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Zusammenstellung bisheriger und geplénter Erdsatell{ten-Missignen
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Desarvelle htrst;;f:o- de €atelitos
telliten-Typen:
Ti ,
$. meterealaafcﬁ;' ,
g. de teleconmiunicacion
£. de havisn.cl'u'n
militareg

h U de W R

Wettersateliiten

. Nachrichtensatell{ten
Navigationssatelliten
Aufkldrungssatelliten
. Geophysikalische Sateltiten §. Geofiéicales
. Erderkundurigssateltiten
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3. por la p:r:.:gm'e'h remota,

evredtres .

Im Zusammenhang mit efner Kartierung der Erdoberflliche interessferen
. nur die Typen 1, 4 und 6; hinzu kommen noch bemannte Weltraumplattfor-
men, In den Tabellen 7a bis d sind die bisherigen Missionen mit diesen

Sateliitentypen zusammengestellt,

Hombre nacion trempo regolucion
Name Land Zeit Auflidsung
m e Ta— rrw—]
Ttros 1-10 USA . '1960-1965 3,5 km Yidicon
h = 700 km (sichphaﬂ-"
ESSA 1-9 UsA 1966-1969 3,5 ka Yidicon
"h = 1500 kn {sichtbar], APT
NOAA 1+ Ush 1970 0,9 km
h = 1500 km = (sichtbar & ther~
mal APT)
KOSMOS 1-92 Ud3SR 1959-1965 FiTmkapsel
h = 260 ka |
kosxas €229 UdSSR . 1965-1969 Vidicon & IR
. h = 600 km
METECR 1 —— 4SSR 1970 —+ . Vidicon, IR & APT
GEOS . USA : '
METEQSAT ESA GARP 19%3
- L -]
JAPAN GMS
" Nettersatedliten £. mete rco fﬂ',sll'cp.f

—) aperacional

- .
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Name Land Teit Auflsung
NIMBUS 1-6 USA 1964 =  ¥idicon 1 km "."J.‘Pc -
* h = 1000 km  IR-Scanner 8 km  ["imee ot
ATS 1-4 USA 1966-68 Farbe
. _ h = 36 QIE.FN.
LANDSAT 1-2 UsA 1972 — _ “Bildelement am Bo- |~
.- . . den 80 m . - -
4 Yanile .ot
LANDSAT 3 USA - 1978 —— 811delement am Bo-
. . . den B0 m
4 Kanitk
cder - i
Bildelement am Bo- |
den 40 n C
1 Xamatr i
SEASAT 1 USA 1978 ° '841delement am Bo-
i . den 25 m !
adar-X~Band i
. - ) N . "
"0 » Erdbeobachtungssatelliten <. Per la percepcion remota
Name - Land leit Aufldsung
sawos 1-€ED)  Usa - T 1962-1972 15w
: : Kamgras
C' = G '
Filmrlektransport
HIDAS _USA 1967 —» c» 90 cm -
, h = 3000 km  IH,UV
geostationdr sichtbarer Berefch
B1G BIRD UsA 1973 — 1-2 m
. . h =10 km .¢g=1.8m
N E—— .Im
mrlicktransport

L ¢ Mufklirungssatelliten . mitfdareg .
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Mi S one Aree Crron ey o AN e Lo’ " Teosealn P:-E:-L‘.Lr:t;h T Smeemrtes
Mission Jahr - Kamera - K e Format Auflbsung  Bodenaufltisung
"< Yo - '
GEMINI 4-7 #1965  Hasselblad 200 km 80wm 5,7 x57cm 20 Lp/m 125 o
= C.2eiss-Optik -7 .
GEMINI 10-12 1966  Maurer 200 km 80mm 5.7 x5,7cm 20 Lp/om 125 m
APOLLO 7 1968 R220 Maurer  225-420 km 80 wm 5.7 x 5,7 cm 35 Lp/mm 70 o
APOLLO 9 1969 Hasselblad i92-496 km 80 wm 5.7 x 5,7 c@a 35 Lp/mm 70 o
C.Zeiss-Optik - : : . .
SKYLAB (SI90A) 1973 ITEK . - 435 ka 152 tm 5,7 x 5,7 cm -29 Lp/m 99 o
SKYLAB (51908) 1973  EVC Acton . 435 km 360 mm 11,5 x 11,5 cm 25 Lp/om 38 m
SOJUZ 22-30 seit  MKF-6 250 km 125 km 5,5 x 8,1 cm -_su Lp/m 25 m
= 1976 Jema . L
Bemannte Weltraumplattformen Plata formagd espacialer con Eripulacion
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A.3 = 60

Die geplanten Weltraummissionen sind im folganden zusammengestellt,und
rwar geardnet nach Aktivititen der USA, anderer Linder sowie der ESA.

B‘gmmq espaciales . ‘ .'

Hﬂtraum-Femerkundungs;:rugramé der USA

ole fo: Estadog Um'd’g.r

A, ?urgegebene Entwickungen Eﬂl:&nrnllﬁi terminados |

.--Au.--.-..................q.. e

Thw k. . Lfi..ur Pl Al
1. Space-Shuttle | H1edervewendbamr Transporter
2, T.D.R.S.S. ' Weltwelites Empfangssystem Uber 7o{% -
~ ' geostationire Satelliten Fol &umeb il
J. mTtimduhr-Sate]Hten Genormte Satelliten N RS S APYL
8. Systeme im Bau ,en “"‘“?f.,":i‘.‘i'_‘
1, " LANDSAT - D ' Themtjg__ﬂgpﬂw
. * Bi'ldﬂementgruﬁe am Bo-
den 30 m .
1 Band 10-12,5 um
' EﬂdeIEmentgrﬁEe am Bo-
] den 120 m €
85 M bits/s Datenrate Cluriin s
, liber T.D.R.5.5.
2. $huttle Experimente (0.F.T.)
a) Grodformat-Kamera (ITEK} = ¢ » 30 cm .
“LFC" + 23 x 36 cm Format Voo
R 4000 Aufnahmen .
. . Palette
b)) SEASAT Radar {x & L Band)
. |~fh.rf";e;uu.: praJ u\".'n.du:
C. Geplants ayﬂum ) )
. 1. HﬁPSAT {U.5.6.5. } E 1 Eand Bﬂda‘lenant ‘am Boden 30-40 o

2 EEnder Bildelement am Boden 60-90 m

15 Mbit/s Datenrate i _

_ h = 900 km . . } Lo e

"2. STERECSAT (J.PLe} - Diodenzeilen (konvargent) I
i Bildelement am Boden 15 m

3. MULTIMODULAR SATELLITEN & GROSSFORMAT-KAMLRA

Lebensdaver 6-9 Monate r '
parkumlaufbahn 900 km Corm iyrs,
Missicnsumlaufbahn 250 knm







Héltraum-r-'ernerkund:_mgsprugram anderer L¥nder

. Otras pa.c.t'nhe &

UdSSR ~ INTERCOSMOS
ﬂ:

Soyuz MKF -5 in Betrieb

" +
FRANKREICH. ;:Tﬂhuq
ETiTE————

' SPOT auf ARIANE o im Bau
20 m Bildelement , 2 Sinder |

10 m Bildelement = grodoc-. cdomsiu o

250 Bilder speicherbar ¢ 77 %is

JAPAN ' )

4.7 'ha

J
Lol S P L

ﬂ[.l-?t'; A TR

MOS {Marine Observation Satellita) im Bau und'nglant

50 m Bildelement, sichtbar und thermal 1883

LOS {Land Observation Satellite} ' © 1987

" 30 m Bildelement

YOLKSREPUBLIX CHINA
e —— ey

] Lat-ubt o PR BN LI

“Programm des Jen Hsi-Min Raumfahrttechno- geplant P'{':.l“ wetad;

logieinstituts






A3 = g0

Weltraum=-Fernerkundungsprogramme der ESA

"&rngcnn Jﬁcc Av: gncy .
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Vorgegebene Entwicklungen ldm"ﬂ"ﬂl ’{'-‘-""m*"‘“ﬂ-dﬂ._s"!

L Y ST - A E———— —n.

1} Bau von SPACELAB (E.R.N.0.) =— Bremen
zur Mehrzwecknutzung 1n wiederverwendbaren .
NASA Raumtransporter SPACE-SHUTTLE

2) Bau der europifschen Trigerrakte ARIANE Cohete @uro Pﬂu’

wt

g el ey

Systeme im Bau fen conatrucel om i

e Tk G . Ak

L gy S

1) SPACELAB-1 Experiment
Photogrammetrische Kamera - " maetrie Cawmera .
Zeid RMK 30/23, 3 Filme « 1650 Aufnahmen i ~
Missionsdauer 1 Woche
Start: 18.4.1982

PRt

- 2) SPACELAB-1 Expertment ' -

Mikrowelienerkundung Frea i §ow of s

fn 3 Betriebsarten:

a) Mikrowellenscatterocater

b) Passiver Thermalsensor

c} Bildflugradar im X-Band ﬁ#-a‘.,;g-

" 25 m Bildslem. S : L
Bildbreite 9 km '
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(continuacion)

1) [ SPACELAB-KAMERA-MISSICON

Fi . Y
RMK 30/23 ¥ ARG DTLN ":"f N T LI ¥

h = 250 km, Bahn 57° Inklin., 8 Tagemission

3 Filme (Filmtests DFVLR/CNES-IGN) Hﬂul'ﬂ-ﬂﬂh de Fc-l'culu

T R

Londta Dntosous e v 'f r
ﬁuswertung. IGN, CRES (Frankreich) S/W
. IFAG, OFVLR (BR Deutschland) IR Falschfarbe
Universitst Mafland (Jtalien)
. Universitit Hannover (8R. Deutschland)

Automat, Ausidsung der Aufnahmefolge

R . . f .
siat, beloecau v aearg sy, »

-

SPACELAR
Computer SES

. .

(I(ameru) Exposicion - ,
) s - . e

KASA /"é‘\ “aesoc Qutovaatico,

‘Houston  Telefon Darmstadt

L o R ]

'-:C;l\ * - o, AL gk,

. Heschrxnkung_g_rl L..I'Hl'*ﬂ-m'nhﬂli

1. Fiin {3 Magazine)- pch’r.....lg |

. 2, EnErgie 1,5 kih Ghﬂrﬁlﬂ. y Pelo
—2 3. Andere Experimente {Ausrichtung erdorientiert) n'tms Exﬁel’imcn%na
4. Sonnenstand > 15° altura del Lo} ‘

5. Netter ":}GMFII (l‘tmnlf-eu)






MICROWELLEN EXPERIMENT
2) im Bau -

1. SPACELAB MISSTON Ien C-ah{'tt"u.l::.ton

" von Dornier &k DFYLR -r s

SynthetisEhes Apertur Radar ooy 2o

X-Band | - 9,6 .68, peravs L
hbstr‘ahlungsyinkel 45° b
Empfindlfchkeit = 14db

dynam. Ber;ajich <30 db bis + 10 db

Aufldsung 100 x 100 m

rcinluﬂ:l'fh . ' gewlnscht 256 x 25 m Sorrad,

u,

[ E.S.A. F‘U\HUHEE FOR ERDERKUNCUNGSSATELLITEN | c. P'Ianung
uaufai J

| N

1. LASS t.ang Applications Satellite System Lo &)

3. 30 m Pixel Zeilendiade (6 Kankile) -

b. 60 m Pixel Abtaster {refl. IR} (2 Kanﬁle]
c. 126 m Pixel Thermalabtaster {2 Kan¥ie}

d. 100 m Pixel Synthet. lpertl.ll'\"lt;a!‘

- o

2. COMSS |  Coastal Ocean Monitoring Satell{te System

a. Ozeanfarbabtaster {7 Kandle, engbandig
‘. Chlorophyil) :

b, Synthet. Apertur Radar, 30 m Pixel

¢. Mikrowellenradiometer
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Berechnung geographi- .
acher Pahnkoordinaten _ - exzentrische Anomalie E

Valure JAnomalie Vo und

1]

sin ug sin 1 ;—)tan {a -Q}T = tan u

4 gin ‘ET

T

J;;nzi-— sinzﬁ

cos uTtan i =

—+ cot ﬁn

cos 1

cos 1
Vg = 2e (T - T ) { fir e =0 )
i
MT = & - e gin E
Vi - e° gin E
vp = Arctan { }

(cog B - &)

Y =—MT + 2e =zin MT + %-EE gin éMT S

(ARNOLD / /3 BROUWER, CLIMEWCE / /)

tan B = tand / { 1 - EGE )

B d o+ 071926 sin 25 3 ey” (Erde) ~ 0,00667437

L0
}"TN(Q—BD}+(udQ)T_D’25DT{T_TD)
( T in Minuteneinheiten )
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INTERFEROMETRISCHES STOE-SCAN-SONAR

Flo=2aen:
2 mm Aluminium- hﬁﬂh‘*m
hlEEh --....____H

inkalgeschwindigkeitamensar
in einem Aluminiumrohr

I Elektrontik fiir die Anlage
in einem Aluminiumrohr

-~
LY
'|I
P N
</ : o « Aluminiumprofile
Schwanzstlchk und Spitzel|] f -
aus PVC

Ultraschall- \
schwingar ;

(versgtzbar}

D2 -2 2
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ABSTRACT

.20 m }arge 0as0, - reflector has becn develaped In order
:ul;;fgv';u‘:yalfun-frlmz standird of perfect dlffuse surface for Tight
fa]1-off calfbration of a 60 em-HASSELBLAD BIOGON. Tha l:l”b:lti:l‘l was
expcuted amalytically by least-sguares adjusteent, using cod nE e

+ tions with additional Yinear parzseters, which lead ta + 0.02 O rms error

of the residuals.

TUSNHENFASSIMNG

haften Bestirmyng des Lichtabfalls in eirem 60 sm-HASSELELAD
E?Tﬂséjtxft:‘rgaﬂn 1,20 mx lq,i‘l:l m groder !»ISD1 - Efchttrah!sr mit ml:-
korsen diffus strevendss Oberfliche entwickalt. Dle Elchung des (bjek-
tivs erfolgte dyrch eine usgiele Uber Kotinus-Funkticnen lltnzu-
sitzlichen 1inearen Aiteilen, was ayf mittlere Fehler won & 0,02

fiinrte.

RUSIME

- - 1,20 m par 1,20 &) i surface parfaitement diffuse
hﬁﬂaﬁmu :32‘1:::11:3&1' ?: répartition de ta Vumidre § travers w
objecti? KASSELBLAD BLOCON (60 m). la caliiration fait int!mn:‘:
1"zjustement S fonctions-cqyinus par ]f" mindres carris, :m:m;u
parasttres 1inkaires supplimentalres. L'evryur moyenne jir (83 r
résiduels atieint » 0,02 D,

1. Basic Fonsiderations .

The photographic fmage 1s ttill the most important togl for Remote Sansin
and there 1% no reason today 1o expect 8 quick changa, The 6 1 & cd
format photography can be considered as a standard for many applicatfons.
It directly provides high demsity informabion [especlally when colour
film 15 used} for lpw cost. Scenner imagery needs specisl 1y equipped
planes end sophisticated digital processing to receiye an image suitable
for fyurther fnvestfgation. Consequently digital scanner {magery Is about
ten times morz eapensive than analay conventipnal phataoraphy,

Canventional photography 15 {deally appropristed for visual interprs-
tation, Cuantitatiye investigationt can routinaly he apptised &5 far as
geometry 15 concerned; temantic Infarmation however can be extracted
Hsually rather than by “weasurement™, One reason for this sitvation {5
the difflculty to descrlbe the image grey valuss as n functlon of the
object characteristics properly. There wxist too many Factors which
influence the uri?fml fnfereation, for sxambte 117umioation, air 1fght,
instrument and film characteristics, as well o5 film development (sce
J. STEVERS /6/). Principally two different gpprosches are passible in
order rn obtain nevertheless quantitative results from semantic Image
analysts:

1. The phrsicntﬁznp:rtfu of tha menticned disturbln-i factors. which
superimpose arigiral reflection froo the object surface, are
analysed ot by ore, and thelr partlcular contribution to the regi-
stered grey values {5 taken for digital or anaiog data correction.

2. The physical composition of the data 1s more or 1e35 neglected, and 4
statistical anaiyafs of known Surfaces {"training-seta™) provide para-
peters for unknows gbjects in the {wage,

ach Mo 2 15 today widely applied and known at “Maxioem - Lfkelihood -
Classification™. The 41 sadvantage of that oethed i the need of training -
s=#is, which often can not be defined 1n an gpproprlate ganner [ice
DEMRERT-MOLLER f2/). Approach M | up te now does not lead directly to
operaticnal results for abject classification. At the other kand, Maxi-
mm - Likel{hood - Classification will yleld optimal results anby if
the data 15 rigerousty preprocessed for compensation of ghyﬂnl disturb-
ing factors. Therefore the behgvior of Lhese factgrs (5 imporbant, and
from that point of view many theoretical investigations within that field
get 3 practical objective.

This contribution concentrates on a sTngle physical phenomenan, (he
Fight fall - of f by & camers 1em a5 wel) 41 (43 compensation ysing »
reflection standard, which fills the field of view af the ramers
totally ("full - frame - reflector”).

2. Amalyss of the Probles

In August, 1974 pre « flights for the Mational German Aroraft - Pmirn
took place at the Jade test site (Morth Sea Coddt nesr Yilhelmshaven).
Coordfnated by the lnstitut Fir Photograemetrie und Ingenieurvermsssingen
{1F1) of the Technicsl Unlversity of Haernover, HASSELBLAD Mk 20 Caloue
Fhotography was ebitained from a preparsd private CESSNA aicplane, ag well
a5 radioweter profiles from chip. At that time the objective of the
Imeestigatinns was to find appropeiate test Fields for monitering tidyl
Flow, sediment transport etc. as well o5 best sulted spectral channels.
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Fig. 1 shows micradensitometar profiles of the Jade seewa¥ perpendicular
to the dredyed mavigable watep of 23 m depth, for the pro¥iles the uriyi-
nd) HASSELELAD Mk 70 Kpdak [ktachrome £ilm was used . The aierqdentffo-
peber was & JOYCE - LOEBL MK TLE €5 with analog recording. The pheromens
thowt on the photpgraphy are weter bodies of d1ffereat sedimsnt cencea-
tration. Tn the migdle of the fmage and the profiles, relatively deep and
clear water of greenigh colour cen be interpreiled, A% both cides brown/
yetlow water bodies Inditate sadimental plumes, which flow from the tlds)
land into the rvigable water.

iy

Iy -

i
}

R Yo [ PR T P mlr gy ¥ b AU
»

b == 3 e i I

Fig.l: Microdensi{toneter profiles of the Jade seaway in HASSELBLAD MX 0
¥0DAK EKTACHROME photography

The microdensitometer records this situatlor best using green filter

{8,55 1a) and réd filtere (0,62 wm). This matler of fact has been con-

Tirmed by multispectral scanner fmagery some years Jater,

The correlation of mlcrodersitometer profiles with ir—sito radiomecer
profiles from ship jeads to mary particylar probless. Apart from gtosetric
regisiration, ateoupheric distyrbing facters and film properties, the
influence from tight fal1 = of f by the camery Test has obviousty to

be rorrected. In Fig, 1 the 1ight fall - off affects the micrp -
densitometer - profiles by Superimpasirg & "catennid™ - shaped curve,
most clearly pbserved &t both ends. Lorrection of this infleence can

be provided anly if appropriate compersation procedures for 1ight fall -
aff are applied.

3. tesign of & LAMIERT-Type Reflector

To deternire the tramsmission properties of the Tacident 1ight by the
camere lens, a configuratfon nas to be found, wherg all the ather
parameters which {nfluence on the grey values could be naglected, These
are primarily the ¢iffernces fn reflection by the aldest per so,. 2nd, tha
dirsctions of Loth ineddent radiation and lenz dxis. Therefore & perfect

- ko

Fiffuze surface pould 2100 o gab imagery <hhci 2re unly affected

hnt ems ond TN fopariies,

iFfeent prroachs wers mpo® o oroes te frod a perfect 2iffuse
surfack, whizh coecrs tha f1l., of wiew o7 ihe Castra totally +. Firgt
an upafue plate wag sub in trond of o srojectien screen, which wis

11 leminated {rdfrectly. Heweves thy disiribubion of densitiss on the
phatographed spasee plate wa! mot umilorm, &5 oroved by eizrodens i fto-
petar profilsd. Then the Clutd - covered, haly Sky was taken Far 2
d4efuse target, The rasult of this approsch is shown in Fig, 2@ ik
negative photlograzay ebtained from ihe 5w was used as & wmsh for Coo-
pensation af the uripins) light fall - off sffect, but witheyt succesy,
Chvioyusiy the mate co@pentaier only the Tevi branih of 168 profite; nd
the right 65% the presence pf the sun - thouch pot visibis - adistories

the gash affect,

|

3

Fig. #: Driginal Vight-fall-off effect superimposed by 2 negative etk oktair
from hary slgty photography [Microdensitometer profiles through image +

Finally Beriumtu?fa: {Ba 50,), the "classice1® substance for the desigh

cf rrf{h 1on standards uu‘trild jn order to obtzin B perfect reflecting,
plate - sﬁ:ped dlffuser. A 10 - called "LAMBERT - Reflector provides
thecretically wniform diffuse refiectlon, so that

Reflected Ragtance Flux L

Reflectamce p = - . .
Incident FRadiance Flux 4; -

T proctise, LAMBEAT - fefteciors have to be used bagically for deter-
ning:g the reflectance factor R, which charecterises the refiectance af

L]

[ ] -] B - h!

« "BTIENT'S Sphers Mptometers” used at the Phj_"silr.ﬂlsch Technische
Bﬂ;dnsansta};ﬂ in Brsunsehwrig, which provide diffuse 1 emination, wert
ton small for the HASSELBLAD tamera, ithough up to 130 cm in dismter.
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an objec.. . therefore the object {tself:

£ LG, s ) cos o da  (see KASTEM,
o T We 4] r-r RASCHEE f37}
Rt KRIEBEL /5/}
L J cotd do
“ a rF
;

Hersin L 15 Lhe raflected radlance of &n object 4% & funcition aof

zenith ahgle & and azimuth 4, tntegrated over a solid angle 4. L denotes
the (100 %) reflected radiance of a LAMBERT - Reflector. Therefore &
reflection standard ef this type has an impartsnce, which exceeds the
gpecific application of light fall - off compensation discussed here.

teneraily reflection standards d¢ cover only & small pertion of the
camery's field of view: nevertheleas 1t {s possible to determine 1ight
fall - off corrections {ses SIEVERS /6/). A more Tlgorous procedure
Feuuires standards which £151 the camera's field af view totally. For the
used camera / lans - confiquration + & J20 cm diameter standard was
requested. This 15 & s$ize where the Bariumsulfat - substance may not
l?jed on by a spattle.and polished sccurately, as done for smeil - 3ize
plates,

nwa agl "

Many approaches were made in order to find sultable materfal for the
plate and appropriate methods for spplication of the substance, Because
of the large size, a wetsl plate can not e uied. Glass plates have to be
reughened by sand B1ast and stablljred bufore putting Bariumsuifat on {L.
Applicatipn of the substance way tried First by » machire, which rotates
the plans horizentally. generally used for putting emlsian on photo-
raphic Film {"KLIMSCH - ROTOR™}. Caused by the rotation, bubbles of o,
3,05 ma diameter appeared. and the dry layer was entirely covered by
tiny “craters™. Alzo peuring the subttance onto the plate without rota-
tion did pat tead to sultable retults, bacause the layer cracked.

Finally, escellent Tesulls were obtained by using » roughened,

120 » 120 x 1,2 cm PYC + covered wooden plate and spplization of 1iquid

Ba 50, - substance by & spriy qun, observing ithe ral instructions

for varnishing. The spray effect leads o the desirwd degree of re11,
which wacludes sperular reflection. The surface has 2 uniforwm thickness,

a uniform textyre and a spectral reflectance of about 0,99 (see KORTE fif},

The compasition of the layar 45ffers Ffrom the standird type. roughly
described in f97, which uyes Wgl:

1. xix 20 parts Polyvinylatcohol and 1EX) parts aqua destillats; heat
and sift the solution

2. sift Ba 50, powder and add agua destillats to gt & pulpy mass

3. take 125 wl of that mass and gdd 7 a1 of the solution

4. now add aqua destillats until the consistescy 13 resdy for the
Spray gun

+ HASSELGLAD MX 70, Reseau 1138, ZEISS BIOGON, F = §0 mm Wr. 5198261

4. Calibration of the Camera Lens by least Squires Adjustment
Using tha L AMBERT Reflector

Fhotography of the LAMDERT reflector was taken duping hazy sky, n
attention to the coafiguration described by Flg. 3. Enr tﬁu pﬁacf‘i‘g;‘lg
apprgach, EADAK - EXTACHROME

COLOUR Film wak usnd, taking pic-
tures wWith apertures of 1 @ 5.6
and 1 ¢ 4. 25 tests had shown, film
development by ulTy gutomatic
. procedures provided best results;
y 1. e. no disturbing influence was
added by the film devel gpeent.

Manual tank developrent however
. . menns 3 reyl rish for the phota-
Fig.3: Configuration for taking photos’ graph

¥ {see ALYES /1/). The canera
from the LAMBERT reflsctor (hazy sk¥} at 1 m distance fram %he refhcr.,;r.

did nok affect the plate by shadows,

This §3 fn sccordance with Fig, 4 which shows microdensitoneter profiles

::n:ﬂftffer?nt sec:;n:s n:' the orig:nﬂ ‘tug; The profiles run 5'.-, & vary
wiy {compar qr instance with Fig, 2). which pro

quaifty of the LAMBERT reflwctor, e proves the extellent

4

FER
+ % & & 3

—EEFIT |-,

+ oo+ +
—tak & &,

. "

Fig. 4: Picrodensitometer profiles along 4 different section
5 of full-frime
reflector photography(scan direction from top to bottom) e

The peak 15 caused by the resequ mark snd indicates the 1mage centar

However, a s1ight difference of the “top” and the "bottom® bremches is

oirrious, caused by a shadow from the ground. This effect could be avolded
by 111uminating the reflector accor fng to the principle of ULGRICHT s
Spht_:re Phutgﬂteter, Apart from the ground effect the profiles charac-
terize nothing but the Tight fall - off by the camera Tens, As there {3
a slight density displacement from the imaoe center {indicated by the
reseay mark's ped~), the image ftaelf can not correctly be taken for

a4 mask in order to compersate for 11ght fall - aff {p 8 pure analag mode.
[t is anyway more rigorous to esecyte the following steps anzlytically,
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For the amalytical determination of light fatl - off, eaact coprdi-
rates for particelar grey valuss have to be inown, related ta the {rage
center s prigla. Consequently the resear MaTks were used to guaranies
wniform distribution of messurcments.

t_ 'f -f' 'f.‘ -!.- Ly " b -
+ + +F + +

f1q.5: Configquration during paints
wite measurement of grey values

1 'i' '1' '1‘ 'l' Uistante A was controlled by the 1ris
edge of the microdensitmeter

11Tystrates the paint :6nfiguratinn: per jmage 100 measyreoenty
be made (executed by ALYES FIf). For each f =1 : 5,6 and
B 14 imiger were evaluated: this finally makes 2800 valuey,

-~
T Ty T T =T Ty Ty
' 7 14 1§ S+ N UEHRH UK RN OHNRMAB

T Grrape 1
Fig. 6: Distribution of densities at reseay marks within the LAMDERT-
reftector full frase photography

Fig. & shows o result for one fwage {f = 1 ; 5,6}, Every point coree-
sponds 1o one medsuremant. Tha "nests” of 4 points around the reseau
marks and the charmcteristic behavior of the grey level alamg the scan
Tines {1 ... 4, 5,.. & ete., see Fig. 4] can be deterted clesarly. For
211 measurements. ?ra}f wedge D 1247 was used, where 1 cm {2} corre-
sponds to 0,1 D, Al valyes were related to the brightest pelnt in the
image center.

It is common tg describe the Tight fall - off by a cosine function,
a:imittin? a redia) and symetrie behavior of the phenomenon [tee SIEVERS
J37). This sctually can be done here, yer with respect tp a superim-
posed linear 1ight fall - off caused by Lhe shadow from the ground.
Approsisative computation thowed that

-

Poef(l-cosd g)id -r-t -1

p=nh .

0«1 - I‘n 3D =¥ 1 -1
, (1-cos" =) 50, fc—“';;-.}

§ E \
and ﬂ‘ x fl: 1 - cos™a)

teold successfully be applied for desi-ipiion of the radial pe-t of
the foaction.

For a Teast - squires adjucioent, errur scuaatisng sre written-as [2llcus
byswgsflomtaj, o0
ar Ti' liﬂii'bicz"l..l

The unkidwn patimeter o, sighifies a fz-toe, which adapts the cusing
Function to the micredefsilomater proffic, sherzas c, describes the
1inear part of Lie tight fall - off as & function of the ¥ - coordinats.
For each imsqe 100 error equations ex'st to'determine the two unkacwns £,
ard ¢

2.

4

5
3 Ul:l:isa-l 1 - cas 11:0:4-1 1 - cot

Furtion 1-cos

£ 1, 0892 0, 8655 0,335%8 0,6279 0. 7000

i cy ¢.op1% R.001% 0,0018 o.0019 &, DD_!?_
f=1:5.60m (D) ¢ 00262 |+ 0.0197 | +0,0297 | + 0,0005 | 2 0,012
T F.Gﬂzz U-EEGJ {.16558 'ﬂ.m ﬂ.E‘BEJ

€5 0.0014 0, 0014 0008 0,004 0, 0013
f=1:8|m (0} :0.0183 20,0202 ; ¢0,0185 | ¢+ 0.0210 | ¢ 0,018

Table 1: Results from least - squares adjustaents

The resul ty of the sdjustoent are sumarized in Table 1, 15 the
weighted root mean square error, computad from the residulls which con-
séquently signifies the accyrscy of the procedure. Hence for £ 2 5.6 we get

1
D = =1 JOZET + 00019
o " oy~ 1 DY 4 1y

dnd for ¥ =1 B we get
14
O, = {1~ cose”) 08822 +y{m1 0,0014

a5 ithe best f{t. The rop: pean sguare errors of o, are all below
+ 0,0035, those of Cp Bre a1l below + 0, 00006. Thl»n.- exist no correloticn
Betwesr the unkrewns:

tviously thery 5 a sieeper 1ight fall - off for £ = 1 : 5.6 than for
f=1:8, but the difference i5 only aboct 0 = 0,05 af the paxifash ]
{a = 25°9%. Even Tesc 1t the difference between the particular functipnt:
40w 0,02 for F o] ;5.6 and a0 = 6,015 for f =1 - B, both at o = 17 0.
For many praciical applications an sppropriate mean function will be
sufficient.



(mce the pa rs of Tight fall - off are known. compensation of
this pArticu.-. effect can generally be execuied analytically, This
affords, however, images in digital form. The formulas have to be
applied in the nagative Sente defining the image center as the origqin
of a with 0 = &, reglecting the linear part.

5. Digftal Repraducticn of the Light Fall - OFf Phenomencn

Genera] advantage of & rigorous amatytical appreach is the possibility
ta analyse the bepavior of & phenomenon thedretically. For the groblem
discussed here this means, that we can reproduce the measured conditions
digitally. Moreover the particuiar effect caused by an additional

Ttnear distorbing function can be demonstrated. To  examples are dis-
played in Flg. 7.

The etudy of 1ight fall - off 1n camera lenses iz a limited, but
necessary stef with reqard to describe the image gray vafues as a func-
tipn of the pbjlect characteristics properly. The LAMBERT reflector used
for full frage calibration herg, can be applied beyond that in order to
determine the reflectance factor of particular objects and thas provide
srother cantribution to the entire complex.

-y

i

I

Fig, 7: Simlatfon of light fall-off components for the evaluated
configuration [f = 5.5)
a) padial component 5 € = 0.6229 ;¢ =07
b)-Linear component { ¢y = 0 16y = 0LODIS )

The steps correspond to fhe following densities o :

[4) T
' II -1 "n.IIJ

0 0.42 .64 1.25 1.67 2,09 Z.50 2,92

o 0.12 .25 0.34 0.4 0.5t 0.73 0.8%
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B/ MarxsAicna, Anadysis of digital mulispecinal sanner [MSS) duta
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squares {iltaring.

Summary

Treatment of single (non-overlapping) digital M55 dats is performed using both parameiric and
1on-pufametric techniques. Parametric methods are Lased on the collinearity equations and epplying
polynaipals to cxpress the behavior of the sensor exterior nrientation elements. The resulling ex-
pressinns may jnelude the objec! point elevalionn if 1hey are externally available

Non-parametiic procedures considered inelude: the srilhmetic mean, 1the moving average, the
roeshwise linear Iransformation and lLinear least squarea Ciligzing.

Test resultw ars given for the purpose of comparisan. The paper fa copcluded with m dlsavasion of
he apecific characteriatics involved in the reduclion of digital data,

' Zussmucalasrang

Eintelne (einander nicht Gherlappende) digitale Sitze von Multispektral- Abtaster-Daten werden
mit parametrischen und nicht-perametrischer Techniken behandelt, Die parametsisehen Methoden
Lasieren auf den Kellinearitiis-Gleichungen und verwenden Polypomsnsitze, welche des Verhalten
der Elernente der Iulleren Orientierung susdricken. Die resullierenden Ausdrileke kénnen die Ob-
jektpunkihdben cinsthlieflen, wenn dese rusitzlich erhdlilich sind.

Die betrachteten aichiparametrisehen Prozeduren enthallen: das aeittunctdsche Aittel, dag
gieitende Mirrel, die maschenweise lineare Teansformation und eioe Filterusg rach kleinsien
Qludrlt:n.. B

Fir Vergleichsrwecke werden Testergebnisne genannt, Dex Bericht schlieft mit ciner Diskussion
der Charakieristiks bei der Redultion digitaler Daten.
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lnterpolation and Filtering of ERTS-Imugery
by H. P. Biun, Hannover

b Imtemtigaimd Tmagery

Least-squares interpolation methada have recently been applied in photogrammerry (see [2], |3],
[4]). Since resultn from ardinary interpalsiion wing polynomials for ERTS lmagery are aiready
available {|1]}, ir whould be of interest to Lest other methods and 1o compare the resulo

Independent mcasurements have been carried out in the same frame uved for [1] both in channel 7
and channel 3 (bulk phote from Seplember 219, 1972, showing parts of northern Germany, 409,
cloud cover). All paints used in channel 7 (41) were again related to water bodies, while most points
used in channel 5 (20) were related 10 foreet festores. A eitnple 4 pareineter linear transformation
{..Helmerl-Transformation” using ell observations ea referenca points wae applied a9 a firsl siep in
oder to have w suitable reference surface for Turther siutistical analysin,

%, Cavariance Functise spd Fillering Casflicent

The residus! errore wfter the 4-parameter-{it contain both comelated { syslcmatic”) and uncorrela-
ted {, obse¢rvational) components. By lantsquares filiering, bolh parts can be scparated; by least-
squares inlerpolation, both pucts ¢an be predicied a1 any paint, il suitable reference points aze
available

Firat, the covatisnce function was determined empirically from 1he residual crrom a1 all reference
paints. The caleuluted values were amoothened by a continuous Gaussian error function:

C{Fi P =Cl0)e

C (D), the vertex of the curve, represents the variance of the correlated error comnpooents W L s
smaller than The variance of the tatal error compenent ¥ by the amount of ¥y, variance of 1he
uncorrelated ¢components. Y is known a prioti from the redidual errors after 1the 4.parameter fit.

The coveriance funetion includes the whole infarmatibn of the erpor distribution. Tt ellows 10
calimale the magnitude of the correlated componenw 14 by the following equation (see [3]):

lg = gt £11.

The elements of € and € represent values of the coveriance function; 1he diagona! elements of €

coniain ¥, Thus the ratio ’

A" *

Vi  C{)
v - v ~F

- which is knewn if the coverisnce function has been deizrmined —, becomes the fundamental para-
meier for the interpoludon procedure. F iy called | filizring coelficient™. For the evaluated ERTS.
frame one obtaine Fa ~ 0.5 sad Fy ~ .7, For a larger F 1be 1 values become Larger and the filtering
iy arronger than i1 should be. For & vmaller F 1he filier is 100 small.

Column 4 and & list the mean square error of the residunds after the 4-pavameter fits, calumn §
and T 1he mean square errors of uncorrelated components after filtering or least-aquares interpofation,
The more relerence points are introduced the betier the result becomen. 1t hes sbout the magnitudle
of theoretical resolutian. Far k2 m 0.00, ic. & Jazger bandwidth of the Gauss curve the M values
decrease somewhst ns 10 the values from k¥ = 0.1, This is due to ¥ isolaled points, which are nol
infleenced by 1he coveriance Tunction for k¥ s 0.1, whith becomes rero [or 5 = & em but nol for
kT = 0.01.

The lxat 1wo lines of the mhle give the resudis for inlerpolation by second order pelynominls (6
unknawne for each coordinste). The values tend 10 be slighily better than afier application of Least-
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Knatir, Geometric ealibration of Canadisn ERTS photoreproduction sysiem

squpres interpolation, but this is beesuse of exirapolstion »t the 2 isolated points. This extrapolation
sccidently leada 1a ercar reduction st these points. Here least-squares interpolation docs not trasufer
any information, if k¥ = 0.], which stems more cormeci. The vecler disgrame show very good
accordance of bath methods 2t all oiber peints. Because of the yoall number of reference points and
their poor distriliution 1he results are nol conclusive. A more sophisticated error enalysis as Knays
suggeals in [4) has 1o be carried out witk olber frames. T1 veems cbvious, however, that polynomisla
are casitr to process than lewst-squarcs interpoladon. But 1he latter in mare [lexible (LY, F] and can
be succersfully applied as shown,

r

Reference | Inberpolaicd M Mar M, Mzr
Fh'”-“"l peints painis [m) frmd im| Im| F k?
1 2 3 4 5 & T B a9
7 . 41 . — 131 ag 136 445 0.75 0.0%
il ln 134 &7 134 5 0.0 0.la
1) 11 138 T 145 a4 Q.75 G.10
i | i \ .0l
i 3G 134 9l 141 m 0.7 .30
i 24 — 11 4l 137 0TS 0.0z
9 1n 134 1] 122 & NI 0.2
4 17 152 103 126 % | 070 0.2
T
{Polya.} 10 i 133 L] 145 : BT —_ —_
3
{Palyn.) q 11 134 L) 112 i " —_ —_
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Geometric calibration of Canadian ERTS photoreproduction system
by Dr. Viaoamin Keatey, Outaws, Ontario, Canads

latrsdnetive

The Earth Resources Technology Saiellive {ERTS) imagery is acquired by & four-charnel Multi-
spectral Scanner (M55} which continucusly covers & 185 km wide grouad swath in & single arbit, The
raw dals, radic-received ni a ground swnon, s wecarded on video tipe apd transnitied to u dats
processing ststion where it is canveried inlo phatographs and computer competihle tapes.,

o the &n..ldim EATS image processing systam |4 which iv in many reapects difTerent fram 1hat
edopred by NASA (3], 1he photographs are produced with the id of Iwo special zeproduction instru-
nicnls. An Electr?n Beamn [ivuge Repredurer (EBIR} converts 1he pictoral informaticn from it
digital record on video tape into » latenl photographic negative on & 70 mm film. This is sceomplished
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in the duia processing facility of the Canade Cratre for Remote Sensing (CCRS) in Otlawe. The
exposed film {n delivered 1o the National Air Photo Library (NAPL) repraduction centre whers it
is proceased and enlurged 10 the inal | : 1000000 pholographs on a 230 mm film in a special Enlazger-
Printer {E-F).

The MSS immge in distorted due to several phynical, instrumental and geometric factars which may
affect the imaging, recording snd reproducing provess, as wnalyzed, e. g, in {2]. Most of the systematic
digtortions ean be delermined with the use of wexiliary information provided (rom wiellite senmomm,
predicied from orbitsl parameters, obuined from geometric cdlibranons of instrements and alsse
derived from suitsble pbotogrammetric tnnsformations based on svailable ground control pointe. As
a result, sn analylical model of the dislartions is derived, the parameters of which are used 16 rontrol
1be repreduction process io 1he EBIR. Further details about the correction process developed for the
Caoadian ERTS program can be found in L 121

1t is cbyious that the performance of boih reproducing units affects the geomeiric quality of ERTS
photographba. It is, therelure, imperative In have these deviees regularly ealibrated, and 10 vtz para-
melers of the calibrstion, logether wilh other correction psrameters, for Lhe contrel of the process,
The present naper deseribes the wny in which this is accomplished in the Canadian ERTS program
in ke CCHS.

Denexighion of repreducing systam

The EBIR i a precision film recording device designed wnd built for CCRS by the Minnesola
Mining {3M) Company, Busicslly, it ia a madified cathode ray tube in which the face-plate is syl
tuted Ly an ultra-fine grwin film placed in o vacuum. Thaos, the fim ja directly borbarded by legirony
in a line-by Line ipode reproducing the ariginel line-scanning patiern of the MSS, reisined in the viden
signel. A special uamit, the EBIR eontroller, acts as gn interface between & computer and the ERIR,
adding annotation, corraction and celibration information which is provided by the compuier, 1o
the ¥ideo signal. Duta are dirceled from 1he video tape to the controller which conizold the timing
of the readuul and the deflection of the eleciron beam in a way corresponding to the annlylical model
of those geomeiric correctiom te be applied. )

The Enlarger.Frinter developed by 1he Internationa) Imaging Syatems {158 Company] provides an
accurate optical sealing of images into the finel format, The system i Tixed to yield 0 3.7 » enlarge-
ment ralio end can be used in & semi-sutomatic mede 16 produoce colour tamposite prints in dilfcrent
combinations of the four availuble speciral images. For this purpsse, » precibon pip-registered
framing mechanism js used to cosure an accurste imape registration, identical to that in 1he EBIR,
wilh reapect 1a sprocket hales of the perfomted {ilm.

Gromatry of phaiwrpraductieg
Information fiew

The wnalog video curpute from the M55 sensors are converted into & digital signal which is radio-
transmiticd and received at the ground stabion. The received dats wre digitally recorded on & video
tupe in separate channels for each spectral band. The MS5 wysiem preserves an igherent registration
of data in all speciral bands, which means 1hal their geometric disforiions are identical. The physical
flow and tranyformation of information in the reproduction phase is presented in Fig. 1 und deaceibed
in tha lellowing sleps:

- Digital video signal {YID] is input information; eny geometrc distorlions cawsed by deficiencies
in preceding operalivns are Irrelcvant to the calibration of the reproduction sysiem and thus
ditregarded, The x,y-coordinales of any image deta] are implied in the position of the corres.
poading pisel within the video image stream. . .

= Modified jmuge s1zeam (315} is derived by a transformation of the vides sigaal V1D in the ERIR
rontroller. The effect of 1his contrel can be analytically described by & transformativn T'p.

a0 Bul. 141675



Sonderdrudke zus Bijdmessung und Luftbildwesen™ Heft 3/1973, Beite B1-87

Analytische Bestimmung
und digitale Korrektur des Lichtabfalls

in Bildern eines Hochleistungsobjektivs
Von H-P. Balir, Hannover

Herbert Wichmann Verlag GmbH, Rheinstrafie 122, 7500 Karlsruhe 21






Analytische Bestimmung
und digitale Karrekiur des Lichtabfalls
in Bildern eines Hochleistungsobjektivs

Won H.-F. Bauw. Hannover

Furamamen{as g

2ur Machenhafica Bedimmung des Lichizbfalls in ginem 60 mm: Z0is5- Biocon surde em 120« 1,20 m® giober
Lichurahler mi vollkommen diffus streuende s Dbealiche entwickell. Dic analytische Brstimmung der Lickiablall-
funbrion erfolpie dutch Ausgleichungen wber K minoy- Fupktionen mit 2udizlichea hincaren Anceden. Mach der dygi-
1alen Kogrek e er t wwskn oy yp=aAginahmen Boiben Restfehler in der Grabenordnung von + 000 [

wpadsblcal Dienwing lioa snd iplial Careclios of Light Fsll-O ta Phojagrammetsic Imagery

A | Hiby 1 2tim” large BaS0,-rellecior has been developed Gt order 10 provide 3 ius! rame stapdard of perfec dif-
Tuse swffaue for lizhl Gall-off comoonon af 2 S0 mm Foss-Barion, The spalyiical deietmunstion of e light fall¢ff
fatium was evecuicd by bepsloyuares adjudmic ok, Laing cosine funciions with additional linear parameters. adfier di-
pilal correorion of the Hasaly pi v imageny. residual errars wre in the order of magriwde of + 001 O,

Thorcreminathon gaslstique ot correction digiale de Ia répartition de la lumbére daos des cJKhés phokg ranmdin-
s -

Un réfleciewr-BaS0, 0 1.20 m par 1M mya surface parfpicment difTuse 2 v dévellope powr cornger ba répartiman
de la bumikre & envens un objecw Z sy -Biocion (60 mm)_ L détermingtion anadyaque dea flonemsons canyven sldes Tall
imervenin Fajesiement de Toncuons-cusinus paf bes moindres carrés, avec dew paramétces Linkaines s e mend dirca.
Apri 3 cormection dightale des clichs Tiass0s BLA, e reur moyenst wur les foars rtacdueh soieint 2 002 0

1. tinupdnung der Unlerspchungen

Bildverarbeilung. gleichviel ob digital oder analog, muf unier kritischer Wirdigung des Ausgangs-
malerials erivipen. Wellweil und mitgrofier Epergie betriebenea ¥ersuchen. mit Meihoden rechnerge-
stslater digitaler muliispekiraler ¥ lassifizierung dic honventionellen, subjekiiv ausgerichielen ¥erfzh:
ren der  Bikdinierprerition abzultsen, ist bisher, irott beachtlicher Teilerfolge, der grofe Durehbruch
versugl geblicben. Multispehirale Klasinzierung ist heute noch nicht immer aligenrein und wirtsedafi-
fie b anwe ndbar, Der Grund dafur licgt w. 2. darin. dal vielfach . draufos* klassifiziers wird. ohne die
nolwendige Korrekior des Ausgangsmaterials nach physikalischer Analyse der Originalinfurmation.

Photagrammiewer haben delir gesorgl, dall die geomervischen Geseize des Zustyadekommens der
Bildiniormanen ol bekanpy sind (val 7 B HL K, Moica (6, 71 H, Zicsans 1] Was dic redometi-
scher Cuselze anbewrillt. so besteht die Sehwierigheit, die Bild-Dichigwerie exoki oft eind mochemartiache
Funkiiun apek traler Sigaatren und sontit von Objektegenschafien v beschreiben, Zu viele, schwer er-
fubbare und einander iiberlsgernds Slarfakioren wragen 2ur Beeinflussung der Originalinformalion b,
7. B e e keuchiung, das Lufichy Kamera und Filmeigenschaltan wiz auch die Filmemwicklung{vgl.
1 Biwviws |11 12

Der vorliegeade Aulsair soll ein Beiirag im Hinblick aul dic Mavwendigkeit sein, Original -Bilddaten
rudivmelrisch zu korrigicren. Er befadi sich mit eingrr ein zigen phy vk afisehen Phanome, dom Lichtabfall
in cinem Kairerashjek v, seiner Eemittiung sowie seiner digitalen Darstetiuag und Korrekiur.

Yheoretisch crgibis sich Iir den Lichtablall gine cos®a-Funklion. aber nur pnter der Yorausscizung.
dald das Objekliv durch eine donne Linse mit kleiner OfMnung ersetzi wird. welches ¢in verzeichnuags-
fredes Bild Yielert 1. Lansilie T sehes Geselz des Lichwablalk™ (vgl K, ScowineFsey [10]5. 35 43% aisl
daher der von Gbjeklivachse und Haupistrahl cingeschlossene Winke]. Prakiisch licgen die Verhglinise
weilaus homplizierter. Bedingt durch dic Objckiivlinge werden schrip einfaliende Suralilen ceilwense
herausgeblended i Vignelligrun g™y Dies fihrl zu starkeren Lichtverlusien an den Bildrandern als durch

f LBk ke S e e G S Wit et B el of B e Sy = 155 1176 gege e L naag Selinen b
dar LV enigrhing wkiraker Ligrmubalien 2o oo 0 Opem oy mechreresd Woelker Lam pemuierey Boen |
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das LamadnT'sche Gesetz ausgedriockl wird. Dieser Nachieil wird bei manchen Objekiviypen dadurch
vermieden. dab ein Lichisirahl unicr sinem Macheren Winkel alsdem Finfallswinkel durch das Objekiiv
geithrt wird, Zu ginem solchen Objekiiviyp zahit auch das Zeiss-BioGor, welches fur die varliegendean
Untlersuchungen verwendet wurde ¥, Nach Jorpan/EGGEAT/Kreisse [5] 5. 112 gelingl ¢3 swigar. den
Lichtatfalt bis aufl cos’ a zu reduzieren.

Grund MUr die allgemein geringe Beschifigung milJem Phinomendes Lichiablzlis mag die Taisache
sein, dab s das menschliche Auge hiufig gar nicht wahmimmi. Dies liegt daran, dafl dem Lichiabfall
iberlagerie Kantraste  ins Augespringen™ uad die Information des Lichuabfalls verdrangl wind: es kann
aber auch sein, daf die durch den Lichiabiall verursachien Kontraste zu gering sind, als daid sie das Auge
iberhaupt erkennen kdnnie, wic im vorlisgenden Fall beim Biocon. Fir digiiale Bildverarbeitung je-
duch wird der Lichtabfall, auch wenn fir das Auge unsichibar. zu einem Stériaklor, der eliminiert wer-
den muth

L Hentellung elnes L Lamper g1 -Reflebtoos

Um die Tramamissionacigenschalon cines Kameraobjektivs fur cinfalicades Licht 2u bestimmen,
mull eine Maglichkeit gefunden werden, den Lichtabfall separai darzustellen, Dies bedewizr, daf alle
anderen Parameter, welche die Filmschwarzung besinflussen_ausgreschaitet werden miasen, Dieses sind
primdr diz Differenzen der Objcki-Helligheisumerschiede per se sowie dic Abweichungen der Aulnah-
me- und Beleuchiungsnichtungen von der Flackeanormalen. Eine peefekt diffiese Objekioberflacke ist
Vorausretzung fur die Herstelung von Bilders, welche olleia diurch Objektiv- und Filmeigemichafien beein-
St sind, Am Institut i Photogrammetrie und Ingenicorvermessungen (IP1) der Universildt Hanno-
wer wyurden verichicdene Versuche untemommen. um cine perickt diffuse Ober Niche herrusizlien (vgl,
K. ALves [1]). Schliedlich wurde Bariumsullat Ba 50,. in Pulverform} zur Hersieltung einer perfed
diTus refekiierenden Oberilache herangezogen eine Substanz. welche such rur Innenbeschichiung
von Feprico T schen Kugein benutzl wird. Che theoretisch homogen dilfuswe Reflecion eires sogenanh-
len wweiBen LamperT-Refzkions™ (wl: vgl. F. KasTes, E Rascuse (B} lefent

Reflexion Rellekhizrer Sirzhlungsfud & _, -1 ("
¢ Eintallender Strahlungstlul ¢

In der Praxis kdnonen Lasmeer t-Reflckioren i ersier Linee daru dienen, den Reflewonsfziktor R 1u 2r-
mitteln. welcher die Refexion cincs Ohjekls charakeerisien und damit das Objekl sclby (vgl. [7
9]k
L&, loos d.d
Row | :ﬁ.nli 2 (2
m L. Vcosddid

Fig
Hicrinist L, die Strahldichte ines Objckis als Funkiion der Zenindistane dund dey Azmuls & integrierl
iber sinen fesien Winkel 5L L, bedealet die (zu 100%) reflekuicrie Sirabldichie des LasuoLg r-Reflek-
rrs {. Referenzsirakler). Als Refexionsstandard hay dreser Scrzhlenyp duber cine Bedeutung. welche
itbar die hier diskuticrte Yerwenduag im Zusammenhapg m der Lichiabislls. Kompensation weil hin-
ausgeht,

Reflexionsstandards bedeckien ber bishenigen Untersuchungen nor ernen kleinen Tal des gesamicn
Cresichisleldes der Kamera: irozdem waren Bestimmungen des Lichiablalls maglich ivgl, ), Sinviks
{11, 121 Eine sirengers Behandlung dieser Aulgabe crfordert cinen Reflenionsstandurd, welcher das
Gesichtslold der Kamers voll ausfiallt. Die hier varlicgende Kanfiguraucn von Kamera und Objcknv
benduigt cinen Standard mil ebener CberMiche van 120 om Kameafange ewne Grdle, welche bisher
nichi cxisticriz. Fur Flichen dieses Ausmales mufl die Bariumaolfat-Subsanz mis einer Sprihpisicle
aul cinc PYC-bewchichtete Spanplatie aufgebrachr werden, Dewails zur Ansetzung der Subsianz be-
schreibd der Awior ip einem anderen Seitrag iH--P. Banr [3]}

e ——
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3. Analyrivche Bestimmung dor Lichiubfall«funk ton

[ie pholngraphischen Aulnahmen des Lamoekr-Strahlers wurden bei dunstigerm Himmel wul dem
Mefdach des Gepdanschen [nstiiuis der Universitit Hannover vorgenommen. wobei die Platesulfdem
Boden stand und unier 135° gencigt war, Die Aulnahmen erfolgten unier Benvtzung von Katrak-Ek-
Tagltkome Farbumieheilm mit Offnungsverhilinissen von 1: 5.6 und 1:8. Digin | m Entfernung von
Jer Plane aufgesiellie Kamera fithree nichi zu Schauen aal dem Bild

l ]
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Abb. 1 Mikradesvilvmeterprofile wber 4 verschiordene Bilkdbereache der Aufnahme des Lawnbe1-Reflekipn ¢4
Eradensitomener Jovy e-LoesL)

Dies ist in Ubereinstimmung mil Abb. 1, welche Mikrodensitomaterprofite in vicr verschisdencn
Bildbereichen zeigt. Dic Profile verlaulen, verglichen mit andercn Ergebnissen (H.-P. Banir [2]), schr
Elait, was dic gule Qualitht des LambeRT-Reflckiors demonsiriert. Allerdings ist in Abb, 1 ¢inc leichte
Abweichung der Profile rwischen dem oberen und unicren Teil auf der Plane erkennbar. indem der
geomeinsche Bildmitielpunkl nicht mit dem Punkil graBier Helligheit zusaament3iln Dicser Effekt
kanh durch eincn Schatier vem Boden oder durch nichl sirenge Parallelsicflung von Reflekior- und
Aufnabmeebene verursacht sein. Vor Auswitkungen des zuleszi genannien Fehlers. welche nach |11
nicht linear verlapfen, wamnt auch H. J. Bemuarn ). Dice Yerhalnisse missca bei der Bestimmung
der Lichtabfallsfunkiion berdcksichiigl werden, Abgesehen von Schaniene/Teki und Rauschen™ wellen
die Prafile in Akb. T ausschlizctlich den Einfluf! des Lichiabfalls im Kameragbjcktv dar, Wegen der
leichien Verschishung 2wischen Bild- und Heltipkeitszentrum kanp dies Bild auch nichl als Maske fitr
einc reid aumtoge Form der Lichrabfallskompensation dienen, Da, wie eingangs erldvien. cine Lichiab-
faltskompensalion #uch nur bei den Verfahren der digfealen Bildverarbeitong {2 B. Klassifizierung) an-
gewandl zu weaden braucht, erccheint es shachin niherlicgend. flie die folgenden Schritte die sirpngere
mnaftisiche Methode zu wahlen,

Zur analylinchen Bestimrmung des Lichtablally mossen exakie Koordinaten fiar bestimmie Grauwene
im Biid bekann scin. bezogen aufl den Bildminetpunkt &5 U nprung. Aus dicsem Grunde wurden dic
CGaterhreuze dazy verwendel, cine gleichmiBige Veneilung der néuigen Messungen 2u garantieren. Pro
Bild waren 100 Messungen (4 « 23) am Mikrodensitometer 2o machen fausgefihn durch K: ALvis)
Sowch) fur Blends 1:5.6 als auch flir Blende | :§ wurden td Bilder uniersuchi, was schlieBlich auf 2 $00
MeBwerie (bhrie,
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Wie anfangs erfiuten, lafi sich der Lichtabfalf gt durch cine Kesinus-Funkiion beschreibed, wobei
man Radialsymmctrie dos Phiname ns annimmi, [ies kann auch Kier geschiehen, allerdings unter Be-
riscksichligung dor Uberlagerung der Funkiion durch den genanaten Sigranteil. NEherungarechnunges
Zeiglen, dafl

D, wfil —cos' oy, D_-r(—l,—- ')
o o

(B}

. -4
D, = 1 — cox” o) D_a:l'( - |)

oot oy
grundsdizlich zur Beschreibung des sadialen Funkuonsanisils gecignet erscheinen.

Fur cine Ausgleichung nach klcinsven Quadraten werder: die Yerbesserungagieichungen folgender-
malen geschrieben:

L # v =licosalt, + ¥y, ' @

ader
v,mas +he =L, . 5
Die Unbekannie ¢, charakeerisicrt einen Fakior, welcher dig Kosinuvunklion dem Mikrodensitometer-

profil anpalt, wihfend o, den Swdrfaktor ala eine lineare Funktion der y-Bildkoordinale erfassen
soll. -

Tabwile | Ergebaine der Ausglechung,

Fusklion | = eas® 1" = 1 I = coat 1iem® = |
¢ 10592 0.868% 0.8458 0.6229
o 0.0019 C.0019 00019 00019
f=1:50 m. 10} + 00iR2 + 001407 + 00297 + DIRs
€, D.EEXL LA L5 0.6E3E 03, a0
o 00014 ,0004 00014 O.0t14
M= 14 g {0) * 00193 £ 0.620] * 0195 £ 00210

Die Ausgleichungsergebnisse sind in Tabelle | pusammengefz8l m, ist der Gewichiseinheitafehler,
errochrel aut den Restfchlern, welcher dic Genauighe i des Verfahrens angibL Die minderen Fehler ior
c, sind in jedem Fall < ¢ 00035, die von ¢, < + 0.0004, Zwischen den Unbekannten eaisticrl keine
Karrclation,

4. Dvigitale Korrehtur des Lichrablally

Dic K orrekiurdes Lichrabfalls kano exokr aurdigitaf erfolgen; sie wird sirenggenommen fir Hachlei-
stungsobjektive auch erst bei Anwendung digitater Bildverarbeitung (z, B. Klassifizierung) nowwendig:
ein Beisplel dafir, wie mewe Techniken neben newen Probiemen gleichreitis auck deren Lésungimaglichi«i.
len fefern

D4 das hier behandelie Biid nicht original digital »orfag. muBle e in cinem ersten Schritt am OFTRO-
Nics-Lesegeriy digitalisiert werden, wobci BildélementgrsBen von 0.0 « 0,1 mm? ausreichien
(518 » 522 mm? ergeben 0.270 « 10° Pixcl). Ausgzhend vom digitalen Bild kdnnen aun die Helligheits-
verhalimsse leiche dargesiclly worden,

Abb. 2 zeigl cine Abspiclung des digitatisicrten Qniginalbildes nebst zugcharigem Histogramm. Man
eriennt, dafl die [nchicwerte sich auf den Grauskala-Bereich zwischen eywa 75 und 100 konzentrieren.
Crie Werte licgen zu dicht zusammen, &ls dald sic das Auge im Bild enterscheiden kBnnte, Zwar iy cx

5
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grundsitzlich mbglich. cine Differenz ven 13 G mustufen in diesem Bereich noch wahrzunchmen
{aD - 0.12), allerdings nur unicrder Yorausseizung. daP diesz sprunghafl und pichi keatnuierlich aul-
tritt wie hier.

b Bulativa MEufighel:
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Abb. } Abpiclung 4o digisalisiersen Driginelbildes mit zugchéngem Hisogramm,

Einc anschauliche Darselung der Helligkeitsverhilinisse ergibt wich nach ciner angepaiiten linearen
Transiormation der QOriginal-Grauwerie {Abb. 3). Beginnend beim Beirag von 73 sind jewsils 4 Grau-
werte dquidistanien Stufen vom Beirag 40 zugcordnet worden, was syl insgesamit & gui unterscheidbare,
abzihibare Siofen fihrt. Wegen der dadurch erfolgten eiwa 20-fachen Yerstirkung des Konlrasium-
fangs zcigl Abb, 3 den Lichtablall-Eifek eatrem deulich. Diese Sachenhafie Darstellung eignen sich vicl
besser zur Beschreibung 35 Lichiabfalt als die Mikrodensivomelerprofile (Abb. 1). Man etkenri salon
den Efmeki ders radialen Komponenic sowis des von unten emlallenden , Schaucns™, Dardber hinaus exi-
stizren aber auch noch geringe andere Einflisse, welche durch den analyvischen Ansarz (4) nich erfaf
werden. wic r. B. Bireifigke it im rechien Bildigtl, hervorgerufen wahrscheinlich durch un gleichmiBig
angeserzic Entwicklung heim Farborigingl,

Die digitale Korrekiur des Lichiablfalls erfolgie mit Modul JKOLA™ (r ein Bild der Blende 1:8) des

digitalen Bildverarbeilungspakets MOBI desIP] (siche bicrzu H,-P, BaHa [2)5. Das Ergebris istin Abb.
T

255 Crowary —_
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Abb. 3 Anwendung ernet S-atufigen limearen Transformation der Grauwere Jes digitalisienen Originalbildes tur
quanuhorned Derwellung d57 Kooiradverhalinise
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"

4 dargestellt. Schon Jdas Hiswogramm des verbesserien Bildes veranschaulichd, dad aun fast alle Grau-
werte rwitchen 75 und 19 liegen (AD ~ Q.02 wihrend im Qriginalbild {Abb. 21 die gleiche Menge zwi-
schen 73 und 103 liegt {AD ~ 0.15). Dies entsprichl ciner Verminderung des durch dea Licheablall be-
wirkien Komirastumizngs ciwa um den Fakior 7. Nach der Anwendung derin Abb. 3 crléuterien Trans-
formation auidas korrigicriz Bild fallen zunichst die konzentrischen Ringe au!, Diese werden hervorge-
rufen durch den Umstand. da6 die Karrehwr nicht kontinuierlich, soadesn nurin Sprongen von Grau-
wentinheiien crfolgen kann. Dxher istin jedem einzelnen Ring niach die Tendenz des Lichiabfalls ven
innen nach sulbcn crkennbar, was dic Ringstrukiur he vormuli Aufdes gesamie Bild bezogen, ist der EX-
ki des'Lichiablalls aber fast vollstindig eliminisan. Spuren von KontrasdiiTerenzen sind die Folge
Yo !

I ungleichmattiger Filmentwigklung des Farboriginals {z. B, venikale Schlieren im Bild rechis)
2. Fchlern bei der Digitalisierung (2. B. hongentale Streifensiruktieren) und
). Resefehlorn aus Jem analyiischen Modedl,

1
N Malative MIuipqhmit

4.:

Craywile

oy 53 e 1% we 1%
Abb. 4 Hisogramm des burrigicrien Billn wwic Anw endung der Transformaign von Abl. Y sul das kamigicrie
Hild zur Yeranwchaulichung des KorrekioreMekis.

Bci der Einschlitzung der durch die nech vorhindenen Kanyraste acsgedrlickien Restfehier mull be-
dachl werden, dof} Abb. 4 durch extremsie Konlrastanreicherung emstanden ist (Yericilung der Werte
twischen evwa 75 und 79 aulden Bergich zwischen | und 236). Dic Suwcuung der Grauweniz zwischen 73
und 79 welche aul 3D ~ 0.02 Thn. ist daher in Uberainsimmung mit dem mittleren Fehler von
M, = = 0,02 0. der aus dem analyiischen Anuz folgte. Das Korrekiurergebnis entspricht damit den
Erwaniungen, dic nach dee analyiischer Ermptdung der Lichlabfallsfunkiion gehegt werden konrn-
ten.

Der Lichiabfall-EMek) wird in der Przais von vielzn anderen Siareinflilssen Ubcrlagert. inshsondere
auch durch Helligkeitsunterschiede. die durch Abweichung der Aufnahme- und Beleuchiungsrichtun-
&=n von der Nadirrichiung entsiehen (vgl. (2) sowie Beispiclc bei D. STerven [13)). Diese Einflisse miis-
s¢n chealalls analytisch bestimmt und digital korrigiert werden, inc im Hinblick auf dic Leistungsitei
gerung auomatscher Klussifizierung akiuclle. bislang unbewiligic Aufgabe .
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Geometrical Analysis snd Rectification of LANDSAT M55 Imagery:
Comparisan of Diffesent Methods

{with B Figures and 4 Tables)

By H.-D. Bihr, Hamover

SUMMARY: Quality of 4 dlfferest mathematical models [Helmert+ransformation,
and iy solynomialy, coliinearity equations, prediction) b discussed with zeipeet to
geomeiricz] analysis of LANDSAT imagery. This leads to operatienal digital recrification
pracedures, providing two levels of accuracy (bulk/precislon). '

RESUME: L'auteur sxamine et compare 4 méthodes mathématiques (rransformations de
Helmert, polynomes du 2% depré, équations collinéaires, prédiction} pour l'analyze
géométrique dex images LANDSAT. 11 en déduit deus méthoder pratfques pour lz
correction digitale des images, Tonctionnant 4 deux niveaux de préchsion (approzimative/
élevéel,

ZUSAMMENFASSUNG: Vor- end Nachteile 4 verschiedener mathematischer Modelle
tHelmert-Transformetionen, Polyname 2. Grades, Kullinearititagleichungen, Pridiktion)
werden im Hinblick aufl geomettiche Analyss von LANDSAT-Dildera diskuciert. Darsua
fulger dann praxisgerechee dightale Entrerrungavesfahren in zwei Cenavigkeitssrnfen

{grobyfiein).

1 General gbjectives

Ths launch of LANDSAT had csused enormaus world-wide activities in the domain of
applied earch sciences: only 7 months after LANDSAT imagery was availsble, 180 publi.
cations of “significant results” were presented ac o NASA Symposium at New Carrollion
[22}. In the meantime, application of LANDSAT Imagery covers an immense ficld,
leading ec numerous direct or indirect economical advantages.

In practise, LANDSAT data ususlly s not applied exclusively; it s ysed in addition ta
existing maps and airborne imagery. This raises the problem of geametrical registrazion
for data from different origin, Moreaver a very important related task is the observation
of time varying phenamena (“change decection™), which are most frequent on earth, Here
again geometrical recification of the imagery has to be provided.

Tn the pasi, many LANDSAT usen did not care much about geometry. The “bulk™ hard
capies disseminated by NASA presensed good geometrical fidelity snd were sufficient for
many peacrical applications. Simultanecusly, digita! proceming of LANDSAT CCT's
became more and more commen, and the results prove that these methods will become
the standard ones. In the course of digital image processing geometrical receification
prescnts the firs stepi therefare many users, who criginally concentrare an classificacion,
try to deal with the complex problems of digital geametrical rectification procedures for
LANDSAT imagery.
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Conral points have to be selected very carefully, and image coardinates should be
measured in 2 comparator of high precision (e g. ZEISS PSK used here). The painting
accuracy can be Jetermined by repeating measurements individually:

' '11- diddy
Jml

mg e —_—— 1
a I 2n=1} {]

my is the mean roat square error computed from n individually repeated measurements
with the dilference d;. For the evaluated images we grt

. Image {n} Bavaria (234) North Germany [82)

Operator A B ¥ B ]

mafxfy) s | 28127 | 84/9.1 | 4954 | 7.57.5 { 7.4/5.3

The values are in {um] er [m] respectively, when related ro the terrain. QObvicusly
definition of discrece pointsis possible down 1o £ 110 pixel approximartely.

The quality of coardinate determination is more significantly tested by transfprming the
cntire individual vectors, using conlormal equations (Helmert-transformation):
x' ®ayta, x—agy
' {2}
y shytamxtay
where the vectors z, yand 5’ ¥’ signily results obtained from different operators A, B, G
and ). The translormatigns led ta

Combinatian AfB AIG E/G Bl

M fehy) 17.2/18.6 | 2117205 | 2081207 | 12.3/11.2

where Af s eomputed from the residuals {dimensions as deseribed above]. Af is larger than
my (which i necessarily s0) and sepresents an integral siluc for the relative
individual pointing errer. The value may obtain t 1/4 pizel.

The types of contrel peints will vary depending on the local seene a1 well 23 on the maps
ar aitborne imagery used for ground check, In Germany, road intersections can hardly be
determined; mosr points are related to water bodies or edpes lram forest areas. Many
attempts were made in order te figure our which shape of contro! paint was best puilcd
for geametrical control. The Bavarian scene provides 234 homogeneous poinrs, which
were submitted 1o atatistical vests. For this antempt, 5 classes of points werr tormed:

[L] - L3 ik +1 L1}

spel™, “edge”. “angle®, “rip™ and "others”, Residuals of every class showed normal

27



distribution, proved by y.tests. The values of the corresponding rms ercors did not differ
significantly, tesred by Fisher-distriburions, with one caccption: cype “angle” was
significantty berter than type "tip”. The latter type consequently has to be avoided.
Clausification accarding to “watcr" points and “athers” did not lead to significant
difference, a fact, which was already expected in [S].

Control medium can be smallyeale - apelal imagery, where ground coordinales are
derermined by acrial wlsrguladon. I goad maps are available, they can be used without
disadvantags if in scale 1 : 50 000 and larger. The German TK 50, tapographic map in
1 ¢ 50 000 scale, war taken for all German scenes with good success. Interpretation of a
ground contzal point for measurement, has ta be exccuted very thoroughly, and therefore
takes up to 1/2 hour.

a

The map pojection of the TK 50 isa “Gauﬂ-lirﬂgtr" a Transversal Mercator type like
UTM, buc with reference meridians every 3* longitude, Here the ordinaces ¥ of the
earthbound system are stretched by the supplement AY =¥ / 6R? (in order 1o get
tonformity, see Grossmann [11]). 1f this supplement cxceeds a certain value, the
LANDSAT scene cannat ensily be made fit to the map. In Fig. 1 the values for AY are
wr:r.l:tn as a {unction of ¥, where we have to distinguish berween two cases: i the wene
contains the reference meridian, the supplement may be at most 24 m. I the scene is
situated between two reforence meridians, AY may zchicve at the equator a maximum of
&7 m (for Gaul-Kriger: ¥ = 76 km) or 239 m {for UTM; Y = 234 km), when relasted to
the distance of 180 km. For Germany, AY may become 33.m (GauB-Kriger ¢ = 48°).
Ordinate seerch correction, which is nonlinear, can therefore practically be neglected if
the ground control coordinates arc available in Gauf-Kritger,

l—l}eridhns —8

1
180 ke
1. Scene
contains Y
reference . '
weridian Ay
t fka]| 0 |10150 |76 1100 {150 1180 | 200 | 234
Gauss-Krilger HY(m])| 0] 0jO.5| 2} 4 14| 24| - -
rax. 383 km
AY[m)|24 (28 |29 |67 | a6 |133 |168 |192 |235

180 ka
————

II. Scene
hetween Y
reference
meridian HY

UTH -
max, EBE km

Fig. 1 — Supplements 4 Y of ordinates ¥ for UTM and GauB-Kriiger projections

28



For UTM it may [requently happen, that the suppleniznt AY has to be applied if 2 goad
fit to the map it desured.

b Q .

o o o

| » -3 ®
- Fig. 2

Fig. 2 shows the recommended conliguration ol ground controt points, 4 points in the
corners of the {mage represent the minimum. neccasary for application of (1) togerher
with aceuracy control. % well-distributed pointa will he sulficient for application of
second-degrer polynomials (sec paragraph 3.2). In order to hold cost down, principally no
mvare points should be entered for practical purpose, az accuracy will not signiﬁ::aml}r
grow by using more poings (see Bahr [5]).

3 Diflerent methods lor geometrical analysis of LANDSAT MES imagery

3.1 Helmert-transforniations and affine correction termy

-

-

Ax mentioned above {1). Helmerttoansformatians are similarity projections, providing

two translatione {ag, bg) 3 rotation (zan & =ayfay ) and a el facior (Af = /a7 + a3).
For the problems discussed here, two properties aze of fundamenial importance:

1) A Helmert-transiormation copserves the internal geomerry of an
image. Therefore i is ideally suited for defining the geametric difference between two
images simply by the root mean square errors computed from the residuals afzer
transformation.

2} 2 translations, rotstion and scale are available for an operator, projecting 2 LANDSAT
scene by an ordinary photographic enlirger onto a map. His"analog bost i
will centaine the same residuals like the analyrical
Helmert leasr-3guaresadjusement,

1%



From this point of view Helmert-transformarions are used hese
for two differcnt reasons: firstly in order to obeain an
appropriste messure for gtometric accuracy and secondly
in order to compute an exact scale factor lordigitatrecti-
ficaiion {we paragraph 4.2).

For the two images described above the tansformations are computed using all contzol
points as well as 9 or 4. Mereover the full scenes were divided into guadrants in which the
contzol paint configuration was sclected in the same manner s described by Fig. 2. The
Helmert-izansformation here simply serves 1 a comprehensive geometric check of the
imagery. Table 1 summarizes the results in rms errors {{meter]) computed from the
1esidualc, We realize that

(1} the quantity of uicd contrel points for determining the transformation parameters is
not ensentiel, for pracoical reasons 4 may be sulficient

{2) dividing the scene into quadeants leads to a significant improvement of aecuracy.

Division of images into quadrants was already successfully tried by Trinder and Nasca
[20]. We find, that the number of 12 ... 20 ground control points for every quadranr
wggested there seems not to be realistic for practical purposes (e.g. fur mapping
devcluping conntries). The resules here prove that 4 contral points for every quadrant,
this means 9 for every scene, may be sulficient. The increase of accuracy is sbour 70 %
for “ariginal” imagery {nar specially corrected for affinity). Many practical applications
in reapect 1o remote tenaing programs frequently use even smaller portions chan an image
quadrant {see Bl [6]) The smaller the processed area, the easicr 2 good fir ¢ven with
grometrically bad imagery {see values for area 6, which covers only 1720 of a full scene).

The bad geometric quality of the original imagery is illustrated by Fig..J displaying the
plots of yesidual vectars, The residuals from both original Bavaria and eriginal Northern
Germany show characteristical systematic behavior, caused by affinity. This seemstobe
the typical trend for “bulk” processed imagecy. which we find displayed in 3 similar
manner in Wong |21} and Berdhardson [7} after “conformal™ transformation. The
“center of gravity" of the control poinu is free from systemaiics, whereas the errors grow
continuously towards the edges. Apart from the large values this is of particular
disadvantage if LANDSAT scenes are uped for mosaicking,

i na dewice for affine geametric carrcction is avaidable, best solution is to protest every
quadrant separarely, ¢. g. to project only parts of a2 scene onto 2 map. This would yicld
for “Bavaria™ residuals of abour £ 150 m, where the components behave in a less
systcmatic way at the edges thin in the scene processed in a whole (222 Fig. 3b). This
primitive method should only be applied if ne OCT's are available and the obiained
geemetrical accuracy of about # 150, .. 200 m is sulficient for the specific task.
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Table 1 — RMS erron in fmeter] at ground computed from residuals after Helmert-

tranilarmation

Dividing the full scene 1 into the 4 quad-
rants 2, 3, 4, 5 and onc scparate ares
{Adrcrafr Program Test Site North Sca Coast)

Bavaria [Oviginal) North Germany
) Original Image Carrecred Affiniry
Graund | Used Ground |, Used
Arca | Conrral [ Paints | my 2 my & Contiol | Poinis | sy 1 my & wy, X my %
Faines Paints ) '

1 1 3 4 5 6 7 5 5 10 11
t 234 23 | 1150 | ‘2453 7Y B 3228 | 3563 | 1124 | 109.4
g | 2195 | 2607 g 3405 | 3594 77.7 | 1259
F 2232 | 3097 4 1932 | 479.1 | 1108 | 16B7
2 43 G 1233 ['1e: 26 26 924 | 121 | B3| BS6
] 130.4 1339 2 876 118.0 784 204
4 |'114.8 { 1746 4 95,2 120.1 ag.2 57.2
k| 62 £2 1129 | 1368 18 18 193.2 | 2611 663 552
) 162.6 | 1089 ] 1594 | 246.1 67.7 544
Fl 141.E | 1302 P 187.6 | 2583 | 914 74.0
4 T 49 75.3 58.9 17 ¥ 1501 | 1636 57.0 50.7
] 76,8 97.5 9 14771 1270 | 553 587
4 7.1 584 166.7 99.1 659 56.9
5 80 8 .2 | 17 1 2t 2416 | 2962 042 | 1531
s | 1768 | 1758 9 | s0s0 | 2680 | 1333 | 1337
4 189.1 171.8 4 a5 0 L FL¥ 1114 160.2
6 14 14 476 | 454 | 645 | S8y
¥ 9.4 458 Tl £7.1
4 48.5 55.0 1 59.8
2.3, 734 q 145.7 | 148.9 ] 4 2083 | 1188 831 | 10632

4.5 for - ' for
fyery eyery
qumdr, guadr,

n
}: 5,
]

(g , =2
d n

. where € = %, ¥ |map)i — 0 ¥ (image}i)



Fig. 3 — Residual vectors after Helmert-transformation

==+ cocrespondite 25 km on ground
250 m ar vector

fa 234 control pointa original
: Bavaria 4 quadrants 4 4 control pointy

rth Germany B2 contrg! points  original
rmany B2 control points  affine correction
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The affinity, caused by differcnt scales in ¥ and y direction, can be decermined after
Helmert-transformation without least squares adjustrnent, as well a5 in a single step
applying

F = ogg tajutagy

y = bgthyxs by o
where
. q:ll +:Ig
Factor af:fﬂmty = FA = (4}
b} + 5}

Affine geomewric correcrion is recommended 1o be execured digitally (see paragraph 4.2),
though there are examples for analeg treatment {see Trincder and Nasea [20]). Therelore
the ellecr fram affine correction is demonstrated For the North German scene, where
CCT's are available, For the original image, FA was determined after Helmert-trans-
formation as 1.015; L. ¢, the x-coordinares had ta be stretched by that factor in orde: to
obtain conformity. The results from Helmert-transformations afrer affine correction of
_the data are written in the fast two columns of Table 1. For the procening of the whole
scene the values are imprnud by the facter af 3; for the quadrants the improvement i

" lees spectacular, bur wtill important. Fig. 3d displays the vecrars; which da not thow lage
systematics if compared with Fig. 3c, though the covarianee functions demonstrate Tocal
correlations down 1o 435 km for both directions.

The exact detesmination-of scales in x and y conteibotes
the most importent step from “buwlk™ to “precisiaa”
processing. We have to take into consideration, whether
more sophisticaeed, L 2. more 2xpentive procedores are
finally effective.

3.2 Second order polynomiaks
Polynomials similar to

2 =gy taxragy+tagn tay? tagxy .
}'J = bu+blx+b1}’+b]l:+ﬁ+y: +byxy {3

have been applied by meost authors in order ta describe LANDSAT MSS geainctry
{BilirjSchube (1], Bervhiardson |7], Forest [10], TrinderiNasca [20), IWang [211]5 The
results were excellent in general, and one could propagate this approach for operational
applicatien, For digital correction of the imagery, however,
the proccssing algorithm may be costy (sec paragraph 4.3), apant
from the facr, that more ground control than for simpler methods har to be
provided. Therefore we have 1o check whethes the results will justify the eons.

Table 2 summarizes the results after application of [5) to the two'scenes “Bsvaria” and
“Marth Germany"., Rma errors, quadrants and dimensiong are composed in the mme
manner a1 for Table 1. As (5) contains affine parameters (fizst three terms), affine
pre-correction of the dara was not necessary. We realize, thae
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{1) the polynomials deseribe the geometry of rhe Bavarian scenz better than the Nerth
German one, where the residuals are still in che order of magnitode of about 1 pizel;

{2) dividing the scene into quadrants does not improve the accuracy for “Bavana™, yet
for “MNerth Germany”, where the residuals achieve the same magnitede as for
.‘Bl'l'ﬁl'h-"n o

For application of {5) B contral poines are practically the minimum necessary for
determining accurate polynomialy. However, 9 contso! points for every quadrant mean at
least 25 for a whole scene, a number, which seem: not te be realistic for aperational
application. On the other hand we have 1o admis, that this approach yields the best
results fram all methads applied 1o the North German scene 3¢z (ollowing paragraphs).

Fig. 4 shaws the refidual vectars for 3 ezamples which dlustrate the more homogeneaus
internal geometric conditions in the Baverian scene.

Tsble 2 — RMS crrozs in [meter] at ground computed from residuals afeer application of

polynemials {5)
Bavaria . Horth Germany
Ground Used Ground | Used .
Area | Contrel | Points [my it | my ¢ Contsol | Points | my t | my
Foinrs Paoints

1 23 234 43 45 _ 82 a2 65.7 BD.5
9 53 54 9 7.7 104.3
2 43 43 | 41 J2 26 26 58.5 43.6
9 54 42 9 Ed.4 45.9
3 62 62 37 45 18 18 7.8 249
9 39 55 9 330 34.2
4 49 49 | 39 47 17 17 | 42.0 331
9 42 52 g 60,4 59.4
5 a0 a0 45 44 21 21 3.3 47.1
g 56 48 9 450 57.0
6 14 14 41.2 42.0
9 7.7 42.5
2,3, 234 g | 48.8| 49.8 g2’ 9 | 532 | 499

4.5 for for

every every
quad. quad.
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Fig. 4 — Residual vtetors after second-order polynomials

--—< corresponds to 25 km on ground
250 m as vector

a: Bavaria 234 conrro! points
b: North Germany 82 control points
¢: North Germany 4 quadrants 3 9 control points

35



1.3 Collinearity equations

With respect to other mathematieal farmulations, photogrammetnists genevally prefer
collincarity equations when deseribing the relations berween image and objecr coordi-
nates (Koneeny [15]). This offers s lot of advanuages, ¢,

{1} complex grometric conditions can be rigoroasly derived in an evident, generzl form
and easily be simpiified il necersary;

{2) the accuracy of geametrical models applying cnliiz_:nrity equations may be checked
cheoretically; "

{3 analytical blec formation it passible vaing even imagery of ron-conventional
geometry {sez Dowideir {9]} as well us combination of different types;

{4} collineadty cquations mostly provide non-<orrelsted relationa together with the
possibility Lor introduction of specific additional parameéters {e. g. DTM),

As far a5 satellite imagery is concerncd, co]line:’rity equations were wsed by Krarky [12]
for theeretical considerations on LANDSAT, wheress Hifer [3), [5] applicd different
collinear models for grometrical analynis of NIMBUS {magery, Therelore it secms
consaquent, to uy here the formuolsa in [3] and [5] for evaluation of LANDSAT: with
reference to [3]) we ger from Fig. 5:

Fig. 5 ~ Geometric relarions between image points P and ground points P for satellice
SCAnner imagery

¥ T T T 0 0
¥ =D, 1Dy, Dy 0 | +|0 {6)
z J graund —Hg ¥
where
- dy rsiné
W — )
r oy — dy

s






This approach needs the orbital parameters w, 1, £ and r, which are provided by NASA
for every two days. As correction parameters serve the unkrown oricntations ¢, &1, & a3
well as r, which are defined as polynomials of second (¢, &, r) and third (w) degree.
regarding time dependency. The marhemarical model, which finally leads 1o a least-
squares adjustment procedure is 2 general one and can easily be arranged for all cypes of
ratellite scanner imagery.

Collineariry eguations afford data, for which the incernal geametric praperties are
defined. This is nor the case if the imagery has alzeady been geomercically preprocessed in
an unspeeified manner, like NASA bulk copies. Therelore only the "Nerth German®™
scene was uwed for application of collinzarity equations.

] +

Table 3 and Fig. & show the zesults. If all 82 points are used snd 13 unknowns are
introduced {as polynomial coelficients in order to determine ¢, 2, & and r as a functicn
of the “time-coardinate™ x,). we teceive m, 22 71 m sme #rror and my, =% Bl m rms
errat. Thu is nearly exner the same result 3 from pelynomials for B2 used points, a fact,
which is illusirared too by comparing the corespending vector plots displayed in Fip_ 4a
and Fig. 6.-If ¢, e3, k and r are not expremed by polynomizly, only 4 unknowns are
necessary, which yields poorer resultn. Like for Helmert-transformarions and for poly-
nomials, we find 2 ngnificant improvement of accuracy when processing the image in
sectians {example executed for quadrant 2).

We can finally zay, that for proceasing LANDSAT MSS imagery polynemials
and collinearity equationsleadrothesameresules, Thisisan
interesting and imporrant fact, from which follows, that for operational purpase
polynamials should be preferred generslly because af their simpler structure. This,
however, doea not touch the advantages of collinearity equarians mentioned above,

Table 3 — RMS errers in {m] at ground computed from residuals after application of
collinearity equations

! MNarth Germany L.
Ground Used Un-
Area Cenerel | Points knowns | my % My &
Points
1 a2 Az 13 Fi a
¥ 125 96
2 % 13 50 M
4 Bl 59

37



—
- "'/ \,{ﬁ \
- /
v T
— \x — ;""‘-r"h} N

Fig. & — Residual vectars after collincarity equations

b——a  corresponds to 25 km on ground
250 m ag vecror

Naorth Germany 82 control painta

14 Predicrion methads

In geodesy (Moritz {18]) as well a1 in photogrammetry (Kraus/Afikhaid [13], [14})
least-squares interpolation {“prediction™) has become a useful tool for numercus
applicatians. ‘This statistical method never swandi alone but & in communication with the
task to separate a trend function from correlated residual, which have to be provided for
the prediction procedure.

The evzluared methods, like Helmert-tzansformations, polynomials and collinearity
tquations can be considered to be such “trend functions”. Therefare, prediction i
applied te residuvals, particularly 1o residuals ereated by polynomials and cuol-
linearity equations: empirical covariance functions proved. that the values erill showed
signiflicant correlarion in y-direction. With reference to Bahr [2] we take

1 1
C{PP = Cl0) X - pp Kt {8)
for describing the covarianer [unction lmlrti:nlly and may write
b = f €701 (9)

where i are the estimated correlated components of ¢he residuals | - ¢ and C contain
ele ments of the covanance function (B) including the varance 17 and the *{iter factor™ F.
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The prediction procedure improves the tesulr slightly: wsing K? =0.45, ¥ » 0.005,
F=0.8, and % control points, we receive my, = 2 70.6 m, which is an improvement ol
about 10 m. The residuals in x- and y-direction are now of the same magnitude and show
the best result for all appraaches which take the scene a5 1 whole. Nevertheless the values
are not fully satisfactory, becauwse of relatively highlevel rms error and remaining
correlation in some areas. For the Bavarian scene, prediction procedurer improved the
results from me =t 43 m{ my, =249 m alter palyromials up o m, 2my, 2242 m
{40 conirol paints, see {5]). Other results for LANDSAT M55 least-squares interpolation
including filtering is reported by Bahr in [2]:° For another Narth German scene
m, = £ 71 m{m, =277 m were obrained {using 10 control peints} tomm, = : 138 m {
My =1 145,m residuals after Helmert-transformation. In this frame, the uncorrelated
components of the residuals were about £ 45 m in bath x and y, which corresponds to
the tesult obtained fram che Bavarian scene.

We may state, that lincar least-squares interpolation can generally be applied to
LANDSAT imagery, though not always with spectacular success. As it i1 a typical
"post-processing” method and a little bit delicate, it 2dds costs to the main part of the
procedure. In most practical cases these costs seem not be justified by the obtained
resules.

4 Digital recrificacion
4.1 The Harmaver modular digital image processing package

Digital receification procedures afford techniques, which differ entirely from che
analytical approaches discussed above, Geamrirical analysis s & commen tool for
photogrammetrists, well-known Fom analytical triangulition for instance, but rectifi-
cition is more compurer-ariented: appropriated programs ¢an very well be developed by
computer scientists including hacdware specialists. However, results from rectification can
necassarily not exeeed the acewracy of the analytical models on which the rectification is
based. Consequently, the quality of the result is established by
the analytical model, whereas the costs originate mainly
fromtherectificarion pracedure.

At the [nstitur fiir Phorggrammetnie und Tngenieurvermessungen (IP1), 2 modular digital
image processing package has been developed by the instituie members sequentially:
individual computer programs were written in modular form upan need and added 1o the
library, where they are freely avalable for the user. At che mament sbout 60 modules
exisr. The application of the package i3 very simple, because only one punch card is
recessary for clling 2 module. 2 to 9 paramcters can be punched and allow the
intraduction of the desired specifications (see Balir [6]}.

For the smbject discussed in this paper, apart from readfwrite calls, 5 modulesare ol main
Lnterese: .

1. “HILIN™ = Histogram lincarisation
2. "REDUK" = Definition of image portion
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3. “DEAN" = Applicavion of any scale factors, indcpendent for both directians
falfine stretch)

4. “EDREH" = Application of earth rotation effectr for LANDSAT®)

5 “POLY" = Application of 2™ order polynemials {formula (5)) and ovelay
of 2 Gaub-Krlger grid.

Al computations were executed by the CONTROL DATA CYBER 73/76 machine of the
Camputer Center at Hannover University; the imagery was displayed ar the QPTRONICS
MARE 17 ar che IFL -

4.2 Rectificarion by bulk procedicres

Distribution of rectified data in two different levels of accuracy ["bulk™ and “precision)
25 NASA did, can generally be propagated. " Bulk™ approachea hereare defined
ay procedures which principally work withour or with little ground
control (up to 4 points). Therelore only linear transformaricns, Lke {2) and (3)
which lead to the resuts displayed in Table I will be considerzd in this peragraph.

Orelging] CCT datz is distributed in a form, where the pixel dimensions [referred o the
ground) are approximately 56 m in scan direction and 79 m in fight direcvion. This i
caused by the scanning procedure in order 1o obtain equal MTF charactedstics in both
directions {(sce Béhr [5]). The correspanding hard copies are distorted in 2 manner, which
make determination of ground control points practiclly impossible. Therefore the
first s1ep in she rectification procedure is an approximate implementation of che
afline factor (appr. 79156 = 1.4107) by module “DEHN". Ara sccond scep, the
non-linear earth roration tffect has to be introduced simply by calling “EDREH",
Alterwards the corresponding imagery is prepared far measurement of ground <ortrol
coordinares.

The image coordinates cogether with the ground coordinates allow application of (2] or
{3}, Helmert-transiormations (2] provide transiations, rotation and scale factor, as
discussed in paragraph 3.1. For bulk rectification, practically only che szale facter haite
be considered, if translations and rotation are applied during map overlay. Remaining
affinity can be determined from the residuals after Helmert-tramsformarion {or directly
from {3) and (4)) and applied together with the scale factor by “DERN" ina third
step,

Diudv:ntagc of this pru:edurc it the double call af “DERN™, as this modole is the most
EXEERSIVE DR for the whale bulk rectilication. Table 4 surmmarizes costs for ;Pplicatinm
of the “DEHN" module. Example No. 1 refers to the gencral case, that unprocessad data

*) Earth rotation changey the angle ¥ briween utcllite heading and mecddian a3 a fyncrien of
geographical longitude &, orbital inclinazian i, and anomalistic period LT (see Adbe [5 ]2

ain’'i = gnte

L400f U cOs § 119}

QAY =

Urin [m:i.n]
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Table 4 — Computing time for dilferent applications of the "DEHN™ module (alfine stretch) for CCT “Nnzth Germany”

Original Data [mage* Scale Factons Allinity Data after Pixel Execution .
Time in 2
Scale for Fartor "DEHN" MNumber | CXC 73/76 = Remarks
Computer E
Rows Columns Desired Rows Columm Applied | Rows Columns [10%] [see] o
2340 3204 (TMill. | 1.596 1146 1.392 | 3734 3740 133 g2 | 1 | Fullseenc. enlarged;
approximate affinity
M 3740 1Ml | 1.000  0.585 1.015 | 3734 3683 13.7 gg.3 | o | Application of small
- . affinity factar ko full scene
. - Full scene, reduced;
230 3264 : 2 Ml 0798 0.564 1.415 1867 1841 34 263 3 .
correct affinity
1632 2091 : 1 Ml 1.592  1.144 1.)92 2597 2391 6.2 80.5 q =~ 14 sceac, enlarged
1632 20%1 (05 Ml 385 2.288 1.392 5195 4782 24.8 279.1 5 ~ 1/4 scene, enlarged

*: seale valid far 50 pm pixel size at QPTRONICS display



is stretched and enlarged up vo approximately 1: 1 Mill. image scale (1 Pixel corresponds
o 50 pm in the OFTRONICS). If the applicd alfinity waa not fully correct, a second il
of “DEHN" doubles the costs [cnample 2}, though enly 0,15 % reductien in y-direction is
ictraduced. Therefore a precise 3 prioti knowledge of both scales is welcome, which s
generally avzilable from previous procedures. Theoretically, ground coordinates are not
necessary for this appeoach, though highly recommended far a1 following control of
accuraLy,

The whale eaecution runs even considerably chnptf, if only 1:2 Mil image scale is
desired (Table 4, example 3). This however, incorporater the disadvantsge of image
information reduction of about 50%. As visually only lirtle deterioration af quality i
observed, otic has to decide for the specilic task what 1o do. From the uperational point
of view, this way of information reduction might be prapagated, the more so a3 the
mumber of 13.9 - 10° pixel comresponding to 2 1 :1 Mill, full-{frame scene will be too
Lurge for many computers. .

Processing of smaller portions of the imagery (Table 4, eaamples 4 and 5) does not reduce
the computing time o cxpected. Therelore, dividing the scene inta 4 quadrznis as
proeposed in paragraph 3.1, will lead to relatively costy geometrical processing. Obvioudy,
coutjpizel rumber-dependency cannot rigorausly be defined becanse of “DEHN" moduls
stracture.

This however is.ponsible for "EDREH", 2 madule, which fellaws "DEHN'" in order to
apply the carth rotation effect (1.5 sec per 10° pixel), a5 well 29 for “HILIN" (Histogram
linearisation: 3.4 sec per 10® pixcl). Together wath input and cutpat finally 140 zec are
needed for example 1, 75 sec for example 3. The compuling time for the analytical
procedures necessary for determining the geomerrical parameters for rectification i
hetween 3 and 83zc ard can thercfore practically be neglected with respect to che
relatively long execution time needed for geometrical rectification. This ix alsa valid for
precision procedures.

4.3 Rectification by precision procedures

“Precision” appraachea here are defined as procedures which uze more
than 4 ground ¢ontrol points in order (o compote paramcters for
non-linear rectification. Principally the 3 methods discussed in the para-
geaphs 3.2 to 3.4 are for disposition. Here anly polynomiais will be applied because of the
advantages mentioned in 2.3,

For digial rectification, the “indiect method” is chosen because of the advantages
discussed in Koneeny!Schuhr (16] and Koueeny [17]. This means, accarding 1o Fig. 7,
that starting from the receificd "pixel™sysem x [PIX), y (PIX) the geometrica! positiom

" for the pixels 1,2, 3.., aze computed within the distorred “pinel™aystem x°' (PIX), y'
[P[Xl,':‘ using {5). The grey values for 1,2, 3. .. then are interpolated from the adjacent
pizels.
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Fig. 7 — Coordinatr systems for precision recrification using the “iadirect methad™
tprinciple)
Left: rectified image; nght: distorted image

For the application of (5) image coordinates, which are ariginally provided in x' {PSKJ,}'*
{PSK) stereocomparator-system, have to be transformed into the x (PIX), _}" (PIX)
“pixel"-cytrem, simply by (2}, taking the edges a1 identical points. Moreover, ground
control coprdinates, originally provided in X {GAMSS), ¥ [CAUSS) Gaulh-Kriger-system,
have alse to be transformed into x' (PIX), 3' (PIX), which can be done taking ground
contral peints as identical pojnts,

Madule "POLY" executing the rectification procedure, alsos designs 2 Gaull-KeQger grid a3
a precise overlay to the resule. In order 10 avoid relatively cotty massive digital retation,
the grid is rotated in respect 1o the “pixel™-aystem and oot the other way round.

Example No, 3 (see table 4) i5 taken for rectification by precision procedures, because the
reduced pizel quarrity seems to be the most economical version fer opcrational
application. Computing time for “"POLY"™*) 11 40 scc, 1. e abour 1.5 times mgre than for
the bulk “IDEHN" procedure, which lus to pieceed. Therefare one has to checd
thoroughly, whether 50 % increare of accuracy [compare table 1 and 23 will justify 150 %
increase of casts. The decision will depend on che specific problem evaluated,

Fig. 8 shows the result ohtained frem “POLY"™.

"1 Program written by cand. rer. nat. 2. Schafer
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Fig- B — LANDSAT scene “North Germany” from Aug. llth. 1975 rectified by
palynomialy :
Scale 1 ¢ 2 mill
Grid methes comespond to 25 x 25 km

5 Conclesions

Geomerrical image processing nover 1s "art pour Mart™: the results provide imagery ready
for multisensar/multitime cotrelation, necessary for many important applications. Since
image processing aysterms become moze and more popular, the vser possesser the ool for
both semantic and geomerrical processing. As far 13 LANDSAT is concerned, Etnm:tri:al
treatment of the data i recommended to be executed operationally in two steps: 2
“bulk™ approach, applying scale factors and rarth rotation, needs no or little ground
control and yizlds an sccuracy of abour 2 1.5 ., . 2 pixel units, & “precision* approach,
taking second-order polynomizls and ¥ ground contro] points, yields abour £ 1 pixel or
better. The geometric quality obtained has ta be discussed with respect ta the theoretical
threshold, which is about £ 0.3 pixel units [see Bilir [£]).

Finally, the costs for digital geometrical processing will play 2 most important rele for
practical applicationt. Casts for computing time, however, do not represent a fixed faceor
but may differ by the factar of 10 even for the same computer because of variahle
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modals, correspending to the rype of user and the exccuted task. Therefore, only relative
casts have been reported here by rhe computing time values. The precision processing
madule “POLY" 12 1.5 times more than the bulk PTD‘:'CiIi-TIE module “DEHN", and one
has 1o rake into sccount, that always a “DEHN" procedure has to preceed a precision
rectification, in order 1o preduce imagery suirable for dﬂgrn_:inatiun of ground control
coordinates.

Since computing coste are uill going down, they may not necessarily represent che main
cost facter in future. One therefore has to focus the expenae introduced by the ground
_control, neccsmary lar precision processing. Only a2 tin}.' part of the earth’s surface is
covered by mapr of 1:50,000 scale, which would provide theap and sufficient
geometrical reference. In developing countries, where the applicatian of LANDSAT daia
is el particular ineeresz, “bufk” rectified irmagery will aften be a firse useful 1ool. For
further grometrical processing of LANMDSAT, ground control can be provided for discretc
paints by aervtriangulation, and the imagery can be used for large scale mapping later,
This example proves the necessary and Fuicful interaction berween conventional
photogrammerric procedures and advanced digital techniques.
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Arpoaesn fpERNDT

f4p hemts Modell (“¥13%) pur Erfassung dar GCeometris abgetasteter Sutellitensyfnsbmen benutst Eolline-

arfizyteglaichangen und 1kt dis 1u.‘1-ichunt|u;bek;nn:in in Pora oo Polynomen entlang dap Flupueges

varipbel. Dies CUhrt auf mittisre Bestfshlef von #twa ~ 0,05 Aaflipungss]l emectsn unt liegi daplt ca
46 % begsst als Mit kophtent blelibanden Ausgleichyslementan. Pir ailn  LiNDEAT-1 Bila (~pulk-, 234
Punkte} wipd geawigt, daf Polynops 2. Ordouag é1i¢ geomatTlschan Vachaltniswe mit augrelohender Go-
paigheait basgphrelben {: 0.% f 0.8} ﬁuflu.ung..l-nlntij. Pradiktjonalilterung Yerbegaart dun Er-
gabtnld pur woch unWepwntlioh, PeBpenitkcacdinaten sind wegen 2ufdlliger Lage Punkt J Sanpop Dur aufl
15 ptldaterant picher; hinzu womet Dagh wipe vom PBecbachter abhlingige Eioatsllunalcherhelt won

1/4 Bildelement, *0 dad allgaswin eiva 1/7 Nildelessct ale grense Fir 4ile tasgesamt sxraichbars Cu-

GRUiza4lt aRiuaabael JNL.

Ahgtract

The btwat appronch Tor denoriting the geometiry of aatallite soanner isagery aprplies collinsarily
squations and lsaves ihe mdjuptaent parametsrs variable aleong the Ellght pail, Thisg remulte in
repldusl groars of abegt + 0,85 pizel whith lmprores thw ralies [OF copathat adlostmest parameterce
Wy 45 %. The geometiric conditioos in & TANDNAT - 1 fmmge ("pyulk", 254 polote) are well dangribed
%y simple 7nd order palynomlalw (% 0,54 7 D, 6% pixel). Leantesquaras flliaring doaz not lmprovs

the result algnifioantly. Beonuaw of absolute random pointing accuracy and talaptive polnt determi-
natian agauracy of ground eontrol polnte, 4.8 pixel fiomlly Teprapents the lisit cf Poseible
rcciracy for sll gecoeiric aodels.

Iatzvductian

Hinze aftar the launoh of LAWNDS4T - t large moalew sxtellits 1ua&iry has beoomy applicabla For
¥arichs maans, gunmafriell rTectilfication im an important 4iep within the image procagelipng loop
(seme KOWZCNY [T), KIATKT (B Y. Por the solution of thees preblams, 3 anal¥iicel acdels are
theoretically derived and pragtically te eied oy NIMEDS and LANDSLY photoagraphy. Calciulatiote
harz bien parférmad in the object space and residualy betvesn ground contrel coordicates and md-
Jukted modal voardinatas nre referred to ground Twaclytion slecenta {"pizal=). It in sugguated,
that 1o gerecel results From scanpner immgery procasaing wre given 1n unite of resolution wlements
in orier to beoowe comparabla.

£, Evplunteq TpgpeTvy

Por pracilzhl conelderations, 5 setellite t0ages have Been evaluated, taeing NINBDS - 3 (Eigb
Rewolution Infrarad HAIR). NIMBOS - 4 {Tewperature Humidity Infrared THIR) and LANDSAT - 1
photography, perforzed by NAZa or Instituse for Photogrammetiry, Hagnover (IFI]. Teble t mpeoilienm
apecacrafy arbity, eenasls and photography.
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}. Timications of Check Point Acmaragy

Ervalustion of the sonlytical modely bas to ke referred to digcrete ground eonirol points- The 1gage

furctien {4 noet aontingous, but separatsd by plature elementa (“pizel”}. If*mpihamatjenl® high-contrant

Polota 4re considerad, thedd points will nmet necassnrily be pitustad in the pisel centers, though

Flrel contrast influsnces on the whnolae plxwl nrea. The distancet betwecn plxe] center coprdicates

(whiagh theoretically ars mesaurwd) and trus peint coprdinmtes depend an fandom raletive poaition

“eenmcr Lo grownd peintt. The meen b e o Ll pn ot 4 ramdom pointing fosuragy for Ang piotuere
alement 1o M

. ~ A/} (wee BAHA{ 31 ). This 1w & limit, swhick aay aot be underdut, nor by diglital gethods.

To evaluate reloetive ralot dewerplnetion acocurasy, 254 LANDZAT - 1 gheck points {ipage 4]

hevs bagh penyured Iviey by 2 opecatoze A, B, € - Linear low-degzee tranaforzation [i-pnrluelgz-rit;
rields relative poilnting RETUTACY A, 0

HA: HI.: L HBJ-
n
e 21, 1 28, 5 ) 20, B 20,7
g 17, 2 18,6

Table 2 y Relative pointing mccuracy obtained from 234 LANDSRT - 1 pointa,

toagured by 3 operators
by B, ¢ { [m] EMS)



Begardipg table ¥, the mean ralative Iendom polotiag accurecy Hr in sbout ASL. N, aad “r Aum up
10 avout ],fz‘. For praciissl work, this ia the mean sxTor introcduced by ground gontral pointe.
Qbvlously, geomstirical modwln ahould tace lato eccecunt thim ligitetisn.

4. dppzonimeted Model hy Tengs Siwalstion

If the & paramaters for the astellite orbltal path wre wvaileble [aenl Bajor axis o exc entri-
city &, izolipation 1, right spcension of kecending node i |, Sganp amooaly H,r ahd argument of
piri;-im,r}. antellite pasition F,4,r {- b + R} and azimuth B {"necinal hesding") cen ba calcu-

inted ap & funotion of tima T .

Fig- 1 1 Scacnidg the Earth's surface from a Setallite
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. Fagard:

g

.whersa

lmage mbsaiswas, Proportitnel to tloe T and Ee4h unomaly M, serva [or determining u, :517

o

prbital perturkations ol higher degrus

deviatiepn From satallits prisntetion towarda ths esarih cgentsr
trus sarth shape {(bept-fitting locul spharen will be apsursis spough sven fur-Fhl Tigaraum
(sew 5.} )

‘modal

ng Fig. 1, ground coordioatss of & discreis image point thun may be vIitten na followm
¥, = are mip { coe n omloy, - alnop, cas ¥ ain #n) {n
A -3 - are min { cos Bn gin . ) fa)
! " cosy |
y - R (mre min { % ain 8,) - 8.3 {9}
8, - ¥'y {2 : monn engle; ¥, ¢ loage ordinats
E3 g 1 wceale faotor) (10

-

leagt-aguaray adjustmant Bov gorrsota for trapalsticn, rotation mod ;Ell;.'fndlpnndtlt for flight
diractios and so8Rn dirgoticn (:n:rr;ponding to "affine transformation=}., ibsclute teImm are [ound
¢ompATing ground conirel Toardinates with bsat fitving simuleted valwes. f rhe difference examcs
h Qafinin apount G, ths point say be rejsctad.
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= 00500 4
ra 19,24

Gu0,00%1, 23 pointes found
ex=10,17; my=10,38 [pixel}

Ge0, 0125 4e poilnts found
ac=20,T4; my« 0,87 (piael)

84 pointe found {ull}
Ey=21,Ed {plxel)



1
Fig. 2 Bhowa the bebavior of rewidusls in foage 3B we & funotion of € « For G = .05 all pointa . 1
eretfound” | for smaller ¢ valuws "bad" points are not introduced into the adjuetment, which laade
to smaller rewsidun] arrore. Teble I zeparts the results (o7 all lmages avalunted by thim ':‘““4
{ +, 241 28, 3}, Obviously, this method in Clexlbla snough to df-nrihl the geooetry up to - 1,2

ptxal approzioatsly. ' oo
Approximated Modal {sieulation]||. Rigorous Modal [Collinearity Equations)
All pointh Zaleated Polote 144 24 113 13
Gl 009
[} .I:.,: ll.': .J:“:Mfl.]:mj:
BT =|my =
imnge 1
(67 pointn) 1,12|0,83 1,26 o2 r,13j 0,80 0,90 0,7u] 0,88 ] 0,80
ipage 2o
(84 painta) 1,22{1,03 3,70 | 1,66 | 5,68 1.66| 0,82 [ 0,83 0,83 | 0,83
iasge 2b 0.74 | 0,67
{dt poilnta) 1.24 |1,61 {6¢ painte) 1.086 | w90 ( 0,96 |©,9%| 0,86 | 0,80 | 0.79 [D.88
Image 5 1,08] 1,2%
(4v peintn} 111,25 {39 potnta) 1.51 34,08 1,161,590 0,91 10,81 |0,81 | 0,89
MEan 1,19]1,19 0.1 | 0,95 103,09 | 1,75 119 D87 [ 080 | 0,78 |0.85

Takle 3 : Besults from geometrical models [inpize] uaite}

-

2, RigoTour Modwlw using caliinllritrtqu-tluau
If ground cocrdizatas ere wxplicitely expregesd by & functipa of image coordinatesfcollinsacity 4qu:ti;n|}.
le: ue cull tbda appromch "rigoroua“. Fig., } illvacratias that % gribogopal rotations of the gvoceniric
coordinate aysten vill tranelorm dipcrete dround poiats into the Poeliion of the subsatellits pointe P

= 2,
y R S
. e b ’
3 __]u" L]
wely d J ©
b
|
I WM f} ’(
¥
Lr,
T

\b

Fig. ) : Transformiiion from joage wyutam Lo geocrntric symtem



"Tuin JTJ’V; ""?3:: -
Further Lrcanuioresatlicon uaing de {disiance from ground poiat P ote perapective cebter u} ano 8 [aes (12) 1]

conneet ground ccordimates »1th isage cocrdinatas,

¥ ( -] 4]
: ] T a . o (11}
- n..!. n '} c
dround A
where de- r agoa B - “2'_ 1'2 -..l.'l'2 [ {12}
1 L] L]
and '1?; =l O con W@ #in @ (13}
O = spnE ooa ¥
ar
r . -d, win ¥ win i conll » roaim ug cra 1 gomil + ...
* & cod u, Mol - 4, 0o ¥ Win u caw ) conld ...
- dH cOa I OoN Lllr min 2
y = dyain & sou 1 - roaln b sin i - dg con B oaln up ain
z - 4 3in B 3I0 1 ainfd + T ana H oaom Up e
- r ainfl con i sin Up - u, cos O cos Sl ooe Up * aer
+ dg coe B sinil com 1 #ln ug (14}

The imegs crdinates y' detaTmine @ {10) |, wheramp the izagy abtaciesas x', propefilonal To mean snJmAly
K, ere sswantislly umsd to cmloulsts u, (5). .

If wx permit roll [w ), piteh (¢ ), yew (k) rotation of the swtellite, eguation {11) hes ta b sxtandad
by {19]) {adwum ing seall values):

t’?_ ¥ adw dé ( }
- dn, ] LY. 1% 15
it -ds dw 1

o T A Y S . o (16)

u [ EYR ] 8 _a

T r
Ground *
wHETR aa is
dIn r ain &
aﬂ “%% ° rEose - 4, o (1)

Fuation {16) wllowe to swyalusts the tnllusnce of rotatlonsl 4nd orbital pazemetec-s on grownd coorcinates.
An thess pATacetera Jd0 BAL Twlaly conetant along the antellitw f2ight path, we Gxsume warlatiomal srfecie

dewcribed by polynomials, (oT sxample

*1 ‘B 'r2 [, (18}

Leamt mquarss sdiustaentes have bean peelfocoed For 4 okaea

"12d" 1 4 unknowen® Foou 4" ne varlation mleng flight path

113"t aws 1047, but variation along rlight path by peol¥romield of Ind alder
{ry u, 1) mnd 3rd ovder (B wkkas 13 Uhknawoas.

204" | 4 unkpowna F, d¢ |, de | An | T -wverlatich eleng flight path.

2137 3 mes 204", but varistion sieng [light path by polynomizles aof

Znd arder (R, 4w , d«) and 3rd order {4o) | ohkes 13 unkbowns.

Eewults are liated in tabled . Yariwtion of unknouhe along the flight path lmprove tha results consider-
suly (46 )7, For 104/204 snd t15/21] the zemn pguare wrrorm of the Tesiduels do het d3ffer wuch. Never-
thelams buttar rglultl ary Obtainesd yslng ¢ ,w, = & unkoowne rather than u, 1, & , becauss the COVE-
riancs funcilons  show Aellher trend nor correlation tatms for medel =2137. Por godsl =111% correlntion

tetwdan 1 and & lendy 10 plight correlaticn of the ¥-renidumls io soms imagee. This fact 1 10lluetrated
by Pig. 4 and Pig. 5. +* gar Tollpwing patagraph * coapared by '|||:.r + EF
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Fig. 4 = Image |, mxdal 113
. porredponds to 1 pluywl arror
Covariance unctlons for x (abovel and y (below)
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In conclunioR o zay Wiata, That aedsl 72137 [cnllin-lritrltquntinh-; upknowpd K, # , &, K; variation
along flight path) 1s bast suited as it 1w duporibing the geompetricnl sonditicos deun to O.85 plusl.
Ho mors upknowns ehould be introdused in oraer to limit the number of ground aontrel pointe.

6, Interpolation Methods .,
If 1t im not poawibla to detersins an enslytiecsl geonetrical model & pricri it iy neceasnty to uaw

interpolation methods. Interpolation peramelsra dq not heceapalily corceapond to geoRatrical parssetels like
mcal% OF potatiopal wffects. They ars aodily mprplied [4r posl - proosdsing §4#OMslricel approaches, if the
geomeirical model vas ippecfmct, which lead to collalnisd ftlidgll arratm.

After wpplication cf mode]l “215~ oo fuptpér poat - prne-l;inx is negessaIy [gen parsgraph 3} “Classizel”
came Tor interpolation howsvar ig LANDSAT bulk imagery (wes BAMR, SCHUER [1), (2), PERNHARDZER (4],
EROUCHIE, PORREST {6}, sceoomuare {9}, wONG (10Q-
For interpolation, both polymomials . l .
2 2
x! hlnililvizj +‘.5|rtl‘: 1..51' * gaa

¥ -hnihilfh?]"'h!:,.b‘lzibﬁja o £19)

{ tee carerencesl1}. (22, (3}, (4], (6}, (9). (1B} ) .

and least - mguares interpolation

I} - t: (Can * ']:l-r]'-I ' (20
{ (2. ()
bave been guggeated. To wypply significant ground truth, 2j4 grousd pantrol polints bBave bean Eelected for ™
evalunting 4 LANDSAT - 1 1mage ["Bavarin®, sae table 1}. Tha processing gees towards least squaras ioiwr-
polation, whers the trend functigh ia elisinoated by polynominls Civst. Thuw, ) approsolss bave besn txa-
tuled
11 4 - parametur - fit ("Helmwre - Transformaticn™), wvhich doenm BOE affmet

the relativa gaomatrigal neighbourhood of imsge polnts. Eealdusla gorrag-
pond ta the *moouracy= of the bulk tmage,

I7) 2od order polynominl [equation [19) )

ITI) Lamat mquales ilptérpolatian by predigtien plus Filtering after 1 or II,
"using woplrical coveriance funetiaE; MéAT { 1i 1‘ , duporibed by sontinecus
- z
Gauepisn funationa €, = F V # k" e { F o filtering Imator, sen {2))

Table & lipta the repulis.

Tae Tasiduals Irom the original bulk lmesw show lerge trend influsnce on both z and ¥ dirscticn {(Plg. G and 7 )

It ia mowt ioportant to realizs, thet wikple 2nd order polynomisla may démaribe thim behavior very well, '

They #liminatw the trend funotlon dompletely (Fig- D} and Teduca the residusle down to 2 0,54/0,83

pixelt Lewrt sgueres Tiltering aftecvards doas not luprove the zepult algnifidantly, Bewt result {» ahown
in Fig. 9 .

In coneluaion we muggest 2nd grder polynomials with apgut 13 ground gOntrol polnts %0 procens
LAND34AT = t balk jmagery [or aprektlional THFPosss. HowevdT, sifos ue PUppoms #imilar geooetrical
behavior of bulk lmagery in gemerwl (ses (2}, (6] )}, correotion terme of 2nd arder polyneminle could or
applied without any diffieully a prord .o wll jpugesa, Thup we got rowldoals in the order of oegnituds
correapanding Lo redults obtaiped by a rigrous &pproach like model "2137

-



Fumber of mx 2 . ay &
pointe ueed o tars LATE
for edjuat- {piznl) (pizal}
ipproazh menta
4-parunatar Tit . 234 214 244
{2.71) . - |- {4.52) -
Znd-drdar polypopial T 91 &0
{1.15) £1.11)
P 9 G4 ; &2
' . {0.68) ° {+.15})
. - R ' 15 47 25
(060 {1.02)
-4 o 40 48 46
{0.81) {0.89)
- 234 43 R 45.
{0.54) {o.83)
Leaat squaras Filtering
after d-paramatar it} 13 92 62
FaD,8 {0.66) £1.15)
leaat sguaran Filtaring
alter d-paraxatar fit;
F-0,9 40 44 47
. {0.56) .| (.81
lesxst saguaras Tilterlog .
aftar ?nd crdar polynomial 40 42 L ¥
{25‘ puinta] - {ﬂ'5:'] tu-?ﬂ)

rhable 4 lnurpnlitiurx .prm:ldn.re' aprliad to & LANDSAT - 1 teage (1 resolution elesent = T9*56 I!}

b " ¢ oen ot

by

]

Fig. & : Rauidumle after 4-parameter Fit

— correspande bo 30w erpcr
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rocped ey tha Internaticnat Sympogiam on Lovge Procesging, Interactione with Photogrammetry and Rempta Soraing, Grat,
¢ of ; 31-5 Ootober 1577, pp. 1325

DIGITAL IMAGE PROCESSING EXPERIENCE AT HANNOVER INSTITUTE FOR FHOTOGRAMMETRY (IFD)
H. B B
Tnatitut fir Pertogrammetrie @il Ingpendaomsermessmg IEI];Tedijcal Urivers!ty, I-] Harmower, F.R.G.

ABETRNTT

An imsgw proceasing mysten onflquaracion CEC-Cyber 737
76, Cptronice mark X0, Modular SeftuRre Packagel 15 avall-
ahle at IPI-Hannower. The paper oohownbmtes on the Sofc-
ware Package and applicatlionm to images I la} a metric
camera: {b) Haeselblad carera; (C) Bendix M5 Soarmer; {d)

LANDEAT, Erphasis 18 Oh goomtric procesaing (Editar).

1. CEERAL BACRGROUHD

Photogramreerists havw a lopg tradivien in cormentioral
impge poowasing. Mginil image [TeEEEing howeseT
pelncipally required, in additjon to cxwentlonal frokeo—
menbation like stereoplotters, Jigikal imagery & digital
ciryubers. The Invtipue filr Phtogramestrie und Lngeniesr-
vartuanryy {IF1) at the Technischs Universitic Harmeosey
wtarted digival image proowasing, laltiaced by Poofessor
Fonearry, In che year of 1971, The first computer comatihle
Capey contAining digital fmage information wers data foom
Lrey NIMEEES-] satmllite. At chat time, bamic sof twlre wag
developod mainly for suicable imege displry.

Cigteal image prooesxing has 0 be preceoded by inaoe
analyale, Consaguently, practically orlsnted rocederes
hiva t e aocompaniedt by scismmtific fmvestigations for
reoretical mocel fopmation. Thee ampmcts are Covere] by
sagle IPT pablicationa [like Fonecory,1971,1975, BART 19763,
1916 b,Schuhr, 1976, Dowidele 1976,1977,Clericl 1977),

This pyor reports brlefly on soe fmest fqation done
in lmage shasirment and geometric image peooess|TE tech-
Niguas at the IPI. Work eascutedt 1n bthe Fleld of digical
clagsificarion i3 described separately (Domnert=Hlier,
14771,

Abrtt# herggben; '—|
FMP| DPTRONKCS
@ B -.' o o scn“ibgwal _ﬂ E
WL :
o
- Fortous e ] Leseqesdl _*ml_ l:::
armat, -
: e T
§ Lz - Format +— &
CoG CYBER 73,76 T
Grofie: e [
fdagifale Bula. Formal
verarbaiungl
J

Figura . Principe) data flow for digital image prooessing
at the IPT |

The 1P harchmrs backgrooand, like it is mainly apelied,
can be describod very mimply (see Flg. 1]1. 1t Consists of
& lama (OC CYRER 713/T6 computsr and an OPTRWICS-P 1700
digital readfwrite lmage plottar. A8 an input to cha

"TRONIES, hoth tapes [am TANDENT and M25} and cormenticmal

agery {(l.e. frame camors apity, SOHAR and RADWR
atal are possibla. MMopdeal image processing assentially
1s &=pcutad within the covputer., The data Flow geperatea
specific proclems Caused L the variety of differen: data
formates: LANCEAT foemat, M5 format, OPTHOMICS formar,
O format, Thasa peoblems had o b solved First.

2. SLFTWAFE SYSTIM AD DMAGE BANIRMENT TETNTOUES

The software phloscpiy is displayed ewcplarly by Fig.?
The peograng Are mdular & uger—oriented: joat e punch
card allows the application of a oodule. Module “READ"S
iamber 43) for instanee reads tape mamber 1, which Is
written in M % -femmat, and comeerta It loko CDC-formak
tape mumberr 2. Madber of scane and pixels have ondy bo be
mentitned on the First carr]. The second card callg wedule
1, wtuch stretches the data into s-dirsction by the Eacter
1.392 _ p limear histrogram is obtaiped simply by calling
mdule mmber 3 without adlitlonal information. Even more
crplicated procedsrea, like applicatien of sarth rotation
{mxbule purber 43), do need only a few addltions! parame-

Hplal lugmy wiput Berahpr Sl
Bumbeat  Tapm Tk L Flasl
[ T Limmum pr Ul

Lo L ! L] a [] 1 Alna LI
[P Facmmy ) '
ol § 1 H 1 a [ ] Lef 2 13} .M b
(L BT B H
LTLAE NIETiscaam 5 3 L] L] [ ] T3] [FHL Y] L] [ ]
EEINCT Lm I [ T Ty ] Ld -] A [ ] L
EakTE BOWLATION LL] T L ] ] L [ELLEY (L1} 71.71 13, %
WLITE - T ] W a ] LLLLE I ] LI |
JDF T |5 PeEsiL}

Figare 2: The Hanmwer Modular goftwvare package, Exmmple
for LANDEAT data procezging [see Flig.: and 4)

ters. Finally, output generally §a in OPTHCHICS framat, in
erder v maka vigible what has happensd to the dats.

Criginal data amresuls chtainbed by the procedures deg-
Critzsd abvwe, 1= shown in Flg. J ard 4. The miyles heue
bﬂmaﬁ;haﬂtﬂammmfmnﬂm‘ﬂ'mﬂenw.ln
the final! remult the Jals estouary, an area which the IPI
is very such lnterested in, can be fmvestizated very clearly
Cost of the whole procedure 1e about £ 150.

Sieple digital snhancoment tachnioues Tay be axecytd
within the 8 ¥ - OPFTRCNICS comuter irealf. more syl £ 4
catat procedurey can he applied by the modular softwae
package in the COC . This approach 18 {llustrated
axenplarly by Flg. 5 and €7 , showing the wost end of
Wargercege, cne ¢f the Fast Frisian Isles near the Jads
estuary. The original daca dees pot of fer much information
to the humap eye. Sdge and lihe enharcament, After correce
tion of paroramic distortion, however leads to an output,
which resemhles & line map., Anthrople Featured fow dominate
{see the dame and roads), a first step towerds digital
pattern recognition.

*) tmagery Tecordsd by kolowh (1977).
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Fiqurm 4. LATERT, 18.0.1975, channwl 7 (eection), Coroes—
tlon for earth rotaclon, Ombrast sohdvcoinent for weber/lam

Flgure 5. Wost-acd [ale of Wamurousgs Origlnal scannes Figure §. Ceamtrie correceion for panorasie distortlon-
data irmar IR} . - Edqw lina St .



Image enhancvemnt bechnigues as che pxaeociel oWl Cuol
be categwized a3 the simplest digital mage proomelng
et heds, However, thelr rosults are oost useful, particu-
larly 1f cne analymss the cost/benefit ratio .

3. ECMETRICAL IMMWE PROCTSSING

Geanerrical mage prooodfing represents A much Mo
onplr: field. Becauss of high coscs, 1t ie important to
take into acvount the porpose of the geometrical Eocessing
tharoughly and to Eird an Adequats procedurs.

These mathoda also depsrcd wary mach on the lmage data
itself Thercfore diffsrent imaga typol aoe going to ba
compared here gemetcloally: a mnmbiwlwm
Camera Image, 4 Himselblad phots, a Bendix M°S Alr
Szanner etrip and a LANGSAT scana (weq Table 1), They all
orqer agqaln tha Jade egtuary Args,. Tha alze of a rascluotion
elengnt on the ground im aboot 80 m for LAMDSAT, 9 o for
#3, 2,5 m For Hameelblad and 1/2 m for tha Photogrammatric
Camera image. The repolution alamont size le more
than image scale factor, tacaumea ¥1/1 of an alomnt definas
the theoywtical threahcld of gecrotrical imsge proowssing
acCuracy,

The geametrrical aomuracy of tha Lmagery will be testad
by similarity transformacions, so—callad Helmogt -tracefor-
maticms {ase FLig. 7). This analytical proosdurm doss Dot
affect the internal geometric oonditions. It similates the
lportant Case, that the oser putsd they mage Lnto an -
larger and projects it into a map by rocation, translarion
and scale manipulation, The repidual vectors prorlde aseful
illusrratien of the geometric conditions (o tha image.

The mean aquare error, ooguted frem the residuals. def lres
the gecmetrical imdge aoouracy,

Analog imdgery, as commntclona] photcgraphy, shautd be
woowsmed gexnetrically In an amalog way | poasible, Flg.H
showrg an ecomple for oomeantional restitution and crm-
atckdng of the phocogrammstyic A lLmacs. The QO ic
arcuracy of the mogale (g about = 5 & in x dirsection o
¥ &am in y directlont™), & good remalt,

Table 1: Parawters of compared lnagery

Rt ey Bl uzs-hhtuur
h=30x he30 e
M= 0.0 M= X0, 000
A=0,5m AwSm

Hagamhladkhmery Landmnt
h=X0nm h w935 i,
M= 153,000 M R
A= 2.5%m AwBOm

Flying halght;

Original =scale factor
Begolution alemene an the ground .

I

The Hassalblad image ig & 15 am pupar wide angle phaco-
graph  with typlcal radtal distoctlons.Many applicstlons
in oceanography need amall scale imagery which ofeen can
not bo cbtained by normal angle photogTaphy. [Kemver, goo
metrical distortions of fisheye oblectives lead to severs
problems. The gaametrical accuracy of the lmage cunpyted
trom gesidaals after Helmortransformaclon la - 329 m in x
and = 466 m in ¥ diraction. The distortions csn net be
porrected by analog methods. A digital appriach g hecos-
aary, but 1t has oo be asksd critically, whather the o

Ita will justify the oostwe at all.

If tha original data g digital, ke for the 425 imege
strip {sma Fig. 91, application of digital imsge ooRs-
sing 15 obviocus. Caometrie proossslng can ia s in two
stepm: first e shawgld reamowve the largest systamatic
errcra. Thess Are Cancyamic distortion. Séused by tha soar—
ning principle. and affinity, caumsd by cwecpcen. Thes
CuTactlona can be applled very aleply, becluss o grousd

“)¢ 18 the 1n-fligr direction
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cootrol ta teeoRxsary and the procechreg Work slther in scan
divection of in flight direction. The regldyals on Fig.t0
give an  1dea of the acmuracy of both che orlginal

strip amd the strip after pooramic and affine oxTec—
ticn. We et an Lq:rwﬂumt.frgn-lﬂl = 106 m ook
rBan aryer in x and foom - 940 @ to - 144 m in vy,
Tre improved values ccrrespond to Abogt 12 4o 15 plael el
mntA. For sOme apolicationg, sxpectally in oosancoraphy .
this reenulr perhaps might be good enoh, Mostly o= pesds
better gecmetrlc perfoimance, ag that morw sophdsricatad
motheds have to be applicd in a second sten,

Muplmaitldgnalarmelien

LI PR ;!:'

RN S Nl

Flgure 7. Principle of Helmerstransformatton

The socond atep Inocrpewates grognd conbrol points and
collinearity functiong. HBence 1t Ls the claxeical apperach
of aalytical photogrametry. The wrk executad by Schahr
(1977) shows that urea gl el to Alrborne
ey data glve - 7 to - 4 plxel acooracy, oonflomed by
latest results from Freilaog ares. The hlgh geomatric guall-
LY hiw Lo b pald for: the computing costs are about § 180T
for a1 W0 X 3O pixel scers. An adequate ares with
:mlutpan:zmmaaﬂ affine distorrion would only coar

100, -

The inweatigaved LANDEAT {magw 13 the scens displayed
in Figure 4, eorrected for sarth rotation by module rwmoar
43, We obtain excollent geametrle acTuracy, which e about
= 45 m oot Mean square error in hoth directlony. This is
nearly half pixel size which approaches the thooretical
threshold of = 1/3 pixel size. This remdlt is explained by
the fact, that the area covers only 1/20 of a full sours,
For larger areas more plgorogs photogrametric aclubionm -
hava to lm applicd after removal of sarth rotation effacts,

The admguste exarple in Fig. 11 shows agaln a recodling
camputed by Schahr (1077 jinvestigation scecutad For the German
govarment o flgure sub the saptabllity of LANDSAT data
for land vsa mapping, It containssn arsa of the Ritno vallsy
near Manphedm which covers about a Quarter of a LANDEAT
acens. Hore, Collinearity equatinng and ground comerol
oints are used for correction. The result wich UMM grid
overlay, has an accuracy of ahout © 100 m root maan squars
Brror. Processing costs are £ 1 80O For this particular
application, geumetric quality has o bo ag high as foa-
sible, because of gendetlt map references. In this respoct
change detectlaon reuires they seg high .

standard, unless it i3 not approachad by oorrelatlion me-
therda ,
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Figuoe &: Mapale lpom photnoramgbric camera wmagery afbor geometcic camepa asagery ofter geamstric restitution at FRISS-
BEC V. Original data ke colowr photograpity . . :

La)

11}

(=)

Flaure 5: sz‘ atrip Jarfde channel (a) (riginal data; {b) COorxected For vancramic dlstortion; [} Correctad for panoramic
digtertion and affinliy; {a) Green/feollow band; {b + c) Hear infrared baoed.
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Figure 1= Residuals after Helmewt=-tyansformaticn in orrginal Mzs strip {laeft, sea Fig., 9 a) Aol carrectad Mzs strip
{right, sea Flg. 9 c). Veotous 4 ¥ esagperated,
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4. EXNMILFS POR APFLICATTCM

Although IPT activities are very mach mothodically ooien-
tal, intengive linkes practical uze 19 parmaseccly
meintajned. Cohwegeently, IPT is iwwolval in oo blg ale-
fraft programs, Sponsoced by govermmental agenclen: the
SonderSorschangeterelch 149 af the Deutecha Forsciuorgsee
teinechiaft and the Flugiwegnedpregranm of the Badesoiniat-

arium fir Forgchung und Tecdmaiogle. Many IFL publicatims -

repoct specifically on thess progroms [SFE 1976 a,b.o
Bégr, 1577; Dennert-M3Lller, 1977, Koloach 1937; Honecry,
1977 Lotmarm, 1977 Behuhr 19771 Kere only & hrief introe-
durtidon to the main mobland fooused in the jals estoacy
teat arms Aol thres agpltcaticons will ko given far 111a-
stroation,

For mary ressons tha Jade estuary offarn for an idasl
LSt ares. Here we find intimate intacection betwean wetar
Ard land. From bare result problens of cldal cuorvent, sati-
Tent trangportation and water sechangs betwesn the Jaky bay
and the Jade channel, Thess natural phendmns ard Luper-
irpoest by anthroploal accivities, Like dredgeing, con-
straction of large bridges, odl hartour operation and
irsdustrinlimnticn on arkificdal polders. This 18 eccom
panied by many, torepredictable cohseruenkes. The Jade
aren tharefore represents one of our today's s«oologicat
mblemy,

Ooe off the moet momising tectmiques o detect water
rollution is ivestization of thatwl band imagery.
Lovmaann 18 fnvolved in finding mathemstical moriels for
transformation of thermal sconner data into surface tecr
peratures, ‘fhe principlo of least Fquare adjuﬁnmt is
applied, which lesda t5 an accuracy of = 0,7 & Celsigg
IoCk maan square error, GEeestrically cortwched dnege dath
i1s neceasary to link geaisdend scaoweer information properly

»39 »ig
T V- LR
[ a :ﬁ.
#1335 i Lokt
Wiy — LB

f

Llqure 12: Surface weter temperatures displey 1kothermal
Lnea.ln:it.ucmtr“gl at x. a o

Fig, 1J containe & map, wWere the wator surfate Lanpe—
ratures are digplaged in the form of iothermal lineas.
Ancther wary Lmportant practical apolicatlan be rondtoring
sexl)ment transport. The wWatarway adminlstration spends mil-
lionw of mark ysarly to keso the Jade channel froe of sand,
The waterflow condibions are rather complat, and nobody
v exattly in which manoer the sadiment deposits movo.
Fig, 1) shvowa a § th—channe] LAWGSAT scene from that prob-
lamatic arsa, Spacial non-linedr sontoast manlpolation
raka the sandg claarly Oomy out. Most spectacular im the
fact, that e undervater bankg can e delectad. Thin im
Fovad by comparismwith mep information, which pxinte out
peEretracion down to about 15 m undar water surface.The
ravigable water of the Jade chanpel can very wall b dig-
tinquished. Even the well-knoun most problenatic pacts
like the watersmy bzd narth of Munsener Cog island get an

Hasjudiagrs

W rmadntra

bkm .

Figure 14: Water line differeroes (hiack] bocwssn Gormas
Hautacal Chart Mo 7 and LAMDGAT soena 18,8, 15975, Channel 7.




explanaticn by thie inteqgral disglay. Hoever, ierwater
Jaiemﬂsdnmtmm::lwlym alrcraft
mmuq&ry.m:dq:aﬂsmﬂelargarmlefm
where 1osal water body pattern mehlate the reglenal urder-
water gandt informarion signat. By the way, the 2 hrliges,
the Wilhelssheven oil pler, can be detected an Flg. 3.
Mtrefmnxhbelm&erwlmtmmﬂ:cfﬂn
LAMDSAT soamser. This phenomen ooouwra becanse of high cor
tragt between wabdr ard buelldings.

Anciher application 1a very mrch conrectsad with the
previous example: The map in Fig. 14 hag hoen drawn after
projection of the LAMESAT scew 1N Flg. 4 ontn the German
Nmitle Chart %a.7, scale 1:50 00D, The exact scale is
kryman frort Helmerttransformation. The mop displays the
differwytes hetwsn the gea chart waterline and the water-
lire from the LANDSAT soene 10 Fig. 4, The real difference
babusen tha beo water lewsls 19 15 om, painted oot by in
oitn watey marks. In most areas boch lines are idemtical.
Dl ffarences hetwesn chart and satellite image have been
displayed in black areas. The largest differences can b
detored north of Alte Melln islasd. Here, oo actual
topographic data 13 avallshla. Althagh sstellite image
and nautleal chare data fron the same yesar of 1975, the
satellice imsge ia xore up to date.

Wisg. A, : Wisserschaftlichs Arbelten der Lehratlhle fir Geo-
dasie, mmmmmﬂd&md&rmﬂm
Universltidt, Hartrower.

ISP '§F?: Tntermationale Cesellachaft fir Photogramerris;
CQormigsion TII, (hrgress Octasa 1972 and

ISP 19761 Helsinki 1976,

EMP: Symposiam Flugzengmefprograrm Hannover, 28 = 30 Xagquat
1977, .

Bihr H.P. [1876): Geometrical Hxdels for Satellite Scanmer
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Fusammenfassung .

Filterung und Interpolation nach kleinsten Quadraren werden auf ein ERTS-Bild:

in Kanal 5 und 7 angewandt, Die Rovarianzfunktionen errechnen sich aus den Rest-
klaffungen nach einer Helmerttransformation. Trotz der wenlpen und ungiinstig
gelegenen Stiltzpunkte erhdlt man gute- - Resultate. Diese werden wit den-Ergebmissen
aus einer Interpolation mit Polynowmen 2. Ordnung wverglichen,

Abstract

Least-sguares filtering and interpslation 1s applied to an FRTS frame in
channel 5 and 7, Covariance functions are determined from residual errors of
a 4~paramecer fir, Though there i1s only a small number of reference points,
results come out well, Regults from least-sguares intevpolation are compared
with residual errers from second-order polynomial interpolation. ‘

1) Investirmated Imapery

An ERTS-1 bu}k photo from September Elst. 1972, showing parts of
northern German lewlands was investigated {scale dpprox. 1 : 1,000,000},
Though there is 40 I claud cover, it is the most cloud-free photo

available of this region.

Results hy polynomial interpolation of this frame lLtave been published
(BAHE/SCHUHR in /1/). Continuimg these works, independent mnéghrements
have been carrvied out in chann:l 7 (0.8 .., 1,1 m) at 4! new points,
which again are all related to water bodies. Additienal observations
were made at 20 poiats in channel 5 (0.6, ... 0.7 m) whieh nearly all
are related te forest features., Interpretation of reference points was
a sophisticated task, as they are of no syﬁmetric shape; beside thisg,
cloud ecover in ®E and SW and atmosu!® : haze prevent recording of
more and better situsted points, Tiv._ .. coordinates, measured at the
Zeiss—PSK-Stereocomparator were related by a 4-parameter-fit (“Helwert-
transformation") to terrain coordinctes eytracted from | 1 50,000

scale waps,



2)

Pip, 1 shows the result of thls transformation for channel 7. All
cbservations have heen introduced &8 reference points. The roct mean square

ervors, calculated from the residual errora, are

m s = + 109 m {channal 5) .
g ® + 127 w {channel 5)
mey ™ MEELR: {channel 7)
my -+ 136 m {channal 7)

ThHe vector diagrams show similar behavior of error distribution in both
channels incleding the independent results frem /1/, Finite repgions
indicate characteristical trends, Reasons for this may be effocts frem

data processing, from atmospheric refraction or from imaccurate orientation
data, i.e. parameters, which are identical feor 811 channels at firs{-erder

4

approximation,

Determigacion of Covariance Funcrcion

The results in Fig, 1 indicate presence of both cnrrclated{la, "gystematic')
and uncorrelated (I_, “abservational') error components. Sutmation of these

corponents give the vectors shown in Fig, |

={1 + 1), '

li 5 r'y

By least-squares filtering both parts can be separated; by lesst-squaracs
interpolation, both parts can be predicted at any peint, if suirable

reference points are available.

To prepare filteriag and interpoclation, a covariance functicn is to be
determined from residuzle after the ﬁ—parape:er adjustment, where all N
41 points were introduced as reference points (Fig.1)., This is the most
appropriate way to find out the stochastic conditions of the FERIS-frame.
After the covariance funcrion is determined that way, it is used for all
further cglcufﬁtinns. Fmpirical determination of covariance functions
interval by interval leads ro discontinuous functions, They must be

approximated by & continuous fugction.
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In Fig. 2 covariance functions have been fnhnd-ir_lde;:eudenl: for x and ¥
in terms of 1,0 co- and 2,0 em-intervals, Size of the ERTS-frame wvas
18 by 18 cem. Fig. 2 shows thar the extend of interval size may be of
importance for the function whieh has to be determined, because of the
small quancity of peints. Though it is not absu%utely necessary, a

Gauf function often is used to describe the covariance conditions:

' 2 2
cTF, 7 —c e ®

RereinG (0} and kz have to be determined. C (0), vertex of the curve,
represents the v ari ance of the ls"cﬂmponents vs. Theoretically,
v, ig samller than the variance of the total error component ¥V by the

amount of v, variance of the 1 -conponents

;l{ 1;21 {li li}’v=v5+vr
In Pig, 2 the amounts of V, which may be calculated from tesiduals afrer
the 4-parameter adjustwent, have been marked cbove the vertexes of the
curveg, The unit of the residuals is in kilometers. The kz-parameter
influences on the "bandwidth" of the curve and indicates up to which
distance 5 correlation between error compenents.may be found,

RBesults f rom Least-Squares Filterim and Interpolation

The covariance function includes the whole information of the error
digtribution. It alleows to estimate the porction of 1 —comp@mmts by

following eguations (see f1/:

51 i .
vhere

e EPl Pii v C Py ...C EP] P
) €= vV r...c P

/ ] )

L. w v

C (P P,
LN L J




The C iPi Pkﬁ elements may be calculated from the covariance functiom,
Thia function must be continuous. If we use the rovarisnce values calculated
for certain intervala, we get identical lines in the € matrix, i,e,

gingularity in casg that 2 points lie within the same interval.

V ia known a prior{ {rom the residual errors in Fig. 1. Though the values

for LYY differ from peint to peint, the mean square value V has been
introduced into €, Its gmount is about 0,018 for both x and ¥, Aa the
determination of the covariance function out of 4l points, which eonfiguration
is poor, remains uncertﬁin, investiapations with different plrametérn have

been carried out:

) 2 2
CTPF) =FVe ks FV=C (0)

We call F the filcering coefficient. Regarding Fig. 2, we find Fo 0.5 and
wa 0.7. These nupbers, empirically found, shnu}d give the best estimated
values for 15. 1f we use F = 1,0, we get larger 1, values:the vhole 1 is
interpreced as ls—cumpnnent and iz filtered away, If F is smaller then

the calculared values, we filter less than we should do, Ta improve the
error distribution of the 4~parameter adjustment, We rsubtract the estimated
ls~compnnants from the residual errors and get estimated randem components

i 1

Respactively, we have ¥V V.  and vxs’ vys for variances, which include

xE* Cyr' xr' Cyr

values at the reference points,

In Fig. 3 varisnces calculated that way show, that the behavior of arrors

is a function of F, In particular, we sece theleffectl from F » 1, whete

vrx - Vry «- 0 an& the effect from F = 0, where vsx - vny = 0, We find that
the accuracy ia not very sensitive dowm to values of F = 0.5 and does hardly .
differ %n x and ¥, It is for this }easun, that all examplé; for filtering

and interpolation published here have beer calculated with F = 0.75, both

for x and for y. Beside this we read frow Fig. 3, that V, and V_ do not sum
P? to ¥V as it ghould do theoretically. This wiil net happen, because the
1‘—:nmpunent1 have not been determined sxactly, since the true variance -

covariance-conditions remain unknown (see MEY.

Fig. 4 shnwg the result after filte  the regidoal errors from Fig. |

with F = 6.75, Fig, 5 gives the result from filtering and interpolakion
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by 10 reference points for channel 7. The result shown in Fig. 5 is

similar to Fig, 4,for there is nmot much change in errer diatribution

if less than &! reference points are' introduced. However, this is nat

true for isolared points (see lower and upﬁ?r lefr), which are hardly
touched by the covariance function. F&f channel 5, wa get the same vatiances
V_ as in channel 7: this is because of accumulation of reference points.

T
Frror distribution after filtering is better in channel 7, where a larger

‘ number of points (41 versus 20) and a better configuration contributes to

better stochastic conditions.

In the diagrams, prientation is towards grid nerth, corresponding to the
reference meridian of the 3rd Gauss-Krilper-Systen. Consequently, the .

ERTS frames appear in oblique sense,

To give a rough idea of the improved resuits, see ‘Table 1, Here, tesidual
ertars from 4-parameter fit and from least-squares interpolation have been °
ligsted. We ‘get the M values in mgte£-hy_taking the roots of corresponding

V values and by oultiplicarien with 1D3. Though they can not strictly be

interpreted as root mean square errors, they indicate the magnitude of the

) residual errora. N
[Channel | Reference Interpolated M M M 1] ¥ k*
) points points * xE Y o J
(mj 3 fm] | (m}-) {m}
L 2 3 4 5 6 7 8 g
7 - 41 - $31 | 50} 136 45 | 0.75 | 0.C5
q] 10 13 | 571134 58 { 0.70 | 0,10 '
10 31 138 | 79 ) 145 88 1 0,75 ] 0.10
71" 77 .| oo
5 36 1357 91 ] 141 | 101 | 070 0,10
5 - 20 - 100 | 41| 127 60 | 0.75 ] 0.02
g 11 134 { 8oli122 | 88 | 0.70] 0.07
“ 17 5211031126 | ‘96 | 0.70] 0.0?
Table 1
<



First, th_"}' {.e. reziduals after §-parazecer adjustment, show the
excellent quality of the ERTS image, which has a rheoretical resolution

of alout 79 m per image point. The wore reference points intreduced, the
Lotrer ig the result, which lies ahuué thea valué of theorerical resclutiom.
An intercsting detsil is the influence of the k? parareter. For k? = 0.0
the M values go down a little bit compared with the value M from k? = 0.1,
This it only because of the 2 fsolaced points at the lefr side of the frame.
Thebe peints are improved if kz = 0,0l, vhereas they don't get corrections

k2 = o,!,

Interpolation by Polynomiale

Least~squares interpolation is just one method for interpoclation. In TRV
polynomials have been sucessfully applied to evaluare ERTS imagery.

Comparigon of the results obtained by this two methods seema useful,

For interpolation, we take second-order polynomiils:

v 2 2
x a, + a8 X+ 8, Y *a, Xy +a x tagy

o
Voo 2 2

¥y o= hn + b] x + h2 ¥ + b3 xy + bd x° + hs ¥
with 6 unknowns for each coordinate. The result of the adjustment for
channal 7 with (0 reference points {s listed in Fig. 6. Comparisom with
reavlts frum the same point configurstion after least squares interpelation
in Fig., 7 show very good accordance, Differences can be chserved at the
2 isolated points at the left side of the }rame, where polynomials
¢xtrapolate, whereas least-squares interpolation does not transfer any

information, if the covariance function is determined properly.

Teble 2 lists the magnitudes of the residual errors afrer poiﬁncmial

interpolation corresponding to Table 1 ( r standsfor "residual'):

Channel Reference] Inrerpolated Hx :er M M __7
points pointae Y ¥

(@ | (=] | (=) fm)

138 | s9 145 87

-~y
o
L
—

5 o i1 134 | 59 122 77

Tabile 2



In conclusion we f£ind, that both interpolation methods give roughly the

same Tesults, However polynomials are easier to process than least-squares

interpolations., On the other hand, this method is more flexible and can

be applied to & lot of further problems,

More sophisticated error analysis like KRAUS suggests in f4/ can not be

carried out here because of small numher and poor configuration of the

reference points. Anyhow, the results obtained encourage-to contimework

into this direction.
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TIDAL LAND MAPPING FROM LANDSAT

by
H.-P. BAHR and E. DENNERT-MULLER

'Universitat Hannover, Institut fir Photogrammetrie und Ingenieur-
vEIMmessungern

Federal Republic of Germany

 RESUME

" Urle correction géométrique digitale a l'haute précision est
executée pour un image LANDSAT (MSS), montrant les marées frisonnes
au hord de la mer du nord. L'erreur moyenne sur les &cartes rési-

-duels atteint my = + 25,7 m, m,,= ¥ 51,3 m. La classification mul-
 #isnettrale eppliqué a7 classgs doenne une précisicon plus de 89 %.

ABSTRACT

) Precise digital geometrical rectification of LANDSAT MSS data
.leading tom_ = X 25,7 mand m, » £ 51,3 m ms was executed in or-
der to prepa§e multisPectral c!essif*catinn of the North Fresian
tidal flats at the German North Sea coast. The maximum likelihgod
method was applied to 7 classes resulting in an accuracy better
than -89 .

1. Remote Sensing at German North Sea Coast

In general, remote sensing can be applied successfully

1. to-extended areas
2. to regions to which access 1s difficult
and 3. if repetition of data collection 1is desired.
.For mapping tidal flats of the Norxth Sea coast all three aspects
jare valid simulteueeusly-

1. The North Fresian tidal flats, whieh are sub;ect of this re-
'port, cover an area of about 30 km x 60 km. This is why in
) the past mapping frem the ground by conventional methods-
' +could only be-executed in a plecewise manner, leading to
heterogeneous results from different euthors and different
interpretation keys. -

2, By nature, access to the amphibian tidal 1and5eape is diffi-
cult. The change from high tide to low tide twice a day
and water level differences of 3 m normally 1lmply signifi-
1 cant limitation to ground work, apart from the fact, that
this is possible enly from May to September because cf wea-—
. ther conditicns. . ‘

3. Tidal flats are characterized by extreme temporal ehange of
topography and hydrology. Sediment transportation can be ta-
ken as an indiceter for floed eenditiens, on whieh seaways




'.depénﬁ. Moreover, construction of dams for coastal protec-
tion .causes extensive change of the ecological balance. Con-
sequently, frequent repetition of mapping is essential. Da-

. ta have to be homogeneous, concerning season,tide and at-
mospheric conditions.

Conolderingall these aspects remote sensing seems to be very
well appropriate for mapping tidal flats of the North Sea coast,
an Important and actual task.

With LANGSAT MSS data a well sulted, .relatively low-cost tool
12 pvallebie: the North Fresian terrain is recorded during not
more than 9.7 "seconds. The 79 m x 79 m resolution element on the
ground, too large for many land-use-applications, corresponds well
to the gpeciflce situation for tidal flats, where poorer resolution
than for agricultural areas may be sufficlent. A disadvantage of
LAMDSAT 18 the fixed flight plan: for 1975 until 1977 only three
-scenen are available showing the complete- North Fresian tidal land
. both at low tide and cloud-free, :

, Mapping methads which entirely use conventional photointerpre-
- tation do not represent the internaticnal level of scientific de-

. velopment any more. On the contrary, computer-assisted multispec-
.tral classification procedures supply results statistically con-
trolled, which incorporate less individual interpretation and

whlch are largely reproducable. This aspect is very important when
objective data are needed as a base for further decisions touching
the ecological balance of that region. '

Since 1971 the Institute for Photogrammetry at Hannover Univer-
sity concentrates on remote sensing activities on cocastal environ-
ment, Supported by the German Government and the German Research
Agency, a test site was established at the North Sea ccast {Jade
area near Wilhelmshaven), where different sensors were applied for
monitoring sediment transport, water temperature, tidal land
classification, water pollution ete. (see publications BAHR, DENNERT-
MUOLLER, KOLDUFH et al., XKONECNY).

£

i2. Eigcrous Digital Geometrical Rectification of Satellite MSS

ata ST SRS Aniataiei .
‘Geometrical rectification of imagery is essential in order to ob-
itain data, which can be referred to ground information' overlaying
ithe rectifled image on existing topographic maps. This 1s a suppo-
ledition for tidal land classification, especially when change detec-
ltion and multistage processing is desired. :

: Bagis of the rectification procedure is a méthematical model,
iwhich expresses the ground coordinates x,y,z as a function of image
coordinates x',y': .

: x,y,z2 = f£{x',v"} ) ‘ . {1}

The most g@neral analytical formulation expressing geocentric coor-
dinates as’'a function of Satellite scanner imagery ccordinates may
be written in terms of collinearity equations:

™




(2)

Fig. 1: Geometrical Con- .
ditions for Satellite
Scanner Imagery
{(General Case}

According te Fig,1, D represents the rotation matrix contai-
ning the orbital parEHé%égs 1 (right ascensjon ¢of ascending mode),
1 {inclination} and u (path length from ascending mode). The para-
meters can ke computed out of orbital elements avallable for every
:satellite. Dy ., v intreduces the orientation angles of the sensor,

.not known a pffuri. B rotates the system by the scanning anglegd.

+All elements are time-“dependant. @ is proportienal to the image

‘ordinate y', whereas the image abscissa x' is porportional to the

'time and consequently affects a 1 1 elements on the right side
of (2). -

This general model applied to NIMBUS scanner.imaqery for in-
stance (BKHR 1976}, is valid for the forthcoming earth observation
satellites too..It can be simplified for LANDSAT MSS data wishout

loosing accuracy (BAHR 1978). Because of small @ {max. ¥ 5.57) we
may write '

’ Ve [y

= ' ] [

x ao + ax + azy + aax + ayy + aﬁx ? (31
. = ' ¢ - t2 V2 Iyt . '

P Y _ bo + btx + hzy + h;x + b4y + bﬁx v ’ .

for precision processing.of LANDSAT MSS imagery. The parameters a,

b of the second-order-polynomial have to be determined applying

least-sguares adjustment procedures, -introducing ground control co-

ordinates [at least 9 well distributed polnts per scene}. Image co-

ordinates-should be measured in a comparator ground control. coordi-
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. ¥We have to discriminate the "geometrical analysis” as descrjbed
ubove and the "geometrical rectification”, The latter is executed
‘digitally, as schematically shown in Fig. 2. Digital image pro-
‘cessing at the Institute for Photogrammetry is executed on a CBG
1CYBER 73/76 computer using the modular digltal image processing
ipackage "MOBI" developed there (see BRHR 1977). As measurement of
iground control coordinates is impossible when taking the original
ldata, the imagery has to be prepared applying an affinity factor
{approx. 79/56 = 1, |.41), the earth rotation effect

2
sin®t - sin? P _ {47 see BEHR 1976)
1400/Up= cos 1 Uy = revolution reriod {minutes)

and contrast enhancement by histogram linearization {see Fig.2, num-
ber 2) all steps are processed by "MOBI". The imagery 'is displayed
using an OPTRONICS MARK 17 digital writing-'device. Precision recti-
fication takes place in a second sStep (number 8). The exact scale
factor 1s introduced by analcg means, using a precision rectifier
L{number 12), e it e i — e o = B e

a A. r- CIORE RS | L.

. tﬁ1r =




For mapping the North Fresian tidal lands, a LANDSAT scene
from August 11th, 1975 has been selected. Oniy 16 % of the whole
frame was necessary for covering the desired area. The gecometric
accuracy of the image after application'of affinity factor and

. earth rotation effect 1s shown by the vector plot Flg. 3a. The

error vectors have been determined taking the conformal transforma-
tion . .

x=a + ax'-a,y'
- o _ 1 2 {5}
= " ' 1

bo Tﬁazx + ETy

'f'L.:

and comparing the resulting x,y with the 30 contrel point coordi-
' nates. The differences correspond to the best fit possible by an
‘or@inary enlarger. From the errér vectors Ex v the mean sguare root

. €Irror m is obtalned by f )
T X, Y I L} - . . - - .7

Lotge),

< m 4] 4=1 n = 30 . {8)
' i 2 2"
mg = ﬁx + mY {'.”

89.7 m

B
|
{14

. K m =% 119.4m
= X .8 m
mY | 78

X points north, y east. This gogd result depends on the small sec-
tion processed.

Application of second-order peolynomials {equation 3] improves
_the result again. Fig.3b shows that the error vectors are not any
-more effected by correlation, The root mean sguare error now 1is

m, = ¥ 25,7 m ‘
msctE?.dlm
m =2351.3m ~

The final result is displayed in Fig.4. MOBI allows cverlay of
an exact grid, which in this case corresponds to UTM coordinates.
For the purpose of classification,data without grid were preferred.

The geometric accuracy cbtailned is in the ordar of magnitude
of * 50 m. Theoretically, the threshold of 1/3 resolution element
(~ * 25 m} cannot be surpassed. As ocur experience shows, ¥ 50 m
accuracy can generally be expected for LANDSAT MSS processing, This
is an excellent value compared to results for airborna scanner rec--
tification, which are in the order of magnitude of ¥ 3 resoclution
elements. . ' ) !
- v . - . I

The following classification procedure takes 79 m x 79 m units,

Consequently, the pbtained result for geometric rectification is in

good correspondence. e e e
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Fig. 3 : Residuals at Control Points after Geometrical Rectification
Left: Bulk Processing Right: Preclsion Processing
F—-iCorrespcnds to 10 km on the Ground, to 100 m as a Vector
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‘5. Digital Multispcctral Classification Procedur:

- a

The most common suparvised classification technigue is the "Ma-
ximum Likelihoocd Method". During the last years it hag been applied
. to various areas of earth observaticn, -

i phe classification concept corresponds to the following statisti-

. cal model: to each pixel! belongs a pattern vector X whose n compo-
nents are the grey levels of the pixel in the n different ‘spectral
bands. The assumption is made that the pattern vectors of each of

"the m classes taken by itself are events of random variables with

"multivariate density functions. Supposing the Maximum Likelihood

: method, these density functions are assumed to be Gaussian func-

tions. The parameters describing a Gaussian function, the mean vec-

tar m; and the covariance matrix €, are estimated by the pattern

I e

' yectors in the traiming fields. Thé discriminant functions of this
i method ’ - 1

. _ n _
L] -z .
Pi {E] = p (Wi} . {:?_1_] 2_ det_(ci!ler‘gxp { —% {(x - Ei:

(8}

I'Ci_1‘{£_r‘£i]]r 1“1;I-.-,1m

specify the probability Pi(EJ that the pattern vector x helongs
{to the class w,. :

: Each pixel is assigned to the class ! i1f the probahility Pifg}
that the adjoint pattern vector x belongs™te Wy is greater than
p, [x) for any other class wa: .

j -
-.’-:.-'E wi <=> Pi{ﬁ} > .Djfﬂ} vj * 1, j = 1, v.., M {9}

Setting (8) equal to a constant, one obtains hyperellipsoids as

: *1lines"” of egual probability. A rejection ¢lass can be 1lntroduced
by defining,a "maximum hyperellipscid” for each class: all pattern
vectors which are outside of the union of all maximum hyperellip-
i solds are rejected as "not belonging to any of the classes". The
's5ize of the maximum ellipsoids is determined by a threshold value
which has to be appropriately chosen.

"The functions (8} show the ilmportance of the parameters "mean
vector”™ and "covariance matrix". As they are estim=ted by training
fields, the classification results depend strictly on good and pre-
cise selection of the training fields. When selecting a training
field which contains others than elements of one class the estima-
tlon results in falsified parameters and. consequently in lncorrect
discriminant functions. Tidal lands are natural landscapes; thus
the limits of different atructures cannot be defined clearly. This
clrcumstance makes selection of appropriate training fields diffi-
cult. Often there are only a few homogenecus, sufficiently large
arcas for "calibrating" the classification system. That is why su-
pervised classification of tidal lands needs assistance by an cx-
pert being familiar with the terrain.

. The computing time of the adjoint algorithm increases guadra-
tically with the numbers of channels used, As the channels 4 and S
as well as 6 and 7 are highly correlated it is convenient to exe~
cute classification using only two of the four LANDSAT~spectral
bands. One approach is the linear transformation equivalent to a'
rotation of the original pattern space to the principle companents
Las a new set of coordinate vectors. Selecting those features which

[~ a1 -
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;are the elgenvectors corresponding. to the largest eigenvalues of
" the covariance matrix results in a dimensionallty reduction with

minimal ldzs of information.

4. Execution of Classification and Results .

"In the LANDSAT-scene of 11/8B/75 the following ¢lasses are to be
. discriminated: )

; 1. 'Sand-
' 2. Dried sSand
-3, : Mud Flat
4. Foreshore
5. Land
6. Water
7- Remaihing areas

The analysis of principle cumponants of the geomEtrically rectified
' LANDSAT-scene shows that the main directiens of information con-

: tained in the picture are near the channels 5 and 6. The same

" statement is-valid for the training flelds in tidal land {classes
number 1-4). Execution of the transformation to the principle com-
ponents is not convenient in this case, Each of the three kinds of
surfaces in the picture "tidal land”, "land" and "water" has its

"own principal components. The principal caomponents of the whole
picture are linear combinatlons ¢f them. As disgriminating tidal
land surfaces 1s the main task of the classification, the transfor-
mation could only support it, if the principal components of the
whole picture and those of the tidal land areas were identical,

Some available training flelds. for the first six classes men-—
tioned above were selected co-operating with an expert for thnis
region. Fig.5 shows their location in the plcture, The numbers "1-6
indicate the location of the training fields selected for classifi-
cation, the numbers T1-6 are within test areas which were used in
order to control the classification result. Final selection of the
training fields was done with respect to statistical aspects. The
number of pixels should be as large as possible and the freguency
distributicon of the grey level values should be unimodal with a
small variance. These criteria lead to an gptimum estimation of
the statistical parameters by the training fields and the adaption

' to the mathematical model. For the class "mud flat” two training

. areas were selected because the mean vectors of these two areas

: differed from each other., For the description of each of the other
i Classes one training field seemed to he sufficlent. :

. Fig. 6 shows the location of the lines of equal probability
which result from the discriminant functions, set egual te a con-
stant. The two ellipses of the ¢lass "mud flat" and that of "sand”

show that the selection of two training fields for one class and
only one for all other classes for this case can lead to overrating
this class. If only the training field with the smaller mean vect
would have been chosen, the percentage of mud flat in the classi.
fled plcture would be smaller, whereas that of sand would ingrease.,
On the other hand omitting the tralning field with the smaller mean
vectar would probably enlarge the number of unclassified pixels,
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The classified picture presents the following distribution of :
the arcas of the seven classes: ' : '

Class area in km2
Sand i 828
Dried Sand . - 51
Mad Flat 1353
"Land and Foreshore. 4774
Water ’ 1697

.~ . Remaining areas ' . 1765

The ¢lass "remalning areas" contains the rejected pixels.

The classification results are shown in fig. 7-3.
Principally, classification results ‘ought to be displayed by thema-
tic maps. This is possible for all classes simultaneously on a
unigue map, as well as on several maps separately for different
clagses. Advantage of separate display 1s a gquick and clear over-
view of spatial distribution, going together with the disadvantage
of lust relative orientation between the different classes. Prac-
tical experience shows that both types of display are needed. A
€0l ouyxed map will improve the possibility for discrimina-
tion of the different classes for simultaneous presentation. Fur-
ther interpretation as well as detailed analysis in order to draw
practical consequences is task of the users.

Tha quality of the classification result was measured using
the training flelds and additional test areas (see 1-6 and =6 1in
fig. 5). The accuracy of classification within an area can be de-

'_fined as the percentage of correctly recognized plxels in the te-
tal number of pixels. The following two tables contain these accu-
racy values 1In the main diagonal. The other values in the table
speclfy the percentdge of pixels belonging to the class in the
left, but assigned to the class in the top of the tahle. For
example, "9$C.3" in the first line means that ;%0.3 of pixels in

the training field "Sand" are correctly classified., 9.5 & of
Pixels are incorrectly assigned to "mud £lat", 0.22 % to “Fore-
shore",

assigned . .
to Sand  Dried  Mad Flat Fore~ Land Water unclassified
Sand - ehore

 £1eld :

Sand 90,3 - 9.5 0.22 - - © -
Dried ‘ : . _ -
Sand .- 10:'.0 - . ' - - )

Mad Flat 2,5 - 97,3 0.2 - - . - .
Fore— ' ' - )
Lshore - - 8.1 89,6 2.3 - :
"4nd - - = . 10 89.4 - 0.04
water . i - - - 100.0 -
Table 1: Accuracy of Classification Measured by Trainig Fields. __|

&) =



; assigned . ;
| to "Sand  Dried Mosd Flat Fore- Land Water unclassified
conbrol Sard share
area A
" |sand © 83,8 - 2.7 3.1, - - 0.4
Dried T _ _ _ _
Sﬂrﬂ . i ' - 1m.0 . )
Md Flat [ = = 99.4 0.6 = - - -
Fore— " F_ - _
shore - 4.8 92,9 1.2 1.0
Land - L= - - 13.9 85.9 . - - 0.2
Water - - - - - 100.0 -

Table 2: Accuracy of Classification Mesured by Control Areas

The sums of the lines are 100 % each. .
Summarizing the columns in the tables onhe can see that the class
"Mud Flat" centains too many pixels, whereas the percentage of
"Sand" is too small. The sums of the columns "Fereshore" and :
"Land" in the copntrol-area-table shew the same effect., .
Defining a weighted accuracy by the ratlo of the number of correct-
ly classified pixels to the number of all pixels in the training
fields or control area yilelds the acguracy vaiues 0.94 in the
training fields and 0.96 in the control areas. -

This good result obtained by digital multispectral classifi
tion procedures would practically not be surpassed by mapping
technigques from the ground., -

b o ——
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Digital Rectification of a Facade

H.-P. Bihr, Technische Universitdt Hannover

Presented at the International Seciety of Phologrammetry
Symposium Commission 11T, Moscow 1578

. Abstract

A cylindrical-shaped facade of a castle was to display
unrolled onto 2 tangential plane. After simplification
of z general approach, the analytical relations were
used for digital conversion of the original image.

Zusammenfassung

Die zylinderfirmige Fassade eines Schlossessollte auf
eine Tangentialebene abgerollt dargestellt werden. Aus-
gehend von einer allgemeinen Losung werden dazu verein-
fachte analytische Beziehungen hergeleitet und zur di-
gitalen Umbildung der Originalaufnahme verwendet.

Rasumd

1'auteur présente le dévellopement sur un plan tangential
d'une facade historique de forme cylindre. A partir d'une
solution’ trés générale, sont deduites des Bouations simpli-
fites pour la transformation digitaie du ¢lich@ original.



A three - dimensional object can rigorously be described geometrically
hy a single frame, if additional geometrical parameters are introduced
{see GRUN /5/). For the specific object discussed here this means, that
we have to provide the geometrical parameters of the facade. [f we gens-
rally admit a second - order surface for the castle walls, we may write {/3/):

2

. . 2 '
+ 234 I° + Eal_2 Xy + 2a23 Y7 + 2a31 X+ ...

1 *

2
Foay X042y ¥

+ 2314 X + 2324 Y + 2a34 z +'a44 =0 (13

This surface is defined within a local coordinate system ¥, Y, Z, and

the parameters a;y ... a,, have to be determinded "somehow“, e. g. by
cenventional sur63y1ng aﬁé adjustment procedures.

Fi

PIX,¥.Z)

J

Facade

"Fig.l: Intersection of surface ¥
{in local coordinate system X,Y,Z)
and straight 1ire ¢ (in camera
system x',¥',2")

General approach

/" |

> X

Fig. 1 illustiates the geometrical conditions when taking the imagery.
This disposition leads to the well-known collinsarity equations

X" Xn
?15 - ¥ t}.ELp,m.k: C 1Y, (2}
1 LA T



Digital Rectification of a Facade

H.-P. BXhr, Technische Universitdt Hannover

Presented at the International Society of Phdtogrannetry
Symposiun Commission III, Huscuwdlﬂ?ﬂ

1. 3ackground

New irmage processing techniques in photogrammetry are not restricted to
sfngle fields. Like "analytical" procedures have been successfully used
for zerotriangulation as well as for terrestrial photogrammetry (ELLEN-
BECK -/ WROBEL /4/) and non-conventional imagery (KONECNY /6/), pure
digital methods will get increasing importance for all areas of phote-
grammetry in the near future. .

In photogrammetry, digital image processing has been propagated originally
for remote sensing applications, when scanner data was available in digital
* form (LCT's). In the meantime photogrammetrists became aware of the
enormous possibilities offered by digital components for both acquisition
and processing of imagery (see HANMOVER SYMPOSIUM 19/). Digital image
processing therefore is am actgal and challenqging task, also with respect
to conventional imagery and conventional applycations.

Many users desiré rectified imagery instead of line maps for final results
because the photographs provide ful?! semantic information in non-inter-
preted form, frequently relatively cheap. A common field for this {ype

of data is the architecture, where rectification methods are operation2lly
used for facades (WROBEL /9/). SEEGER /8/ shows, that even conventional
orthophoto techniques can principally be applied to “architectural” ob-
Jects. KRAUS /7/ finally, sucessfully uses modern orthophoto devices in
order to rectify developable surfaces. His examples are similar to the
task described here. However, the purely digital approach applied here,
differs entirely from KRAUS's hardware-oriented procedure and is based

on the general digital image processing concept.

Object of the investigation reported here is the Oelber castle near
Hildesheim {Fed. Rep, of fiermany), which dates back to the 15%h century.
The building is characterized by a circular groundplan. Consegquently,
imagery obtained from the facades show large distorticns, i. e. non-
Tinear variatfon of scale within the whole frame (see Fig.% ). Quanti-
tative measurements within this type of imagery is impossible. Therefore

it was desired to "unroll" the facade ontp a tangential reference plane.
X

1

2, Analytical Relations

For digital rectification, an analytical formulation of the object to he
rectified is necessary. This means, an explicite mathematical function

of the corresponding surface has to be determinad in advance *}. We call
this tasg “geometrical analysis", which we have to separate strictiy from
the rectification procedure which follows {see BXHR /1/).

#] A related problem is the use of a digital terrain model supposed for
digital rectification of single airborne scanner strips

J%?’;'P‘L'I'J o o
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Intersection of surface ¥ {1) and straight line ??i (2) would finaliy yield
P, Yo Z) = £ (x'y 2ty e Xpu Yoo Zoapa wa ka3 ooe a45)  {3)

This 1s a very complicated expression, which would lead to costy digitq]
rectification procedures. Therfore some restrictions are defined here in
order to sinplify the general formulas {1) and (2):

0}
0;

1. The facade is supposed to be vertical {a33 = 853 = A3y = By
2. The groundplan of the facade is supposed to be circular (24,
ay) = 327
From {1} we therefore get

¥z ag ¥+ ag, ¥P o+ 2ay, X+ 20y, ¥ + 2y, = 0 (4)

ar may write

pe (x-xle (v -0t - K 5

where X, Yb and R are the parameters for a circle, which is the trace
of the Facade (see Fig. 2).

Further siﬁplifications may be introduced for the collinearity equations {2):

3. D =E =1, because x = w = 0 is obtained by level vials, and
@ = 0 by tazking the direction defined by the image center as the
local Y.

4.-X, =¥ =2 ., when shifting the local coordinate system X, Y, 7
t8 0. ° In Practise it makes no difficulty to determine the ground
coordinates directly in the X, Y, Z ~ system, containing O as origin
and¢ cen the Y-axis,

Y
i
i
M (X, Yi)
R
¢l
h.
i
Pj
T TS 0. - - Fig.z: B
1 1
Sq A . Surface ¥ and straight line 9p
1 in X/Y plane after introduction
¢ of restrictions 1...4
> i




From [E.] we then get

X x!
=| Y] =13] ¢ {6)
77\, ..

i i

Fig. 2 shows the geometrical conditions after simplificatiens 1 ... 4
in the X / ¥ plane, The geometrical position of P can be defined here by

¥ X
RE e (gp - F)° = (L x RE tj,:n? (7)
xl

taking (5} and {ﬁ? after elimination of i, Equations (6) and (7] lead
to the desired solutions, where the object coordinates. are explicitely
expressed as functions of x', z', c, RM’ TH and R:

2 t
KH+T¢"E"’ vﬂt\/nzfui_z}-(v”-xu?ﬁi-}z 2

R i x|
1
X, = -
1 CE
. ],‘|..J’:..__2.l
i
(positive root for x' < 0; negative root for x' » 0) (8)
¢
i
2.« 24 )
i® — T,
c i

3. Rectification Procedure

Rectification is axecuted within a digital modular image processing
package. This package has been designed by members of the Institut fiir
Photogrammetrie und Ingenieurvermessungen (IPI) and installed at the CDC
CYBER 73/76 computer of the Technical University Hannover. It is a

multi - purpose package, containing 60 modules at the moment (see

BRHR /2/). For the specific task discussed here, a new version of the
existing "DEHN" module was developed by cand. geod. A. BRANDT, whereas
read / write and image enhancement procedures were already existing.

Read / write device is an OPTRONICS MARK 17 for A / D and D / A conver-
sion, available at the IPI. The image processing data flow can schema-
tically be illustrated as follows:

N



EA 1A T LS ccT [en 13p22] s
Drigiaal i (DL For- DPFTROAICS | A LT Ve
Inige A7D Conenrslon mat Tange Frocwss tnq] & 0rmiL OVA Conversion g
PLkag

Entur et ,
Factificatiom

1f one admits the restrictions defined in paragraph 2, adding KHtﬂ-as
approximate value, rectification can be'processed in two separate $teps,
as 1] ustrated by Fig. 3: Firstly, the displacement of any point P§ in
z' ~direction can be executed within a single image row , taking

Z; = ' —— . (9)

where zj is the correct position-and-5;/Sy a scale.factor (see Fig, 2
observing Xu=D}.Secondly,a stretch in x'-"direction has to be added,

taking single imzge columns.For the purpese of unroliing the cylindrical
surface on a tangential plane, one has to equalize X; £ b; (see Fig. 2)

and gets -

o c - Xy
Xxj = R - arcsin ({ —- { 10 )
5
2 1
.
2. :
———— _P
i
l.r
1 —.+x*
i Fig.3:
Two-step principle for
displacing a2 point P';
Row (pixel) into its correct
position Py
[

In practise, the rectification was mastered using the “indirect" methed,
for which good results were obtained from satellite imagery correction

( BXHR /1/). This means, that the 'distorted image values have to be
available as functions of the corrected ones, which does not lead to
any probiems taking {9} and {10). The procedure then runs as follows:

1. R, iy, Yy+ Sp» &nd c are known a priori

2. Computation of {X,¥,Z); by (8)

¥

T

. Determination of §; = +¢ Kiz b vl

coordinates in the distorted

-

. Computation of (x',z'

image { (9) and {10) f



4. Results

Fig. 4 shows the original frame, used for digitization at the QPTRONICS
Mark 17 taking 0.lmm x O.lmm pixel size. This s the poorest resolution
possible for the OPTRONICS, chosen in order te have low computing costs
dguring the test phase. Digitization had to be executed taking the image
verticais as rows, abservying the scheme in Fig. 1.

The rectified result is shown by Fig. 5,.unrolling the wall on a tangen-
tial plane, paraliel to the image plane,, touching the wall in the verti-
cal line through the imape center. Fig. 5§ should not be considered as
the fipal result, because both image quality and image geometry are not
yet fully satisfactory:

As far as the image quality is cancerned, discrete 0.lmm steps are obyi-
ous, particulariy at horizontal iines. Moreaover, the processed image does
not contain the full original information, which leads to a poorer con-
trast, though histogram linearisation was applied. These disadvantages can
be avoided simply by taking smaller resolution elements (e.g. 0.0125mm

by 0.0125mm}. This will of course drastically raise the computing costs,
which are for this exampie about double of geometrical processing a
corresponding LANDSAT section {see BEHR /1/).

As far as the image gecmetry is concernad, it can be checked thoroughly
using 35 control points at the window frames. Point cpordinates had been
determinéd with reference to the wali surface. A conformal transformation
{"HELMERT"- transformation), using two trans]ations, a rotation and a -
scale factor,leads to X 5.3 cm rms in x and . 7.3 e¢m rms in z for the re-
siduals, displayed in Fig. 6. The geometrical quality suffers very much
from the restrictions introduced in paragraph 2.For instance, the wall

1¢ not simply a uniform cylinder, but changes its radius from the left

to the right side of the image {see Fig, 4). Additional information -1ike
this has to be added to the analytical model, which does not lead to any
problems. -

if e = ’
o
/p x 1 | ] d
-2 g 7 o & . F'Ig b:
~o o' o s b o Residuals from conformal transformation

of the result to 35 ground control points

o

— CLorresponds to 20 cm error

The terminology “rectification" does not fully describe the approach ap-
ptied here. The point in-question isthe general oeometri-=-
cal transformation of an image by purely digital tech-
niques, The range of applications can hardly be overlooked and reaches
from fitting LANDSAT imagery to arbitrary map projections to supporting
design in the field of architecture, industry or engineering,

Digital image processing beyond the “classical™ remote sensing applica-
tions generally offers all the well-known sophisticated techniques, 1ike
image enhancement and classification.Depending gn the specific task, the
operator has to arrange the steps following the aeometrical transformation.
For the castle wall discussed here, digital analysis of stone compesition
for example, would suppert the expert's further investigations.
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Fig. 4 {abovye): Original image,
obtained from a FINSTERWALDER
TAF camera { c¢= 15 cm , 13x18 ¢m
format). Scale in image center
approx. 1:100

Fig. 5 (left): Result: Facade
(section) unrolled on a tangential
plane (pixe! size 0.1 rm)
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Resolucion
Ergebnis: Auf1Bsungsvermigen
Resultads #,#’##’# N\\\\\
Hoher Kontrast Niedriger Kontrast
52 Tp/mm 37 lp/mm

Resolweron oe Eipes de cameray disponibles
Aufldsungsvermigen verfligbarer Kameratypen

Kameratyp Auflidsung
W

Zeiss RMK 15/23 40 1p/m

Zeiss RMK 30/23 - 40 Tp/mm

Zeiss RMK 60/22 . 25 1p/mm

Zelss TRb 60/24 : . 75 Tp/mm

Itek LFC 30 . 80 1p/mn

Wild RCLO 15/23 40 1p/mm

Wild RC10 30/23 2% 1p/mm
Emylsian: 32 1p/mm - 50 1p/mm

Spezialemulsion: 100 1p/mm
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Imin ‘ \—/

T min

Me . ' ™M a

[T e,
Ortsireguenz 5

I
C = Tﬁ Yerhdltnis von maximaler zu minimaler Hellig-

keit, Ipin = 1. contraste

b = 1ng{m— Dichtedifferenz, Logarithmus von C

Modulation-{Kontrast-)jumfang

Mo ag s Eimax:;mm;::i - i_mm_‘_;# Hadutac.f'a;-.
max min max ‘min
S T i i
M T IEU:I ( . )
" C Dichtedifferenz D Modulation #
1000 : 1 3,0 1,0
100 : 3 2,0 0,98
32 : 1 1,5 0,9
10 : .1 1,0 0,82
8 :1 0,9 0,78
5:1 0,7 0,66
4 :1 0,6 0,60
3:1 0,5 0,50 '
2 .1 0,3 0,33 '
1,6 : 1 0,2 . 0,23
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glgends Bezichungen?
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Format 23 ¢m x 23 om
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Bildfolge i
- 15em 30 c¢cm 680 cm (15 em, 30 cm, 60 em
e e e . TS R T )
l*+2.Ei1d£ 80 % 0.3 0.15 0.075 * 54
1.+3.Bi3d: | 60 ¥ 8.6 0.3 0.15° tim
1.v4.Bi1d: | 80 % 0.9 0.45 0.2 - + 18 m
1.45.841d" | 20 % 1,2 0.6 0.3 + 14
Bildfolge stereoskop.auswertbare Fliche | Fliche FlEcm 16
| (kn°) Flich Fg T
15 ¢m 30 cm o0 ¢m e
- ————— = ————————— = —— | .
1,42.891d | 383x306 192x183  96x77 Fldche Faoem _ 4
1.+3.841d | 383x229 192x115  96xE8 Fléche Fono 1
1.44.841d | .383x153 192x 76 ' 96x38 '
1.+45.841d | 383x 77 192x 38  96x19
b} Large Format Camera LFC '
c =30 cm; 22,5 ¢m x 45 cm
Bi1dfolge u b/h iy Fliche (kn®)
= L L - S — =
1.42.811d |80 % 0.3 t 27 m 188x300
1.+3,811d 60 % 0.6 TUm 188x225
1.+4.841d | 40 % 0.9 + 9p 1868x150
1:45,8i1d | 20 % 1,2 £ 7 m 188x 75
¢} Zeiss TRb 60/24
¢ =6l cm; 23 cmx 11,5 ¢m
Bildfolge | i b/h m, " Fliche {ka®)
1.+2,811d. | 80 % 6.08 | *108m 96x38
D | 1.43.Bi0d. | 60 % 0.075 [t 54 m 96x%29
1l T BITA | 4D ¥ 0ot T WEFEm Ohv10
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Cameras fﬁqurnmné%rfcas
(aplicacion del espacio)
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h ) .
Mg " My m : earrer véancard

a) Reihenmefkarmer RMK
Format 23 cm'x 23 cm

c 15 ¢m BF! cm 60 cm

Moy T 16 m t+8m t4m

aréa Fldche/Bi1d 383 km x 383 km 192 km x 192 km 95 km x 96 km

b) Large Format Camera LFC
¢ = 30 emj Format 22,5 cm % 45 cm

arén

my = t8m Filiche/Bild = 188 km x 376 km

¢) Zaiss TRb B0/24
¢ = 61 ¢m; Format 23 x 11,5 ¢m

n.-l"ﬂ‘n.
_rnﬂ =+ 4nm Flicha/Bild = 96 kn x 48 km
- Hghengepauigkeit (h = 250 m) exactitwd
e altury,
b : bave
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Aplicacignes

-~ aplicaciones militares

~ levantamiento de mapas de escala peguena en paises con mucha cubierta de nubes
- analisis de regiones polares {evaluacion de hielo)



Ventajas v desventajas de los sensores diferentes

Sistemas fotograficoes

Ventajas

- técnica madura para tomar y labrar fotos
- muy buena calidad de la geometria
- depdsito simple y barato de los datos

Desventajas

- fotografias en bandas espectrales largasr
- depende de la cubierta de nubes

Aplicaciones

- levantamiento de mapas topograficas
- determinacidn de coordenadas de puntos geod&ticas
- fotointerpretacién

Sistemas scanner

Yentajas

~ datos simultaneamente en diferentes frecuencias espectrales,
incluido las radiaciones infrarojo, ultravicleta

- imigenes numtricos en cintas magnéticas, transmisibn telemdtrica

Desventajas

- perturbaciones por movemiento de la plataforma
- generaimente no evaluacidn esteroscopa

- depende de la cubierta de nubes

Aplicaciones

- percapcibn remota numérica: geclogia, agronomia, silvicultura,
hidrologia; tratamientos de clasificacidn .

Sistemas radar

Hentajas

- no dependencia de las condiciones de) tiempo y de la atwbsfera
- transmisidn telembtrica

Desventa jas
- geometria depende mucho de la orientacibn de la plataferma y de la topografia

- no evaluacidn esterepscopa

a Jar rondicioanoge da rafloartanecrias da 1ne sabhdontroe am agetan acrndradae cirFirisant smars
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Parameters of cormonly used imaging sensors (Konecny)

Sensgor Sensor film resolution angular jangular angular ground | Sensor range of scale
type ' . size l.p. tm view view resolution pulse constant factors
{original) ||{oripinal ¥ in x iny esolurion ¢
frame 210x 60 ~60%cop +60%|-800ca +609] 0, Imrad - 152 om 1000 to
camera 2 30mm £ u,cc\'??g : 100 Q00
photo-  sLTip 230 to 60 strip -60%0 +609[ 0, imrad - 152 mm 100 to
graphy camera 7Omm Strip 10 000
panoramic bl5n g0 -40%r0 +409(-90%ta +909| >0,05mrad | - »>300 mm. ! 000 to
canera 1140 mm {{]I[}ISmrﬂd}-— { 1000w} 100 000
T ontir -
television {25,5}({25,&3@ 40 in  |=59 ro +3° 1-59 o +5°9 | 0,02 mrad | - 125 mm > 1.000 000
satellite| camera enlacrpged enlargment {enlarged to '
to 230%2310mm 1100 o)
L
imagery mz]l ti- 70 mn stripl 20 in | strip ~5% to +5910,05mrad for- ’250 ™D »1 000 000
spectral enlarged enlargement visibie light ({enlarged to |
ECARREr to 230 nm {1100 mm})

"infrared | I.R. 70 oo 20 strip -60%to +60°% Jamrad [-. |30 mm 1 000 o
scanoing | scanner strip I 000 000
radio- passive 7 Ouen 5 semi-annulus at con~ 10 mrad - - 10 020 to
metry radiometer strip stant angle 5 000 000

P.P.I. eireular, 5 polar coordinate re- B mrad if 50m - 10 000 to
T up to 100mm presentation a=0° to azimuth | DOO 000
15090, O = 00 o 307
radar SLAR 7¢ om 20 Strip 0% to %0° | 3 mrad in I 5m - 100 Q00 ro
gtrip aziguth I GO0 000
coherent 70 cm @ Etrip 0% o 909 | 2 arad in | 15m - 100 OO0 to
SLAR + SLrip azimuth 1 D00 0O
interferometer
BOMAr | EOnaT graph 10 strip 0% to 90° {5 prad in | 10m - 10 000 to 2
figh paper ,SLrip - aziguth 100 GO0 .




Mission

SKYLAB $190A
SKYLAB 51908
LANDSAT 1-2
LANDSAT 3
SEASAT

S0YZ 22-30

GEMS 1000

1 Sensar

Jahr

Mo ) )

435 kun Kamera
1973 C=15 mm

435 km C=460 mm
1973 '

920 km Abtaster
1972 :

520 km Abtaster,
1978 RBY

790 km Radar
1978

.250 km MKF-6-

sei Kamera

197 =125 mm

12,5 km | Flugzeug-

radar

F——

resolwcion

Huflﬁsundr

1:2500000

i: 950000

1:2 Mill,

¥: 400000

29 1p/mm
=100 m

25 1p/mm
= 38 m

220 m

220 m
110 m

theor.
25 m

80 1p/mm
e 26m

theor.10 m

exactrtig .
Genauigkeit -
Lage Hoéhe
plamg aféura
Y40m-t60n tisom-f180m
{13 um - 20 um} (0,3 ®/on-h)
tsom-1t80nm -
Y20m-4300m -

Comparaceion de rmrsiones diferentes

-

Vergleich verschiedener Missionen {Sensoren)
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