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fhe e.>+fic::i.nr·,cy and quality of block adjustment pr·oc:E•ciLlr-i:'�S 
l··,i.qhly dep8nd on the· a pplied �:;tl'·att?qy·· fo1,.. gr·os·::; f�r .. ro1·· 
detection �nd on the ability to give information on the 

6tabili.ty of the solution wi th respect to non-detected gross 
and systematic Lrrors. Whereas the theory for hand l i ng 
sys5t.G!ili.:::i t. 1 c:: Ei!I'.TCJI' .. ::; h .:\ �:5 r· e<::\cl···,ed ,:\ 1· .. , :i. qh and r:n·· ac::t i c.:.d ';;t. and ax· .::I 
whi�h is proved by numerEous controlled t3sts d ur in g tho last 
decade, there is no commonly accepted strateqy nor theory tor 
tl···,f2 blt.u-··,dt:.·!t·· c:ic�tect.icH··, p1·· .. oblE�m. This :i.e..; clUE! to tl···,t:· t;:JI''C! .. :t 
variety of types of qross errors and the unability of the 
tl· .. ,eor .. y to pr·£?dic:t. t.I···,E: t..··ffic:i.E·nc::-../ of e-.../en si mplE": ::-·tr .. ··tc•qi;;::·� 
:i. n ttH:::• rH"'eSenC:E! o·f fi!Dt"'(-?. than tv·.JCi Cii': thr·"€0(;? (:ji""·(y.; , (:OI"T'Oi' .. S.. 'Thu·:=; 
quite somP heuristics are -nd will be nuc:e sary to com � to 
operational so l ut i ons of the gross error problem .. 

Dur ing a mDoting of Commission A of DEEPE at th� H�mburg ISP 
Congress in 1980 it was thereforo propos ,d to �tart :n 
_mpirical te�t to get information on th� statu� of existing 
error detection procedures. As there was a broad int�rest :i.n 
t 1· . . , <:\ t. test. by p 1::1r· ::·or .. , s f r .. oin Dt 1··, (<:·r.. c: m··, t. i n Pn t s .1 0:1 s v•J · · J. 1 .1 :i. t t. i� s:� 
decided to use the dnta also in the ISP Working Group Ili'I 
11 Dn t. he I d E!r .. , t i -f :i. c: - t. i Dn o·l; t:.Jr- Ds;::; .:::1 .. . , c:l !:)y !,.; t E·md t i c: E:J·--, or· s 1' • ·rh ':: 
incre:s� of t.h� numb�r of p�rticip0nts promi��d to givP a 

wid�r spectr um of th� r8�ults . 

The scope of the test was two f o l d � 

1 .  The first aim was to find out the pr,sent st�tus o� 
strategies used for error detect:t on , 0�peci�lly to develop 
infor mation on how efficiPntly large 0ross errors could be 

+Dund. 

Tho theories known to troat tho rtror d � t 0 ct1on problem only 

c: CJ �"., c: ,-. r· r·, ."' .m::".'!.J..L .. ..... 9.C..9 .. .;.�. -::! ... .... E.!::::.r::: . . qJ:::.:;:; . . :.·... · r h F-:· s; ("! c:1 1 .... (� t=:! 1 .... 1 ... c:l 1 .... s •�.J 1· .. , :i. c: h .:1 1 .... t� ..i u ":; t 
tJ l::: y c:H .. , d t J· .. , i:::! b o u n ci <:u·- ·/ t C:l i'- an c:i om (:·� 1·- r·· o 1' .. �; , 1 . . e .. :i. r . . , t h (.:: 1 .... ,::•. n q ;:::� 
be tween 3 and 20 t i mos thn �tanc:lard de v i a ti on a11 of the 
o I:J s; e 1··· v �:::.. t i n r .. , l. i • ·r h �:0 t: 1···, C:! en· .. i e �:; , 1· .. , cn··HC.! v t:� �-· •1 .::d. �::; u 1· .. , c:i 1 cJ + c:w· !l.:'.�E .. �� .. t t,l.(!!. 
:..�.t.:� .. :::!.!:J... .... 9.r::9..!?..:?. ........ :�r::t:9.r: .. �?.. , ,,.Jhic:h c:lo ... ;t_il.l. fal:i. :i.n t:.he J' ,:lr .. ,qt� of t.h;::.� 
1 :i n F:•E1Y .. :i. :;::� <=•. t: :i. on o+ t.l· .. , e p py-· spec t :l v E: ,T,oc.l··:: 1 .. f''icc:l i urn �:; J. :·· i ·c:l <;Jr .. o�o· s 
Grrors in photogrammetric: appl i c at i o n thus �re smallnr than 
h a 1 f "'' b iii s J. ..: n g t. l· ··, , sa. y . As L.�.C.D !"': ..... .Q.r::..��?..§..� .. --::2-L.r:. o [_;;;_ b e ·yon c:l t. h i " .. 

limit also occur a nd usually lead to strong deform:tion� of 
the blocks or at lecst tu quite wrong �pproximatc values, 
they result in gross errore in th e coeffic:iPnts of the error 
equations, i. � .. in � wron g desiqn matrix and cannot bn 
h<.'lridl Ei'd by C:l.l.i' 

.. Y"E•nt tl· .. iE•Cil' .. i E•S '! �··Jhi c::h ?<. .. �F,Ui'i'IE! ... ] :i. I' .. IE!c'l! .. 
relationship between the observations and thG unknowns. The 
efficiency of an error d�tec:tion procedure with respect to 
1 ar q €� g ,.- D!";·:::; '":·�n� 01.-· :· t.h us c -:H .. , or .. , 1 y 1::)(,� t.�:ov ... Ju<;<. t. c:?d crnp :i. , .... j. c: .-::d 1 ·y' .. 



2. The second aim of the test was to f ind out the �ensitivity 
of ex i sting error detection procedures to separate small 
qr .. oss er·-r-ors on one hand and r·i::U·ldom !��D.f!. systF�rr,r.:d:i c:: er .. r-·or .. s 
on the other hand. 

The theories known are capable of predicting the efficiency 
of a procedure if one sing l e gross �rror or one group of 
gross errors and in addition only random errors are present. 
Even if all large and medium sized gross errors would have 
be�n eliminated and even if some self-calibrations had been 
applied,several small gross errore and remaining 
Sfs;t.t=::mat::i.c c,r-r-ors have to be ,:.;p_:c::t.ecl to be le+t ir .. , t:hf.'? 
data. This prev�nts the theories to be =pplicab l e . A 
re�listic evaluation of a proc::eclur8, thus also in this cas� 
can only be based on proper nmpirical test-. 

In or .. c:let- to c:� c:: hit:=:Vt=! c::ler.:tf" st-tE!ments; j.t 1-'J<:1.:· dt::c:::i.cli:c:! tc:J 
split the test i nto phases 1 and 2 resp . . In both phases 
several blocks were generated with error= which were only 
known to the distributor (Institute for Photogrammetry� 
Stuttgart University>. These d-t� were di�tributed to the 
parti c ipants who cleaned the block� using their standard 
pr·oc::eclur·e. 

Tl· .. ,e c!atc:t D+ pt .. ,ase 1 �·JE?t-e:: c!:i.stt-ibt.,tec:! :i.n l''lat-ci·, :i.?bl. {.� 
pr·eliinin,:tr-·y- i··-epol·-t or .. , thE.' r·(J�;;ult�s wa .. � q:i.-.../G>n ·-t the· Cc;mmi.ssion 
I I I  Symposium of ISP 1n Helsinki 1982 (cf. F drstn �r ? 1?82l. 
During � meeting of ISP WG III/I at the Photogr�mmetric Week 
198� in Stuttgart further re�ults =spoc::ially on the absolute 
accuracy were presented. lhe d�ta of phase 2 were distributed 
in June 1983 and a preliminary· repDrt on the r&sults w�s 
given at the ISP Congress 1984 in Rio de Janeiro (cf. 
F i:ir· · t r .. , er , 1 ci'B"I·) • 

Thi- final rEpDrt c o l l ects all the re-ults of both phase�. !n 
addition to the two previou- report� it contain.· a further 
analysis of pha�� 1, as it was pr�sentLd at the WG-meeting 
1983 and a more det3iled analysin of the reactions of the 

participant s b�s2d Dn the differences betwenn the cleaned 
coordinates provided by thR participants -nd th� true 
coordinates known from the data gen�r�tion. 
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2 • p_�.§.t.9X:L .. . D .. :f .. ..... J.:.:::._�.:_t 
The test was designed 
thCiUi.,1ht � 

�ccording to the f ollowing line of 

1 .  Control on detected gross errors 

I� order to keep contrc;l on the det0cted gross errors, 
Simulated data were used. Wher0as the ��oint - I J· - ·t ·� t · c . . � x· 1 uu· : 1 on 
lA!as c::hcJSfO!I"''' .:·;;,; r·e.:1li ·tic as poss;iblt:.> t·-;:;lndom, s·'/�;tematic 
and gro ·s errors w�re crtif icial. 

2. Types of Block · 

Blocks with bundle� and with ind0pendent models were 
generat�d, both with sparse and d�nse tie point 
cl i st r· i but ion. T l·-, i !S wc:-1 t;;; to s i mt t ·1 <'1 t p h] nr··j.·· s .t,: L--1t·- ·t- :-·1 ,··1 1--1 -·, r·· ·-1-. t .. 1· --•• • .. . . .. . . .. . . . .... •, I .. ..... ,_ •• \.:1 <;;l,,,J I L 
mapping <Il and f or point determination <II). Thus 8 

. 

blocks were generated (cf .  table 1). 

Tab l1'2 1. 

·rypt:> 

model 
bundlE?! 

Distributed blocks 

tie point distribution 

spa!'- _:e 

ph as·? 
l �,? 

l''il /1. 
BI/:L 

I"'! I /2 
BI /:2 

t'iii/ l 
BII/:i. 

1"111/:2 
BII/2 
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3. Number of Gross Errors 

lhe number of gross errors was chosen as high as it may 
occur in the worst case. In phase 1 also very trivial 

gross errors were inserted in order to find out how 
sophisticated or automatic procedures behave under 
extreme conditions without the help of graphical plots. In 

phase 2 � however, only small gross errors were inserted, 
except for a few medium sized ones, in order to simul-te 

the situation during the last stage of the error detection 

procedure. 

4. Systematic Errors 

All blocks, except one, contain systematic errors, either 
of constant �ize or varying from imag8 to image but having 
a common mean. One block (Ml/2) was not falsified by 
systmatic errors in order to be able to compar� the 

empirical efficiency with the theoretical valuec. 

5.Documentation of Strategy and Criteri- for Error Detection 

The participants were asked to s ketch the1r usual strateov 
for err�r detection and to document the actual procedure 

used for the test data. In phase 2 this specifically 
concerns the crit�ria used for rPjecting observations in 

order to be able to compare the empirical and the 

theoretical efficiency. 

6. Economy 

It was intended to compare the economy of the procedures 
used in phase 1 based on preparation time, computing time, 

number of run�, etc .. However, the economic as0�cts cannot 

be discus3ed here, becau�e nat all responses about used 
time were detailed enough And the individu�l computing 
conditions cannot be taken into account. 

7. E=timatod Si�e of Gross Errors 

The estimated size of the gross errors compared with the 

true si zo give an indication whether the estimat�d size 
can be used for classification or even correction of the 
gross error=. 

8. Accuracy 

The accuracy of the cleaned blocks is a decisive ch�ck on 
the quality of the error detection procedure. Therefore 
the adjusted coordinates of all points are compared with 

the true coordinates yielding the absolute accurccy in 

terms of a root mean square �nd a maximum error . In phase 

2 the participants w .re also asked to tell how accurate 

they guess the result is, in order to compare it with the 
empirical one. 



:s . 1. 

0::." ,_; 

T h e  s i mu l a t i o n  o f  t h e  d at a  wa� b as e d  on t h e  a d j u :t e d  

o b s e r v a t i on s  of a r e a l  b u n d l e  b l o c k . A s u b b l o c k  o f  t h e  
Ap p en we i �r t est b l oc k  w a s  us�d , w h i c h c o n t a i n e s  vPr y f l a t 
t e r r a i n .  T h e s e  d a t a  l ea d  t o  e r r or f r e e  c oo r d i n a t e s  o f  t h e  n e w  
p o i n t s  a n d  a r e  u s e d  a s  a r ef er en c e  f or t h e  e v a l uat i on .  

� i. l'· st t �·J CJ b u n d l i;? b l oc k s wer· e  q e n t:"';r- a·t e d  b ·/ s e l l':? C:: l: i i i l:] 

a p p r o p r i at e p o i n t s  l ea d i n g t o  b l o c k s B l  a n d  B l l w i t h  sp a r se 
;;� n i:l cl f.! l 'i S C2 t i c·  p o i n t  d i s t l'" i b u t i o n .  ·r h f3 i ma q e s  o f  b l o c k  f:JI 

c on t 2 i n e d at l e ast 6 t i e  p o i n t s  i n  t h e  s t a n d ar d  p o s i t i on s 
�·� i t h  cw1 �?  f:.� l·: C: l�� p e t  i on .. ·rh e  c: Em t n=.'  t :i. e p o i n t  i n  i m<:� g &.� �iO i n  · t 1r :i. p 
4 ( c f . f i g .  3 )  i s  m i s s i n g i n  a l l 3 i ma g e s  ( 49 , 5 0 , 5 1 ) .  T h e  
i ma g e s  o f  b l oc k  B I I c o n t a i n e d  a t  l eas t 6 d o ub l e  p o i n t r  at t h e  
st an d a r d  p o - i t i on s  w i t h  t h e  s · m e  ex c ep t i o n  a s  i n  8 1 . I n  b l oc k  
B l / 2 o f  p h as e  2 t h e  m i s s i n g  p o i n t  w a s  i n s e r t e d  i n  o r d e r t o  
s t ab i l i z e  t h e  g eo m e t r y  o f  t h e  b l o c k  i n  t h i s  a r e � . 

S i m i l ar i l y  t wo m o d e l s  b l oc k � M I  a n d  M I I w e r e g e n e r : t e d . T h e  
m o d e l s w e r P  d er i ve d  f r o m t h e  i m a g e  p a i r s  o f  t h e  t w o b un d l e  
b l oc k s u s i n g a n  a n a l y t i c a l  r e l a t i ve or i e n t a t i o n .  D u e  t o  t h e  
m 1 ss i n g  p o i n t  o n e m o d e l  w a - m i r - i n g i n  t h �  4 t h  s t r i p  i n  M I / 1 .  
T h e  b l o c k s h a d  4 s t r i p s w i t h  1 3  i ma g e s  a n d  1 2  m o d e l · r � sp . .  
T h e  s i d e l a p w - s  20 X ,  t h e  o v er l a p 60 % .  T h u s t h e  s i � �  o f  
t h A  b l o c k s  was 5 2  i ma q e s  a n d  48 < 4 7 )  i mag e s r e s p  . .. 

T h e  c on t r o l  p o i n t  p at t Er n  was c h o se n  a c c o r d i n g l y .  Hor i z on t a l  
c o n t r o l  p o i n t s w � r e  on l ;  s e l ec t e d  a t  t h e  p e r i m e t er of t h e  
b l o c k s , b e i n g  d oub l e  p o i n t s  f o r t h e  b l o c k s  w i t h  d en s e t i e  

p o i n t  d i s t r i b u t i on .  F o u r  c h a i n s o f  va r t i c a l  c on t r o l  p o i n � s  
1-'Je r-· e s� e l  . c t. e c:l t o  s t. a b i  1 i z e t t-·1 P i"i £::· i i] h t. o f  t h e  b l oc:: k :. .. 
Fur t h e r i n f or m a t i on o n  t h e  s i m u l � t e d  b l oc k s  i �  c o l l e c t e d 

i n  t a b l e � 6 a n d  7 .. 

T h e  t r u e  o b e r s e r v a t i on s  wer e c o n t a m i n 3 t e d  b y  r an d o m - n d  
s y t emat i c  e r r o r s .  H i n t s  a b o u t  t h e  c o n t a m i n a t i on w e r e g i v e n  t o  
t h e  p ar t i c i p a n t s  ( c f . t a b l Ls � - n d 3 )  .. 

3 . 1 . 1  Con t a m i n a t i on o f  B l oc k s  i n  P h a s e  1 

Th e r an d o m  �r r o r s  i n  p h a s e 1 w e r e n or m a l l y  d i = t r i b u t. e d . 

T h e y h ad c: on � t a n t  �t a n d a r d  d ev i a t i o n f or b l oc k s  M l / 1  an d 
1"1 I I / 1. . Tr·l e s t c;t n c:l a r .. cl ci E! V i at. i o r·l s  i i"1 h !� i g h t  WE?r- f."!  ci S S U ITi t2 cl  t o  b e  
a f a c t or 1 .. 5 l ar g er t h a n t h o se i n  p l a n i m e t r y . T h e  � t a n d a r d  
cl e \l i a t i on s o f  t h e ;.; -... <:\i"'i cl y .. ·- c: oo r  .. c:l i n at. r:.� �:; o f  t h £� p l  D .:i ""c t :i. o r·l 
c en t r e s w e r e  a s s u m e d  t o  b e  3 t i me �  l a r g e r t h an t h o s e  of t h e  
m o d e l  p o i n t s .  T h �  � - c oo r d i n a t e s , h ow e v e r , o f  t h e  p r o j e c t i on 
c e n t r e s h ad t h e  s a m e  p r ec i s i on as t h e  p l - n i me t r i c  c o or d i n a t es 

of t h e  m o d e l  p o i n t s . T h e � e  r a t i o � a r e  t h e o r e t i c a l  v � l u e s  

d e r i ved f r om e r r or p r o p a g at i o n ( c f . S c h u mp p / Eh r en f r i e d 1 9 8 1. ) . 



I n  b l o c k  B I / 1  t h e  r an d om er r or s  h a d a l so c on s t a n t  s t a n d a r d  

!J ('.:? \/ :i. at i on .  

B l o c k  B I I / 1  w a s  a s s u m e d  t o  c o n s i st o f  t w o  p a r t s ,  

s t r i p s 1 an d 2 a n d  s t r i p s 3 an d 4 ,  wh i c h w e r e  c on s i d e r e d  t o 

b l  f l own u n d e r d i f f e r en t  c o n d i t i o n s  ( c f . t ab l e  2 ) . T h er e f or e 

t h e  p r e c i s i o n  o f  t h e  o b e r se r vat i on s  w a s  d i f f er e n t  f o r t h e  t w o  

p a r t s o f  t h e  b l oc k .  

T h e  mod e l s w e r e d e f or me d  s y s t e m at i c a l l y  u s i n g  a � e c o n d  o r d er 

p o .l. ·yT l o m i. a l  

n X) ;.� l" H 

" ) {") y :::: y .. , .. " y + " y y ., ,  t:�.� : .... �-:,�_ :1. t.:1..:1. � � .. z z z ::: 

:i. r·, itJI'"' :i. c h o__,.. a r·, d H.�� ar- t::� :�:, )·: :�;; m ... t ,, .. :i. r.: e:�s; w i t. h ,, .. a n d  onl \i iii\ 1 u t::! s .  

T' h e  i m a q  !S t-JE-?!f" £� cl t::� f or .. m E� c:l &\;s;t t::!i'i'lel t i c: a l l y  u �- :i. r·, c;j iii\ C D inb i n c;,t J. o r ·, 

of B r o w n ' s  a n d E b n e r ' s  set of a d d i t i on a l  p - r am e t e r s  ( c f . 
K i l p e l � 1 980 ) . A r ep r e sen t a t i v e ex a mp l e i s  g i v en i n  t a b l e  4 

a n d  f i g u r e  9 .  T h e  g e n e r a l  ex p r e s s i o n  o f  t h e  s y s t e ma t i c  e r r o r s  

i s  g i ven b y  :: 

- ,  Pl�ti.-i.iYiti� I.SYli.�.i�llU.SlSt21 l S Y S l� Y·"Ul• S 't S U...t.S.YS l  *�­
. C C - 2 . H X .zt l . L 1!.2 H R2 � s.Y S ( 41 ! SY SJ d * H.R 3 * S.Y S C ;, l S Y S l  * C  . 

. +R4*S Y .. U.Z� I SY.i:.i�i:ft'i�i.•SlS C.9,.IS.YSl:*Y*.A+fl5 •US.U1 , I S't$) •A.• t-=:-, �-�-
py ;::: R1 * S Y S  .. O.d S Y SH ( � Y l  - .. +R.l • S Y S  ( 2 , I S Y S l  * X  + !l 2 *  SY S ( 3,J SY.S) *X-�-Y. -t= 

• -�:iz• S Y iH� ISYU •.( (:..i.."hYZ.t1 . I R 2l + R 3 • S U.(O... lS.U) IlA+.��-� 
• _ ... . B.lt.!' S Y  S (8_, I S  Y 5.l H* A ,  . . t R4 *  SY-S ( 1 Q, l.S Y S) * X * C -+ R S  * S Y H1 4,. ;t  $-V.$.l_�4�tc 

P.U'!X I Ct.t� (lU 3 !> S.J S..H .. UY.S h .t.X2-Y 2HR1 S * S Y S  C S , J  SYS hX2.'tY2� , ,: ��� -2 
• 8 1 5 * S Y S  ( 9 '-.! S Y S l  �1X2.tX2-Y l * Y 2l ) + X* C R 1 6 * S Y S  ( 1  Q ,  I S Y S l  • I4 1: 
• .. _ B.1 7 ! S 'U. t1t, U U.l� Z 8·Ut8 * SY S (1 2 ,  I S Y S )  • Z t  2 )  - . . . - - - · - ' ' '· ., _,,_.�-�= 

PY a'E.Y./ C C..C:ti.Jl1.l:�..S.Y S i1 ,  I S  Y S l  * ( xz�y 2l i'R1 5 * S Y S  ( a, I S Y S )  1r X 2•Y2+ . . 
• -�� - Rt S � S:Y.ri.9 .J:S.i.S i .. �u�..tl.2:"'Y l 1t Y2 l  ) -t 't * U 1 6*U-S ( 1  Q, .. I S YSl�4!-�i:.Li; = 

R 1 7 *  S Y S  ( 1 t ,�s.r Sl  * Z8 +-Rt8•S Y S  ( 1 2, I S Y S l * Z 1.2l  

(Ebner) 

(Brown) 

T h us t h �  p a r a m e t er s p �  t o P :1. 2  h a d  i n f l uen c e  on b ot h � Br own _ 
a n d  E b n er ' s  p o l yn o m i a l s .  As i t  c a n b e  s A e n  f r o m  t ab l e  4 ,  

h owever , t h e  e f f e c t  of Eb n e r · �  p o l yn o m i a l s o n t o  t h e  

s y s t e m a t i c  e r r o r s  i s  d o m i n a t i n g .  

D u e  t o  a g r o s s  e r r or c:l ur 1 n g d at a  g E n er at i on b l o c k  B I I / 1  

c o n t a i n s  an u n u s u a l  sy s t emat i c  error i n  t h �  c on t r o l  p o i n t s :  

t h e  z - c oor d i n � t e s h av :  a d i f f er en t  sc a l e ,  n 3 m e l y 0 . 7 ,  than 
t h e  x - a n d  y - c o o r d i n - t e s . T h i s  e r r o r  h a s  n o  l a r g e  i n f l u ­

e n c e , d u e  t o  t h A  f l a t n e s s  of t h e  t er r a i n .  I t  h a s  b een l e f t  

i n  t h e  d a t a  i n  o r d er t o  a n a l ys e i t s e f f e c t s on t o  t h e  r e s u l t s .  



) ···-

3 . 1 . 2  C o n t a m i n a t i o n o f  B l oc k s  i n  P h a s e  2 

I n  c o n t r ar y  t o  p h a s e  1 t h e  t r ue o b se r v a t i o n s  w e r e 

c o n t a m i n at ed b y  n on -n or m a l l y  d i s t r i b u t e d  r an d o m  � r r or s .  T h e i r 

d i st r i b u t i on w a s  a m i x t ur e  of t wo n or ma l  d i st r 1 b u t i o n s N :  

F .... 0 . 9!5 N < O ,  tT �' ) + 0 . 0 :':5 N < O ,  ( :.? a· ) �! ) .  

T h u s  on an a v e r · g e e v e r y 20t h o b s er v at i on w a s  a ss um r rl t o  h a v e  
d o ub l e  t h e  s t an d ar d  d e v i a t i on t h an t h e  o t h e r s .  T h e  £ t J n d ar d 

d e v i at i o n  a was c o n st a n t  f or a l l ob s er v a t i o n s  o f  e a c h  b l o c k . 

A l l i m ag e s w e r e  d e f o r m e d  syst e m at i c a l l y ,  ag a i n u s i n g � 
c o mb i n a t i on o f  B r own ' s  an d Eb n = r · �  set of a d d i t i on a l  

p ar a m e t e r s . l n  c o n t r a r y  t o  p h a se 1 ,  h owever , t h e s e  

d e f or m a t i on s  w e r e n o t b l o c k  i n v � r i a n t . A c t u = l l y  t h e  
ad d i t i o n a l  p a r am et e r �  e �  wer e a s su m e d  t o  b e  r a n d o m  v a r i a b l e s 

w i t h  c on s t a n t , i .  � .  b l o c k  i n v a r i a n t  ex p e c t at i o n E < e� '  an d 

s t an d a  d d e v i a t i o n  up � • E ( e& > v ar i ed b e t we e n  0 �m a n d  � 
:1. 4 }-l.ro , . o· P �. b Eo• t v,J c� e n  0 .. '! Piil r.tn c1 'Z . ·7 ,um . "l" h (:! y  v·.Je l··· f:� t <E� k c�n an cj 
cH-j a p t·. E•cl f ,, .. o rn t h E· r..,:.m p  i r i c a 1 t- t':! F· U  1 t. s o b  t. c::t i r·, E:d b ·. .. E:; c: h t- o t  l"·j ( '.1 c/El2 .1 
c: ·f .  t. al::l l ii.'i! !':.i ) .. T' h E? · · ar .. i o:i t i o n Cl f  t. I·"J ("'! p ai·- a mf:? t t""l.- ::; c a n  b �::· S f:?ei  ... J i n  

i n  f i g .  1 0  f or t w o r ep r esen t a t i ve e x a mp l e s .  

Cl n  t l·-� �;;:· o t h t?.f" h e:t n d  t h i7:! c oo v  .. d i. n i::'t t i:.'2 �3 of t !· .. � e  b l c c k  i 1 I / :;;� w i. t h 

s p a r  .. s e t i e  p D j. r·1 t c.1 :i. s t r· :i. b u t :i. or·, �·J ei·-· e r·1 o t  c: n r·, t ,- .t m i  n at i�! d  b y  

s y s t e m a t i. c er r o r s , i n  o r d � r t D  c o m p a r e  t h �  ef f i. c 1 c n c y D f  
t h L  e r r o r  d e t e c t i o n p r o c e d u r e R mor e s i m p l y w i t h  t h e o r y .  T h e  
s y s t e m a t i c  e r r o r s  i n t r od u c e d  i n t c  b l o c k  M I I / 1  w e r R  c on s t an t 

f or a l l mod e l s a n d , as i n  p h a s e  1 ,  c o n s i s t e d  i n  a g en e r a l  

d ef Clr mat i on o f  2 n d  d e g r e e . 

3 . 2 I n s e r t ed G r o s s  Er r o r s  

3 . 2 . 1 G r o s s  E r r o r s  i n  P h a s e  1 

I r  .. , p h - se l t h f?  i d e a  trJ a s  t. CJ  i n ::; i ,.l'" t ::t l l k i ri c:l ::;  o+ �j f" C::. ::> s E�I'"T ot"' !?:. 
o c c u r i n g i n  p r a c t i c a l  b l oc k s , b e i. n q a w a r A , t h a t  t h ey d o  n o t  

n e c es s� r i l y  o c c ur s i mu l t an eDu s l y .  T h u s  a l s o v �r y  t r i v i a l 

e r r o r s  w e r e  i n t r o d u c e d : 

w r o n g  c o or d i n a t e  sy s t e m  ( c h � n g e  of t h �  s i q n  o f  o n � or t w o 

c oo r d i n a t e  a x e s  o f  c o n t r o l  p o i n t s  or i n  p ar t �  o f  t h e  b l oc k  
f c:-. r- t. I"'J E� l :::t s t  c ;a s e  h i n t s Wf.o!r· i ·, c,:,� :i. \/ F:•n t rj t h E;  P "\ i'"· t:. :i. c:: i p ·::1 n t. s , 
C: i- .. t <::i.b l E!  :.? }  ; 

.... a fll :l. S S :I.  I'I CJ  m o d E! l  ( SF.�E;• i!i\ Cl O \/ E'; ) ;1 

m i s s i n g  a n c:l w r o n g  n u m b e r s  i n  t h e  s k e t c h  e v e r y  p a r t i c: p a n t  

f" E•C:: t.::: :l VE'! c:l .. 

T h e  o t h e r e r r o r s  c a n b e  u b d i v i d e d  i n t c  t h o  t h r m o c a t _ g or i e s 

d 1 sc u s::. e d  a b  c:J·· . ..-e .. 



·-- El 

T h o  l ar g e  g r o s s  e r r or s  i n  m o s t  c a s e s  w e r e e x c h :. n g e s o f  p o i n t  
n u mb e r s  a n d  wr o n g  c oor d i n a t e s , e r r o r s  o f  r ou n d  v a l u e s , 
s u p p o s e d  t o  b e  c a u sed b y  m i sp u n c h i n g s  ( e . g .  2 1  3 6 4 . 7 6  i n s t e ad 

o f  1 2  3 6 4 . 7 6  or i n s t e a d  of 1 1 364 . � 6 l . T h e y w e r e s u p p o s e d  t o  b e  

c: o r-· r· c::r.:: t c-,b .l. fii• . 

f h i s  p a r t l y  a l s o  h o l d s  f o r t h e  m ed i u m s i z e d g r o s s  e r r or s , 
w h er e a s  t h e  s m a l l g r os s  er r o r s  o n l y  c o n s i s t ed o f  c oor d i n a t e  

e r r o r s < m i s i d e n t i f i c at i o n s ) . T h e  b l oc k s w i t h  d en s e  t i e  p o i n t  
d i st r i b u t i o n g � v �  t h e  o p p o r t u n i t y f or g r ou p s  o f  g r oss e r r o r s  
w h i c h a r e  t r ea t ed a s  o n e  er r or i n  t h e  a n a l y s i r .  T h o 
i n d i \i :i. d u a .l. f,� I'"T OI'" S an' �  q i ven i n  t <:. b l e s  8 t o  1 1  < c + . f :i. q .  :1. 
t o  4 ) . T h ey w 1 l l  b e  d i s c uss�d :i. n d e t a i l i n  s e c t i on 4 . � . 

� . 2 . 2 G r o s s  E r r o r s  i n  Ph a=e 2 

Th e i d e a  o f  p h a s e  2 w a s t o  d e t er m i n e  t h e  e f f i c i en c y  o f  t h e  
p r a c t i c a l  p r o c e d u r es t o  d e t e c t  s m a l l g r o s �  e r r o r s .  T h e  
ef f i c i e n c y  c a n  b e  d esc r i b e d  b y  t h e  p r o b a b i l i t y o f  f i n d i n g  a n  
e r r or o f  a g i v e n  s i z e . A s  k n ow n  f r om t h e o r y  g r o s s  e r r or s  c an 
o n l y  b e  f ou n d  i f  t h ey a r e  l a r g P r  t h a n a c e r t a i n l o w e r  b ou n d  

'iJ '"' 1 :1. . ·rh i s  b o t.m d  d ep e n d s  e;r·, t. h e  p r- t:"? c  i s i  o n  rr 1 :1. , t h E·  l'" e d u n ····· 
d a n c y  n u m b e r  r :1. o f  t h e  o b s e r v a t i o n a n d  o n  t h e  - t at i s t i c a l  
p a r a met er Oo w h i c h w a s  t o  b e  a s s u m e d  t o  b e  4 i n  t h e  t e s t . I t  

c o r r e sp on d s t o  a c r i t i c a l  v a l u e  o f  ap p r .  3 a n d  a m i n i m u m  
p o w e r , 1 .  e .  e f f i c i e n c y  of 80% . T h e  s i z e  o f  t h e  i n s � r t ed 

g i'"" DS S  e1··· r· Cli'"" S i S  r ef e t- f" C2 d  t:. C! t h E• l OWt?.!t- t.:l DU i"" 1 d  o f  t1···1 f:?! 
o b s er v - t i on i n  c o n c e r n . 

F o u r  t yp e s o f  e r r or s  w e r e i n se r t e d i n t o  t h e  b l o c k s < c f . 
c o l u m n s  2 - 4  i n  t a b l e s 1 2- 1 5 ) � 

1 .  S m a l l g r o s s  e r r or =  i n  t h e  p h o t o g r �m m c t r i c d a t a . T h o i r z i z e 
var· i f2 d  l::l (?.t trH? e n  0 .  7 'Vo l  :1. ,:m d �.;� ·IJ '"' 1 :1. • A .l ir� f'c\"·y· (�; 1J. ····· 7 ei--- 1·- rJr s 
o f  t h e  s a m �  t y p e  w e r e g en er a t e d  t o  b e  a b l e t o  est i m a t e t h e  
e mp i r i c a l e f f i c i e n c y .  Due t o  t h e  d i f + r r e n t  l oc � l  r e d u n d a n c y  

t h e  a c t u a l  s i z e  o +  t h e  e r r o r s  i n  urn v - r i ed w i t h i n  Pac h 

g r o u p .  T h e  m o d � l  b l oc k  M I I / 2  w i t h  d en s e t i e  p o i n t  d i s t r i ­
b u t i o n g av a  t h e  o p p o r t un i t y f o r g r ou p s  o f  g r o G s  Pr r o r s  
wh i c h a r e  a g a i n  t r e a t e d a s  o n e  er r o r i n  t h e  an a l y s i s .  

T h e  d en s e  b u n d l e  b l o c k  B I I / 2 ,  h ow e v e r , w a �  d i st o r t ed w i t h  
s i n g l e  g r o s s  e r r or s  as even ad j a c � n t p o i n t s  w i t h i n  o n e  

i m a g e  d o  n ot r e a l l y  c o n t r o l  �ac h o t h er . 

2 .  S m a l l g r o s s  e r r o r s  i n  t h e  c o n t r et l  p o i n t s .  Th e i r s i z e  

v a r-· :i. E• d b e t trJ een 1 • 'iJ o l  �- a n r.J LJ. • 'iJ '"' 1 :1. .  

3 .  Med i um s i z e d g r os s  e r r or s  u p t o  1 50 'V o l :�. .  Th e y w � r e  p ar t l y  
!:i U p p O S E? d  t el b f::J c: cfr··· l'"" e c: t ab 1 C? . 

4 .  M i sc e l l an e o u s  e r r or s  s u c h  as p o i n t  e x c h  n g e s  or g r o u p �d 
e r r·· ot- Ei . 



T y p =s 3 a n d  4 w e r e m e a n t t o  k e e p  t h e  d a t a  r ea l i st i c .  T h e  
i n d i v i d u a l  e r r o r s  a r e  g i ve n  i n  t h e  t ab l e  1 2  - 1 �  ( c f . f i g .  � 

···- H > . 

4 . 1 G� n e r � l  l n f or m�t i on 

T h P n u m b e r  o f  d i s t r i b u t ed b l oc k s M I / 1 , M I I / 1 , B I / 1  u n d  B I I / 1  
w - s  1 4 ,  1 0  a n d  1 0  r es p . Amon g t h es e  1 2 ,  1 0 ,  6 a n d  � b l o c k s  
r es p .  w e r e  s e n t  b ac k .  Th e u s e d  a d j us t m e n t  p r o g r a m s  m a y  b o  

d i v i d e d  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s :  

a )  I n d e p e n d e n t  Mo d e l s 
- p o l y n o m i a l  a d j us t m e n t 

i t e r a t i v e l e a s t  s q u a r e s  a d j u s t m e n t ( p l an i met r y - h e i g h t ) 

- r i g or o u s  a d j u s t m e n t  ( 7  p a r a m e t e r - p er m o d e l ) .  

N o  � e l f - c a l i b r a t i on w a s  ap p l i e d .  3 p r o g r � m s  h a d  t h e  f a c i l i t y 

o f  d : t a - s n o o p i n g t 8c h n 1 q ue s .  

b )  Bu n d l es 
3 p r o g r u m s  u s e d  t h e  f � c i l i t y o f  s e l f - c a l i b r a t i o n , o n e  

=p p l i ed d � t a - s n o o p i n g t e c h n i q u e s  a n d  o n e  i n c l ud e d  a n  

a u t o m a t i c  p r o c e d u r e f or d a t a  c l e a n i n g , ad ap t i n g t h e  
we i g h t � t o  t h e  r e s i d u a l s o f  t h e  p r e v i o us i t e r = t i o n .  

O n e  p 3r t i c i p - n t c l P a n e d  t h e  p h ot o g r a m m e t r i c  d a t a  o f  b l oc k  M I  
o n l y . Th e  r e su l t i s  n o t  i n c l ud e d  i n  t h E  f o l l ow i n g  a n a l y s i s . 

I t  i s  w o r t h  t o  b E  m �n t i o n ed , h o w � v e r , a s t h e  s t r a t e g y  i s  a 
p ur e  p r e - _ r r o r - d � t ec t i on p r oc �d ur e  b a s e d  o n  t h e  t e s t  o f  
c on d i t i on s b et w � c n  t h e  ob s e r v at i on s .  A l l l �r g e  g r o s s er r o r s 
w � r e  f ou n d  i n  6 h o u r s  o f  wo r k  ( s e e  p r e p ar - t i o n t i m e s s r c t i o n 

4 .  4 )  " 

I t  i s  r a t h er d i f f i c u l t t o  c om p : r e t h e  d i f f er en t  s t r a t e g i : s 
u s e d  b y  t h e  p ar t i c i p an t s  .. T a b l e s 20 a n d  2 1  s h o w  t h e  s e q u � n c e  
o f  s t Ep s d u r i n g e r r o r d e t � c t i o n  a �  t h ey w e r e  d es c r i b e d  b y  t h e  

p ar t i c i p - n t s  .. T h e r e  o b v i ous l y  e x i s t v e r y s i m p l e  b u t  a l so v e r y  

sop h i s t i c a t e d s t r a t eg i e s . T h e  f or m a t i o n o f  s t r i p s i s  a v e r y 

c om m o n  p r o c e d u r e  t o  f i n d i n i t i a l v a l u e s  f o r t h e  ad j u s t m e n t . 

Th i s  a l s o  h o l d s  f o r t h e  b u n d l e  b l o c k s . T h e  r t r a t o g y  i n d ex � g i v e n  i n  t h e  l as t  l i n e i s  a m e a su r e  f o r t h e  c om p l e x i t y o f  
t h e  s t r a t e g y  w e i g h t i n g t h e  n um b e r o f  d i f f e r en t  s t e p s .  I t  w i l l  

b e  c om p a r � d  w i t h  t h e  p er f o r ma n c e  i n d e x a n d  t h e  n um b e r  o f  
r- u n s  .. 

I n  m o s t  c a s e =  t h e  s t a n d a r d  p r o c ed u r 8  f or er r o r d e t e c t i o n  w a s  
ap p l i ed .  O n l y  f ew p a r t i c i p a n t s c h a n g � d  t h � i r s t r a t � g y  b e c a u s e  
o �  t h e  r e l a t i v e l y h i g h p er c e n t � u e  o f  g r o ss or r or � . 
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4 . 3 D e t e c t e d  Gr o s s  E r r o r s  

F i g .  1 2  s h o w s  t h e  r e a c t i on o f  e a c h p ar t i c i p a n t  o n t o  t h e  

i n d i v i d ua l  e r r o r s .  I t  w i l l  b e  u s e d  t o  d e t er m i n e  t h e  r e l a t i v e 

ef f i c i e n c y  o f  t h e  er r o r d e t e c t i o n  p r o c ed u r � i n  S Lc t i o n 4 . 4 . 2 . 

F i g .  1 3  s u m m a r i z e s t h e  c o n t e n t  o f  f i g .  1 2  a n d  s h ows 
g r ap h i c a l l y  h o w o f t e n  each g r o s s  e r r or ( s e e  t ab l e  8 - 1 1 >  wac 

c or r ec t e d ( d a r k ) ,  l oc a t ed ( d a r k g r ey ) , r e a l 1 z ed < l i g h t  g r e y >  

o r  n ot f ou n d  ( wh i t e >  t h e  e v a l u a t i on .  S o m e  g r o s s  e r r o r s 
sp e c i a l l y  l a r g e  o n e s  w e r e  easy t o  f i n d ,  w h i l e  o t h � r s  c o u l d 

n ot b e  f ou n d  a t  a l l as t h ey w e r e t o o  s m a l l .  B o t h g r o u p - g 1 v e 

p o o r  i n f o r m a t i on on t h e  i n d i v i d u a l  e r r o r  d e t ec t i o n m e t h od , 
b u t  o f  c ou r se h av e  i n f l u en c e  o n t o  t h e  n um b e r  of r u n s .  S o m e  

g r o s 3  e r r or �  w e r e  l oc a t ed a n d  e v e n  c o r r e c t e d  b y  o n n  p ar t i c i ­

p , n t  w h i l e  a t  t h e  s a m e  t i m e w e r e n o t f o u n d  b y  a n o t h e r p a r t i ­

c i p a n t . Th i s  d em o n s t r a t e s t h e  g r e a t  v a r i et y  of e x p e r i e n c e  a n d  

t h e  i n f l u e n c �  o f  t h e  s t r a t e g y  b u t a l s o  p r o v e s  t h a t e x c e p t  f or 

a f e w s m a l l g r os s  e r r o r s  a l l g r o s s  e r r o r s c ou l d b e  l o c a t e d . 

T h i s  i s  c o n f i r m e d  b y  t h e  f o l l ow i n g  an a l y s i � .  

4 . 4 Ef f i c i e n c y  

Th e e v a l u a t i on o f  t h e  p e r f o r m a n c e  o f  t h e  e r r or d e t e c t i on 

p r oc e d u r e s c � n  b e  b a s e d  on d i f f e r e n t  c r i t 8r i a . 

a )  t h e  r e a c t i on on t h n  g r oss er r or s  ( c f . f i g .  1 2 )  w e i g h t i n g 

p r op e r l y  t h e  r e a c t i on �  

b )  t h e  n u m b e r  n m  o f  m i � s ed g r o s s  er r or s , 1 . e . t h e  n um b Er o f  

g r oss e r r or s  w h i c h w e r e  n o t  f o u n d ;  

c )  t h e  n u m b e r  n .  o f  c o r r e c t  o b s e r v a t i on s  wh i c h w e r e 
er r o n e o u s l y d e l et ed � 

d )  t h e  a b s o l u t e  p r e c i s i o n of t h e  r d - u l t .  

F u r t h e r i n d i c a t o r s  ar e �  

e )  t h e  u s e  o f  a ux i l i a r y  p l ot s ;  

f )  t h e  f a c i l i t y o f  t h e  d a t - -sn o op i n g t e c h n i q u e  ( or an y  

eq u i v a l e n t  t e s t ) 

g )  t h e  n u m b er o f  r u n s . 

We w i l l  f o l l o w t h r e e l i n e s  o f  t h o u g h t : 

1 .  T h e  m o s t  r ob u st i n d i c a t o r i s  t h n  n u mb er o f  �r r on e o u s  

d e c i - i o n .  

2 .  T h e  r e l a t i v e e f f i c i en c y  c a n b �  b a s e d  on t h e  p r o p 8r l y  

w e i g h t ed r ea c t i o n - . 

3 .  T h e  a b s o l u t e  ac c ur a c y  i s  d e c i s i v e b ut n o t  a v a i l a b l e f o r 

a l l p a r t i c i p a n t s .  
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4 . 4 . 1 Q u a l i t y o f  P e r f o r m a n c e  o f  t h e  E r r or Det e c t i on 

P r o c e d u r e s  

T h e  p e r f o r ma n c e  i s  e v a l u a t e d  b y  t h e  p er f or man c e  i n d e x  l p  

t h us g i v i n g t h e  n u m b Er o f  e r r on e o u s  d e c i s i on . 

f a b l e s 1 6  - 1 8  g i v e some i n f or ma t i on o n  t h e  p e r f o r m a n c e  f or 

eac h b l oc k  a n d e a c h  p a r t i c i p a n t . T h e  r e s u l t s  ar e s or t ed 

a c c or d i n g  t o  i n c e a s i n g  p e r f or m a n c e  i n d ex . 

F i g .  1 1  g i v e s  a g r ap h i c a l r ep r e s e n t at i o n o f  n m  ( u p w �r d � )  a n d  
n �  < d ow n w ar d s ) . I t  s h o w s  t h  t a l l 4 b l oc k s  c ou l d  b e  m a n a g e d , 

i .  e .  n e a r l y 1 1  g r o s - e r r or s  c o u l d b e  f ou n d . O n  t h e  o t h e r 
h an d  i n  m o s t  c a s e s  s o m e  c o r r e c t  o b s e r v a t i on - w e r e  e r r o n eous l y  

e l i m i n a t ed . 

T h e  c om p a r i � i on o f  t h e  n u m b e r  of r u n s  ( t a b l es 1 6  t o  1 8 )  w i t h  
t h e  p e r f or ma n c e  i n d ex d em on s t r a t e s  t h a t  even w i t h a sm a l l 

n u mb e r  of r un - a h i g h r a t e  of c or r e c t  d e c i s i o n = c a n b e  

ob t a i n e d , t h u s n o t  n e c es sa r i l y m a n y r u n s l e a d  t o  a g o o d  

r e s u l t .  

T h e  b es t  r e s u l t ,  i . e . t h e  l ow e s t  p Pr f o r m a n c o i n d i c e s , ar e 

o b v i o us l y  o b t a i n e d  w h e n  d at a - s n oop i n g t e c h n i q u e i s  3p p l i ed ,  

w h e r e a s  t h e  u · e  o f  a ux i l i a r y  p l o t s  se e ms t o  h av e  l i t t l e  
i n f l u e n c e  on t o  t h e  q u a l i t y o f  t h e  r es u l t .  B o t h  s t a t e m R n t s  

h a v e  t o  b e  p r o v � d  u s i n g  t h e  a b s o l u t e  a c c u r ac y .  

T h e r e  i s  � l ow p os i t i v e c o r r e l a t i on b e t w ee n  t h e  c om p l e x i t y o f  
t h e  s t r a t e g y  < 1 5 ) a n d  t h e  n u m b e r  of r u n s .  T h i _  s u g o e s t s  n o t  
t o  u s e  t oo m a n y  d i f f e r e n t  t y p r s  o f  c h � c k s  b u t  r a t h P r t o  

� i mp l i f y t h e  p r o c e d u r e .  R e : s o n  f o r t h i s ef f ec t  m i g h t  b e  t h P  

d i f f i c u l t y o f  s � p a r at i n g t h e  d i f f er e n t  r t e p s .  T h i s i s 
c o n f i r med b y  t h e  a u t omat i c  p r oc ! d u r e  ( t ab l e  1 8 j B I / 1  c o l u m n  

3 a n d  B I I / 1  c o l u m n  2 )  u s e d  f or t h e  b un d l e  b l o c k � � w h i c h 

on l y  n ee d  d 3 r u n s  t o  c l e a n  e a c h of t h e  b l o c k - . 

T h e  r e .  u l t s  s e e m  t o  d e m o n s t r a t e  t h a t  b u n d l e  b l o c k . - a r e  ea s i e r  

t o  h a n d l e  t h a n  b l o c k s w i t h  i n d e p en d en t m o d � l s .  A t- � l i �b l e  

c om p a r i s i on ,  h o w �vor , i s  i mp o s s i b l e ,  a s  t h e  n um b Pr o f  

p a r t i c i p a n t s w h o  t r ea t e d t h e  b u n d l e  b l o c k s  i s  t oo s m a l l a n d  

t h e  c om p l ex i t y o f  t h e  e r r o r s  i s  n ot c om p ar a b l e .  On t h e  o t h e r 

s i d e  a s  c ou l d b e  e x p e c t e d , t h o  b l oc k s  M I I / 1  an d B I I / 1  w i t h  

d e n s e  p o i n t  d i s t r i b u t i o n  c o u l d  b e  c l e a n e d  m o r e  e a s i l y  a n d  

m o r e  s uc c e s s f u l l y  t h an t h e  b l o c k s w i t h  sp - r s e t i e p o i n t  d � n = i t y .  

T a b l �s 1 6 - 1 8  a l s o g i v e a n  i m p r P s s i o n  o f  t h e  t i m e e f f or t  

w h i c h w a s  n e c e . - s a r y  t o  c l e a n  t h J  b l oc k s . T h e  t i m e f o r t h e  

i n i t i a l p r ep a r a t i o n o f  t h e  d at a , e .  g .  c op y i n g  t h e  t 3 p e o n  

d i s c ,  c h an g i n g  t h e  f o r m at , w a s  b e t w e e n  � a n d  18 h o � r s .  T h e  

t o t a l  t i m e f or c l ea n i n g o n e  b l o c k  v a r i e d b et we e n  6 a n d  6 6  
h ou r s .  T h e  s h o r t e s t  t i m e f o r t h �  p r  p � r a t i o n o f  t h - d i f f er e n t  

r u n s  w a s  c h i e v e d  w i t h  t h e  a u t o m - t i c  e r r o r  d e t e c t i o n 
p r oc e d u r e .  
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4 . 4 . 2 R e l · t i ve E f f i c i en c y  o f  Er r o r De t e c t i on 
Pr o c e d u r e s i n  P h a s e  1 

T h e  r e l a t i v e  e f f i c i en c y  of t h e  d e t ec t i o n p r o c ed u r e s i s  b a s e d  
o n  t h e  i n d i v i d u a l  r e ac t i on s  o f  e a c h  p ar t i c i p a n t  o n t o  e a c h 
g r o s s  e r r o r . E a c h  r ea c t i on i s  w e i g h t ed b e t we e n  -3 a n d  + 5 :  

(' s y m b o l  

l # 
:·2 ·+· 
··:·· C) ·-· 
·"+ 
5 • 

w e i  g h t  

c::· ... .1 
4 
:3; 
0 
·�- ··:r ·-· 

Wr· 

c en- r e c t E H:1 
e l i m i  r·t c:l t E>l C:I 
·f ou n d  
n ot f o u n d  
w r o n g l y  c o r r ec t e d  

T h u s  t h e  4 m at r i c e s i n  f i g .  1 2 r ep r e s e n t  t h e  w e i g h t s  
W r  C e 7  p )  f or e a c h  e r r o r e < 1 ,  • • • •  , n . ;  r ow s ) a n d  eac h 
p r oc e d u r e  p ( p = l , . • . .  , n p ;  c o l u m n s ) .  T h e  t ot a l  w e i g h t  t ( p )  
f or ea c h  p r o c e d u r e  i s :  

n .,.  
�"I {.o 
e::;;: J. 

( e .  g .  r an g i n g f r o m 64 t o  1 1 1  i n  M I / 1 ) . T h e  aver a g R  w e i g h t  ¢ c p )  i s  g i v e n  b y  

A n  aver a g e  w e i g h t  o f  4 . 0 wh i c h w a s  r e a c h ed b y  p r o c e d u r e  2 
w i t h  M I / 1  i n d i c a t es t h at on a n  aver ag e  a l l o b s e r v a t i on s  w i t h  
g r o s s  e r r o r s  w e r e e l i m i n at e d . T h e  aver a g e  v a l u e s  ¢ c p )  a r e  
o n l y  c o m p a r a b l e  w i t h i n  o n e  b l o c k  as o t h e r b l o c k s m i g h t  b e  
m o r e  s i mp l e  o r  d i f f i c u l t t o  c l e a n . 

I n  o r d e r  t o  c o m e  t o  a q u a l i t y me�su r e  w h i c h i s i n d ep e n d en t  
f r om t h e  b l o c k  a n d  w h i c h t a k e s t h e  d i f f er en t  c o mp l P x i t y o f  
t h e  b l oc k s i n t o  a c c ou n t , t h e  r e l at i ve ef f i c i en c y  E i =  
d e t er m i n ed .  I t  r e l a t e s  t h e  t o t a l w e i g h t  E < p >  t o  t h e  b e s t  a n d  
wor � t  p o s s i b l e  c a s e  a n d  i s  d ef i n ed a s  

E :::: J;;;..�.I::!..!. ......... :.:.:_ ..... m .. tr.l.J.n. 
m :· ;.:  ( p )  ··· m i n ( p )  

a n d  g i v e n  i n  p er c en t  i n  t a b l e  1 9 .  T h e  v a l u e s  m i n ( p )  a n d  
max ( p ) a r e  d e t e r m i n ed a s  t h e  � u m  o v e r  t h e  w e i g h t  of t h e  wor st 
a n d  b est r R a c t i on f o r e a c h  er r o r r es p . 

n ..,  
m i n ( p )  = 1.:: 

E•= l 

n ..,  
m a ;.; < p )  .... -- ,t,. 

1'2 ::;:: 1 

m i n i mu m  ( w r C e , p ) ) 
p 

m .::-� ;.; :i. mum 

p 
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l h ey i n d i c a t e t h e  w o r st a n d  b e st r esu l t w h i c h i n  t o t a l  c o u l d 

h a v e  b e e n  r e a c h e d , i f  n o  o t h e r  r ea c t i on s  o n  t h _ i n d i v i d u a l  

e r r or s  t h an t h o  · e  i n  f i g .  1 2  c o u l d h ap p e n . 

T h e  r e l a t i v e e f f i c i e n c y  v a l u e s  E v a r y  b e t we e n  27 % C p = l O  i n  

M I I / 1 ) a n d  9 7 % < p =2 i n  B I I / 1 ) .  Th e h i s t o g r ams f or t h e  v a l u e =  

E a r �  g i v e n  a t  t h e  b ot t om o f  t h e  t a b l e  1 9 .  T h e y  s h ow t h a t  t h e  
e f f i c i en c y  o f  t h e  d i f f er en t  p r o c e d ur e s  v - r i e s c on s i d e r a b l y .  

Th e p r o c ed u r e w h i c h u s e d  d - t a - s n oop i n g t ec h n i q u e  0 r e  
i n d i c a t e d i n  d a r k .  O b v i o u s l y t h e y r e a c h ed t h e  h i g h e s t  
e f f i c i e n c y  i n  a l l b l o c k s , ex c e p t  i n  B I I / 1 .  

T h i s  c a n b e  e x p l a i n ed b y  t h e  s c a l e e r r or i n  t h e  z - c oo r d i n a t e s  
o f  t h e  c on t r o l  p o i n t s , w h i c h i s  n o t  c om p en s a t e d  b y  t h e  
ad d i t i o n a l  p a r a m et er s used i n  t h e  s e l f - c a l i b r �t i rn .  T h R  
r e - u l t i s  i n  f u l l a c c o r d a n c e  w i t h  t h a t  o f  p h - �e 2 .  
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4 . 4 . 3 A b so l u t e  Ac c u r a c y  o f  C l e a n e d  B l o c k s  i n  Ph a s e  1 

T h e  p a r t i c i p an t s  w e r e  a s k e d  t o  s e n d b ac k t h e  a d j u s t e d  
c o or d i n at e s o f  t h e  c l e a n ed b l oc k s  w h i c h l e a d  o n l y  t o  a 
p - r t i a l r e ac t i o n .  T h e  l ast r ow s  o f  t a b l e s 1 6  t o  1 8  c on t a i n 

t h e  s u m m a r i z e d r es u l t s .  T h e  t r u e er r or s  a r e  s h o w n  i n  t h o  
p 1 o t  :- ;= i q . 1 4  --· 1 7 .  

T h e  f i r s t t w o  r ow s  c on t a i n t h e  m e a n  d ev i a t i o n s  of t h o 
· d J u s t e d  c oo r d i n a t e s  f r o m  t h e  t r u e va l u e =  

1 !; ;.; ;• + y � 

n 

1 r. y ;· 
n 

I n  or der t o  k e e p  t h e  v a l u�s c om p a r ab l e o n l y  t h o  · e  p o i n t s w i t h  

ar e U F e d  i n  t h o  a b o v e  sums . 

T h E;! n um b et ... o f  p o :i. n t s  e 1 i m i  n at. \:? C.1 t h  i. s w ,:\ y :i. s q i v c n  i r ·, t h ff�  
s e c o n d  l a s t  r ow .  T h e  n u m b �r o f  p o i n t s  w h i c h a r e  n o t  c o n t a i n e d  
i n  t h e  l i st o f  t h e  a d j u s t e d c o o r d i n a t e s  i s  t ab u l a t e d  i n  t h �  
l iii•. · t r· c:n.oJ • 

T h e  p l ot s  of t h e  t r ue e r r o r �  w i l l  b �  d i sc u- s e d  i n  d et � i l  i n  

!.; ec t ]. em 4 .  :s .  

t�!.U.f!.§'.:I,, _ _ _ Q..LP .. \;J:: ....... I.�.!!.. ... t. 
·r h e  b e st a b . · o u l t t:! a c c: u t- a c: y :i. n t er m"'� of t h e· rnE� c\ r  .. , cl i'i:! '·l :i. a t i on s  i s  
r ea c h e d b y  t h e  t h r e e p ar t i c i p a n t s  w h o  a l s o  o b t a i n A d  t h e  b e st 

p � r f o r m a n c e  i n d ex l p .  

T h e r e  i s  a s i g n i f i c nn t  d i f f e r - n e e  i n  p l an i m et r i c  nc c: u r a c y  
b e t we e n  t h e s e  t h r e e r e su l t s ,  i n  t e r ms o f  b o t h  m e a n  an d 

m a x i m u m  d e v i a t i o n s .  T h e  most r e l i a b l e  r es u l t ,  h owPver 1 w � s  
ob v i ou s l y  a c h i e v e d  b y  t h e  t w o  d a t - - s n o o p i n g p r oc e d u r e s . On l y  
o n �  p o i n t  h a d  t o  b e  e l i m i n , t e d . T h i s  p o i n t  h a d  a w r o n g  p o i n t  
n um b e r  w h i c h o n l y  c ou l d h av e  b e e n  f ou n d  b y  c om p a r i . i o n w i t h  
t h e  s k e t c h  o f  t h e  b l o c k .  B o t h  r e s u l t s � r e f u l l y  s a t i s f a c t o r y .  

T h e  o t h e r  t r e e p a r t i c i p a n t �  ( c o l u mn s 5 j  8 a n d  9 )  o n l y  r e ac h e d  
a v e r y p oo r  r es u l t .  O v e r  1 00 p o i n t s  h ad t o  b e  e l i m i n � t e d . 
E v e n  t h e n  q u i t e  l a r g �  h e i g h t  e r r o r s r P m a i n ed i n  t h e  d at a .  

T h i s  c o m p a r i s i on a g a i n d em o n st r at es t h e  w i d - r � n g L  of 
p f f i c i en c y  o f  t h r  u r e d  p r oc e d u r = .  B u t  t h e  g o o d  r e s u l t s  a l s o  
� h o w  t h at i n  a b l o c k  w i t h  w e a k  g eom ? t r y  i t  i s  i n d l sp e n s i b l e 
t o  u s e  a t e s t i n g p r oc e d u r e  w h i c h t � k e s i n t o  a c c o u n t  t h �  
]. o c <.:\ 1 Q E� D ift f.?. t. f" Y .  



A l l f ou r  p a r t i c i p a n t s  w h o  s e n t  b a c �  t h e i r a d j u s t ed 
c o or d i n a t es r e a c h ed f u l l y  a c c ep t a b l e  r e s u l t s .  T h e  s u p e r i o r i t y 
of t h e  p r oc e d u r e s  w i t h  d at a -sn o op i n g e s s en t i a l l y  r ev e a l s 1 n  
t h e  m a x i mum e r r or s , w h i c h a r e  s i g n i f i c an t l y  s m a l l er t h a n 
t h o � � o f  t h �  ot h er p r o c e d u r e s . 

f h e  e v a l u a t i o n o f  t h e  a c c ur a c y r e a c h e d  i n  t h e  s p a r s e  b un d e l  
b l o c k s h a s t o  t a k e  i n t o  ac c ou n t wh e t h e r d a t a - s n o o p i n g 
t ec h n i q u es a n d / o r  s e l f - c a l i b r at i on i s  a p p l i ed o r  n ot . 

T h e  b e s t  r e s u l t s  a r e  r e a c h ed b y  p ar t i c i p a n t s  2 a n d  3 w h o  used 
n o  d a t a - sn o o p i n g t ec h n i q u es b ut a p p l i ed s e l f - c a l i b r at i o n .  
P a r t i c i p an t  1 c ou l d n e t  r e a c h  h i g h a c c u r ac y , a s  h e  d i d n o t  
ap p l y  s e l f - c a l i b r at i on .  Th i s  d e m o n st r a t es t h a t  d a t a - s n o o p i n g 
i s  n o t  v e r y  e f f e c t i ve i f  syst emat i c  e r r o r s  a r e  p r e s e n t i n  t h e  
d a t � .  T h i s  r es u l t w i l l  b e  f u l l y  c on f i r me d  b y  B I I / 1  a n d  t h e  
b l o c k s i n  p h a s e  2 . 

T h e  r es u l t o f  p a r t i c i p a n t  5 t h o u g h i s  n o t c on s i st e n t  a s i t  
s h ou l d b e  t h e  b e s t  o n e . 1 9  p o i n t s ,  h ow e v e r ? w e r e e l i m i n a t e d 
wh i c h i s d u e  t o  t h e  e r r o r 2 1  i n  a v e r t i c a l  c o n t r o l  p o i n t  w h i c h 
was n o t  f ou n d  ( c f . f i g .  1 6 d ) . 

B l o c k B I I / 1  c on t a i n s  t h e  l a r g o  s c = l � e r r or i n  t h �  z - c o or d i ­
n a t e s o f  t h e  c on t r o l  p o i n t s , wh i c h was n ot c omp e n s a t e d  b y  an y 
o f  t h e  n or ma l l y  a p p l i ed ad d i t i on a l  p a r a m e t e r s .  O n  t h e  ot h e r 
h a n d , a s  t h e  t e r r a i n  i s  v e r y  f l a t ,  t h i s  s c a l e e r r or h a s o n l y  
l i m i t e d  i n f l u en c e .  T h 0r e f or _ t h e  �c c ur a c y  r es u l t s o f  t h i s 
b l o c k  c an n o t  b e  e v a l u a t ed r i g o u r o u s l y .  T h e  d � t � - s n o o p i n g 
( c o l u m n  4 )  t h ou g h  u s � d  i n  c o n j u n c t i o n w i t h  s e l f - c a l i b r a t i o n ,  

d i d n o t l e a d  t o  t h e  b e s t  r e s u l t .  A l s o t h �  p a r t i c i p a n t  w i t h  
t h e  b est p e r f or m a n c e  i n d e x  d i d  n o t  r ea c h  a f u l l y  s at i s f a c t o r y  
r e s u l t ,  at l e as t a s  f ar a s  t h e  m a x i m u m  e r r or i s  c o n c = r n e d . 
T h e  m e a n  d e v i at i o n s  i n  p l an i m e t r y  b � i n g  0 . 05 m ,  h o w � v e r , ar e 
i n  f u l l a g r e e m e n t w i t h t h e o r y  ( � 2 �o . sc a l e ) . 
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! h i s  sec t i on wan t s  t o  d i sc uss t h e  r ea c t i on s  o f  t h e  

p ar t i c i p a n t s  o n t o  t h e  i n d i v i d ua l  er r or s  i n  d et a i l .  T h e 

an a l y s i s  i s  b as e d  on t h e  p l ot s  o f  t h e  r es i d u a l s i n  or d e r  t o  

v i s u a l i z e  t h e  ef f e c t  o f  t h e  d ec i s i on s  on t o  t h e  f i n a l  r e . · u l t 

( c-f .  f i g .  1 4  ··-· 1 7) . 

4 . 5 . 1 M o d e l  B l oc k M I / 1  

Q_�_S?.LrJ . .r�.tJ.grJ .. L Po i n t. :"2:4�5 ���as d t=: l  e t e d  -�n d  p c; i  n t  24El 
r e c e i ved n um b er 2 4 5  i n a l l m o d e l � .  

T h i s  ver y l ar g e  e r r or i s  o n l y  d et ec t ab l e  i f  on e u ses t h e  

s k e t c h  o f  t h e  b l oc k . I t  i s  n o t  l oc a t ab l e  i n  t h 0  s e n se , t h at 

o n e  c an n ot d ec i d e  w h et h er t h e  s k et c h  or t h e  d a t a  i s  w r on g . I f  

o n e  .1 h o �--JC!Vi:.�i- , wou l d use t h e  c: ocw d i n at <'2S o ··F t h E;! p l crt •'=\ �:; 
a p p r ox i m a t e  v a l u e s , o n � wou l d r e a l i z e t h at p o i n t  245 i s  
m i s s i n g . l h e  b es t  r eac t i on wou l d b e  t o  r e n u m b er t h e  p o i n t  

< �::: . q .  :L ooo:;;;:LJ.::'i > e:tr·, d i n s t:!t·· t i t  i r·, t. D a c: h G!c k  J i  ... t .  T h i s:, €':fr·· ,,.· ot·· 
h c.1 s  I 'i CJ J. n f 1 L.( ���n c: e  C.1 t-, t l-, e c:; t h <·? l:- p (:J j. n t. s a  I t  s h ow �s t h at i t. 1. s 

n ec es s a r y t o  u s e  t h e  p l ot f or c h ec k i n g t h e  c Dr r ec t n es .  of t h e  

p o i n t  n um b E?. i·- :i. n g . 

Some o f  t h e  p a r t i c i p a n t s  f ou n d t h i s er r or - n d ex c l u d e d  t h  

p o i n t  f r om t h e  b l oc k  t a k i n g  i n t o  a c c o u n t  w e a k e n i n g t h e  b l oc k  

i r·, t l···, i s  .:H0 r· a  < c: + . + i g .  l 4 a ,  b ,  c ,  ·f ) .  

Error No . 1 2  

Qg_§_CLi..I-l..t.t.9.!J. .. L f h e  p t- o j f?C: t. i on c: e n t t- e -<'�-47 000 r·· P ':: e j. V E"! c:i t I ··, f.?. 
n um b o r  342000 , � �� d i n g t o  a w r o n g  c on n ec t i on 

o f  p r o j ec t i on c � n t r es . 

T h e  e r r or w a s  f ou n d  a n rl · c o � r ec t od b y  a l l p a r t i c i p a n t s  w h o  
used p r o j ec t i on c e n t r e s . T h r e e p ar t i c i p a n t s  < p a r t l : ' )  d i d  

n ot u se p � o j ec t i on c e n t r es t o  s t a b i l i z e t h e  b l oc k , t h u s  c ou l d 

n o t f i n d t h i s e r r o r . T h e  r ea s o n  f or t h e m  t o  ex c l u d o  t h e  

p r o j ec t i on c en t r es wer e t h e  d i f f i c u l t i es i n  c l E an i n g t h e  

h e i g h t  o f  t h �  b l oc k  ( c f . 1 00 m e r r o r N o . 1. 3 )  a n d  p r ob ab l y  

a l so t h i s  l ar g e  er r or i n  t h e  p r o j ec t i o n  c e n t r es . C l ea� l y ,  

a n  e l i m i n at i on o f  t h e  p � o j e c t i on c e n t r e s f r om t h e  b l oc k  

l ea d s  t o  a v e r y  i n  t ab l e  g �omet r y  - n d sh ou l d b e  a v o i d e d  i f  
p o j;:;s 1 b l f?.  ( c ·f .  f i g  .. l iJ.  d ,  e 7  f ) . 



·-- 1 /  ·--

Error No . 1 3  

Q§.�§.f�E .. :i:..PJ;j._f�.f.i.l f h r� j···, e i  g h t  of t h e  v e r t i c a l  c o n t r- o l  
p o i n t  w a s  c h a n g ed b y  1 00 m .  

Th i s  i s  a m e d i u m s i z e d g r oss er r o r s , a s  i t  i s  o n l y  2 0  t i mes 
l ar g er t h an t h e  b o u n d a r y  v a l ue Vo l i of j u st d e t e c t ab l e  
er r or s .  T h i :  e r r or w a s  f ou n d  an d usu a l l y  c o r r e c t e d i n  c ase 
p r o j e c t i on c e n t r es w e r e used . I n  2 of t h e  3 c a � e s  w h e r e  
p r o j e c t i on c e n t r e s w e r e  n ot used , t h i s  e r r o r  w a s  n ot 
d e t e c t e d . I n  t h i s c � s e  t h e  i n f l ue n c e  o n  t h e  r es u l t w a s  
f cwiid. d.:\b l (�  ( c f . f i g .  1 4 e ,  1 4f ) . 

Error No. 1 5  

Q.r" �-�.::.r: .. tJ:! . .t.i9D .. .L T h e v t=1 r· t i c.:: a J. c: on t t- o 1 p Ci i r·, t s 2 :�;; c:t n c:l 6 2 
w e r· e e:-( c h c.� n q r:� d . 

D u e  t o  t h e  sm - J. l h e i g h t  d i f f er e n c.:: � o f  V l ,  = 0 . � m = 5 � h  
t h i s  e r r or i s  n ot d e t e c t a b l I t  c a n b e  t r ea t e d  a . - a r an d o m 

en·- cH·- .. 

Error No . 1 6  

Q_l§).§J;_r:.i..n:.l;_;LG!.D ... il.. E r· r· o r· o ·f: :.;:: 0 0 Pm :i. n �-( i n 1::> or· d e t- t j £! 
p o i n t  TP 2 No . 509 i n  m o d  . 1  5 7 7 / 5 7 3 . 

Th i s  er r or W 3 5  i n s�r t ed as i t  p r o d u c es a l ar g er r e s i d u a l  a t  
a n o t h e r p o i n t  < N o .  83 ) . T h e  e r r o r  w a s , h owever , l o c a t e d  
c o 1·· r· t-::�c t l y  or· n o t  ·f m  .. m d  ·· t. 1 1 .  I t s i n -f l u e n c e  em t. IY:.. r· e su J. t i s:; 
t oo - m a l l  t o  b e  F e e n  i n  c a se o t h e r e r r o r s ar e p r es e n t  .. 
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Error No . 1 8  

[>E!.§J� t-J..f!.i.:L�:m .;_  Th e y-c o or- d i  n a t e  o f  h or- i z on t a l  c on t r· o l 
p o i n t  N o . 443 w a s  c h an g e d  f r- om • . .  75 m i n t o  

. . . 5 7  m .  

T h i  e r- r- o r- o f  1 8  m i s  a s ma l l g r- o s s  e r- r- or- as i t  i s  o n l y  3 
t i m e s  t h e  b o u n d a r- y  v a l u e .  T h e  r- e d un d a n c y  n u m b er- 1 s  r- s  = 
O .. O :i l e ad i n i] a n ? s l. d u a l  of ap p t- olc 1 m .  f r d. s i s  t o o  s m <a l l , 
c o m ap r- e d w i t h  t h e  p r- ec i s i on � " v = 0 . 5 m t o  b e  s us p i c i ou s . 
On l y  t w o  p a r- t i c i p a n t s  f o u n d  t h i s  e r- r- or- a n d  c o r- r- ec t e d i t  
( ex c h an g e  o f  d i g i t · ) . T h e y  u s e d  d a t a - s n o op i n g t ec h n i q ue .  

C l e a r l y t h e  i n f l ue n c e  o f  t h e  g r- os s  e r r o r o n t o  t h e  r e s u l t i s  
h o � v y . A b o u t  a q u a r- t e r- of t h e  b l o c k , t h e  a er a  u n t i l t h e  n eM t  
c o n t r· o l  p o i n t ,  i s  d i st ol� t ed ( c f . f i g .  1 4a ,  1 4 e ) . 

Th i s p r o b a b l y  i s  t h e  b e st d em o n st r a t i o n o f  t h e  e f f e c t i v e n es s 
o f  a s t a t i s t i c a l  t e s t  w h i c h t a k e .  t h e  l o c a l  g eo me t r y  i n t o  
a c c ou n t  .. I t  s h o w s  t h e  n ec ess i t y  t o  ap p l y  s u c h  a t e st i n  ar eas 
o f  weak g eo m e t r y .  

Error No . 20 

pe_§.£r_t2..t..Lc.;).LL.L B o t h t:. h F.!  :.: -- an d t 1 ·1 c:· · / -- c  o or· d i n  a t e  c;f + out- +  n l  d 
t i e  p o i n t  No . 203 i n  t h e  m i d d l e  o f  t h e  b l o c k  
i n  m o d e l 4 4 7 / 4 4 3  w a �  c h an g e d b y  1 50 0n e a c h  • 

.Q.L.?..�� .. U .. 1§L§) D .C!. 
Tl···l i E; s m c:� l J lJ I'" O - s E� r- r Dr" ( :2r. V �, 1 ;. ) i n  C�n Cl t:�r· .::l �···J i t r·� g oo d  
l o c a l  g eo me t r- y  < r s  � 0 . 3 ) . On l y  t wo p a r t i c i p an t s  d i d  n o t  
f i n d i t .  A s  t h e  r e s i d u 3 l  v "  � 1 . 5  m i n  x - d i r ec t i on w a  
ap p r" C:l l·( . �:· t i mes l ·· r- g e t- t h an t i  ... 1 .. : m e a n  f" f?. _, i d u a l  O" v ·; 0 . ::::; ITi t h i �, 
e r r or w a s  d e t e c t ab l e  w i t h o u t  r i g ou r o u s  t · . s t  < p r o v i d e d  t h at 
t h e  l a r g er er r o r h a d b e en f o u n d } .  T h e  pf f · c t  o f  t h e  e r r- or i s  
t o o  sm a l l t o  b e  s e e n  i n  t h e  p l o t s . 
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Err or N o .  2 1  

P..!<.! .. ?.x:: .. :�.J!Jj,_Q.IJ.l... T'h e z .. -· c oo r· d i  n a t e  o f  v e t- t i c a l  c: on t r· o l  p o i n t  
N o . 338 l y i n g i n  t h e  m i d d l e  o f  t h e  b l o c k  
w a s  c h a n g e d  f r o m  1 7 m t o  . • .  7 1  m .  

T h i s  m i d d l e s i z ed g r o s s  er r or ( 1 0 V ol � )  o f  5 4  m w a s  
f o u n d  b y  a l l p a  t i c i p an t s e x c e p t  o n e .  4 p ar t i c i p an t s  
� l i m i n a t e d t h e  p o i n t ,  a c c e p t i n g a w ea k er g e omet r y .  O n e  of 
t h ose who c o r r e c t ed t h i s  e r r o r  ( ex c h a n g e  o f  d i g i t s )  i n t r o ­
d u c ed a n  er r or o f  4 m .  He c or r ec t ed t h e  h e i g h t  b y  50 m i n ­
�:; t. ead o ·f b y  �i4 m .  T h e  p r· e c i s i on o·� o ·f t h e  est i metb::•d s i z e  �·-v� / r �  o ·f t h e  g r os s  er .. r or· :i. s bi··, J. y  a·ft =" rr 1. v-r:. •�; 1 � 5 ,  
C r ,  . 1 3 )  . Th us i t  w ou l d b e  saf e r  t o  e l i m i n at e  t h e  p o i n t  o r  

r· t.� n u m b e r  i t  iilf'Hi i n s e t- t.  i t  i n t o  a c h e c k  l i st + or· ·f ut·· t h E·J·­

i n v e st. i g at i on t h a n  t o  c o r r ec t  i t  w i t h ou t  a n y  c h e c k w h e t h e r  i t  
i s  c or r ec t  a n d  t o  a s s u m e  an ex c h a n g e  o f  d i g i t s .  I t s i n f l u e n c e  
( c f . f i g .  1 4 f )  c an n o t b e  sep a r a t e d  f r o m  t h e  i n f l ue n c e  o f  

ot t 'Hoi r  e t- r c>r s .  

Error No . 22 

R.f:?s:!..::x::_tfL.:..i. ... Q..Q.lL ·r h e H -· c Ciot- d i n a t e  e> f h o r" i :.:: o n  t. a 1 c on t r"· o 1 p o i  n t �::: 2 , 
b e i n g  measur ed on l y i n  o n e  m o d e l , was c h a n g e d  b y  
6 m .. 

T 'l"d. s :i. s .;\ Si'i', - 1 1 g r" Oi'.:i S  f£·itT or· �·J i t i  .
.. , < L �S  Vo l ,,. ) .  F ou r  

p � r t i c i p an t s  d e t e c t ed i t .  O n e  p ar t i c i p a n t  u s i n g d a t � - s n o o p i n g 
e l i m i n a t e d t h e  p o i n t . T h e  e> t h er p a r t i c i p a n t �  u s i n g  
d a t a-sn o o p i n g c or r e c t e d t h e  c o or d i n a t e  b y  a wr o n g  amoun t , 5 m 
i n st ea d  of 6 m .  A l s o i n  t h i s  c a s e  t h e  est i mat ed s i z �  i s  t oo 
i n a c c u r a t e t o  b e  u s e f u l  f o r � c l a s s i f i c a t i o n  of t h e  err or . 
T h e  ot h e r t wo p ar t i c i p a n t s � h o wever , f ou n d  t h e  e r r o r w i t h ou t  
d a t a- s n o op i n g a n d  c o r r e c t e d i t .  O n e  of t h e m u s 3 d  S c h u t ' s  
p o l y n o m i a l  b l oc k  a d j u s t m e n t  p r og r a m . T h e  i n f l u e n c e  of t h e  
e r r o r  c o v e r s  t h e  a r e a  o f  t h e  b l o c k  u n i l  t h e  n e x t c o n t r o l  

p o i n t s  ( c: + . {; i g .  1 4 a a n d  1 4  b ) . 

Et-ror No . 23 

!2!E:.§f�rj.J=.l.!�i .. 9..D.! ... ·r h e· ;.; -· c:: cmr cl:i. n a t a+ cl oub 1 E· t i e p o i n t  i\lo . !:''i06 i n  
t h e  m i d d l e of s t r i p  3 w a s c h a n g ed b y  6 0  �n . 



Th i s  i s  a s m a l l g r oss e r r or e q u a l  t o  t h e  b ou n d a r y  va l u e o f  
j u _ t  d e t e c t ab l e  e r r or s .  T h e  g e o m e t r y  i s  g oo d  < r a  � 0 . 3 ) . 
On l y  2 p ar t i c i p an t s d e t e c t ed t h i s  e r r o r , o n e  o f  t h e m  w i t h 
d at a-sn oop i n g .  Th e o t h er p a r t i c i p an t  w h o  used d a t a - s n oo p i n g 
d i d n o t f i n d t h i s  e r r or . T h e  i n f l u e n c e  o f  t h e  e r r o r  i s  t o  
s m a l l t o  b e  v i s u a l i z e d .  

Error No . 24 

Qg_!§ _ _ r .. tll.t ... t!;! .. C! ... L Th e  ;.: ·-· a 1  .. ·, c1 y - c oor" d i n at e s o·f f ou r +  o l  cl t i e  p D i  n t  
No . 1 04 i n  t h e m i d d l e  of t h e  b l oc k  w a s  c h a n g e d 
b y  1 50 ,um e a c h . 

Th i 3 m a l l g r oss e r r D r ( 3  . V o l a >  was f ou n d  b y  h a l f o f  
t h e  p a r t i c i p a n t s d u e t o  t h e  g oo d  g e o me t r y  < r a  � 0 . 3 ) . I t s 
i n f l u e n c e  c an n o t b e  v i su a l i z ed as i t  i s  h i d d e n  b y  l ar g e r 
E:�t- t- Of" !:;. .  

Error No . 25 

Q_f-'S_!;_!.:: .. Lfl.:.t. :i .. .QD.L T h e  ;.: ·- a n d  y ..... c: o c w· d :i.  n iat e s of a + c:n.w f o l d t i e 
p o i n t  C No .  1 4 6 i n  m o d e l  349 / 34 6 )  i n  t h e  m i d d l e  
o f  t h e  b l o c k  wa s c h an g e d b y  1 00 �m e a c h . 

T h e  r eac t i on o n  t h i s  s m a l l e r r or ( 2 .  V o l a )  was t h e  sa m e  
as o n  e r r or N o . 24 . 

"1" 1 t 't d "i e !:' .'"l iii e ·\ o .  s 

Error No . 28 

·f cw· Error No . 27 ( l " V c:> l :1. ) • 

�2gsc.r.:.tn.:.Lt.o.r.� .. L T' h e ;.: -- c o "·' t"' Ci i n at e  o f  t i E� p u i r1 t  :;:: �:: 9 at t h f=! 
b o r d e r of t h D  b l o c k ( mo d e l  1 72 / 1 69 )  was 
c h a n g ed b y  600 �m . 

JH .. §.f".J::.�.?:.§J .. 9.nJ ... 
T h i s m �d i um = i z ed g r os s � r r or ( 5 V Q l & >  was f o u n d  b y  
o n l y  f i ve p ar t i c i p a n t s � p r o b ab l y  b ec: a u � e  o f  t h e  p o o r  l o c a l  
g eo m e t r y  ( r &  � 0 . 1 0 ) . T h e  i n f l u e n c e  t h ou g h  c l e a r l y  v i � i b l e 
( c f . f i g  :1. 4 d > i s  Ol"d �,,... o +  J o e - l  c h a r .. - c t et- . 
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4 . 5 . 2  M o d e l  B l o c k  M I I / 1  

Error No . 7 

r�.e.§.f� .. CJ_£!.t.!.9rL.L l·h e  c oor· d i n a t e s o·f t h e  h or i z on t a l  c on t r· o  1 
p o i n t s  No . 32 a n d No . 35 w e r e  c h an g ed b y  

'O" l·: :::: 20 m a n d  VY = --90 m .  

T h e  g eo m et r y  o f  t h i �  m e d i u m s i z e d e r r or ( 1 0 . V � l , )  
i s  w e a k  < r �  � 1 / 8 ) . On l y  o n e  p a r t i c i p a n t  d i d  n o t  d e t e c t 
t h e  e r r o r . I n st e a d  h e  e l i m i n a t e d  t h e  c on n e c t i on b e t w e e n  t h e  
� od e l s 5 88 / 58 4  a n d  584 / 580 , n a m e l y t h e  p o i n t s  8 3  a n d  8 0 . 
·r h e  i n f l u en c e .1 h owevev·· , i s  on l y  l o c a l  ( c: f . + i g .  :l. �'i d ) . 

En-or No . 1 3  

�)_g§J;;T:J .. .P-. .t .. L9.Ll ... ;.. . ·r , ... , •'F.· ;.: -·· c o o r· c:l :i. n at E· o + t i e p D i n t N o  . ��� 2) 3 i. n m o c1 f2 l 
35 2 / 3 5 6  i n  t h e m i d d l e o f  st r i p  2 w a s  c h an g ed 
b y  9 0 0  ,�(m . 

!H..?;; c: .. \d�:.§..!..SliJ...� ... 

T h i s m e c:l i urn s i z f.7! d er- r· o r· c;;;: u • V r  ... l :�. )  i n  g o od g e o m e t r- y  
w a s  f o u n d  b y  a l l p a r t i c i p  . n t s . B u t  i t  w a s  p a r t l y  c o r r e c t ed i n  
t h e  w r o n g  m o d � l . T h i s  e r r or i - n o t  l oc at a b l e . I t s  
i n ·f l  L H?n c e i s  o n l y  1 o c  a 1 ( c + • + i q .  l �:i .:!) • 

Error No . 1 8  

!l.§.?.GLLfl.t.i.rm.L ·rh e  z ···- c o o t- d i n a t e s  o +  <.:\ p o i n t  p a i t- ( N o .  1 28 .::1 r·, c1 
No . 1 ::::: u i n  m od e l  �i84 / :=if3 :1. i n  t h e  m i d d l e  of a 
b m- d et- · t r· i p  w e r e  c: h an g E.� d  b y  9 z ::-.:: 2 0 0  }Jm . 

T h i s  s m a l l e r r or 
p at- t. i c: i p a n t s o u t  
1 5 a )  a n d  on l y  i n  
j. n -f  1 LH2 fi C 0? cl . 

Error No . 1 9  

( 2  . v o l , )  i n  g o o d  q e o m e t r y  w a� + oun d b y  7 
o ·f :1. 0 .  I t s i n + l uF:n r.: e:·) i s  cn·, l y  l clc ··· J.  < c:: + . + i g .  
z !  E v e n  t h e  n e i g h b ou r  p o i n t  i s  n o t  

!2§ .. §.EL.iD..t..L.r:ml... r r·, e y ·-·· c:: o o r· cl i n at. t.·:· o f  t i E::• p o i n t 9 8 i n in o d e 1 
4 7 3 / 4 6 9  i n  t h e  m i d d l e o f  a s t r i p  w a =  c h a n g ed 
b y  7 0  ;..tm . 



P..L§ . .:::JJ..��§ .. t9..0 .. ! .. 
On l y  3 p a r t i c i p a n t s  f ou n d  t h i s  s m a l l g r os s  er r or ( 3 ·  V � l & )  i n  
g o od g e c:Hn e t r· y . I t s  i n f l u en c e  L; .: m a l l a n d  l oc a l  < c: + . f i g .  1 ::'-.i 
f.? )  • 

T h e  s a m e  h o l d s  f or Er ror No. 22 w i t h  o n l y  s m a l l i n f l u e n c e  
< 6=3 ) . ------------

Et-ror No . 23 

!.!.§' �S .. CJ .. r�.t.tq!J..L "I" l"l e :·: .. _ c: o D t- d i n .a t.  e D + t h e p r· o j E� c: t i ci n r.:: e n  t. t- E:• 
33400 w a s  c h an g e d  b y  3 0 0  �m . 

P . .:!: ... §.E.�J...!§ .. § .. t9 .. D..E ... 
T h i s  i s  s m a l l g r o s s e r r or ( 3  Vo l , )  i n  g oo d  g o o met r y  
< r ,  = � )  O n l y  3 p ar t i c i p a n t s d e t ec t e d , o n e  e v e n  c or r ec t e d  

i t  D u e  t o  i t s n eg l i g i b l e i n f l u en c e  C O  = 2 )  i t  i s n ot v i s i b l E .  

Error No . 24 

!2.§:.§ .. c:r.:: .. ir1 .. t.:..i.nr.:t.L ·r 1·"1 e H - an d y .. ·- c: ciOF" cl i n ett £?. o -f a + ot .. tt- f c:i l c:l t i �-::: p o i n t  
i 1'"1 t h e  C C:-Jr n E•f" Ci·f a m od E• l  ( 1\l c:i .. :236 i 1"'1 ii'I OC:I F! l l CJ �j j  

1 9 2 )  w a s  c h a n g ed b y  1 0 0 �m e ac h . 

Th i s s m a l l g r o s s  e r r or ( 4 · V � I , )  w a s f o u n d  b y  h a l f of t h e  
p a 1·""1:. J. c:: i. p 3.n t s . I t s  i n + l u�� I"'! C e  i s  on l y  F.5 m al l < c + . -f i g .  
:1. �:ia , e )  • 

Error No . 25 

Q.§:.§f;L.A.EJ;..tgn ... L ·r !"'1 e n u in l::i if..:· F" ·:; o + B 6 .:? '! B '/ 2 ,,� n c:l B '7 !:i w e ,, .. e c:: h an q :,. d t. o 
8 7 2 , 8 7 �  a n d  88 1 i n  a l l m o d e l s .  

As e r r or N o . 8 i n  M I / 1  t h i s e r r o r i s  a d 1 f f er en c e  b e t we e n  
s k e t c h  a n d  d � t a .  T h o u g h  t h e  p o i n t  g r ou p  c a n  b e  f ou n d  t o  b e  
e r r o n e o u s , o n e  c a n n o t d e c i d e w h e t h Yr t h e  s k e t c h  o r  t h e  d a t a  
a r e w r o n g . T h e  b R s t  r e a c t i on wo u l d b e  t o  r en um b e r t h e  p o i n t �  
( 1 000869 e t c: . ) a n d  p ut t h em i n t o  a c h e c k l i s t f or f u r t h e r 
i n v e s t i g a t i on .  T h i s  e r r or ag a i n s h o w s  t h e  n e c e s s i t y t o  u s e  
t h e  s k e t c h  a s  a c on t r o l . A p o i n t  n u m b er i n g sc h e m e  w ou l d n ot 
h e l p m u c h  i n  t h i s  c as e . 



··�· �2�:�; 

Bun d l e  B l o c k B I / 1  

Errot- No . 8 

!.L:..����..r:.Ln.i.� ... q�.J .. ! .. T h e ;.: - c oo r d i n a t e  c:J f ��) ·-· f cJ l d t i e  p o i n t  �::ib i r·r 
i m a g e  2 3  wa s c h an g e d  b y  270 �m . 

l h i s  sm a l l  g r o s s  e r r or ( 3 ·  V o l , >  i n  t h e  m i d d l � o f  a s t r i p  
< r , � l / 6 )  i s n o t  l oc at a b l e . T h o u g h  a l l p a r t i c i p a n t s  f o u n d  i t ,  

t w o o f  t:. h e ro c:l c: e i d ed Wt'·· n n c  ( c f  .. + :i g .  l 6b <.'l r·r d c ) . ·r h -:.  
i n f l u � n c e  o n t o  t h e  r e su l t i s  l oc a l  b u t  c l e ar l y  v i s i b l e ,  
t h �  e f f ec t  < 9X =  2 . 6 m , � Z  = 3 . 9 m )  i l ar g e  c o m p a r e d  t o  t h e  
p r e c i s i on o f  0 . 1 � m .  

Error No . 1 1  

Q_:�§ .. !;�r.�.t.r!J· i C:H.J..L T l···, e :3 ··-· f o l d t i e  p o i n t  1 4  i n  i ma g E: �:iLl- a t  t i···, e 
b or d e r  o f  t h e  b l o c k  w a s  c h a n g ed b y  70 �n 
a n d  �0 �m i n  x a n d  y .  

T h  i !i'> _- m a l l g r os · �-::� r r· o r· ( 1 · 9' ., 1  :1. ) i n  w e a k  g eom ···t.r· y < r·· :1. == 0 . OEl ) 
w a s  n o t  d e t e c e d b y  a n y b od y . I t s i n f l u e n c e  c an n o t b e  s e e n  d u e  
t o  E r· r· o r· N o . :;;� :1 . •  

Error No . 1 2  

P£-SF LLf.Li.t.Pn .. L B o t !"·, c o ov·· cl :i n a t. es o f  ::::: -· + o l d t. :i E·  p o i n t  46 :i. r·, 
i m a g e  5 1  i n  t h e  i n t er i or o f  t h e  b l o c k  w a s 
c h a n g ed b y  60 �n e � c h . 

T h i s s m a l l g r o s =  er r or ( 2 · V o l , )  w a s  n o t  f ou n d  b y  t w o 
p ar t i c i p an t = .  T h ese t w o  we r e  t h e  o n l y  o n e s  w h o  d i d  n o t  ap p l y  
s _ l f - c a l i b r at i o n .  T h u s  t h e  i n t r od u c t i o n o +  ad d i t i on a l  
p a r amet e r s  w a s  d e c i s i v e f or d e t ec t i n g t h i s  e r r o r  .. T h e  
i n f l ue n c e  o n t o t h e  r e s u l t i s  v i s i b l �  ( c o m p : r e  f i g .  1 6 b w i t h  
1 6 c ) , t h o u g h  l ar g er e r r o r =  a r e  p r e s e n t i n  t h e  n e i g h b o u r h o od . 

Error No . 1 3  

Q.�.? q�: .. 1..fl.ttf:"!!JL r h e h F.-d. g h t. o·f v x t i c: �J d c n n t.:r- o 1 p o i rd: �3 
w ·  s c h � n g e d b y  2 .. 5 m .  
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"l" h i : .. i s; a s m <::d l 9 l'" OSS e n· · m- < < 2 · Vo l  :1. )  t h o u q h  :i t i s  2�5 t:. :i m u s 
t h e  s t a n d a r d  d e v i a t i on � � = 0 . 1 m .  On l y  o n e  p a r t i c i p an t  

d e t e c t e d t h i J er r or d u r i n g t h e  c h e c k  o f  t h e  s t r i p  
c on n e c t i on s .  T h e  ef f ec t  i s  c l e a r l y  v :i s i b l � .  

E r r o r  No . 1 7  

H!?.§ .. t:'�X:�.tE.t .. t�.?L! ... =.... ·r ,..., e c o or .. d i n at. e :::; u f 1 ... , or· :i z C:'l n t a 1 c: D n t r .. o l  p o :i. , .. , t 
1 3 6 a t  t h e  b o r d e r o f  t h e  b l o c k  w a s  c h � n g e d  
b y  !-]: m f:;) a C: h  n 

P.:!, .. � .. r;.b�.§ .. § .. Lf.1.D. 
Th i � s m a l l g r o s s e r r o r ( 4 Vol :�. l  w a s  on l y  d e t e c t e d b y  o n e  
p a r t i c i p a n t d u r i n g s t r i p  c o n n o c t i n n . I t s  1 n f l u e n c n  i s  c l e ar l y 
v i s i b l e  a n d  l e a d s  t o  a d i s t or t i on o f  a p a r t  o f  t h e  b l o c k  

u n t i l  t h �  n e x t ( c o r r e c t ) g r oup of c o n t r o l  p o i n t � .  Comp a r e  

f i g u r e s 16 - ,  b ,  c w i t h  f i g .  1 6 d i n  t h e  u p p er r i g h t  c o r n n r o t  
t:. h r2  b l o c k ' 

Error No . 2 1  

Pf� .. F.r;.r.::j..f(LLQD .. L ',) -!I' .. t. :i. c: c< l  c: on t r .. o 1 p D i r .. , t We<S c: 1 ... , an g F!d 

I:J ·...,, 9 f3 " !:'i t'i'l . 

Th i s  m e d i u m s i z ed er r or w as d e t e c t e d b y  : 1 1 p � r t i c i 0 � n t. F 

e x c e p t  o n e .  B u t  i t  was i n t e r p r e t e d as a 1 0 0  m-o r r or a n d  t h e  
h e i q h t  w a s  c h a n g e d a c c or d i n g l y .  T h u s a n  e r r or o f  1 . �  m � 
:L �:i cr· ..., vJ c:�s i n t. J··· o c:J u c t2 U  .. I t  E:� -f + t:? c t:. : .. .  ::� l :.:i l"'' �J <"? J·· p <.:i l'" t o ·f t. l · , ( • b l oc k  
<�n c:l :i. s c: l -,at- 1 y v i · · :i. 1::i J E"" . Tl ... , :i. �·· t..:• r .. r· Ul'" CiCJ ,:·.i :i. r .. , c:l .. • tn n r·, !:-.i t. , ... ;, t F· s t 1· .. , 1 :• 
d a n g er o f  c or r e c t i on s  o f  o b ser v cl t i on s , i n  c a s o n o  p r oof t or 

t h P  c l a s s i f i c at i on o f  t h 8  er r ur i s � v a i l ab l e .  

Systemat i c  Errors 

T w o  uut uf � 1 x p a r t i c i p a n t �  a p p l i e d s e J f - c a l i b r � t i o n .  In 

c o mp - r i n g f i g .  1 6  g wh e r o  no se l f - c � l i l::i r a t i on W J �  � p p l i od 
w i t h  f i g .  1 6  c ( w i t h  G � l f - c a l i l::i r a t i o n )  t h a  � + f e e t  of 
e;ld d i t  :i. C:)f'i .:-1 1 rJ ;£l l  .. - C:l i'O(: t E.' �·- S i n t.  h C:·:• l-· i q l " t  t:. p .��·l r·· t. c; + t. 1··1 t� b l l::j C k :i. =�� 
c: l r:2 ar· J y  v i s :i. b l e .  T h F:! d :i. + f t:?. f" t:! n C:: L! S ':li'" P L.ip t. n l . :Z. tn , .. J h :i. c:: h :i. :"; 
t oo l �r g e  c o m p a r e d w i t h  t h P  p r e c i s i on o f  �" Y 0 . 1 m 

t o  b 0  a c c ep t a b l e  .. 
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Er-ror- No . 1 1  

..... ::: �5 ..... 

Qg_§f .. Li.f!..t.!. oru: .... ·r rH ?  y ·-c oc)r· d i n a t e  o f  :::;. .. -·f o l d t i e  p o i n t  29 

i n  i ma g e  �4 i n  t h e  m i d d l e o f  s t r i p  4 w a  .. 
c h an g ed b y  20 ,t.!m . 

·rh :i. <= SJTta l l q t·· oss e lr t- ol'" ( 2 · Vo l �. ) 
y l  w a s  n o t d e t e c t e d  b y  a n y b o d y .  
c: l t::.• c:t l·· J y v i s i b l f':!  ( c f . f i <;J .  1 7  c > . 

Er-ror No . 1 2  

i n  g o o d  �� e o met 1·· y 

I t s i n f l ue n c e  i s  
( C O l "i C: t,�r .. n i  1'"1 9 

1 c H.: a J. b u t. 

P .. t:r:.r .. tf.LtJ . .9.D .. .L T' h e ::·( .... · c:: o ot·" d i r·, a t e  o f  ::�. --· f o l d t i e  p c:• .i. r .. , t. :1 1 7  :i. n 
�0 i n  t h e  m i d H l  of � t r i p  4 w a s  c h a n g e d  b y  
6 0  ,Llm .. 

·r l·", :i !" ', :i. s  t l"'t E:' c: o p l t:.• rn er .. , t. at- y f?.f" f" Dr· t. n E�i'" f" OJ'" n o .  J. l .. I t:.  i s  ,7:1 !:>m .. · J. ]. 
g r oss e r r o r ( 2 ·  V � l a >  i n  w e a k  g e omet r y  < r ,  < 0 . 1. ) an d w a s  
o n l y  d et ec t �d b y  o n e  p a r t i c i p a n t .  I t � i n f l u e n c e  i s  l oc a l i n  
; ;  a n c:l z ;;m d c: l f? a l<l y v i. s i b l (�! . 

Err or No . 1 3  

!J .. @ .. �.SLLfLt..i.S:!.!J . . t. �� 1 1 c C:) o t-· cj i n at E! s:; o + + u 1 l c:: on t 1 .... o l p o i n t. l 9 

w e r e c h a n g e d  b y  . 1 0 m t o  0 .. 20 m .  

·r h E•  f>ma l l  <.::.J f" DS<-; e r T or C.? · Vca l ''· ) i n m o ci E·J-· <:d: E· Cl tc2L,ir�r::·· ·!' J' .. ·y 

C r ,  s 1 / 6 )  w � s  f ou n d  b y  t h r e e p a r t i c i p a n t s .  T h e  u s A o f  
ad d i t i o n a l  p a r a m et er s was n o  g u a r � n t ee f o r d et e c t i n g t h i s  

et- 1·- o r  .. ( c f  .. ·f i <;,J .. :1. 7d ) . I t s i. n -f l u E� n c e  :L -· l o c ,:t l �1 n d  r: l i?. ,�i r· l y  
v i .:; i i::J l G: . 



- 2 6  -· 

Error N o .  1 5  

P.t.§.c:.r.:: .. t.fl .. t� .. f::"!D.l ... ·r h e  ;.: ..... a n cl y--· c o or .. d i  n a t es of p o i n t £; :0? 1 9 ,  220 
a n d  22 1 wer e c h an g e d  b y  1 50 �m a n d  3 0  �m i n  
i m a g e �  34 , 35 a n d  3 6 . 

T h i �  s m a l l e r r or i n  p o i n t  t r an s f e r w a s  f ou n d  b y  t h r ee 
p a r t i c i p an t s . T h e  r ea c t i on w a s  n ot a l w a y s  c l e a r . A l o c a t i on 
o f  t h o  s t r i p  w h e r e t h e  er r o r o c c ur e d  i s n o t p os s i b l e . T h u s 1 
i t �·J c'l u l d h a \/  E! b e �? n t·. l"l  !:� s a+ \'? f5 t: t. o r· �? , .. , u m b E.� r" t h t-J p o :i. n t. �; .LD ....... b.f.L.i:::.h. 
s t r i p s .  W r n n g  d e c i s i on s  l e a d  t o  l ar g e  l o c a l  i n f l u o n c � s o f  
0 .. · ;  m < <r ,., Y -·: ? c m 7 c:: + • + i q • 1 '! c ) • 

Er ror No . 1 6  

P .. §' .. �i.s.Lt..fLttfm ... L ·r 1 ... , E· ;.: --· <i:ln d  t h ::  y- ·c t:'JDl� d i n c:lt t:-:o o f  :_::; .. .. + nl  cl t. i e p o i n t. 
1 2 2 i n  i ma g e  22 w a s c h an g ed by  1 2 0 a n d  20 �m . 

T h i s  i s i::l ::· m a l l �;w o s�;; E!t"' f" CW ( 1. · V c, l :�. )  i n N <i:tf"r d y .. Pr s j, t :i. :-; 
a c t u a l l y  t on sm a l l i n  y t o  b e  d e t e c t ab l e ,  t h e  t o t a l  e r r o r 
c ;.H ·r n ot b e  l o c a l i z F.t cl . "l" ' .. ·r t- E'! ""'  p a t- t i c :i. p a n t. s  f cH .. t n c:l  i t  .. I t : ·  
i n f l uen c e  1 s  l o c a l  a n d  c l e a r l y  v i s i b l e .  

Error No . 1 7  

t� .. :1-�.£;:J�:.1:.J.LtJ: .. n . .r..L.L F' o i n t -· :1. '.::i :? an cl 1 :.�i 5 t.•J (;:; r .. "'! e ;.; c: h a n  c e d i n :i. me:\ q (? :: 
2 0 , 2 1  a n d  22 o f  s t r i p  2 .  

T h e  s t r i p  v·Jh et- e  t h e  p o i n t  uH c: l  .. ·, ;;:l n q e  oc: c.: Ur" E• d  C:: i" r ,r·, ot 1::-, c! 
l oc a l i z e d . O n l y  o n e  p ar t i c i p a n t , h oweve r , d i d 1 1 o t  c o r r e c t  t h e  
e r r or i n  t h P  r i g h t  w a y  .. T h �  pf f ec t  i s  l oc a l  a n d  c l ear l y  
v i s :i b l �? ( c f . f i q  .. 1 /d ) . 

Errors No . 1 8 ,  1 9 ,  20 , 2 1  

T h e se a r e a l l � ma l l g r o s s  e r r o r s  wh i c h w e r 2 l o c a t e d by 2 or 
3 p ar t i c i p an t s .  T h e  e + + � c t  o n t o  t h A  r es u l t i s  o n l y  v i s i b l e  
i n  c a se t h e  <;) £-! O inei:: I'" Y J. . �·.J : a k  ( r" :�.  S 0 .  l � e r- t-· o r- n c:> .  l f3 a n d  
1 9 ) . O t h er w i c e t h e  ef f e c t  o f  t h e  n o n - d e t 0c t ed e r r or s  i s  
n E·! g l  :i. g i  b l  f:."! .  



Systemat i c  Errors 

,. ... . ... . ..... ..::. l ...... 

Du. t?! t o  1 at- g E! s ·y' s t e m a t :i. c er· ! .. Or-1 5 i n  t h e  h e i g h t  o f  t h e  V E· r· t i  c a l  
c on t r o l  p o i n t s  t h e  ef f ec t  o f  s � l f -c a l i b r at i on o n t o  t h e  

a b s o l ut e a c c u r a c y  c an n o t b e  seen i n  t h e  p l ot s .  

T h e  f o l l ow i n g  l i s t c on t a i n s  t h e  p ar t i c i p a n t s  w h o  s u c c e e d e d  

b e st i n  c l e an i n g t h e  b l o c k s  i n  p h a se l . T h e  p er f or m - n e e  i n d ex 
I p  g i v i n g the t o t a l  n u m b er of wr o n g  d ec i s i on ,  t h e  r e l a t i v e 

ef f i c i en c y  E a n d  - - s  f ar as - v a i l a b l e - t h e  � b s o l u t e  

a c c ur a c y  a r e  u s e d  a s  c r i t e r i a .  

tl.D .. � .. f:? 1 ..... .J1J..g.f;J:; ....... t.!.I..L.1.. 
T h e  b e st r e � u l t s  w i t h  r e s p e c t  t o  p e r f o r man c e  a n d  ef f i c i en c y  
w e r e r e a c h e d  b y  t h e  T e c h n i sc h e  H oo g e s c h oo l , De l f t , t h e  
N � t h er l a n d s C l p = 6 �  E = 93 % ) . T h e y u sed d a t a - s n o o p i n g 

t e c h n i q u e  a n d  r e a c h e d  t h e  b e st p r e c i s i on ( �" Y  = 0 . 53 m ,  
f./y :::: :1. .. 0 rn ) .  1\.le,::.·u-· 1  y t h e  :same q u a l  i t. y ( I ,,, '''' 7 ,  1::. :::.� 7 9  '/� ) 
w � s  r - �c h e d  b y  t h e  R i j s k wat er s t a a t , De l f t , t h e  N e t h er .. l a n d s .  
T h e y  n e e d ed o n l y  7 r u n s  t o  c l e a n  t h e  b l oc k s < �� Y  � 0 . 75 m ,  

f.lx = 1 . 1 m ) . T h e  b e s t  r e su l t �c h i eved w i t h ou t  r i g o u r o u s 

t e s t w - s  s u b m i t t e d b y  t h e  L a n d s  & S u r v e y  Dep a r t men t , P e r t h , 

A u s t r a l i a  ( J: P = 1 1 ,  E = 68 % ,  f.I" Y = 1 . 5  m ,  P� = 1 . 0  m ) . 

T h e  b est r e su l t w i t h  r e sp �c t  t o  p e r f or man c e  a n d  e f f i c i e n c y  
w a s  r e a c h e d b y  t h e  R i J k s w a t e r s t a a t , D e l f t , Net h e r l an d s .  T h ey 
o n l y m i s s e d  o n � er r or a n d  t h u � r e a c h ed a p er f o r m � n c e  i n d e x  

I p  = 1 ( E = 87 % ) . T h e  same p r ec i s i on ( � " Y  = 0 . 1 3 ,  
� �  � 0 . 1 5  m )  w a s  a l s o r eac h e d  b y  t ow ot h er p a r t i c i p an t s  

< L a n d  & S u r v e y  Dep ar t men t , Per t h , A u s t r a l i a  a n d N a t i o n a l  

L a n d  S u r vey , S w e d e n ) .  T h e  sec o n d  b e st p e r f o r m a n c e  i n d ex 

( l p = 4 )  w a s  ob t a i n ed b y  t h e  N o r g e s  G e o g r af i s k e  Op p ma l i n g ,  

H 0 n e f o s s , N o r w a y  w i t h o u t  d a t a - s n o o p i n g C E  = 6 3  % ) . T h ey 
n e e d e d  on l y  6 r u n s  t o  c l e an t h e  b l o c k .  A b e t t er ef f i c i e n c y  

< E  = 7 0  % )  b u t  l e s s p e r f or m a n c e  ( l p = 7 )  was r e a c h ed b y  t h e  

I n st i t u t e  f or Ap p l i e d G e o d e s y , F r an k f ur t , F R G . 



-- 28 ·-·· 

f!.1:::�.f..!.�j .. LfL .. ..I2 .. l..P..�.L ....... .l?:! .. L!J. 
T h �  b e s t  r e su l t w i t h r e s p ec t t o  p er f o r man c e  was o b t a i n •d b y 
t h e  N a t i on a l  Resear c h  Coun c i l ,  O t t aw a , C a n a d a .  < I P = 5 ,  
E = 58 % , t� v = 0 . 36 m ,  �� = 0 . 6 1  m ) . T h e  h i g h e s t e f f i c i e n c y  
w a s r e a c h e d  b y  t h e L e h r s t u h l f Ur P h o t o g r ammet r i e ,  M un i c h 
U n i v er s i t y C l p = 8 ,  E = 78 % ) . 8 o t h  p a r t i c i p a n t s  a p p l i e d 
d at a - s n o op i n g .  T h e  b e s t  r es u l t w i t h r es p e c t t o p r e c i s i on w�r ­
o b t a i n e d b y t h e  L a n d  & Sur v e y D e p a r t m e n t , P er t h , A u s t r a l i a  
< P" v  = 0 . 2 7 m ,  Pz = 0 . 53 m )  a n d  t h �  L a b o r at o r i e t f o r 

� o t o g r a m met r i  og L a n d m - l i n g , A � l b o r g , Den m - r k .  Bot h d i d  n ot 

u � e  r i g ou r o u s  t es t s .  Aa l b o r g a p p l i ed an a u t o m a t i c  p r o c e d u r e  
a n d  n e e d ed o n l y  3 r u n s t o  c l e 3 n  t h e b l o c k s . 

f�!,,t.r.t.�! .�� .. L ... J2.J .. 9 .. �.t ....... :B I.J. .. ! .. J:. 
T h e  b est r e - u l t r e g ar d i n g  p er f o r man c e w - s  r e a c h ed b y  t h e  

I n st i t u t e f o r P h o t o g r a m m et r y , He l s i n k i ,  F i n n l a n d  C l p = 5 ,  
E = 57 % ) . T h e y  r e a c h e d t h e  b e s t  p r e c i = i o n < t� v  0 . 0 � m ,  

P� = 0 . 1 6  m l  w i t h o u t d a t a - s n o o p i n g .  T h e  s a m e  p r e c i = i o n was 
ob t a i n �d b y  t h G  L an d & Sur v ey D e p a r t m e n t , P er t h , A u s t r a l i a . 
f h e  h i g h e s t r f f i c i e n c y  w a s  r e ac h e d  b y  t h e Lab o r a t o r i e t f or 

F o t o g r a m m ut r i o g  L�n d m - l i n g , Aa l b or g , D e n m a r k ( l p � 7 ,  
E = 9 7  % )  w h o  a l s o d i d  n o t  u s e  d at a -s n o o p i n g . T h e r e s u l t s 
� u a i n wer e ob t � i n e d i n  o n l y 3 r u n s b y  u s i n g a u t o m a t i c  

p i'" Cl C (� d U i'·· e .. 

T h _ r es u l t s o b t a i n 2d f r o m  p h as e 1 c a n b �  s um m a r i z � d  a s  
f 0 1 1 O lrJ S  � 

I n  or d er t o  g r � �p l a r g e  g r o � �  e r r or s , p r e -er r or d P t e c t i on 

p r o c e d u r e s - e R m  t o  b e  n e c es � �r y . O n - l i n e p r o c e d u r e · � s t r i p  
f or ma t i on o r  a u t o m a t i c  c h 0c k � o f  c o n d i t i o n m a y  b �  u � e d . T h e  

sep ar· a t  l"� c: h  E) C  k i n q  o f  p h o t. oq t' .. i:"l m m E\ t t  ... i c o b . i ('-'! t·- v <::I t i o n �;; a n d  

g r o u n d  c o n t r o l  i �  r e c omme n d � b l e  a t  t h i s s t ag e .  I n  o r d or t o  

Cj (?.t a 1 :i. n k  t o  au t. o m�\ t :i. c: p i·-· oc: e c:l ulr e s  t h e  w e i (] h -1:" . . o-f t:"J atl 

o b s � r v a t i o n =  m a y  b e  r ed u c � d a s  w e l l  i n  t h i s � t ep . 

- D a t a - . n o o p i n g t ec h n i q u e  o r  an y e q u i v a l �n t t e � t ? w h i c h t a k � s 

t h e  l o c a l  g e o m e t r y  i n t o  a c c o u n t � i m p r o v e s ab � o l ut �  

p e r f o r m a n c e ? e f f i c i e n c y a n d  - b � o l u t e  ac c u r a c y . f h e  

;a p p l i c •� t :i. o n  o f  s-, e J. f -- c: c:l l i b t- a t :i u n ::- e ··· rn r:; t. o h E� n t=.· c:: . •s s; av· y t o  

e x p l o i t t h e  p ow e r  o f  r i g our o u s  t e st s . 

T h e  s k e t c h  o f  t h e b l o c k  i s n e c es�ar y t o  d e t e c t  n u m b �r i n g 
e r r o r s  c or r e c t l y ? e s p e c i � l l y  t h ose w h i c h d o  n o t  l e ad t o  

d i sc r Pp a n c i e £ i n  t h e  b l o c k  ad j ust m �n t  .. 



..... 2'-i ..... 

.. ::· � - i�·· e;:H::: t. i (Ji-, CJtt ,:;J r· oss er� t·� or s sJ-.cJL\ l c:f c: ar ef Lt l y  b f:' t Lt n od t c; 

..: h  i n ·f onn Tt t o n a v a i l a b l e .  Th e c.: C1 1'T ec t i on o f  el�· r· or· ·s 
c a n  b e  b as e d  on t h _ s k et c h  i f  i t  i s  c or r ec t  or o n  
a d d i t i on a l  i n f or ma t i on .  Coord i n a t e s  s h ou l d n o t b e  c o r r e c t e d  
un l e s s  t h e  t yp e  o f  t h e  er r or c an b e  c h e c k e d i n d ep en d en t l y . 
T h e  p r ec i s i o n of t h e  e s t i m a t e d  s i z e  o f  a n  e r r or d ep en d s  
a l e c  o n  t h e  l oc a l  g eomet r y  an d i s  u s u a l l y  2 t o  5 t i mes 
w o r se t h an t h e  m e a s u r i n g p r ec i s i on .  O n l y  m e d i u m s i z e d g r o s s  
e r r or s  a n d  l a r g e  g r o s s  er r or s  c an b e  c l a ss i f i ed b a s e d  o n  
t h e  e s t i m a t e d  s i z e  o f  t h e  er r or . 

- Aut omat i c p r oc e d u r e s  h av e  s h own t o  s p e e d  up t h e  p r oc e  s 

c on s i d e r ab l y �  e s p ec i a l l y  b y  r ed u c i n g t h e  n u m b e r  o f  r u n s . 
W e i g h t i n g d ow n  b a d o b ser v at i on s  s e e m  t o  b e  t h e  a p p r op r i a t e  
was a s  er r ou n e o u s l y  d e l e t e d  c o r r e c t  o b s e r va t i o n s  a r e  
r e i n t r o d u r c e  a u t omat i c a l l y  i n t o  t h e  a d j u s t m e n t . T h e  
we i g h t i n g m a y  b e  b a s e d  o n  t h e  r es i d ua l s i f  a s t at i s t i c a l  
t e st i s  n o t  a v a i l a b l e .  

5 . 1 Gen e r a l  I n f or m a t i o n 

T h e  r e s u l t of p h ase 2 i s  b a s e d  en 1 8  b l o c k s �  5 M I / 2 7 5 M I I / 2 ?  
4 B I / 2 a n d  B I I / 2 .  T h e  u s e d  p r o g r a ms m a y  b e  s u b d i v i d ed i n t o  
t h e  f o l l ow i n g  c a t eg or i e - �  

A .  I n d e p e n d e n t  m o d e l s 

c h e c k  of m o d e l  c o n n ec t i on s  o n l y  
- r i g o r ous = t r i p  a d j u s t m e n t  on l y  
- i t e r at i v E l ea=t s q u : r e s  b l oc k  ad j u s t m e n t  

C p l a n i m e t r y -h e i g h t >  
- r i g or ous b l o c k  a d j u s t m �n t . 

On l y  o h e  p r og r a m c o mp e n s a t e d  f o r syst e m a t i c  e r r o r s  u s i n g  an 
an :.·� l y s :i. s of t h e  r e s :i. d u c.'L l s  .. fJr .. 1 l y cs n t:!  p r· Dgt- am d :i. d DS!.'t .. u s e  
d a t a-sn oop i n g t e c h n i q u e . O n �  p r og r a m i n c l ud ed a n  a u t o m a t i c  
p r oc = d u r e f or d a t a  c l e a n i n g � d a p t i n g  t h e  w e i g h t s  t o  t h e  
r e s i d u a l s o f  t h e  p r ev i ous i t e r a t i on C c f . t ab l e  2 6 a l . 

B .  B u n cH e -

A l l p r o g r am� h a v e  a p p l i ed s e l f - c a l i b r at i on w i t h  9- 1 2  
a d d i t i o n a l  p a r am e t er s . Two p r o g r a ms u s e d  t h e  f a c i l i t y  o f  
d a t a - s n oop i n g t e c h n i q u e .  O n e  p r o g r am i n c l u d e d a n  a u t o mat i c  
p r oc ed ur e  f or d a t a  c l e a n i n g ad ap t i n g  t h e  w � i g h t s  t o  t h e  
r e s i d u a l s o f  t h e  p r e v i ou i t �r at i o n ( c f . t ab l e  26b ) . 

� . 2 D e t e c t e d  G r o s s  E r r o r =  

T a b l es 2 2 - 25 sh o w  t h �  r e ac t i on o f  t h e  i n d i v i d u a l  p ar t i c i p an t · ·  
on e � c h g r o ss e r r or i n t r od u c e d i n t o  t h e  d a t a .  S p ec i f i c a l l y  
t h e  e s t i mat ed s i � e  o f  t h e  er r or an d t h e  e v a l u at i o n o f  t h e  
r e �p o n s e  i s  g i v e n . 



- ::::.o ··-

I r·, ii:1 l l c a ses ? e;.; c ep t  t h ose d e n o t e d  b y  t h e  .-r, i n u s s j. g n 11 1 1  i t  
i s  a s s u m e d  t h at t h e  e r r or w a s  f ou n d . S c an n i n g  f or t h e  

d i f f ,r e n t  s y mb o l s t h e  f o l l ow i n g  s t at em en t s  c a n  b e  m ad e �  

:1* The err or was f ound , correct l y  l ocated and corrected . 

O n l y  f ew s m a l l g r os s  e r r o r s  w e r e c o r r e c t ed . 

y The error was f ound , correct l y  l ocated b ut c or r ected b y  a 
wrong amount . 
Q u i t e  s o m e  e r r or s  w e r e i n t r o d u c e d  b y  t h e  p a r t i c i p a n t s  
u s i n g  a w e a k  e s t i ma t i on o f  t h e  s i z e  o f  g r o s s  e r r o r s .  A 
c om p ar i s i on of t h e  est i m a t e d  a n d  t h e  t r u e  s i z e s of t h e  

e r r o r s  c l e a r l y  s h o w s  t h a t t h er e  i s  n o  r e a l  c h a n c e  t o  g e t  a 

r e l i ab l e  b a s i s f or e r r o r c or r e c t i o n  i n  c as e  o f  �m a l l g r o ss 
er r or . T h i s  i s  i n  f u l l a g r e em e n t w i t h  t h e  t h e o r y  a s  t h e  

s t a n d an:l d ev i a t i on !::>f t h e  e s t  j_ m a t e d  -· i z e Vt1. c; ·f t h e  
:r r o r s  n e ve r  i s  b e t t er t h an t h e  p r e c i s i an o f  t h e  

o b s e r vat i o n ,  o n  a n  - ver ag e i t  i �  2 - 5 t i m e s  l a r g er . On l y  
f or m e d i um s i z e d g r o s er r o r s  t h e  r e l a t i ve a c c ur a c y  o f  t h e  

e s t i mat e d  s i z e  i s  h i g h e n oug h t o  d r aw r e l i ab l e c on c l u s i o n s  

< c -t: .  p h a s f:?  1. ) .  

+ The error was f oun d , correct l y  l ocated and the 
observat i on < s >  was < were >  el i mi nated . 

·r l···, f.:� s :i. g n  i =, o n l y  g i v £,�n f nr-· t- e ac: t :i. o n s  1-'JI···, i c:: h a1'"· c c o r· t- e c t  �if.L!;L 
j u s t i f i ed ,  i .  e .  i f  t h er e  i s  a r e a = o n  f or t h e  d e c i s i on .  

Wr o n g  t i r  p o i n t s  l y i n g i n  2 mo d e l s or t i e  p o i n t s  w i t h  a 

n on - a c c ep t a b l e  ;.; -p a r a l l a;.; l y i n g i n  3 i m a g es h a d  t o  b e  

E: l i m i n a t e cl c: o m p l E·t e l y .. Ot h ei'"" W i  · e  t h E• r· e c t. i on �'1.::1 s  c: on- ec t  
b y  c h a n c �  (�0 ) ? u s e d  t h e  n o n - i d e � l  g e o m e t r y  o f  t h e  s t r i p  

( + ! ) or w a s  m a d e a r b i t r - r i l y  (�0 1 ) b e i n g  a w a r e o f  t h e  

p o s s i b i l i t y t o  c om m i t a n  e r r o n e o u s  d e c i s i on .  

o The err or was f ound but not correc t l y l ocated . 

T h i s  s i t u at i o n m a i n l y  o c c ur e d  at t h e  a b o v e  m en t i on e d  
p o i n t s  i n  2 m o d e l s o r  3 i m a g e s  b u t  a l so a t  c on t r o l  p o i n t s . 

? I n  thi s case the r eacti on was not qui t e  c l ear l y  descr i bed . 
F o r  t h e  an a l y s i s  i t  w as as su m e d  t h a t t h i s  e r r or w a s  f ou n d . 

;.; On l y  one of the err ors wi th i n  a gr oup of err or s  was f ound . 

T h er e a r e  q u i t e  s o m e  g r o ss e r r o r s w h e r e  a l l p a r· t i c i p an t s 

r eac t e d  t h e  s a m e  way . T h u E , w i t h  r esp e c t  t o  t h es e  e r r o r s t h A  
s t - t e g i e - , n am l y t es t i n g t h e  r e s i d u a l s o r  ap p l y i n g a r i g or o us 

t est , a r e  cq u i v a l - n t . On t h e  o t h Er h a n d  t h e r e  · r e g r o s s  
e r r or s · h i c h w e r e  n o t  f ou n d  b y  o n e  p a r t i c i p a n t s  b u t  c or r ec t l y  

l o c a t ed b y  - n e t h er . A comp ar i so n  of t h �  r · - c t i n n s t o  t h e  

e r r o r s  i n  t h e  mo d e l s ( c f . t ab l e _ 2 2  a n d  2 3 ) s u g g e : t s  

s t r - t e g i e s  4 - n d 3 t o  b e  su p e r i or t o  t h e  o·- h er F  wh i l e  
m u t u a l 1 y s h o w j. n g  m i  n c,r· d i f ·f �2r· e n c  · ' S . Co n c e r- n i n g t h e  mcj r_i (�!  1 
b l oc k s ? h o w e v � r , p ar t i c i p a n t  4 w a s  t h e  o n l y  n n 8  w h o  d i d n ot 

u s e  a s t a t i s t i c a l  t �s t  C c f . t ab l e  26 a l . T h i s  s u g g e s t s  

d at a - sn o op i n g i n  p r a c t i c e n o t b e e i n g  - s  e f f ec t i v e  � s  to b e  

e ;.; p e c t - d  f r om t h e or y a n d  seems t o  c o n t r a d i c t t h e  r e su l t s  of 

p h a se 1 w h e r e - t r a t eg i e s w i t h  d a t - - s n o op i n g s h o we d  to b .  

s u p er i o r t o  s t r a t eg i e s w i t h ou t  r i g or ou s  t es t . 



- :�; 1 ···-

Ho 1 e v e r , p ar t i c i p an t  5 used a - p r i or i  ao-va l u e s  f o r t h e  
d a t a - = n o o p i n g t e s t , w h i c h w e r e a b o u t  a f ac t or 2 l ar g �r 

( a " Y  = 1 0  �m , a� = 15 Pm f or t h e  p h ot og r a m m et r i c  p o i n t s > 
t h a n t h e  t h eo r et i c a l v a l ues ( c f . t a b l e  6 ) . 

T h e � : w e r e a p p r op r i a t e  f or M I / 1  b u t  c l e a r l y  p r e v e n t t h e  
cl e t. e c t i on o f  s rna l l g r· o s s  er r ot- s ,  E?s p e c i a l l y i. n M I I F.�: .  ( c f .. 

- r r or �  No .. 9 ,  1 0 ,  1 7 , 2 0 , 2 1 , t ab l e  23 ) . On t h  ot h e r  h an d  
p a r t i c i p a n t  5 w as t h e  o n l y  o n e  w h o  f ou n d  s o m e  o f  t h e  g r os s 
er r - r s  i n  t h �  p r o j e c t i o n  c en t r e s ( 2  o u t  o f  3 )  i n  M I I / 2 w h i c h 
i s  d ue t o  t h e  a ss u m e d  s t an d ar d  d ev i at i o n o f  t h e  p r o j e c t i o n 
c e n t r e s  ( a" Y  = 2 0  �n ) w h i c h i s  c l o s e  t o  t h e  v a l u e  f r o m  t h e  

s i mu l at i o n ( aN Y = 2 4  �m ) . 

T h e  r ea c t i o n o n  t h e b un d l e  b l oc k s a l so d o  n ot sh o w  a c l e a r  
p r e - d om i n an c e  of t h e  p r oc e d u r e s  w i t h  d a t a - sn o op i n g .  T h i s  m a y  

b e  · x � l a i n e d b y  t h e  v a r i at i on of t h e  s y s t e m a t i c  e r r o r - w h i c h 
c a n n o t f u l l y  b e  c om p e n s a t ed b y  t h e  ap p l i e d s e l f - c a l i b r a t i on 

t e c h n i q u es . T h e  r em a i n i n g syst e m a t i c  er r or s  = e e m  t o  p r ev e n t  
t h E  s t a t i s t i c a l  t e s t s  t o  s h o w  t h e i r p ow e r . 

T h e  p er f or ma n c e s  i n d i c e s l p  s h o w  t h e  s a m e  t en d en c i es ( c f . 
t ,:::( b 1 \';;! :.? 6 ) .. 

A� t h e  g r o ss e r r o r s w e r e  sm a l l an d wr on g d e c i s i o n s m i g h t  h a v e 
o n l y  l i t t l �  i n f l u e n c e  on t h e  f i n a l  r e s u l t w e  w i l l  n o t  

d i sc u s s  t h e  p e r f o r m a n c e  i n d ex c u t  r a t h er a n a l y · e  t h e  p owPr o f  
t h e  t es t � a n d  t h e  o b t a i n e d  ab =o l u t �  a c c u r ac y .  

T h e  f.·? f f  :i. c i e n c y  o f  t t-·, £;;� p r o c !  : c:lu r-.. t."' :i. s e s t i m a t e d  + r- c:;m t. t···, r,;! r-· r;,:! s u l  t s  
l i s t e d  i n  t a b l P s 22-25 . Tab l e  2 6  c on t a i n s  t h e  p r o b a b i l i t i es 
w i t h  w h i c h t h e  g r o s s  e r r o r s of d i f f er en t  s i z es w er e f ou n d  b y  
t h e  p ar t i c i p an t s . T h e  e x t r em e  v a l u e s  ( m i n ,  m a x ) an d t h e  
a ver a g e  v a l u e s ( 0 )  o f  t h ese p r o b a b i l i t i e s a r e  sh own i n  

f i q .  1. l3 . 

T h e  e f f i c i en c y  or p ow e r  of a t e st d - p e n d s  on t h e  s i z e  1 �  of 

t h e  g r o ss e r r o r and i s  s e t  i n t o  r e a l t i o n to t h �  l ow e r  b ou n d  
a l � .  T h eor e t i c a l l y  g r o s s  er r o r s of t h i s s i z e  c a n  b e  f o u n d  

w i t h  a p r ob a b i l i t y of ap p r o x i m a t e l y 80 % i f  a =t a t i s t i c a l  
t e s t  w i t h  a c r i t i c a l  v a l u e  o f  3 . 3 ( c o r r e s p o n d i n g t o  a 

s i g n i f i c a n c e  l e v e l  o f  99 .. r % )  i s  u s e d . T h �  p r o b a b i l i t y o f  
d e t ec t i n g  l ar g e r  e r r or s i n c r e a s e s , s m a l l er e r r o r s  c an b e  

f ou n d  w i t h  a J. ow t?. f. p r- cl b ··� b i l i t:. y . I n  f i <J .  :1. 8 t. t  .. , E.� t t···, ._> or  .. E,· t. i c:: a l  

e f f i c i e n c y  i s  r e p r es e n t ed b y  t h e  s m o o t h  c u r ve .  
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T h e  max i m u m  e r r o r s  ob t a i n ed b y  t h . 4 p ar t i c i p a n t s  f or t h e  
b u n d l e  b l oc k r  a r e  n e ar l y  i d en t i c a l  sug g est i n g t h e  r es u l t s t o  
b e  of s i m i l ar q u a l i t y .  T h i s ac t ua l l y  i s  t r ue f or t h e  
p l an i met r y  < Px v >  b u t  n o t  f or t h e  h e i g h t s  < Px > , espec i a l l y  f or 
B I / 2  �\lhE• r e  t h e  t- . m . s . er· r or s  v at- y up t o  a f ac t:. o1·· ::'= • •  ( Th !:::· 
c o l umn s i n  t ab l e  2 7  a r e  sor t ed a c c or d i n g  t o  t h e  ac h i eved 
ab so l ut e ac c ur ac y . ) The abso l ut e v a l ues ar e a l so v - r y  h i g h i f  
Cin e t a k (�S t h e  . · c a l  es 1 : 1 �i 000 a n d  1. :3: 0 0 0  f or· B I i 2  a n d  
B I I / 2 r esp . a n d  t h e  p r ec i s i on < io >  i n t o  a c c oun t . Th i s i s  A 
c D n f i r m e d  b y  t h e  Dp t i m i st i c  est i mates P f or t h e  a b so l u t e  
- c c ur ac y g i v e n  b y  t h e  p ar t i c i p an t - .  Th e a c t u a l  r . m . s . u . p r o v e  
t o  b e  a t  l east a f ac t Dr 2 < up t o  a f ac t or 1 0 )  l ar g er t h an 
p r esumed . T h e  max i mum d i sc r ep �n c i es on an 3ver a g e  ,r e a l s o  
l �r g er t h an o n e  wou l d ex p e c t:.  f r om p ur e  error p r op a g at i on 
r an g i n g up t o  6 t i mes t h e  r . m . � . e .  v a l ues p .  Th i s  i s  d u e t o  

u n d et e c t ed s m a l l g r oss er r or 3 , s p ec i f i c a l l y  er r o r s  i n  t h R  
x -c o or d i n at es o f  p o i n t s  l y i n g on l y  i n  t h r ee i mages . T h i s  
p t- O\lf"·: s t h e  e;-: t. e n·l c.':\. 1  r· e l i ab i l i t ·)" mt.�asut·· es < 6o · �·�. > t o  b E:·  a 
usef u l  a p p r ox i ma t i on f or t h e  max i mum er r or i n  t h e  r esu l t of 
an ad j ustmen t . 
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A: f or t h e  m o d e l  b l oc k s we d i s c u s s  t h e  r ea c t i on s  of t h e  
p a r t i c i p a n t s  o n t o  t h e  i n d i v i d u a l  e r r o r .  i n  d e t a i l b a s e d  o n  

t h e  p l o t s  o f  t h e  t r u e  e r r or s ( c f . f i g . 1 9  a n d  20 ) . 

5 . 5 . 1 B u n d l e  B l o c k  B I / 2 

Error No . 4 

Q.f::_s cr.: .. tJl.U. Q[LL ·r h e  �: ·- c o  1 r" d i n a t e E� of p o i n t s  1 ::::;s a n d  1 �.:i2 i n  
:i rna g e  ::::A wef' e  c h a n g e d b y  1 00 J.tm . • 

Th i s  i s  a g r o u p  of s ma l l n ot l oc a t a b l e ef' r of' s . On l y  o n e  o f  
b o t h  e r r- o f' s w a s  f ou n d  b y  t h e  p a r t i c i p an t s .  T h e  e f f ec t  

V Z  � 2 m >  o f  t h e  f' e m a i n i n g e f' f' Of' i s  l oc a l  a n d  c l e a f' l y 
v i s i b l e .  

Error No. 6 

f)_f._�ct: .. Lrr:.t.J .. .orJ ... L T h e  ;.: - c ncit- d  i n a t e  c:) f  ��; - f  o l  cl t i e  p o :i. n t  l'](l 
i n  i ma g e  1 8  w a s  c h a n g ed b y  70 �m . 

P .. Lf.�.f:J::l \:;.§ .. L.9.D ... t 

T h i s  b m a l l g r o s s  er f' nf' ( 2  · V o l � )  t h e o r et i c a l l v c - n n o t b e  
l oc a l i z e d . T w o  p a r t i c i p a n t s  e l i m i n a t e d  t h e  c or r e c t  p o i n t , o n e  

b y  c h a n c e .  T h �  ot h ef' s o b v i ousl y u s e d  t h e  y - p ar a l l ax es f or 
l o c a l i z at i o n d u e  t o  t h e  n o n  i d G a l  g e om e t r y . T h e  e f f e c t  
< V z  ;,;; :1. m ) i s  l cl c a l . 

Er r or No . 1 7  

�2.!?..: . .:..r�;..c.J.I! .. t.! .. .9.D._; _ T h E:! :·: ·  .. · c: o o r· d i n at. r:.� cl+ :::;; .. ·- ·f c:l l d t :i. e p o .i r  ... t B 1  

i n  i ma g e  45 a t  t h o  b o f' d er o f  t h e  b l o c k  w a s  
c h an g e d  b y  70 � m  . 

Th i s sm a l l g r o�s e r r ol"' ( 1 . 3  · 

( r �  � 0 . 08 )  w �s n o t  f o u n d  at 
i �  c l e ar l y  v i � i b J. e .  

• o l � )  1 n  w e a k  g eo m e t r y  
.:· ], 1 . I t s 1 D c: a l e + + '"" c:: t. ( VZ ·• � 1 iii ) 



Error No . 2 1  

- "":'!" &::" ·-•• _ .... J 

Qg§.r.;..c.Jrr.t.LQDL Th e  ;-: ·- c oor d i n a t e  L') f  ::::. -·f o l d t i e  p o i n t. 46 
i n  i ma g e  52 was c h a n g ed by 52 Pm . 

T h e r ea c t i o n s o n  t h i s s m a l l e r r or ( 1 . 6  ' V o l � >  wer e s i m i l a r 
a s  o n  t h e  p r e v i o u s  e r r or . A l l f ou n d  i t  b u t  on l y  t w o  l o c a t e d  
i t  c or r ec t l y .  T h e  ef f ec t  on t o  t h e  r esu l t i s  m as k e d  b y  e r r o r 
n o .. ::::: 7 . 

T h e  same h o l d s  f or Error No . 23 . 

Error No . 27 

Q.€.§ .. !;J::: .. tntJ .. QD ... :.... V f.::r· t :i. c a 1 c:: on t. t- o 1 p o i  n t :::!:8 at t i· .. , e· b or .. d t.:;!r· 
o f  t h e  b l o c k  w a s  c h an g e d  b y  1 . 8  m .  

T h i s i F  a s m a l l g r os s  e r r or ( 2  · Vo l & )  i n  w e a k  g e omet r y  
( r � < O . l ) an d  w a s  f oun d b y  t w o  p ar t i c i p an t s .  O n e  o f  t h em a p -

p l  �-e�! d at a
_ 

s n c)��� n t�
-

t:� t.�t
t

. 
���rT �c:: ;._e:�� . t � t:� l"'• €:'d �) t'� t  ��� a _ �:.�) ��� �  ... . .. am1.JU1 1 t  ( LJ. 1i1 ) • l 'k \ ... ':::>L .l ma t f"' L .. . � 111 ) o f  t h e  u t h i:::! t P •=� r  t.. .•. <. .. 1 p ..::1n L 

s h ow s t h at i t  i s  n ot p r e c i s e e n o u g h  t o  b e  a h i n t f or t h e  
t r u e s i z e  o f  t h e  er r o r . 

Error No . 28 

pgs<;L.i.f?.'.tj_Q.!J.J .... ·r h e  h o r· i <.: o n t ;:l l  c:: o n t r  .. o l  p o i n t  LJ.LJ. at t h f.� b ot·· ci er· 
o f  t h e  b l o c k  w a s  c h a n g ed b y  1 . 2  m .  

O n l y  o n e  p ar t i c i p a n t  f ou n d  t h i s � m a l l er r or ( 2  · Vo l � ) u s 1 n g  
d a t a -sn oop i n g t ec h n i q ue . Ag a i n h e  c or r e c t ed t h e  c o or d i n a t e  
b y  a w r o n g  a m o u n t  ( 0 . 8 m l  i n  t h e  w r o n g  c oo r d i n at e  ( Z ) . f h e  
p a t t en-i s ( f i g .  :l 9  ;:, v s . 1 17' b ,  c: ,  d )  s-� h o w  t h e  d i f f e n ;. m t e f f ec t  
o f  t h e  r e ac t i on .  

Error No . 29 

P.f.!.§_r.::x:J.Jl.tt.9D..L Ver· t  i r.:: a l  r.:: on t r· c> l  p o i n t  1 4 2 :i. n t h e? rn i c:l d 1 e o f  tl .. ·; ia  
b l oc k  w � s  c h a n g e d  b y  3 m .  



·ri···, :i. s s m i='l l  1 g r- o s s.; e t- r- o r· ( Lj.  • flco l :1. )  w a s  ·f: o u n d b y  t r·, r· i;;-�e D u t  o ·F 
f our p ar t i c i p an t s .  O n e  c o r r e c t e d  i t  t h e  r i g h t  w a y . A n o t h e r  

e �t i mat e o f  t h e  s i z e  o f  t h e  e r- r or- ( 2  m )  , h owev er- , s h ow s  t h e  
w e a k n e s s  o f  t h i s  v a l u e . Sur p r- i s i n g l y  t h e  4 t h  p · r t i c i p a n t  w h o  

d i d n o t  f i n d t h i s  er r- or- ap p l i ed d a t a- s n oo p i n g .  Th i s  e r r- or 

d i st ot·· t. s h a l f of t h e  b l o c k  h ea v i l y  ( c f . f i g .  1 9  a )  .. 

Er- ror No. 30 

flftS��C.l..f!.!J .. .t::!.r·· : _  Hew i z r.m t.:� l c: on t r- o l  p o i n t  7�:; .:1t t h e  b en- d er­

of t h e  b l oc: k w a s  c h a n g ed b y  1 . 5  m i n  Y .. 

O n l y  o n e  p a r t i c i p a n t  r ea c t ed c or r ec t l y  o n t o  t h i s  s m a l l g r o s s 
er r- or ( 4  · V a l � )  a n d  e l i m i n a t e d  t h e  p o i n t . O n e  o t h er 
p a r t i c i p a n t  f ou n d  i t  b u t c or r e c t ed t h e  c o or d i n - t e  b y  : w r o n g 

a m o u n t  .. T h �  e f f e c t  of t h e  n o n - d e t e c t e d  e r r or on t o  t h �  b l oc k  

i s l ar g e , cp ec i f i c a l l y  t h e  l ar g es t  i n f l u en c e  i �  n ot a t  t h e  

wr· on q  p o i n t . 

Err or No . 33 

Qg_��.!=: (: .. tE!..L.! .. n .. !.'.LL T l-·, e ;.: ·-·· c: not- d i n .:1 t e of ::::. ·-·f o 1 d t i r:! p D i n t  '7 7 i n i tn i::lg ' 
2 0  w s c h an g ed b y  1 000 �n . 

f' 

On l y  o n � p ar t i c i p - n t  r �a c: t e d c or r e c t l y  D n t o  t h i s m e d i u m s i z ed 
g r o 3 s e r r or , w h i c h i s  n ot l oc a t ab l e .  He e l i m i n : t e d 

t. h i s p e> i n t  c o m p l et 1 l y < c:: + . + i iJ  .. 1 9  b )  .. ·r l·-, t:: oth Rf" t r·· r· t:�t:� 
l oc a t ed t h e  b l u n d e r i n c:: o r r c::c t l y  - n d  e l i m i n at e d  t h �  w r o n g  

p o i n t  .. Two o f  t h e m  e l i m i n a t ed t h e  p o i n t  w i t h  t h e  l a r g es t  
r e s i d ua l , i .  e .  t h e  p o i n t  i n  t h e  m i d d l e  i m � g e  n o .  2 1  .. T h e  

ot h e r  p a r t i c i p a n t  t h ou g h  b e e i n g  a w � r  t o  p os s i b l y  r e j e c t  a n  
e r r o r  f r e e  o b s e r vat i o n ,  d e l e t ed t h e  p o i n t  i n  i m a g L  2� . T h �  

e f f e c t  of t h i s d ec i s i on c a n  b w  c l e ar l y  � ee n  i n  f i g .  1 9  a ,  
c: a n d  d .. I t  e - n b e  v i su a l i z e d b y  t h e  i n t er s ec t i on e>f t h e  3 

t- T'fS : 

from image 2 1  

fal se point ( a . , d . )  

2 0  
( wrong ray ) 



� . 5 . 2 B u n d l e  B l oc k  B I I / 2 

Error No . 26 
---------,--
P..!?.:.�b.r.::.J.J?..:ttm:tL V e r· t i c a l  c on t r o l  p o i n t s  2 �5  a n d  26 i n  a c ot- n e:·r· 

o f  t h e  b l oc k  wer e c h an g ed b y  2 m .  

T h i s  s m a l l g r o s s  er r or ( 2  · V a l � )  w a s  n o t  f ou n d  b y  a n y 

p a r t i c i p an t . I t  e f f ec t s  on l y  a l oc a l  a e r a of t h e  b l o c k  un t i l 
t h e  n ex t  g r o u p s  o f  v er t i c a l  c o n t r o l  p o i n t s  ( c f . f i g .  20 ) . 

Error· No. 32 

pgs!;..r::: .. ill.t.LG.D .. L Tl"·, e ;.: - c oo r d i n a t e  o f  ::::, ..... f o l d t i e  p o i n t s 1 ::�;6 an cl 
1 3 7 wer e c h an g ed b y  1 20 �m . 

Jd..L.§..C:.i:J .. ,-;!.§ .. i .. !...=!.D .. t. 
T h i s  g r oup o f  s ma l l g r o � s er r o r s  w a s  f ou n d  b y  a l l 
p ar t i c i p a n t s .  T w o , h o w e v er , d i d  n ot e l i m i n a t e  t h e  p o i n t . 
O n e  of t h e  ot h er s  e l i m i n at e d t h e  r i g h t  o n e  b y  c h a n c e .  T h e  
e f f ec t  i s  l o c a l  a n d  c l e a r l y  v i s i b l e  ( c f . f i g .  2 0  d l . 

A s i m i l ar r ea c t i o n c a n b e  o b s e r v e d  f or error n o .  33.  

Et-ror No . 34 

!2§'.§.C:.Ltf.!..:U.J1.DJ .... F o u r· -·f o l d t i. e p o i n t  1 9 0 '"l t t t  .. , e  b o t  .... cl !0!i­

of t h e  b l oc k  wa s c h an g e d  b y  l 000 �n i n  
� a c h  c oor d i n a t e  i n  i m a g e s  5 a n d  1 8 .  

T h i �  i s  a p o i n t  t r a n s f er er r or wh i c h i s  n ot l oc a t a b l e i n  t h e  
s e n s e  t h a t o n e  c an n o t  d e c i d e i n  wh i c h o f  t h e  t w o  i m a g e  p a i r s  
5 / 1 8  o r  6 / 1 9  t h e  er r or o c c u r e d . A l l p ar t i c i p a n t s f ou n d  t h i s 
e r r or . O n e  c h o s e  t h e  w r o n g  i m ag e p a i r .  T h e  e f f e c t  i s  l o c a l  
an d c l e ar l y  v i s i b l e  ( c f . f i g .  1 9  c ) . 

/ 
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c: ut.t l cl r .. , u t  h •  p ;.; p e c t E· d  f ;· · om t h t :• 
:i. tn p CJf .. t. �=t n c: .: · t. :::�� t:. ·). k -� i. n t Ci a c: cJu.n t:. 
i.'l S + . r· {:·t F�; p CJ ·: . S :i. t�J .1. ("� " 

( t h o u g i"'i \i :i 3 i..i. a 1 ) c u n ·Y: :i. r .. rn ·� t L on 
Li •. ) q :i. n n :i. n g  -· n cl  c. h o1. 1�. the•  
t h e g eomP�i" � o +  t h �  �d j u s t m� � �  

'T t··i CJt. i ... , E'f" i"" c.·, :··: t.t l t:. !::) C) + p h  Z.i -�-- .  � �,;·:: t\ f .. t :r :i. n �:-:.. Cj f .. (:-'f�fH F·! ri  t . J :i. t. f· ! t: , .. . , 
c:: i.".) i'"i c 1 u. -� :i. CJ f"'i ··i r· c; ro p h  .i:'�- S (� 1 � n d ��-� v·· {·� t · · ·� c:; t ci :i. s c·. t.i. ;:.;-� s -�, cl 1···1 �" · (=-� i..� C.:.l .::..- 1 r .. , �� 
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��n c:l 2 ) . 

-·· ·rh E·) ef_fJ . ..£.Ls:..cu:�.Y- o f  t h e  t es t s  w i t h  r es p e c t  ot m a l l <;) r oss 
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Tabl e 2 D i s tr ibuted I n formati on on S i mul a ted B l ocks  i n  Pha se  1 

B l o c k  H I I 1 

Hod e l  s c a l e  

D a y  o f  f l  l g h t  

D a y  o f  mea s u reme n ts  

M e a s u reme n t s  

Qua l i t y o f  f i l m  

Qua l l t y o f  c o n t ro l  po i n t s 

B. l o c k  .H I I  / 1  

Mode I sea  1 e 

D a y  o f  f l  l g h t  

D a y  o f  mea s u reme n t s  

M ea s u r emen t s  

Q ua l i t y o f  f i l m  

Qua l I ty o f  co n t ro l  po i n t s  

B l oc k  B I / 1  

P h o t o  s c a l e  

D a y o f  f l l g h t  

D a y  o f  me a s u r e me n t  

M ea s u rem e n t s  

C a me r a : R M K : 1 5 / 2 3 

Q ua l i ty o f  f i l m  

Qu a l ! t y  o f  .c o n t ro l  po i n t s  

0 1 : 2 5  0 0 0  

1 0 . 4 . 1 9 8 0  

1 ) . 6 .  - 2 9 . 6 . 1 9 8 0  

I ma g e  coo r d i na t es 

a na l y t i c a l  r e l a t i ve o r i e n ta t i on 
co r re c t e d  f o r  e a r t h  c u r va t u re 

l ow c o n t r a s t 

0 . 3 0 m p l a n l me t r y 
0 . 5 0 m h e i gh t 

1 : 7 0 0 0  

1 5 . 4 . 1 9 8 0  

1 . 6 .  - 1 0 . 6 . 1 9 8 0  

I ma ge c oo r d i n a t e s  
a na l y t i c a l  r e l a t i v e o r i e n ta t i o n 
co r re c t e d  fo r ea r t h  c u rva t u re 

no rma l 

0 . 2  m p l a n l me t r y 

0 . 2  ri1 h e i g h t  

1 : 1 4  0 00 

2 2 . 4 . 1 9 8 0  c l o u d y  

1 . 6 .  - 1 5 . 6 . 1 9 8 0  

S t r i p  I ( 5 - 1 7 ) 

S t r i p I I I , I V ( 3 1 - 5 6 ) 

1 . 6 .  - 8 . 6 . 1 9 8 0  

S t r i p  I I ( 1 8 - 3 0 ) 

r e d u c e d  i ma ge coo r d i n a t e s , p m  

c = 1 5 3 . 2 2 m m  

n o rma l 

0 ! 0 5  m p l a n i me t r y 
0 1 1 0 m- , h e  i g h t 

1 



, 

Tab l e 2 

Tabl e 3 

con t .  

B. l o c k B 1 1 / 2 

P h o t o  s c a l e  

D a y  o f  f l i g h t  

1 : 5 0 0 0  
2 1 . 6 . , 1 9 7 9  s t r i p s I a n d  I I  
p i c t u r e  No . 5 - 3 0  
R M K  1 5 / 2 3  N o . 3 2 1  6 0 2  

· w e a t h e r :  d i z z y · 

2 3 . 6 . 1 9 7 9  s t r i p s I l l  a n d  I V  
p i c t u r e N o . 3 1  - 56  
R M K  1 5 / 2 3 N o . 3 2 1  7 5 4  
w e a t h e r :  b r i !] h t  

D a y  o f  m e a s u r e m e n t s  2 .  9 .  - 2 7 .  9 .  ( p i c t u r e N o . 1 - 2 1  , 
2 7 - 3 6 } 

H ea s u r e m e n t s  

C a me r a s : N o . 3 2 1  6 0 2  
N o . 3 2 1 7 5 4  

Qu a l i t y o f  i m a g e s  

Q u a l i t y o f  c o n t r o l  po i n t s  

5 . 9 .  - 1 6 . 9 . ( p i c t u r e No . 2 2 - 2 6 )  

3 . 9 . - 1 0 . 9 .  ( p i c t u r e No . 3 7 "'- 5 6 )  

r e d u c e d  I m a g e  c o o r d i n a t e s , � m  

c 1 5  3 .  2 1  m m  

c = 1 5 3 .  2 11 mm 

g o o d 

0 . 0 1  m p l a n i me t r y a n d  h e i g h t  

Di str i b u ted I nforma t i on on S imu l a ted B l oc ks  i n  Pha se  2 

B l ock M I / 2  M I I  / 2  B I / 2  B I I  /2 

Sca l e  1 : 20 000 1 : 8  000 1 : 1 5 000 1 : 3  000 
Da y of f l i g ht 2 . 4 . 83 1 1 . 3 . 7 5  2 . 5 . 6 5 3 . 5 . 6 5 
Qua l i t y of f i l m l ow con t ra s t  no rma l good exce l l en t  
Qua l i t y of con t ro l  0XY 20 em 5 em 5 em 1 . 5 em 

az = 40 em 1 2  em em 5 em 

Mea suremen t s : 

i mage coord i nates i n  �m , c= 1 53 . 24 mm 
for mode.! b l ocks : ana l yt i ca l  re l a t i ve o r i en ta t i on , mod e l  coo rd i nates i n  �m 

co r rec ted for ea r t h  curva ture and ref rac t i on 

2 



Tab l e 4 Image Deformati on i n  �m of Bundl e B l ock B I I / 1 , Stri ps 1 and  2 

Ebner Bro wn No. X y d.x dy d't( dy 
1 - 90 00 0 . 0 0 9 0 0 0 0 . 0 0 2 . 0 0 - 4 . 7 9 - 2 . 7 7 2 . 7 7 
2 - 4 5 0 0 0 . 0 0  9 0 0 0 0 . 0 0 0 . 3 7 - 7 . 1 6  0 . 5 6 - 1 . 1 2 
3 0 . ') 0 9 0 0 0 0 . 0 0 0 . 8 8 - � . 3 9  o . o o - 1 . 7 5 
4 4 5 0 0 0 . 0 0  9 0 0 0 0 . 0 0 3 . 5 5 -3 . 9 8 - 0 . 5 6 - 1 . 1 2 
5 9 0 0 0 0 . 0 0  9 0 0 0 0 . 0 0 8 . 3 7 1 . 5 6 2 . 7 7 2 . 77 
6 - 9 0 0 0 0 . 0 0  4 5 0 0 0 . 0 0 - 2 . 1 6  - 2 . 8 8  - 2 . 67 1 . 3 3  
7 - 4 5 0 0 0 . 0 0  4 5 0 0 0 . 0 0 - 1 . 7 2 - 5 . 3 1 - o .  o 6  0 . 0 6  
8 0 . 0 0 4 5 0 0 0 . 0 0 - 0 . 5 7 - 5 . 4 4  o . a o - 0 . 0 9 
9 4 5 0 0 0 . 0 0  4 5 0 0 0 . 0 0  1 . 3 0  - 3 . 2 6  0 . 06 0 . 0 6 

1 0  9 0 0 0 0 . 0 0 4 5 0 0 0 . 0 0  3 . 3 3 1 . 2 2 2 . 6 7 1 . 3 3 
1 1  - 9 0 00 0 . 0 0  o . o o - 5 . 0 3 - 1 . 3 5 - 2 . 4 4 0 . 0 0  
1 2  - 4 5 0 0 0 . 0 0  0 . 0 0 - 3 . 1 4  - 3 . 4 2  - 0 . 1 1 o .. o o  
1 3  o . o o o . o o  - 1 . 4 6 - 3 . 4 9  o . o o o . o o 
1 4  4 5 0 0 0 . 0 0  o . o o o . o o  - 1 . 5 8 0 . 1 1  o . o o  
1 5 9 0 0 0 0 . 0 0 o . o o 1 . 2 5 2 . 3 3 2 . 4 4 o . o o 
1 6  - 9 0 0 0 0 . 0 0 - 4 5 0 0 0 . 0 0 - 6 . 6 1  - 0 . 2 2 - 2 . 6 7 - 1 . 3 3 
1 7  - 4 5 0 0 0 . 0 0 - 4 5 0 0 0 . 0 0 - 3 . 3 9 - 1 . 4 8 - 0 . 0 6 - 0 . 0 6  
1 8  o . o o - 4 5 0 0 0 . 0 0 - 1 . 3 0 - 1 . ::1 5 o . o o 0 . 0 9 
1 9  4 5 0 0 0 . 0 0 - 4 5 0 0 0 . 0 0  - 0 . 3 5 1 . 0 7 0 . 0 6  - 0 . 0 6 
2 0  9 0 0 0 0 . 0 0  - 4 5 0 0 0 . 0 0  0 . 4 7 4 .  3 7  2 . 6 7 - 1  . 3 3  
2 1  - 9 0 0 0 0 . 0 0  - 9 0 0 0 0 . 0 0 - 6 . 1 9  ·1 . 5 3  - 2 . 7 7 - 2 . 7 7  
2 2  - !. 5 0 0 0 . 0 0 - 9 0 00 0 . 0 0  - 3 . � 7  0 .  5 1  0 . 5 6 1 . 1 2  
2 3  0 . 0 0  - 9 0 0 0 0 . 0 0  - 1 . 5 9 1 .  '3 9  a . o o  1 . 7 5  
2 4  4 5 1J O O . J O - 9 0 0 0 0 . 0 0 0 . 2 5 4 . 5 7 - 0 . 5 6 1 . 1  2 
2 5  9 0 0 0 0 . 0 0 - 9 0 0 0 0 . 0 0 1 . 5 4  8 . 3 5  2 . 77 - 2 . 7 7 

total d.x dy 
- o . n  -2 . 02 
+ 0. 93 -B.  2.8 

0. 88 -8. 6Lf. 
2 . 99 -5.1 0 

1L 14 4 . 33 
- 4 . K3 -1.55 
- 1. 18 -5.25 

-0 . 57 -5. 53 
! 1 . 3 6  - 3 . 2 0  

0.55 2 . 55 
- 7.'t t -1 . •  35 
-3 . 25 -3.'f2 
-1 . 46 -3.49 

0. 11 -1 . '+8 
' 3. 6 9  1 . 33 

-9.1 8 -1.55 
' -3. 95 -1.5'+ 

-1 . 80 -0.9b 
-0. 29 -1 . 01 
3 .1'+ 3.5Lf 

-9. 66 -2 .24 
-3 .41 1 . {,3 
-1 .59 3 . 0'+ 
-0. 3 1  5.79 4.31 6. 08 -- --

(,) 



Tab l e 5 

Parameter 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

Mean va l ue and standa rd dev i a ti on of add i t i on a l  

pa rameters i n  bundl e b l ocks B I /2  and  B I I /2 

B l ock  B I /2  B l oc k B I I /2 

mean s i gma mean s i gma 

5 . 2  1 . 4 -0 . 5  0 . 7  J..L m 

2 . 2  1 . 0 2 . 3 1 . 0 

0 . 0 0 . 8 - 1 . 7  0 . 7  

1 . 7 0 . 9  0 . 5  1 . 1  

- 1 . 6  1 . 8 4 . 0  1 . 6 

-5 . 3  1 . 1 0 . 3  2 . 0  

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

- 1 2 . 5  1 . 7 - 1 . 7  2 . 2 

1 . 8 1 . 3 1 . 8 1 . 5 

3 . 2  1 . 1 1 . 1 1 . 5 

- 0 . 3  1 . 9 6 . 3  2 . 3  

-3 . 2  1 . 9 -3 . 5  2 . 7  

( c f .  S c h r o t h , 1 9 8 2 ) 

4 



TABLE 6 GENERATED MODEL BLOCKS 

scal e 

system . errors 

model ax ,y ( 1Jm ) 

az ( 1Jm) 

proj ecti on ax Y centres ' 

az 

control ax .y ( m ) 

po i n ts 
az ( m) 

n 1 ) 
u 

r 

r/n 

no . of u n i ts 

( 1Jm ) 

( 1Jm ) 

no . of g ross  errors 

% of wrong po i nts 

1 ) 

n =  n o .  of observat i on s  

u = no . o f  unkn owns 

r= redundancy 

M 1 / 1  

1 : 25 000 

con s t .  

1 0  

1 5  

30 

1 0  

0 . 50 

0 . 1 0  

1 403 

90 1  

502 

0 . 36 

47 

28 

2 ,3% 

5 

M 1 1/ 1  M1/2  M 1 1 /2 

1 : 7" 000 1 : 20 000 1 : 8 000 

con s t .  n o  con s t .  

5 8 4 

8 1 2  7 

1 5  24 1 2  

5 8 4 

0 . 1 0  0 . 20 0 . 05 

0 . 20 0 . 40 0 . 1 2  

2844 1 42 1  2844 

1 64 1  909 1 64 1  

1 203 5 1 2  1 203 

0 . 42 0 . 36 0 . 42 

48 48 48 

24 34 36  

1 , 5% 2 ,8% 2 , 3% 
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TABL E 7 GENERATED BUNDLE BLOCKS 

B l / 1  B l / 2  B 1 1/ 2  

sca l e 1 :  1 4  000 1 :  5 000 1 5  000 3 000 

system . errors c on s t .  2 groups vari abl e va ri abl e 
z-sca l e  of CP  

i mage axy ( �m ) 5 3 . 02 ) 4 . 53 ) 4 2 

control axy (m ) 0 . 06 0 . 02 0 . 05 0 . 0 1 5  
points  

az (m ) 0 . 1 0  0 . 0 1 0 . 0 1 0 . 05 

n1) 1 227  2739 1 227 2739 

u 887 1 6 08 887 1 608 

r 340 1 1 3 1  340 1 1 3 1  

r/n 0 . 28 0 . 4 1  0 . 28 0 . 4 1  

n o .  of un i ts 52  52  52  52  

n o .  of gross  errors 22 2 1  34 35 

% of wron g po ints  2 . 8 % 1 . 5 % 4 . 3  % 2 . 5  % 

1 ) 2 ) 
n =  n o .  of oberserva t i ons  stri ps 1 and 2 
u =  no . of un knowns 3 ) 
r= redundancy stri ps 3 and 4 



Tab l e 8 G ross  Errors i n serted i nto 
Model Bl ock MI/1  ( c f .  F i g .  1 )  

l arge gross errors 

1 .  model 454-450 poi nt n > .  161 vx = - 10 000 um 

vy = + 12 000 um 

2. model 352-34g 

3. control poi nt no . 

poi n t  n > .  31 1 vx = - 10 000 um 

vy = - 100 000 um 

407 ++ 443 

4. horizontal control poi nt no . 407 vx = - 72 000 m · 

vy = - 10 000 m 5. horizontal control poi nt no . 110 

medium-si zed gross errors 

6. model 577-573 point no . 113 ++ 512 

7 .  vertical control point no . 134 vz = - 100 m 

8. mode 1 s 555-552 

552-548 poi nt no. 245 & ' 248 � 245 

9 .  model s 367-363 

363-359 poi nt no. 320 & ' 53 + 320 

10. model 461-465 poi nt no . 95 & ' 98 � 95 

11 . model 443-447 po i nt no . 227 vx = - 70 000 

vy = - 46 000 

12. projection centre no . 447 000 � 342 000 

1 3 .  vertical control poi nt no . 107 vz = 100 m 

1 4 .  model 192..:188 point no . 125 ++ 146 

smal l  gross errors 

1 5 .  vertical control point no. 23 <-+ 62 

16.  model 577-573 point no . 509 vx = + 200 um 

1 7 .  vertical control point no . 197 n = - 30 um 

18. horizontal control poi n t  no . 443 vy = 18 m 

1 9 .  model 469-465 poi nt no . 68 VX = + 200 pm 

vy = - 200 um 

20. model 447-443 po i nt no . 203 vx = + 150 um 

vy = + 150 um 

21. vertical control po i nt no . 338 vz = + 54 m 

22 • .  horizontal control point no . 32 \'X = + 6 m 

23 . model 359-356 point no . 506 vx = + 60 um 

24 . model 356-352 point no . 104 vx = - 150 um 

vy = + 150 um 

25.  model 349-346 point no. 146 vx = + 100 llm 

vy = + lOO ilm 

26. model 338-334 po i nt no . 233 vx = - 300 um 

27 . model 330-327 point no . 257 vx = - 50 um 

vy = + 50 llm 

28. model 172-169 point no , 239 vx = - 600 um 

....., 



Tabl e 9 G ross  Erro rs i nserted i n to 
Model B l oc k MI I / 1  ( cf . F i g . 2 )  

large gross errors 

1 .  control poi nt no . 74 .... 974 

77 ...... 977 

2 .  horizontal control poi nt no.  74 

77 vx = 10 000 m 

3 .  hori zontal control poi nt no . 383 vx = 3 000 m 

vy = 20 000 m 

4 .  vertical control poi n t  no. 

5. model 569-566 poi nt no . 

6. model 447-463 poi nt no. 

med i um-si zed �ross errors 

7 .  horizontal control poi nt no . 

8. model 573-569 poi nt no . 

170 

173 

260 

263 

401 

32 

35 

215 

vz = 100 m 

vx = - 100 000 )Jm 

vy = + 100 000 Jlm 

vx = 89 000 pro 

VX = - 20 )Jm 

vy = - 90 m 

vx = + 9 000 )Jffi 

9 .  proj ect i o n  center 562 000 ++ 559 000 

10.  model 555-559 poi nt no . 

555-552 poi nt no . 

1 1 .  n o  error 

1 2 .  model 352-356 poi nt no . 

434 ... 443 

431 ... 434 

431 ,.... 434 

992 ++ 995 

1040 - 1043 

1091 ++ 1094 

.,, 

1 3 .  model 352-356 po i nt no . · 233 vx = 900 )Jm 

14 . model 342-346 

346-349 poi nt no . 866 & ,  329 � 866 

1 5 .  vertical control po int no . 

764 & • 332 � 764 
953 & 

329 ++ 455 

332 ++ 458 

1 6 .  horizontal control point no . 425 ++ 428 

17 . hori zontal control point no . 206 

209 

sma l l  gross errors 

1 8 .  model 584-581 point no .  128 

131 

1 9 .  model 473-469 poi nt no . 98 

20 . model 469-465 poi nt no . 149 

21 . vertical control poi nt no . 446 

22. model 330-327 point no . 692 

23 . projection centre no . 334 000 

24. model 195-192 point no. 236 

vx = + 10 m 

vy = - 10 m 

vz = + 200 JJm 

Vy = - 70 JJffi 

vx = + 120 )JJn 
vz = 20 m 

vy = - 100 )liD 
vx = - 300 JJm 

vx = - 100 )Jm 

VY = - 100 Jlm 

0) 



F i g .  1 0 G ro s s  Errors i n s erted i nto 
Bundl e B l oc k B I / 1  ( c f .  F i g . 

l arge gross errors 

1 .  image 49 poi nt no . 60 -+ 156 

2. image 21 poi nt nc . 77 + 114 

78 + 142 

3 .  hori zontal control poi nt no . 73 VY = - 1000 m 

4 .  control poi nt (x , y,  z)  10 � 13 

medium-si zed gross · errors 

5 .  horizontal control poi nt no . 6 vx = + 10 m 

vy = - 63 m 

6 .  vertical control poi nt no . 113 v z = - 20 m 

7 .  image 32 poi nt no . 84 & ,  

8.  image 23 poi nt no . 56 

9 .  horizontal control poi n t  no . 44 

1 0 .  image 7 poi nt no . 87 & ,  

smal l gross errors · 

1 1 .  image 54 po i nt nc . 14 

1 2 .  image 51 poi nt nc . 46 

132 + 84 

vx = + 270 jim 

vx = + 20 m 
vy = - 10 m 

144 ... 87 

vx = - 70 �m 

vy = + SO �m 

vx = - 60 �m 

VY = - 60 �m 

3 )  

1 3 .  verti cal control poi nt no. 8 vz = - 2 . 50 m 

1 4 .  image 53 

1 5 .  image 40 

16. image 41  

points no . 2 9  a n d  3 0  vx = 6 0  �m 

VY = 80 m 

po i nt no • •  171 

poi nt no .  17 
vy = - 120 11m 

vy = + 120 � 

1 7 . horizontal control point no. 136 vx = - 0 . 50 m 

vy = - 0 ,60 m 

18. image 14 point no . 

1 9 .  image 23 point no. 

20 . image 6 po int no . 

21 . vertical control po i nt no . 

35 

71 

g7 

38 

vx = - 180 m 

vY = + 210 m 

vx = + 200 m 

vy = - 120 m 

vx = + 200 m 

vy = - 120 m 

vz = 98. 5  m 

co 



F i g . 1 1  Gro s s  Errors i n serted i n to 
B undl e B l ock  B I I / 1  ( cf .  F i g .  4 )  

l arge gross errors 

1. control poi nts 

2. image 25 

no . 71 -<-+- 128 

72 ++ 129 

po i nt no . 66 � 86 

65 ... 85 

3 .  horizontal control poi nt no . 83 vy = 1 0  000 m 

med ium-sized gross errors 

4 .  control poi nts no . 382 ++ 326 

5 .  hori zonta l control poi n t  no . ·  325 vx = + 360 m 

6 .  image 25 poi nt no . 107 vx = + 360 JJffi 
7 .  image 32 poi nt no . 292 & ,  225 + 292 

321 & ,  226 ... 321 

8. image · 24 po int no . 24� ++ 255 

275 ++ 289 

306 ++ 318 

9 .  vertical control poi nt no . 25 vz = + 1 0 m 

1 0 .  image 7 poi nt no . 300 & ,  340 ... 300 

smal l gross errors 

1 1 .  image 54 point no . 29 vy = + 20 jJffi 
1 2 .  image 50 poi nt no . 117 vx = 60 llm 

1 3 .  control po i nt no . 1 9  vx = 0 . 20 m 

vy = - 0 . 10 m 

vz = + 0 . 1 5  m 

1 4 .  

1 5 .  

1 5 .  

1 7 .  

18.  

1 9 .  

20 . 

21 . 

22. 

images 27 , 28 

29 

images " l  35 

36 

image 22 

images 20 

21 

point no . 49 

poi nt no . 49 { point no. 219 

220 

221 

point no . 122 

vx = + 60 Jl m  

vy = - 120 JJm 

V:J5·. = + 60 JJm 

vy = .+ 120 Jim 

vx = + 150 jJIU 
vy = + 30 jJIU 

vx = - 120 jJIU 
vy = 20 jJIU 

22 point no . 1 52 ++1 53 

vertical control poi nt no . 189 vz = - 0 . 20 m 

image 15 point no . 67 vx = - 130 jJIU 
image 9 point no . 154 vy = + 50 jJIU 
horizontal control point no . 142 vx = 0 . 16 m 

vy = - 0 . 1 2  m 

vz = + 0 .08 m 

vertical control poi nt no .  71 vz = 54 m 

-I. 
0 



Tab l e  1 2  G ross  Errors i n s erted i n to Model B l oc k  M I / 2  ( c f .  F i g .  5 )  

Error Type Po i nt Model Coord . 

No . N o .  No . 

1 ex 6 5  - 458 584/58 1 xyz 

2 ex 272 - 485 330/327 z 

3 ex 1 1 6 - 482 573/569 xyz 

4 g r  380/224 443/439 z 

5 gr 329/2 1 2  342/338 X 

6 0 . 7  1 76 1 84/ 1 80 y 

7 1 1 3  577/573 z 

8 . 1 88 346 /342 y 

9 206 447/443 X 

1 0  1 . 0 1 97 562/559 X 

1 1  2 1 5  1 80/ 1 76 z 

1 2  290 1 65/ 1 6 1  z 

1 3  59 203/ 1 99 y 

1 4  . 7 1  469/46 5 X 

1 5  2 2 1  555/552 z 

1 6  . 1 58 569/566 X 

1 7  1 . 3 92 469/46 5 z 

1 8  . 3 1 7  477/473 y 

1 9  . 1 43 46 1 /457 y 

20 . 1 46 1 92 / 1 88 X 

2 1  . 5 1 5  1 65 / 1 6 1  z 

22  . 1 0 1  3 56 /352 y 

23  1 . 6 29 36 7/363 X 

24 1 70 1 84/ 1 80 z 

25 . 1 28 1 92/ 1 88 y 

26 . 56 363/359 X 

27  . 494 548/544 z 

28 2 0 . 350  435/432 X 

29 5 0 .  3 1 1 349/346 y 

1 1  

S i ze 

-

-

-

+ 1 00 J.lm 

- 80 

+ 60  

- 90  

- 40  

+ 45 

+ 90  

- 90  

+ 1 30 
- 95 

- 50 

+ 90  

- 60  

- 1 1 0 

+ 80 

- 75  

+ 90  

+ 1 6 0  

+ 75 

+ 1 4 0  

+ 1 50 

- 90  

+ 90  

- 250  

+ 1 000  

+ 5 0 0 0  

3 0  1 50 .  1 82 454/450 X + 200000  

3 1  2 .  HO 407 X + 2 . 80 m 

3 2  2 .  V E  1 07 z + 6 . 50 m 

33  4 .  HO 1 94 y + 5 . 00  m 

34 4 .  V E  6 2  z - 1 2 . 00 m 



Fi g .  1 3  Gross  Errors i ns erted i nto Model B l ock M I I /2 ( c f .  F i g . 6 )  

Error Type Point  t·lodel Coord . 

No . No . No . 

1 ex 632 -896 -797 342/338 xyz 

2 ex D 7 1 0/908-200/203 1 99/1 95 xyz 

3 ex 1 76 - 1 79 465/46 1 xyz 

4 0 . 7  395 559/555 " 
J 

5 299 566/562 z 

6 . 683 552/548 y 

7 D 3 4 1 /344 1 84/ 1 80 X 

8 . 1 1 6 / 1 1 9  206/203 X 

9 1 97 / 1 94 1 99 / 1 95 z 

1 0  1 . 0 6 05 2 0 3 / 1 99 z 

1 1  1 79 46 5/46 1 y 

1 2  374 346 /342 X 

1 3  PC 1 69 1 69/ 1 65 X 

1 4  D 5 2 1 /524 552/548 z 

1 5  D 266/269 46 1 /457 X 

1 6  1 . 3 854 435/432 z 

1 7  56 477/473 y 

1 8  2 2 7  46 1 /457 X 

1 9  452 334/330 X 

2 0  D 32/35 588/584 y 

2 1  D 506/503 334/330 X 

22  1 . 6 362  45 0/447 z 

23 . 275 457/454 X 

24 968 352/349 y 

25  PC 359  359/356 X 

26 D 1 9 1 / 1 88 359/356 X 

2 7  263/260 573/569 z 

28 2 . 0  3 1 4  454/450 y 

29 . PC 435 435/432 X 

3 0  T 1 1 54/ 1 25/ 1 22 58 1 /577 z 

3 1  6 . 0  D 1 58 / 1 6 1  1 99/ 1 95 z 

3 2  50 . 0  D 80/83 584/581  X 

3 3  2 . 0  H O  977/974 y 

3 4  2 . 0  V E  458/455 z 

3 5  4 . 0  H O  425/428 X 

36 4 . 0  VE 1 1 66 z 

1 2  

S i ze 

-

-

-

- 20 �m 

+ 40 

+ 25 

- 40 

+ 40 

- 45 

+ 50 

+ 25 

- 22 

- 1 70 

- 60 

+ 30 

- 60 

+ 40 

- 30 

+ 30 

- 75 

- 35 

- 70 

+ 35 

+ 40 

::230 

- 40 

+ 70 

- 50 

- 250 

+ 1 20 

- 250 

+ 1 500  

+ 2 .0 m 

- 1 . 4 

+ 2 . 0  

+ 3 . 0 



Fi g .  1 4  G ro s s  Errors i ns erted i n to Bundl e B l oc k B I / 1  ( cf .  F i g .  7 )  

Error Ty pe Poi n t  Image Coord . 

No . No . No . 

1 ex 1 72/93 6 -

2 ex 29/30 53 -

3 g r  3 1 /32  4 1  ( 3 7 )  X 
4 g r  1 38 / 1 52 34 ( 3 0 )  X 

5 2 '. 0  56 24 X 
6 . 90  1 8  X 

7 1 . 0 4 7  3 8  y 

8 6 3  2 3  X 
9 53  50 X 

1 0  . 1 7 1  52  X 
1 1  . 1 3  1 7  y 

1 2  8 55 X 
1 3  1 1 5  3 3  y 

1 4  1 . 3  1 1 1  26 y 

1 5  2 7  1 6  X 
1 6  1 0  29 X 
1 7  . 8 1  4 5  X 
1 8  1 06 42 y 

1 9  1 . 6 6 1  35  y 

2 0  . 98 5 y 

2 1  46 52 X 
22  3 7  1 3  X 

23 2 . 0  1 0 7  28 X 
24 . 1 49 5 y 

25  1 5  55  y . 

26 83 33 X . 

2 7  2 . VE 38  z 

28  2 ,  HO 44 X 
29 4 . V E  1 47 z 

3 0  4 . HO 73 y 

3 1  6 . 3 5  1 5  X 
3 2  1 8 . 1 4 2  4 7  y 

33  5 0 . 77  20 X 
34 1 50 . 1 62 6 y 

1 3  

S i ze 

-

-

.;. 50 IJffi 
- 1 0 0 

- 40  

+ 7 0  

+ 2 0  

- 35  

+ 20 

+ 2 0  

+ 3 5  

+ 3 0  

- 2 0  

- 2 4  

- 4 0  

+ 2 8  

- 7 0  

+ 3 0  

- 2 8  

+ 40  

- 52  

- 6 0  

+ 60  

+ 90  

- 45 

- 60 

+ 1 . 8 m 

- 1 . 2 
- 3 . 0  

- 1 . 5 

+ 1 50 IJffi 
+ 500  

- 1 0 00  

- 40 0 0  



1 4  

F i g .  1 5  Gross  Errors i n serted i n to Bundl e B l oc k  B I I / 2 ( c f .  F i g .  8 )  

E rror Ty pe Po int  Image  Coord . S i ze 

No . No . 

1 ex 308 - 242 37 - -

2 ex 359 - 342 1 4  - -

3 g r  245/28 1 /3 1 1 4 7  y + 1 5  IJffi 
4 gr  80/79 1 2  X + 2 0  

5 g r  1 1 6 / 1 1 7  50 y - 2 0  

6 gr 1 82 / 1 83/393 7 X + 45 

7 0 . 7  39 1 5 1 X + 1 0  

8 1 20 37  X - 1 0  

9 . 36 7 4 5  X - 1 1  

1 0  . 230  32  X - 8 

1 1  1 . 0 1 86 44 X + 1 3  

1 2  289 24 y - 1 2  

1 3  1 30 48 y + 1 0  

1 4  . 250 32  y - 1 4  

1 5  1 .  3. 1 59 46 y - 20 

1 6  2 1 0  1 3  X + 3 0  

1 7  6 3  27  y - 1 8  

1 8  1 94 5 y + 25 

1 9  69  1 3  y - 20 

20 1 . 6 1 70 8 X -:- 36  

2 1  1 44 48 y + 24 

22  . 1 1 1  1 0  y �- 20 

23 . 232 1 9  X - 22 

24 1 . 0 VE 1 2  - z + 1 4  em 

25 1 . 5 VE 390  - z - 1 2  

26 2 . 0  V E  g r  25/26 - z - 3 0  

27  1 . 5 VE 79 - z + 1 2  

28 1 . 0 HO 2 0  - X + 8 

29 2 . 0  HO 1 93 - y - 3 0  

30 1 . 5 HO gr 7 1 /72  - xy - 1 2  

3 1  2 .  g r  39/40 1 5  xy + 40/- 3 0  IJffi 
32  6 .  g r  1 37/ 1 36 2 1  X - 1 20 

33  1 8 .  55 54 X + 4 0 0  

3 4  5 0 . 1 90 5 / 1 8  xy + 1 000/+1 000  

35  1 50 220  34 y +3000 



Tabl e 1 6  Performance  Stati s t i c s  for Model B l oc k M I / 1  

2 3 4 5 � 7 8 9 1 0  1 1  1 2  

p a rt i c i pa n t  K L B E 0 M G p Q H ·. t s 

p e rfo rmance i ndex I p 6 7 1 1  12 1 3  1 4  1 5  16 18 20 25 3 3  

m i s s ed e r ro rs n m 3 5 8 10 1 1  8 1 2  9 12 7 7 1 3  

d e l . co r rect obs e rv . n c 3 2 3 2 2 6 3 7 6 1 3 1 8  20 

p l o t  of res i dua l s  - - p - - p p p - p p p 

data- snoop i ng D D 

runs  44 7 1 1  3 . 1 4  . . 1 0  1 9 8 

s t ra tegy i ndex I s 4 4 - 2 - 4 4 4 - 4 4 4 

t i m e  fo r i n i t i a l  p rep . I h i  4 1 9 5 . . . 20 

t i me fo r run p rep . l h l  62 7 40 . 40 . . . 20 

llxy . 53 - 75 1 . 5 . 1 . 7 . . 2 . 8  1 . 5 

Jlz 1 . 2 1 . 1 1 . 0 . 2 4 .  . 52 . 54 . 

max v 2 . 2 3 . 0  4 . 9  4 . 9 1 8 . 0  4 . 7 xy 
max vz 3 . 4  2 . 8  3 . 4 1 3 7 .  . 1 25 .  1 53 .  

N e l i m i nated l 1 1 6  1 5  - 1 8  

N not 1 i s ted 1 0  8 5 9 6 7 

...... 
0\ 



Tab 1 e 1 7  Performance  Sta t i s t i c s  for Model B l ock MI I / 2  

2 3 4 5 6 7 8 9 

p a rt i c i pant  L M 0 E H/ 1 B G R s 

perfo rmance i ndex I 1 4 5 6 7 7 7 1 2  24 
p 

m i s s ed e r ro rs n 1 4 5 6 2 5 6 2 9 m 

d e l . co r rect observ . n 0 0 0 0 5 2 1 1 0  1 5  
c 

p l ot of r es i dua l s  - p p - p p p p p 

data -s noop i ng D 

runs  1 2  6 3 1 2  6 1 2  7 

s t ra tegy i ndex I 4 3 2 2 4 - 4 2 2 
s 

t i me for i n i t i a l p rep . l h l . 1 8  . - . 3 1 5  

t i me for  run p rep . I h i 1 1  40 1 0  7 1 0  

il . 1 3 . • 1 3  . .  . . 1 3 . 20 
. xy 

jl . 1 4  . 1 9  . 1 6  . 1 8  
z 

max v . 34 . 45 . . 55 . 54 
xy 

max v . 36 . . 53 1 . 0 . 44 
z 

N e l i m i na ted 3 3 4 0 

N not l i s ted (oo ) 22 1 1  . (oo ) 

-"" 
0') 



Tab l e  1 8  Performance Sta t i s t i c s  for Bundl e B l oc ks  B I / 1  and B I I / 2  

B l  1 2 3 4 s 6 B I I  : 1 2 3 4 s 
part i c i pant c B D A J F F D B c N 

performance i ndex l p 5 7 7 7 a 33. s 7 a 1 1  1 1  

m i ss ed e rrors  nm 5 5 s 6 2 6 4 1 2 6 6 
del . cor rect observ .  nc 0 2 ·: 2 1 6 27 1 6 6 s s 
p l ot of res i dua l s  - p - p - - - - p 

data-snoop i ng D - - - D - - - - D 

groups of add . parameters - 1 1 - 1 1 1 2 

runs a 1 9  3 1 0  6 1 1  4 3 1 8  a 1 1  

st rategy i ndex I s 3 s 2 s 4 3 4 . 2  s 3 7 

t i me fo r i n i t i a l  prep . l h l  1 1 /2 6 1 6 1 /2 

t i me - for run p rep . l h l  5 1 7 . 40 2a 1 . 5 1 4  

A . 36 . 22 . 2 1  . . sa .OS . . OS .· 1 2 . 1 0  Pxy 
A . 6 1  . 53  . sa . 24 . 1 6  • 1 7 • 1 8  . 1 S llz . . . 

max v xy 1 . 3 . 7 1 . 73 1 . 9  . 1 . 9 . 2S . 75  1 . 1 

max v 2 . 4  2 . 4  2 . 4  . z . a  . 62 . . 48 . 63 . ss 
N el im i nated 1 0 1 1 9  0 0 0 0 

N not l i s ted 3 4 3 . 1 1  1 5 . 1 1  9 1 3 

..... 
...... 



Tab l e 1 9  Rel a t i ve Eff i c i ency of Error Detec ti on Procedures  i n  Phas e  1 

M l - 1  M l l - 1 8 1 - 1  
weight fypej 1 2 3 tt- s b '+ 8 9 10 11 -rz. ty�l 1 2 3 If 5 6 'l 8 9 10 -&pel 1 2 3 '+ 5 6 

S" 
lj. 
3 0 
-3 

-ff 12. 11 8 9 12 12. 9 11 11 4 
+ G 1'f 19 16 9 1- 8 8 11 9 12 11 
0 1 1 - to 3 9 12 11 11 7 '7 8 8 tt- 13 
w 1 1 

L 18tf 111 7-6 6¥ 16 '70 92. 9.2 89 91 too 6t; 

n 

¢13." -¥:" 27- 2.3 2.1 1s 3.3 3.1 3.2. 3.3 3.b 2.3 

E IS"9 93 lf9 34' lf9 '+1 69 69 6s" 68 ?9 3/f "I�> 

m in = 3 7 m ax = 11if 

* 11 13 11 1� 1!i g 3 15 12 5" 
+ 1 s 5 5 5 9 15 1r 11 9 
0 1 .2 1 2 2. 3  1 - 6 S 6 1 1 4- 3 4 1 9 
w 1 1 1 

L: 183 ZS" '1S �l Jl 8t rs 88 101t 61 

¢ 13.1 3.5" 3.1 3.8 3.8 3." 3.1 3.1 lf-.3 l.S 

E 1 6b  61 '16 'lo 9o 63 If{, b5" 8'1 lt- "lo 

m in = .lf.l m ax == A13 

�����;�;; r.ll 

.ff 9 8 9 9 '+- � 
+- 6 � '7 6 13 7-
0 1 1. 3 
- 5 3 4 4 2 6  

w 1 2. 1 1 

! I "  " to  69 7-8 62. 

IZ)I3.1 3:1 3:3 3.3 3.?- J.o 

E 151 51 Go S8 78 'fl % 

m in= 4-3 ' max' == 88 

@���������!l!�!������� 

8 1 1 - 1 
fJp� 1 2. 3 If. � 

If 6 11 1o 1o 9 
+ 8 10 8 3 8 
0 2.  2. 3 1 
- 6 1  2 6 '-f 
w 

L. lh8 95" 18 7-1 80 
¢ 1 3.1 4.3 ft..o 3.2. 3.' 

E 12.¥ 97- 98 SZ 51- % 

rnin = 59 mttx=j(, 

<{ ��i����� II :;�;�;�; �T I 
30 5"0 tO 1oo E% Q 0 ClJ 0 0 3'o --So 70 100 E "!o 

:l = L ntype ,. weigh-t-type ) ¢ = L.. / L 'Yii;ype ; m in, rn a. >< = Im/n (weiJ�t) J I. ma..>< {weigM) reach ed ; E[%] = 100 · L. - m in 

• "'" w i th cLo.to.- s 1'\oo pi V\�J_ .. 

Q) 



Tab l e  2 0  Strateg i es f o r  Adj ustments wi th I ndependent Model s ,  
Sequence of Steps 

2 3 4 5 6 
p a r t i c i pa n t  E G H K L M 
s t r i p  adj us tmen t 2 2 

- w i thout CP 1 1 
s t r i p  con nec t i on 2 2 3 
s ubb l ocks 2 

- w i thout CP 1 
b l oc k  adj u s tment 2 3 3 4 4 3 

- w i thout CP 3 
p l o t of res i d ua l s  X X X 

s t ra tegy i ndex l 2 4 4 4 4 4 s 

Tabl e 2 1  Sta rteg i es for Adj ustmen ts wi th Bundl es , 
Sequence of Steps 

2 3 4 5 6 
pa r t i c i pa n t  A B c D F J 
re l a t i ve o r i en t . 1 1 1 
resect i o n 
s ca l e  t ra n s f e r  2 
a b so l u te o r i ent . 3 
s t r i p  adj u s tmen t  2 2 2 

- w i thout CP 
s t r i p  connect i on 3 3 2 3 
s u b b l oc ks 

- w i t hou t CP 
s u b b l oc k  connect . 
b l oc k  adj us tmen t 4 4 3 2 1 ) 4 4 
p l o t o f  res i d ua l s  X X 

s t ra t egy i ndex [ 5 s 5 3 2 4 4 

l ) au toma t i c  p rocedu re 

7 8 9 
0 p R 

1 

2 

2 3 
X X 

2 4 2 

7 
N 
1 
3 

2 

6 
4 
5 
7 

7 

1 9  

1 0  
s 

X 

2 



2 0 

Tab 1 e 2 2  React i ons on  Errors i n  Model B l oc k  M I / 2  

ERROR TYPE SIZE PARTICIPANT 
NO.  11 22 3 4 5 

1 6 0 . 7  6 0  y - - - - -

2 7 0 . 7  9 0  z - - - - -

3 8 0 . 7  4 0  y - - - - -

4 9 0 . 7  4 5  X - - - - -

5 1 0  1 . 0 90 X - - - - 100 • 
6 11 1 . 0  9 0  z 130 + + llO + 100 0 100 • 
7 1 2  1 . 0  130 z - - - - -

8 13 1 . 0  9 5  y - - - - 80 + 

9 14 1 . 0  5 0  X - - - 50 0 50 + 

10 15 1 . 0  9 0  z - - 82 + 100 + 80 + 

1 1  1 6  1 .0 60 X - - - - -

12 1 7  1 . 3  llO z 130 + + 134 + 150 0 140 + 

13 18 1 . 3 80 y 90 0 - 77 + 80 II 80 + 

14 19 1 . 3  7 5  y 70 0 - 82 + 75 + 80 + 

15 20 1 . 3  9 0  X - - 1 1 2 + 75 + 80 + 

16 2 1  1 . 3  160 z 160 + + 164 + 16o n 170 + 

17 22 1 . 3  7 5  y - - - 50 0 -

18 23 1 . 6  140 X - - - - -

19 24 1 . 6  150 z 160 0 0 150 + 100 + 1 6 0  + 

20 25 1 . 6 90 y 90 + - 1 1 2 + 1 00 0 100 • 
21 26 1 . 6  9 0  X 75 + - - so 0 80 + 

22 27 1 . 6 250 z 240 + + 262 + 250 0 230 + 

23 31 2 HO 2 . 8  X - - - 3 .  + -

24 32 2 VE 6 . 5  z - - 5 .  • 1 0 .  + 7 .  + 

25 33 4 HO 5 . 0 y - - - s .  + 6 .  + 

26 34 4 VE 1 2 . 0  z - - 10 . • 10 • • 10 • •  
27 28 20 1000 X 1000 + + 1000 + 1000 + 1000 II 
28 29 5 0  5000 y 5000 + + 5000 + 5 000 + 5000 II 
29 30 150 20000 z 20000 + ? 20000 + 20000 II 20000 II 
30 1 ex - 0 II II II II 
3 1  2 ex - 0 - + 0 0 
32 3 ex - 0 0 0 II II 
33 4 gr 100 z 100 Ill - - X X 
34 5 gr 80 X - - - - -

no . of deleted correct observ. n 0 3 4 5 1 c 
no . of missed gross errors nm 18 25  16  10 10 
Performance index I = · n + n 18 28 20 1 5  11 . P  c m 

l o nly check of model connec tions t only strip adj ustment 
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Tab l e 23  Reac t i on s  on Errors i n  Model Bl oc k MI I / 2 

ERROR TYPE SIZE PARTICIPANT 
NO , 11 22 3 4 5 

1 4 0 . 7  2 0  y - - - - -

2.  5 0 . 7  4 0  z - - - - -

3 6 0 . 7  2 5  y - - - - -

4 7 0 . 7  D 4 0  X - - - - -

5 8 0 . 7  D 40 X - - - - -

6 9 0 . 7  D 4 5  z 55 0 - - + -

7 10 1 . 0 50 z 70 + + - + -

8 1 1  1 . 0  25 y - - - - -

9 1 2  1 . 0  22 X - - - - -

10 13 1 . 0  PC 170 X - - - - 170 + 

1 1  14 1 . 0  D 60 z - - - - -

12 15 l . O D 30 X - + - - -

13 16 1 . 3  6 0  z - - - - -

14 1 7  1 . 3  4 0  y - - + 4 5  ? -

15 18 1 . 3  30 X - - - - -

16 19 1 . 3  3 0  X - - - - -

17 20 1 . 3  D 75 y - - • - -

18 21 1 . 3 D 35 X - - - + -

19 2 2  1 . 6 70 z 80 0 - - 0 -

20 23 1 . 6  35 X - - - 0 40 + 

21 24 1 . 6 40 y 55 0 - + 35 ? 50 + 

22 25 1 . 6 PC 230 X - - + - 210 + 

23 26 1 . 6 D 40 X - - - - -

24 27 1 . 6  D 70 z 70 0 - - 0 -

25 28 2 50 y + - - 0 60 + 

26 29 2 PC 250 X - - - - -

27 30 2 T 120 z 80 0 - - - -

28 33 2 HO 2 . 0  y - - - 0 -

29 34 2 VE 1 . 4 z - - - + 1 . 4  + 
30 35 4 HO 2 . 0 X - - 0 . 6  0 + 0 . 6  + 

31 36 4 VE 3 , 0  z - - • + 3 . 6  + 

32 3 1  6 D 250 z 135 0 0 250 + + 260 + 

33 3 2  50 D 1500 X - - + + 1500 + 

34 1 ex 0 0 # II II 
35 2 ex # II IJ II II 
36 3 ex 0 0 IJ 7 II 

no. o f  deleted correct observ. n 2 0 8 2 1 c 
no . of mis sed gross errors nm 

2 5  30 25 18 23  
Performance index I .. n +n 27  30 33 20 24 

p c m 

1 o<.ly =heck of model connections 
' only strip adj ustment 
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Tab l e 24 React i on s  on Errors in Bundl e B l oc k  B I /2 

ERROR 
TYPE SIZE 

PARTICIPANT 
NO . 1 2 3 4 

1 7 1 . 0 20 y 50 + 4 2  + 40 + 40 + 

2 8 1 . 0 35 X - - - 4 0  0 

3 9 1 . 0  20 X - - - -

4 10 1 . 0  20 X ? - - -

5 1 1  1 . 0  3 5  y - - - -

6 12 1 . 0 30 X - - - -

7 1 3  1 . 0 20 y - - - -

8 14 1 . 3  24 y 80 + - - 40 + 

9 15 1 . 3  4 0  X - - - -

10 16 1 . 3  28 X - - - -

1 1  1 7  1 . 3  7 0  X - - - -

12 18 1 . 3  3 0  y 65 + - - 30 + 

13 19 1 . 6  2 8  y 50 + - - 50 + 

14 20 1 . 6  4 0  y - - - 30 0 

1S 21 1 . 6  5 2  X 130 + !  - 7S o l 4 0  + !  

16 22 1 . 6  6 0  X - - - ( 70 ) 0  

1 7  23 2 . 0  6 0  X so + 39 + so o 1  60 0 
18 24 2 . 0  9 0  y 80 + 90 + 100 + 100 + 

19 25 2 . 0  4 5  y 80 + - - 60 + 

20 26 2 . 0  6 0  X so + 58 + 50 + 60 + 

21 5 2 . 0  4 0  X 50 + 4 S  + ( S0 ) 0 1  60 0 

22 6 2 . 0  7 0  X 50 + - 7S o l ( 8 0 ) 0  

2 3  2 7  2 . 0  VE 1 . 8 z 4 . 0 . - - 2 . 4  + 

24 28 2 . 0 HO 1 . 2 X . 8  • - - -

25 29 4 . 0  VE 3 . 0  z - 3 . 0  (J 2 . 0  + 3 . 0  + 

26 30 4 . 0 HO 1 . 5 y 1 . o e - - 1 . 0 + 

27 3 1  6 150 X 300 + 1 5 S  + 1SO + 150 II 
28 3 2  18 soo y 1000 + 488 + soo + soo II 
29 33 so 1086 X 636 0 S2S + 1000 o 1  ( 1000 ) 0  

30 34 150 4000 y 4000 + 4 000 (J 4000 + 4 ooo n 

3 1  1 ex - II (J # n 
3 2  2 ex - n (J II II 
33 3 gr 50 X - - - -

34 4 gr 100 X 6S X 50 X 100 X ( 1 20)111 

no. of deleted correct observ. n 7 0 3 6 
c 

no. o f  missed gross errors nm 
12 2 1  1 9  1 1  

Performance index I .. n + n 19 2 1  2 2  1 7  
p c m 

1 being aware to pos sib ly rej ec t an error free observation 
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Tabl e 25  Reac t i on s  on Errors i n  Bundl e Bl ock B I I /2 

ERROR 
TYPE SIZE 

PARTIC IPANT 
NO, 1 2 3 4 

1 7 . 7  10 X 4 5  0 - - -

2 8 . 7  1 0  X - - - -

3 9 . 7  ll x - - - -

4 10 . 7  8 X - - - -

5 1 1  1 . 0  1 3  X - - - -

6 12 1 . 0 12 y - - - -

7 13 1 . 0 10 y 70 + - - -

8 14 1 . 0 14 y - - - -

9 15 1 . 3  20 y 20 + - 20 + 20 + 

10 16 1 . 3  30 X + 22 + 35 o 1 ( 4 0 ) 0  

1 1  1 7  1 . 3  1 8  y 30 + 22 + - 20 + 

12 1 8  1 . 3  2 5  y - 25 0 20 + -

13 19 1 . 3  20 y 40 + 33 + 30 + 30 + 

14 20 1 . 6  36 X ( 50 ) 0  - 4 5  o ' ( 4 0 ) 0  

15 21 1 . 6  24 y - 35 + 35 + 30 + 

16 22 1 . 6  2 0  y 50 + 21 + 21 + 20 + 
17 23 1 . 6  2 2  X 20 + 15 + 20 + 30 + 

18 24 1 . 0  VE . 14 z • 0 - -

19 25 1 . 5  VE . 12 z • . 26 + . 25 + . 23 + 
20 26 2 , 0  VE gr . 30 z - - - -

21 27 1 . 5  VE . 12 z - - - -

22 28 1 . 0  HO . 08 X • . 12 + . 1 1 + . 1 2 + 

23 29 2 . 0  HO . 30 y . 30 fl . 27 + . 25 + . 28 + 

24 30 1 . 5  HO gr . 12 X/Y - - - -

25 31 2 .  50 x/y - 34 O !  - -

26 32 6 .  120 X 100 + ( 1 1 8 ) +  100 o ' r 100 0 

27 33 1 8 .  400 X 400 + ( 4 02 ) +  4 00 o ' 400 II 
28 34 s o .  14 14 x/ y ? + 1400 + ? 0 14 14 # 
29 35 150 . 3000 y 3ooo n 3000 + 3000 + 3ooo n 
30 1 ex - II n + fl 
31 2 ex - n n II fl 
32 3 gr 15 y - - 18 + 

-

33 4 gr 20 X - - -
-

34 5 gr 20 . Y - - -
-

35 6 gr 4 5  X - - -
-

no. of deleted correct observations n 
c 

23 2 0 1 

no . of missed gross errors nm 16 17 17 18 

Per formance index I • n + n 39 19 17 19 
p c m 

I being aware of poss ibly rej ec ting a correct observation 
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Tabl e 26 Emp i r ica l  Effi c i ency and Fea tu res of Erro r  Detec t i on Procedures 
Phase 2 

a )  Model Blocks 

MI/2 

y y w 
S I ZE 1 2 3 

0 .  7 0 0 , 0  

1 . 0 . 14 . 14 . 29 
1 . 3  . 6 7  . 3 3 . S 3  
1 . 6 . so . 40 . 60 
2 . 0 - - -

D + + + 
s - - -
A - - + 

n 0 3 4 
c 

n 1 S  2 S  1 6  Li_j_ 1 S  2 S  20 

b )  Bundle Blocks 

z X 
SIZE 1 2 

0 . 7 - -
1 . 0 . 29 . 1 4 
1 . 3  . 40 0 
1 . 6 . so 0 
2 . 0 1 . 0 . 6 7  

D + -

s + + 
A - + 

n 7 0 
c 

n 1 2  2 1  
m 

I 1 9  2 1  
p 

D :  data-snooping 

S :  self -cal ibration 

BI/2 

v 
3 

-
. 1 4 

0 
. 2 S 

. S 3 

+ 
+ 
-

3 

1 9  

2 2  

u 
4 

0 

. 4 3 
1 . 0 
. s o  

-

-
-
-

s 
10 

1 S  

u 
4 

-
. 29 

. 4 0 

1 . 0 
1 . 0 

-

+ 
-

6 

1 1  

1 7  

A :  automatic weight reduc tion 

T 
s MIN cp 

0 0 0 

. 7 1 . 14 . 34 

. S 3 1 . 3 3 . 73 

. so . 40 . 6 S  
- -

+ 
-
-

1 

10 

1 1  

MIN cp 

- -
. 1 4 . 2 1  

0 . 20 

0 . 4 4  
. 6 7  . S 7  

MAX 
0 

. 7 1  

1 . 0 
. so 

-

MAX I 
-

. 29 

. 40 

1 . 0 

1 . 0 

MII/2 

y y w u T 
1 2 3 4 s MIN cp MAX 

. 1 7 0 0 . 1 7 0 0 . 06 . 1 7 

. 1 7 . 3 3 0 . 1 7  . 1 7 0 . 1 7 . 3 3 

0 0 . 3 3 . 3 3  0 0 . 1 3 . 3 3 
. so 0 . 3 3  . 6 7  . so 0 . 40 . 6 7  
. 6 7  0 0 . 3 3  . 33 0 . 2 7  . 6 7  

+ + + - + 
- - - - -
- - + - -

2 0 s 2 1 

2 S  3 0  2 5  1 S  2 3  
. 

2 7  30 33 20 24 

B I I /2 

z X v u MIN cp MAX 
1 2 3 4 

. 2 S 0 0 0 0 . OS . 2 5 

. 2 S 0 0 0 0 . OS . 2 S 

. so . so . so . so . so . so . so 

. 7S . 7 S 1 . 0 1 . 0 . 7 S  . ss 1 . 0 
- - - - - - -

+ - + -
+ + + + 
- + - -

2 3  2 0 1 

1 6  1 7  1 7  1 8  

3 9  1 9  1 7  1 9  I 
n : no . of deleted correct observations 

c 

n
m

: no . of missed gro s s  errors 

I : no . of wrong dec i s ions 
p 

Performanc e  Index I =n +n 
p c m 



Ta bl e 2 7  Abs ol ute Acc u racy o f  Cl eaned Bundl e B l ock s  i n  Pha s e  2 

Data-Snooping 

Points Not L i s ted 

P�ints Compared 

€ max [m] xy 
€ max [m] z 
llxy 

[m] 

Pz [m) 

E: max l lJ  xy xy 
£ max I lJ z z 

..... 
[m] llxy 

"' [m] lJZ 
Oxy I llxy 
8 [lJm] 0 

8 o I ao 

1 /U 
-

6 

1 5 9  

1 . 4 3  

2 .  7 1  

. 27 

.44 

5 . 3  

6 . 2 

-

-

-

5 . 7 

1 . 4  

BLOCK B I I 2  

2 /X 3 /V 4 /Z 1 /V 
- D D D 

7 5 10 7 

158 160 155 369 

1 . 4 1  1 .  75 1 . 44 . 14 

2 . 6 1 2 . 6 2 3 . 04 . 36 

. 36 . 39 . 37 . 038 

. 56 . 64 1 . 22 . 076 

3 . 9  4 . 4 3 . 9  3 . 7  

4 . 7  4 . 1  2 . 5 4 . 7  

. 18 . 13 . OS . 012 

- . 28 . 10 . 0 2 7  

. s o . 3 3 . 14 . 3 2 

7 . 9 6 . 5 3 . 5  3 . 3  

2 . 0  1 . 6 0 . 9  1 . 6 

BLOCK B I I I 2  

2 /U 3 /Z 
- D 

1 8  9 

358 367 

. 1 9 . 1 7 

.40 . 38 

. 04 0  . 045 

. 07 2  . 08 3  

4 . 8 3 . 8 

5 . 6  4 . 6 

- . 005 

- . 01 0  

- . 1 1  

3 . 5  2 . 7  

1 . 7  1 . 3 

4 /X 
-

1 3  

363 

. 15 

. 29 

. 043 

. 108 

3 . 5 

2 . 7  

. 025 

. 060 

.48 

3 . 8  

1 . 9 

1\) 
01 



F i g .  1 Gro s s  Errors i n serted i n to Model B l ock M I / 1  ( c f . Tab . 8 )  
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F i g .  2 G ross  Errors i n serted i n to Model B l oc k  M I I / 1  ( c f .  Tab .  9 )  
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F i g .  3 Gross  Errors i n serted i n to Bundl e B l oc k B I / 1  ( cf .  Tab . 1 0 )  
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F i g . 4 Gross  Errors i n s erted i n to Bundl e B l ock B I I / 1  ( c f .  Tab .  1 1 )  
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F i g .  1 0  

a )  

b )  

Add i t i ona l  Parameters for Bundl e B l oc k B l /2 
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Fig . 1 1 :  Performanc e  of error detection in pha s e  1 
number of n of not found gro s s  errors and m 
number n of erroneously e l iminated correct c 
ob s ervat ion s . 
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F i g .  1 2  Reacti on s  on Gross Errors i n  Phas e  1 

1 
2 
2> 
4 
5 
b 
7 
8 
9 
10 
11 

12 
13 
�4 
1S 
1(, 
17 
18 
19 
2fJ 
11 
21. 
23 
2if 
25 
u 
21-
2B 
nm 
nc 
Ip 

1f correcfed + e limin a t ed 0 fou n d  - n o {  fou n d  

M l - 1  
1 2 3 4 5 b 1- 8 9 10 11 12 
-H- +- + + + + + + -1- + + +  
+t- -1- + + + + + + + -t- + + 
+t -H- + + +t fHf +t- +Hf- + + 
+1- +I- + + -H- -H- ff -H- i+ -H- if + 
-H- +r + + tt -H- ff- it ft +t- ff +  
+1- -t+ + + * -ff- it -ff ff- if If if-: 
-1+- -H + + + - +t- +f i+ ff- H -

- - - + + +- - - - - - -

H- + + + Tl- fHf H- + -H- ++ H-
+f +f + + H- H- it it i+ ff- ff + 
+ + + + + + + + + + + +  
-H -H- - - +1- +f ft +t H H- ff -
+f ff  - - + # ff +l- + fi- -H- H-
ff +f + + ff fi- +1- f+ +t ft +J- -H-
- - - - - - - - - - - -
- + + - - - + + - + + -
- - - - - - - - - - - -
- -ff- - - - - - - - - +1- -
+ + + + + + + + + + + -
+ + + - - + + + + + + +  
+ -H- + - + · -11- +f- H- 11- if- +  
- + - - - - +f ff- - - · -
- + - + - - - - - - - -

+ + + - - - - - + + + + 

- + + - - - + + + - + -
+ + + + + + o o + + + + 
- + - - - - + + + - + -
- + + + - - - - - + + -

10 3 9 12 11 12. f 7 8 8 5 13 
2 3 7- 6 2 3 13 18 6 3 2 2C 
12 6 16 18 13 15 20 25 14- 11 f 33 

M 1 1 - 1 
1 2. 3 '+ s 6 7 8 9 10 

1 -If f+  fHf f+ -H- + If H + 
2 +1- +1- +Ht- H- ff- o H ff- H-
3 ft ff- H ff ff ff -H- ++ f+ +  
4- ff +t- ff H H H + H- H ft  

5 -H + + H ++ + + ff + + 
b ff + + +t +t- + + + + + 
'7 +1- -If ff +H+ ff- - +f- ff + 
8 +f- + + H H + + + + +  
9 +1- +f +l- +t- # H- ff ff f+ ft  

10 

11 
11 
13 
1Lf 
15 
1{:, 
17 �8 
19 
� 12.1 
22 
23 �" 25 
n,., 
nc 

]p 

-H- -H + -H H o + +t- +1- +  
. . .  . . . . 

H H +I ++ f+ o # +f fl ff-
+t- + + H- H + + • + + 
ff- ff H H- ++ + + +t- +f- +  
tt -H- o + + + o +t H -
+1- +H+ o o +t o +f- +1- -H-
ff ff -/t ti- tf- ft + ft ft -
- + - -!- + + + - + -
- - - · · - - + + -

+ - - + + + + + + -
+1- ft  H H H- ff +  H + - ' 
- - - + + - + - + -
- - - - - - f +f f _ I 
- - - 1- + + + - + -
- o/.3 13 � 2h - - - - ·%  

6 5 6 l 2 '+ 2 5 1 g 
0 0 1 5 5 0 10 2 0 15 
6 5 7 ? '7 Lf 12 '1- 1 2'+ 

wrongly c.orre c.f e d  

B 1 - 1  
1 2 '3 4- 5 6 , 

1 -H- +1- -H- H- o +  
2 +1- ff H H o +t  
3 H H H H H -H-
4- I+ H H +t ff H-
5 -H- +f # f+ + -
6 I+ H f+ ff- H H 

? +1- -H- t+ ++ + + 
8 + • + o + o 1 
9 ff- ++ H +f H- H i 

10 if + ff H + +I 
11 - - - - - - 1 
12 - + + - + + 
13 - - - - + -
1'+ - + + + + -
15 + + + + + o �b + + + + + + 
17 - - - - + -

118 + + + + + + 
19 + + +·· + + +  I.Zo + + - + + - ! �1 . • . •  - ol  I ! 
nm 6 5 5 5 2 6  
n, 1 2 2 0 6 11  
Ip 7 7 ? 5 8 33 

nm m issecl.. error-s 

8 1 1 - 1 
1 1 3 '+ 5 

-1 -ft +I H H H  
2 + -H- H- H +t  

3 +- ff- ff- H +f  
'+ +1- Tf H- # tf-
5 +1- H # +f # 
6 ++- +- + + + 
7 -lt ft -H- ff +t-
8 -H- -ft # Tf #.  
9 + # -H- H +I-
10 
11 
12 
13 
14 

+ +1- H H + 
- - - - -
- + o - -
- + + - + 
+- + + + +  

s o + - o -
16 + + + O -
17 O .ft if- H +f  
18 - + + - o  
19 + + o o + 

0 - + + - +  
1 - + + - +  

22 + H + + +  

n"l 6 1 1 (, 4-
nc 5 6 6 5 1 
Ip 11 '7 8 11 5  

n c  erro n e o usly e lim i no.iec( c o rrect o b.s e rv�Ho n s 

Ip = n.., + nc. Pe rfo rm a. n ce i n d e J<  
{no. of wro n g  dec is ions) 

/ 

CN 
� 



F i g . 1 3  Stat i s t i c s  of Reac t i on s  on Gross  Errors i n  Phase 1 
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F i g . 1 4  True Errors of Model B l oc ks M I / 1  
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F i g .  1 5  True Errors of Model B l ock s  M I I / 1  
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F i g . 1 6  True Errors of Bundl e B l oc ks  B I / 1  
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