4  

0 . 0 0 0 0 0 0 0 0 3  

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

0 . 0 0 0 0 0 0 0 0 0  

0 . 0 0 0 0 0 0 0 2 7  

0 . 0 0 0 0 0 0 0 0 0  
0 . 0 0 0 0 0 0 0 2 9  • 

0 . 0 0 0 0 0 0 0 2 9  
0 . 0 0 0 0 0 0 0 2 7  
0 . 0 0 0 0 0 0 0 0 2  

- 0 . 0 0 00 0 0 0 04 

0 . 0 0 0 0 0 0 0 0 2  

. ITERATION 1 
0 . 0  Attitude 

- 0 . 1  Attitude 
0 . 0  Attitude 

-'O . l ' Attitude 
. - 0 . 1  Attitude 

0 . 0  Atti.tude 
0 . 0  Atti tude 
0 . 0  Attitude 
0 . 0  Atti tude 

0 . 0 0 0 0 1 6 0 9 6  

- 0 . 0 0 0 0 5 7 0 4 1  

0 . 0 0 0 0 1 6 9 1 1  

- 0 . 0 0 0 0 5 4 3 2 5  
- 0 . 0 0 0 0 4 9 9 6 4  
- 0 . 0 0 0 0 5 2 7 1 9  

0 . 0 0 0 0 0 9 0 2 1  
0 . 0 0 0 0 14 2 9 1  

0 . 0 0 0 0 17 4 5 9  

Provisional weighted sum o f  squares • 927 9 . 1 9 

- 0 . 0 0 0 0 0 6 6 07 
- 0 . 0 0 0 0 67 6 4 6  
- 0 . 0 0 0 0 0 4 0 6 9  
- 0 . 0 0 0 0 27 0 9 0  

0 . 0 0 0 0 4 7 4 5 3  
0 . 0 0 0 0 0 9 7 5 9  
0 . 0 0 0 0 11055  
0 . 0 0 0 0 0 6 7 9 3  
0 . 0 0 0 0 0 0 3 9 4  

93AC4 6 93 position - 0 . 0 0 0 0 0 0 0 02 0 . 0 0 0 0 0 0 0 0 0  
ITERATION 2 

0 . 0  Attitude 
0 . 0  .Atti tude 
0 . 0  Attitude 
0 . 0  Attitude 
0 . 0  Attitude 
0 . 0  Attitude 
0 . 0  . Attitude 
0 . 0  Attitude 
0 . 0  Attitude 

- 0 . 0 0 0 0 0 0 1 0 4  - 0 . 0 0 0 0 0 0 0 4 3  
93AC2314 
9 J AC4 692 
9 J AC2 31J 
93AC23 11 
93AC2312 
93AC4 6 8 9  

. 93AC4 6 9 0  
9 3 AC4 691  

pos i tion 
p�s i tion 
position 
posi tion 
posi tion 
Pos i t ion 
Posi tion 
posi tion . 

0 . 0 0 0 0 0 0 0 0 0  - 0 . 0 0 0 0 0 0 0 01 
0 . 0 0 0 0 0 0 0 0 2  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 1  
0 . 0 0 0 0 0 0 0 0 0  - 0 . 0 0 0 0 0 0 0 0 1  
0 . 0 0 0 0 0 0 0 0 0  - 0 . 0 0 0 0 0 0 0 0 1  
0 . 0 0 0 0 0 0 0 0 1  0 . 0 0 0 0 0 0 0 0 2 ' 

- 0 . 000000004  - 0 . 0 0 000�004 
0 . 0 0 0 0 0 0 0 03 0 . 0 0 0 0 0 0 0 02 

Provisional weighted sum of squares 

93AC4 693 
93AC2314 
93AC4 692 
93AC23 13 
9 3 AC2 3 1 1  

Posi tion 
Posi tion 
posi tion 
posi tion 
Posi tion 

- 0 . 0 0 0 0 0 0 0 0 2  
0 . 0 0 0 0 0 0 0 0 0  

0 . 0 0 0 0 0 0 0 0 2  
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 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 0 0  

0 . 0 0 0 0 0 0 0 0 0  

93AC23 12 pos i tion 0 . 0 0 0 0 0 0 0 0 0  0 . 0 0 0 0 0 0 0 0 0  
93AC4 689 posi tion 0 . 0 0 0 0 0 0 0 0 1  0 . 0 0 0 0 0 0 0 0 2  

93AC4 6 9 0  pos i tion - 0 . 0 0 0 0 0 0 0 0 4  - 0 . 0 0 0 0 0 0 0 0 4  

ITBRATION 3 
0 . 0  Attituda 
O � O  Attitude 
0 . 0  Atti tude 
0 . 0  Attitude 
0 . 0  Attitude 
0 . 0  Atti tude 
0 . 0  Atti tude 
0 . 0  Attitude 

0 . 0 0 0 0 02 2 8 3  
- 0 . 0 0 '0 0 0 0 0 9 5  

0 . 0 0 0 0 0 2 4 3 5  
0 . 0 0 0 0 0 2 3 1 6  
0 . 0 0 00 0 2 2 8 0  

- 0 . 0 0 0 0 0 0 0 0 7  
- 0 . 0 0 0 0 0 0 0 6 6  
- 0 . 0 0 0 0 0 0 0 8 7  

2 0 0 7 . 13 

0 . 000000000  
0 . 0 0 0 0 0 0 0 0 5  

0 . 0 0 0 0 0 0 0 0 0  
0 . 0 0 0 0 0 0 0 0 6  
0 . 0 0 0 0 0 0 0 0 6  

0 . 0 0 0 0 0 0 0 0 6  
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 00108  
- 0 . 0 0 0 0 0 0 0 3 5  

0 . 0 0 0 0 0 0 133 
0 . 0 0 0 0 0 0 1 8 0  
0 . 0 0 0 0 0 0174 
0 . 0 0 0 0 0 0 0 0 3  
0 . 0 0 0 0 0 0 023 

- 0 . 0 0 0 0 0 0 02 4 

q . o o o o o o o o o  
'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 0  

0 . 0 0 0 0 0 0 0 0 1  

0 . 0 0 0 0 0 0 0 0 1  

0 . 0 0 0 0 0 0 0 0 0  

0 . 0 0 0 0 0 0 0 0 0  

9 3 AC4 6 9 1  pos�tion 0 . 0 0 0 0 0 0 0 03 0 . 0 0 0 0 0 0 0 02 0 . 0  Attitude 0 . 0 00 0 0 0 0 0 0  0 . 0 0 0 0 0 0 0 0 0  \ .  . 
Provisional weighted sum of squares . ·  2 0 0 6 . 14 

- 0 . 0 0 0 0 0 3 4 4 5  

0 . 0 0 0 0 0 0 4 4 9  

- 0 . 0 0 0 0 0 1 6 5 1  
0 . 0 0 0 0 0 0 5 3 9  
0 . 0 0 0 0 Q 0 3 8 4 
0 . 0 0 0 0 0 0 4 2 0  

0 . 0 0 0 0 1 1 1 1 9  

0 . 0 0 0 0 0 6 5 6 7 

0 . 0 0 0 0 0 2 5 7 9  

0 . 0 0 0 0 0 0 0 0 3 

0 . 0 0 0 0 0 0 0 3 5  

0 . 0 0 0 0 0 0 0 0 0  

0 . 0 0 0 0 0 0 0 7 5  

0 . 0 0 0 0 0 0 1 0 3 

0 . 0 0 0 0 0 0 1 0 8  

- 0 . 0 0 0 0 0 0 1 0 5  

- 0 . 0 0 0 0 0 0 0 8 8  

- 0 . 0 0 0 0 0 0 0 4 4 

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 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 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 0 0 0  

PAG 8 1 1  



EXPLANATION : PRINTOUT Page 14 ( User ' s  Guide page 4 1 )  

Angular and l inear units in this sample printout : 

o Al l angles are in degrees , minutes and seconds 
e. g. DDDMMSS. SS . .. S S  

o Al l obj ect space rectangular coordinates are i n  meters . 

STATIONS CORRECTIONS 

Thi s  page gives a printout of corrections to the parameters o f  
camera pos ition and attitude at each camera station after each 
iteration during the least squares block adj ustment solut i on . 
The provisional wei gh ted sum of squares of resi dual s a l s o  appear 
at the end of each iteration . The difference between i t s  current 
value and its value from the previous iteration forms a c r i teria 
for convergent of the solution . For examp l e , if the abso lute 
difference between the two provis ional weighted sums of squares 
of residuals is less than E percent of the va lue , then the 
iterations come to an end. ( Note : for deta i l s  see p97 of the 
Manual of Photogrammetry , 1 9 8 0  Ed , Ameri can society of 
Photogrammetry . )  

output from each iteration of the adj ustment : 

Iteration number 

Camera station : Frame number 

o position corrections : - Longitude correction � 

Attitude : 

- Latitude II 6¢ 
- Elevation II 6H 

o AttitQde corrections : - primary rotation cor . 6w 
- secondary II II 6� 
- tertiary II " 6K 

Provis ional weighted sum of squares of res idua l s . 

42 



A/NOS GIANT . .  V4 . 0  . .  ( 03 / 94 ) I CALI�ORNIA R V AREA 2 3 - JUN- 9 4  1 3 : 2 5 : 0 0 P AG:� 1 5  

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

1 2 1 93AC4 6 9 1  93AC4 693  93AC4 6 9 2  
0 
7 

4 5  93AC4 6 9 2  93AC4 6 9 3  93AC4 6 9 1  
8 
5 

2 2 1 93AC4 6 92 93AC23 13 93AC2312  93AC4 6 91 . 9jAC4 690  9 3AC2314 
7 9 -6 -5  

-2  0 14  -7 
.t:> 
w 

2 3 1 93AC2 3 13 9 3AC2312 93AC23 14 
9 -5  -4  
6 -14 7 

7 93AC4 6 9 0  , 93AC4691  93AC4 6 9 2  
0 - 1  

- 9  9 

8 1  93AC4 6 9 2  93AC4 6 9 0  93AC4 6 9 1  
0 

- 7  

9 1  93AC2313  93AC2312 9 3AC4 6 9 0  93AC4 6 9 2 , 93AC4 6 9 1  
- 6  0 , 15 
-7 - 8  8 

2 0 1  93AC2312  93AC2313 93AC2 3 1 1  
3 - 2  
7 -7 



EXPLANATION :  PRINTOUT Page l S  ( User ' s  Guide page 4 3 ) 

TRIANGULATED GROUND POINTS ,RES IDUALS 

This page g ives a printout of plate res iduals in x and y 
coordinates of image points cons idered in the least squares 
adj ustment of an aerotriangulation run . The printout shows the 
following : 

o Identi f ication ( IO )  number of an image point . If IO is 
fol lowed by 'I ! "  the point number is assigned automatica l ly 
during the measurement process ) .  Only those points are 
printed for which the absolute value of x or y res idual 
exceeds the threshold value adopted in the proj ect options 
( Note : see pages 3 1  and 32 above ) . 

o Identification ( IO )  number of frames of photographs in 
which the measured image point appears and for which the 
residual in x or y coordinate exceeds the threshold value 
adopted for the pro j ect . 

o P late res iduals in x and y coordinates of image points in 
the frames i n  which they appear . 

Note : I n  the pro j ect COMMON f ile , one of the options to be 
introduced is for l isting the residuals . The options 
avail able are : 

o to print residual s  of a l l  images , 
o to print residual s  with absolute values greater 

than F ( eg =1 0  micrometers ) a s  assigned , or 
o do not print residuals of any image . 

4 4  



'AA /NOS aIANT . .  V4 . 0  . .  ( 0 3 / 9 4 )  I CALIFORNIA R V AREA 2 3 - JUN - 9 4  1 3 : 2 5 : 0 0 PAGE 1 6  

. A E R O T  R I A N a U L A T I O N S T A T  I S � I C S 

Weighted sum o f  squares (Aux .  p )  • 0 . 0  
Weighted sum of  squares (Photos) • 1 . 3  
Weighted sum �f. squares (Ground) • 0 . 9  
Weighted sum of squares ( Images )  • 107 . 9  

Weighted sum of  squares (Total) • 1 1 0 . 2  
Degrees  of  freedom • • • • • • • • • • • • • •  • 6 9  

A Posteriori es timates for unit weight 
.t:> Variance • 1 . 597  (J"1 

S t .  Dev . • 1 . 26 4  

'. 



EXPLANATION :  PRINTOUT Page 1 6  ( Us er ' s  Guide page 4 5 )  

AEROTRIANGULATI ON STATISTICS 

The printout shows the weighted sum of squares of res idua ls due 
to various factors , contributing towards the tota l weighted sum 
of squares of res idua ls in the least squares solution of a block 
adj ustment of an aerotriangulation proj ect . The a posteri ori 
estimate for the unit weight variance wi ll compute close to the 
value of �, provided the relat ive weights ass igned to the 
parameters entering the solut ion are real istic . Thus , the value 
of the unit weight variance is an indication of the soundness of 
the weight assignments . 

The following weighted sum of squares of res iduals in a least 
squares solution contribute to the total variance : 

o Weighted sum of squares of res idua ls for aux i l l i ary parameters .  
These parameters are the ones which are introduced by the 
mathematical model s : 

o parameters of the self cal ibrati on model : pri c ipal distanc e , 
principal point x and y coord inates ; 

o parameters of symmetrical rad i a l  error coeff i c i ents : kl , k2 , k3 
of polynomial expressing the error ; 

o parameters of asymmetric error coefficients : k4 , k5 , and Phi o f  
the polynomia l  expressing the error ; 

o Weighted sum of squares of res idual s  for photo state vectors . 
A photo state vector consists of three coordinates o f  camera 
position and three angles of camera attitude ; 

o Weighted sum of squares of res iduals for ground coordinates . 

o Wei ghted sum of squares of residua l s  for image coordinates . 

o Total weighted sum of squares of residuals ( total o f  the above ) 

o Degree of freedom , considering a l l  of the above e l ements . 

o A posteriori estimates of unit weight : 

o Variance , and 
o Standard deviation 

4 6  



' NOS GIANT • •  V4 . 0 • •  ( 0 3 / 9 4 )  I CALIFORNIA R V AREA 2 3 - JUN - 9 4  

-Po 
""-.J 

O U T  P U T P H O T  O ' G. R 0 U P S  P A R A M E T  E R S 

Photo group I GROUP 1 of  oamera system , CAME.RAO l 
GPS . Antenna Offsets model I 

X • 0 . 210 000+ 0 0  S td_X • 0 . 1263 90+04 updating Swi t�h ' O f f  Exolusion Swi tch l On 
Y • 0 . 518 0 00+ 0 0  Std_Y • 0 . 1263 90+04 Updat.ing Switoh-, O f f  Exolusion Switch l On 
Z - o . 1 4 5 0 0D+O l  S td.:-.Z • 0 . 1263 9D+ 0 4  Updating Switch , Off  Exclusion Swi tch l On 

" 

1 3 , 2 5 : 0 0 PAGE l 7  



EXPLANATION :  PRINTOUT page 17 ( User ' s guide page 4 7 )  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

OUTPUT PHOTO GROUPS PARAMETERS 

o Photo group : identification number o Camera system : Camera 

o GPS Antenna offsets model : 

o Offsts : �X , �Y , �Z between camera node and antenna 

o Standard deviations of determination of offsets : 
Std_X , Std_Y , and Std Z 

o Updating switch Off/On ( for offsets ) 

o Exclusion switch Off/On " " 

Note : Exclus ion switch overrides the updating switch . 
Standard deviations and updating switch values are ignored 
if the exclus ion switch is "on" . 

48  
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, 
. � A/ NOS GIANT . , V4 . 0 . ,  ( 03 / 9 4 )  I CALIFORNIA R V AREA 
, 

2 3 - JUN - 9 4 1 3 : 2 5 1 0 0 PAGE 

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

I D E NT  POs;rTrON , COVARIANCE MATRIX ATT (Ground to photo) COVAR IANCE MATR I X  

Lng - - 1 2 1  3 5  2 . 4 0 2 4  0 . 2 1 2 B � 1 5  - 0 . 2 7 6 B - 1 8  

hC4 6 9 3  * 7 *Lat . 3 7  36  57 . 2 9 4 1  , - 0 . 27 6 E - 1 8  0 . 132E- 15 
0 . 1 2 7 B - l 0  
0 . 6 6 0E-ll  
0 . 399B-02 E 1v _ 2 9 9 2 . 4 5 6 8  0 . 12 7 E - l 0  0 . 6GOB-ll  . .  

Lng . - 1 2� 3 4  2 6 . 0 4 3 3  
AC2 3 14 * O * La t  - 37  38  14 . 8 6 2 4  

81v _ 3 0 85 . 23 1 8  

Lng - - 1 2 1  3 4  0 . 8 �07 
AC4 6 9 2 *7 *Lat - 3 7  3 6  5 6 . 24 6� 

Elv a 2 9 93 . 1072 

Lng - - 121 3 3  15 . 63 9 1  
I AC2 3 1 3 * O *Lat 3 7  3 8  14 . 5 8 7 6  

E1v • 3 08 4 . 6 6 93 

Lng - - 1 21 3 1  1 . 3 3 1 9  
I AC 2 3 1 1  * O *Lat . •  37  3 8  15 . 5 6 4 5  

E1v _ 3 0 8 1 . 2 1 54 

Lng . - 121  3 2  ' 8 . 4 9 4 5  
l hC 2 3 1 2  * O * Lat a 3 7  3 8  15 . 6 7 6 3  

E l v  m 3 0 B O . 1 6 8 6 

0 . 4 8 58-13 �0 . 1'SR-13 0 . 21SR-05  
- 0 . 195B-13 0 . 9 6 8B-13 - 0 . 3 2 0E- 0 6  

0 . 215B - 0 6  - 0 . 3 2 0�- 0 6  ' �. 293E+Ol 

0 . 1 9 0 B � 1 5  -0 . 1 8 6E- 18 0 . 121E�10 
- 0 . 1 8 6 E - 1 8  0 . 115E- 15 0 . 224E- 1 0  

0 . 12 1B - 1 0  0 . 2 2 4 E - 1 0  0 . 3 01E- 02 

0 . 3 17B-13 - 0 . 1 9 6B-13 0 . 112B - 0 6  
- 0 . 19 6E- 13  0 . 107B-12 - 0 . 293E - 0 6  
, O . 11 2E - 0 6  - 0 . 293B- 0 6  0 . 192E+Ol 

0 . 4 83 B-12 - 0 . 2638-13 - 0 . 5 52B-07 
- 0 . 2 63 E - 13 0 . 13 18-12 -0 . 215E - 0 6  
- 0 . 562B-07  - 0 . 215E- 0 6  0 . 165E+Ol 

-0 . 3 04 B - 13 - 0 � 242E-13 0 . 4 4 9E - 07 
- 0 . 2 4 2E - 13 , O . 10 88-12 - 0 . 2 6 6 E - 0 6  

0 . 4 4 9E - 0 7  - 0 . 2 6 6 E - Q 6  0 . 161S+01 

Omega . 0 3 9 4 . 2 6 4 4  
* O*Phi • 0 8 2 6 . 6 8 6 4  

Kappa . 1 8 2  9 5 9 . 8 8 8 0  

Omes_ • 
* O*Phl • 

a 3 3  311 . 2 5 9 6  
o 22 0 . 0 655  

JCappa • 17 6 5 9  1 6 . 02 9 8  

Omega • 

* O *Phi • 

o 4 0  4 5 . 24 2 9  
,0 1 0  54 . 8 9 5 5  

JCappa _ 1 8 0  51  2 2 . 8 0 85  

Omega .- 1 4 19 . 3 2 2 8  
*O*Phl • 0 2 6  5 8 . 9 14 8  

Kappa . 176 3 6  4 5 . 4 47 8 

Omes_ .- 2 13 4 1 . 6 6 6 9 
* O * Phi • 0 3 1  5 0 . 27 8 1  

Kappa . 175 5 8  4 9 . 6 1 8 4  

Omega . 1 4 0  14 . 0 7 8 7  
* O *Phi • 0 2 0  4 6 . 0 1 0 0  

Kappa . 1 7 6  9 2 8 . 5 6 4 1  

0 . 17 4 8 - 0 6  
0 . 3 3 7 E - 0 8  
0 . 119B - 07 

0 . 6 57 S - 0 6  
0 . 4 3 12 - 07 
0 . 2 85E - 07 

0 . 1 6 4 8 - 0 6  
0 . 8 9 8 E - 0 9 
0 . 7 4 4 8 - 0 8  

0 . 6 9 1E� 06  
0 . 3 6 08 - 0 7  
o . 3 9 1 E - 0 7  

0 . 6 8 9E - 0 6  
0 . 3 0 0 E - 0 7  
0 . 4 6 2 E - 0 7 

0 . 6 5 9 8 - 0 6  
0 . 3 4 1 E - 0 7 
0 . 4 3 5 E - 0 7 

0 . 3 3 7 S - 0 B 
0 . 7 1 1E - 0 8  

0 . 1191<: - 0 8 

0 . 4 3 iE - 0 7 
0 . 1 3 8 E - 0 6  

0 . 6 5 4 E - 0 8  

0 . 8 9 8 E - 0 9  

0 . 4 2 7 E - 0 8 

0 . 1 2 9 E - 0 8  

0 . 3 6 0 8 - 07 
0 . 8 6 0 E - 0 7  
0 . 7 7 0 8 - 0 B 

0 . 3 0 0 E - 0 7 

0 . 1 1 3 E - 0 6  

0 . 7 8 2 E - 0 8  

0 . 3 4 1 8 - 0 7 
0 . 6 4 1 E - 0 7 
0 . 4 8 0 E - 0 8  

0 . 1 1 9 8 - 0 7  

0 . 1 1 9 8 - 0 8  

0 . 1 4 5 £ - 0 7 

O . 2 B S E - 0 7 
0 . 6 5 4 £ · 0 8  

0 . 4 5 4 £ · 0 7  

0 . 7 4 4 E  . .  O B  

0 . 1 2 9 8 - 0 B  

0 . 1 2 4 E - 0 7 

0 . 3 9 1 E - 0 7 

0 . 7 7 0 E - 0 8  

0 . 3 2 7 8 - 0 7 

0 . 4 6 2 8 - 0 7  

0 . 7 8 2 8 - 0 8  

0 . 3 8 :. 8 - 0 7  

0 . 4 3 :. E - 0 7 

o . 4 8 ( I E  - 0 8 

o . 2 8  ; : E  - 0 7  

S U M M A R Y  S T A  T I S  T I CI S F O R  T R I A N�a U L A T 8 D S T A T  I O N  S 

Lng 
Lat 
Elv 

number of components • 

number of components • 

number of components • 

Omega . number of components • 

Phi . • .  number of components • 

Kappa . number of components = 

4 
4 
4 

9 
9 

Avr • 
Avr · 
Avr '. ' 

Avr, • 

Avr • 

9, ' ' -Avr' a 

o 
o 

o 
o 

0 . 04 0 9  
0 . 0 6 8 5  
1 . 4 12 9  

Max 
Max • 

Max -

o 0 0 . O B 06 ' , Max • 

o 0 0 . 0 0 9 B  Max a 

o 0 0 � 0 0 4 B Max 

o 
o 

o 
o 

0 . 0 4 5 4  
0 . 0 7 4 6  
1 . 7 1 1 9  

RM S  " 
RMS " 
RMS " 

o 2 5 1 . 4 7 8 4  RMS � 

o 1 1 6 . 6 8 6 7  RMS 
o 0 4 3 . 9 6 3 9  RMS 

o 
o 

o 
o 

0 . 0 4 1 1  

0 . 0 6 8 6  
1 . 4 2 4 1  

o 2 8 . 8 9 8 2  
o 0 4 4 . 8 8 9 1  
o 0 3 1 . 4 2 3 8  

1 8  



.f>o 
\.D 

. 
' �A /NOS GIANT . , V4 . 0  . ,  ( 0 3 / 9 4 ) I CALIFORNIA R V AREA 
� 2 3 - JUN - 9 4 1 3 : 2 5 1 0 0 PAGE 

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

POs ;rT:(ON COVARIANCE MATRIX ATT (Ground to photo)  COVARIANCE MAT R I X  IDENT 

Lng - - 1 2 1  3 5  2 . 4 0 2 4  0 . 2 1 2 B � 1 5  

hC4 6 9 3 * 7 *Lat .. 3 7  36  57 . 2 9 4 1  , - 0 . 27 6 E - 1 8  
- 0 . 2 7 6 B - 1 8  

0 . 132E-15 
0 . 6 � 08-11  

0 . 1 2 7 B - I 0  
0 . 6 6 0 E - 1 1  
0 . 3 998-02  E l v  • 2 9 9 2 . 4 5 6 8  0 . 1278-10  . .  

Lng . - 12� 3 4  2 6 . 04 3 3  
AC2 3 1 4  * O *Lat . 3 7  3 8  14 . 8 6 2 4  

E l v  • 3 0 85 . 23 18 

Lng - - 1 2 1  3 4  0 . 8 9 07 

AC4 6 9 2  *7 *Lat . 37 36 56 . 2 i6� 
E lv • 2 9 9 3 . 1072  

Lng - - 121 3 3  15 . 5 3 91 
I AC2 3 13 * O *Lat 3 7  3 8  14 . 5 8 7 6  

Elv .. 3 0 8 4 . 6 6 9 3  

Lng - - 12 1  3 1  1 . 3 3 1 9  
l AC 2 3 1 1  * O *Lat . •  3 7  38  15 . 5 6 4 6  

Elv • 3 0 8 1 . 2 154 

Lng - - 1 2 1  3 2  . 8 . 4 9 4 5  
l hC2 3 1 2  * O *Lat . 37 3 8  15 . 6763  

E l v  • 3 0 8 0 . 1 6 8 6  

0 . 4 8 5. - 13 �0 . 1J58.13 0 . 2158 - 0 5  
- 0 . 1958-13 0 . 96 88-13 - 0 . 3 2 0£ - 0 6  

0 . 2158- 0 6  - 0 . 3 2 08- 0 6 0 . 2938+01  

0 . 19 0B�15 - 0 . 1 8 6B- 18  
_ 0 . 1 8 68 - 1 8 0 . 115E-15 

0 . 1 2 1 8 - 1 0  0 . 2 2 4 8 - 1 0  

0 . 12 1£":1 0  
0 . 224E-I0  
0 . 3 018- 0 2  

0 . 3 17B-13 - 0 . 196B�13 0 . 112B- 0 6  
- 0 . 196E-13  0 . 1078-12 - 0 . 2 93E-06  

0 . 112 8 - 0 6  - 0 . 2 9 3 8 - 0 6 0 . 192E+01 

0 . 4 83 B - 1� - 0 .2638-13 ,- 0 . 562B-07 
- 0 . 26 3 E - 1 3  0 . 131B-12 -0 . 2 15B- 0 6  
- 0 . 5 6 2 8 - 0 7  - 0 . 215E - 0 6  0 . 165E+01 

·0 . 3 04 8- 13 - 0 . 242E-13 0 . 4 4 98- 07 
- 0 . 2 4 2 E - 13 , O . 1 0 8E - 12 , - 0 . 2 6 6E- 0 6  

0 . 4 4 9B - 07 - 0 . 2 6 6 B- 0 6  0 . 161B+0 1  

Omega - 0 3 9  4 . 2 6 4 4  
. 0.Phi • 0 ' 8 2 6 . 6 8 6 4  

Kappa . 1 8 2  9 5 9 . 8 8 8 0  

Omega . 0 3 3  3 9 . 2 5 9 6  
. 0 .Phi • 0 2 2  0 . 0 6 55 

Kappa . 176 5 9  16 . 0 2 9 8  

Omega -
· O * Phi -

o 4 0  4 5 . 2 4 2 9  
,0 1 0  5 4 . 8 9 5 5  

Kappa .. 1 8 0  5 1  2 2 . 8 0 85  

Omega . - 1 4 19 . 3 2 2 9  
.0.Phi • 0 2 6  5 9 . 9 1 4 8  

Kappa _ 17 6 3 6  4 5 . 4 47 8 

Omega . - 2 13 4 1 . 6 6 6 9 
. 0 *Phi • 0 3 1  5 0 . 27 8 1  

Kappa - 1 7 5  5 8  4 9 . 6 1 8 4  

Omega . 1 4 0  14 . 0 7 8 7  
* O *Phi • 0 2 0  4 6 . 0 1 0 0 

Kappa . 17 6 9 2 8 . 5 6 4 1  

0 . 17 4 E - 0 6 
0 . 3 37 E - 0 8 
0 . 1 1 98 - 0 7 

0 . 6 5 7 B - 0 6  
0 . 4 3 1E- 07 
0 . 285£ - 0 7 

0 . 1 6 4 £ - 0 6  
0 . 8 9 8 £ - 0 9  
0 . 7 4 4 E - 0 8  

0 . 6 9 l E . 0 6  
0 . 3 6 0E - 07 
0 . 3 91 E - 07 

0 . 6 8 9 B - 0 6 
0 . 3 0 0 E - 07 
0 . 4 6 2E - 07 

0 . 6 598 - 0 6 
0 . 3 4 1E - 0 7  
0 . 4 3 5E - 0 7  

0 . 3 3 7 S - 0 8  

0 . 7 1 1 E - 0 8  
o . 1 l 9 E - O B  

0 . 1 1 9 8 - 0 7 
o . l 1 9 8 - 0 8  

0 . 1 4 5 E - 0 7  

0 . 4 3 i E - 0 7 0 . 2 8 5 £ - 0 7  

0 . 1 3 8 E - 0 6  0 . 6 5 4 E · 0 8  
0 . 6 5 4 E - 0 8  0 . 4 5 4 E - 0 7 

0 . 8 9 8 E - 0 9  
0 . 4 2 7 E - 0 8  
0 . 1 2 9 E - 0 8  

0 . 3 6 0 E - 0 7  
0 . 8 6 0 E - 0 7 
0 . 7 7 0 E - 0 8  

0 . 3 0 0 E - 0 7  
0 . l 1 3 E - 0 6  
0 . 7 8 2 E - 0 8  

0 . 3 4 1 E - 0 7 
0 . 6 4 1 E - 0 7  
0 . 4 8 0 E - 0 8  

0 . 7 4 4 E ·, 0 8  

0 . 1 2 9 E - 0 8  

0 . 1 2 4 E - 0 7 

O . 3 9 1 E - 0 7  
0 . 7 7 0 E - 0 8  
0 . 3 2 7 E - 0 7  

0 . 4 6 2 E - 0 7 
0 . 7 8 2 E - 0 8  
0 . 3 8 :. E - 07 

0 . 4 3 :· E - 0 7  
0 . 4 8 ( I E - 0 8  

o . 2 8 :: E - 0 7  

S U M M A R Y  S T A  T I S  T I CI S F O R  T R I A N �a U L A T E  D B T A T  I O N  S 

Lng 
Lat 
Elv 

number of components -
number of components -
number of components • 

omega . number of  components • 

Phi . . .  number of components .. 
Kappa . number of components Q 

4 
4 
4 

' 9  
9 
9, '  

Avr • 
. Avr '. 
Avr '. 

Avr, • 

Avr • 

'Avr' .. 

o 
o 

o 
o 

0 . 04 0 9  
0 . 0 6 8 5  
1 . 4 12 9  

Max -
Max .. 
Max • 

o 0 0 . 0 8 0 6' , Max .. 

o 0 0 . 0 0 9 8  Max Q 
o 0 0 � 0 0 4 8  Max Q 

o 
o 

o 
o 

0 . 0 4 5 4  
0 . 0 7 4 6 
1 . 7 1 1 9  

RM S  " 
RMS = 

RMS " 

o 2 5 1 . 4 7 8 4  RMS " 
o 1 1 6 . 6 8 6 7 RMS 
o 0 4 3 . 9 6 3 � RMS 

o 
o 

o 
o 

0 . 0 4 1 1  

0 . 0 6 8 6  

1 . 4 2 4 1  

o 2 8 . 8 9 8 2 

o 0 4 4 . 8 8 9 1  
o 0 3 1 . 4 2 3 8  

1 8  



EXPLANATION :  · PRINTOUT page 1 8  ( User ' s  gui d e  page 4 9 ) 

Thi s  page shows the state vectors (pos ition and or ientat ion ) o f  
each o f  the triangulated camera station : 

TRIANGULATED STATIONS 

o Ident i f ication : camera stat ion 

o Camera POSITION : 

o Composite flag for coordinates update : 

Compos ite flag 
Value ( X )  

Coordinates update 
Primary Secondary Tertiary 

o 
1 
2 
3 
4 
5 
6 
7 

y 
N 
Y 
N 
Y 
N 
Y 
N 

o POSITION vector - camera station 

y 
y 
N 
N 
Y 
Y 
N 
N 

Adj usted Longitude ,  Latitude , and E levation 

o COVARIANCE matrix ( position vector ) 

o Camera ATTITUDE : 

y 
y 
y 
y 
N 
N 
N 
N 

o Composite f lag for attitude/rotati ons update . .  

o ATTITUDE ( ground to .photo) :  Omega , Phi ,  Kappa ( in 
local vertical ) 

o COVARIANCE matrix ( attitude vecto r )  

SUMMARY STATISTICS FOR TRIANGULATED S TATIONS : 

o Number of components updated for position and attitude 

o Average values for updates : POSITION and ATT I TUDE parameters 

o Maximum values for updates : POSITION and ATTITUDE parameters 

o Root Mean Square values of POSITION parameter s : Longitude , 
Latitude , Elevation , and ATTITUDE paramters : Omega , Phi ,  Kappa . 

5 0  



,A/NOS GIANT . . V4 . 0 • .  ( 03 /9 4 )  I CALIFORNIA R V AREA 23 - JUN - 9 4  1 3 : 2 5 : 0 0 PAGE 1 9  

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

IDENT POSITION COVARIANCE MATRIX STANDARD DEV 

Lng _ - 121  3 3  6 . 593 6 0 � 125B-14 - 0 . 3 08B-15  0 . 3 2 08- 0 8  0 0 0 . 0 0 7 3  

7 Lat - 37  3 6  1 0 . 8 85 5  - 0 . 3 0 8B-15 0 . 8 2 3 8 - 14 � 0 . 3708-07  0 0 0 . 0 1 8 7  

81v - 573 . 7 8 4 2  0 . 3208-08  - 0 . 37 0E - 07 0 . 4 078+ 0 0  0 . 6 3 8 1  

Lng - - 12 1  3 0  5 8 . 12 9 1  0 . 556B-15 - 0 . 52 2B- 15 0 . 16 0B - 0 8 ,  0 ' 0  0 . 0 0 4 9  
1 1  Lat - 37  3 6  1 8 . 0 1 6 1  - 0 . 522B-15 0 . 6 4 0 E - 14 - 0 . 8 0 4B - 0 8  0 0 0 . 0 1 6 5  

Elv - 4 7 5 . 27 6 0  0 . 160B- 0 8  , - 0 . 8 04E - 0 8 0 . 4 3 08+00  0 . 6 5 6 0  

Lng - - 121  3 0  47 . 15 6 8  0 . 7 95B-15 - 0 . 621B-16 - 0 . 773B� 0 8  ' 0  a 0 . 0 0 5 8  

2 1  Lat - 3 7  3 6  54 . 22 3 9  - 0 . 621B-16 0 . 77 9B - 1 4  - 0 . 2 5 9 B - 0 8  0 0 0 . 0 1 8 2 U1 
...... Blv - 273 . 43 1 6  - 0 . 77�8 - 0 8  -0 . 2598- 0 8  0 . 2568+ 0 0  0 . 5 0 5 5  

Lng - -121 3 0  3 7 . 03 9 2  0 . 5 97B-11 0 . 514B-14 - 0 . 453E-07 0 0 0 . 0 1 5 9 

, 3 1  Lat - 37  3 7  53 . 0505 0 . 5148-14 0 . 2 0 3 8 - 13 - 0 . 4 09B-07 0 0 0 . 0 2 9 4  
E1v - 17 0 . 2234  - 0 . 453B-07 - 0 . 4 09 E - 0 7  0 . 3 878+ 0 0  0 . 6 2 2 0 

Lng _ - 1 2 1  3 1  54 . 8 3 3 9  0 . 199B-14 0 . 1 6 68-14 - 0 . 151B - 0 7  a 0 0 . 0 0 9 2  

4 1  Lat - 37  3 6  13 . 6 3 2 1  0 . 1668 - 14  0 . 1228-13 - 0 . 2 018 - 07 a 0 0 . 0 2 2 8  

81v - 637 . 3 3 15 -0 . 151E-07 - 0 . 2 0 18-07  0 . 1538+ 0 0  0 . 3 9 0 8  

Lng --121 3 3  57 . 5� 0 3  0 . 116B-14 0 . 14 7 E - 1 4  0 . 9 0 68 - 0 8  0 0 0 . 0 0 7 0  

4 5 Lat - 3 7  3 7  21 . 6291  o . 147B-14 0 . 116E-13 0 . 172E - 07 0 0 0 . 0 2 2 2  

81v - 5 0 9 . 21 9 9  , 0 . 906B-09  0 . 17 2 E - 07 0 . 115E+ 0 0  0 . 3 3 9 5  

Lng - - 121 3 1  5 6 . 7 214 0 . 659B-15 o . 27 7 B - 15 0 . 3 328 - 0 8  0 0 0 . 0 0 5 3  

5 1  Lat - 3 7  37  4 . 97 4 5  0 . 2778-15 0 . 124E-13 0 . 63 28- 0 8  0 0 0 . 0 2 3 0  

Elv - 3 4 5 . 17 0 9  0 . 3 3 2E - 0 9  0 . 6 3 2 E - 0 8  0 . 552E-01  0 . 2 3 5 0  

Lng _-121 3 1  57 . 0702 '0 ,1208-14 - 0 . 571E�16 - 0 . 4248 - 0 8  0 0 0 . 0 0 7 1  

6 1  Lat - 37  3 7  51 . 4 0 6 6  - 0 . 571B- 16 0 . 1 0 3 E - 13 0 . 502E-07 0 0 0 . 0 2 1 0  

Elv - 2 1 0 . 4 522 - 0 . 4 2 4 E - 0 8  0 . 5 028-07 0 . 6 678+0 0 0 . 8 1 6 4  

Lng ' • •  121  3 1  13 . 3287 0 . 244B-14 � 0 . 341E-14 - 0 � 3 178 - 07 ' 0 0 0 . 0 1 0 2  

6 5  * 4 *  Lat - ' 3 7  3 7  3 9 . 3737  - 0 . 3 4 1E-14 0 . 1 8 8E-13  0 . 11SE - 0 6  0 a 0 . 0 2 8 2  

Elv • 174 . 6157 - 0 . 3 17E-07 0 . 115E - 0 6  0 . 9 628t O O  0 . 9 2 8 3  



EXPLANATION : PRINTOUT Page 1 9  ( Us er ' s  Guide page 5 1 )  

TRIANGULATED GROUND POINT S  

o IDENt i f ication : ground point 

o POSITION : 

o Composite flag value1 ( or blank ) for ground points 

o Triangulated values : Longitude , Latitude , Elevation 

o COVARIANCE MATRIX of pos ition vector 

o STANDARD DEVIATIONS : Longitude , Latitude , Elevation 

Icompos ite f lag 
value ( X) 

Coordinates update 
Primary Secondary Tertiary 

- - - - - - -� - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

° y y y 
1 N Y Y 
2 Y N Y 
3 N N Y 
4 Y Y N 
5 N Y N 
6 Y N N 
7 N N N 

X =1 , means primary component i gnored 
=2 , means secondary component i gnored 
=4 , means tertiary component ignored 
=7 , means control not updated or ignored 
=0 , ( or blank) means control updated 

5 2  
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tTl 
W 

S U M M A R  Y 

Lng • • •  number · of oomponent • • 

Lat number of component. • 

Elv number of component. • 

S T A T  I S T I C  S 

3 8  Avr • 0 0 
3 8  Avr • .  · 0  0 
34  AV:t:· .. 

FOR G R 0 U N D 

0 . 0124 Max • 0 0 
0 . 02 8 1  Max • 0 0 
0 . 9597 . Max . 

. 2 3 - JUN- 9 4 1 3 : 2 5 : 0 0 PAC:E 2 2  

P O I  N T B 

0 . 03 0 9  RMS • 0 a O .  0 1 4 3  
0 . 03 9 9  RMS • 0 a 0 . 0 2 9 3  
2 . 7 9 2 6  RMS .. 1 . 1 9 l 8  



EXPLANATI ON : PRINTOUT Page 2 2  ( User ' s  Gu ide page 5 3 )  

SUMMARY STATISTICS FOR GROUND POINTS 

o Number of components o f :  

o Longitude 

o Latitude 

o Elevation 

o Average and Maximum residual values for : 

o Longitude 

o Latitude 

o Elevat ion 

o Root Mean Square values for : 

o Longitude 

o Latitude 

o Elevation 
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:.A!NOS GIANT . •  V4 . a • .  ( 03 /9 4 )  I CALIFORNIA R V AREA 

C O R  R B C T I O N  S 

'Lng- 0 0 0 . 0 073 Lng. 

6 5  L a t .  - 0 0 0 . 0003  213 L a t .  -

E1v .. ( 0 . 0 0 0 )  E1v- ( 

Lng· C ·  0 0 0 . 0 0 0 1 )  Lnir- C -
4 8 9 :2 0 1  l.at .. ( 0 0 0 . 0 0 0 1 )  4 8 9 2 0 2  ' l.at. ( 

Elv- - 0 . 25 6  Elv .. 

Lng- ( - a a o . 0 0 0 1 )  Lng. ( -

6 9 0 2 0 1  Lat .. ( - a 0 o .  0 0 0 1 )  6 9 3 2 0 2  L a t  .. ( -, 

Elv= 1 .  3 7 8  Elv .. 

� 

Lng number o f  oomponents - 3 (J'I 
' U"1  Lat number o f  components • 3 

Elv number of, components - 7 

'. 

A P P L I E D - T 0 a R O U N D  

a , 0  
0 0 

0 0 
O. 0 

0 0 
0 0 

Avr , .  

Avr • 
Avr • 

0,. 0 0 4 6  
0 . 0 0 0 6  

0 . 0 0 0 )  
, , 

0 . 0 0'0:1.) 
0 . 0 0 0 1 )  

' -1'. 3 7 1  

0 . 0 0 0 1 )  , 
0 . 0 0 0 1 )  

1 .  0 8 6  

0 0 
0 a 

Lng. - a 
217  Lat- - 0 

Elv. ( 

Lng- C 0 
6 8 9 2 0 1  Lat. ( - 0 

Elv-

0 . 0075 Max • 0 0 
0 . 0 0 0 5  Max • a 0 

' 1 .  5 0 8 1  Max -

2 3 - JUN - 9 4  1 3 : 2 5 : 0 0 PAGE 2 3  

C O N  T R 0 L 

a 0 . 0107  Lng .. ( a a 0 . 0 0 0 1 )  
0 0 . 0 0 04 4 8 6 2 0 1  Lat= ( - a a 0 . ,) 0 0 1 )  

0 . 0 0 0 )  Elv= l .  2 0 3  

0 0 . 0 0 0 1 )  Lng - ( 0 0 0 . 0 0 0 1 )  
a 0 . 0 0 0 1 ) 6 8 92 0 2  Lat. ( a 0 0 . 0 0 0 1 )  

- 1 .  7 8 6  Elv .. - 3 . 4 7 6  

0 . 0107  RM S  .. a a 0 . 0 0 7 9  
0 . 0 0 0 6  RM S  .. 0 a 0 . 0 0 0 5  

3 . 4 7 5 7  RM S  .. l . 7 6 2 5  



EXPLANATION :  PRINTOUT Page 2 3  ( Us er ' s  Guide page 5 5 )  

CORRECTIONS APPLIED TO GROUND C ONTROL 

o Identif ication : ground control point 

o corrections to Longitude , Latitude , and Elevation 

(Note : Values in parenthes is correspond to parameters 
which do not update in the s o lution) 

o Number of components which update in the s o lution 

o Average , Maximum and Root Mean Square va lues of 
corrections appl ied to Longitudes ,  Lat itudes , and 
Elevations of ground control points . 

( Note : These values indicate accuracy o f  aerotriangulation) 
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APPENDIX A . - -DATA STRUCTURING BY GIANT 

Input data are reordered by GIANT to facilitate the use of an efficient 
algor ithm for the formation , solut ion , and invers ion of the normal equat i ons . 
The purpose of the data structur ing process is to  produce an effic ient , 
diagonally banded matr ix of  normal equat ions . 

The overall efficiency o f  the adj ustment process depends on the arrangement 
of submatri ces in the normal set which produces the narrowest poss ible band­
width of nonzero elements .  Bandwidth for the normal system structured by 
GIANT is a funct ion of input data ordering . 

It is true that a particular arrangement of data for the given j ob w i l l  
imply a certain bandwidth f o r  the normal equation matrix . A different 
arrangement of the data results in a different bandwidth . S ince the maximum 
allowable bandwidth is a funct ion of computer avai lable storage , there may be 
cases where data arrangement becomes a determining factor in whether a j ob ean 
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 recti f ied . The normal matrix is formed by GIANT 
under the fo llowing rules : 

1 .  Modif iable parameters are divided into sets , each set being composed of 
three parameters . Therefore , a s ingle camera station ' s  parameters constitute 
two parameter sets , one for pos it ion and one for attitude . 

2 .  The f irst reference to a ground point through one of its images results 
in the inclus ion , in the normal matrix , of all parameter sets associated w ith 
the point . Therefore , parameter sets for camera stat ions observing the po int 
will be added to the normal system if they have not already been p laced in the 
matr ix by reference from a previous point . 

A s imple examp le will best demonstrate the data structuring process used to 
bui ld the normal equati on matr ix . Consider a strip of s ix photographs , each 
contain ing three image points distributed as shown in table 1 .  

Table A . l . - -Examples of s ix photographs 

Photograph Image Po ints 

1 � 
2 2 

i 
3 � 
4 � 

6 
5 5 

� 
6 � 

58 



Assume that input data are arranged as shown in table A . l from photographs 
1 through 6 . Follo�ing the rules out lined above , the normal matrix shown in 
figure A . l �ould be constructed as follo�s : 

Image 1 of photo 1 is  the first point encountered , resulting in the entry of  
the t�o camera parameters sets ( C 1 ' C 1 ) and the g round p o int parameter set ( P l ) 
into the normal matrix . Nonzero blocks occur �henever there is  correlation ;  
sho� by shading the figure . The next image p o int encountered i s  point 2 
which occurs on photographs 1 and 2 .  The camera stati on parameter sets for 
photograph 1 have already been included in the normal system ,  so only C2 ' C2 ) 
and ( P Z ) must be added to the system . In the same fashion , image po int 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 po int parameter sets  for po ints 7 
and 8 to complete the normal system .  The d iagonal matrix produced is  
s ymmetric about the dashed diagonal l ine . Without further exp lo itation o f  the 
structural pecul iarities for the normal matrix , the GIANT algor ithm �ould  
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 g roup 
of unkno� parameter sets . Any parameter set which is uncorrelated with the 
parameter sets that succeed it , is qual if ied as a member of  thi s  special 
group . Therefore , parameter sets PI ' P2 , and P3 �ill share a common storage 
area within the cross-hatched area in the f igur e .  Thi s  arrangement results  in 
a reduction of  the bandwidth from the original n ine parameter s ets to an 
effective bandwidth of seven parameter sets . The effective bandwidth not ion 
applies to all possible positions of  the cross hatched area along the matrix 
d iagonal . 

The reader would no� be able to v i sualize 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 previous ly stated , the max imum allowable effective bandwidth is  a 
function of computer system conf igurat ion . The limitation i s  based on the 
number of 3 by 3 matrix parameter sets �hich w i l l  fit  a work area of computer 
memory , and it can be expressed in terms of the allowab le number of photo­
g raphs , either preceding or succeeding a g iven photograph , �hi ch 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 p arameter sets  
will be  al lo�able in the normal matrix , us ing one set for the common ground 
point . S ince t�o parameter sets are required for each photograph , a total of 
(K- I ) / 2  photographs may be involved . This amounts to  a llowing a photograph in 
a given input arrangement to have conj ugate po ints with a maximum of ( K- I ) / 2 - 1  
photographs before o r  �fter i t . 

5 9  



�c,  �l IPI IS is P2 IS IS IP3 1c4 C4 P4 1S Is 'Ps lc6_ 1�6 P6 P7 Ps 
C; M Ii '" C1 i WI � PI 1\ " 
S �� � ; M fI �  
s � � m ; '" P2 Glm i � 
S � ill ;", 
S >m r.�0.: f.M &l i " 
p, :» >  �l 1\ 3 ��� .X>O<X� C4 � f$? � W � 
C�_ � � m " 
p� � Jt.� m � 

C5 '" 
'3 " 
CS "- Q<; 

C6 � � � 
C6 � P6 '" moo 
P2 � II 
Pg '" m 

Figure A. I.-Normal matrix for the six photos defined in table A. I .  
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APPENDIX B . - - COORDINATE SYSTEMS IN GIANT 

Two obj ect space coordinate systems are avai lable on opt ion ( character no . 1 ) 
in to the GIANT program :  1 )  geographic ( geodetic )  and ( 2 )  rectangular ( sec . 
II . B . 1 ,  Job Def init ion Data Record ) . The preferred opt ion for almost all block 
adj ustments is the geographic coordinate system .  Us ing this system ,  the Earth ' s  
curvature is incorporated in the mathematical model and the interpretation of 
input and output is  eas ier and more meaningful . 

The Geodetic Coordinate System 

Thi s  coordinate system is the convent ional ellipsoidal coordinate system . 
Rigorously def ined , geographic refers to a spheroidal coordinate system , and 
geodet ic refers to a s imi lar system based on an ellipsoid of revolution ( f ig . 
B . l ) .  In ordinary usage , however , the two terms are used interchangeably . I f  
the default values are accepted , the coordinate system chosen w i l l  b e  the 
ellipsoid of revo lution ( f ig .  B . 2 ) ,  us ing the semimaj or and s emiminor axes 
def ined for the Clarke 1 866 spheroid.  However , it is poss ible to change 
ellipsoids by entering the values of semimaj or and semiminor axes in character 
spaces 5 1 - 6 0  and 6 1 - 7 0 , respectively . ( See II . B . l ,  Job Def inition Data Record . )  
Thi s  is  usual ly used when working in other parts of the world where the bas i c  
control net i s  on a different sphero id . 

The use of f eet or meters for obj ect space coordinates is  also determined by 
the e l l ipsoid constants . If the default or another sphero id in feet i s  chosen , 
all  l inear components ( elevations ) must be in feet . If  spheroid constants in 
meters are chosen , all input us ing linear measure must be in meters . Output 
units will be determined by the choi ce made for input . The values required for 
the Clarke Sphero id of 1866 in meters are :  

Semimaj or axi s : 
Semiminor axis : 

a = 6 , 3 78 , 206 . 4  m 
b = 6 , 356 , 583 . 8  m 

The program does not use the geographic system directly in its adjustment but 
converts to geo centric coordinate system X, Y ,  Z ( fig . B . 2 ) , using the widely 
accepted convers ion formula . Additionally , for interpretation , the camera 
att itude ang les are referenced to a local vertical system at the pos ition of  the 
camera ,  with Y pointing north and Z pointing up . A more complete description on 
orientation ang les is g iven in appendix C .  

The geocentri c  coordinate system may be described as a r i ght-handed , rectan­
gular , orthogonal coordinate system. It has three axes , usually des ignated X ,  
Y ,  and Z .  They are l inear measurements , and all three must be at right angles 
to each other . Any po int may be uniquely described by g iving its X ,  Y ,  and Z 
coordinates . The most common system of this type is the geocentric coordinate 
s ys tem where X and Y are in the plane of the equator , Z is  then through the 
North Pole , and X is  through the zero longitude ( f ig . B . 2 ) .  In this system , 
po ints in the eastern United States would be +X , -Y , and +Z , while figure B- 2 
p o ints in the western United States (west of 9 0 0W long itude or approximately New 
Orleans ) would be -X, -Y , and +Z . 
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The Rectangular Coordinate System 

The other poss ible input coordinate system i s  rectangular . The primary use 
of this system is for " c lose - r ange" photogrammetry , although it may a ls o  be 
used rigorous ly with geocentr ic  coordinates and with s ome local coordinates . 
The danger in this sys tem i s  that the curvature o f  the Earth is not modeled 
for State p lane and Un iver sal  Transverse Mer cator ( UTM )  coordinates . 

I t  is poss ible to use thi s  opt ion with S tate p l ane coordinates and UTM 
coordinates , but it is not a rigorous or correct usage . For sma l l  areas , and 
when the Earth ' s  curvature is neg l i g ible , i t  c an be used , but again , a lways 
with caut ion and results should be checked carefully . Interaction of the 
parameters can o ften adj ust most  of the errors and prov i de satisfactory 
results for small areas . Systemat ic  error is left which cannot be correctly 
resolved by the least squares adjustment techn ique because any errors w i l l  be 
treated as random errors . Although the res i du al s  themselves may appear t o  be 
satisfactory , systematic  errors may remain in  the s o lution .  S tate p lane and 
UTM systems , as with all  map proj ect ions , are not  geometrically s imilar to the 
Earth ' s  surface and consequent ly they introduce d i s tort ions . 
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APPENDIX C . - - EXTERIOR ORIL\lATION 

Def in i t i ons 

A d i scuss ion of  the exter ior or ientation of a photograph ( f i g . C . l )  
follows . 

1 .  The pos it ion o f  the camera exposure stat ion C in the obj ect space 
coord inate system . Thi s  can be represented by the three space coordinates 
( XC ' YC ' Zc ) ,  or equiva l ently,  by the c amera s tation vector 

Xc 
� 
C = Yc 

Zc 

2 .  The or ientat ion mat r i x  

ml l  m l 2 ml 3 

M = m2l  m22 m23 

m3 1 m3 2 .m33 

whi ch g ives the angular o r ientat ion o f  the image coordinate syst em ( x ,  y ,  z )  
w ith respect t o  the obj ect s pace coordinate system ( X ,  Y ,  Z ) . 

x 

F i gure C . I - -Exter ior o r i entat ion 
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The elements of M are the cos ines of the n ine space ang les between the three 
axes of the image coordinate system and the three axes of the obj ect 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 cos ines of the space angles between the 
x-axis  and the X- , Y- , and Z-axes respectively , etc . Obvious ly , these elements 
are direction cosines . 

This matrix is  arranged to transform obj ect 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 .  

S equential Rotat ion 

The orientation matrix can be factored into three orthogonal mat r i ces , each 
representing a simple rotation of the image coordinate system about a particular 
image coordinate axis . The sequence of the three rotations must b e  specif ied 
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 co inc ident with the obj ect space coordinate 
system .  The three rotations are applied to the image coordinate system in the 
appropriate sequence to place the system into its f inal position ( fi g . C . 2 . ) .  

The orientation matrix M is an orthogonal matr ix . There is  one , and only one , 
orientation matrix , M ,  for a g iven orientation s ituation . 

Seguence 

Pr imary - Roll (w)  
Secondary - Pitch ( ¢ )  
Tertiary - Yaw ( K ) 

Axis of rotation 
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Rol l  ( w )  is an ang le of rotation o f  about the x-ax is . Positive roll 
rotates the pos itive y-axis  toward the pos itive z - axis . 
- 1 8 0 °  < w < +18 0 ° . ( left w ing up ) 

Assume +x is  direction of f l ight ; +y is at a ri ght angle to +x , 
and the positive direction i s  out the left w ing ; +z is  at a 
right angle to the x y pl ane , and the pos itive direction is up . 

Pitch ( � )  is an angle of rotat ion about the y-axis . Pos i tive pitch 
rotates the posit ive z - axis  t oward the pos itive x - axis . 
- 1 8 0 °  < � < +18 0 ° . ( nose down ) 

Yaw ( � )  is an angle of rotat ion about the z - axis . Pos itive yaw rotates 
the positive x-axis toward the pos itive y-axis . 
- 1 8 0 °  < K < +180 ° .  ( counterclockwise is positive ) 

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

z 
\ 

, \ � \CAMERA AX I S  
I '  \ 

, \ PLUME L I NE :  \ \ 

l r., 
{ ;  � 

\ 
'" \ I \ 

.l- - _ ..J  I / 
1 / 
v -

H 

Figure C . 2 - -Rotations 
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APPENDIX D . - -MATHEMATICAL MODEL 

Collinear ity Equations 

The only mathematical model in the GIANT program is collinearity . This 
expresses the condit ion that in undistorted space , a vector from the camera 
station to an image po int is collinear with a vector from the camera s tat ion 
to the corresponding po int in obj ect space . S ince the "real world" is  not 
distortion- free , preprocess ing has hopefully compensated for the distortions . 

The orientation matrix M transforms vectors in the obj ect 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 transformat ion . Indeed , the geometr ical representation of the 
vector i s  not changed at all in length and d irection by the transformation ; 
the components of the vector are s imply expressed in the image coordinate 
system instead of in the o bj ect space coordinate system .  In f i g . C . 1 ,  l = CP 
is  such a vector . Its components in the obj ect space coordinate system are 

� Xc 
� 
A = Yp Yc 

Zp Zc 

and its components in the image coordinate system are 

xp Xc 
� 
a = yp Yc 

zp Z c 
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Now , the vector froID the camera station C to the image po int p is  g iven in 
the image coord inate system by : 

r 

-+ 
a = yp Yo 

- f  

where xo ' Yo are the p late coord inates of  the principal po int ( f i g . C . l ) . 

When the exterior orientation of a photograph has been correctly estab­
l i shed . it is clear from fig . C . l that �he vector a i s  coll inear with the 
vector A .  The two vectors di ffer on ly in length . Thus , if they are both 
expressed in the same coordinate system , one is  s iIDply a scalar mult iple of  
the other ; that i s  

-+ � -
a = kA . 

The s calar k is  called scale factor . Thi s  leads to the proj ect ive equat ions 

-+ -+ 
a = k MA ,  

xp 

or yp 

- f  

Xo ml l  

Yo = k m2 l  

m3 l  

Expressed individua l ly ,  these proj ective 

( xp xo ) = k [ ml l  (Xp XC ) + 

( yP Yo ) = k [ m2 l (Xp XC ) + 

( - f  = k [ m3 l (Xp XC ) + 

IDl 2  IDl 3  Xp Xc 

ID22 ID23 Yp Yc 

ID32 ID33  Zp Zc 

equat ions are : 

m1 2  (Yp YC ) + m13 ( Zp ZC ) ] 
ID22 (Yp YC ) + m2 3 ( Zp ZC ) ] 
m32 (Yp YC ) + ID3 3 ( Zp ZC ) ] 

Dividing the f irst equat ion by the third equat ion and the second equat ion by 
the third equation , and multiplying throughout by - f ,  we obtain : 

x ) = - f ml l  (Xp - XC ) + IDl 2 (Yp - YC ) + ml 2 ( Zp - ZC ) 
0 

m3 1 (Xp - XC ) + m3 2 ( YP - YC ) + ID3 3 ( Zp - ZC )  

( yp Yo ) = - f  m2 l (Xp - XC ) + m22 (Yp - YC ) + m23 ( Zp - ZC ) 

m3 1 (Xp - XC ) + m3 2 ( Yp - YC ) + m3 3 ( Z p - ZC ) 

These equations express the fact that the obj ect point P ,  the image po int p ,  
and the exposure stat ion C all l ie on the same straight l ine . They are , 
therefore . referred to as "collinear ity equations . "  
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Ang les 

If M is g iven , w, ¢ ,  and K can be found us ing the following relations : 

tan w = 

s in = 

tan K = 

m3 1 

Local Vertical Coordinate System 

The or 1g1n of the local space coord inate system is taken at the coord inates 
of each camera station . The geocentr ic coordinates of the o r i g in 0 are X ' o ' 
y ' o ' and Z 'o ( f ig . D . l ) .  and the geodetic coord inates of  the origin are ¢o . 
Ao ' and ho . The z axis of  the local system is  taken along the normal through 
the origin . with pos itive z d irected away from the center of the Earth . The 
y axis is in the meridian through the origin , with pos itive y d irected toward 
the north pole . The x .  y .  z axis form a right- handed coordinate system .  
S ince only angular rotations are considered here , the value o f  h is  of no 
importance . The local coord inates are x ,  y .  and z .  They are obtained from 
the geocentr ic coordinates us ing the following transformat ion : 

x 1 0 0 - s inA o COSA o 0 X - X '  0 

Y = 0 s in¢ o cos<p -cos).. o - s inA o 0 Y - y ' 
0 0 

z 0 - cos¢ o sin<P o 0 0 1 Z - Z � 

or x = M<p M).. X 
0 0 

Combining the two orthogonal matrices , we get 

x -s inA o COSA o 0 X '  - X ' 
0 

Y = - s in¢ o COSA o - s in¢ o s inA o cos¢ o y ' - y 
0 

z cos¢ o COSA o cos<P o s inA o s in<p o Z - Z � 

or x = M¢ Ao 
X 

0 
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Orientat ion Matrix M 

The orientation matrix M = Mw M¢ MK 

Where w i s  roll , ¢ p itch ,  K yaw 

= 

= 

= 

1 

o 

o 

cosw 

o - s inw 

cos¢ 0 

o 

s in¢ 

COSK 

- s inK 

o 

1 

o 

sinK 

COSK 

o 

Z '  

- - -

o 

s inw 

cosw 

- s in¢ 

o 

cos¢ 

o 

o 

1 

z 

F i gure D . I - - Local vert ical coordinate system 
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Compos ite Ma t r i x  ( MK¢w ) 

Hence 

( COK  cos¢! ) ( s inw s in¢! COSK + COSW s inK ) ( -COSW s in¢! COSK + s inw s inK ) 

= ( - s inK cos¢ ) ( - s inw s in¢! s inK + cosw COSK )  ( COSW s in¢ s inK + s inw COS K )  

s in¢! -s inw cos¢! 

or x = MK¢!� - - g round-to -photo 

Computational Sequence 

GIANT uses the following computational sequence : 

Eva luate ( compute )  
a s  der ived 

Transpose forming 

Form 

( Transpose of  derived matrix ) 

Premultiply 

Note t h i s  is equiva lent to : 

= (M K¢W 

cosw cos¢! 

Local-to- camera 

Camera - to- loca l ·  

Local-to- geocent r i c  

( Camera-to- local and Local - to- geocentri c ) T 

Y i e ld ing (M )T 
<P O A O W¢!K 

whi ch will transform geocentric-to-camera 

E i ther photo-to-ground or ground-to -photo ang les may be used . 
results w i l l  be numer i cally the same for ground po int pos i t ions , 
d i f fering values for w ,  ¢i ,  K wi ll be obta ined . 
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APPENDIX E . - - ERROR PROPAGATION 

The error propagat ion opt ions ( characters 1 1  and 12 of  record 2 of COMMON 
file , sec . II . B . 1 )  are expens ive to exerc ise , requiring add it ional computa ­
tions and printing . Based o n  the input and the solut ion , the results are 
est imates of how wel l  the camera station and the ground po ints are determ ined . 
These options are exerc ised only on the last two or three runs , because the 
s olution does not provide much informat ion whi le the data are be ing " c leaned 
up" and edited . 

A variance covariance matrix for each s et of  parameters is  determined from 
the inverse of the normals . This is  then multipl ied by the est imate of 
var iance of unit we ight . The standard deviation for each e lement is  the 
square root of the d iagonal terms of that matrix . 

Variance of unit weight ( 0 2 )  may be est imated by the equation : 
o 

where 

0 2  = I ( v iwiv i ) 
o (n-u ) 

Vi is the res idual o f  the ith observat ion 

wi is  the weight 

n is the number of observations 

u is the number of "unknowns " or "solvable parameter s "  

(n-u)  is  the degree o f  freedom . 

In the photogrammetr ic problem the number ( n )  of observat ions i s  equal to 
the numbers of plate coordinates , one for x ,  and one for y ,  or two � imes the 
numbers of image points measured . Add to this the number of  measurements for 
ground control coordinates , one for each of  the known coordinates ( lat itude , 
longitude and e levati ons ) .  Depending on the external s ource o f  informat ion , 
camera station posit ion (Xc ' Yc ' Zc ) and orientat ion e l ements ( w , � ,  K) , a s  
wel l ,  can b e  added t o  the number o f  o bservations as s ix times the numbers  o f  
camera stations . Although these are considered as  s o lvable parameters ,  they 
can also be treated as we ighted observat ions if  suf f i c i ent information i s  
ava i lable . 

The unknowns or s olvable parameters ( u )  are the ground control pos i t i ons . 
For each unique point in the adj ustment , three unknowns are counted . Camer a  
stat ion position ( X ,  Y ,  Z )  and orientat ion ( w , � ,  K )  a r e  usually con s i dered 
"unknowns , "  giving r ise to additional numbers of unknowns equal to s ix t imes 
the number of camera stations . 

To summar ize , let : 
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v = the output residua l for each observat ion . 
w = input weight which may be thought of as 1 / 0 2 for each observation . 

( Note it is s igma squared ) .  
n = total number o f  observations . 
m = 2 * number of p late measurements . 
c = 1 for each ground control component . 
s = 6 * number o f  c amera stations . ( Factor 6 represents the camera 

parameters :  the pos it ion coord inates X ,  Y ,  Z and the orientation 
elements w ,  ¢ ,  K .  These parameters are always treated as unknowns ; 
however , depending on the external sour ce of information , these may 
also be treated as weighted observat ions contribut ing to the number 
of d irect weighted observat ion equations . When the wei ghts of the 
direct observations are smal l ,  the camera parameters may be treated 
as completely free and no contr ibution is then made to the direct 
weighted obse rvations ) .  

p = 3 * number o f  po ints (X,  Y ,  Z ) . ( Note : one , two , or three of these 
components may have also been counted as observat ions under " c . "  

Again s implistically , the estimate of variance of un it weight is def ined as 
the summati on of  the input weights ( 1 / 0 2 ) multiplied by the output res iduals 
squared (v2 ) .  If  all is  perfect , LV2 = (n-u) for all observations . This 

0 2  
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 typ ical three­
photo block ( f i g .  E . 1 )  w i th case 1 considering the camera stations as unknowns 
and case 2 cons idering the camera station as constrained or known ( character 
no . 1 2= 1 , record no . 2 ,  COMMON f ile , sec . II . B . 1 ) .  
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Ta b l e E . l . - - Co m p u t a t i o n s  o f  u n i t  v a r i a n c e  fo r a ty p i c a l  t h r e e - p h o t o  b l o c k  ( s e e  f i g . E . l )  

v w v = 1 f o r  each p l ate coordinate 
P hoto 1 
P hoto 2 
Photo 3 

Camer a  Statio n s  ( i f  obse rve d )  

Ground. Con t r o l  ( 3  p o i n t s , 7 componen t s ) 

v w v 

m = 2 * n umb e r  o f  p late mea s urements 
Photo 1 
Photo 2 
Photo 3 

c = 1 for each ground contr o l  component 

s = 6 * numbe r of camera s t ations 

n = m + c + s 

MINUS 

s 

p 

u = s + P 
DOF ( De grees o f  Freedom) = n - u 

= Unit Var i ance sq . (vwv/DOF ) 
= Unit Vari anc e 
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CASE 1 

1 2  
2 0  
1 4  

0 

7 

5 3  

1 2  
2 0  
1 4  

7 

o 

5 3  

18  

30  

4 8  
5 

1 0 . 6  
3 . 3  

CASE 2 

12  
20  
1 4  

1 8  

7 

7 1  

1 2  
2 0  
14 

7 

1 8  

7 1  

18 

30 

4 8  
2 3  

3 . 1  
1 . 8 
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0 2 0 5  

3 0 - 60 

PHOTO 1 

6 P O I NTS 

1 2  MEAS U REMENTS 

P HOT O 3 

PHOTO 2 

7(!J) 

n oD 

sO 
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PHOTO 2 

05  

1 0  PO I NTS 

20 MEASUREMENTS 

sO 

1 0  GROUND PO I NTS 

P O I NT 11  FULLY KNOWN 

P O I NT #9 FUL LY KN OWN 

P O I NT 1 7  E LE V .  O N L Y  

P H OTO 3 

O s 

7 P O I NTS 

sO 

1 4  MEAS UREMENTS 

Figure E . l - -A typical  three-photo block 
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APPENDIX F . - -ATMOS PHERIC REFRACTION 

The GI�� program has an atmosphe r i c  refract ion c o rrect ion model app l i c able 
up to an alt itude of  9 , 0 0 0  meters . The dynami c nature of this model makes it 
pos s i b le to execute a more accurate correct ion to the refraction effect . This 
correction is based not only on the altitude of  the c amera but also on its 
att itude . In the iterat ive adj ustment process , the atmospheric  refract ion 
correct ion is carr ied out according to the updated state vector of  the c amera .  
The switch for applying an atmosphe r i c  refraction correc t i on t o  the GIANT 
program ( character 1 6 ,  record no . 2 ,  sec . I I . B . l )  is  turned o f f  if the 
correct ion has already been made in the "preprocessor . "  The app l i cat ion of 
this mode l slows down the c onvergence of the solut i on for  only a s l i ght 
improvement in results . This may d i s courage its use by production units as 
long as the results , obtained without its use , are good enough for the ir  work . 
Also , the 9 , 0 00-meter l imit on alt itude w i l l  have to be overcome by replacing 
the model by another more universally appl icable vers i on .  

Mathemati cal  Model 

In its s imp lest form ,  atmospheri c  refract ion can be expres sed by ( American 
Soc iety of Photogrammetry 1 9 80 ) : 

where 

is the angle of d isplacement due to atmospheri c  refraction ; 
is the angle the ray makes w ith the "true vert i ca l ; "  
i s  a constant related to the atmospher i c  conditions . ( Refer t o  

fig . F . l . ) 
The constant K� can be varied as the amount of  d i sp lacement ( angular ) 

attributable to a ray at 45 degrees from the vert i ca l . K� i s  a constant 
related to the atmospher ic  conditi ons . For f lying heights ( H )  up to 
9 , 00 0  meters , K� can be g iven by : 

K� = 1 3 ( H-h ) [ 1 - 0 . 0 2 ( 2H + h ) ] mi croradi ans 

where 

H is the flying height ( k i lometers ) 
h is  the ground po int elevation ( k i l ometers ) 

In a vert i cal photograph , the correc t i on ( 6r ) for the e ffect o f  atmospher i c  
refraction can be shown as : 

where 

r is the radial distance of a po int image from the photo nadir ; 
f is the focal length of  the c amera . 

Obvious ly , the approach w i l l  work for near vert ical photographs only . 
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However .  t i lts o f  the photograph must be cons idered . and computati on of  the 
corre ction made dur ing the iterative solut ion . This can be accompl i shed quite 
s imp ly by a change in the approximate Z ( in a local system )  coordinate . The 
change in the Z ground coordinate which will produce the s ame effect at the 
plate as the atmos pheric refracti on is g iven by ( fi g .  F . 2 ) :  

( 6a ) 
s in " a  

The ang le a i s  the difference in the direction between true vertical and 
the po int in questi on .  The correction then can be wr itten as : 

where 

dZ = 6X 2 + 6y 2 + 6Z 2 Ka 
6Z 

� = (Xo - XG) 

�y = ( Yo - YG ) 

6Z = ( Zo - ZG ) 

This correct ion i s  eas i ly app l i ed in each iterat ion of  the triangulation 
solut ion for every po int . 

7 7  



ACTUAL IMAGE / 
POINT 

T 

H 

TANGENT TO RAY AT / EXPOSURE STATION 

, 
, 

, 

THEORETICAL / " ,  / GROUND POINT 
RAY PATH " 

, 

F igure F . l . - -Atmospheri c  refrac t i on . 

Zo 
\ 
0. \  

\ ) \ t>\J 
-'\ 

\ 
\ 

\ 
\ 

\ : dZ 
\ 

\ � 

F igure F . 2 . - -Correct ion for atmospher i c  refrac t i on . 

78 



APPENDIX G . - - PHOTOBATHYMETRY 

To account for errors caused by water refract i on o f  the l i ght rays f rom 
underwater features , corrections are applied to each and every underwater 
po int dur ing each iterat ion of the t r i angulation solut ion . The switch for 
applying water refract ion correct i on is  character 1 7 ,  record no . 2 of COMMON 
f ile . To apply the correction to underwater po ints , water level (meters ) with 
respect to the reference ellipso id  at the t ime o f  photography i s  entered in 
characters 3 1 -40 , record no . 2 of  COMMON f i le .  

The bas ic approach for applying water refrac t i on correction is  s imi lar to 
applying atmospheric refract ion correction . The water refraction model may be 
expressed by ( f ig .  G . 1 ) :  

where 

�a is the angle of displacement 
a . is the angle the ray makes with the true vert ical at the camera 

station 
Kw is  the constant related to water refrac t i on for an underwater feature 

It can be shown that the value o f  Kw is g iven by ( f i g .  G . 1 ) :  

or , 

{tan ( a + �a ) /  tan a } - 1 ] / [ 1  + tan ( a + �a ) tan a ] 

(H + d ) / ( H + d) - 1 ]  / [ 1  + tan 2 a l 

and the correction ( �r ) for water refract ion ( f i g . G . 2 ) : 

where 

r = rad ial  di stance of  the image po int from the photo nadi r  
f = focal length of  the camer a  

The equat ion fo r  water refraction correct ion ( �r ) i s  s imilar to the air  
refract ion correction ( appendix F)  except that the  c onstant Kw replaces Ka in 
the expres s i on .  

In the GIANT program the air and water refract ion corrections are applied 
as a change ( dz )  in the Z coordinate ( f ig . F . 2 )  g iven by : 

dZ = ( Zo - ZG ) tan a ( �a ) 
s in 2 a 

The angl e  a is  the difference in the direct ions between true vert ical and 
the po int in quest ion .  The correc t i on dZ can be expres sed as 

dZ = �X 2 + 6y 2 + 6Z 2 (Kw ) 
�Z 
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where 

� = Xo 
- XG 

nY = Yo - YG 

�Z = Zo - ZG 

This correction i s  eas i ly appl ied to every underwater po int (with negative 
elevation ) and in every iteration o f  the solut ion . The expres s i on is s imi lar 
to the expressi on for a ir refraction correction . Both the air and water 
refract ion c orrections to the Z coordinate of a po int can be app l ied by the 
formula 

dZ = �X 2 + ny 2 + �Z 2 ( Kw + Ka ) 
�Z 

where ( Kw + Ka ) rep laces Kw or Ka in the express ion for the correction . For 
po ints at or above water level Kw = 0 in the a l gorithm, such that the 
correction i s  only for the a ir refraction .  
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APPENDIX H . - -RL� STRATEGIES AND DATA EDITING 

INTRODUCTION 

The flex ib i l ity �hich makes GIANT useful also  makes it  d i f f i cult to 
es tablish a un ique procedure for data edit ing and evaluat i on .  The 
c ircumstances of any given j ob may necess itate a change in the procedure . 
However , the follo�ing discuss ion �ill  help in estab l i sh ing a logi ca l 
procedure . 

In general , aerotr iangulati on tasks performed by GIANT have the f o l lo�ing 
characteristics : 

1 .  The obj ect ive is  to estab l i sh a suff i c i ently dense net o f  control to 
enable stereomodel setup for c ompilation . 

2 .  Photography is flown �i th fli ght he i ght o f  less than 9 , 000  meters above 
mean sea level � ith a calibrated mapp ing camera and near vertical orientati on .  
( The atmospheric refract ion model i s  val id up t o  the altitude o f  9 , 000  meters . 
For hi gher altitudes , a more suitable model would be necessary ) . 

3 .  External information for the camera parameters are enforceable . In any 
case , a close approximation o f  the camera parameters i s  des irable . 

DATA EDITING 

In a measured data set , such as p late coord inates , there are three g enera l 
types of errors : 

1 .  Accidental or fortuitous errors , �hi ch the least square technique 
minimizes ; 

2 .  Svstemat i c  error , �hi ch is not amenable to s o lution and has hopefully 
been removed by preprocessing ; 

3 .  B lunders or nistakes , �hi ch are the result of  i ncorrect o bservat i ons  or 
recording . 

It is this last type of error , the blunders , whi ch must be recogn i zed and 
removed . The f irst t�o types of  errors must  be recognized and a ccounted for , 
but the third type must be removed for a va lid  s o lut ion . It  occas ional ly 
becomes d i f f i cult to differentiate between large a c c i d ental errors and 
blunders . The "rule of thumb" is that errors exceed ing the 3 s i gma ( standard 
deviations ) level may be cons i dered blunders .  

Editing Plate Coordinate Data and Other 
Input Data by U s ing Intersection - Only Run 

An intersection-only computer run allo�s i dent i f i cati on and removal o f  the 
follo�ing gross errors : 

1 .  Very large errors in plate coordinate or m i s i dent i f i cat ion . 

2 .  Inc orrect combinations of photograph numbers and assoc iated p o ints 
which appear on the photograph . 
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3 .  Cons istently bad photographs which either have a blunder in one or more 
of the camera stat ion parameters or in the preprocess ing of the plate 
coordinate data . 

4 .  Differences in ground control coordinates whi ch are proofread for 
differences . 

In thi s  computer run ,  one mus t only look for gross  errors ( blunders ) .  
Gross errors could be due t o  m i s ident i f ication o f  po ints , recording errors , 
etc . S ince this run is  made w i th initial approximat ions only , large patterned 
res iduals should be expected , especially in p late res iduals . What one looks 
for then is a � in the pattern . 

I f  examinat ion of the run shows the computed e levation of a ground control 
point to be higher than the camera station pos it i on ,  one of the two mos t  
probable b lunders o ccurred . 

S ign of  f .  The most probable blunder is  the s i gn of the focal length be ing 
incorrect . I f  the plate coordinate data , as preprocessed , should be 
reconstruct ing a photo pos i t ive , the s i gn of  the focal length should be 
negative ; if a photo negat ive ,  the s ign should be positive . 

Yaw . The other probable cause i s  that the yaw angle ( K )  is  incorrect . 
This may be checked by plotting several points f rom a photo pos i t ive on a map 
and recheck ing the relat ionship o f  image space ' y '  and north . 

Editing by the Study of  Plate Res iduals 
in a Photogrammetric  Adj ustment Run 

Maj or blunders are easy t o  i dent ify and rectify in plate coordinate data . 
Difficulty occurs when gros s  errors are el iminated and a j udgment must be made 
on eliminating points such that the large res iduals are removed . There is a 
human tendency to start el iminat ing plate coordinates with large res iduals  
unt il a run is produced wi th  a l l  small res idua l s . This procedure may be  
carried over several runs . In t his  procedure , the user may ina�vertently 
eliminate readings in an area unt il all read ings connect ing adj o ining p lates 
have been dropped . This leads to weak solut ions  and results in poor 
coordinate determinations . 

Listed below are some phenomena whi ch should occur as one approaches the 
best solut ion and whi ch w i l l  not be obvious to the casual user . When editing , 
the following must be kept i n  mind : 

Res iduals will be grouped by the number of  photos ( rays ) t l see ingt l  a po int . 
The res iduals w i ll appear larger for those points seen by more rays . 

Res iduals in the direct ion o f  flight will  tend to become zero . The error 
resolves itself in the vert i cal  component . Thi s  i s  especially true for two ­
ray points . The e levat ion o f  the computed ground pos ition should b e  watched 
along with the plate res idua l s . 

Ground control will tend to  show a different res idual group ing than for 
uncontro lled points . Thi s  t endency is directly re lated to the weight ing of  
the plate coordinates and t he  c ontrol coord inates . 
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The res iduals should balance for each po int , i . e . , the pos itive and 
negat ive res iduals should add to zero . This will  be approximate,  but 
generally true for a well-adj usted run . 

There should not be any undesirable pattern of  errors , i . e . , no systemat ic  
component . The res iduals should conform with the laws of normal distribut ion : 
small errors are more likely than large errors , the error zero is  most  
probable ,  and positive and negative errors are equally l ikely . 

Editing by the S tudy of Camera Parameters 

When edit ing photogrammetric computer runs with unconstrained camera 
stat ions , the camera stati ons are ref lecting only the influence of the o ther 
data , the plate coordinate , and the ground control .  The rule of thumb is  
twofold : mapping photography is  f lown straight and level as far as poss ible ; 
and an aircraft never flies exactly straight and level . 

On each run , the user should examine the camera pos it ions and orientations , 
and ensure Lhey are following a cons istent path. Any deviation should be 
explained . 

Editing by the Study of Ground Control 

Three poss i b i lities may cause errors : misidentification of control :  poor 
point transfer ; and bad coordinates of  the po int . 

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

o downgrading the "type" o f  po int ; e . g . , from fully known to horizonta l ,  
only i f  the elevation c omponent is bad ; 

o increas ing the associated standard deviations to reflect the point i s  
not a s  well known as o thers ; 

o chang ing the type from control to a passpoint ; and 

o removing or rereading bad plate coordinates ; 

All coord inates of ground control points are treated as weighted unknowns . 
Furthermore , the program provides initial estimates of  the values and their 
wei ghts for the unknown components of  ground points , referred to as  UNHELD 
components . In determining the degree of freedom for the solution , d irect 
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 the ir aSSigned weights . The program uses its 
supplied values as best est imates and counts the d irect weighted equations in 
determin ing the degree of freedom for the adjustment . 

The following "key numbers" should be watched carefully: 

A Poster iori Est imate of Var iance of Un it Weight 

This is an important s ingle number by wh ich to j udge a run . For a normal 
case , this number should approach one ( 1 . 0 ) .  The number starts out very large 
and as data edit ing 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 deviat ions and the output res iduals . 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 contri buting 
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 j udge how much each iteration 
is changing the solution and , to some extent , where the change i s  occurring . 
This number , which most often is  huge at the beginning , i s  an estimate o f  the 
sum of the squares of the p late res iduals . It i s  used as a convergence tes t , 
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 s o lut ion . Edit the data or 
submit with fewer iterations and then edi t .  

Number of Iterations 

The default value for this input number is four which is suf f i c i ent for 
most runs . This represents the maximum number o f  t imes it can compute a 
correction and update the solvable parameters t o  improve a solution . A run 
may cut off before reaching the max imum number of iterations because of other 
established criteria . The reason for having this number var iable is that in 
some cases one may want to perform a less amount of iterations to i s olate 
blunders from the solution . In other cases , one may want to extend the number 
of iterat ions to reach the best solution , regardless of computer t ime 
involved . 

Weighting 

The weight matrix is the inverse of the input var iance- covariance mat r ix , 
which is composed of the input standard deviat i ons for all measurements .  It  
i s  poss ible to "warp" the solution in any manner des ired by  man ipulating the 
we ights . The best available guide is to ass ign realistic values to weight s . 
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 , likew i s e , should 
ref lect the care and accuracy of  the equipment and personnel and requirements 
of the j ob ;  5 to 15 micrometers ( microns ) is the normal range of stan dard 
deviations ass igned in the input data . 

Invar iably, an occasion may arise when insuff i c ient information i s  
ava ilable . 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 
pos itions , tighten the orientat ions . Any combination can be manipulated until 
the cause of  the problem can be identif ied . In the absence of suf f i cient 
information , these are legitimate data editing techniques done del iberately . 
If poss ible , the weights are changed back to realistic  values . 

RUN STRATEGY 

From the above discussions , run strategy should suit the j ob .  Multiple 
runs will be required to produce the best solut i on .  The obj ect ives of these 
runs are l is ted below . A run may achieve one or more obj ective from a s ingle 
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run , or multiple runs may be required for each obj ect ive , depending on the 
amount of data and the number of blunders . 

Blunder Ed it 

The f irst run should be with the INTERSECTION ONLY option exerc ised . This 
option overr ides the normal s o lut i on and a l lows th€ program to go  through a l l  
the motions . Taking only the initial approximat ions , it computes plate 
res iduals and ground coordinates . No adjustment is performed . This  is  
extreme ly useful in the f irst run to eliminate large blunders before they mess 
up an adj ustment beyond recogni t i on .  

Clean-up Plate Coor d inates 

The second obj ective should be to tie the p lates together ; i . e . , to achieve 
cons istent and low-plate coordinate res idua l s . This  can be achieved with 
little or no control and the camera station parameters relatively " loose ; "  
i . e . , free to adj ust . If there are many problems , it  may be necessary to 
constrain the camera stati on parameters more t ight ly t o  prevent them from 
over-reacting to the errors . It may also be des irable to cut the number of 
interactions to one or two . 

F i t  the Control  

The obj ective now i s  the twofold requirement of  improving camera s tation 
pos ition and orientat ion . and f itt ing them t o  the ground contr o l . A run is 
made with only those ground control po ints which seem to fit or  s how 
systemat ic discrepancies from the prel iminary runs . I f  the s o luti on shows 
marked improvement , it may be des irable to save the camera stati on parameters 
and change the initial approximations to thos e  o f  the last run . This  is often 
cal led "bootstrapping . "  DO NOT tighten the we ights ( lower the values of  the 
input standard deviations ) because no new information has been received . nor 
are the parameters known any better . 

Error Propagat i on 

The last run should include the error propagati on option . Thi s  is  an 
expens ive opt ion to exercise and does not y i e l d  much informa t i on in the 
initial phases . The output shows the spread o f  accuracies o f  the points and 
camera stat i on parameters . 

Bandwidth Errors 

Bandwidth errors are the result of a point appearing on photographs beyond 
the program l imit . The f irst and last appearances o f  a point may not exceed a 
certain number ( program l imit ) o f  photographs . The most common c ause of  this 
error is the dupl i cat ion of a p o int number . inadvertently . or sep arate sets of 
photographs . 

If  this message appears during a run , or other very bad unexplained results 
occur . rerun the j ob with the INTERSECTION only option exerci sed . An error 
message identifying the po int in quest ion w i l l  be listed . If thi s  is not the 
cause.  the user will probably be able to i s olate the problem . 
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Adding Po ints After Job Completion 

A common occurrence is to f inish a triangulation proj ect and then later 
rece ive a request for additional point coordinates from the same proj ect . Thi s  
may b e  accomp l ished eas i ly b y  saving the last set o f  camera stat i on parameters 
and sett ing up an INTERSECTION only run . The new points are marked , measured , 
and preprocessed as were the points used in the previous adj ustment . They are 
then e ither added to the appropriate frames or run in the program by themselves , 
preferably with some other po ints previous ly determined for checks . I f  this is  
done , the solut ion will  not be affected and a cons istent set o f  coordinates w i l l  
b e  produced . 
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APPENDIX 1 . - - SELF CALIBRATION OF PRINCIPAL DISTANCE AND 
PRINC I PAL POINT LOCATION OF A C��ERA 

( Model No . 1 in G IANT V 3 . 0 )  

Precise location of the principal po int 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 
cal ibrat i on .  These parameters can be cal ibrated b y  laboratory methods , o r  in­
flight , during a mission for aerotriangulation . A note of caution in 
cali brating the pricipal distance is that it is highly correlated w ith f ly ing 
height . Therefore , the camera station pos ition must be known preC isely in order 
to be able to calibrate princ ipal distance . However , the in-f light method may 
be used to determine principal point location without the above constraint . 

In the generalized photogrammetric solution ,  two parameters o f  the principal 
po int coordinates , xo ' and Yo '  and one for the principal distance ,  f ,  are 
inc luded in the data reduct ion for aerotriangulat ion . Us ing collinear ity 
condit ion equations , model no . 1 in GIANT V3 . 0  enables the determination of 
thes e three parameters in addition to the usual aerotriangulation p arameters . 

The collinearity condition ( fig . K . l )  g ives the following relat ionship ( eqn . 
1 ,  appendix K) : 

[X - xo] 
Y Yo 

f 

where , 

= 

x , y - plate coordinates of an image po int p 

xo '  Yo - principal po int coordinates in the p late coordinate system 

f - principal distance of the camera ( sensor ) 

H - rotation matrix in terms of rotati ons w ,  � ,  K 

( 1 )  

The equations can be reduced to two l inear observation equations in which xo ' 
Yo and f are carried into the least squares adj ustment . The aerotriangulat ion 
solut ion , using model no . 1 in GIANT V3 . 0  program, gives the calibrated 
coordinates of the principal point location and the calibrated princ ipal 
distanc e .  
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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 themse lves eas i ly to mathematical mode l l ing ( e . g . , due 
to the dynamics of the s ituation ) or the ones whose models may not have been 
incorporated in the data reduction scheme . A good example o f  such an error is 
the one caused by the g lass p late in front of the camera lens at the time of 
photography . In GIANT V3 . 0  a general ized mathemat ical model based on an odd 
order polynomial has been sele cted to s imulate such errors . The coefficients of  
the polymomial are introduced as the add i t i onal parameters in the generalized 
photogrammetric least squares so lution f o r  higher prec i s ion in a photogrammetri c  
proj ect . 

Most of the times in photogrammetr ic  app l i cat ions prec ise  value of the 
altitude ( Z  coordinate ) o f  photography i s  not needed such that symmetric radial 
errors are compensated for by the adj usted value of  the camera alt itude . 
However , when GPS is  ut i l ized in aerotri angulation , the camera position is 
determined precisely such that this comp ensation for the symmetri c  radial errors 
is  not poss ible . Therefore , w ith the introduction o f  GPS in photogrammetric  
solut ions it is necessary to c ompensate f o r  such errors by s ome sort of  a 
mathematical model . A polynomial ( eqn . 1 )  in the general ized photogrammetric  
so lut ion is  used . 

. An odd order polynomial to express x and y components of the symmetric radial 
errors ( �x and �y) are der ived from the radial error ( �r ) :  

�r 

such that 

�x 

and 
�y 

where , 

x , y 

xo ' Yo 

�r  

r 

= « �r ) / r )  * ( x  Xo ) 

= « �r ) / r )  * ( y  Yo ) 

image coordinates of  a po int p at a radial  d i st ance r from the 
po int of symmetry ( pr incipal point ) . 

principal po int coordinates 

symmetric radial error 

radial distance of the image  po int under cons ideration . 

Subst i tuting value o f  � r  from equation ( 1 ) :  

�x = ( K 1 * r2 + K2 * r4 + K 3 * r6 ) * ( x - Xo 

�x = C * ( x - Xo ) 
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s im i lar ly , 

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

C ( KI 
�- r2 + K2 * r4 + K3 * r6 ) 

The c o l l inearity relat i onship ( eqn . l ,  appendix K)  can be further expressed as : 

- - - - - - - = 

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

In functional form: 

F ( x )  = ( x  - X o + t;,x )  + f * ( Mx/Mz ) = 0 

s imi larly , 

F ( y )  = ( y  - Yo + t;,y )  + f * ( My/Mz ) = 0 

where , 

Mx 

Mz 

( 4a )  

( 4 b )  

mI l ,  m1 2 ,  m 1 3 , . . .  , m32 ,  m33 are the components of  rotation matr ix M :  

and 
x ,  y 

xo ' Yo 

f 

t;,x ,  t;,y 

ml l ml2 ml3 . 

M = m2 1 m22 m23 

m3 1 m32 m3 3 

measured p late coordinates 

princ ipal po int plate coordinates 

princ ipal d istance 

symmetr i c  radial errors in terms of KI , K2 , K3 

In the solut ion o f  collinearity equat ions of the form above , the coef f i c ients 
K I ' K2 , K3 for the po lynomial are solved for to obtain the i r  adj usted values . 
Thi s  procedure , us ing model no . 3 in the GIANT V3 . 0  program , i s  suitable to 
comp ensate unmodel led symmetri c  errors in the data acquis it ion system . 

9 0  



APPENDIX K . - -PRECISION KINEMATIC GPS IN AEROTRIANGULATION 
(Model No . 3 in GIANT V3 . 0 )  

INTRODUCTION 

NAVSTAR Global Pos itioning System ( GPS ) has been used in o btaining camera 
pos itions 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 photogrammetr ic 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 precis ion kinematic GPS in aerotriangulat ion is 
obvious . Also , this procedure can be effect ively used with other imaging and 
nonimag ing sensors . 

DETERMINATION OF FIXED VECTOR : ( ANTENNA TO CAMERA NODE) 

To apply kinematic GPS· in aerotriangulation , f ixed antenna to camera-node 
vector mus t  be determined precisely . The GPS measurements g ive 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 pos ition 
to the camera position at exposure . Collinearity condit ion equations are then 
generated for a generalized photogrammetric aerotriangulation solution to obtain 
coordinates of ground points . 

I n  the GPS experiments ( Lucas 1987 and Lucas and Mader 1 9 8 9 ) the antenna to 
camera-node offset vector was measured with the help of steel tape and a level . 
The o ffset 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 triangulat ion 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 adj usted values of all other conventional parameters s olved for in the 
generalized photogrammetric solution , and 

a the adj usted coordinates of all ground ( target ) po ints . 

The modif ied collinearity equations ( eqn . 3 )  used in the model include the 
antenna to camera-node offsets . ( See f ig . K . 1 . )  
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Considering the ground point P ,  the image point p ,  and the camera- node C ,  we 
obtain the f o l low ing coll inear ity cond it ion re lat ionship ( eqn . l ) : 

= 

where , 

x , y  - measured and ref ined p late coordinates o f  point P 

f - princ ipal distance of the camera scale factor 

( 1 )  

M - rotat ion matrix , ground to photo coord . system conversion , imp l i c i t  
i n  w ,  ¢ ,  K 

w ,  ¢ ,  K - rotations about x ,  y and z axes 

Xp ' Yp ' Zp - Geodetic  coordinates of a po int P 

Xc ' Yc ' Zc - Geodetic  coordinates o f  camera node 

Also , 

XA , YA '  ZA - geodetic coordinates of  antenna 

MT - rotat ion matrix , photo to ground 

lIX ,  II Y , LIZ o ffsets , antenna to  camera node , 

lIXo ' lIYo J lIZo offsets , antenna to camera node , 
system 

Thus , 

( 2 )  

in geodeti c  coordinate system 

in image ( photo ) coordinate 

( 3 )  

Knowing XA ,  YA ' ZA from GPS , and the measured and ref ined p late 
coord inates x , y  of a target point , the unknown parameters : 

are so lved for . 

w ,  ¢ ,  K ; X Y Z p ' p ' p 
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The complex i ty o f  the generalized co l l inear ity equati ons is  not brought out in 
thi s  presentat i on . This only illustrates as to ho� the three components :  �Xo '  
�Yo , �Zo ' of the f ixed vector , antenna to camera node , are introduced into the 
format ion of  equations based on collinear ity condition . 

Observat ion equations of  the form descr ibed above provide a formal solut ion to 
the problem of  aerotr iangulat ion �ithout ground control ,  but additional 
condi t i ons must be sat isf ied before an unambiguous so lut ion is  possible . It  can 
be seen that s ome ground control i s  required for a s ingle strip of  GPS ­
control led photography . Aerotriangulation us ing GPS � ithout any ground control 
is  poss ible only when mUltip le photo strips with s ide overlap are used . Ground 
po ints , where only the elevation i s  known , are suf f i c ient constraints for a 
s ingle strip of  GPS - controlled photograpny , provided this elevat i on control i s  
far enough away f rom the vert ical proj ect i on of  the l ine through the antenna 
positions ( Lucas and Mader 1 9 89 ) . 
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