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A Step-by-step Strategy for Gross- 
Error Detection* 

A four-step technique, based upon the magnitude and type (image 
coordinate or ground control coordinate) of error, is described. 

T HE LEAST-SQUARES ESTIMATORS, for unknown pa- 
rameters, are defined to be those estimators 

that minimize the weighted sum of squared resid- 
uals. By assuming that the residuals are random 
variables with zero mean, the condition of least 
squares also forces the weighted sum of residuals to 
be zero. In bundle adjustment, this is not only true 
for the sum of residuals of all observations, but also 
for the residuals of the observations in each photo- 
graph. In addition, the sum of residuals of the same 
point in the different photographs where it appears 

and when they have vastly different magnitudes, it 
becomes almost impossible to locate these errors by 
simply analyzing the residuals after the adjustment 
of the whole block. Therefore, most of these errors 
should be detected and removed before starting the 
block adjustment. The techniques used for this pur- 
pose depend on the type and the magnitude of gross 
errors. The technique used at NRC for gross-error 
detection divides these errors into four types. A spe- 
cial procedure is applied for each type. Non-statis- 
tical approaches are employed for the first three 
types of gross errors and a rigorous statistical 
method (data snooping) for the fourth type. 

ABSTRACT: The technique developed at NRC for gross-error detection is composed 
of four steps. Each step deals with errors of a certain magnitude and nature such 
as errors in point identification or errors in the control points. The order of ap- 
plying this procedure is of great importance. The final step, which deals with small 
observation errors of magnitudes larger than the random range, consists in  ap- 
plying a sensitive statistical test (data snooping). A special bundle adjustment pro- 
gram has been developed with a built-in automatic gross-error detector employing 
the data snooping approach. The program computes the exact values of the re- 
dundancy numbers for each image point. Using the OEEPE test blocks, which in- 
clude all types of errors (intentionally introduced), the above procedure was ap- 
plied and proved to be effective. 

is also zero. Therefore, an observational blunder at 
a certain point affects not only the residuals for that 
point but also the residuals for the other points in 
the same photograph, and for the same point in 
other photographs, in order to maintain the zero 
sums. The latter effect is reduced by the increase 
in the number of photographs in which the point 
appears. When there are more gross errors than one 

* Based on a paper presented at the Commission I11 
Symposium of the International Society for Photogram- 
metry and Remote Sensing, Helsinki, June 1982. 
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One can suspect, or expect, all kind of errors from 
many possible sources in the input data for a pho- 
togrammetric triangulation. In particular, the fol- 
lowing types of gross errors could exist: 

GROSS ERRORS TYPE A 

These are very large blunders in image coordi- 
nates. These errors occur, for example, when the 
image coordinates are exchanged or when a point 
number is wrongly introduced. If the wrong point 
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number happens to be identical to one belonging to 
an existing point somewhere else in the block, the 
effect is most severe. The size of the error is larger 
than the dimensions of a photograph. If a complete 
block adjustment is carried out with errors of this 
type in the data, all the residuals will be affected. 
However, the residuals of the points in the photo- 
graphs directly affected will be much larger than 
other residuals. 

GROSS ERRORS TYPE B 

These are very large blunders in the coordinates 
of the control points resulting from many possible 
causes, for example, recording or copying mistakes, 
wrong point numbers, transposition of digits, the 
mixing of different ground coordinate systems, or 
the use of a ground coordinate system with a rota- 
tional direction for azimuths different from that for 
the photo coordinate system. 

GROSS ERRORS TYPE C 

These are errors in either the image coordinates 
or the control coordinates but of smaller magnitudes 
than types A and B. For example, errors in image 
coordinates could occur if the numbers of two ad- 
jacent points in a photograph are exchanged. The 
same sources causing errors of types A and B could 
also cause Type C errors but with smaller effect. 

GROSS ERRORS TYPE D 

The main characteristics of these types of errors 
is that they are much smaller than the previous 
three types. In fact, they are not very distinct from 
systematic errors in size; however, their character- 
istics are different and therefore they should be 
treated differently. These are mainly observation er- 
rors of magnitudes larger than the random range 
and occur if the point is dficult  to identifl. 

IDENTIFICATI~N AND ELIMINATION OF GROSS ERRORS 

Although all the four types of errors occur at the 
same time and affect one another in a complex way, 
they are best searched for and eliminated sepa- 
rately. They also must be detected in a certain order 
as follows: 

GROSS ERRORS TYPE A 

A first processing step checks the image coordi- 
nates measured in adjacent photographs for com- 
patibility. One photograph is held as reference, and 
all other photographs having more than two points 
in common with the reference photograph are sub- 
jected to a linear conformal transformation to that 
photograph with its proper and its mirror imaged 
coordinates. The transformation coefficients, trans- 
formation residuals, and the transformed coordi- 
nates of all points of the non-reference photograph 
are listed. An incompatible point will be recognized 
by its large residuals, and an incompatibility of the 

two image coordinate systems by comparing the re- 
siduals for the two transformations. A comparison of 
the transformation results of all pairs of photographs 
in which a certain point occurs enables the identi- 
fication of that photograph in which a wrong point 
is located. The transformation coefficients may in- 
dicate other problems by scale changes andlor ro- 
tations differing significantly from expected values, 
for example, an unknown break in a strip consisting 
of two sections flown at different times. 

GROSS ERRORS TYPE B 

At this stage, large errors in the image coordi- 
nates have been eliminated and any large residuals 
remaining after a block adjustment will probably be 
due to errors in the control points. However, it may 
not be clear, from an analysis of the residuals, which 
of the control point coordinates is in error. There- 
fore, a complete bundle adjustment is not advised 
at this stage. Instead, a simple strip and block ad- 
justment by Schut's polynomial transformation 
(Schut, 1980), using the lowest possible degrees of 
polynomial and the minimum number of control 
points, is employed. The remaining control points 
are used as check points. Errors of Type B in the 
check points will be easily identified, unless the 
points used as control contain such errors. In this 
case all check points will have very large discrep- 
ancies. Different control points are chosen, in such 
a case, and the adjustment is repeated. 

GROSS ERRORS TYPE C 

The errors remaining after elimination of the 
gross errors of types A and B are small enough to 
permit bundle block adjustment. Yet errors large 
enough to be detected without rigorous statistical 
tests may still be present. After completing a bundle 
block adjustment, once with minimum control and 
once with good control distribution. the image re- " 
siduals are-examined to detect errbrs of Type C. 
Errors in the control points will have a global effect 
on the residuals while errors in the photo coordi- 
nates will have a somewhat more local effect. Also, 
examining the residuals of the same point in dif- 
ferent ~ h o t o g r a ~ h s  will show that the residual of the 
faulty observation usually has the opposite sign from 
the remaining residuals. 

GROSS ERRORS TYPE D 

Rigorous statistical testing is needed to detect 
gross errors type D, that is, those gross errors un- 
detected during the already described data checking 
procedures. In the past few years the method of data 
snooping has found application in photogrammetry, 
This approach is regarded as much more sensitive 
for gross-error type D detection than classical sta- 
tistical tests. The theory behind the approach is pre- 
sented by Baarda (1967; 1968), while the application 
to photogrammetry can, for example, be found in 
publications of Ackermann (1979), El-Hakim 
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(1981b), Forstner (1980), Mikhail (1979), and Griin was developed at NRC (El-Hakim, 1981b). The pro- 
(1979, 1980). A summary of the theory follows gram computes the exact value of the redundancy 
without proof. number for each coordinate of each image point, 

The relationship between residual, v, and obser- and tests the standardized residual statistically. 
vational error, d , is given by In general, the matrix Q,, is computed as follows: 

v = - Q,,P,,dt (1) Q,, = Q, - AN-'AT (6) 

where Q,, is the weight cofactor matrix of the re- 
siduals and P, is the weight matrix of the obser- 
vations. The effect of a gross error, At,, on the re- 
sidual, vi, of an observation, ti ,  is therefore 

where r, is the diagonal element of the ith column 
of matrix Q,, P, . Element ri, whose value must be 
between 0 and 1, is called the redundancy number. 
The redundancy number indicates the reliability of 
the adjustment of a particular observation. Zero re- 
dundancy means no reliability whatever, while in- 
creasing redundancy means increasing reliability. 

The standard error, u,,, of the residual v, is given 
by 

where Q,, is the weight cofactor matrix of the ob- 
servations, A is the design matrix with respect to 
the unknowns, and N is the normal equation matrix 
of the unknowns. Usually, in bundle adjustment 
programs, the normal equations are partitioned into 

where subscript 1 refers to the orientation param- 
eters and subscript 2 refers to the object coordi- 
nates. Also, matrix A is partitioned accordingly. Ap- 
plying this to the general form (Equation 6), and 
introducing the design matrix B with respect to the 
observations, the final form of Q,, will be 

(3) 
Q,, = P - l ~ t ~ - l E j p - l  

uOi = uofi - p-lBtM-lA N-1AtM-1Bp-I 
2 2 2  2 

where 9, is the ith diagonal element of matrix Q,,, - P-~B~M-~A~N;;N,~&-~N,~N;~A~M-~BP-~ 
and is equal to ri if the observation has a unit weight. + P-~B'M-~A~N;~N,~&-'A~M-~B"P~~ 
In the data snooping approach, the standardized re- - P - ~ B ~ M - ~ A ~ ~ - ~ A : M - ~ B P - ~  
sidual, which is the residual divided by its own stan- + P-'BtM-'A1S-'N 12 N-'AtM-'BP-I 2 2  2 (8) 
dard deviation, is tested for gross errors. This is a where more sensitive auantitv than the residual itself be- 
cause it takes into consideration the geometry of the 
intersecting rays. 

Assuming that the standardized residual wi of the 
observation, 

wi = uju,, = vl(o,fi), (4) 
is a standardized normally distributed variable, the 
null hypothesis, H,, that no gross error exists in 
observation t i  is rejected if 

where C is a critical value chosen for a specific con- 
fidence level. The choice should be made so that 
the probability (a) of type I error (rejecting H ,  when 
true) and the probability (P) of type I1 error (ac- 
cepting Ho when false) are as small as possible. 
However, the two types of errors are related and it 
is not possible to make them both arbitrarily small. 
A reduction of a will increase p, assuming other 
things equal. Thus, the choice of these probabilities 
is really a matter ofjudgement and experience. How 
much loss is involved in rejecting good observations 
(type I error) compared to accepting bad observa- 
tions (type I1 error)? The answer to this question 
differs from one project to another. A procedure for 
computing C, given a and p, can be found in Baarda 
(1968). Baarda suggested that a = 0.1 percent and 
p = 20 percent, for which C = 4.1, while Forstner 
used C = 3.29. A special bundle adjustment pro- 
gram,  BAD^ (Bundle Adjustment - Data Snooping), 

and 

Here, x, is the vector of the orientation parameters, 
x, is the vector of the object coordinates, P is the 
weight matrix of the observations, and F is the 
mathematical model. 

RESULTS FROM THE OEEPE-TEST ON GROSS- 
ERROR DETECTION 

The above strategy has been applied to photo- 
grammetric blocks provided by WG IIYl (Gross and 
Systematic Errors in Photogrammetric Point Deter- 
mination) to its participants. The blocks contained 
errors which were known only to the distributor. 

BLOCK DESCRIPTION 

Two blocks, BI and BII, are employed in this test. 
Both blocks consist of four strips with 13 photo- 
graphs per strip. Block BII contains more points 
than block BI; however, the extra points are located 
in groups distributed in the same locations as the 
single points in block BI. This gives about 6 to 15 
points per image for BI and 12 to 30 points per 
image for BII. The photo scales are 1:14 000 and 
1:5 000, respectively. 
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4PPLICATION OF GROSS-ERROR DETECTION STRATEGY 

The following is a summary of the application of 
the above described strategy: 

Error 
Type 

A 

B 

C 

C 

Applied 
Adjustment 

Conformal transformation between 
photos with at least three common 
points 

Polynomial strip and block adjust- 
ment  with minimum control (2 
planimetry, 3 height in first strip) 

Bundle adjustment with minimum 
control (4 full points at corners + 2 
height inside block) 

Bundle adjustment with all given 
control points 

Errors Found 

1. Some points have their point numbers ex- 
changed. These points were recognized by 
the size of the residuals, and an examina- 
tion of the transformed coordinates with 
the block layout indicated the correct point 
numbers. 

2. Some points were located in the wrong 
photograph. They were easily discovered 
by a comparison of the transformed coor- 
dinates and the layout of the block. 

3. x and y coordinates had to be exchanged 
in a group of successive photographs. 

1. Some control point coordinates had ob- 
vious copying mistakes. Examination of 
the coordinate discrepancies at check 
points, suggested rounded out coordinate 
errors (e.g., 1000 m). Only large errors can 
be corrected with certainty. 

2. Point numbers of some control points were 
exchanged. These points had large dis- 
crepancies. Examination of the given and 
the transformed coordinates enabled the 
detection of the errors. 

By examining check point coordinate dis- 
crepancies, errors of smaller magnitudes 
than type B were detected. These points 
had reasonable image coordinate residuals; 
therefore, ground coordinates were sus- 
pected. Coordinates were corrected by 
rounded-out values (usually between 10 to 
100 m) where this appeared appropriate 
and then used as control points in the next 
adjustment. The adjustment was repeated 
three times until all ground control points 
were corrected. 

Errors in image coordinates with smaller 
magnitude than errors type A were de- 
tected by this adjustment by examining 
their residuals. Most were eliminated by 
exchanging their point number with close- 
by points within the same point group, 
others by giving them a different number 
in one of the strips. A few points could not 
be properly relocated and were taken out 
completely. 
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+ 

Error Applied 
Type Adjustment Errors Found 

D Bundle adjustment + data Not useful in block BI because many pho- 
snooping tographs contained too few points (less 

than nine) and others had weak geometry. 
For hlock BII, it was applied successfully 
and reasonable redundancy members were 
computed (see Table 1). Image coordinate 
errors between 20 pm and 100 pm were 
detected, depending on the redundancy 
number of the point. 

TABLE 1. RANGE OF REDUNDANCY NUMBERS FOR 

BLOCK BII 

Type of 
point 

Control 
Control 
Control 
Tie 
Tie 
Tie 
Tie 
Tie 

No. of 
Rays 

Range of Redundancy Numbers 

FINAL RESULTS USING CORRECTED DATA 

In order to evaluate the accuracy rigorously, the 
variance-covariance matrices of the adjusted ground 
coordinates and the equivalent error ellipsoids at 
the 95 percent confidence level are computed for 
all points (El-Hakim, 1981a). The precision of mea- 
surements is estimated by the standard error of unit 
weight (ao) Table 2 displays the accuracy obtained 
with the cleaned data. 

The accuracy values obtained for block BII com- 
pare favorably with values for fully-controlled test- 
field photography (Ziemann and El-Hakim, 1982). 
The values for block BI are, when all accuracy 

values are considered given in the scale of the pho- 
tographs, about twice as large throughout, probably 
because some smaller cross errors were not de- 
tected. The main reason for this is that block BI 
contains many fewer points than block BII: in many 
of the photographs less than nine points were avail- 
able, which results in a low reliability (El-Hakim, 
1981b). 
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Short Course 
Detection of Infrared Radiation 

University of California, Santa Barbara 
20-24 August 1984 

This course is designed to provide a review of the basic properties of various infrared detection mech- 
anisms along with the most recent advances in infrared detectors and their systems applications. 

For further information please contact 

University of California Extension 
Santa Barbara, CA 93106 
Tele. (805) 961-4200 

VIII National Congress on Photogrammetry, Photointerpretation, 
and Geodesy 

Morelia, Michoacan, Mexico 
10-1 2 October 1984 

The Congress-sponsored by the Sociedad Mexicana de Fotogrametria, Fotointerpretacion y Geodesia 
A.C.-will include topics on remote sensing, geodesy, photogrammetry, primary data acquisition, cartog- 
raphy, photointerpretation, land surveys, and education. 

For further information please write to 

VIII National Congress 
Morelia, Mexico 


