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1~. br:>tract : 
A simple procedure is proposed for independent models aeriaJ 

triangulation, in ":hich the c0nnexion of the projection centers 
is imposed onJv on the Z coordinate . After some iterations the 
results appear well comparable with those obtained by conventio 
na l procedures; H comparison is reported with some ones of them 
i n a small bloc k of strips. 
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In d e n end en t . · '! ci e 1 s ·.- · i t h l r o _, e c t i on ; en t e r ::' 
cor1nected onl_,,.. ln. l~c;i_(J·r~t 

larl~ felt in the n1 Rn imetric ~ 0 Y 0 coorJinatcs, while the : 0 

c '! o r ·J l ' 1 n t e s P em s t r) r e 1 e s , in f' l u en c e d by t he v s. r i n t i ) n ~:; i r: t l1e 

r'-J"':ern's c;. ttitud e . In some exne..c iments wt-1 ic i1 --:e or e s ent i n [1no 

··- ner ll~ · "'P'" r,l 
• i l ,; ~ • t-' ..J J. l I J 

'• ot .Jer er:din - on t he 1T:C.1 ,•~nitude or t b e 1 w }{_ 

sed ta the camera. 

be extentJeJ t o mo.n:,r other clnFl.o -·i c:·1l pio tter~::, excepted tb as--o 

·:,.l1 ere th E-: ~J/""'1: r:: 1 
.. ' .1 .... . : 

complete ly d ifferent speech is t o t'e done for ana lytica l 

plo tt e r s, where the PCs' coordinat es are computed in each model 

by space resection • .But if we analyze the causes of unaccuracy 

i n their computation like too big variations in the b b y z 
components and in the ~~ w >t attitude in had fliphts - we 

st ill find that most of t heir effe cts are worse on the X0 Y0 ~ o 

ordinat e;::; t !-Je ~: ::m the Z 0 on e . 

ord inn.te::; :yf -tne H-:s ~.r e cener811y ·· ·on-; e thc:.n the ;J~timetric 
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ones . 

? . - Prom these considerations naturalJy comes out 

the question , if we can avoid the use of the planimetric X0 Y0 

coordinates for the bridging of indeoendent models , and limit 

the PCs ' connexion to the Z0 coordi;:ate . 

In fact , if no connexion of the PCs is considered , one only 

degree of freedom approximately a ~ rotation - remains 

undefined ; therefore one only equation is sufficient to comple 

te the full orientation of the second model on the first one . 

Now , there is no doubt that the cormexion on the three X0 Y 0 Z0 

coordinates is much stroncer than in Z0 only ; this is mainly 

due to the fact that the X0 connexion zives a 1st order tie , 

while the Y0 and Z0 ones cive a 2nd order tie . 

However , if there are no contrary causes , also a 2nd order 

constraint is enough to correct an imperfect attitude ; it is 

something like the equilibrium of a bicycle , v:hich is kept by 

the very weak couple given by the wheels ' rotation . Now , in our 

problem not only there are no contrary stresses , but there are 

very frequent favourable conditions - given by transversal tie 

points , ground controls , zenithal an~les , etc . - which help 

the Z 0 connexion to fix the correct ~ attitude , des pite its 

we akr1e ss . 

"ie presume therefore that a block computation by independent 

models can be done introducing only the heights of the Pes , and 

that the general accuracy of the aerial triangulation may have 

some advantage from this approach , or at least a negligible 

loss . This should be part i cularly true in analogical aerial 

triangulation , where the instabil i ty of the PCs ' planimetric 

coordinates is really dangerous ; and is certainly true in block 

triangulation with uniformly distributed controls . 
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3 . - It would be extremely complex to give an analyti_ 

cal f ull demonstration of what above , and maybe it isn ' t worth 

while . We have preferred to set up an experiment , which should 

at least empirically show that it is possible to use only height 

connexions on the Pes in blocks with uniformly distributed con_ 

trol points , without significant loss of accuracy in the final 

results . 

The experiment i s set up as follows : 

i ) - observation of a little block of strips with the inde 

pendent models technique . The block (see Annex 1) is derived 

from a larger one employed for the 1 : 5 , 000 technical map of the 

Regione Toscana (flights 1977 , Zeiss &YK 23 A camera , 6 " focal 

length , relative height"'2200 m, photo scale rv 1 : 13 , 000; 4 short 

strips , each one of 4- 5 models , for a total amount of 17 models ; 

24 control point almost uniformly distributed on the whole sur 

face of the block ; observations done at an o:.~r AP/C, one pass , 

with " independent models" program ; 6 pass- points , and 2-4 trans 

versal tie- points in each model) ; 

ii ) - adjustment and computation of the whole block perfor_ 

med with 5 different procedures : 

A. 

B. 

c . 
D. 

Ackermann procedure 

King procedure 

Schut nrocedure 

[3] 

[4] 

[2] 

TABLO procedure (rigid bridged models) [5] 
E . - TA~I 1 procedure (rigid independent models with 

connexion of the PCs alternatively in height and 
planimetry in 6 successive iterations) ; 

F . - TAMI 2 procedure (rigid independent models with 
connexion of the PCs only in height i n 6 success i ve 
iterations) ; 

iii) - comparison of the coordinates of each computed point 

obtai ned with the above 6 procedures . The differences are repor_ 

ted on synoptic tables , separately for ground points (full con 
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trols, single heights), and for the pass- and tie-points (see 

Annex 2; due to space shortage, only a sample table is reported 

here). Their mean absolute values are reported in the following 

table: 

MEAN ABSOLUTE RESIDUALS ON THE " .1 POINTS 

(control and ground point s ) 

A B c D E F 

11;1 (X) • 26 • 36 • 21 • 41 • 3 6 • 3 7 

ril (Y) • 22 .25 . 22 . 29 • 3 7 • 3 0 

~~1 (Z) . 33 • 41 ' • 31 • 44 • 3 9 . 32 

MEAN ABSOLUTE DIFFERENCES ON THE " . 2 POINTS " 

( pass and tie points ) 

A 8 c D E F 
fil (X) 0 • 13 • 2 7 • 4 7 . 50 • 51 

~~l (Y) 0 . 22 • 28 .30 .56 • 56 

ra (Z) 0 .17 .34 • 35 • 41 . 40 

iv) - a synthetic comparison of the results obtained in the 

heights definition - the most important ones - is reported in 

Annex 3, where the differences with the ground and with the 

Ackermann heights in the above procedures are described by con_ 

tours . Due to space shortage, here also only t wo contour maps 

- the TAl'~I 2 vs . ground heights, and the TAl'!ii 2 vs. Ackermann 

heights - are reported (the remaining ones may be issued on 

request) . 
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4. - From the above results the following conclusi 

ons may be drawn: 

a) - the differences obtained by independent models with con_ 

nexion of the PCs only in height, and the remaining procedures 

as specified in 3, ii), are unsignificant for practical carto 

graphic purposes; 

b) - similarly unsignificant are the differences in the co 

ordinates obtained from each one of the six methods specified 

in 3, ii). We may say that for cartographic purposes anyone of 

these methods - and any good modern method - is equally good. 

Acknowledgements 

The observations of the vvhole block at the AP/C, 

the computations with the D, 3, F procedures, and all the ta_ 

bles and drawings were prepared by Tir. G. Giorgetti, for his 

graduation thesis as Engineer at the University of ~4..ncona. \."ie 

express him our gratitude. 

~ 'ie thank also Prof. I". Cunietti, Geom. I,. Luchini and Geom. 

G.L. Pelacani, who kindly performed the block computation with 

the A, B, C procedures. 

References 
l1] - BIRARDI, G. - Computing and checking the projection 

centers in analogical plotters - Presented paper, XIV Congress 
of the ISP, Commission III, Hamburg, 1980. 

[2] - ACKERI '~ANN, F. et A. - Block triangulation with indepen
dent models - Photogrammetric Engineering , 1973, pag. 967 sgg. 

[3] -KING, C. ',',1.B. -Programming considerations for adjustment 
of aerial triangulation - Photogrammetria, 23, 1968. 

I4J - SCHUT, C.H. - A Fortran program for the adjustment of 
strips and blocks by polynomial transformation - N.R.C. of Cana 
da, AP-PR 33, 1966. 

[5] - BIRARDI, G. - Calculation of a block of strips based on 
uniformly distributed control points - Presented paper, X Congress 
of the ISP, Lisboa, 1964. 

363 



JO 3> 
;;-·--------

1 J4 
ll 

I 

~- ---- ----=::::~~~- -~ -_-- ~=-\\ 
-UH4.0 

<> ... 120 

\ 

.. ,;f\ 
I I 

'V •• ..,10 

I 
I 

4111SO 

_ :~e6UO ~ 4CI6J50 

46-8250 Ill 

I 
0 

" 

\ 
I 
I 

.. - ---
I 

I 
411CI40 

?.wof 
- __ , -; -- --~---- .~~.~~- --c·rco --- · ~ i- -~-= 

__ l :··t~~~\ ·--I 

<> Jl I .c71o1o 

----+---'-1 __ __.._... ~-__ _.._---- ___ , 
I 

I 
I 

0 
U1Ci& 

'i 
~ 
0 

I 
I 

I ' 
.. , .. 0 

I 

,_-

41tl50 

--- --I 
I 
I ••• , .. 1) 

I 
I 
I 

I .. ~10 
I 

I 

; 

· -

. 
0 

_, ______ J_ . 
,-- ~ 470851.. \ 'i 
I ou ... 

'Ill 
470150 , · ~r'o 

I 
I 
I 

\ 
i 

. 

Von " 

_ .. 0310 • - ~~ 
\ 

• 470140 

____ _ j\ __ ·j""•o 
-

1 
_____ : --~~~ro \ -~---- - I _) 

I 

I 
I 

~750 
I 

I 

I I I ..... ~0 I 
I 

I v••: 
\ 

I 

I : 
I I • 0!840 

I I 

4N710 

I 

I -tl7050 '" "o'o 
I I I 

I I I 

" - ----;-,:.l 

---!!~ 

! 

I 
! 
! 

- ___ _ ,, __ i 

I 

------23 -i 
I 
I 
! 
I 
! 
I 

----·-2,~ 

i 
-·-·-- 2'~ • 

I 
---- t~- ~ 

l 
l 
I 

:~ 1 
I 

\ 
I 

I 

I 

I 
I 

I I 
I I I 
I I 1 
I I I 
I I 1 

I 
I 

I 
I 

I 
1 
I 
I 
I 

I 
I 
I 
I 

! 

----- !--- ' &~ ----1 
I 
I 

I I 

49716o0 ....._____.f.---·'-'•..cl!,.l6,._0 --;II; -----:-1-----::~--------.l' -----1----...J 
I I 4 D811 f' O. 

---- _·::: -----~"~""_'_· -...- ~-- I ---~ ~--
csitco 

I I 
~ -- I 

--- ~-...L.... --

364 

4Ul&O I 



}( ~; I z~- 1 'l ... 
· "U'..:!!O..O 0 () .ol...fl:?.: .... ,cr.o. 

·-£--t ~ 

A IJP.PD. 6 s· {; 1. fl 1·1.P. 9.<:': ij &x I Av i~z ~ nof.:e 

~--~&8 ~ '• B ')"PJ'D fc {;}...o!.. -11J.!r; !A-a o./5 -o.os- _o,/3 ~ 

6l. fit /(fJ'JS ,~t;, ~7 -oo~i c 'if'Po. 60 

D :>J!fo. ).) 6l. 55 vf1J_ftf t;,-o o.n ]- D- Cl -o. s-oj 
-- ~ 0 . t E fS'to.~t ~-{. 76' ./(1 J.-f OUA-E 0, { f o.oi -o,/. 

F 5' f!'o. ~I 0 -(. 6 i- -115.f91!A-f
1 

0.3)( i 19.3 -0. 2f ~ 
~ 

G 5-PJ'o.o3 62 . '{-! A1 -~·~' ~t\-G o,61 f -o.J'1 -·0. 30~ 
--·- =·':;;:;=~~ -=· ·--..1 

-...... --....... --
Ax T-~:-Az 1--1>- -10 0 5". 44 P/4J. . 5/ 312 ~iilr .. 

?,{2 .6'} ~ fc-[l 

- .;~ 

B ..foot;./)- 91/.r!: .1o 0 . ~3 -D./3. o.J.J ~ 
~-

~ c vfoof:.-11 PI Ld .. G3 3/2..5'3 kC o. 33 -0.05' o.os-~ 
- --·· 

I 

o.ll~ D v(uo 5-.41 ' fi 4 z. f)_ 3U . . f1 ~t'~ 0.0.3 -0.24 
-

E /1 f;) 0 5'. .! t- P/42./B 3/ )),0~ A-E 9-lt 0.35 -o,J..J,, 
i---· 

3 I~ .lit ~ A-F I 0. I it f Ao0£".3D f/42.!Jit o.o)( 0,2~ 
~; -~ 
~ 

G A fJO[). 2-4 f/42.3~ 3/2 . ?.P Pt A-G 1),!20 -0. ~1 O.l.t ! 
1---• .__.L_. 

puntci Jl;?;;o-ro : 
.-l:J....,9 + <. 2. . 1.. --

A g t-f . .2o .fl6f.02. ?/2 .6o fl Ax A.y A z 

'l ! 

B 'Ji?-. P6 Jl/Ccf.J.s- ) 1.2 . S' 5" i A-B ('). 34 o. 31- -{), 3 s-

c Jf-1-: ?l /J./6!. I 5 3-13. /0 A-C 0. ?,,P 0, 41- -.0.,-

D J jcf. ->{ 0 Pt or:?. J1.. 1/3,01. lA-D 0.10 030 -O,Jtf 

E 3'ft. Jcf Pt6f..Y1 3/~. ?!' IA-E 
C o.t}. O.i-1 -0),1' 

F 9 t-+. 9 f Fl6'f.--fo 3/2.J.Y~#t>' o.n -0. 3J 
I 

G 5' tf-. 91 f/ 6!. 5-'1 31.2 . J'i A-GJ o.U' 0.11 -o . .!£i 
_L_ 

365 



u2...4 . -

I , __ _ 

-r- --
0 
0 
0 

~ 
·-·1: 

0 

~. 

( 

I 

- -, ---- - 1 
I ( - ·~ 

·' 

- ' --- - --· 

,.. • ., . oz I 
_ __/ 

... . - _ .... --- ; 
- -- '" 

) 

i 
1,-------- -- -" 

-- -- -~ - -

!' 
; 

i\ 
'-+- -

' 1/·' • . • 
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COMPARISON IN THE RESULTS 

OBTAINED IN THE QUOTATION 

TAM I 2 VS GROUND HEIGH TS 
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ANNEX 3.11 

COMPARISON IN THE RESULTS 

OBTAINED IN THE QUOTATION 

TAM I 2 . VS ACKE RM ANN HEIGHTS 
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