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SYSTEMATIC MODEL DEFORMATION OF THE OEEPE-TESTBLOCK "OBERSCHWABEN"

by M. Schilcher and E. Wild, Stuttgart, Fed.Rep. Germany

1. INTRODUCTION

Recent theoretical and empirical investigations have been concerned very much
with systematic image erors and their influence on the accuracy of aerial tri-
angulation. Several methods have been suggested for considering systematic errors
during block adjustment both by the bundle and the independent model method (see
[1], ?2*, |3], |4], |5]). There is, however, only very limited information
available about the systematic errors occuring in practical cases, in particular
about the types and magnitudes of such errors and their dependence on various
factors.

In this paper the results are presented of an empirical investigation into the
systematic model deformations of the testblock Oberschwaben, as appearing after
block adjustment by independent models. It will be investigated whether systema-
tic model deformations depend on the camera (wide-angle, super-wide-angle),
flight direction, date of the flight mission and measuring instrument. Other
points of interest are the influence of different distributions of control points
on systematic model deformations and the question of how constant such errors are
within certain areas of a block.

2. THE TEST "OBERSCHWABEN"

During spring 1969 aerial photographs were taken of 1 : 28 000 scale of the test
area Oberschwaben which is located in southwestern Germany. The test area of

40 km x 62.5 km was photographed with a wide-angle camera Zeiss RMK 15/23 and a
super-wide-angle camera Zeiss RMK 8.5/23, each coverage resulting in a block of
60 % longitudinal and lateral overlap with 15 strips of 25 models each. The
strips run in north-south direction or vice versa.

For the restitution each of the two blocks was subdivided in two blocks of 20 %
lateral overlap. The four separate blocks were given the names of the 4 centres
which undertook the stereocomparator measurements:

- Wide-angle blocks: block Frankfurt, uneven strip numbers (1,3,5,...13,15),
8 x 25 200 models; block Vienna, even strip numbers (2,4,6,...12,14),
7 x 25 175 models.

- Super-wide-angle blocks: block The Hague, uneven strip numbers (1,3,...13,15),
8 x 25 200 models; block Delft, even strip numbers (2,4,...12,14),
7 x 25 175 models.

Aerial photography was taken on five different days by pin-point flying. Table 1
for wide-angle and Table 2 for super-wide-angle display date and direction of the
flight strips. Within the test area 548 trigonometric points were signalized, to
be used as control-points and check-points. For 480 of them also the heights are
given. Pin-point flying was necessary because also the tie-points were signalized
in the terrain by double targets, for test putposes. Therefore the models contain
6 x 2 signalized tie-points located in the 6 standard positions.

Stereocomparator measurements of the photographs were performed by 4 different
photogrammetric centres (Zeiss PSK: Frankfurt, The Hague; Wild StK 1: Vienna,
Delft). The image coordinates were corrected for radial symmetrical distortion,
refraction, and earth curvature. Then independent models were computed, by
analytical relative orientation. The independent models went into a number of
block adjustments with the PAT-M-43 program the results of which have been
published in |6}. The present study for systematic errors is based on the residu-
al errors at tie-points and perspective centres as appearing after such block ad-
justments.

3. METHOD OF INVESTIGATION

The systematic errors of the independent models are represented by the average
residual vectors at the 6 standard positions and at the two perspective centres
of the models after block adjustment. In order to obtain the systematic errors
the models, as appearing after the block adjustments, were transformed onto a
nominal reference model, specified by giving the perspective centres of each model
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the coordinates x7 = 0, y1 = 0, x» = 2500 m, yp = 0 (2500 m was the base length
according to the flight plan).

The residual errors of the tie-

points were referred respectively

to the ideally located standard

positions of the reference model,

see fig. 1. Then for each of the 5 1
standard positions of tie-points =
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arithmetical means of all residual

errors in x, y, z of all models

were computed. The mean values re- 2.5 km
present the systematic planimetric

and vertical model deformations. l [

}—~—»—y (Cast)

Figure 1: Reference model for 6 2 4
representation of
systematic model L % knm
deformations.

—

The empirical investigation on systematic errors of independent models refers to
the four separate Oberschwaben blocks of 20 % lateral overlap which include 200
and 175 models respectively. The following adjustments with different control
versions are included:

Block Frankfurt (w.a.) and block The Hague (s.w.a.):

- version 0: all planimetric and vertical control points
- version 1: Planimetric control: perimeter, spacing i=2 base-lengths

Vertical control: chains, bridging distance i=2 base-lengths
- version 5: Planimetric control: 4 corner points
Vertical control: 3 chains, bridging distance i=12.5(6) base-
lengths, with 4 additional perimeter points
(see |6]).

Block Vienna (w.a.) and block Delft (s.w.a.):
- version 0: all given planimetric and vertical control points.

Version 0 gives 2 - 3 control points per model. Therefore the adjustment is more
or less equivalent to absolute orientation of single models. Version 0 will give
the best estimation of the actual systematic model deformations. The versions 1
and 5 of the blocks Frankfurt and The Hague are intended to show the influence
of control distribution on the apparent systematic errors.

4. RESULTS

The results of the investigation are summarized in the tables 1 - 4 and figures

2 - 5. The tables 1 and 2 present, separately for each of the 15 wide-angle and
15 super-wide-angle stripns, the average residual coordinate errors at the 6 stan-
dard wmodel tie-point poasitions, referring to the adjustment version 0 (all con-
trol points used). Table 3 presents the results of all adjustment versions trea-
ted of all 4 blocks, by summarizing the strips in groups by common flight direc-
tion. Table 4 displays accordingly the systematic residual errors at the per-
spective centres. In addition, the essential results are graphically represented
in figures 2 - 5.
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Control version 0; in units of pm

Systematic model deformations after block adjustment by independent models.

OEEPE-Oberschwaben
Wide-angle strips:

Table 1,

Schilcher 3

. NN O coN~NNMmM© mONN~NN n—~o
1Y S S e e « s e
. coooonN NNOmow O W o N S . —~ WL NO cococowN NN mwnm
O Z w| e e e e e | s e TR e e e o + 0+ 105 Vo + + 00+
- wn . NN M ——NNON —~—~O0OO00OOo —om o~
o~ + v+ 0+ + 0+ 4+ T+
- N O NM WwWo N N © o~
o = o | e e e e e e [ e e e e e [ e e e e e PR
N DeNoe RS s S XY ——mnMmoN Dele N NV U NES o — [%] . ~N 0 < < - tTON —“N~—~O0O mmm
L 7, BTN N P i 1O < AR IS TYEVSR
- =z . coww~©O NNOOOoO MmOOmMm~O MmN o~
o~ + 00+ 4+ Vo o+ + 10+ 4+
— . mmNuNoO ™ WO Nt O womus — ~ et
P R S e A B PRI
N oo woN~NO WL~ WS NNO O~ oo - Z . NNOWLMO ——NON~NN MHOMH—~OO "™
RO A R B LA B L [¥e) 4+ L+ v + 004 + 00+ 4+
- Z . —~—OMm< O N oOooocooo NN ™ o~
o~ + 00+ 4+ + 0t 4+ + 1+ + + +
- . 0o~NOOnO NNWO O~ cowon~w 0~ w
R T S e . ..
. OO NN N O —— N~ W< - . NN <O NNnW OO M MmMm—~H~0 O ™Mo <
S T I R T T T R .- e . . o) + 00+ 4+ 4+ 0+ o+ + 4+
- un . NNWLWO NN Oocoo~uw O AO [NV, ) ~
o~ + U+ 0+ L+ 4+ 1+ + LI S I ] —
- Q . ™Moo o— W <t 0O~ NNOMA— omo
o — wv <t e e e e s.e b e e s s e & f e e 4 e e = . e o
= - TITTO~NO VWO ONY WO~ wom N~ o — = . StFOoOTNN TtTMHMOOMmM Tt ~O—~O ™ < <
— (7 T e e T P E Yo 4
- un . NN WO~ NNNOM <O ocococo~o o< o~ + 0+ 10 + 0+ + 00
— . L
+ 04+ 0+ + 0+ ++ Vot c
@ . wotToO® cooo—w W OWNM N~ o~m
© =z o | L. | e T e e e e .
. ~NNNoO TN —~— O NW NINOoONM wor~ c 2 wn . 0D O~ NN WO T O OO AO— — oo™
<7 T- N R R T B “ e . o w© + 0+ 04+ 1+ + [ S )
-z . NNrrmo o ~—NOOoO NNMOMO NN a o~
o~ + v+ 4+ e+ + 01+ 4+ L]
- © . MmMON~NOOoOw O O) 0 O W — < <+ 00 W N <
c E R R T R e B R Y . e e
. MmO L ocowoNm Lo Mmo N 0 — 00 - 3 = . <ttt N —n—tOON ttOo~0O0 Ow<
Z < R Y e L. .« e (v} + 4+ 1+ + 4 + '+ o+
] o Mmmowmo NN~ NNO OO N——N N Vv.M o~
—- - Fe) .
+ 0+ 04 + 10 o+ [ S S T A ) - . MmMMmoOoOow OO W<t~ ooOwr—NN No N
« P R R N B A R e
c+ © wn . TLTO—OC O wLNN NNOOoOOoOOoO Mo
wONOWLNE. nwUNnLoOo Voo~ c oo - o - -
-2 - T I e .« s e E — + I+ + + 0 + 1+ 1+ 4 L+ 4+ + +
wn . A TNO OO —~—~m — - NN ™ L 3 Q.
o~ + 4+ 0+ + 1+ 04 V4 a w -~
- - S c ©ONMWO NN WO <o S oo
~ e [y T S R e e B N P . e .
. e kalakT-X=X- cowNN— WONHWMm™m +$ ~oow o = . ST coNnaNN~O mmmONoO o “ ownm
17, 3 N P O IS B o oa © . o F o404+ FL00 4+ + + 004+
= . NNONWLN~ MmMmo~SNO MmN NN Mo o — «
+ 0+ 4+ 4+ + 000+ + 00+ 4 4 -~ o
o O c . oo~ WL~ —n——OnO o O WL © owm
oo W Z oo | e e e e e e e e e e e e e e e e e c + s
. coN~NWL <L Lo TmN OO~ — c O~ — 7 . NNO W~ -0 O MmM~—O0 O © <o
- I I R R T St © . s o o wn o + 0+ + 4+ + 00+ 4+ [ ] @
wv . o< <~ NN~ MMHOMO A~ OO D <t ~ — E
© + 04+ o+ + 0+ 0+ + [ E [
v > . NN W0 oo N~ NN L oo
- 2 w (%] L S e T S R S " .« e e
NN O~ NN MMmo Tt ~OMmN “u ~NMmo Y= — = - mmotonN NNWLWO M NN~OOO c o<
I 3 i B oA B c - o. o © o o + 0+ + 00+ + 0+ 00 -~
= . — A NW T O NNO MM — MmmoomN — Nm < = — ©
© + 00+ 4+ U+ o+ + 10+ o+ © RS o
o c c W o — 0O oot wNwV M ON—AN© © WmN
© oo <+ =z < | e e oo | P « e
. et N —~O NN CC o~ tTMmoMmoN o~ w - O %] - MmO ~nOo AN O NN e w oo™
- T T e 17 S + o — -
%) . NNOVONTO NN MO MmOMO~O NN — NOn<S < .. — + 1+ 4+ + 0+ 0+ + [ S S | ©
© + 0+ 4 + 1+ 4+ [ S IR N} < E u =]
> s A o
e O -~ . cowmoo cowvwN< W DO O T — OoOmo
——O — W < <t 00— OO Lo Mo Y WO~ o T R R A R T T T e « 7] DY
(7 T T T S D T 7 R [ =z . MMOWL—~O MOOW AN —_—OO0OO ~ U <™
=z . NNO < <+ 0 MmMMmo NLN MO0 — U < O wn o + 0+ 10 + 1+ 4+ + 0+ 0+ s~
© + 1+ + 40 U+ + 0+ o+ =~ [ — 1
1 o— o —
— oL . T MO A~ NN < Mmm—Mmo © @ MON~NW
WVCoONN<TO —“~MmMow~N mwo—~oo~ U 0O~ zOo O Nz oo | e e e e e e e e e e o s s -
R e AR R T i T - . coc wn . A O MNINS co~woo ttoOoNN o MmMMmm
w . coor~NMmMmm NNMmMwOoO o cooMN~O O oNM< OE m© o 4+ L+ 4+ + 1+ v+ 4 E
© + L+ 0+ o+ 10 + U+ 4+ B d 1 —
~- 0w 4=
Y= V-~ T . OO~ oOoomooo N N <+ 00 O o oo w
. oNO—~O0OOoO Ot OwLN O N~ o MmN Fal e — 7.} B e N SR R S o s .
wv L L e R .« . oo = = . MmO —— NN < T H—~O0O0 n N m
=z . ——HO <YWW NNO NN N NN—O NN n NMWw VE o + 0+ + + 000+ + 00+ o+ o
o + L+ 4+ 4+ L+ 4+ 004 4 ) w o s — o
= o o P o c
=} c wwna c lue @
- c|oue o w > o N O ~ X PN
+ o |x o0 ~ ocownwn — Wl NMmT Lo —N M S0 — N MWD 0 v ©YLY
O e fgeA ) X >N w o ¥ Y=
¥ u[DmrrNmOTLO —~NM < 0O —NMm< o 4 boOLD v e ha
=~ 0 |c-A 4 3 - [ ) o—
= L — o~ o o E [#o0 ©
o © E |+ O o < — w o
c =% o PP P .
PR — aco c «
a £ o wn o - Do o .
— o o . © e & e E
£ e e E — P o - x > N .
P - - x > N . 0 4T 4 S
wn Y- Y- ~




290

Table 3. OEEPE-Oberschwaben
Systematic model deformations after block adjustment by independent models.
Dependence on flight direction and control version (in units of Fm)
block Frankfurt (w.a.) Vienna (w.a.)|f The Hague (s.w.a.)| Delft
' s.W.a.)
control version 0 0 1 1 5 5 0 0 0 1 5 0
flight direction NS SN NS SN NS SN NS SN NS NS NS SN
average of
n str%ps n o= 5 3 5 3 5 3 2 5 8 8 8 7
standard
position
X 1 +1.9 +2.6 +1.6 +1.6 +0.1 -0.1 +1.5 +1.5 +3.4 +2.7 +0.2 +2.6
2 -1.9 -2.6 -1.6 -1.6 -0.1 +0.1 -1.5 ~-1.5 -3.4 -2.7 -0.2 -2.6
3 -0.7 +9.8 -1.2 +8.5 -3.9 +5.6 -4.8 +6.1 +7.3 +6.3 +3.0 -0.9
4 +4.0 -6.8 +4.0 -6.0 +3.9 -5.2 +4.6 -4.3 -4.8 -4.3 -2.8 +3.3
5 +5.0 -4.3 +4.9 -5.0 +4.3 -5.1 +8.3 -3.3 -1.2 ~1.7 -2.9 +6.0
6 -7.9 +1.2 -7.1 +2.3 -4.4 +4.8 =7.7 +1.7 -1.2 -0.1 +2.6 -8.5
y 1 +2.6 +2.1 +2.2 +1.8 +0.3 +0.1 -1.6 +1.4 +1.8 +1.3 +0.0 +1.4
2 -2.6 -2.1 -2.1 -1.8 -0.3 -0.1 +1.6 -1.5 -1.8 -1.3 -0.0 -1.4
3 -0.1 +1.0 +0.4 +1.0 -0.3 +0.2 -1.2 +1.4 -3.4 -3.1 -2.6 +2.2
4 -4.2 -2.9 -2.8 -2.6 +0.3 -0.3 -2.7 -3.0 -0.8 +0.1 +2.7 -6.3
5 +3.4 +5.1 +2.9 +2.9 +0.4 -0.1 +0.2 +1.6 +7.4 +6.1 +3.2 +2.4
6 -1.6 +1.1 -1.1 -0.2 -0.3 +0.2 +0.2 +1.8 -2.5 -2.5 =-2.9 +1.4
z 1 +2.7 -1.8 +2.7 -1.7 +2.8 -1.8 +3.0 -1.9 +3.4 +3.5 +3.4 -3.1
2 -2.7 +1.8 -2.7 +1.7 -2.7 +1.8 -3.0 +1.9 -3.4 -3.5 -3.4 +3.1
3 -0.5 +1.0 -0.4 +0.7 -0.3 +0.6 -3.8 ~-1.0 -1.0 -0.9 -0.9 +0.7
4 +1.0 -0.7 +0.9 -0.7 +0.8 -0.6 +3.7 +0.5 +0.8 +0.8 +0.8 -0.3
5 -1.6 +0.1 -1.7 +0.4 -1.8 +0.5 +1.2 +1.8 -0.1 -0.2 -0.3 +0.8
6 +1.8 -0.8 +1.7 -0.8 +1.6 -0.9 -0.9 -1.4 +0.2 +0.2 +0.3 -1.0
Table 4. OEEPE-Oberschwaben
Systematic errors of perspective centres after block adjustment by independent models.
Wide-angle-strips: Control version 0, in units of pm
;trip no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
flight NS SN NS SN NS SN NS SN SN NS SN SN NS NS SN
direction
flight mission | 8.4. 8.4, 8.4. 8.4. 8.4. 8.4. 9.4.12.5. 9.4, 12.5. 12.5. 12.5. 12.5. 12.5. 12.5.
X +7.7 +2.0 +2.1 +1.1 +7.6 +6.3 +6.2 +3.9 +4.3 +0.7 +4.6 +2.8 +5.1 +3.5 +5.0
y -6.4 -2.0 -2.7 -1.9 -5.4 -2.2 -5.8 -1.6 =-3.5 -0.3 ~-1.5 -0.3 -3.8 +0.9 -3.0
2z +1.5 -4.2 +2.7 -3.0 +0.8 -1.3 -0.1 =-2.5 +0.1 +0.7 -2.1 -4.1 -0.3 +0.9 -2.4
Super-wide-angle strips: Control version 0; in units of pm
strip no. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
flight
direetion NS SN NS SN NS SN NS SN NS SN NS SN NS SN NS
flight mission §10.4. 10.4. 10.4. 10.4. 10.4. 10.4. 10.4. 10.4. 26.4. 26.4. 26.4. 26.4. 26.4. 26.4. 26.4.
X +0.4 +0.7 -1.5 +1.3 +1.8 +3.5 -0.0 -1.7 =-0.7 -0.2 -0.3 +1.8 +2.6 +3.3 +3.0
y +0.7 -1.1 -0.8 -1.6 =-2.2 =-2.0 +0.7 -3.9 ~-1.2 -3.7 +0.1 ~-1.2 =-0.7 =-2.4 +1.7
z +3.0 -3.2 +4.5 -3.0 +4.7 -0.6 +2.8 -2.4 +3.6 -3.1 +5.8 -4.5 +4.0 -3.3 +1.8
Dependence on flight direction and control version (in units of pm )
block Frankfurt (w.a.) Vienna (w.a.) The Hague (s.w.a.) (B?&fg )
control versior 0 0 1 1 5 5 0 0 0 1 5 0
flight
dﬁrgction NS SH NS SN NS SN NS SN NS NS NS SN
averd?e of n= 5 3 5 3 5 3 2 5 8 8 8 7
n strips
X +5.8 +4.6 +5.9 +5.0 +6.5 +5.9 +2.1 +3.2 +0.7 +1.4 +3.8 +1.3
y -4.8 -2.7 -4,2 -2.8 -2.4 -1.3 +0.3 -1.6 -0.2 +0.3 +1.6 -2.3
z +0.9 -1.4 +0.9 -1.6 +1.1 -1.8 +2.8 -3.0 +3.8 +3.6 +3.6 -2.9
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Figure 2: OEEPE Oberschwaben - Systematic model deformations after block
adjustment by independent models

Dependence on flight direction
Planimetry: CP-version 03 1 mm = 1 um

WA Frankfurt Block

mean of:
all strips (8) NS-strips (5) SN-strips (3)

WA Wien Block
mean of:

all strips (7) NS-strips (2) SN-strips (5)

- O— : (V””’//‘,,JY" ) ‘~1}--~“‘-X
o ‘F“-~\\O“> | I —

Figure 3: OEEPE Oberschwaben - Systematic model deformations after block
adjustment by independent models

Comparison of wide-angle and super-wide-angle
Planimetry: CP-version O; 1 mm £ 1 um

Wide-angle
mean of: NS-strips (7) SN-strips (8)

L oo— ]
L\O\

Super -wide -angle

mean of: NS-strips (8) SN-strips (7)
{block The Hague) (block Delft)

S
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Figure 4 : OEEPE Oberschwaben - Systematic model deformations after block
adjustment by, independent models

Dependence on control versions:
Planimetry 1 mm 2 1 um

WA Frankfurt Block (mean of & NS-strips)

CP-version 0: CP-version 1: CP-version §:

all control points perimeter control 4 corner points

- S—} =
ﬁivgf_,,__xk—ﬂ““"" S —

I

! K

SWA Den Haag Block [ mean of 8 NS-strips)

CP-version 0: CP-version 1: CP-version 5:
all control points perimeter control 4 corner points

[ ]

5. DISCUSSION OF THE RESULTS
5.1 Magnitude and type of systematic model deformations

The results show clearly the presence of systematic errors, of considerable
magnitude, at model points and perspective centres.

The maximum planimetric errors occur at model corners, the central points (1,2)
being Tess affected. When judging the strips separately the maximum systematic
coordinate errors are: Wide-angle 11.4 um in x, 7.2 um in y; super-wide-angle
10.5 uym in x, 10.8 um in y. The respective maximum values at the central points 1
and 2 are only: w.a. 3.3 uym and 3.4 uym, s.w.a. 4.8 uym and 4.5 um.

The average systematic errors of the separate strips are only slightly Tlarger
than the average systematic errors of groups of strips of common flight direction
Thus the systematic errors are, to a most remarkable degree, constant.

The root mean square values mg of the planimetric systematic errors of the
standard points are presented in table 5. They represent noticeable percentages
of the values of O, of the block adjustments.

Table 5: Comparison of standard errors of unit weight (oo) and r.m.s. values mqg
of systematic errors; planimetry, control version 0.

block Frankfurt Vienna The Hague Delft
w.a. w.a. s.w.a. s.w.a.

0o 20.3 cm 19.2 cm 25.1 cm 24.6 cm
7.2 um 6.9 um 9.0 um 8.8 um

mg 11.1 cm 9.7 cm 10.9 cm 11.1 cm
4.0 um 3.5 um 3.9 um 4.0 um

The systematic vertical model deformations are, altogether, considerably smaller
than the planimetric deformations. The maximum errors, occuring often at the
central points 1 and 2, amount to 3.9 um and 4.7 um for wide-angle and super-
w1d${ang1e, respectively. The vertical errors at model corners are unexpectedly
small.

Schilcher 6
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Figure 5: WA Frankfurt Block
. f: NS-stri 5 f: SN-stri 3
QEEPE Oberschwaben - Systematic o' ° strips (5) mean o serips (3)
vertical model deformations and //
I

systematic errors of perspec-
tive centres
CP-version 0; 1 mm 2 1 um |

/| /

The systematic errors at the
perspective centres are collec- 4////$;L
ted in table 4 and presented —~
graphically in fig. 5. The

Na]uis zﬁfer ?1waysfto p.c. WA Wien Block

o. 1, e values o .C. . NS-

No. 2 being of exact]B equal mean of: NS-strips (2)
magnitude and opposite sign. 4
In general, the planimetric
errors at the perspective,
centres are smaller than of
the model points, whilst the /
magnitude of vertical errors
of the perspective centres
compares with the vertical

model deformations. The
maximum systematic errors
per strip, of the perspec-

mean of: SN-strips (5)

tive centres amount in
X, Y, Z, respectively, to

7.7 um, 6.4 pym, 4.2 um (w.a.) SWA Den Haag Block SWA Delft Block

and 3.5 uym, 3.9 um, 5.8 um mean of: NS-strips (8) mean of: SN-strips (7)
(s.w.a.), for control ver-

sion 0.

Apart from the magnitude also
the types of model deforma- ’
tions are of special inter- )
est. They are common for both
w.a. and s.w.a. models as
displayed in fig. 2 - 5.

The planimetric model deformations are trapeziform. Characteristic features are:
Considerable scale difference between the short sides of the models; points 3-1-5
and 4-2-6, respectively, form straight lines; errors of points 1 and 2 have equal
magnitude, reversed sign.

The typical features of vertical model deformations are: Little or no warping of
the models; maximum height errors, of opposite sign, at central points 1 and 2
(arching and sagging).

It is only at the perspective centres that w.a. and s.w.a. behave somewhat dif-
ferent. In the first case (w.a.) symmetrical enlargement of the base and azimutal
rotation is predominant, in the second case (s.w.a.) the base is mainly tilted.

5.2 Dependencies of systematic model errors

With regard to possible corrections of systematic model deformations it is most
important to investigate how constant they are and on what parameters they
depend.

Flight direction, camera: The tables and graphs show clearly that the model de-
formations, as referred to the state coordinate system, depend in first instance
on the flight direction. This is true for w.a. and s.w.a., see figures 2 and 3.
After rotation by 1800 the planimetric model deformations of the NS-strips match
very well with those of the SN-strips. The dependence on flight direction is
equally confirmed by table 3 and fig. 5 for vertical model deformations. It also
holds for the perspective centres.

Schilcher 7
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Fig. 2 shows that by taking the mean deformation of all models, without taking
the flight direction into account, an entirely misleading type of model deforma-
tion would result. Only an affine deformation would be the result, the trapezi-
form deformation, related to the flight direction, being eliminated.

The important conclusion is, that the main systematic model deformations origina-
te from the camera (all exposures were taken from the same airplane - Aero Com-
mander 560 F; all strips were triangulated by stereocomparator in direction
north-south; it is not known, how many film magazines were used during the flight
missions). This is confirmed by the different planimetric model deformations of
w.a. and s.w.a., although being of the same type. (The vertical deformations are,
however, very similar in both cases, except for the perspective centres). It is
also confirmed by the remarkable constancy of the deformations within each group,
independent of the date of the flight missions which has no traceable effect.

The overall r.m.s. deviations of the individual residual errors of the models
against the average systematic errors are for wide-angle 2.9 uym in x and 3.8 um
in y, for super-wide-angle 3.8 um in x and 4.9 um in y.

It is evident, therefore, that any method of correction of systematic errors by
additional parameters, see |3|, |5|, has to consider the flight direction of
strips. A different set of parameters per strip might be advisable.

Control version: According to table 3 and fig. 4, there is some influence of the
Control version of the block adjustment on the apparent systematic model deforma-
tions. The effect is noticeable in planimetry only. The type of the effect is
most interesting. With poor planimetric ground control the trapeziform type of
planimetric model deformation is correctly indicated, with, however, additional
affine deformation (scale and shear) superimposed. The additional affine deforma-
tion is rather small, however. The systematic planimetric model deformations dif-
fer with perimeter control (version 1) by less than 2 um, with 4 control points
only (version 5) by less than 5 pm against the "true" model deformations as de-
termined with all available control points (version 0). This effect is indepen-
dent of camera or other flight parameters.

Restitution centre: There is a small systematic effect related to the 4 different
centres of restitution, traceable again in planimetry only. The average plani-
metric model deformations, after duely considering the flight directions, differ
for w.a. between block Frankfurt (PSK) and block Vienna (StKl) by 2.0 um, for
s.w.a. between block The Hague (PSK) and block Delft (StKl) by 2.4 um. The
respective maximum average differences are 4.2 um and 2.2 um. Such systematic
differences can be explained by the different sets of diapositives and systematic
errors of the stereocomparators used.

6. SUMMARY AND CLOSING REMARKS

This paper presents the results of an empirical investigation into the systematic
model deformations of the OEEPE test block Oberschwaben, as they are apparent
from residual errors at tie-points and perspective centres after block adjustment
by independent models. The results are most interesting with regard to magnitude
and type of the model deformations and their relation to flight parameters:

- The magnitude of the systematic coordinate errors is considerable. In plani-
metry the deformations are trapeziform. The mean values range between 3.5 um
and 4.0 um, which amounts to a considerable percentage of the oo, values of the
block adjustments (without correction of systematic errors), between 6.9 um and
9.0 um. The vertical model deformations are rather small but also typical, with
maximum values of opposite sign at the central points 1 and 2 of the models.

- The model deformations, as referred to the state coordinate system, are pre-
dominantly related to the flight directions. Thus, the main cause of the de-
formation is clearly the camera. Small systematic effects in planimetry have
been found to be related to the density of ground control used for the adjust-
ment and to the centre (instrument) of restitution. Other flight parameters
have had no traceable influence on the model deformations.
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The systematic model deformations have turned out, for a given camery, to be
constant to a remarkable degree. Therefore it can be expected that suitable pro-
cedures for correcting the systematic errors during block adjustment will be
highly effective and will extraordinarily increase the resultant accuracy of

the adjusted block, possibly by a factor 2 or 3. It will be essential, however,
to consider the flight direction when introducing additional parameters in a re-
fined mathematical model.
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