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1. Introduction

In the execution of the Technical Regional Map of Emilia-Roma-
gna (Italy) at the scale 1:5000, several zones have had the
ground control established by photogrammetry. In the latter ca-
ses, the relative orientation has been performed either by ana-
logical or analytical plotters and the adjustment by independent
models. The adjustment of several blocks has been carried out by
the "Istituto di Topografia, Fotogrammetria e Geofisica"” of the
"Politecnico di Milano" by means of the computer program sup-
plied by the Stuttgart University. This is why, in the period
1976-79, about 20 blocks have been cleaned from gross errors,
adjusted and tested. ;

The most meaningful among these blocks are here analyzed as for
the types and frequencies of the gross errors. This inguiry has
supplied both a classification of blunders and a frequency di-
stribution of the gross errors.

2. Tests on the experimental distribution of the gross errors
The repeated block adjustments have been distinguished between
some with blunders (numeration errors, axes incongruences...)
and the others without blunders. Starting from the last block
adjustment, only those without blunders have been analyzed.
Taking the residuals of the observation eguations, after the
least squares adjustment, the f?equencv diagrams of the abso-
lute values have been done according to the classes 0-3 RMS,
3~-4 RMS, 4-5 RMS, 5-6 RMS, 6-7 RMS, 7-8 RMS, 8-« RMS.
The departure from normal distribution of the gross e
been tested in the repeated adjustments by means of t
sis coefficient (g) and of the central limit theorem.
The former is well-known index useful to study the shape
probability or frequency distribution, the tter is per
joining the value of a residual (=3 RMS or >3 RMS) with
variable (y=0 or y=1). Let N be the number of the residual
n=r;vi the number of the residuals out of 3 RMS, the mean of y
is Np and the variance of y is Np(1-p), where p is 0.0026
under the hypothesis that this value could be drawn from a nor-
mal distribution.

fU Oy

Standardizing n, the expected value z, is obtained; this is
tested against a tneoreblcal value zy = 1.96.

The result supplies a normal analysis: if the test failes, the
departure from normality of the experimental distribution of
the residuals is significant.

3. Experimental classification of gross errors

In the period 1976-79, the blocks have been cleaned from gross
errors, adjusted and tested using as check value only sigma
naught.

The acceptance threshold for sigma naught have been fixed to
the value 0.50 m, as upper bound; therefore the repetition of
the block adjustments has been stopped when this test was sa-
tisfied.




782

Last year the lists of the repeated block adjustments have been
reexamined to obtaine the types of blunders and the fregquencies
of the gross errors.

Tables 1-8 show, for each block, the statistics cof adjustment,
the final accuracy, the classification of blunders; tables 9-16
give the frequency diagram and the statistical analysis of the
gross errors. A .
The follow1ng list of symbols must be used:

. i = iteration number;

. N = number of photogrammetric points;

S number of photogrammetric points w1th residuals from
! K to L times RMS;

. B = kurtosis coefficient;

. z = expected value for the normal analysis;

. 0o = sigma naught.

In such a way it has been possible to point out that all the
blunders can be ascribed to very few well identifiable sources
and the departure from normality of the residuals, after the
clearing, becomes less and less meaningful the more repetitions
are computed. However, there is evidence that, no matter how
many successive adjustments are made, the tests for normality
keep failing.

4. Conclusions

The results obtained from the experimental classification of
gross errors allow to make some remarks.

Since input errors, false reference system, wrong connection
among photogrammetric points, wrong number and/or coordinates
in control points are the well-identifiable sources of the
blunders, these can be recognized with topological or geometri-
cal tests and cleared before block adjusbment.

The gross errors cause a very significant departuLe from normal-
ity of the residuals. However, using as check value only sigma
naught, it is possible to detect and eliminate the gross errors
but generally the normality is not achieved.

The guicker sigma naught decreases, the less the normality is
achieved.

The kurtosis coefficient (B) and the central limit theorem coef-
ficient (z) for normal analysis are big when also sigma naught
(0o) is big; specially B8 is bigger for the presence of the mid
size gross errors.

The coefficients g8 and z become smaller when o, is small but
the presence of some small gross errors leaves a z significant-
ly large.

Indeed the usual phylosophy of gross errors rejection is based
on the elimination of biggest residuals. Therefore the decreas-
ing of o5 aids the decreasing of B8, while the decreasing of z
is not sure, as the coefficient z depends only on the number of
the gross errors and not on their value.

The non normality distribution of the residuals, specially with
several gross errors, suggests to distinguish between the gross
errors detection and the adjustment. The former needs robust
estimates as least modulus sum, the latter uses best linear un-
biased estimates (BLUE), i.e. least squares.
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BLOCK PLOTTER DATE |
MONTECRETO SIMPLEX III - GALILEOQ AUGUST 1978
TOPOGRAPHY SCALE ITERATIONS
MOUNTAINOUS 1/60600 5

MCDELS {(HO) CONTROL POINTS (VE) MODEL POZN?S

101 78 fﬁ 105 1067
STATISTICS OF ADJUSTMENT - FINAL ACCURACY IN M
BLOCK OBSERVATIONS UNKNOWNS REDUNDANCY
HORIZONTAL 1732 1116 616
VERTICAL 1422 934 488
CONTROL POINTS MODEL POINTS PROJECT. CENTRES SIGMA NAUGHT
RMS {(x) 0.373 0.255 0.757 0.401
RMS (y) 0.358 0.243 0.554
RMS (z) 0.280 0.243 0.411 0.489
CLASSIFICATION OF BLUNDERS
18T ITERATION: -
2ND ITERATION: -
3RD ITERATION: -
iTH ITERATION: -
TAB. 5
BLOCK PLOTTER DATE
PARMA EST TA3 P - OMI DECEMBER 1977
TOPOGRAPHY SCALE ITERATIONS
10% PLATE - 80% HILLY - 10% MOUN. 1/13500 7
MODELS (HO) CONTROL POINTS (VE) MODEL PQINTS
128 57 | 119 2464
STATIESTICS OF ADJUSTMENT - FEERL ACCURACY IN M
BLOCK OBSERVATICHNS UNXKNOWNS REDUNDANCY
HORIZONTAL 2162 1376 786
VERTICAL 1939 1232 707
CONTROL POINTS MODEL POQOINTS PROJECT. CENTRES SIGMA NAUGHT
RMS (x) 0.426 0.194 0.391 0. 330
RMS (y) 0.432 0.214 0.507
RMS (z) 0.332 0.261 .205 0.394
CLASSIFICATION OF BLUNDERS
18T ITERATION INPUT ERRORS
ZND ITERATION: WRONG CONNECTION AMONG PHOTOGRAMMETRIC POINTS
3RD ITERATION: WRONG NUMBER AND/OR COORDINATES IN CONTROL PCINTS
4TH ITERATION -
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BLOCK PLOTTER DATE
PIACENZA SIMPLEX III - GALILEO JULY 1980
TOPOGRA?HY SCALE ITERATIONS
50% PLATE - 50% HILLY 1/750C0 I 8
MODELS (HO) CONTROL POINTS (VE) MODEL POINTS .
122 62 106 1356
STATISTICS OF ADJUSTMENT -~ FINAL ACCURACY IN M
BLOCK OBSERVATIONS UNKNOWNS REDUNDANCY
HORIZONTAL 2054 1334 720
VERTICAL 1778 1163 615
CONTROL POINTS MODEL POINTS PROJECT. CENTRES SIGMA NAUGHT
RMS (x) 0.354 0.251 0.256 0.428
RMS (y) 0.351 0.272 0.487
RMS {z) 0.195 0.216 0.263 0.358
CLASSIFICATION OF BLUNDERS
18T ITERATION: -
2ND ITERATION: -
3RD ITERATION: -
4TH ITERATION: -
TAB 7
;
BLOCK PLOTTER DATE
RICCIONE SANTONI IV - GALILEOQ JANUARY 1977
TOPOGRAPHY SCALE ITERATIONS
HILLY 1/6000 9
MODELS (HO) CONTROL POINTS (VE) MODEL POINTS
84 69 74 898
STATISTICS OF ADJUSTMENT - FINAL ACCURACY IN M
BLOCK OBSERVATIONS UNKNOWNS REDUNDANCY
HORIZONTAL 1504 328 576
VERTICAL 1220 780 440
CONTROL POINTS MCDEL PQOINTS PROJECT. CENTRES SIGMA NAUGHT
RMS (x) 0.3985 0.310 0.592 0.441
RMS (y) 0.383 0.261 0.408
RMS (z) 0.266 0.217 0.339 0:392
CLASSIFICATION OF BLUNDERS
1sT ITERATION INPUT ERRORS
ZND ITERATION: FALSE REFERENCE SYSTEM (LEFT INSTEAD OF RIGHT SYSTEM)
3RD ITERATION WRONG CONNECTION AMONG PHOTOGRAMMETRIC POINTS
4TH ITERATICN -

3
e
w
w
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"STATISTICAL ANALYSIS OF THE GROSS ERRORS™ TAB. 11 - BLOCK: LOTTO 5
; T T ] ] I ] i i
o Rl "3,4l "a sl P56l 6,7 "y,8] MLl "3el B | 21 9
x 16 5 1 - - - 22 6.00 8.42 )
‘ E 0.45
9 vy | 1688 11 4 1 - - - 16 5.32 5.55 .
z 14 1 - - - - 15 4,32 5.07 0.44
x 14 6 - - - - 20 5.52 7.45
0.41
8 vy | 1692 11 2 - - - - 13 4.29 4.11
z 15 1 - - - - 16 4.40 5,54 0.43
x 12 2 2 2 1 - 19 9.39 6.93
° 0.60
7 1 v | 1704 13 7 - 1 - 2 23 18.43 8.83
z 12 2 2 - 1 1 18 13.16 6.46 0.56
x 8 7 - 1 - 2 18 17.97 5.45
! > 1.01
6 v | 1707 4 1 1 1 - 2 3 16.73 2.17
z 13 3 4 3 - 2 25 21.68 9.77 0.81
x 1 - 3 1 - 5 10 34,85 2.64
2.26
5 | vy | 1708 4 2 - 2 1 6 15 42.73 5,02
z 7 4 - 1 - 4 16 28.87 5.49 1.91
% 9 3 - 2 1 18 5.84 6.44
3 2 = 33.85
4 y | 1708 4 5 1 1 1 3 15 25.38 5.02
z 15 10 4 10 - 1 40 24.96 16.90 9.42
x 3 1 1 2 1 5 14 42.85 4.53 )
238.22
3 v 1712 5 3 1 1 2 4 16 32.62 . 5.48
z 7 4 4 4 1 5 25 41:75% 9,75 100.52
"STATISTICAL ANALYSIS OF THE GROSS ERRORS" TAB. 12 -BLOCK: DARMA EST
i dir N n},4 n4,5§ ns,a? n6,7§ n7’8% n8,mé n3,w§ 8 g z ! I,
x 6 4 2 1 - - 13 5.34 2.60 5 33
7 vy | 2464 11 1 1 2 - - 15 5.50 3.40
z 6 2 - - - - 3 31.55 0.63 0.39
x 5 6 2 - - 2 15 13.05 3.79 R
0.43
6 v | 2467 4 3 2 2 - 2 13 13.88 2.60
z 8 4 2 - - - 14 4.73 3.00 0.42
X 5 5 1 2 2 2 17 16.45 1.18
0.96
5 vy | 2470 - - 3 2 1 7 13 35.02 2.60
z 1 4 - p) 1 3 11 18.44 1.81 0.96
X 2 1 3 1 B 3 20 25.34 5.36 e
4 v | 2472 2 - - - - 4 6 19.15 -0.17
z 5 4 5 3 1 2 21 17.56 5.76 4.83
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"STATISTICAL ANALYSIS OF THE GROSS ERRORS" TAB. 13 - BLOCKX: MODENA
i dir] N | n | n } n | n | n | n |« 8 [ z | o
B Y 5| "s5,6] "e,7] "7,8] "8, "3, % % °
b4 23 12 3 3 3 1 45 14.85 13.45 .
0.24
4 v 2964 20 7 4 2 1 - 34 8.31 9.48 ~
-4 19 7 4 - - 2 32 12.74 8.76 0.30
X 22 12 4 2 3 1 44 14,59 13.08
- of 0.23
3 y 2968 25 8 7. 2 1 1 19 12.98 13.08
4 8 9 - 3 - 4 24 19.76 5.87 0.25
"STATISTICAL ANALYSIS OF THE GROSS ERRORS™ TAB. 14 - BLOCK: PIACENZA
. . | i i i i i
i |dir N n n n n I 'n I'n I n z | c
3,4 "a,5! ®s,6] 6,7 Pa,8] Pa,e] P3el B ? °
X 1 3 1 - - - 5 4,54 0.79
0.43
8 v 1354 10 2 3 - - - 15 6.54 6.09
z 4 1 2 - - - 7 4,94 1.86 0.36
X - 2 2 3 - 2 9 23.49 2.92
0.69
7 v 133586 5 5 2 - - 2 14 20.99% 5.59%9 '
z 4 i 2 - - - 7 4.94 1.85 0.37
x 1 2 - 1 1 2 7 21.94 i.85
4,84
=} ¥ 1357 7 & 2 3 5 - 23 22.35 10.38
-4 11 7 4 3 1 - 26 15.10 11.98 0.81
X 11 1 1 - i 6 20 51.70 8.80
1.33
5 v 1353 3 2 N 1 1 4 11 36.99 3.99
Z 9 4 3 - i 3 20 31.57 8.80 1.01
X 4 3 2 3 5 2 19 35.91 8.26
1.89
4 v 1355 2 - i - 2 6 12 33,35 4,52
z 7 & 3 2 - 3 21 32.20 9.32 0.95
X 2 1 - 1 1 4 9 36.48 2.92
3.06
3 v 1357 5 5 2 1 3 1 17 21.91 7.18
z 9 2 5 2 1 1 20 20.12 8.78 G.95
X & - 3 3 1 2 i8 28.53 7,71 7 42
2 0% 1358 4 3 2 1 - 4 14 36.29 5.58
4 12 3 3 2 2 3 25 36,44 11.44 Z2.94
4 3 1 2 1 13 4.47 5.03
X 3 1 2 1 2 13 24 .47 5 3 28 32
1 v 1362 5 7 4 1 1 1 19 19.14 8.23
z 18 5 [ 2 1 - 33 15.55 15.68 5.77
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"STATISTICAL ANALYSIS OF THE GROSS ERRORS" TAB. 15 - BLOCK: MONTECRETO
. . ! T T i i
i N T i S £
air "3,4] "a,s| "s,6] 6,7 7,8 "8,e] "3,. ° M B
x 3 - - - - - 8 3.96 3.14
0.40
5 1y | 1067 7 - 2 - - - 3 5.53 3.74 .
z 5 - - - - - 5 3.55 1.34 0.49 |
7 - - - .
x 1 1 9 6.35 3.74 0. 45
4 | v | 1067 6 - - 2 - - 8 7.02 3.14
z 5 - - - - - 5 3.55 1.34 0.49
x 8 1 - 1 1 3 14 36.83 6.71
0.47
3| y | 1075 11 5 1 1 - - 18 8.76 9.11
z - 5 - - - 2 7 23.35 2.52 0.66
x 5 1 - 1 - 4 11 42.67 4.90 j
2.52
2 1y | 1078 6 5 3 - 1 1 16 20.31 7.89
z 2 2 1 1 2 2 10 30.80 4.31 2.48
x 7 2 3 2 - 3 17 38.14 8.47
97.36
1| y | 1081 7 3 1 - 1 3 15 36.45 7.28
z 9 3 1 - 3 2 18 33.33 9.07  31.35
"STATISTICAL ANALYSIS OF THE GROSS ERRORS" TAB. 16 - BLOCK: RICCIONE
i jdir{ N | n | n L | n Do | | ' z i I
e | M3,al "4,5] Ps 6] Pe, 7! P7,8! Tg,e] "3,= . E o
% 2 1 - - - - 3 3.64 .44
0.44
9 | vy | s9s 6 3 - - - - 3 2..20 4.37
z 2 - 1 - - - 3 4.20 0.44 0.39
% 2 1 - - - - 3 3.64 0.44
0.44
8 | v | s98 & 3 - - - - 9 5.20 4.37
z 5 1 - - - - 6 4.13 2.40 0.41
x 2 1 - - - - 3 3.64 0.44
° 0.44
7 |y | 898 6 3 - - - - 3 5.20 4.37
z 5 1 - - - - 6 4.13 2.40 0.41
x 7 2 - - - - 3 4.89 4.32 .
0.53
6 |y | 909 7 2 - 1 1 - 11 10.32 5.63
z 7 - 1 1 1 - 10 16.43 4.97 0.51
X 1 5 - - - 2 8 27.20 3.66
1.32
5 0y | 911t 5 2 3 1 - - 12 5.68 6.27
z 2 1 1 1 - 1 6 17.56 2.36 0.68
% 6 3 - 1 - 2 12 29.04 5.26
4.04
4 Ly | 912 20 S 3 1 - - 30 13.72 17.97
z 16 3 3 - . - 23 13,25 13.41 1.62
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