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Zusammenstellung bisheriger und geplanter Erdsatellften-Mfssionen 

be ... ;;·,r;···¡;~~a~;r;r;; .. _ ... ;¡;··u·t'C"l:rto~···tc;·;e&~ ~t:, 
"" unterschefdet fol gencle Er<fsate111 ten.: Typen: 

Tipo,s , 
,r. l'lo\etc•eoto~t'eo& 
t . .te f:.elcc.o"""u."'''ca.c.t'o'.., 

l. Wettersatellften 
2. Nachrfchtensatell ften 

• • • J. Havigatlonssatellften .c. d.e lo'la.vteo.e•o., 
4, Aufkllfnmgssatelllten J, ~llit&"'c& 
s. Geophystkal1sche Satellften ,s:: scoft'.rle..le.r • 
6. Enle_rkundurigssatellften .s. por la perc.•~cio., 

Im Zusammenhang 111ft ehier Kartferung der Erdoberflliche fnteressferen 
nur die Typen 1, 4 uild 6¡ hlnzu kommen noch bemannt'e Weltra_urnphttfor­
men. In den Tabellen 7a bis d sfnd die bfsherfgen Mlssfonen mft diesen . . 
Satellltentypen zusammengestellt • 

• • 
'"'''o" 

"'"" Land Zeft AuflOsung 

-

"""' 1-10 USA 196"0-1965 3,5·km Vldlcon 
.h • 700 bn (slch~bar) 

ESSA 1-9 USA 1966-1969 3,5 km~ 
. h • 1500 kili (slchtbar , T 

NOAA 1• USA 1970 
. 

0,9 km 
11 .. 1500 knt (sichtbar & 

malAPT) 
ther-

. 
KOSMOS 1-92 UdS SR 19!;9-1!:165 F1Tmkapsel 

h • 250 kili ' 

KOs••lS Eml UdSSR. 1965-1969 Vidlcon & IR 
h • 600 kUI 

METEOR ,_ l.ldSSR 1970-t- VId! con, IR & APT 
. 

GEOS . USA 
• 

METEOSAT f:SA "'" t'ttll 
. -JAPAH GMS . 

Wettersate111ten .r. ""'"t-c~c:o fctq1'eos ·- • . • - V• . • 

~ CT(Jca-Q..c.~·ol'ltl l 

.. 
• 

• • 
1 



• 

- . 
• 
• 

• 

• 

• 



; 
• 

! 

• 
1 

'' ! 

1 

1 

1 

1 

1 
1 ., 
ll 
' 

• 

=> 

. 

. 

... ~ Land Zelt Auf11Ssung 

NIMBUS 1-6 USA 1964- Vidicon 1 km 
IR-Scanner 8 km 

ATS 1-4 USA l"arbe 

LAHDSAT 1-2 USA 197Z- ·. Bildelement 11111 Bo-
den 80 m 
4 Kana:l e 

l.ANDSAT 3 USA· 1978- Blldelement am Bo-
den 80 m 
4 Ka'ñm! 
oder 
Blldelement am Bo-
den 40 m· 
1 Ko'ii!T" 

SEASAT 1 USA 1978 Bildelement am Bo- ~ 

• Erdbeobachtungs_satell f ten ./. plr 1' 

.... . Land Zeit Aufli:ISUr19 .. 

!-(¡) 
. 

SAHOS USA l96Z-1972 "' !Aw:~i C' • 1CDI 
rllmrUr.ktransport 

MIDAS· USA 1967- c•90cm 
h • 3000 kili l R,UV 
geostatlonllr slchtbarer Berelch 

BJG SIRO USA 1973- 1-Z m 
h•lSOkm ·~ . '" . mr cktransport 

.<:' 1\ufklllrvngssatcllHen 

'·3- 'to 

'. c.IC,... . 
,, ........ 't ~. 

.--· . .--· 

•· .. 

• • 

.• 
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Mlss1on 
.. 

GOIINI 4·7 
• 

GEMINI 10;-12 

APOLLO 7 

APOLLQ 9 

·snLAB (S190A) 

SKYLAB {S1908) 

SOJIJZ 22-30 
. 

.. A• .• ... 
Jahr -

-·1965 

1966 

196B . 

1969 

.. 
1973_ 

1973 

se1t 
1976. 

... . . '" 
''"'"' . 

• 111< 1-o 
Kasselblad 
C.Zeiss~optlk 

Haurer 

R220 Haurer . 
Hasselblad 
C.Zelss-Optil: 

. 
IITK . 

ETC Acton 

MKF-6 
J•M • 

8eQannte Weltraumplattfo~n 

A'~ ..... -·- .. " 

H 

200 km 

200 kili 

225-420 km 

192-496 km 

435 km 

435 km 
• 

250 km 

' 

------ ·- • 

-~·· 
• • • ':':l \." .,,.. ...... : •t' 

!--e .. ' ·¡·C'; -·"::·e 
•. 

Cl. • " . .. ··- . _ .. , ... ._. ·-·-·- . • .. . . ... -· 
' f01111at Aufllisung Bodenaufli:isung 

so~ 5,7 )( 5,7 c:m 20 lp/11111 125 11111 

80 ~ 5,7 x 5,7 cm 20 lp/an 125 m 

80 m 5,7 x 5,7 ca 35 lp/m 70• 

80 m 5,7 _x 5,7 ca 35 lp/111!1 "• . 
' . . • 

152m 5,7 x 5,7 cm ·29 lp/an "• 
360 11111 11,5 X 11,5 c:m 25 lp/11111 38. -
125 km 5,5 X 8,1 c:m !ao Lp/m \ 25m -

~ 

• .. : 
1 

'¡ ' ' ., 
o ' ' 

' 
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Die geplanten Weltraummissionen sind fm folgenden zusammengestellt,und 
zwar geordnet nach Aktivftaten der USA, anderer LXnder sowfe der ESA. 

Weltraum-Fernerkundungsprogramme der USA 

A. Yorgegebene Entwfcklungen rote.sa:rollo" t-er~.-.. :-D..;;-.1 1 ·-·- . ------- ... 
-- j. • -· 
·~-... ~.-. ·-· ,'!.(.!'.)~: ,.,.,:<~-~"···· 

W1ederverwendbarer Transporter l. Space-Shuttle 
2. T.D.R.S.S. Wel twe1tes Empfangssystelll Uber 7 CJ·: •: ~ ~Y-:·- .. ·· 

geostatfonlíre Satelllten ;.¡.: •• ·:...:m. 

J. Hultimodulai'-Satel11ten Genormte Satelliten ·!~.::. ,. . ... . - . -.. 

B. Syst~ 1m Bau ¡;;;- C.OH./t';:"c.c/o:: / 
..... ~ ... --~-------·· -----

l. · LANDSAT - O 

1982 
l'l!e~t!s_M!P!ler: 
6 Blinder 0,42-2,35 l.llll . 

BildelementgrOBe am So-
den JO rq , 

1 Band 10-12,5 ~ . 
Bildelementgrti~ am Bo~ 
den 120 m 

65 M 01 ts/s D.ltenrate 
Uber- T.D.R.S.S. 

2, Sbuttle Experimente 
. . 

a) Grol3forrnat~Kamera 
•L¡:c• 

(O.F.T.J 

(fTJ;K) 

.. 2. STEREOSAT (~.P.L,.) Oiodenzeilen (konvergent) 
Bildelement 'am Boden 15m 

J. MULTIMODULAR SATELLIT'EN & GROSSFORHAf~KNIERA 

Lebensdauer 6~9 Honate 
Parkumlaufbahn 900 km 
HfssionsUilllaufbat.n 2~0 ~.111 

• .. 
C.a..~ .... •V" "l. 

. .;¡; '!¡, 

1 

1, 

• • 
' 

' 

1 
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~ .. --- -· -- ·-- ------- ------------~--.. 
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Weltraum-Fernerkundungsprogramme anderer LXnder 

"'"'' MKF-6 in Betrieb 

FRANKREI CH . 

SPOT auf ARIANE fm Bau 
20 m Bitdetement , 2 B~nder 
10m Bitdelement .,-•• ~..... • .... -.-,_~:-·: ,-;•.• .. t_,: •• :-:.J::> -· ... -·-~-- ··•· -- ~ . .... --- . . 
250 Bflder·speicherbar • l • .- • ::--"•:• 

MOS (Marine Observation Satetlite) 
50 m Bildetement, sichtbar und thenmal 

LOS (Land Observation Sa~ellitej' 
JO m Bildelement 

VOLKSREPUBLIK CHINA 

Programrn des Jen Hs1-H1n Raumfahrttechno­
logieinstftuts 

• 

fm Bau und geplant 
1983 ) --:."'".:;.>:'<..· .. ··;· 

1987 

geplant 

' . 

' 

·---~-~-~ ~· ...... ·-~ 

1 



• 
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Weltraum-Fernerkundungsprogramme der ESA 

1) Bau ven SPACElAB {E.R.N.O.) ~"3re."""C"' 
zur Mehrzwed.nutzung frm wfederverwendbaren. 

NASA Raumtransporter SPACE-SHU~E 

~) Bau der europ~fschen TrHgerrakte ARIANE 

--·--- .... - .. /e.., 'o".J.t""~c.c.,·o~'~ 1 B. Syste.ne frn Bau 
....__'"-·~-... 

1) SPACELAB-1 Experiment 

Photogra~m~etrische K.1mera . 1 
""' .. t-.. ;c. 

Ze18 RMK 30/23, 3 Filme • 1650 Aufn41lmen 
Mfssfonsdauer 1 Woche 
Start: 18.4.1982 .. ·--·--· 

Z) SPACELAB-1 Experf~nt 
·Mt krowellenerkundung 

fn 3 Betrfebsarten: 

1 ' . . . . . ~ .. fiC..I ,, ~ ,; t· !.:-

a) Mfkrowellenscatteroa:eter-

b) Passfver Tñermalsensor 
e) Blldflugradar fm X-Ban~ íf.q .. :Lot· 

25m Bildelem. 

Blldbrefte 9 km 

A-!1-lo 

• 

.. 

1 
• 

' 
' • 
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. . ¡¡; .... o.-1----·-··-----~-- "~- . 
-~---·- . . ··-·-····- "·3-a-o \ 

-!-

1) SPACELAB·KAMERA-MISSION 

' -~-( 1·.· .t'·' 
.· . 

: .... :''.•·:.·.:\, RHK 30/23 cJ..•,•::t·.·~·-

h • 250 ba, Bahn 57° Inllfñ., 8 Tagemfssfon 

J Fflme (Filmtests OFVLR/CHES-IGN) 

Auswertung: IGN, CNES (E!lnkr.~fcb) S/W 
. IFAG, DFVLR (~B Deutsch!~~) IR Falschfarbe 

Unfversftlit Milflan_d (Jta!!!rJl 
. Unfversltlít Hannover (!~-Deutschla~d) 

Autom~~t, AuslOsung '<ler Aufnahmefolge 

SPACELAS 
Cornputer 

. (]!~~- ·---
NASA ~ Gisoc 
'ijg~;~_~n Teleton ~~~~~ 

A !,c,:.:.. •.. 

Beschrlinkungen 

l. Fll11 (J Mag!zfne)· pe;. "J '~ 1 ' 

. ' .··.\._:.- .. ..:.~G,:~: 

. ' . ; 
e·Jtpo.rtetuy¡ · 
o.. u. to ..... \ ó.. t:-1 c."-' 

. '· Energlé 1,5 kWII • CI"IC "''01 Cl l 'Pe .S O 
• 

' 

' 

3 •. Andere Experimente {Ausrfchtung erdorfentlert) ott'O.s eJCpcl"'' h'•e ~'*", 

•• Sonnenstand > t5° o.lf:u. PQ. .tcl <•1 

'· Wetter ~el"'o\po ( G.t """ó efe..._ ) 

• 

' 

1~ 

i\ 
\:! 
1.\ 
1 
1' 
'! 
' i 1 ,, 
[ . 

'\ 
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2) 
MICROWELLEN EXPERIMENT 

1. SPACELAB MISSION 
im Bau re -;;·c::-c;;.;·,rt;w.~c.i o'~ . . ' . . . . . 

' . 
von Dornier & OFVLR +.:.: ··· .. ; ... 

' Synthethches Apertur Radar 
( ... , ... ) ._. -~ . .. . ' . 

x-aand 

Abstrahlungswinkel 

Empflndllchkeit 

P .... · .. ·r.,· •• (),1 ....... 

·' p.t..-.:· .. :,.·, 

ldb 

-30 db bfs + 10 db 

100 lt lOO m 

dynam. Berefch 

AufHlsung • , 
r-e .s.o t 1.1.c..1. o 11 

-· ~ .. .. 
gewUnscht ZS x ZS m 

,./ •. , .. _.,¡ 
--~··· ......... ;. 

l: E.S.A. PLANUNG FOR EROERkUNOUNGSSATELLlTEH 

l. LASS 1 

2. COHSS 1 

t.an~ App11cat1ons Satell H.e System 

a. 30m Pixel Ze11end1ode (6 Kanlile) 

b. 60 111 Pixel Abtaster {rofl. IR) (Z Kanllle) 

c. 120_111 Pixel Thermalabtaster (Z ünlfle) 

d. 100·111 Pixel Synthet. Aperlul"l'&dar 

Coastal Otean Honitoring Sate111te System 

a. Dzeanfarbabtaster (1 Kandle, eru¡bandlg 

·f. Chlorophyll) 

b. Synthet. Apertur Ro!Jar, 30 la Pixel 

c. Mik_rowel1enradiometer · 

' 

í 

' 
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centro de educación continua 
división 

facultad 

de 

do 

estudio a de posqr11do 

inqenler!11 

PERCEPCION REMOTA 

ANEXO 1 

DR. ING. HANS PETER B/•J-IH 

MARZO, 1980 

Pol<><lo d• Mlnerlo Callo de Taoubo 5 primer pilo M;;xl<o \, D. f. 

,.,..!,~. ':)\ '.A:····· rc·.•,,· . \, 
• • • • 1 • 

. ' ' " . . ._. .. 
' ' 'tr.. ..1 • 
': . ';f' 
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Berechnung Geographi­
acher Bahnkoordinaten 

sin óT " e in uT SÍ!'l i 

cot !3 n " '" uTtan i " 

'T " 
2n ( T - Toe} 

u 

MT " E - ' sin E 

v1 2' 
Are tan ( - ' vT " 

(e os E 
. 

VT =- MT + ,, sin M.:C + t 

; -+tan 

Jsin2i -
. 

no a 

. 
( fiir ' 

. 

sin E ) 
- e) 

,, sin 2M, 

(a 

" ' . 
N 

., 
" F 

i'/a;lr\! ."momnlie vT und 
exzentrische Ano~alie E 

. 
-0) 

T " tan UT '" i 

sin2:i ' 

i 

" o ) 

+ ... 
(ARllOLD 1 1' B"ilOU'I'IER, CLEr.!ENCt: 1 /) 

tan B " tanó 1 ( 1 - 2 
'o ) 

B' 6 + 0~1926 sir. " ' 
2 

'o (Erde)"" 0,00667437 

; T' ( Q - e o ) + ( o - o )T - 0?2507 ( T - To ) 

( T in Minuteneinheiten ) 
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centro de educación continua 
división 

Í11cu!tad 

de 

de 
' 

estudio a de posgrado 
' 1i'rigenierla un<'!m 

.. 
P E R C E P C I O N 'R E M O T A 

ANEXO 2 

DR. Il\G. HANS PEI'ER BN!ll. 

~IARZO , 1980 

Pclcclo de Ml~erlo Calle de Tacuba ~ ptlmer ploc M~~lco 1, O. f. 

' 



Flossen: 
?. mm Aiumin1um­

blech 

INTERFElOMETAISCHES SJOE-SCAN-SONAR 

inkfllge5ch~ind1eke1tsmes8ar 
in einem Alum1niumrohr 

Sch~anzstOck und Spitze 
ous PVC 

Ultrt~schllll­

schwingar 
[versutzbar) 

Aluminiumprofila 

.. 
• ,. 
' 
"' " • ... 
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centro de educación continua 
' división de estudios de poagr!ldo 

facultad de ingeniería. UTI!Im 

P E R C E P C I O N R E M O T A 

APLICACI0!\1'.5 A Z0.'<.4.5 OOSTERAS 

' DR. ING. HA.'S PETER fu\HR 

MARZO; 1980 

primor ploc Méxl<o 1, D. f. ' lol: ~21-40-20 
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centro de educación continua 
división 

f<'lcultad 

Palacio de Ml•orlo 

de estudios do poogrado 

de Jngenlería 

PERCEPCION REMOTA 

TRANSFOIM\CIONFS NIJ.IERICAS DE UNA 

IMAGE" ARQ.Il~ 

una m 

.. 

DR. ING. HANS PéTER BAHR 

MARZO, 1980 

prlm•r ploo 

.· 
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centro de educación continua 
d-ivisión 

Íl!cultl!d 

do 

do 

estudios. de_ posgr11do .. ' 

una m 

Polacra de Mlne,ro 

PERCEPCION REMOTA 

INDICE DE INSTilUCIO;.ffiS QJE TRABAJA.\' 
EN EL CAMPO DE LA PERCEPCION RE<OTA 

DE Al..E>l/I..'IIA Y E.E.U.U. 

DR. lNG. HANS PEfER BAHR 

MARZO, 1980 

Colle d~ Tocuba ~ pclmer pho Mhlco l, D. F. 

' . 

!el: 521-40-20 
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!:ntvloklUftll • .., 41t:ltolon m .... ruw:rtabr• 

' b) Ertaoo~~n~: von at"ounkohl.vorko-..., \!I>Or ool<un-
41re IDIIIkator.., !Ut H1lro <lor hrn.ori<Un<IUQS ,, 

, ... , .. _ .. u ... , ........ 
)-~· , _ _, ___ ..... 
' --·tl>l- "" 
~ ....,. .. r..,lai n-. 

4) pbOtot .. lo¡iooho -
4or lnool antinlen 

o) ~otdlllrW!II .. IIASA - 11~ Projol<t 
multl41nlpl1nlro Anwon4un¡¡: v<m therm.iochon 
S.. t ollb·lnf r&rot.u!n.ru.on 

~. bltvloUung un4 s.i-oltl>dtWlll von MothoÚn 1"' 
S.roith dor ¡ool0$1oOI> orlenUor-te~ Photop-OlO-
IIOtra. · 
!.autorlllor Einootz tor-r•otrhoh-photogr.-otri­
oohor l'l•t.ho~•~ na- tekto»ioohe Froseotellun¡¡en. 

·}. Sorvioo-l.aht...,_.,. dor ZCF 
BoreitatellWl~ von Au.,ert..•ot.I>O<ien un<! Auo.,.or-te­
JOrltom 1• Borelch hr Forn.orkw>d""'' (Bod..-e6-
IOTito, BlHouovortun¡¡) """'" tur dio p.b.otogr.,._ 
oo tr 1oeh-soolOJ1o<:ho lle11»1i oou.1)>ahl>o .( ~ut-­
\11>1 J...a ... ort .. Jot.,.o). 

llo.-.tooloUt\mi:""' l.o Bor.toh dor Bi14dot<tlnr­
arHitua,c. 
S..reJIItOllUD& olaor Bi1dYU&rH1tUD&O·Softv&re 
(UU.CD). 
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'""""" "" "'""!l!U<" w ............ ,uor 
Pro!. Hil~ebrBtldt; Dipl.-Porot><lM P. RolcheM¡ Dlpl.-ForotW1rt 
H.J.' Mr!ol; Dipl,-l.an"-vfrt 1:. Soru>vol~; Rov.-FOrot.r H. Dlot•o 
Stipo~dlato~< Dlpl.-Porotvlrte K. Djovodl, 11. llaou:oy, N. Al 
Homold, Dlpl.-ForoUn¡¡o. "· Cos1rlo1, t.l!. Rlboiro Cornolro 

" " 

v ... nJ.:.,.,., i.;,r~~,¡;,. 
"" 

•) !llld1n<o,.,,..t.ou oo 
Ba~och & Lo~b loomotereook<>p + Splegelotoroool<opci; 
Joyee-Loobl-M.lkrod<n'l toootor, Autodonotdater ln<l. Novo 
2/1o; Mao both Farb-!rano•o.Uolonodcnoito~oter 

" ,, Blld,..., ...... ,"""' 
" 

Softvoro-Pilkot !Or digl tole Dlldve¡¡arboi turtg; ~kanolJge~r 6o 
Ima¡¡e-Azlolper (ISI Syatem 1~o): I s-Color Mdltlvo Vlover 

-·" ' " 

•• .......... 
Zoloo-~dprojektor DP 1¡ 
Rodloloc ltztrl~ator: 

Zolao stor••••r; 
mehren Wftbi dwnelchnor 

" S""""'" ' 

' ""' oel blod-Ku ero o (5o o EL)' ·~ don Elnoatz .. nu&>eug 

' 
' ' 

" 

'· 

.......... , ...... ,. '"" """"''" '""'""""""" 
DFVLit, Oberp!o!tonhoron; ZGF, Mllnc~on: FJ~, ~h~o: 
Inot. !. Pl>yo.Woltraw.!oroc~ung/Frounhotor Goo,, Frol\>1>rg: 
Inotltulo r. !'h.ytomodl~ln, Unlv. !lohonholm; EJ.S~ Llmborgorhof: 
Bundoo! oroch""8 .. ,. tal t '· Forot-und Hol>wirtach. Noldlnvontur, 
RHnbok: Inotltut !. Foroteinrichtung, \lnlv. G~ttln,:on; 
Inotltut~ O<r '-"'"'· Frdburg 
Porotdl<nototollon dor l.!ltern, Ozo~""'""""""" ( F ~O /ESA/f:I.IRA "I'OM 

........ :;;'~===--~~=' ........ "" ,. ' ..,-. -; ., .... ., ••n ••n• on"" •~~u=••~~~===• 
""""" f'fiOCUSIH(I SOI'TW- SI'STl"S 1 -... -.... _ ....,._, 

.,.._ w•­_.,,,.,.,. ---~· _....._M_ ,, ..... __ 
-··-·----......... ..., ·-· -·----·-· ,....,.,.,.,~~==' 

ADOlTIONAL INFORMA nON ON TllAININ(l 
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'"~"''""' ~ (OC Ceo< ot '""""'"""' ._ "" ..,,._, ,, """""' "~ ·--"" ''""' '"""""· ..... "" ......... ..., .. '"'" . _,, ''" ............. 
""""""'"'e""'· '""'""' '""""""'"So<-..,. pl•o.o1_, "'"~' u S ""'""""'S"'"''· (FIOS ""' """"· """'' ..... ..,...v ..... ., .. ,_, .... , ....... -................ ~ ..... ... 
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"""""' ""'" 1m1 "·- ... , ... .,..,. ,...,, _ .. _ "' ~ .. , ... "" 
'""""'~' """""' -....~ ..... '"""" ........ .., 
""''"'"' .............. """''" .. ""·~· "-

•• ~ '" ""~ .. "' ... US G-<o> S'Noy"o .... 
""'" " ·~,·~~ ... ,_ -""' "' ....... ...... ..... , "" "'" ........... """' ... ""'"" ~ 
............. , <;_,, .............. .... 

.......... ,~'"' ....... "" "' ......... ""'' ......... 
,_ ,.., ....... ~ ''"- .. N'-S< """""" .. .. , ..... "'"""' ...... , ""•""'""'' "'""""'· 
'""'' •mooouod ~ 1'< N ... """""' .....,,.., '"""" .,......, ""' ~ ... -

....... o ..... 
~=· ...........,... ._, n<,.. Como< ,._ .. .,......,,, 
"•DW-
~~ E>otn........., ... _..,. .............. ~.~- ..... 

"'""~ ......... O.OO,T ___ _ ........ 
....,..., ............. c-
........... c.o ........ ... ..... -................. "'' .......... .. ....... ..,~ ..... ..,., ....... , .. _....,. ..... .... 

'""""' .. - -· .... - " """" ... ..... ..,. .. _ .. .,~"""(OC -""'" ..... ................ _ 



•· -~--
' 

•• ' 
.. ' 

.. 

. ~ •• 

. 
d 
• • • ' :; 

¡ i j 
! 

1 
f 

J í 
¡¡ 

¡Jil Ji l¡lll¡ Jl¡l¡Jl¡!i 
•. h 

i 
~~ 

! 
~ 



.. 



centro de educación continua 
'div_i&ión de estud!oa de poagrado 

facultad do íngenierl11 Uno!! m 

PERCEPC ION REI'IOTA 

ARTICULOS Y BIBLIOGRAFIA 
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FEBRERO DE 1930, 

• 
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CESIG/1 .AAGE LN8ERT-TlPE RErl.ECTI!l" STAIIIlARD Ami fU.L-fml' 

tALIBI!ATJON 0F A tAI'IEII.\ LU.S 

~.-P. !W<R 

Jnnttut fllr Pbologro....,tde und ln!l"ntou,...,o,.,..ssur.gtl' , 1 fdlnl ocho 

Vllhersl U t H&nnovor 

PTuontod at tko [ntornollonal !oc!t\J< of l't!o!J>g""'""try, SJ'11P<>S!UIII C.O.. VII 

F.-.Hrr.rfi 1 Brsg. 1978 

Al!SIRACT 

A 1.20 n t>y ¡,lO~ lar9• eoso - .-.rltctor llos be011 de~topod In or<ler 
to provld<: 0 foil-fr.,. tton~~rd of porfoot dlffuoe surfaco for llght 
folt-off c&llbrotlon of a'6Q .,._HASStlBI..AD BlOC~. Tho caltbratlon wos 
oxoouted ,,..¡ytlcolly by \out-sqaoros odjus!Jiont, u•lng coolno func-

' tlons wlth ocldltlm"l Hn .. r poro,..tors, ..,tch load to! o.re O""" error 
of t1>o rosldu&ls. 

lUS»t'l:~FASSIING 

Zur fU<Oo""-'ften &o<!l_.,g dos L!cht.Jbfo!U In 11- 60 --IIASS[~A~ 
BIOGOII .,,n;~o eln 1.20 • x 1,20 • g...O.r 8150!- Elchttnhlor •lt Y011· 
-" din"' •treuond•r ObtdHc!>o 01\t>olch t. ~. Elchung des Ol>je~­
tno orf~lgte d,¡rth elno •uoglelc"'""' Ullor Kulnuo•f""ktlonot~ •ll zv­
•Hztlcho<l tln.,.ron llntoilon, .,., av' •lttloro ronl~r..,.! 0,02 D 
, ... ,ti. 

·~ ~ rtf1tcte..-- BIS~ {l,ltl • por ¡,lO •) 1 Slll'face porfalt..nt dllfuse 
, Ht -\lo~ pour4collbnr lo rtport\Uon de la 1•\f,.. j u. .. ,,'"' 
objottll W.SSELBLI.D 8IIICC!II (60 m). l& collbn\lon folt t~tonenlr 
l'oju1t-nt do fuo~etlano•co11nus 111' leo .,IRdru cai'Tk. ••oc dro 
Nr...,trn llnht~o ouwlbentalnt. l'o......,r ~ ,..,. l01 karU 
rhlduoh ottolnt • O,Ol D. 

- ' -
l. Bulc Con•ldo'"tlon• 

The pllotogcopMc !1111.ge h <till the n>OI 1-rtont too\ for Ro"'!• s.n•ln· 
ood there ts oo ... ,. •• todoy to Up<!Ct o qutc~ <~onge. The ~ o & 01!. 
fo~t photogrophy Cln bo conoiO....,d U o o~ndaed for ""'"Y oppllo,otfono. 
lt dlr..,tly prnvldes hlgl> den•Hy lnfo,..tlon ( .. poeloll¡ ~h., colour 
fll~ h use.l) for low con. Sconner IN!I"'Y neods tpech lyequ\pped 
planes ond sopllhtlcoll'd dlgHol proc:onloo to recoh• on hooge •ultable 
for further lnvestf\jiltlon. tonSPQUently digital ounn-. 1•~~01")' ls obout 
ten time< IIO~Upenslvo thoo or~~log convontlonol photo~rophy, 

Conv~ntlonol p~tography 1• IO•oll~ opproprlotod for vhuol tntorpro­
tatlon, fuont!ta!l'" lnvostlgo!lont con routlrM!ly be oppli.O os fcu- os 
g'lOO!etr)' h Concemod; S""'"nt!c lnformotlon """'""'can bo oxtroctod 
VhL!OllY rothor thon by • .,.., • .._nt", o .. '"""" for Ul11 llt .. tlon h 
tilo Olfflculty lo Oucrlbo tlle !mago grey "tuu ,. o functton of ~ 
object charactarhtlco proporty. Tt>oro txht too ""'"Y foctort ..Oich 
lnfluen<• tho orl¡tr\ol lnfo.-...tlon, for l<lm~lo lll""'lr"tlon, ,,. Hght, 
lnotr...,.nt ond fl • choroctorUtlco, u ""11 " film dovolo¡:n.nt ('<e 
J. SIEVEIG /61). F'rlndpolly l:wo dlfforont o¡>proa<O.o "' poO>Iblo In 
on!er to obt..ln ••~rt~lou '<IJ•ntltatlve .-.oulto from ,.,..ntlc lr .. ye 
aootyslo: 

l. Tho "")'<leo! prop<rtlo• of tilo ,.otloneO dlsturbtn¡ foctors, '"'!eh 
sup<rli!IJ>OSO ~original roflootlon ''""' th• obJao '""''"' •ro 
'""IY••~""" t>y one, ond thol" ¡>o,tlculor contrlt..tlon eo tilo ro~l­
starod groy nluos 1• tokon for dl~ltal "" analoy dota corno:tlon. 

1. Tho phy•lcat <OIIposltlon of tiro data h lllrl "" t~u ""¡loclt<l, a..t 1 
stat\stlcot analy1!o of ;..,.., surfa<ot ("troln!n9·•1U" pro•lde po'l­
.,.ten for ""'"""' objecto In 11M! 1 .. 90. 

~oc~ No 2 n toUy wldtly awltod aft<l ¡_, n "lloxl- - L!koltl>oo<l -
C)Ósslflcitlon". Tho dl,.~ontogo of thU •\!loO h tilo n..O of trolnl"!!­
••U, whtch otten "" 1>1! boo dtflord tn an opproP>"Iato '"""""" ('" 
llt:JIIIO!T·Ittl.ER /2/J. /.¡>P""'th 11;¡ 1 up to ,_ <lou 1>1! l .. d dlffi:tly to 
Ol)eratiONl I"UUltS for obje<t dosstfl ... tlon. lt t1>t otilo• lland, llul­
... - L!kol!hoocl- Ctou!flcotlon wllt ytold optl•l ntults Gnly lf 
U.. doto 1s ri90>W>ly P"'''Procnsod for c-nut!on of pl>yslcol dlslurll­
lnq fac!J>n. Thtrofo~ tiro booho.•lor of tiloso fOC!J>rs lo l-rtont, llld 
t._ thot polnt of ,¡.,. 111ny tl>oo,..tlcal lny~<tlg&tlon< wltlltn !ha! fl~ld 
9"t o proctlcal ob,loctl~-

Tllh contrlbutlon «<'Kentrotes on a olnglo pn7slcot p~~o-...n, tilo 
light foil -off by o, ... ,. Iom 10 woll u !ts c,..,.nutlon u•I"'J o 
reflectlon •toodan!, wll!ch flll< tilo flold of >ltw of tilo_, 
totolly ("lull - fr-- rofloctor"). 

l, lnolrsh of U... l'robl .. 

In ""9"•t, 1974 p.-. • 111ghto for tbe llatlonal Go ... n ~lrtroft • Pn>¡r• 
took placo at tl>o Jode tast sita (North Sto tout noor ~llholot~"o~n). 
~rd! .. tod by thc tnstl!\<t fUr Photogra..,.trt• und ¡ngonltur"'""'"""'l"" 
(!PI) of ~ Technleol Unlvorolty of Hanno'"• H.'SSELBLAII MK lO tolour 
Photogrophy wos obt.olned '""'a PNPII"'O<I prt,.to CHSKA tlrplone, u woll 
os rad!-tar ~filos '""" shlp. ~~ tl>ol 11.,. tho objtctt.o of 1111 
lfr,.,t¡gotlons was to flnd oppro¡>rloto test fleldo for lllnltori"'J tiUI 
no~, sodl110nt tronsport etc. 01 woll as b .. t sultod spectro\ c"on .. ts. 
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green filt•r 
hu bren con-

3. 1'0<''9" M a LA.I'aERT-Typo ~fl"tor 

To dotor<i•t the tro,.<mh<ioo ~roporlif< of t11e iod<leot ]!~~~by tt>• 
'"""''" lons, a confi~•ratfon ""' tn h< foond, •~•..., &11 lile"''~' 
paro,..tors 1ollir> !nflc•encl Of• tho 9"'JI voloe< coul<i be n~l•Ued. Thue 
ore pr>Nrlly \l>o Olffern<U in refle,tiM r.y tho n'•!<ct pe' so,. arul.lilo 
dir~tlons of L.otll ¡odd.,t radiotlon "'" len, nls. Th•~lor-e 1 !>'<frct 

• 

' "¡l ,, 

' !1 

" li 
' 
]1 

~ 

diffu,•: <urloro •''''1 :1'''" tv ,¡ot "''•"' ,~don'"' uoly offocto<l 
!»; 1'"' .,. :¡•,, 1·'01>1'<1111. 
Olff,....,nt <,Y.ro•t~O: ..,,.. ""'e' 'n oroe• t<' r•oo 1 pe:-feot ~lfllJ'Ie 
'"rf.:•. whi:h «'<" \ho l•c-. af vle• oi ~"" ''""'" total1y •. flrn 
'" "'~"" ~lH• wu ~~In ¡n¡n: of, ;roj.ctlon ><r-e ... •i>i<h ~" 
tl!""'"at•J lr-;l,..,ttl(' Ho,,.,.,. tht <ii<lri~•tio" of de"siti., on tbt 
pflotogropili>l ~"'~"" p • te 1'1'' oct uni Tono>, os O'ove1 t) ~l:ro<ll!••• Ho­
..,.,., Pl'lf1l-.. 10.:" tilo tl,t.d- ., •• ,..,~. '•"Y sl:y w,. t>~en for • 
~l•fu~ \Ir¡< t. The ,.sul! of li.U o¡.pr""'h ;, s~ in fig. <: '"" 
oegothe phoi.O~··;¡.•y o~toinod froo U>o ''-' wos u•<"<l" o ••< for ,.,.._ 
"""''titlll of Uto ~rl~lr_.! H;ht 1111 -off •fle:;t, ""t witho:i~ "'""''· 
Cl:rn<n;s;_¡ tl"~ ns~ ,_,.a, only ti><: l•tt br&W"Jo of '-'"" ¡>o"Oii!•: •t 
tho rlgOt o•• th: .....,...,.. of '.l>t '"" - tl-,..,c;~~ Mt <islbio- 611t;>rtfl 
tM .,.,¡_ df•~t. 

' ·--
.. 

C'rigl .. l Hght-foll-off offoct >"P'"ri~""'"d by o oe9>tiv• ,..,~ 91:\01• 
r,.. hor7 sk7 plloto9r•plly (MI<!"odon•l'-ler ,rofll .. ~ i•ge • 

fiOllly e,rh-i.ulf&t (111 SD4), tho "tl& .. itOI" su~stll!KO for !he <loolgn 
of r~fl•-flon staf>donls wu triod in ord•~ to obl.il\n o pertect ~nectiog, 
ploto- sh>pod dlffu10r. A sO • tolled "LJ.I'I!Hl • llef1Ktor" P•.,.,ldos 
thocrottoolly ..,trono d1rfuso rtfloct\on, so thot 

Rdletted llact!anco Fl"' t, 
Rcfloou~ 0 • •· • 1 

lncidont R>Oionoe Flux+¡ 

In proct!••· ui~EAJ- ~etleeto" ~.ove to b< ""d ba<i"11Y for deter­
~inln~ tOe reflett.llnoe fottO< R, wO!ch ch•rocteri•M tt,e rellecunoo of 



- ' -
(see t:.ISTE~, 

I!.ISCHKE 13/: 
'-111 E8fl /5/) 

Hereln l h the refl•cted rodl•nce of >n object u a functlon of 
><nlth o/i9le J"ond ul~uth ¡, tntegroted overo <olld on~le U. l~denot"' 
the (10~ 1) reflfctod rodtanee of o LA>IBE~T- Refloctor. Therefore l 
reflectlon HoOO•nl of thts tyee hn on lmportonco, •htch excoeds the 
specHic oPPlltotlon of light fall- off eornpenuttoo dl!cussN he,..,. 

Generolly ,..flectlon UtllO..rdS do co•er only l '"'"11 portton of the 
"""'""'' field of vlow; novorthel"'' 1t ls po"l~le lo detemlno ltght 
toll -off corr.cttono (see SIEVERS /6/), A..,.., dgorouo procedure 
rO<>UI..,s standords whl<h 1111 tho """'"''' fleld of ,¡.,. totolly. For tM 
usod """''"/ hns - conflguratlon • 1 110 e~ dlo,.ter stor>donl ,.., 
requested. 1111• 1s o o In"""'" the Bod,..sulf&t- oubnanco .. ~ not 
Joyod on by a spott]o.ond t>Oih~od O<eU'otely, •• dooo loe.,..¡¡- stiO 
~lotes. ..... , 
~~ny opp...,.e~•• we~ .. do ln onlo~ to tlnd •ultoble •!oriol tor tM 
plote and opproprla!< nethods for. oppll<otlon of U.. •LJb•lonce. Bec:o"'e 
of the largo sl•o, o ..,tal ploto con not 1>e u1od. Glns plat .. l!.l•e to be 
''""'''"nod by .. nd blU! ood ,toblllltd bofo>'O 11UUI"9 8arh•,.u1fot oo lt. 

•.o.pplicotton ot tll< oubstonc:o ~u trlod flrst by o •chlne, whkh rota te• 
U.. ~lone horltonto)IJ, !P"nerolly ••N for putt1"9 ..,lslon on photo­
gro¡¡htc ru~ {"<.LIMSOI- ROTOR"), Cou•od by !he rotot!oo, t.ublllos of "'· 
O,O'i • di-ter oppoorw.!, oocl tho di")' lo~r "'' entii"'ly co .. red bJ' 
tiny ·~·•ter•"· ~ho poortr.<¡ thot sutntonc:e 0!\to tJif piole wtthout .,to,. 
!ion dld not lood to ••Hable ~lulh, bocou" the IO)'<'I' cra<kod. 

Flllllly, <><<IlOft! >'O<ult> wero obtol .... by Ull"9 o rouvh<Md. 
IZO, \lO 1 l,l <11 pVC • covertd- piolo oocl OPJOII<HI<>ft ot lt~ld 
h so

0 
- sub•lon<e bY o oproy gun, ob•orvlng tilo -rol ln•l>'uctloM 

for .. mi>Mn¡~. n.o spro¡ effK! lnd1 to thot d<Sirw.! de<JrH of """"'"""• 
""lch ucl~• •pouhr ~~~~!IGn. Tho surtoce hu • untfo,. \lltcknen, 
o ~~nito .. tr>to':" ond o opectrol ~nectante of obout 0,98 (seo 1101111; 101). 

Tho c-sltton of tM loyor dlrten ,..,. tilo Honclord IJ<PI• f'O.I9hly 
cleKrtbed In /9/. ""lch UIU l'qO; 

l. •h ZD ports Polr<lnyhlcohol 1nd \OQ ports '"" Mttlllota; hu! 
on<t sitt the solutton 

l. slft ea so0 powdor •nd odd oq"' <lt•tlllota to get o pulpy .. ., 

J. take \2S •1 or thU """ on<l tdd t •1 of tilo oolutlon • 

t. now add ,.,_.. do,tllloto ~ntll !loo oonslsttoc:y h I"'ody for y.. 
<proy 9"" 

+ JIISS[lStAII M~ 70, Resoou 1\JB, UISS Bl~. 1 • 60 m"'· ~\'18,¡61 

-. -
4. C.TlbrotiOtl of tl>e C•"""' Lens by lean ~quoce• AdlustlftOnt 

Uolng the LAI<BERT Reflector 

POotogro~hy of the L''"oilERT reflector ~" token ~ur!ng huy >ky, poy; 00 
>ttentlon to tlle configurotlon de•<rlb<d tly Flg. J. for the oro<tlcol­

oopro"h, <~[I.OK- [~TAC~RC<'[ 

COIOUR fll~ "'' "'"d, toking pic­
turo• ~lth ooertur•s of 1 : ~.6 
ond 1 : 8. ~. t&>h hod •hown, rn .. 
development by rully outo~.atk 
P"Octdureo orovldod bo;t '"'"lts; 
1. t. M dl<turblnq lnflLI<nco "" 
odded by the film devolopoo<>nt. 
M.nuol tonk df'olopnent """"'" 

" ; ,_ '""'"' o ~ol rl>k for the phot.>-
g. : ...,nflgurotlon for toklng phoUII' gropl1t (ne AlVE~ /11). TMr '""'"'' 

fi"'OII tn• WIIIERT reflector [huy s<y) ot ¡ ~ dht"'" fr 0111 tne !"<'flector, 
dld 1101 offoct ti>• plote by sll&dow>, 

Thh h <n O<eo..Oo"<:o wltn 'lg, 1 whlch ,¡;.,.. •lcroOenoltoO..tcr pr»flloo 
ot 4 dlfferent oectlono of tho odilool J .. go. n.o prof11os r-un tn 1 vory 
<o»oth "'1 (<_.•N for tnstonco wHil ft~. 2), ""!eh provos the e><o11~t 
.,_..l!ty of thot I.R':BEIT ,..f)t<:tor, 

-r~· 
.~ 

·- t-
t--rT ' + r ' 

• • • • • 
=ci$:1:1':: .-;-. 

+ •• + + 

_t..ct..Z.__t_._ ' 

--• 
-~·--

flg. O: ~tcrodensl~ter proflleo o long ( dttreront sectlono of full-fr ... 
~f1ector i>hotogroPOy(sun dlrectlon r...., top to bottoa) 

lhe ?Hi h coose<l by tho re•••u lllr< tnd lndlcllr< (he l110ge center 

llowever, t sH9ht dHfo~nc• o1' !11t "top• and tno "t>ottoon' bronchu !s 
ol>\<lou•,_coo•e<l by o <ho<k>w ,,..... thO ground. Thh eftect could be uolde<l 
by lll,..,natlng !~o reflector acco,...ing to the principio of UlB~lOH's 
Sph~re Photooootor. Aport ¡,,., tOo groun< effo<t the profllu choroc-
ttrue not~11ng but.tllo light fall- off by the co010ra hns. Ao tl!ere to 
a •H¡flt d<'Olty d10ploc.,..nt frorn the INoe centor (100kote~ by the 
reseou .. rk'o pea.), the l11111ge !t.olf con i.ot '""t<IIY 111 t.okon for 
o m<k In oeder to '"'"~"'""te for Jlgnt foil- off In • ~uro anolog ONlde. 
lt ts anywoy ..,,.. ri!!Orll"' to uecute tilo fo!lowlng <tepo onolytlcolly, 
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fcc li>o .,..tyt!nt dott,..,.lnot!on of light foll -off, O>act 000,n. 
flOtO> foc po.tic~hr g,.,.y oolu .. h"" lobo;..,..., ~ht.ed t.o tilo ho~ 
<Ont.- •• od¡tn. Cons._nt!y ll>o '"'"'" ""'"' ,.. .. llSod lo ,.."tntu 
l"'lfor~o ~htr but!on of ..,.,,,,.....nt>. 

-r + • 

t + • 

•+ t • 

t t 

t t 

+ • 

t 

+ • 

t 

t 

+ • 

t 
t 
t 
t 

+ • 

+ • 

t 
t. 
+ • 

f1g.5: Configurotlon dudng polnt• 
-.!se""'''"'"""'"\ of grey yolu .. 
Oln.ance A""' controll•d by tht td1 
«<g• of tlle ~tc,..,denol~ter 

.. L-- --
...,._... - - --

~-'"""''~,-,ci-cic,,,ccr.~ 

,. 
-~ ' . ' 

. ',, .. ···~"""""""""'"""""" ·-·-Flg. 6: Olst'rlbutl<m o! densHlos ot ,.., .. u .. r<s w!thln the ~ERT· 
... noctor full '"'"" pl1otogropl'ly 

ng. 6 <ho"' • ''""lt for ono ;.,.'!'! (f • 1 ; 5,6). Evory ""lnt c<>r,.,. 
<pond• to onr ~""""-"!. Tho 'nests' of 4 points '"'"od tOo ..,, .. u 
morh ond tho chtrocttrhtlc bo~vior of tho grey lovol •long tilO scon 
linos (1 ... 4, 5 ••• 8 etc., s.e Flg. 4) con ll< d<tortod ciOorly. for 
oll ,.,.,u......,nt., ¡•<Y ""dgo ~ 1247 ~" usod, whe,.. 1 e~ (z) corre• 
sponds to 0,1 O. A 1 ;olue• ...,,.. relotod to the brlg~toot polnt In ¡¡,. 
111111go centor. 

lt is ;o-n to duc.!be tho li<¡bt foil ·off lly • cosino functton 
oónllttM¡ • rod1al &lld SJ'IOOtr!c !>oM•ior of the ¡¡.l<,.,..»on (<eo sU:vrRS 
111). Th s octuo11y cao be dnne ne,.., )'l!t wHn ""'~'«! toa '"~"111-
pooe<~ linear llght f¡ll • off uu;od by 1.1>e ,,....,. r,.,., u.0 ~rour>d. 
Apprc•l""li•o c.....,¡,tion sllowed l.llot 

D • f (1 • ' - <05 ~J 

• o.·f(l-cosa) 

•• 

o. &f(~·l) 
~o• • 

; 0
0 

• f{--\-: IJ 
eos • 

' -
'""Id '"""'""lly ¡,. oppll~: for d•"·lp:ioo of tt.. rodtal por\ of 
!!le '""'tt .... 

" ., 
TM ""~"""" ¡¡,oro.,.t .. r 1 otgo1flos a ¡,,,\<1,, .t.lcl\ •d•~h tilo cust,.. 
fun.:tlon to tftt ~;c,..,<le~>iloi!IP!Or II<'Ofl<o, .t •• ,.,., c

2 
de«ril>es tOo 

11"""" port of U10 llgM fa11 • off" • fon<tJo,, of tho y- coot'<ltnotJo . 
For ooch INgo !00 orroc equHiono ••'•t lo dettrmino t~ two un<nown> <¡ 
ood c2• 

' ' 1/co.J-1 ' • • ' cos S Fuoctton - "' - '"' 1/cos -1 -

' 1,0012 0,8665 o.s~sa 0,6229 0.1000 

,, r.oot9 0,0019 0,00!~ 0.()019 0,0019 

f. 1:5.6 "o (O) • - ~.028< ' 0,0197 ! 0.0<91 ' o,018S ' O,QJll 

' (1,8822 0,6'161 Q,6858 o.sooo O, Wll 

,, 0,00\4 0.0014 6,0011 0.0014 0,001' -' . ' ' ej., ¡o¡ ' 0.0193 ' o.ozo: ~ 0,019> ~ o.ot1o ~ 0,01~ 

Tite ruults of tho tdlu>\!r>Ont •~ Slilm\arl<O<! in ToDle l.., ls tho 
"'"l'1't.d roo! .. ., sqaare error, C010pulod fr0110 tno resldu&h whl<h <on­
sO~uontly Sl!jl11llu the accurocy af the proc.OU<e. Henco for f : 5,6 ~• g•t 

o • e-h- IJ o.6<z~. y <~o o.~l9 
" co; o0 

ondforf•l s.,.got 

D • {1 • • 
•• ltle !>ost f!t. Tht """t 
+ O,OOJS, thoso of e~ "'"" 
liot....., tilo un!.""""'· 

' . '"' • 1 o.ea~z +y["'") o,OOI4 

..... «¡uaro OrTO!"S of _c1 oro •11 bolea 
all bel"" ± 0,00006. 1"!,.., "'1st"" cornhtton 

<bwlouoly tilo,.., lo • u.ropor 11ght foll -off for f • l ; S,6 Ilion for 
f • 1 : 8, t>ut tilo dlfforence h only oba"t D • 0,05 lt tht ,. .. ;-
(• • lS o¡. hU les< h tho Oifh,...nce bot .. en l.l1o p.ortlcuhr fonctlon:: 
oc • 0,02 for f • 1 : 5,6 aooJ 60 • 0,015 tor f • 1 : 8, bath 1t a· 11 o. 
For .,.,y proct!<al tpPI lcot ¡ons tn ap¡rn¡~ria te .,. •• fonct ton wl1\ be 
sufflclont . 
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Onc~ the p. ,, of \ighl foll ·off aro lnown, <Ompen>Otion of 
thn p>rti<"··· ofFect can generally be execut.O ano\ytico\ly. Tllh 
affordt,-howe•er, 1""9"' in dlg,t.ll fom. The fo"""l•s hove to l>e 
o~plied in th<> nogathe '""'" definlng tho illlilqe center u tM odgln 
of 0 ~1!~ O • o, neglecting the lineor par!. 

>. Dioftal Repro1uctlon of the Llght Fall - Off pheno""'""" 

Genero\ odvantage of o rigorous onalytl"l approoch ls tlle po"lbillty 
to ooalY" tM ~ehovlor of • p~>eno,..non theoreticolly. For !he proh\em 
di""""""'"' t11u """"'• that,.. con reproduce tt>e ... osured conditions 
dlgitally. l<oreooer the )lf.rtiwlor effoct cau•e<l by on addítioflll 
]ioeor disturblng runctlon can be d...,n;trated. T"" exornples ,,.. dlt· 
played in flg. 7, 

The <tcr<ly of llgllt f•ll- off In''""''' len••• ls o lirnited, but 
noce.,ary •I•P wit~ regonl lo ~"''"ibO the i~o~e grey value;,. a runc­
tion of the object choracleri;tics P"'Perly. The LJ\MBERT refl<>ctor ""'d 
for full fr•~• calibrotioo 11ere, can be applied be:yor>d that 1n onJer lo 
dotemine tl!e ,..floetance factor of partimlor objects and thu• provldo 
onother cootribution "> tho enti~ OO~plex. 

• , 
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Ao~oowiN~omoo& 

Thc outb~ro are gnteful for th< onppor! nf tbe U!.ora1ory [Qr Application <>Í Ronoot< ~noing 
(LAIIS) ot Purdue u,; .. ,.,;ry in thia rO&<&roh dfort. Al1<1 th<f wioh to tbank D. W. Rusco ood 
J. !'. UMRUH of 1he S<h<>ol of Ci,il EnWn<ering for tbe.ir ouiotan<e in work rel>.teJ to lin...,-J.._.t 
oqu.aroo fih«ing. 

s ...... ..,. 
Tl'eatment of oingle (non·o,·erlappin~) digital MSS data io perfouned uoin~ both parom<1ric ond 

non !'""""'trie tech,.iquea. Parametrk metloodo oro Luod on the rollinNrlty equ.o.tiouo ond oppl)ing 
polynoonlob tu eopr«• the beh»·ior of the «n•or c><erior ndrnlation elemento. The r<>ulti~g .u­
proui~n• on.oy includo tbe object poiot d"otiono if tloey Oro <>l«naUy a~·oil.o.b\e. 
N~n-ponmenic pmcedures ron>id<red include: tltc orithmetie meuJ, the movin¡ .-ense, tbo 

tneohwloe linear lronoformation aod: linear lu" oquar .. fihOlin~. 
T .. t ,..,,u].,'" ¡¡i•·on for tbo purpo>< of romporioon. Thr i"l"' io concludod ..-uh o .;l!,.,..,ioo of 

th. oprciíio chuoeteri•nco invol.-rd in tbe r<duc~on of dt¡oul dato. 

z....,_ar--
Einulne (einandcr nicht überlopprndc) di~ital.e Situ •on M~l!iopektral-Ahtui<J·Dat<n "'orden 

nlit puometd&ehen und nirht-p.orametriocllrn Techniken C..handel!. Die ~tri>.cb<n Mellu:>den 
LuJeren aW den Kollinear:ilit>-Glclchuo.¡en und •c.-..-endon Po!) nom&n>l~ wekh. du V..-h&l!CJ>. 
dcr E:lrment• dec luile= Ori<ntierung '""drücken. Die reouhierondrn Au..JrUde kiinnrn dir 01>­
jcLtpunLtLiibcn ~iluchli<fle;¡, ~-=n di.ese zuolullcb rrblhlicb oind. 

Dio bctn<htetea Dlcht-~omnrtrisohen Prouduren entbalten: du aritlunctiKho Mittd, dao 
gleitrndc Mittcl. die mu<benweioe lineue Trat~ofor,....rion ..,d ein• F'llterung r.oob Ueimten 
Q111droten. • 

Fur \'crgkicb>.r-o·e<h werdcn Te>torgebnioll< grnannt, De~ Berieht oeh~e6t n>it e:ner tli>kWJiOD. 
der Cb.oraktu4~ka Lcl der Rrdu~tion dtgil&ler Daten.. 

R.r.,. • ...., 
(!] Mt<ll'lt., E. M .. ...,d J, R. IIAu>-, C..,metri< As~tcto in Dt¡tl&l A .. J,,Q, ~f llu!ti-Spectrol S...on<r (\155] 

Do~o.l'r ... nt.,J ot tht AM .. J C.,n,utioo, A$P, U"'b 197!. 
(~J L"<•L, F., Unwouehun¡- Uber dio Ccom<t~o und E;..,.Jbiidooowertu"ll t·oo Rodorod"ipuf.,.hmon, o,_,,_ 

T«lut. Univmit,-, Vieona, l9Tl. (file Geomtt'l' of, oru! l'lotting !"'"· s;n¡-lo S!!ip.o ol Sido ¡_..,o;,g ""' 
!'"'"' Rodor ¡,.,.¡<ry, Engli•h tronsloüon, ITC, O<tol>.:t 1973). 

!lJ ""'"'• K. ond E.~~- ~~~~I!A!<: Lioou ~t-Squo~ lnttrpolo.tioo, Plom. ~·~· :18, 1971. 

Cari-Pulfrlch-Prelo 1975 

Dor im Johro 1968 vou dor Fir,. C.rl z.;.,, Oborkooh01t, geo~frete Cul-Pulfrieh-Prei• ..,u im 
Rohmon dcr Go<>dátiodten \\'O<be in KOID im Moi 1975 oum •ionen M~ verlieboo wrrden. Die 
bioborison 1'1-oiotriR<r oind dio Herrro Pro!. Dr.-lo¡¡, ~1. Bn"'n, ROJtD (1969], Pro[, Dr.-In&- K.oiL 
Kouus, jolit Wien (197!) outd Dr.-lng. k""u lll u.u, !l&llnovu (1973). 

O.:r ~nllo Te>~ d ... Stiftunp<utut<> i!l io Bu!.37, 67 f., 1969 abaednt<k!. 
llewubor, die aW Grund ihrer ..-;_..,.rnclt&ftUeheo, on-.cndun~o<eebnitcbm o.der lon.ttul.ti'<-Jt 

Atbeiton oW dem C.Liet d-. \'ermeoswtpwosen.a in Ycrbinduns mil poditiodton oder ~holo­
rntmmetriodten l~»trnment.., fiii die \'erlclhung deo Pnoi ... in lktracbl koounen, ..,u,.., ., ... ,.., 
mit den uu Bourteiluns erfordedichrn Unterlo¡;on dom \'ulclbQnllrOI bio opiteot<n.o 1um l. Frhn:or 
1975 g<ll&llfll ~-..-don. {luts<:hrift: C..1tL Zoss, 708:! OhrrkL>eben, Pootfaeh). 

SuL 111~75 



ll'lteipolation and Fllterlng of ERTS~Imagery 
by H. P. B.IHa, Hmno-

J.! .... d.o<oll-"1' 

l.u.ot·oquareo in~erp<~l.olion methodo bave ue<~oly b..n opp~od in phologtarnmetry (..,. J2J, J3j, 
l'll· Since ...,.ulll from ordin.uy in1erpolo1ion uoin¡ polynomiolo for ER'J'S.Im.ogory on olrudy 
ovoilohle (jlj). it ohould b. of in1eno>1 lo"" oohu mothodo ond lo compue 1M r<•ults. 

Ind<pendenl rn~our<menl> luxo bun urried ovl in 1he Nmo frome uoecl for [lJ bo1h in ehonnd 7 
onrl ebannd 5 (bulk pholo fmrn S.,p1emt>er 21 "· 1972, ohowing por" of northorn Gormony, 40% 
cloud covu). A ti poin" ...,d in chanu<l 7 (41) wor< ogoin rob10d on "''"' boilieo, whilo mo" pointo 
Ukd in ehonnd 5 (20) wor< reloood oo f•«•t l.otur<o. A oimple 4-¡.amoeter lino>< tanofof!n>lion 
(.,lldm<fi·Tronoforrnotion'" using oll ob"rv"iono •• rdereneo poin10 ~·•• oppliod .. a fino ooop in 
oder to havo o ouitohle rdúence surloe< for fu"her 11o1iotirol anolyolo. 

:t. c.,.,;,, .. Fuonloo o o( FUt«loJ to.fl'" .... ol 

Tbe tdiclool """" út..- !he 4-poramotor·fit eon1oio bolb eorrdolod (.,.¡ .. lemotic") LDd UDcol"Tolo· 
l.d (~ohoor>arionol") oompenonl!. By l .. otoquaru f~IUÍDJ, bolh puto...., be oepuatcd; by k•ll· 
"iU&""' iaocrpolarion, bolh porto ...., be predi«od al ony poi.o~ if ooi~e refeuaoo poln10 are 
ovallobk. 

Fin1, th.: covari.onot r..,ction wu d<!crminod cmpiriully from 1he reoiJ.,.J "'"'"".,al! rde«nc< 
poinlo. Tho oolculated alueo ... .,. =ootboned by o contitluouo Gou,.ion error fnn<tion: 

--- -·· .. C(P,P,) -C(O)e 

C (0), 1ho '""'~ nf <he eut"Yc, "P'""""" !he vorionco of1J.o eorrcloted <rror componen ti V .. lo io 
omoller thon ohe ~oriLDu of tbe toool error eomponen1 V by the omount of V,,,.,,¡,,. .... of 1M 
uncorr.late~ cmnponento. \' iol<nown • ~riori fmnt the tdiJuol ""'" aft« !he 4·p•rame"r fit. 

The co'"rionco funclion indudeo <Le 1-ioole infm•t'l.ltibn of tho "'"" diotribution. h o.l.Jo~·• lo 
nlirn.olo lho ma~nnude of lho corrclated componO<t\0 \, by lhe following oquation (~~<< Jl]): 

1,,- e,• e-• 1. 
The ele meo lo of e ond e topreoent vtlu<& of the oo••ni.inoo fun<tiort; 1be diogonol olemenlo nf e 

contoin V. Thuo the ntio 

V;_C(O)-F 

' ' - ,..¡,;<h io kn"""' ü tbe <'Ovariancc fun<tio<l hoo be-en de1enninod -, b.;eom.. lh< fUDd.omonltlf'On· 
meter fot the interpolatiOJ! pr<>eodu= F io ooiled • .fil1<riag eoeffici.nt"". For tbc .vtluo1ed ERT$. 
frame 011< obuUtu F,- 0.5 ood F, - 0.1. Foro lar~<< F 11>< ], .. ¡...,. hecomo lngcr ODd 1he filtoriq 
io o~roog., o han il ohould b.. Foro onWI<r F ,..., filler io loo omoll. 

l. ~""'" 
Colwnn 4 ond 6 !io1 lhc me"" oquorc mun of lho uoidu,.¡, ú<or lb< 4-p.,..meter fito, eolumn S 

and 7 1he me&n oquare orroro of unoorrol01ed r,omponcnto oftcr fihoring o< lcoot·•q=co interpolotion. 
Tho moro roforence pointo are introdue<d lit< bemr lh< tcoult bccomeo. lt h .. aboul Lhe mo~nilu•le 
of theoretkol '""'!uti<m. For k' - O {)). i.e. o lorg<r b•ndwidth of lho GAu" curve lhe M nlueo 
decr<&O< oome~·bat" ro the va\u., from V- (l. J. Thio io due Lo1 i.olol•d pointO, wlJeh are nol 
influenccd by lhe co,·orionce fuoclion fw k'- 0.1, whieh bocom<> uro for 5 ~ 6 em bu1 noL for 
k•- 0.0\. 

The loo1 '"" lineo of tbe tohle ~'" thc ruuho f<>r iolcrpolation by >eco11d order pol)"llomitlo (6 
unkoowno fo1 a<h coordin.o1e). The ,a)u,. '""d 1<1 be oligh1ly heuer 1hoo ofoer oppUcotioo of ¡..,,. 

But 111915 



oquuu i'nle'l"'lo.tion, but thit. io beooauoe of e>tnpolotion ol dtt; 2 ioolo.tecl poirno. Thio e>~npolo.tion 
occidelllly leado <o enor ....Juetion ol th ... poinll. l!.releut-o.q.,.reo ini"'J>"lotion d<>et not truufer 
""Y informotion, if k' - 0.1, "hieh oeemo mo:e rnrnct. The vertor diogromo ohow •uy Jood 
oecordanu of both Htetbo-d. •1 oll o1her poin10. a,.u .. of 1be .,.,.:JI numher of referen<e pointo ond 
their poor diotriLutioo the reoulto ore nol umdu>i>e. A n>ore oophit.ti«tted error onolyoio oo K .... us 
'"""'"in [4) ha. o oh< carried out ,..;,h olber from01. h lo<ell>O obviono, howenr, th.ot polyno,;olo. 
are .,,,.;u to procesa th&n leoot·oquora mterpolotion. Buttho loner io rn<>re íhible (l1, F") oDd un 
h< ouCO<oúully opplied..., ohown. 

' 
Ref<t<n« Jntetpob.ood "· M •• "· M, 

,.~ poinb pcin" 1•1 1•1 1•1 1•1 ' .. 
' ' ' ' ; • ' • • 
' " "' '" ''" ~ 0.75 0.05 

" '" '" ·" '" " 0.70 0.10 

'" " '" " ·~ 
00 0.75 0.10 

" n 0.01 
; " '" " '" '"' "" 0.10 

; '" '" " "' '" ' 0.75 0.0~ 

• " '" 00 '" • 0.70 o.ru 

' " '" '" '" • 1 0.7U oro 

' '" " '" " '" " - -(Po!)"l>.) ' ' 
; 

(Pnl)"l>.) • " '" • "' " ·- -

R.s ....... 

jJ) B<u. H. P. un~ U". ScHllK"' \"onu<he '"' Lm>ltlunJ d<r ~eolll<t,.¡,l..n C. noui1koit oon EII"J"S.Mulol· 
opoktnoi·Boldom. BoL 42, 22-24. 1974 

12! >: .. u •• K., lo~crpolatio.o ...,¡, k1oi""""' Qwo~,., .. io ~"' Ploot~""""'"" Bu.J.. 40, -1-12. 1~17. 
j3J KIUU>. K. and E. M. ~h .. .,L, Li""t l.co.ot.S..,"''to )o<erpob.tlo.o. Pbm. En,-. 58, 1016--10211, 191~. 
1•1 Ka..ouo. "-' Uo~<ooo<h""' '"' C....•if:~rit d .... ln< .. ,..b.,..., no<h llo'n""" Q"'~"""· ;uv.,, .... w. 

l'l!l-to>,l9U. 

Geometric calibrction of Ccnadicn ERTS photoreproduction sy¡tem 
by Or. Vu.nun~ K~•~n, Ottowo, O..l&rio, Canado 

loo....J-;.. 

Tb. Eorth Reoouruo T«luto.logy S.tdlioe (ERTS) imquy io ooqu.i....J by o four-eh.ooad M..!<i· 
o¡>r<tnl Sco.rmer (l\SS) ,..hjeh «>ntinuooulf ""'""o 185 km ,..¡.¡, po~nd '""'h iD o o.incle ntbit. The 
row dolO, rodio-..-i•·od •< o ,rou.nd •llrion, io n«otdod oa ,;d.., u.pe ood "'"''o.iued lo o doto 
pr..,..in8 o<otion whe<e Íl u COD\"<ttod into photoanpho ootd computer compotiblo tape<. 

In,¡., Conodio.n ERTS imoge p.-...;n~ oyotem [41 •·hieh ¡,in roan y r<ape<;to difTeron! frnm thol 
odop¡od by !'>'AS.-1. [3). 1be photognpho ote produeeJ wilh the o.id of lwo opecialt<ptoduction inotru· 
rn.rn10. An Eloctrnn Beam lmoy Reproduoer (EDIR) converu the pic<oriol informoúcn from ito 
digital reoord on >ideo tope into olo.tenl photognphic ""t!'ti~ on o 70 mm film. Thio iooooompliob .. l 

BuL ¡/1975 " 
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in tbe doto procn>ÍnA fodUty of the Canado Contte f<>f Remole Se,.ing (CCRS) in Otto~·o. The 
e>.ptned film io doli><red to the No~on.o.l Air Photo Lihrory (NAPL) reproduotion e<ntre "'he,.. it 
¡1 pwceooed ond enl.rled lo the rinil 1 : 1 000000 pbotogroph. no o 230 mm film in o opeciol Enla<ger· 
Printer (&P). 

The USS ;mogo io diotorted due to O<verol phy&ioa!, ;,.~rorneotal ond seometric foclors "'bieb tnay 
off«t 1he imoJiog, r«ording ond repNdurin¡¡ pr<>e<M, .., onilyud, <.. g. in {2), Mool of tho oyotemolie 
di01onio"" e.o be detormined ..;lb the """ of ouilli"Y iÑormotion pn>vided from ulellile O<.noon, 
predie~t>d from 1>1hital ponometero, oht.tin.d fn>1n geometrie oal.iLtoli= of io01rumeoto ond oloo 
dorivod from ouitoble pbotogromm<!rie "'-"'fnr.,.ti= bosed on noiiable¡rou.nd eontrol pointf.. Ao 
1 reoult, on .,..¡ )tieol model of thc <li>lortion> ;, deri>t>d, tbe porometero of "hleb ore .....d lo wnnol 
thc roproduetioo pr...,,. in lb< EDIR. F w-lhu- dewlo obout tbe eorreeti"" proe ... deulo¡><d for 1be 
Cao.odi&D ERTS progr¿m..., be found io {1), {2]. 

h io ob•i~uo rhol 1he p<rformon<e of botb reproducing uoil$ offoeto tbe ¡eomelrie quol.ity of ERTS 
phologropl>o. Ir jo, lhereful'<, im¡><rori>e lo ha•·e '"""" de-.i""' u¡ululy ea4broted, ond 10 uoe pora­
meteis of tho ea~brotion, logether w\lh oth<r eonectioo poram<tera, foc tbe control of the pr<><.e"­
The pi'<O<DI r•per deHribeo 1he ~-o y in ~-hieb thio io aocornplllhod in the C.oodioo ERTS propam 
¡, 1ho CCRS. 

n .. .,;pOio~ of oopoHud.g '1"'"' 
The EIIJR io o pr.cioinn film reoording do;-ice deoigned ond buill for CCRS hY the ~linnoooto 

Mining (3M) Com¡,.ny, BooieaUy, il io a modified calhode "Y tuhe in whioh the foco·¡,)ote ¡, ou~•U· 
tuted Ly on ultro-fiM 1roin film ¡oloerd in o '''""""'· Thu•, the film i• direclly bunoLorcleJ by <leotrono 
in o line-by Uno ""'de <erroJucing lhe nriginolline->""""ing p.oll<rn of lho ~L~S. retoined in 1ho ,;Jen 
•i!fllal. A op<dol u oit, the l:Btll cn,troll er, acto ... ~ interface het-.·e<n a computer "'J 1be EH IR, 
oddin~ onnotolion, corr<otion and o.alihr"ÍOll inforrn•rion which io provided by 1ho computr<, lo 
the •idoo oignoL Dolo on dirooted fwm the •·ideo tap< lo the oontroUer whioh controlo 1he timing 
of 1ho ,..,.duul ond 1he defl«~on of 1he eloclroo heam in a w•y con.,.pondin~ to thoonol¡·lk•l 010del 
of 1h0fe ~oomelric eorrocriona lo be applied. 

The Enlor~er-f'rinler deve)o¡><d by tholntemotioru.llmo¡¡ing Syotcmo (1'5 Comp.ony) pto-.id .. .,, 
oecurote oplieol O<.oling of imos"' into lhe finil form.ot. Tho oy<IOIQ ¡, fixed ro yield o 3.7 w enlar~~ 
ment rotio ond <¿n be uoed in o •emi-outornotio modo IG produoe oolour <Ompo.ite printo in diffcrenl 
oombi1l.IIÍO"" of lhe four .,,iloble opectral ima¡;es. For thio purpooe. o pncioio~ pin·reJÍOI<r<d 
froming m«honi•m io uoed 10 cooun: 111 O<Cou"ote imoge rq:;.,,.,; • .,_ identicol to 1hot in. lhe EBIR. 
,.;lh '"'J>e<llo optod.et bol ... of tha puf""'tt>d film. 

lnformotion flo,. 
Th< or>aloc 1ideo <>ulpoto fn>m 1be \ISS oenoo111 are eoni'Uted inlo o diJito.l oi¡o.ol whieh lo rodi<>­

rnn.mitt..! ond ,...,¡ved ot rhe FQUnd ,,.,;..,., The <eeei•«< doto'"' di~tolly rec:orded on o v;d.,. 
tope in .. p.oro\e ehonntb for ooeh opectrol b111d. Tbe MSS oyooom pr ... .-.eo on i..he..,nt reJiotrotion 
of d. lo in ollopc;:trol hondo, whieh meowt that tbeir geom<lrie diotO>tio"" u.o ide~>ticol. The ph¡ .. ;col 
fl""' 111cl tronoform.olioo o( informotion in the reproduotiru, phooe io p<e .. nted ;,. fig. 1 •n•l deoeribed 
in tho foU.,..íng olept\ 

Digitol •ideo oignil {VID) i• input inforrnotion: ony g<Ometric diotoflio"" eauoed by dofidondoo 
in ]><ecoding operotiono ore ¡,.,.,.¡.,.•ni to lho oalib,>tion of 1ho "'produetion oy11em ond 1huo 
dioregorclool, Tloe ~.y·ooordinoteo of aoy im•i• deWI oro implied in 1hc pooition of thc rorr«· 
pomlin¡! phd ~ i1hin the •id <O im•8• ott-...m. 

Modifie<l hnogo llreom (\!fS) ;, derh-ed h)' o tron-lfürmatio,. of 1he video oignol VID in lho EHIR 
contro!ler. The effect of lhio control ""'" he o~a!rti .. tly deoctibed hy • tronoforJnotion T 0, 

" 
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Analytische Bestimmung 
und digitale Korrektur des lichtabfalls 
in Bildern eines Hochleistungsobjektivs 
Von tt.-1'. BAIIM. HaMO><r 

7 ................ ... 

z..,, r.a<h<~lla~eo B"''"''"""' <1<> Li<h"»f•ll• m ""''" 6Q mm·Znp.a,,...,~ •u«!< ••• UD • t.lll m' ••'*' 
[KhU<oM<< "'" •ollloMm<• dolru• ,.,.,,,..¡,, Ob<riU<h< <nl•;.,\ell Di< ooalyuod>< &<o!ommun1 ~<t Lodollbfallo-
1 un\ ! iuo <rl •' 1« du O<h A U'll< """"" n ul><< K (>U OU>- f un).¡;...." mi< tu .. UIO<h<A hn<&<tO ... '"l.n. No<h dor d<fi• 

"''" K""''"" <1<• lt '"" '' "•Minohm<n N"t><n ~<"l<hl" in d<r Go•íl<..,tdnuOI ""' ~ 0.0: D 

h>f•<l<al r><-"'""""loo ••• l"<<tal Cnm<l;.. <>1 Lio:ht Foil-Off lo )>...,,,.,..,.,.,~ ''"'"•H) 
A 1 :!lo h¡ 1 lUm' '"~' Ba>o, ... no;ctuo "" t>«n "'"'"~"'" "' otd<r to ,.,.id< o luO! '"'"'"•odonl of ¡.<<f«o M­

fu .. ,,,¡,., ¡,. "'"' f>ll-<>11 """'"'"" of, "''mm Z<'-'>·8""'"~- Tb< •n•IY•""'' d<"tmon<'ion oftl>< h1h1 foil-off 
fuo,oi.on u·a><><<UI«l ~) '"''-><l"""'dj;~m(ot. ;:,¡,"!;ro-iOe luo"<M> wah oddL<oon&ll'"'" (lor>m<lm M<<rd<· 

t<l>l '""'"""" uf lh< jj '"' 1 o< "' im•;•'1· .. ~d,oi '""" oc< '" th< ...-d« o! mili'""""'- uf :o 0.01 D. 

!><'""""""'" '"''~'"~"'., rorr«li.,. a;,,l,l< .·,, .. ~,.,;,.,. •• l• '"'"""' doa• ..., <li<b>• phooo¡un.,...<ri­
•••~ 

Un renrctour·DoSO, 1 1.10 m!"' 1.20 m)i >mfo« f'lllf""'"'"' d1ffU>< o "' M'·ello!'< pour co<l•<" 1• rlp>rl,.inn 
<!<lo lurn""''"""" u o OO,<rt" ZL "'"a"""'" <fl!lmm).l.a d<t«mm&OLOo onolr·<oqu< d" lon<hon><OOI"<nol"" roa 
iO«" «'1< l"ojO~<m'"t d< fOO<l<UO>·<U>IO" f"l , .. ""''"""" ""'~ "« ... p.oiii>><OI .. ''"""" '"pp.0MtOlli .. > 

,.,r, .. "' """"'"" "'~"·'• "'' """" ''"'"'" "'· '""''"' '""''""' '"' '" "'"' ,.¡"""''' "'""' • am u 

l. t:lnurdnung d~r Uni<I'U<hung<n 

BLidverorl><iLun~. ~leic~vi<l 5b digHol oder analoc. m u~ unler krniocher WürJi~un• deo Aus~•ng>· 
m>L<rLal, crl•>l~on Wdt""<it und mit groflcr Encrgio be<ricbenen V<r:mchen. mil M "h<>Jon r«hnor¡e­
""'"cr dl~llal« "' uhisp<kLraler K l•»•f.zicrun~ d~e \.O<IY<n!lonollon. subjel.tiY OUS&<•kh«len V«l•h· 
.on dor .. BoldLn!<rp«<otion·· abwiO;en. i" bis~er. lro<> be.chiiJCher T<ilorfolge. dor groBo D"rchbruch 
'""~' tehl~el><n. Mu1Lisp<l.1rolc Kl.-,ir,>i<rung "' heut< noch ""ht imm<r allg<m<in un~ • iru<IL4<· 
¡.,¡, anwondhM. !l<r Grund dafur 11<~1 u a. darin. daB vielfaoh .. draUOO<""·kla1Sir.ti<'l wird. uhn< diO 
m>twondLS< K"<r<ktur de- Au,gans•rn,¡t<tials naoh physikolis.cher Anoty"" der Ori,iooliofurmation. 

Pho•.,sromn>OL<r hohcn dafur s<><>rgt. dall die &"'mmmh<n GeS<tze d<> ZuS\a<IMkomm<n> der 
!lildin(o[<O.Í<ÍUO SUL he~annt MOd {>gl z. B. H. K. M <.1 LR 16. 7]. H. ZILMANNI14]) Was d>< r(Uirol>'<fri· 
""h<n G<«Lu •nh<mffi. •o l><>t<ht d" S<ho"i<roKk<i<. do< BM·Di<h•<•"<N< <.\okl a/s ,;,., nwrh<ma~<.~<ilf 
f"~nlrru¡¡ 'P'J. ~rulrr S'""""""'' omd rnmif '~n Oh)<lre•n•n«haf<•n ;" h<;<hr<'h••· Zu vielo. se he• «· 
fa6b•rc un<! ein.tnd<r Uh<rl•semdo ~Lorfaktorcn lfagen '"' Beemfiu>Sun¡ cler Ori&ino'informa<ion b' i. 
r. B <!le ll< leuchtung. d,. l.u fl~c hL K.>n•er• und Folm<l!l<nS<h>fien wie auch die Filmcntwid.lun¡ {v¡l. 
J.SILHH>Iil.lli) 

Oor >-orlic&ende Auf'"'" .«>11 ein B<Hra& im l!inhliok a uf die No•,.·ond1~kei1 sein. Ori¡in al·8ildd•t<n 
r•dit>meLrio;ch '" korrig«ren. /';rb<faDr rich mil<intm tin"K'" ph1 <~la!ru-htn Phd"""""· dtm Li<:h<abf~/1 

;,. '"'"'"' "'"""""h¡<l rt.·. ""'" Ermwlun~ '"-•• '""" J¡~rfai•• ()ar>~<llun~ und Kcrr<ll•r. 
Theorotisch «!ibl >ich fur den Lichllbf•ll eio< «><• n-Funktion. •ber nur un ter der Vonu•><,.un¡. 

J•H ~"' O~JÜliv dur<l> eine dunn< lin5< mit kl<in« OITnun& <l><:lzt ,.;,d. w<lch<> ein V<ruichnun¡o· 
frcit• B<ld liefe" t •. t~.,l<!.OT·..ch<> G«ell dc-; lid•.o bfalk""l>'&l. K. 5<..1! WII>L "" > 110) 5. JS. (J~ ~ "' 
J•h<• der "'" ObJ<I.Iivach.e und Houp,.lrahl <mge-..:hl""-"'"' WinO.el. Praktis.:h hcgon do< \'erhll<niur 
"'¡""' lomrl""""· B<d"'l' durch die Objeklivlln~e worden <ehnl& ••nfoliende Stl'ltlen teilw<<>< 
h<r••'lehlend<t [ .. Vi&n<Ureruog-¡. Di" fuhrt zu >lirleren liehtverlumn •n den BildriOdern •lo dur<h 

. .,...., ...................... ""'" .......... ~., "'' ........... "' " _ .. x-o,-,, ,,. , ·~ ........... ~ ................ .. ... . \ ................. ~. ,,..,_..,,.~ ,,_ ........ ''""" _ ................. , ................ -. 



dn LA .. ou T'><llc c.,.,. ""'!cdrlicko ,.;,d_ Die5<r Nachre,d wir~ b<i .,.nehen Objekoi•oypon dadur<h 
•crmieden. do6 ein Ucho.rrahl unoer ein<m nocheren Winkelah dem Einfall>'"inkcl dun:h do> Objdci• 
!<fuhn .. ;ni, Zu einem >alchen ObjekoivO)'¡>zahlo au<tt óuZEtss·BtOG<l~. "<l<h<> rur dt< •odie¡end<n 
Unoe,.uchun¡en '""'"d" wurd< '· Nach JooO~N/I:GOERT/K~<t"c 151 S. lll. ¡thn¡o <> ><>pr. den 
lichoahfall bi> a uf co•'' g '" rc<lu<ie«n. 

Grund rur dio oll¡em<~n gcr~nge Be>eholnigun~ mil Jo m Phjnomendcs Licho•bfalls m>~ di< T .,..,che 
><in. d•ü es d>s mons.:;hloch< Auge htuóg ~ar n10h0 wahmimml. Dios lie¡l d;r ""· dall do m Li<hlabfall 
uberla-eflt Kon,.a!l< .. ins Auge opringtn"" und dielnformoown d" l ichoabfall> vordr•nHO"' ord; <> Oonn 
al><r ouch ><in. d•B die durch den Lich"bfall v.rursachocn Kuntra>te <u sering <tnd. al! d>6 sie das Auge 
ubcrhauro erkennen k~nnl<, '"'e im vorliegendon Fall bc1m ~mGoN_ Fllr digitol< Bild><rarb<otung¡o · 
do•·h ,.jr~ der Lkh,hfoll. auch wonn fur d» Auge un,ichobor. '" oinen' Soorfokooo. der ohminiorl w<r· 
den rnull 

1:. Uo .. tollunl e in., • .I.AM8o M1"·R•nd.o~" 

Um die Tronomi,.ion•cigcn><hollen ein<> Ka.,oroobjokti" fur einfallcndc< Licho zu bc"immen. 
mu~ <in< Maglichhll scfunden wcrdtn. den Lichtabfall «pano darzunellen. Die• b<deuoco. d•6 al lo 
ander<n P•rom<ler, wol<h< doc Filmschwlrzung b<einnussen_ ••>i<schaloeo werden ml.!o><n. Die,., •ind 
primir dio DiiTorenzen d« Ob¡cko- Helligkeiuuntmchiode p<< se"'"''" doe Ah·.,chun¡en der Aufnah· 
m<· und Bolou,houn5uiehoun¡cn >On der Fl.>chennorm•len_ Emr prifrkr dof/o<>r Oh¡<krob.,f/a<hr i>r 
VQfaurm:un¡fu• Jir /lmrr/lung '"'" Boldrm. orl<hr aliro• durrh Objrl.rio • ~·d F•lm<i!fM><h<Jjirn buon· 

jloúlr .,,,¡, A m Jruoi<ut rur PhOlo¡ramm<lrie uod Jn!cnl<u,...ermcuun¡ero (IPII der Uni•·mult lbnno­
'"'"'urden •enchicdeno Venuche unt<mommcn. u m eme porfch d•ITu,. Ob<r 1\ach< herzu>lollcn 1•!1. 
K. AL •u { IIJ. S.Chlielllich "''"de Bariumsulfot ¡BaSO,. in Pul•erfarml our Her>1ollun! oinor porfol.o 
doiTu• «lldoi<renden Ob<rllache heran~<"'!i<"- cinc Sub>UnL ,.elche auch •ur Jnnenlx><h><houns 
"'" ULIROCIIT"schon Ku1eln b<nu<ll "'ird_ Ore thoor<U><h lwmot<n di !Tu>< llell<•ion ei""< ""''n.nn· 
ocn _weoll<ft L~"'"""'·R<Iltko'm'" (wl: •ti. f_ K~sn ~- E R~sc"~~ ISII li<lcrt 

_, 
Sorahlung>lluB ~ 

,, 
In deo l'!ui• k~nnen L~"'"''R f ·Rcnckoarcn in """ LJnie dazu dionon. don Rcll<>ion•faktor 11 '" .,. 
miueln. wclch<r dtc Rcll<<~On eones Ob;ckl> charakrem.t<n und damio das Ob¡oko scll>!.t (•gl. 1~-

91): 

'" llicron ist L, dtc Sorohldt<·h" '' n<> Objekt> al> F unkllon dor z,,.,odi<~ao» n und "" Allnouli ,.._ in O<&"'" 
uboo oiuon f<>O<n Wonkol f! L. bedcoooo dr< (m 100" .. ¡ rollckucroc Sorohldichr< d" L~<OOO.~ r·Rollá· 
"'" { .. Reforenmrohlor")- ,o.¡, Rolle>ion>mudard hat dr<ser S~rahlort)'p dohcr c1n< Dedeuo ung. '""he 
ilber dio hior dO>Iouticroe Verwendun~ ion lu!amrnonh•ng mi¡ der L~ehtablalh· Ko•nrens,ion wcH htn· 
ausgeho. 

R<ll<>ion•>l•ndordo bcdedlOn b<o bi•hen~en Unocrsuch un~en nur ''"'" <leinen T ool U<> G<>amocn 
Ge>ich10fold" d'l Ka moro; ltot<d<m "'""" B<>IHnmun~on de< l.ichoabfalls md¡lich 1•81. J, Su_ VL"' 
111. 11)1. Eino >lt<ngero aohandlun~ die>< e Aufgalx «fO<d<rr eoncn Ren .. ion•rrand.,d. woleh<r d., 
Gc>i<h"fold dÚ Ka mora voll au>fulh o,. hier vorhogondo Kanfituro<ion •on K amera und Objc~u• 
lxnOllll etnen Soandard mil ob<nor Ob<rllllcho •on 1!0 cm Kanoenlan&< cine 01ftlle. "'elche bi•h•• 
nicho «i>licfl<. Firr Fll<h<n dr<scs Ao>malles muB die Ba<ium•ulfao-Subroano mi! oiner SrrUhpi>lol< 
auf eonc PVC·b<Khrchoct< Spanplatt< ouf&eb,.chr ~O! den. Oerail• <ur """"un¡ der SubSiano b<· 
..:hreibl der Autor in <~n<m >ndoren l!<irr•! !H.-P. a~uR !Jif 

' H "" '" "' M< "'- ~ ..... "'' z, ·~-••••" r •"' ....._ ~· ,. .. ,., 
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J. "'""l)lh<h< ll"'limm un~ dcf Li<hl""f .. hl'un~ ''"" 

Die rholosraphi.chen Aufnahm<n dO< l.~M"L•T·Strahlm wurden bei dumtigem Himmel o uf de m 
Melldo<h de. <Jeud••i•chen IMIII uts dor U nivm1l0t Hanno"er vor~enummen. wcboi doe Plaue a uf d<m 
Bo<l<n """d und unler ll!i" genci't ~·or. Dio Aufn•hmen erfol&l<n unter Benutzung von Ko!>~~-E>-­
~ ACII•OM~ Farbum<ehtfolm mit OITnunJI•trhioltni<!.<n •on 1 : 5.ó und 1 :l. D1e in 1 m Enofernun¡ von 
.!cr Ploll< ouf&emlloe Komero fllhne ni<hl zu Sch111<n oufdem Bild . 

··-· 
• 

~ :::~~----,,c,.·,c,.c,.------ -::: 
·- 1' 

-+T _,_-;.-.,.­

• + + ... + 

""''" =t::E$3::C-~-· 
+ + + + + 

_-L±. ..±J_+ .... 

.,,, .. ,., .. , ... 

·-
AOb. 1 Mol.r<>JeoN..,.,«<<p<n/01< •b<r 4 voh<h«<i< .. B.Jdb<...doc .,.,. ,.,., ....... <k> l.AwotRT·R<IIütono <"•· 
lro.I<~Wiom<ter l<>h •·lotOL~ 

Die• Í>l in Üb<rein>llmmun& mu Abb l. wolche Mi<ro<Jensioome«rrror.le in"'' ve"chiodonen 
Blidbcrcichen >Oi¡;l. DI< Pronlo verl•ufen. •or3h<h<n mit andoren Ers<bni"'" 1 H.·P. B~n• [J JI. sehr 
~1•"· wao die 11"" Qu•hUH d« L~M OCR r·Refleklor> domonmien. Allerdrn'' "' in Abb. 1 eine letdlt< 
Abweichun¡ dor Profile '"'i><hen dem obcron und unl<ron Teil a uf der Plauo erkennbar. indo m dcr 
t«>motrio.che BildmUIOipunkl nichl mil dem Pun~l ¡¡:róBI<r Hellí,leit zus.ammenf.ll!l. Dte«r Elf<h 
kann duroh einen Sehauen >om Bod<n oder dur<h niebl.<lren¡;e Par.llel.,ellung voo Reflekoor· und 
Aufnahm«Nnc ><ru ... eht><in. V<>r Aus-..irkun¡en des <UI<I>I s<nannl<n Fehkr>. "'elche n>eh ll) 
niehtlin<ar verlo u len. wanH aueh 11. J. BUN~ Tlt [4[. Di= V<rhlllnis" mil"'" Ni d<r Be01immoin¡ 
d<r Li<hoabfalhfunl:tion berlichkhlt&l ... .,den. Abs<><bcn von Seholl<ndfel:l und .. R.u«hen·• ,,.)len 
do< PrMde in Attb. 1 auo>.<hlre61ieh don Einflu6 de> Liehlabfollo jm Kamer•objel:tiv d•r. Wesen dor 
I<Jehl<n Yerscltiohun~ zwisehen Bold· und Hdli,<oitszen!rum kann ~;., Bild •u<h nichl al< M•••• rilr 
<m<"'" ww/"~' F<>rm der Li<h,.hf•lh~ompen,.!ion dienon. Da. wie oin!•"3' <rl~uoen." no Lichl'b· 
fall,~ompen••Lion •u<h nur bei don Yorf1hr<n dor Jrt;rnl..,. Bild><rarbci<ung (z. B Kla .. inzierun¡J On· 
~·~·andL <u werden braueho. er...;hoint <> uhnehon nlthorliegend. rur die fol,endon Schrill< d10 """~<" 
mrn\o·úrr~' M<~hod< zu ,.;,hlon. 

Zur anolyli«hen Brnimmun,d<l Lichtabfolb "'""'" eui!e Koordonaton fiir beo<immoe Grau~< 
tm Bold be~anno seon. bw>&en auf den lli!dmiuolpunla •h U nprun&. Auo dr«<m Gr~nde wurden die 
Gill<tl.rcute d.uu '"'"'-.:ndet. cono Jl<ichlfljÜÍ!< VcrO<ilunl dor nOti,en M=un¡en zu !arantieron. Pro 
Bild warcn 100 Mwun~en (4 • 2SI o m Mol.roden<itometer 1u moeh<n (Ou>¡efllhrt durch K: ALvU.) 
Sowohl fllr liJen de 1 '5.6 ah aueh rur Blondo 1 : 1 "urden t4 Dild<t unletsuchl. w•• .ehlt<altch au(21l00 
Mo6wone flthrte . 
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Wie anfango erlluten. laB1 oich d<t lichtabfall ¡ur durch cine Kosinu>-Funhicn beS<hroiben. \OObeÍ 
man Radial>~mm~trie de> Phinome "' annimml. Oies konn auch hicr scr.ehehen. allcrding< unter Bc­
nlek•ichllgung dcr úbed•&crun! d« F unktion duroh den ¡cnannt<n Sroranterl. Nihtrun&"cchnun~cc. 
ocr~ton. <la~ 

o_ .. ro~='"l. o.-r(.~~ 
Col " ·) 

'" o, .. f!1-""'"~· . ( ' o.~r roo'.,~ •) 
ttun<i~tzli<h zur Stoc:h~<ibun& d"' <adialen Funktionunl<•l• ~«i&n" ef>Cheinen. 

Fúr cm< Auo¡leichung nach klcin«<n Quadraten ~nkr. die Vcrbe><eruns>&]eiehungcn folgcndcr· 
mallen s=hrieben: 

L.+ v, • f(co<a),c, + y,c1 '" 
odcr 

•.•a.c,+b,c1 ~L, '" Die Unbekannre e, charaktoriSO<rt ernen Fakror. welchcr doe Kor.inuil"unklion dem Mikrodensitcmeter· 
profil onpaOt. wlhr<nd e, den StOrfaklcr ab cine hneare Funktion dcr ~·Bil<ik<><Hdinate erf.,.><n 
50!1. 

fuolr..,. l ~roo' 1/<o.'- 1 •-=' """'-' 
'• 1.089l O.l .. l 0.&4!3 O.óll9 

" 
0.0019 0.0019 0.0019 0.0019 

r~ ':l.• m,.¡D¡ >o O Ol&l ~ 0.0(91 t o.u1n ± 0.0115 

'· 0.8Sll O.ó~J O.ó3ll 0.!<100 

'• 0.0014 0.00 .. 0.0014 00014 
m,<DI ~ 0.0103 r 0.0201 z0.019l ~ 0.0210 

Ore Aru¡Jeidrunver¡ebnis.c .ind in Tabelle 1 <uoammen,efdL m,. ist der Gewicho5Cinheitsf<hlcr. 
encchnet au• den Re>ofchlem. "'elcher dr< Gcnauipeit de. Verfahren• angibt. Die miuleren Fehl<r fiir 
e, •ind injedcm F•ll < ~ 0.0035. die""" e, < :t 0.0001>. z,..l><hcn den Unbelannten .. i.,icrt leine 
Kom:lation. 

~- Digil>l< K~rro~our de• Llchrobf•ll• 

O -.. K orrel< t ur d •• Uch " bf a llo la n n ex ak f n u r J,)¡ila/orf ol ~·· . oie wi rJ otr< nucn ummen m r Hoch lei­
"""~~>Cbje<ti>c auc/1 "" bci Anwendun; d1~'"'" B1ld>erarbcituns (o. B. KlaS<ifoti<run¡) norwcndi~. 
<i~ Bmplt/ Jqfu'. r.lt n<U< Tt<lomk<n "<hth n<urn f',..bl<mtn sl<i<A'tili; dUCh d<l"<n LI»UOflm~g/r<hiei· 
le~ liifmc 

Da da> hi<r behandelre Bild nicbt original <ii&ilal .orii.J. muBte 0$ incinem emen Schriu am ÜPlRo. 
NK>·L=&<r11 di¡i<ohr.ien wcrden. wobe1 B•ldelement¡r~Ben von 0.1 • 0.1 mm' ousrci<hten 
(l 18 .. 522 mm' er1eben 0.210 • 10'" P., el). Au'lohend •om di&i<alen Bi!d lOnncn nun die He!lisleiu.­
•orhihni..e leicht dn¡..,elh wcnlen. 

Abb. 2 .ei¡r cine Ab,podun& d« digitalir.icnen Oli&inalboldcr neb>t zu&ch<lri&~m Hioto¡ramm. Man 
erl<nnc daa die Di,brcwcne oich auf den GrouoOola·flerei<h zwi><hen orwa 15 und 100 lcnuntneron 
Die Wcr<< li<,<n tu Orcht •u••mmcn. al• dafl oic da> A u¡< im Brld untcr><htidcn kOnntc. Zwor ;., es 

' 
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pundsliulicb mO¡Iich. cinc DifTcrcn•....,., l5 Gnou>IUf<D in die..,., Baeicn r>Ddl wohrzundJmen 
(t.D - 0.12). allerdin¡s nurun1crdc1 Vorauueltun&. doBdie..,sprunV.on und nklu ~otllinuierlicb auf­
lrltl ..,,. hicr. 

Einc on5ehauhchc Dar.,clluna dor H<lli¡<oUiv<rhahni,.c cr¡ibl oich nach eincr ••s•P•Oien hnoorcn 
Tronsfonnalion d<r Ori¡inai-G'"""""" (Abb. l). Deginnend beim Belfa¡ von 73 >indjowcilo 4 Grou­
wcno ¡¡quid,.lansen Stufen vom Belfa¡ 4J) zu&eardn« ,..orden, wouufinS&=~m< 8 au< un1<n<hc1dbuo. 
obdh!barc Ssufcn IUhr< We~on dcr dl<iurch er(ol&l<O • .,.,. 20-focllon Vcrotirkung d<l KonlroiiUOl­
fans-uigs Abb. J den Licluobfoll-EtTol;l<><rcm deutlich. Diesejlol<-~~~..¡u Doro~ollun¡<Íin<s sich ••d 
bessenur 9<1ChrcibunC dei lichllbfalloolodic M<hod<nsisomosupro(lle (Abb. 1). Mon orkonnl .afon 
den EtTel;r d<r rodial<n Komponemc "''"i< dn van unl<n cinfalknd<fl ,_Schoucn•"· Darübe• h•n••• o.i-
11iercn abe• ouch nO<h acrin~e •nd<J< Einnü"•· "elche dun;h den analyU5Ch<n Ansa!Z (4) n1chs erf•ll< 
wcrden. wic •· D. SucJfi&~ois sm rechton llilds<il. horvof5<rufon ..-ahrs.chcinlieh dureh un sl<i<h Olt6i& 
on~oses11c Entwic~lun& hcim Farbori&ino1. 

Dio di&ilalc Korrcktur d" Liehs•bfallo erfolase mil MO<lul .. KOLA .. (fUr oin Blld dcr Blondo 1 : 8) d<5 
di&ilalc;n Bildverubeisunppakm MOBI doolPJ (si eh o hi<rzu H.-P. BM<R PJ~ Oao Eraebnio ¡,. in Abb . 

• 
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4 ddr~c,t<llt. Sch<>n Ja. Hi<togramm des •crb<<,.rL<n Bold .. •cranschaulich!. daB nun fa" alle G rou­
wonc zwi<ohen '' und 19 ltegen (ti. O - O.OlJ, ~•h«nd im Originalbild (Abb l) die ~leichc Men~e zv.i. 
>chen 7l unJ JOJ Jie¡t ¡.10 - 0.15). Dies en,.pri<ht oiner Vermindcmng <1., durch den LJchtabfall bc­
WLT~ton Kon"o!lumfan¡o ,,,,. u m den F.k<or 7. Nach d<r A.nwendun¡ dor in Abb. lcrlaul<r!<n Tr.ns­
formatiol, •uf du ~orriaicnc Bild fallen tun¡jch•< dl< kon><n<rischcn Rin¡c auf. Oieoc '""'den hervor&<· 
rufcn dufcb den Um.,and. da6 die Koml.!ur ni<:hl konlinuicrlich. <011detn nur in Sp<ünt<n von Gr>u· 
w.ncinl>ci«n crfol&en kann. D•hcr "' •njedem einz<lncn Ring n<><h die Tend<nl dn Lich~abfaJI• ven 
inncn n•<:t. .utlc:n crkennb..or. wa. doc Rinptrul!ur hcrvoffilfL Auf d .. ~mlc ~;¡d bczo&cn. i« dor Er­
fd< d.,;• lkhlabfolls abcr fw voll>landi¡ <liminion. Spuron von KontrWdiiT<t<n!<n oind dio Fols• ,_ 
l. ungleichm:IBI&<r Filmemwitklung d., F.,bori;inalo (z. B. v:nikalc S<hlieren im Brld r:ch") 

2. Fchl<rn ~ci dcr Di&itali>i"""~ )z. D h<>rizon,.l< Stroifon>rrukturen) und 

l. Ro.rfehlorn ""'.!cm analyriS<:hcn Modell . 

• ...... ~ .......... ... ' • 
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Abb. 4 lll•lo¡tomm doo '"""'1""'" Brl ..... ...,.,~ A•• '"~"'1 d" Tno.formohon '"" Abl> J ouf d" l~m•""' 
~~~~ '"' v.,,,,._n,uPi<hun¡ .¡., Ko"'''""PT"'" 

Dei der Ein•chllllun¡ der dur<h dre noch vorhondenen Kontra>te auoscdrUckPOn Re>!fchkr muO be· 
d><hL ""den. OoiJ Ahh 4 dureh '""'""" Konlr.,!>nreichorung <nr«andcn i" (Ven.,lun! d<r Wcne 
'""'""'hen orw .. 75 und 79 a uf den Beoerch <WÍ!.Chen 1 und 256¡ Dr< Srrcuun! dcr Orauwone •wischcn 75 
un<! 79. wekhe a uf ~D- 0.02 ffihn. i>< dah<r in Ul><r<in>ummun~ mil dem "'"''"'" Fehl<r von 
m, - .:!: 0.02 D. d<r '"' dom an•lyrischcn An'"<Z fol&t<. Du KmTekrurer¡<bnis <nllprich< damit den 
f(Wanungen. die nado det analyriscllcn flmiulun¡ d<r lichtabfoll>funl.tiun l<h<JI wotd<n konn· 
ten. 

Dcr Uetuabfaii·EITokr wird in der Prui• von violen anden:n StOreinfiUuen übcrl•1•n. insb>Onderc 
ouoh durch Helli&k<ll>untcrochi<de. dt< durch Abweichun¡ dcr Aufnahme· und llolouchJun~orichtun· 
''" von der Nodorri,hJuns <nt><<h<n ¡vgl. (2) '""" lleispiele bci D. 5HrN(R 11 JIJ Drese Eiofiu»< mus· 
"'" cbonfall> an•ly<i<oh bcstionml und digir.l korri¡ien werdon. cine im llin bh•·k o uf die L<~>tung'>t<i· 
g<rung >utom,¡i><h<r Klnoif,oicrung aktucllo. biolan¡ unbcwal!i~l< Auf~abo. 

u .... ,., 
1G P; ln"m•to>nol< (ie ... U">oo\ fu< Ph.xO]I<>mm<'"' 
JI) Ar •• -. IC MoJromeuo~ he U•«rwchu"' •on Fort>U .. hk!:h..p»iri..,n Orpiotru<b<ll TU ll'"""'"· 

•• u .. 
(l) 9 '""· ll.·P., llllll>llm'l< Pn><""''' f'l'<'""'~ •Ilion""'"" ln><iiUI< for Pholo¡nmm<ll) Mllt<1lu"ll'" 4" 

Vaod.,,..,,.., ln~uu« olor Un'"''"IIOI G<v. FoiJ< l•, 1011. S 1~-lj. 

' 
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!A,.a. Anol,oi;.,b, Bo>.0immun1 und do¡nol< Kou<l<ur d" l.o<b .. bfolio in Bold<tn oin" llochld,.un¡..,t>J<k"'"' 
.• : j 1 

, PI ~"'•· lf .p . D<o\;n nf o ~>'1< ""'" k!·Typ< ~one<Boo S"nd.,d ond Full F"m< c,¡,b,..,on of o Comm 
l<••. IGP Komm VIl fco•hurl ,_¡,_ f' 

111 So •~""· IU.: Rldl~m<ll" Colib"""" of 1 Mui,·Sr<<l"l A<riol Comm. Photo~ramm"'i< En,in"""l ¡, 
¡IOJJ¡S Y)Y ... l. 

ll)Ju"'"~IF.<~.¡ or/KM.O"'L: Hond,_, <le! V<tm<"•"unJOkuod<. Band Tilo. Phoool""''""'"· l BOnd< Stuup<1 
1912. llll S 

161 MOJI o. 11. K.: p;,lu ...... d« e..-run~><l>a of< b<i L...r'\1>14<"' nul Holf< <in<f """"'"Ob<<U•¡un¡.r"unl· 
to>n. BuLH%01 S U-71. 

(1) Mt " •· 11 K' V<=«hnu,._ Kom""''"""'~" """ Folu..O.ru"ll ""' Lufot.l<!h"'"''"' ""''"' ""'" t:in~ul 
bil~n"l'f""•ifi..:h<< u ...... u.....,¡,1,,.,, BuJ.. 06 ¡rtll¡ s 19J-ro• 

I•JO...ou N. f". u..! R ,.._ . ., ... E.: N"""""""'"' 8cw;h,.lbo">I-Strohlu"l:,...""'l= u..! ·o<chnuo¡<n. Bu• 
d<>monool<toum fu< Biklun1 und w,..n.,¡,ol\. Fot><hUnJ ..... O.:hO W1l- lll. 1972. 

ltj ~'""'o . K. T.: R<llmoon T<tmonoloc> f01 "'"""' S<n ..... Applimion~ IGP Kamrt •. VIl S)m..-om. f!<<· 
bu<¡ t~l~ 

IIOIS< uw'""'"'· K. Grund'>U <1<1 Photol"'"'""""· l Aon. Souu¡ort "~· l'l S 
¡o I)S" vo "'·J.: Z"""''"""'''' '"'''""'" ot•o•~'""'''"" """ Bold><hwlrt••• in Lofobil~<m. O."'"'~' G«>.1111· 

"'"' K.,..,mmion. R<1h< C. Hoft lll. Mun<h<o 197 .. lll S 
1111 S"·•• o>. J ' D<ooily Com"ion> ond Dom<ionol Ron'"'""' nf T "'"" DbJ<"'-' fmm 81a<i· ond Wh"< A.,ial 

11ho< ... Pho'"""'"'"'"i' Jl { 1911¡ S. 91·1 ll. 
jiJIS• UNI.O, ll : p,. l•h"'""" oto Foil"' bo• d<f Loodoo,unJ•int<tp«lalion ! ond<>,ondloch< Luftboldou.-,ot· 

'""1 im motld<UropOio<fl<o R•om Htfl l. 8od G<><l<>bo<J 1%1. 1' S. 
jl<)lu '"~N. 11.: lma .. Goomm}'·f•"""" '"""'t><.""l to Hl Ch"l'· IGP K~mm. l. Onowo 1971. 
lll) A"l ""AN So< a lY<>o Po•>T<XoOA"N<lO>: Monool ool" """"" S<n~OJ· 2 Bbdo. Foli•ChOt<h (V"I'""I < ,;< 

ll .. 5 . 
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' Geometric:al Analyril and Rectification of LANOSA T MSS lmagery: 
Comparison of Diffetcnt Mcthods 

{w;,lt 8 F~ aN 4Toblo,) 

SllMMARY: Quality of .( dlfferem malhem.orlcol modelo (Helmert-t.,noformuiona, 
2".¡-c>d« ¡><>lynorni>.l., rollinearity cquatiom. predlction) 11 diKuued wi1h '"<'"~' to 
toOm<trio~ ~r•U of LANOSAT lma&ery. Tkio !cado to openlio,..] digi~ rectifk•tiWI 
prouduroo, pwvi<ling tw<> J .. .¡, of oocuraey (l.ulk/prcdslon). ' 

RESUMI'.: L'auteur cumin< ct =mpue 4 m~thode• 1n011u!m•tiquco ("'uuformationo do 
Holmert, polynom .. du 2' dcgr~, lquorions collinhiru, pridiction) po>tlr l'•nalyse 
g<!omé<tique deo imag<• LANDSAT. ti on déduit dcuo méthodeo p<adquu pour la 
oo=<tion dígil•l• de• ímog<<, foncrionn.o.nt ¡ deux ni~caux de próc!.ion I•Pproxímuivc/ 
ilevóe ). 

ZUSAMMENFASSUNG' Vor- und Noc~te~e 4 vruchlodtn<r mathomath.cher Modtlle 
¡lldrnert·Tran•formorioncn, Polynome 2. GroJ<o. Kullin<>d<ii,.gloichungon, Pt~dikrion) 
wotdon im Hinblick ouf geomttdocho Analy,. vun LANDSA T -!lildern di•kudert. Dan u• 
fol¡¡on donn prui•g«<ch<e digilale Ennerrunll'""'fahren in •wel Con•uigkeirmufen 
(gr<>b/feln). 

1 General ob]octiv" 

Tlt• launch of LANDSAT had "u"d enormou• world-widc activi<i" In tht dom.o.in cf 
applied eanh sdenc.e" cnly 7 months ofter LANDSAT íma~y wu anUable, !80 pubU. 
c:~tions of "signifu:anr resulto" were p:e1<n!ed '' a NASA Sym!""ium ar New Cormllton 
[22J. In the meaDtíme, applitation of LANDSAT !nugery covcn an lmmtJU< fodd, 
luding <o numerouo director hodi:tct economicolod•.ntogu. 

! In practl .. , LANDSAT Uro u•u.Uy U not applit,d exduslnly: ir U u<ed In additioa 1<> 

uisting mop< ond airborne inu.p-y. Thll ,..;.., oh• problem of geomet<lcal «gútr.,ion 
f<>< data ftom different otigin. Mmeovu a -y lrnp<>rUnl ,.hrod '"k U the <>b«,....atk>o 
<>f ,;,.. ""rylng pheoomeaa l"chonge dete«i<>n''), ..,¡,¡,¡,are mon fr«¡utnt on ear<h. He~ e 
ogo.in I'Cmetrical reai6catioJI of oho inug<ry hu to be ¡novided. 

1~ the pasr, ,...ny LANDSAT ~""' did not cue mucb ab<>utleomcuy. The ''bulk'" hud 
~pies di»eminated by NASA ¡n<«n<ed gcod ge<>m<trial fodelity ond "'"" ouf/lcienl f<>r 
many P"'ctical oppli<arion<. Simult.,ecusly, digital pr<>c"'ln¡ of LANDSAT CCT"', 
b=me more ond more common, •nd rhe •uulu P'""' •h•t thue mothodo will become 
the nandard <>n<•. In rhe cour,. <>f di¡iW !mago prnt~u!ng so<>mt<rlcal recrilicalicn 
prn.nu •he fun nep: 1herefcre mon1 u><ro. who ori¡inslly concenotat< on cls,.;fkation. 
<ry ro deal with <he complu prohlemo of digiool geometrkal r«li6cation proctdweo for 
LANOSA T imagery. 

" 



Co~<rcl poinu ho-. te be s<l«t<d ""'Y •~«fully, ond imag< <ccrdino«o ohculd bo 
moaoured in • comp.,atcr of hi~h P"d>ion (<· g. ZE!SS PSK usod hero). Tho pcinting 
occurocy con be Jo<<rmincd by r<poating '""'"'"m<n" individuollyt 

m¿ io th< meon rcct oqu><< <rr<>r ccmpuad frcrn n individuolly r<¡><"at<d me .. ur<mento 
with the diiT.,.en« d;. Por th< <volu>~<d itn>.g<> wo &•t 

lmso~< (n) o ••• n. (2J<IJ North G"'"''"Y (82) 

Ü¡><"rotor ' ' e ' J 

'!'d(rly)! 2-8/2.7 a.4/9.1 4.9/5.4 7.5/7.5 7.4/5.3 

Tñe valuu ~re in !iJm] O< Jm] ro>p<<tivoly, whon related to the torroin. Obviouoly 
doflnition of d i o < r < t e poinu io poiSible down to ± 111 O pixd appro.imuoly. 

Tho Guality of co<>rdinot< detetminotion is moro signifi<antly «>ted by tr•ntfprming the 
entir< 1ndividuol v«to ... uoing conforma! <quotions (Helmert·tran•formation J: 

' ~ ~40 +a 1 x-4,y 

y' ~h 0 +4,x+o 1 y "' 
whero the ve"o" ~.y •nd ... y' signify r<>ult,obtained from diffe.-ent oprntou A.II,G 
and J. Thr uonoform.,ion• led tn 

Combinuion "' Me "e "' 
M (:./y}± 11.2/18.6 2l.lf:W.5 20.8/20.7 12.3/11.2 

whor<: Al U compuoed from tht ruidU>Is (dkmcn•icno as deo<ribed above).M U Urge< 1han 
m¿ (which U n<<<u.rily oo} and «pr<><nu •o in¡ o g r a 1 ulue fo< tho rt!.ui .. 
individ~al pointing ""'"'· Tho val~< moy obt>in 11/4 piul. 

The typeo of control pcinto wil! •ory d<p<"oding on <he local <cene",..,¡¡" on the mapo 
or ait·born< imag<ty ~,.d for ground cheek.Jn Germany, road inter<ee<icn• can hordly bo 
dot<rmined; moJI poinu aro rolated to w>t<< bodieo m tJg., frcm fornt "'"· M•ny 
>t«mpu w<ro made in ord<r <o figuro out whid• >hope of <On<rol point ,..,, beot suitcd 
for geometrkal control. Tho Bovui.>n l«ne previdos 234 homogon<OU> poinu. w!tich 
""" •ubmittod to n•ti¡tioal "'"· for thio at<empt, 5 d • .,,, of p<>Ínt> wero tonned: 
"•pe<"", ""edge". '"•nglo", "tip" •nd '"cthers". Re>iduah cf ••«y d•" ohowod normol 

" 



• 

• 

di~tribution, pro><d by x' ·luto. Tho volu<> of th.- corr«pond1ng rms erro" did not diffor 
oignific.ntly, ttOied by Fi>l~tr-<li><dburiono, ,..;,¡, ono <>«plion: typ< "onglo" '"" 
oignificondy b<U<r than typ< "rip". The !attor typ< conooquently hao to be ••oided. 
Cl•uification occording to ''w>tot" pointo and "<!lheu" did not le.d to >Ígnlfkont 

difforenco, a faot, whi<h '""' .hady np<CteJ in [5]. 

Con<rol medium can be omaD .. c.ok · aeti:ol imogory, whcre ground coordU.01u >« 
d<rormined by aaio! lf!.nguLuion. lf g<><>d maps att .. oikble, rhey c.on be uoed whhout 
d.iud•onugo if ¡, ocale 1 '50000 ond larg<r.·The Gorman TK 50, topogr>phic ""'P in 
1 : 50 000 seo le, ...._, uken fo: all Cerman >eenoo with good ouccoso. !nt<rprotation of • 
ground conual point for meuurornent, hao ro bo U<Cut<d very thoroughly, and thorefore 
talu up to 112 hour . 

• 
The m•p p<Cjection of the TIC 50 io a "GauA-Kriig<T'', • Tr.n>vor .. l M<Tcotor typ< lih 
lJ'l'M, but with roferen« meridíono evory l" longitude. Here the ordin>.<es y of the 
e~Í1hl>ound >)'otem are otret<hed by the onpplement AY~ y> 1 6R' (in ordor to grt 
<onfmmity, ><< C..,..manQ (ll]). lf t),¡, oupplement n«e<lo • un•in v•lue, the 
LANOSAT ocenr c.>Mnt euUy be .... de rn tn the map. lo Fi¡;.l the valueo for l!IY are 
;..,.iurn u a fun<tion of Y, whet< we b .. e <o distinguioh botween two <>J.<>' if the o«ne 
t'ontaino the reforenco mcridi>n, rhe supplement nu.y be at molf 24m. lf the oeene io 
iituoted bctween two tefuon<o rn<ridian>, ll Y nu.y ochieve ar the cquator • m=imurn of 
67 m (for Gau4-JC.r6r;c:; Y~ 76 km) or 239 m (fo< UTM; Y • 234 km), when rel.ttd to 
tke dioun<e of 1 80 km. F<>< Gennany, ll Y ""'Y be come JJ.rn (GouJ!.-Kiiiger ~ • 48"). 
O.Ji,..te '"'"" «>rTC<IÍon, whieb io nonlin .. r, """ th«cfor< pnetic.Uy be nq¡le<ted ¡[ 
the ground <ontwl eoordi""•~• Or< •vai!.ble in G•o&.Krilg<r. 

A-llertd!ans-8 

' """ 
l. Sctne 
contain• ' referente 

'" ~~eridhn 

Gau .. -KrUger 

IIU. ]!!J kJo 

1 
180 u. 

11. Scene 
between ' reference 

"'' "'"rldiu 

"" OIIX, 666 kro 

• 

' ["'] 
bT(11J 

ó.T['") 
. 

o " " " >00 '" '" "" o o o., ' • " " -

" " .. " " m ... "' ·---

Fi¡. 1 - Supplemento !J. Yof ordin•••• Y for UTM and GauB-Kr!ig<~ p>ojecdom 

" 

• 
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For UfM it m•y frequendy h.pp<n, th.r the suppknoent O. Y 1., 10 be opplied if • good 
fit tO the mop io do.ired. 

• o • 

o o o 

• o • 

Fig. 2 showo the r<<Umm<nded confogur"ion of ground control poinu. 4 poinu in the 
cotnero of the im•g• repr«<nt th< mínimum ñecemry for •pplic.don of (1) toge~hor 
with '"'""'Y <<"ntrol. 9 well-durributod poinu will h< ouffid<nl for •pplic.tion of 
socond-d<gt" polynomiab (><< p>'•gr~ph 3.2 ). In ord« to hold coll down, prin,·op>lly no 
moro poinu >hould be ent<rod for pr•ctic:~l purpo><, "><eur.cy will not signir,<>ntly 
g<OW by using mor< pointo ("< Bahr [5]). 

3 Oifferent methods for g<<>metri<>l anolyois of LANOSA T MSS im•&ery 

A• m<ntioned ,boYe (1). H<lmort·l<>noformotions oro oimUuity projoetiom, províding 

two tr>n>l.tiono (o0, b0 ) • ro~>tion ("n ~ - o1/or ) ond o «ole f.<tor (Al • .,¡o: ~ oj ). 

1)" Helmert·tronoform.ation coooer••• the interno! 8<omotry ofan 
imog<. Th<tefore it ¡, id<>lly oui«d for defrnirlg the goometrie differen<< between IWO 
imoges ~>mply by the root mun oquore enou compu«d from the ruiduols oft<r 
tronofornution. 

2) 2 tr•no!oticno, <Ototion >nd o cale •re ,.,..;t.bte fcr on optrotcr, proje<tifl& o lANOSA T 
><<no by on orclin..-y photographic enb.rser onto o m•¡i. Hi• · • n • 1 o 8 b < s t { i t 

will ccntoin rhe ,.m< tesiduolo lik< oho anslytic•l 
H<lm~rt lea>t·squar<oadjuotm<nt. 

" 



From thio peino.,¡..¡,"" fj<lmert·<ronofnrmotiono ••• uoed hrr< 
{<>< two diffo«nt ""'""'' firotly in ord<r <<> ob .. in •n 
opproprioa mr01ur< fot g<<>metri< occurocy o~d ... condlr 
;n otder to <omputc on •~•« oc ole fouor for d!ptol <<<O· 
f i e • ti o n {< .. porag..ph 4.2). 

l'c>r <he tW<> itn.>g« .U~-eribed above th~ uamfo<tnotiom •" comput<d uoing oll conuol 
pointo ., "''11" 9 "' 4. Moreovet the full ocenu !"«< divided into quadtonn in ... bich the 
control poin< «>nfoguro!Íon -• odected in thc .. ,. monn« •• dn.,ibed by Fi¡¡. 2. The 
Helmert·t<anoformotion hcr< oimply ,.,...,, oo • comprehenoive geommic check of tht 
imogery. Toble 1 oumm1<Í1n the reouln in zmo '""" {!meter)) com¡•u<ed from !he 
tuiduok We reolite thot 

(1) the quontity cf uoed control poinu foz detnrnining th< tron<formotion pon m«<>> io 
not euontiel, for p<><~i<ol ''"""' 4 moy bo ,uffident 

{2) dividing the oe<n< into qu.adtonuleodo t<> a •ignifioont impte>voment of a <euro e y. 

Divioion of imogn into quadronu "'" olreody oucco .. fully tried by Trind~r and "'""''" 
!20]. We find, thot tbe nurnber of 12 ... 20 w<>und control pointo for ••«)" quadr.nt 
ouggeued ther< oe<mo 1\Dt tobo reoli1tic f<>r pr><lical purpm<1 (o.g. for mopping 
devcl<>ping conntriu). The ruulu he-re pt<>"<' th>< 4 control pointo for every quodront, 
<hio meons 9 for ev<ry ocene, moy be ,uffident. The increose of ucuraey ;, obaut 70% 
for "origino!" im•gcry (not tpe<io!ly carrected for afnnity). Mony p<>eticol oppl"«>!Íuno 
in '"P'" to remo« 10nting pro¡:<> m< frequently ""<>en <mol!er portiom than on imoge 
~uodront (oee Baltr j6]). The oma!ler th< p<OC<IO<d 110>, the OOIÍ<r • good ílt <ven with 
geometri<ally bod imoguy (oe< valu., for '"' 6, which co•en only 1/20 of • full•«n<)· 

The b.d geomelric quality af <he ariginol im>g«Y io illuotra<ed by Fi¡¡:. 3 ditploying the 
plan oí ,.,;dual """"· The residual• hom b<>th <>ri¡¡:inol Bovorio ond odginol Natthcrn 
G«mony oh o,., ehon<l«ilticol oyllenu!Íc behavior, <>UO<d by off.,¡t y, Th it oe<mo to be 
the typk•l trend for "bulk'' pr<><«O<d imoge<y. which wo find disp!.yed in o oimil., 
m&nne. in JVo~t !21} ond Bmrlt4rCÚ<>n PJ after "conforma!" tronofcrm>ticn. Tho 
"e<nter <>f !l'"ovity" of the control pointo io ftee fr<>m >yotenuticz, whe«U the et<Dtl gt<>w 

continucusly to,.,..•do th< edgeo. Aport fr<>m the !.rge voluez thit io of ¡>Mticu!.r 
di.,dvonugelf LANDSAT ""'""ore u,.d for m<».>kking. 

lf no do..¡« fot afflne georn«ric <<>rrection ;. ·~•iloble, beot t<>lution io te> po-o«" <V<ryo 
quodun< «¡>Motdy, e. g. to ¡.-ajee< <>nly par u of • oeene <>nto a mop. Thit would yiold 
f<>r "Bo .. rio" tcoiduolo of obout t 150m, whef< the compan<n!l behave in o I<Ot 
oyllemotic woy ot ,¡,. <dg., thon in 1he ocene pro«<;ed in o "'b<>l< (><< Fi¡¡. 3b). Thi< 
po-imitiw rnetltod ohould only be opplied if no CCT'o ,,. n-.n.ble ond •k <>bl>in<d 
geometti<>.l occuucy of ob<>ut t 150 ... 200 m io ouffident for thr opecific tu k. 



Dividing thc fuU o<mc 1 into th< 4 qu•d· 
ronl! 2, 3, 4. 5 ond onc ><porotc "'""t. 
(Airctaf< Prognm T<>t Sito North Seo Co .. t) 

Tab!el- RMS crTmo in ¡metet] '' S'ound computed ftom r<>iduals ofter Hclmcrl· 
tran•formotion 

~~a ..... ¡o.;,,.J¡ Nonh c....., ... y 

. 
O.ic> .. l , ..... Conmed Affin"y 

c ....... , .. e; ...... . ~ 
k• Connol Po'"" .. ' ., ' Connol -· .. ' . , . .. ' ., . 

Pointo Poin11 

' ' ' • ' • ' • ' " " 
' 

' "' "' 11 S O 14!.3 " " 121.8 1!6.3 111.4 !09.4 

' 119.5 ~60.7 ' 340.9 lH.! 77.7 1 25.9 

• ~~J.l 309.7 • 293.2 479.1 1)0.8 IU.7 

' " " 1 13.) 'JIU " " 92.4 112.1 BJ.l 8!.6 

• !30.4 IJJ.9 • 97.6 118.0 7U 90.4 

• "1H.9 178.6 • 9S.l 110.1 88.2 97.2 

' " " 111.9 136.6 " " 193.2 lO! .1 '" '" • !6l.6 !GII.9 • IS9 < 246.1 n.1 S4.6 

• ¡41.! 1)!.2 • 187.6 2!8.1 91.< 74.0 

• .. .. 75.) 98.9 " " 160.1 10).6 !7.0 !0.7 

' 76.8 97.6 ' U7.7' 127 .o "" S8.7 

' 77.1 98.4 • 166.7 99.1 6H !6.9 

' .. .. 1.0.2 171.1 " " 141.6 296 1 94.2 !SJ.1 

' 176 .• 171.6 ' ·~· 
268.1 113.1 lll.7 

' 119.1 1 71.6 • 285 .o liSA 117.6 160.2 

. • " " "' 41.4 64.9 su 
• 49.4 4!.8 70.2 57.1 

• 4!.1 55.0 79.1 59.8 

l.l. '" • !45. 7 148.9 " • 20U 218.6 93.1 106.2 

'·' ... . .. 
"'" ""Y 
quodt. quodt. 

" ' ~,€; ¡ ....... ·.t .. ' 
• whcre <; z "• y [mop¡;- "• Y[imoetj;) -

' 
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Th• affinity, auood by difieren! scal01 in ~ and y dirocticn, can bo dotorminod a{,., 
Holrn<rH<an>formaticn whhout luot "l"""' odjuotmont, u wdl •• in • ainglo it<¡> 
applying 

;< • "• ~ .. , ••• ,y 

y•b0 +b,•~b,y 

wh<f< 

fo<torofaffinity • FA • 
•l + .. ¡ 
bl + bj 

"' 
1') 

Al lino goome>ric corr<edon i• r«ommendod tobo <>«m<d digit>lly' (>« pnagroph 4.2), 
though thtr< a<< •••mpl<> for an.lcg t«.,m<nt (&<< TdnJer and Mue" 120]). Th<rdc" 
th< dfet< fmm afnno corr«tion io Aemonm"od for tho North G<rman >«R<. whcte 
CCT'o a.o ovoilaLio. For th< odginol image, FA w» dotmni,;od oft" Holmort-lfono­
fcrmotion u \.015; Lo. <he X·«>ordina"' had to be ><retched by that foctor in ordet tu 
ch••in conformity. T!oe ruulu f1om Hdm<rt·tr•n•formatiom ,¡,., offtno torroctiun of 

. th< doto ••• wo:itton in tho last two columno of Tobl< l. Fcr tho p<or'euing of tho wholo 
"''"' 1ho -.luu •« improO<d by tho factor of 3; for tho qU>dronu tho improvomonr ¡, 

· le u <p<e<o<u].,, but otill impottont. Fig. 3d diop4ys th< vo«cn; wl>k!> do nct 1how lor¡< 
oy<t<m>tico if ecmpored W>th Fig. J.c, though ,¡,, covorian<o functicno dtmon>lla" local 
corr<l>ticn• down to ~5 lm for l>ot!> diro<<iono. 

The •••ct dot<<minotion·of scalo1 in x ond y contributeo 
th< moll importont ll<p from •"buH"' 10 "'prtciolon" 
p<OC<IIing. Wo ho>< to ako into con•iderotion. whether 
mor< •ophiuicotod, Le. more <>p<n<ive proc<dur<o .,. 
finolly <ff<<ti-.e. 

J.2 Stco>!d·ardtt po/y,.om/aU 

Polynomioh oimil., to 

•' E"" +a1x+a,y+•o•' +,,y'+a,~y 

y' • b 0 +b,x+b1y+b1x' ~o,y' +b,.y "' 
havo been appliod by mctt authon in ordcr to d<!<ribo LANDSAT MSS g«"""'Y 
(&l,¡s,¡,,.¡, (1], llMol,a,d<o" 17]. Fe'"" llOJ, Trio~d•r/Nosca 120), l>'o>~¡ j2l]¡. Tho 
ro.ulu wer< excollont in t<netol, ond on< could ptop•goto thi< •ppm.uh for op<tafionol 
•pplkation, For digital corroction of the imog<<y, how<><r, 
th< proco••ing algori<hm moy bo co"y (oc< P"•troph~.3),opon 
from ,¡,, r .... ,¡,._, m o'. gro un d <o"' f o 1 th>n for oimpler m<thodo n., to be 
pro,·idod. Th<r<fore w< !>ovo to chock wh<thor thc re1ulu ... ;lljm<ify the com. 

Toblo 2 oummo<i"' tbo tuulu oftor application of (5) to tloo twc"..:cnu ··!l .. orio'" ond 
'"North G<rmony". Rm1 ertou, quodtanu ond dim<n<ion• "' compood in tho Nme 

. """"" " fe, Toblc l. Al (5) <ormino affine parom««l (f~:ot thr<< tnmo), affine 
prc-<orr<«ion of tho do u ,.., not nou..,ry. Wo ,.,¡;,.,<ha< 



• 
' (1) the polynomi>h d<O<tibe the geom<try of tho Bavad..n S<ene b<Uer th>n th< North 

German one, wh<re the r<>iduals >r< ltill in the ord« of m•gnitcde of >bout 1 pixel; 

(2) dividing th< o<<ne into qu>dtanu does not improve th< aoeuraey for ''B•v>.ri>", yet 

for "Nc><1:h G<rmany", where the <<>idu>lo .chie•e the "'"'' magnitude •• for 
"B.-arU.". 

For •pphc.otion of (S) ~control poiJm o« pro«ic.olly the mínimum nec,.ury for 
determining ac<u.o« polynomialo. However, 9 control poinU for every qua¿ront meon at 

¡,.,, 2S for a who!. '""'·a number, whkh oeemo not to be,.,¡¡.,¡, for op«>!Íonal 
·~plication. On the other h.nd we h,., te admit, th•t thi• •PPf'"'h yiolds the be« 
reoult< úom oll met~Jo appüe_d to the North German' s<cne (1<e foilaw;,.g p><.Ogupho). 

ñs. 4 oho.,. the reiidu.ol v<<to" for 3 eumpln "'hkh lllumote the mo•e homogeneous 
;,.,e~nal goome<rk conditiono ¡,. the l!o,..rian oeeno. 

Toble 2- RMS erroll in [rne«r).r ground computed {,o m r<siduols aftu appliutio"n of 
polynomi•!. (5) 

llavoi"Í>. Nonh Germany 

Ground "'"' Ground Used 
N-. Control Poi~" m,' ., ' Conhol Poinu '"~ t ., ' 

PoU,u Poin" 

' "' "' " .. " " 65.7 80.5 

• " " ' 77.7 l 04 . .3 

' " " " " " " 58.5 4.3.6 

• " " • "' 45.9 

• " " " 
., 

'" '" 27.8 24.9 

• " " • 33.0 J4.2 

• " " " " " " 42.0 3J.l 

• " " ' 60.4 59.4 

; .. .. ., 
" " " 37 . .3 47.1 

' " .. ' 45.0 57.0 

• " " 4!.2 ~2.0 

• 47.7 42.5 

2.3, "' ' ~s.a 49.8 " ' 53.2 49.9 

'·' '" ,,, 
'""'Y every 
qnod. qu>d. 

• 
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J.J eow"~driry •q~dr;o...,. 

With «>pe<! to oth<t mothcmatkal formuliriono, photo¡romm<trim gon«>lly pr<fer 
co!Unurity ;qu:uiono when do.cribin& rhc rclationo htll•c<n image and objocr coordi­
nar .. (Konuny [1 S]). Thio off en o lor of ad .. n10g .. , e:¡. 

"' ,,, 

"' ,., 

comple~ goom<tric condiriono c.on bo ri¡¡orouoly deriV<d in an evidont, g<n«al form 
and eaoily be oimplifíed if nt«OJory;' 

th< accuro<y of gcom«ricol modclo opplying, colllñeotity cqua<iom moy be cho<led 
th<or~tkally; 

an.ol)·tkol bloc fcrmadon Í< pcuiblo uoing "'" imogcry of non-ccn•cn<ionol 
go<>metry ¡,., Dowideir {9]) ao w<ll•• combinad~n of diffcrent typu; 

collinoarity oquation• moltly pro•ido ncn:<mrolotod ,.¡.,¡,.,., togothe< with the 
po»ibility fut introduc<ion of ope<iflc oddilionol ¡>ora me toro ( <. B· DTM). 

Ao far ao >atellite inl>g<•Y;. conurned, colline;riry oqu.,iono woro U><d by Krorky [12] 
fm th<or<ti<>l couidor.,iono on LANDSAT, whcrooo l!ol" IJJ, [5) •pplied difforc.u 
«>lliMor modt!o for g<<>m<t<ical analyoio of NIMIIUS lm•g«y. Therofo« it oeemo 
conoequcr,t. to "Y her< tho formulao in [3]ond [5) for evoluuion of LANDSATo "'ith 
rcforon« to [3).,... 8" ftom FÍ@. 5: 

• 

Fig. 5- Geomttric rcluiono bctwwt im•g• poinu p' and gccund poinu P fcr ,.,.n;,. 
ocanne< Ímag<ry 
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This opprooch nndo rh~ .,,bi~al paromerero "• 1, O ond r, which ••• provided by NASA 
for ''''Y two doy>. Ao eoncction ~r>m<l<ro u:rv< o he unlnown orienwiono <:>. w, • » 
,...u •• r, whieh are doíined •• polynomialo of aewnd (41, •· r) oncl thi:d (w) dogre<, 
regardiJig time dcpenden<y- The muhemorical mod<l, whieh fuully l.ado <o • l-.>t­
"1"''"' adjullm<nt procedo« io • gon«ol ono ond con eaoUy be •rr•nged for oll <yp<> of 

.. r,llit< "''""'' imogery. 

CoUineoriry equationo afford duo, for which the in«rnol geom<trk prop<r<Í<> .,, 
deHned. This i> nor tho <aH,{ the im.>gory h.oo alrudy he<n geom<t.i<>.!ly ¡>T<proe<»<d in 
an un1pedfied rNOnn«, likt NASA bulk copi<l. Therefor< only the "No>"h Gennon" 

oune -• u><d for opplieo<ion of <ollineority equ.,iono. 

Tabk l ond Fis. 6 ohow th< "'uln. lf all 82 poinu ••< u.ed and 13 unknown> a<< 
introdutcd (•• polynomial coeWcienu in order te de<etmine <:-. w. • and r •• a function 
of the ''time·caordinO<< .. x,). ,.. recdve m~ ~ t 71 m rmo <JTOr ond my ~ 1 81 m rm• 

'"'"· Thi> ;, nearly uocr oh<""'' r<>uh •• from polynomialo for 82 u>ed poin"·' foct, 
which ¡, illu.,med too by compuing rhe con.,ponding vector plou dioplayed in Fig. 4> 
and Fig. 6.·If f, w. • and r ,,. not expreued by polynomial., only 4 unknown! are 
""'""Y· which yieldo poorer reoulu. Like for Holmert·tr>n!form><iono and for poly· 
nomialo, we find a oigniA .. nt improvement of accuracy when proceosing the imoge in 
J<ctions (exomplo eucut<d for ~uadront 2). 

We con nnally Ay, th>1 for proce11ing LANDSATMSS imogery polynomiol> 
and collinoarity e~uotiono leod ro the ••m• •••ulrs. Thi>ioan 
interelling ond imporront foct, from whkh fotlowo. thot for oper.,ionol purpo!< 
polynnmiols ohould be prefemd generotly becou .. of their oimplor structure. Thio, 
how"<r. doeo not rouch the od,·ontog<O of coUineority eq uodono mentionod abov<. 

Toble 3- RMS <<ro" in {m] ot ground computed from ,.,iclualo ofter •pplioation of 
collin<><i!y e~uuion• 

North G<rmony . 

Ground u •• d Uo· 
~ .. Control Poinu 

Poinu 
knowrn .. ' ., ' 

' " ., 
" " " • m .. 

' " " '" ~ 

• " " 



·-
' 1 \' 

Fig. 6- RuidualYe<toll ofw ccllinearity equ>ticn• 

o----< correopondo to 25 km on ground 

;so m •• ••«"' 
Nonh G<rmony 112 control poinu 

1.4 Predkri<m ,..,,¡,,.u 

In geode<y (¡lforirz f181J ao weO u iA phot"'rommebf (l<r...,,/Mi~h4a [U], [14!J 
lean-I<¡U>I<O U.tnpolation ("'predktion") h•• bocome a uS<ful too! for num<rouo 
appliutiono. Thi> suti.,ic.ol m<tkod "'""' >undo alone bm;,. in =mmunication with tho 
uok to ><pua<< a flend funalon Ílom cor<el..,ed reoiduab, which ha.e te be pro.;ded for 
the p«di<tion procedurc. : 

The e>alu11ed methodo, lik< Helm<r<·lfonsfo•mation•, pclynomi>.ls ond colline .. ity 
equationo can b. conoidered to be ouch "mnd functions". Th.,efore. f"<diction io 
opplied te res id u als , p:uticul..rly to t<oiduoh uut<d by polynomi.alo and cnl· 
line:uity equation" empirical covori>nco functions pro•ed. th>t the volu« "ill •howod 
•ignifioan! correluion in y-dir«rion. With refor<nco <o /Jahr [2] we uh 

' 1 1 ' CW,Px)- C(O)~~•' • FV~~K' (8) 

for d<Jcrihing rhe covad.anco function on•lyrically and m• y wrire 

1, K "' 
"'"''"l., uo oho estim..,ed ccue\01od compcn<n<o of the ro•iduab 1• e •nd C con,.in 
<lemenu of <he ocvari.nee functi<>n (8) including <he von..nce l' •nd rhe "f~ter f•o:<o•" F. 

" 



TI. o p<<diction p<oocdu>< impro~«> tho roouh olightly: uoi"'l K' • 0.45, V • 0.0(!5. 
F • 0.8, •nd 9 control poinu, we receivc m

1 
~ 1 70.6 m, which ¡, on improvomont of 

abou! 10m. Tho ruidu>b ;, x- oncl y..dlrec<ion oro now of thc o> m< mognitudc tnd ohow 
th< bcn "'"], foro U appro•chco whi<h toh tho ocono., a whole. N<><tthol<Oo the ,.,)uu 
.,., not fuUy ,.,¡,[,ctorr. b«•u>< of rcl.riv<ly high-lcvcl ""' <ttor ancl rcmoining 
corr<lotion in somo oreoo. For the llov.,.;..n oc<n<, prodiction proeeduru improvcd lh< 
rcoulu from m~ ~ ± 43 m 1 "'y "± 49 m oft<r polynomialo up tO "'• • "'y • 1 42 m 
(40 con"ol pointo, "'!S )J. OtO.r rooulu for LANOSAT MSS loalt·oquueo interpolotion 
in<luding íiltering io repott<d by &hr in !2]: · For anoth<r North Gmnan ocon< 
m, " ~ 71 m 1 "'y "~ 77 m wcr< obroinod (ming 10 control poinu) from '"• • ± 1)8 m 1 
"'y-± 145.m r<5iduoh ohcr Hdrnc<l-tumfunn•tion. In tl1i1 fromc, the unco<~<l•«d 
compononu of the tenduolo worc obout ± 45 m in both >< ond y, which <ott.,pMdo to 

th< '""lt obuincd from che Bavori.on ocone. 

Wo may ><>te, thot lino" loaot-oquar" intorpolation can g<ncrolly be •pplied to 
LANDSAT ini•gery, though not ,)w•y• with 'l"""uhr oucco ... Ao ir ;, • typical 
"po>t-prooe,ing"" m<thocl ancla littl< bit delicatc, ;; odd• eooU t<.> th< main P"' of th< 
proccdure. In most practic.l ""' those costl ocem not be juotiíicd by the obt.inod 
romlt<. 

~ Digital reerifkotion 

4. 1 71« Ham¡Q...,, <11od~lor dig,tol imal" proe~ssi"g p<Jáog~ 

Digital roccifie>rion proccdurcs offord tcchniqu.,, which diffcr cntlrcly from the 
anolytieal •pprcach" di«u!<ed obov<. G<omc"ical an•lyoi1 U • common too! fcr 
photognmmotrim, woll-kncwn from analyti<>.l tr;..ngul..tion for inotanco, but roctifi­
carion U more compur«-<:>rionrcd: •ppropri.oted p•ogumo <•n ••'}" wdl be d••dopcd by 
comput<r .oi<nli«• induding h..,dwor. opccialhu. Howcvcr. r<>ulu from «<tiíi<arion <an 
"'""'rily not e:.<«d tho occu•><y of the anolytical modelo on which the T<ctifi<>tion ;_, 
b ... d. Con><quontly, the qu•lity of thc rcoult io eotobliohed by 
the anolytic,l model. wherc., the eolio <>riginal< moinly 
r.om the reetific.rion procedure. 

At tho lnmtut filr Pho<ognmmetrie und lngcniourv<rm<'-'U"'I'" (!PI), a modula,- dígito! 
imag< procouing p>ck.ge hao beon de,.]opcd by th< inotirut< membero ><<¡U<nti>Uy: 
individual computcr progums \ll<t< written in mo.!ul.r form u pon nccd ond •dd«< to the 
libnrr, wher< rhoy ..,, fr.oly ovoil...ble for the ""'· At <he mom<n< obout 60 modul .. 
exi11. Tho •pplie>tion of thc p>ckoge U vcry oimpl~. be<>.u>< only one P""'k cord U 
n~«...,,y for oUing • module, 2 to 9 p>r>m<tcn con bo punckod and allow rh< 
intmd"ction cf <h< d<Olr<d opcciíiations (,., B.il11 ¡ 6 ]l. 

For th< subj<« discu ... d in thi• p•pc•. 'P'" fmm ,.,dfwrit< cal!., 5 moduloo"ar< cf m• in ;,,.,..,, 
l. ••¡¡¡LJN"' " Hi><ogr•m linuriuticn 

2. "REDUK"" ~ Dcfinition of ;,.•ge portien 

" 



l. "DEHN" • Applic.,ion of ony ocole focton. indcp<ndcnt for both diroctian• 
{offine suotch) 

4. "'EDREH" • Applicotian of .. nh roution cffcct far lANDSAT" J 
5. '"POLY"' • Applic.uion af2M-<>rd« p<>lynomiol. (form~b {5)) and ovorby 

o{, G">ll·KoiJ¡¡<r grid. 

AU cemputotiono wero ooocuted by the COJ-ITROL DATA CYBER 73176 ma<hinc of the 
Comput<r Centor ., H onnovor Univ«>ity; the imog«y ,..., diopbyed ar thc OPTRONICS 
MARK 17 •< the 11'1. 

4.2 Re<t•fic~rio" by bu/k proced""' 

Díotribution of "ctillod dota in two diffo,.nt lcvols of >e<ur>oy {"bulk" •nd "pr«i•ion ") 
... NASA did. <>n genor•lly bo prup>gatod. "' B ~ 1 k" • p p re a eh e 1 herc '" dclln.d 
•• pmudmeowhich prindpolly work without or with littlc ground 
e o n t t o 1 (up to 4 painu) .. The«Íorc only linear tran•fcrm>tiono, liko (2) ond {3) 
whidr load to the ruu\to diopl•ycd in T,blo l wiU be con•id<rcd in tMo ~>gnph. 

Otlgin•l ccr d ••• ¡, di .. ributcd in. form, """''' the pixel dimcruiom {rcfcrred 10 tho 
geound) "' opprax"trru.tely 56 m in acon rlir..:tian oad 79 m in Oight dlr<C<ion. Thio lo 
.. ~...,d b~ the aunning practdUr< in ctd<r to cbuin eqU>.l MTF chauct<rinico U. bcth 
.fuccúcno (oce &1rr (51J. Tito coueoponding hord copie• >r< dh<onod in • m•nner, "'hich 
rr .. k< d««minotion of ground control pcinu puctieolly impo.,iblc. Th«oforo the 
f ir 1 f o te p in the rectification pro<cduro io on •pprc•imote implemcnf>tion of thc 
.fttnc f>«or (• ppr. 79/56 • \.~ l 07) by modulo "'DEHN"". Ao a o o e o n d s • < p . tho 
non·lincu <>rth roution offect ¡,., to be intmduccd •imply by colliog "EDREH". 
Afterw>.rdo th< cerreoponding imogery lo p<ep>rtd fm m<.,urement of ground conucl 
ccordin•tco .. 

Thc Ím•g• coordinoteo tog<fhor with the ground coocdinot<> allow •ppli<>tion of (2) or 
(3). HclmorHronoform.otiano (2) provido ttan>l.tiono, rototion ond ocale foctor, " 
diocuo>ed in p>rogr•ph J. l. f'cr bulk rcctiflution. pro<tkally only th< ocale f,ctor h•o to 

be <Onsidcred. if traml.tiono 1nd rot.rion are •ppliod during map c~<rl>y. R<m>illin¡¡ 
affll1i<~ can be dctemrined from tho rcoiduah •ftcr Holm<r!-tramformation (or directly 
from (3) •nd {4)) ond opp~ed togcthcr with thc oule fac<or by "DEHN" in a 1 h ir d 

" • p. 

Di»dvontage of thio proc<dure io tht doublc <:~11 of'"DEHN",,. thio module¡, tho mcst 
oxpcnoive ano far th< whale buiL rectiflcaüon. Table 4 oumm.>rÍ><> co<U for opplico<iono 
of the "DEHN"' modulo. E•omplc No. 1 refcr> te the genero!""· th11 unprocua«< do u 

•¡ Eorth '""'"'~ eh .. ,., th< ••Jl• 7 b"'""" ut<llm h<odin' •~d m<rid;.., u • fun<~k>n or 
¡t<>(1>.plolul I""J""dt ~ OO"bltol ¡,.¡;,.,;.,. l. •nd •Mmilim< per>Od liT (1« !<-'>• (51!: 

,j,¡,i¡_,¡,>o¡~ 

""7. !lO) 



T .blo 4 - Computing time for diffe~nl >pplic.>tions of 1ho "DEHN" module (offino .,~,<~) (.., CCT "Nmth G<rmony" 

Odgin•l D••• r m"!l•' Sulo Fulcro Afflnity o •••• r,.,. Phd E•e<ution 
ó Timo in z 

Sc>le '" F&<tm "DEHN" Numbtr ene 73176 • Re m.,!. o 

" Compultr ' • '·~ Col"'""' Do.irod Rows Columns Applied Row> Column> !J o• 1 l •« 1 • " -
2340 )264 !:!Mili. 1.596 1.146 1.392 3734 3740 1 3.9 82.8 ' 

Full •<•n<. enbrgtd; 
approxim•« •ffinity 

3734 3740 !:!Mili. 1.000 0.985 1 .o 15 3734 3683 IJ.7 88.3 ' 
Appliootion of sm•ll 
>fflnity f•«or to full~eene 

,~. 3264 1 : 2 Mili. 0.798 0.564 ].415 1867 ' 
Full O«n<. <edu<ed; 

1841 H 26.3 
correa dfinity 

1632 '"' ' : 1 Mili. \.592 1.144 1.392 2597 2391 '·' "·' • - 1/4 o<ene. cnl"'lled 

1632 2091 1 : 0.5 Mili. 3.185 2.288 1.392 5195 4782 24.8 279.1 ' - 1/4 Kcne. enbrged 

':><>le v.lid for 50f1m pixel ti>< u OPTRONICS displ>y 



• 

;. nretchod ..,¿ onlarged up ro •pprcxim.>!dy 1 : 1 Mili. irnog< ~<>l< (1 l't>.<l COH<>pondo 

ro ;o ¡un in rhe OPTRONICS). lf the >pplO<d oflinity woo not fuUy corre<!, • ><eond coll 
of ''DEHN'' doubler the ro1U [ eumpl< 2), thoush enly 0.1 S '- reduoticn in y-di roa ion U 
;,,.oduud. The«foro o pr«l>< o poiod knowledgo qf borh oca loo U welcome, which ¡, 
g<n<ra~y •~aibblo from previouo procedur ... Theorotically, zround coordi.l.,., aH not 
n«<o.ury for rhi.o appt.nch, though highly r<commonded for o followin.g connol of 
o<CU<><). 

The wholt ooe<t>tion runo '"" con.id<rably rheop<i, if only 1 : 2 Mili. imag< ,.,,¡, " 
d"lred (Toble 4, example 3).· Thú however, incorP,rateo the dioadvant'-8< of image 
infotnution rodnc<ion of obout 50%. A< vüu•lly only little det<rioration of quo.lity;. 
oboe,..,< d. one hu to dodde for the •pedfic ra1l whot ro do. From the ~p«>tion•l point 
cf view, thi• w•y cf infcrm••ion r<ducdon rnight be prcp>g>ted, the more oo ., the 
number cf 13.9 · !0° pixel comoponding to; l : l M~L full-frome >e<ne will be too 
b.rgefor many computen. 

Procening of omaller portien> of the im.agery (T>ble 4, e .. mpleo ~ and §) doe< not r.duce 
,¡,, «>mputiog time u upe«ed. Th<refore, dividing the ocene into 4 quad,..nu as 
prcpo«d in parognph 3.1. willlud to reb.tNely """Y geometric.al proce .. ing. Obvioudy, 
colt/fix<l numbet-d<pendency oonnot rigoroully be ddined b.a.u« of ''OEHN" module 
>t~~«ut<. 

Thio howovet io.ponible for "EDREH", a modu!., wMeh fo\lowJ "OEHN" in ord« to 
apply the e:u-th roto don effe<t (1.5 sc:c pcr 106 piool), •• well •• for "HlLIN" (Hi~tognm 
lm<>d,.tion: 3.4 "' pet 106 pixel). Together with input ond output fin•lly 140 se<,,. 
needed fo< exomple !, 75 sec fm eX3mple 3. Tho computing time for the anolyticol 
rrO<edur<l necou><y for do,.rmining the geometrkal panm""' for r«tificotion io 
het,.een 3 and B oec ond <•" therefore practica!ly be neglected with r<>p<ct ro tho 
reluively long .. ecution time needed for goometriool recti.fk,ulon. Thi. io •i>a voUd for 
pr«i>ion proudw~o. 

4.J R«ti/ic4tío" by prodoío" p•oc.d•r•• 

"Precioion'' approaches here are definedaoproceduruwhioh U« more 
th·.n 4 ground control points in order ro compute p>ramct<u for 
non -1 in e • r re e ti f i e a ti o n. Principally the 3 m«hodo diocussed in the p.ora· 
guph• 3.2 to 3.4 ore for diopooition. He« only polynomi•l• will be applied be cause of the 
adv>ntagc:o montioned in J.3. 

For digital reotification, tho "indifcct mcthod" io chooen bec•u•e of the odvant.>geo 
,¡;,cu,.ed in Ko ... rny/Sclo•hr (16) •nd Ko,uny (17). Thio m""'• according <O Fig. 7, 
rhot IUfting from the roctified "pixel"-oyown r (PI X), y (PIX) the gecmetrie>.l pooitiono 
foc the pheU 1, 2, 3 .. , &<e «>'J'J>-U<d within thc diotorted "pixel"-oy<t<m .,· (PIX), y' 
(PI X) <Uing (5). The grey ••lneo for l, 2, J, .. then are interpolated from rhc odjaeonr 
pix<IJ. 



• 

•' (PS~) 

'7' '"'' y' (P!X) 

1'73'~' 

1 
• (P!X) 

>' (PIX) 
y' (~SK} 

fig. 7 - Coord1na<o sy"e"" for prtc1110n ro«ification ~ring tho "indirec1 mc!hod'' 
(principio) 

lcfr: r<cnfied imago; righr: distonod inug< 

For rho opplic>tion of (5) hmg< coordi"""'• which u e originally provided in,/ (PSK).y' 

(PSKJ ltoreocompa<>ror-<yotcm, hove 10 be tton<formod in1o rhe "' (PIX), y' (PI X) 

''piul"·•y•«m, oimply by (2), t>king rhe <dg01 u identical point>. Mor<ov<r, grmmd 
<ontfol coordin>t«, origin•lly provided in X (GAUSS), Y (GAUSSJ GouB-KrUg<t·•Y"<m. 
havo oho ro be rronoformed inro x' (PIXJ, y' (PI X), \O.·J.ich can be done uking ground 
contfol poin" as identioal poinu. 

Module "I'OL Y" e.ecuting rhe r<ctific.rion procedure, ol>t> deoÍf¡ns • CauJ!..KrQg<' grid •• 
o ped .. ov«loy to rb.e ,.,u\r. In ord« 10 ovoid relorively co<ry mo!>ivc digiul roulion. 
rhe grid U rourcd in rc<p«r ro the "pixel"·•ymm ond oor rhe orher woy round. 

tumple No. 3 ¡..,, toble 4) ;, tohn for recrification by prccirion pro«dur<O, beco u .. rhc 
rtduced phol quonriry '""'" to be the most emnomical • .,.,ion fcr operorion>l 
opplic.orion. Computing time for ''POLY"•¡ Í•40 100, i. e_ >bom 1.5 rim01 mg•• rh>n for 
rhc bull "DI:HN" procodur<, which ],., '" proceed. Th«efore on< h., to <hool 
thoroughly, whed>er 50%incre"' of ac<ur•cy (comporc able 1 >nd 2) willjmtify 150% 
i'""'" of com. TI>< d.ci<ion will <i<pend "" <),. >podfic problern evalu>ted. 

Fig. 8 1howo rhe ruulr obtoincd from "POLY". 



F1g- B- LANDSAT tcen< "North Germony" from Aug. 11 <h, 1975 roctif<d. by 
p<llynonúob 

S<>l< 1 : 2 Mili. 

Gríd meoh<~ co,-,,,1,ond to 25 x 25 lm 

S Condu>iono 

Gecme<rioal irr»ge proc. .. ing neur ;, "l'•n pour l'on'': th< rewlu provide imogery rudy 
for mu!ti,.Mor/muh"otime cottd•tion, neeenory for mony importan< •ppli<.tiono. Sin« 
image proceuing oyll<mo beccme moro •nd mor< popular, the ""' pouuo<O 1he <ool for 
bcth <•m•ntic ond g<cmotrkol prooouing. Ao f>r u LANDSA T ;_, ccn<«ned, g<om«ricol 
lr<>lmcn< of 1he doto ÍJ recommonded tobo <X<C.11<d op«at\onolly in 1wc '"P" a 
"bulk" opprooch, oppl)ing ocole foctoro ,,.¡ eorth rotarion, n.edo no cr liule ground 
control >nd yi<ldo on oc«>rocy of aboul ± 1.5.,, 2 pi><l uniu. A ••p.-ocioion" opproodo, 
toking ><cond-otdcr pclynomi•h and 9 ground control poinu, yiddo obou1 ± 1 ¡ID. el or 
bette.. Th< g<ometric quality obuined hao to be di-lamed wi<h "'P'"'' to 11« thoorctic.ol 
thrd:oold, which ;, obout l 0.3 pi:. el uniu (S<< B.ih' r 5 ]). 

Fin•lly, il:oe cosu for dlgil>l geometrical pm<e.,ing will ploy • mool imp-orton< role fcr 
proctica.l >pplico<ion<. Coou for oompu1ing time, how<>er, do not rop«oent o fi"'d fo«or 
but moy di{{« by th< factor of lO <ven for the .. m< compu«r becouoe of >ori>l:ole .. 



mod•l•. rorr<>ponding to tho typ< of u1<r •nd the exccuted t>ok. Thertforo, only rolou" 
co•u ru,,, b«n ropmtod hore hy rhe computing timo .alu<1. Tho predoion pro« .. ing 
module "POL Y" ;, I.S tim<l moro th>n the bulk prooouing module "DEHN", >nd o no 
h•• 10 tal.o into >«Ount, thot olw•yo • "DEHN" procedure h>o to proceod • proci•ion 
10ctific>tion, in ord« to produ« imog«y ,uit.ble for dotermin>tion of ground conuol 
cootdinat.,. 

Sin« <»mputing rom >t< srill goU.g down, thoy moy not """"'~Y "P'"'"' th< moin 
"'"' f><tO< in fututo. One thorefo,. hao to focm the <>p<nl< inttoducod by the g•ound 

_ ronhol, n«u.,ry fot prod1ion prooouing. Only ~ tiny part of the <>~th'o •u,foce ú 
aw«ed by m•p• of 1 : 50,000 ~eolo, which would pto,ido dt<>p >nd oumdcnt 
goom<tdal rdctenco. In -do•<loping munttieo, whcrc the applicotion of LANOSA T d>ta 
;, of p>rticul01 inter<lt, "bull-'' roctifiod im>gcry will oft<n be • ftm usoful too!. Por 
further geom<trical P'"'"'ing nf I.ANDSA T, ground control can be provided for di ocre« 
poin" hy ""Otdongulation, •ntl the imogcry <>n be u"d for lorg< scale mapping Lotor. 
Tñio exomple provoo the noc<~sary >nd frui<ful intcroction bmveen convention•l 
photogummetri< ptoeedur<l ond ad .. noed digital techniq u es. 
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Co..,iooton 111, l'n""'"" hl' .. ~flo)otou, 

J~l~ '"" to ?Jrd. 1~76 

Oo<>mot<ie•l Modolo fD" Sotol!!" SooMor hogtrr 

b¡ H. p. """'"· !lanoo•or, F••· Rop. or cono">' 

!ooll.nt•••• oohÚoh><, Iootitut fur Pltotogr .... uh 

:;., ._,., ""''" (•¡o") .,,_ ~rfoooun¡¡ Ou Goooo<rio ob•otuU"r Sotollihnoufn•""•• bonutU <oilbo­

ui>HOiht<•on¡on un~ lU< cll• Auulnobun¡ou~bol<onntoo In'""" ooo l'olyooooo ootloM doo Plu.,.ogoo 
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i'lno.•u) wt.,¡ ¡noUt, ••• Pol,nooo 2· Ordounc ~10 ~, ... uuo~oo Torh.oltn!ooo olt ouoro!o~onOo. Co­

M•tc••tt booohroibon (! 0,)4 / 0,8) •ufleounroolooonto). Pr..t<•uonofllton>n¡ vorboooo" ••• <r­

i«bnU nur noch unweoont¡J.oh. roo;un<t•oordtnoton oind ••c•n oufolligu l.oiJO l'uoH / Saoaor our od 

1/} tUl•looont ol<hor¡ ~'""" """"' ooob oloo "<>' ¡.,oba<btor OOI>.lr.r<r• tUHollunoloboU101t ••• 

1/4 !ildo)oMot, oo .... allooMlo ""' 1/> ltlOoloHot o!o Orouo r;;, dio 1u.,.oo.ot o<rolcb~oro co-

"""'--0'•01t ......... "'· 

"""'"' 
1ho ~•>' •»...,."" for dooort>i•• tho oooaotry of oata)Hta oooonor ,.._,.<'1 ooolioo oolHo-'"Y 

oqu"""' ond havoo tho oOJuot .. o• poruolo<O TO<hb!O •loor tOo flHM ~tb, '!!>lo ronJU 1o 

natouol ""'''o! '"""' ! 0,8) ohol •bt<h ••~rono "" ooluoo ror •••••••• odJ••'-•"' "'~"" 
•~ <ó "· no """''" condl<\ooo in o Ul!l!l•r- 1 ,..,., ("""lk•, ~J4 pelOto) aro voll doocrtbod 

~1 "molo <nd ordor ool,noOlolo (! 0,54 / O,•J phol). Loool•oquo,.., liltortn1 dooo r,ot loo~" 
tOo rooult ol¡olrioonUy. looouoo of &boolu\o rondom poJ.nUnr ooouroo¡ oo<l rola ti >o polnt dotnol­

not!on ooourao1 o! o;rouod control pointo, O.S p\Ul """"' roprooooto t~o liott of l'OOo!~U 
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Yartouo moano, ¡oo~•;•>oal rootiflcatioo to an 10p0<1-"' otop •tthio "" IO&¡o p<Ooooo>n• ¡oop 

(••• KtJJI;]CifY 17!, KH,I.tt:J !l!l ). Por tho ooluttoo of thooo P"'bloO&, 3 onolYUool oodol• oro 

thoocotfoo)l~ ••'"•• ood pnoUcall7 too\od b7 ~lr<liiiO aod LlUU! photof"PhJ• Colo~latio"" 

"''" """ porro..,,o tn tbo o~Joot ooooo ood ""'""'' '"'''' 1 rov.od control ooorotcatoo ••• ••­
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"'" lo «o.,rol rooulto troo ooonoor iuroey proooool•• oro (1von tn unlto ot rooolution ol••onto 

lo "'"' to boooao "=l""blo. 
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••oolu<>oo lnfroroO HRIR). NJ"IUS - 4 (,.opouto~o Hu•ldity I•trorod UI~) ood U.N001T- 1 

rootosrorh,, ~orfo•••• >Y""- or lnnituu fo< Pho<o 8romootr>, """"""(!PI), Toble! opooUioo 

opoeooraf< o<Oito, oonooro """ rhoto<ropt.y. 
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oooo toe iourp<>Jotioo noooou 1o UI!ISU buh t .. «<ry (ooo Bll<R, SC!rul!lt (1), (2), U:UII.UDSEJ (•)• 

I>ROUCHli, FOIIJl<S~ (6}, SCIHlOXK.U!:ll (9), OOHO (10)1. 

fu ,otorpOJotion, both polynntoh 

•• • • o 
.,. • . ,. +,"¡'Y ' ' ., . • .,. • ... 

,. • ., . . ,. 'J'' • • • ' ., . ' • • • • ... o 
{1~) 

(6), (~). (10) ) 

'• . ' ( - 1 ... 
(20) 

( (2), (J)) 

•••• boo~ o•.¡g .. <o(, To ouppl, olol">tioont ~r=nd trut!" 2)~ ''"""" ooMN>I polnto "'•• •••• uloc<o4 ror • 

on]Uoti"" o U.J!ISJT- 1 Uo;ro (•Booorh", ooo toOlo 1)· Tbo pr~oooo!ng ""'' tonr<lo loon oquoroo 1ohr• 

polo<ioo, wOOro thO tronO ru~ouon lo oJioioatod b1 pol1ftOoioU Cirot. ""''• j opproooOoo ... , boon o.o· 

'" ... 
l) 4 - porooohr- rit (•Moloo« - Troooror .. uoo•), vhl<" oooo oot otfoot 

tho <olotho «•oMtriool nol«hbour,.oo ot loo&• polota. RooiOUolo oonoo­

ponO to tOo •ooourooy• of tbo '"'" laa••· 

1!1) Lo&ot Oquo<oo iotorpalotlon 'o( protliot!Oo pluo tllto<ing ottor ¡ or 11, 

·uoin~ •~pirtool oovariaooo tun"tono """ { 1 1 l 1 , ••oa<iboO 01 oon<lnuoo.o ••• •• • 
Go ... oho f•notiono "•·• • F V o ( F • tilto"i"B footor, ooo (l)) 

Tob!O ~ llota tho rooulto, 

Too roo!•u•U from tho orts•ool bulO lmoo<o oM• loc.ro tronO lnfluonoo on both , ono 1 <li<ocUon (V1C• 6 "'" 7 

lt ia •oot tmport~nt <o ro•lho, thot o!~>io ~nO oNor poly~ooiolo "'>' Oooocibo thio Oo/w.vjoc vory nll, 

Th•y ollmiooto <ho tron<l fYootloo oomplotO!y (ri8· O 1 on<l ro•yoo tho <oU<luoh <lo•n to! 0,54/~.SJ 

P><Ol.!. L.ooot oquoroo !>!torio« ofto<•uu OOoo not lOp<OVo tho rooYlt olfnif!o .. tly, !oo< rooult U obown 

¡,, ···~· ' • 

Jn oonoluo!On wo •••~••< 2nd ortloc polynooiolo wltO ooout 1) """"" oontrol pointo to prooooo 

¡.'"""" · 1 oulk ioOsor> [ox op•<Hioooi P"<POOO•· Ho"""• oinoo •• ouppooo Oioilor ~oomottlo.l 

b•hovior o[ buiO !oosory ln gono¡ol (••• (2), (6) ), oo<rooti'" tormo of 2nd Ocda< polynomtolo ooul<l" 

opplied vltMut ony d>ffiouHy o ,.-lo.! tO oll '"'""'· Th•o •o ¡;o> roold•olo in tho o<do< of "'""""'" 

oorrooponOing to rooulto oht"'"'Ó by • ri<l'to•o orproooh lilto modo! "21j", 
• 
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"""""" of 

., ' • ... ..... ...... 
(piul) 
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(plool) ~or djuat-

Jpproooh 
··~" 

"' "' - (4.52) "' (<,JI) 
4 -pa~uohr '" 
>nd·Ordor po lofM01&l ' 

, '" (1.15) ( 1 . 11 ) 

' " (1.15) • (0,68) 
- " -

, " (1,02) • " (0.60) - " - • .. .. 
(0.89) 

.. 
(0.61) 

- • -

" ¡, . ,,. • ' 
(0.~4) (O,Bl) 

J.ooo< oquoroo flltorl06 .. . 
" (1.15) " (0.66) • 

orto. J•para.otu fh ¡ 

, • o,a 

L<ut ••~ar .. rtl<orloo 
" . 

ottor J·paramotor fit¡ 

r • o, 9 .. .. " (0.56) (0.&7) 

Looo< """'""'" fll<ulo¡-

oUor 2od ardor pol,.,oold .. " .. . (O,J$) (0.~)) (2>4 polo<o) . . . 
.• ,..bloJ • . •••••=•• •Hliod l.otorpolotioo P .. ' u•oon · ' . ... ,, , ... !utlon oloooo< • n•56 .. , . .. 
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Stut<prt 1914 
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(10) WONG, l. W. , 
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Qooootr1ool 4opooto of Noao\o Sonolng 

ISF to .... IV, 

OUawo 197> 

Cortogrophlo Aoou.ooy ot ERTS 

P~otogro""'""'' ~nglnoorln& 1974 

J. w. •Oooootrlo ET&luotloo or ~" '"'""" hoo ERTS. 1 

AOP S•dng Connntlon 1974 

ot. Loulo 

Goomotrlo onO CortogropMo Aoouroo1 oí ERTS • 1 I•o1or1 

Pbotogrom&otrlo ~nginoorloo 1975 
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"=-'"""" <>f ""' Intmnati<nal ~~"""" ,_ Pn>cesoinj, lnteractions "'-th ~""""""" ord 
J-1 <>otd>= ,~n. pp. ,.,_, 

DIGITAL IMAGE PROCESSING EXPERIENCE AT HANNOVER INSTITUTE FOR PHOTOGRAnMETRY (JP!l 
R. p. Bihr 

I""t¡l;ut fUr Pl"tog''""'*'t;de und I~ IIPI), ~ l.hl_,.lty, D-J llam:Mtr, r.II.G. 

M - .....,_..,_, "'1"""" <ZI\!I<JU<~ti<n ~ Jl/ 
76, Q>Ua~i<:o mrl< nm, !o\:dll"" sott>sre """"'-¡ '• ....,u­
obl• ~t IPI-~. n.e l"'f"l' oor<>~~<~tr.- on tho SOft­
-" ~ ond oppllc.>U""" te ¡_,. f=:¡ tal a retrie 
~~ lbl ,.._lblod c....,..., le) -.u.. """ ,.,...,.., (di 
........,.,. ,"'J;hub •• on qo><::m:>trlc ~in<¡ lall tco:l . 

~· ... ¡..,., .. la>¡ trodlti"" in """""""'i<nal 

~ ~""'· l'i~i<>l t._ l'f'X'I'Ulno -· p<l11CipoUy requtrM, :In -ltl<lll tc an~entiCIIlO.l !not<u­
..,t.ourn IJ.U otereoplot~•. dlqiW ""'9ety llnd d1g1t.ol 
~ten. n... Iruot.ltut fllr ~_..le""" lrl90ni<=­
.._ Ufll ~· tro _..,., uu""'"'t.lit """"""" 
01;4Tt«< diq1W ....... ~in<¡, llllU.. .... ~ l'rOf...,.,. 
-....,., :In <he yeu <>l 1071.- firn ~- ""f'ftlble 
- OYI<.ainino¡ dlq1t.ol ,..,..., infcntOtia> _, d.ota froo. 
tho HllnS-l oo.tollHe. At u.ot Uo>e, bW.c ,.,¡-~..,. 
-l<p<rl ~nly for ,..¡I;.Oble .._ dtop!Jry. 

l>lq1t.>l ,..,..., ,...._.irq .... tc be pre<:e<>:lod ~ ~ 
01\o\.l .. lo. ~tly, p<acti<ally <>Cien .... ~ 
....., <0 be ~.., by ..,,..,Uflc """""'l<¡at1Ms for 

h><>:nO<!ool .0001 f"""'Uan. "'"-~ ....., ~ by 
.-le IPI pJblle.otl""' llll<e ~,191l,191óo llo'ltr 1916<1, 
1916 b,..,....,., 1976, r:uwtdelt J976,19JJ,ci..-Id 19n1. 

'fhlo """"" ~ bt lof ly ao ..,.,., ,,_._,,..,,.,. <b-o. 
>n '-~t 4rKl ~le '"- ~"'l tom­
'1.iq\MO &tU.. ¡p¡, -• """"""'""' "'thO flel<l <>l dlgit.ol 
ei.aNifl""""" 1s <lo8czu...;! ..,_..tely l""""""t...,ller, 
19771. 

A~lotl .......... 

l "MPI TIWI<OCS 

¡{"' • 
¡ -· 

s.:n,.;••••• ~ 

---- ' ·- ' ~ 

¡ l""ll""' Cf<"":o'J' ' "("'"'"' 
1'",:;¡ ! 

' "" T 
' ~·- '-" L.: 17ó ¡¡;;:::. 1 .,._..,:~COC· 
~og,tol• &1•· ''"""' 

'"'""""'"""' . 
~lqur• l. Prli>Cipol <l.ot.o !J... for diglW lm3qe p<><E$5,_, 
•• ti.O 191 . 

TI"' lPI h.nó.oorO back~, 11ko it lo ..,JJ>ly OWlied, 
ean "" deocrlixrl vecy oioply ¡..., flg. 11. lt .,.,.,.lst.o of 
• \4<q<O (DC C'iBER 7l/76 ~t.>z ord ot1 (PI'fUIITS·P 17m 
d>ql'-"1 rood/wrlt.e irMoJo plotter. As on '-'l>Jt t<> <he 

•

'I'IUIIcs, lx>th ~-- ¡..,. !~ 4rKl ,.,2s¡ ord """"'"timol 
o>gery (Le. fr"""' =• f>h:>t<>Jrophy, ocmR ord 1W11Ji 

""'' ..-e !>> .. lblo. Olglt<ol ""- P<=eosln¡ ~tl>lly 
u """"-'t<d wlthln tlle =t>Uter. n., data flow _.._ 
.,.,ille prct>l"""' <>wo«< by ,tho vorloty ot dlH•rent do t.> 
fomo_, IJINr1<;.0,'l' !<><mot, I<'S fom>t, CITIO!Ics f<>rn~>t, 

cr;.::: '"""''· n .... prct>J....wo had to bo aolvoo; uroc. 

- ..,~ ,.,.~ b dlop~ -L>zly by Fi. 2 

, !'<'""''"'"' """..,....,~ ord ~·-' jurt - ¡>Jneh 
cazd allow. ti-.. -licaucn of a .mu)e. lblulo "!tD.D" 

1- 42) ~"""""""""""""'tapo mmher '· whlch •• 
wntten :1n >!"S -f<=at, a.d a;rwerto 1t inte =-'"""' 
.._ - 2. P>m;er "' """"" .... pixels """' cnly "'bo 
mentl""'<\ en ili> flrot oan;l. "l1>o ~ cord callo .-.:.Me 
I, '-'1\ich rtzetcl>o< ili> dat.> lnto x--dln;cucn by u-e to= 
1.191 A IU...Z lililt=¡r- 1• -...tfiO<l ~y by callirq 
"""'le .....,.., 5 wltlnlt odlltla\tl.l inf,_.__.a¡, _, """" 
ocr..,llcot«< ~. ill<oo -llcotim of Nlth ZQU<i<Z> 

~- 0]), do- atly. '"" odditi<>na.lpar--

- - -- - -- ·- ·- ·~ '""' - -· "~· '" "" - " • • ·- - • • , ......... ,, 

• • ..... , tOAo) O,>N L 

,_,.,,.,....,. , • • • .,, . ., '""' . . 
-- " • '" •• • • • 

" • • • ""' , .. ., ,,, "· 

. "" • • ""' '"" . . 
"'-\>m>,, - ~ ~ ..,ttwaz., -~· ~· 
'"'" ~ ...... ~il>;l ¡..,.. l'lq.l - 41 

tezo. nno.lly, wtp.>t _..,_,Y u,_, <PnO<lc:s f.xmot. ir. 
"'<le<- CO""""" Vio!Wo ...... hos .... _ to tJ-e <irta. 

O<lqlno.l d.oto ardr=Jlt d>t.olJ-..i by tro ~ ... deo­
crHnl at.ove. '-" .ro.., >n Flq. J otd •· n-.. """"¡"" '-• 
~ awu..-. te • ""=" ocetiO f=- N<Jrt~-oorn een..ny. m 
the fl,.,_! ,-eoult U>e Jode ertuary, on ..... >hl<*l the !PI 
lo """Y t1UCh lnte"""t«< ln, eon bo ¡.,..,..i .. u.l very ol<=ly 
Coat of u-., -le pz=<dut--o io aOOut ~ \5o. 

Slq>le dl9iU.l ........,._,< ~ m>y b<> """"'u.! 
-..it.'tln tilo B •- Gl'l'IU<Irn <=p>~ lt..,lf. _..,,... sq>hl.U 
"'Ud ~=eo""" be OWlJ«l by tilo nnlulor aof........, 
~e In '-"' CU:: ""'Po't<>l)· Thio ~ 1B UJustr•t.!d 
~lotly by Flg. S oni ll"· , sl=.>ifl<j the '''"'- of 
~. mo cf the ""'t Frt01on Isles ooar the J..,_ 
"""-""Y· Tho <><lgln>l ""'-"<icEs not offer"""" inf<rmoti<n 
to tilo Jrumn .,..,. !'aJe""' l1r-.e ~·· &fter ==­
'""' of t»=r"""-C dlotoz-tia~, ~ J....d.i te on OJt¡»t, 
o.hlm reS<mbles • lioe ""'!'• Mthrq>lc t .. u.re. "-"' dmiin>.te 
(see tilo&..., <ITI<l zo:><>lsJ, • flrst step towm~o digiteJ. 
pott..-., ~ticn. 

•1~ """"""'-by 1<o~oo& 119nJ. 
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-21-

GernEtrtcal .._ pr<X>OOOJ.f>¡ ,_._ ... a .....,;;, """* 
~lox fleld. -..use ot h.!qh OCNO<-o, lt lo ilrponant w 
take tnto """"""'' th> ,.,...._ <>f u., ~ic.ol prnaooolro; 
tlnra>Jhly an;l to f!nd ., """quot<l FO'OOO<lv.ro. 

n,.,.., motkdo ~'"" dop>r>i '=Y nuch on t1>o ¡,..q. dota 
it""'-'- "ttlerefono dl!f~t 11»90 t)'POO 0<10 <J>i¡-.¡ te k.a 
<:<np=«J here ~tco.J.ly, o <U~vnt>H"""l ~om.ntrlc 
"==• I~Mge, o lh&oel.blaó ¡h>to, o il<lrldix ,..S lliborno 
5odnn2r otrlp .m • L»DSJJT """"" 1- ~oblo 1 J , '!'hoy all 
=-et "'!Oln thO '""~ eot.u.>ry ......,_ '1'00 •1•~ ~~a roO<>lotla> 
•'""""' en tffi oroord lo ...,, 00 ~ tor U\I>USI\T, 9 • f<>< 
Mls, >,> ~ tor Haooelblod and 1/2 m l<Or" tho ~trie 
Cillr«ro "-· Tho re..,luucn olomont oho lo"'"" ~ 
tl>m iJMge ocole f<><=r, tec.ouao *•ll o! on ol=mt doflrooo 
ti-e theomtJC.l tflr.W.:.Id <>f 90<JI'Ilt.-ICO.l lmll .. p:=oOOifiq 
•=•cy . 

.,., ~!col -=>rOCI' o! tho ~ Wlll bo tsrte:l 
¡,. •im!Wtty trons!OZTnOtiono, ..,...,.¡lo:l Hol<wt·t.raruofor­
""'u"'" ¡..., Flq. 7). 'I!Uo onúytle.ol ~- <1ou not 
aff= tha in<ernol _...,trie otmltla'Uo. It """'Lota U. 
lo'J=tont Cüo>. that thO .,...,- ;uu t.ho """9'e lrlto on ..,. 
lar<¡er - prnj....:U lt lnto o"""' by ro<atl<>'l, tranol.atl(ln 
""" ""'lo> =n.tpuL>ucn. n.o <U1duol """""'" p<wldo .,.,.tul 
,ll,....,.otl<n <>f tilo ~le ccr.!lttma In tho lrno¡o. 
The""""" ~ =<>r, ~te<! !r<>o. U. ,..oldu.llo. defl.­
the -trie4l - oo::uracy. 

AAalo<¡ '-'Y• ao <nlVO!nUmal ~~- Ol»..ld t.. 
><= '-trlco\ly tn an ..,.4>¡ ""Y lt poulble, Fl<;.8 
......, on ...._,. f<>r """""""-"""' -.Jtuu'"' <ll'ld -­
<Ltd<ing of the f*<x<>Jr..,....,le .,..,... ~- 1he -tri<: 
"""""'""Y of tho """""-<> lo ..tnn - 5 • l.tl • dinrtial ord 
± ""' In y di~-~' ~ o¡«>:! "-lt. 

~-~ 
h•l<nl• 
" • 20.C<XJ 
A=0,501 

1(2 5 ---..... 
h•J5CO .. 
~ • JoJ.cm 
""''" 
~-' 

h 2 l<nlm h•9J51oo 
H • 150.C<X> H o 1C<XI.C<XI 
A•2,Sm A•f.IOrn 

h 2 nyu-., "''~he, 
M • <k"ig!n.>l =•le facto< 
A = ""'>olutioo .,.c,..,.._,, a, tM ~ . 

T"' ll>...,lbl.&:! 1JMge lo d JI om oupar wj._¡, ""'!lo ~>Oto­
'11"~ ~lth typical rodi•l diotortie<>o-""'t opplicotlmo 
tn OO.or<>gr11phY oeOO '"""!! ocot. !md<¡ery Whieh oleen c>n 
oot bo &talr>ed by rormol ""'lle flh>«>¡roploy. """"""'· 900-
..,u:icdl <ll•<o<tions o.t fl5/icyo <>'>jO<Otiv .. '""" to ~ 
p<Obl«118. The -trlcol =a<;" of th<: ""'<lf ~1.00 
frm {"Sidu.ab al~ llolncrtr"-""fOl"IMtl'<l lo - J29 ,. In x 
ard - 466 m In y d.ln>:t.l<n. Tho dlotartlcno """ r= bo 
<>Ocrect..od by .>ndl<>j ..,tiPJa, A di<¡IUl ~ lo "'==· 
"""~• blt it l>oo tO t>o •"""" crtucaJ.ly, ....,tilo< tho ,..._ 

lts ..tll j-.Jfy tho con• at all. 

I! tilo "'"'9lJ>o.' c~ou '" d.l9 tt.ol, ll.l<e r,.. tilo ,.ls ~ 
strip ¡..., F!g. 9), -ll.Cat.la> od di9"!Ul '-""90 )lroOU­

•"'< "' -•=-· Ge<n>tric prooouln¡ """ bo <b>o In t1o> 
.,.,.., first «» .O.:.,t:l """"""' tho 1M9Ut l)'&t<nlt.IC 
erl""<%0. 1reM ~ --e diot.Orti<no """'""" »y tilo.,.,_ 
nlnq pr""'!pl.e. onl at:fl.n!ty, - »y'"''""",.,· n­
=ectl.ono con be awJ.i.., very .U.,Iy, -no <_¡rt>m<1 

<>:>ntrol b j ·cy- tho ~ ..,.... .,.,._ In """" 
~a: 1n tll<¡ht dJ.Tecei«~ . .,.,. ...,.i<luai.e'"' ng. 10 
94"" on lo:la. ot tho """'"""Y ol ..,., tilo orlgiJ>o.l 
K's strip on! u.. Htr.lp afte< ,.,.,.,~e ard al,..., ~ 
t\(>) .... <¡et "" ~· '"'?" - 417 • ~- \(>S • roo< 
hW> oqu>re .rr<>1" In x ool f«n- 94010 to- lU 1 In y. 
Tho ia{'J",...;. VdilJM <ilir ...... ¡<] to »=t ll to 15 pi.Yel 11 .... 
"""""· - """" appl.ia>.tl«ls, OSpecto..lly In ~. 
thio ,_.¡, pert.apo ~ be <¡«>;! """'Jh. >bltly me ......,. 
bot""" ~le ..,-!~ • .., tn.t ..,.... q<úotlcot.f<l 
~ """" tO be awli«l In • ~ ...,. 

' ' 

"''"'''' .......... , .. 
... , .. , ... ,,. 
, . ., ........ .. 

- - - 1r'<:ttp;ratfls- <><nt=l l"inta­
~ity flnct..i=. -.., 1t u. tloo cJ..u.Q.,.I -"""" 
o! llnlllyt.lc.ol ~~- - """" ..-:utsd 1>¡ ~ 
!1917) ...... that. ~"".""' ~.<res .owlisd "'~ 
...,_.... dat.og¡.., - 2 to- 4 pl>o~l """""""'f· =fu..t,.,. 
l4t=t rwn~u treo. Fre.ib.tt-g ""'-'· .,.,. lúglo '1"QQOttic -li­
ty""" "'too po..l<! {O<,-~ <>:>ots ...... - J 1$00 
fO< ~ 1 1<XI ~ 2 C<X> pi.vel """""'· M odoqwote ...,.. ..tth 
"'"""'"" o! ,.,..,-., anl llfflne ~iotcr<ICI'l "'>.!l.d Mly ooot 
• 100. . 

- ln"""'-190tsd un= ;.._ u tho """""'~io¡>l4yt<l 
in ri<JUrO 4, """"'""""" ,., eart>¡ rou.Uon by .mulo ,........ 
p. ""-.m OXO>lleot """"'tr1c a=rrocy, Whlel'l h lltnlt 
- 45 m= ...., - error in l;oth dluctia.,, '!tllo lo 
..-rly Mil Pjxel •ize ""'"" aw=o<;hoo tho tho=etiool 
~Id cf - 1/J pixel"'""· :rhia ......,¡,lo ""('lo.ined by 
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7.u" atntnenf as sung 
--------

Filtorun~ und Interpolation nach kleinsten Quadraten werden auf ein ERTS-Bild· 
in Kanal 5 und 7 angewandt, Die Kovarlanzfunktionen errechnen sioh aus den ResL­
klaffungen nnch einer Hdmorttransformation. Trotz der weuigen und llngiinstig 
gelegenen Stillzpunkte orh~lt man gute Resultara. Diese wet:den mit den·Ergcbnissen 
aus einer lnterpolation mit Polynomqn 2. Ordnung verglichen, 

Abstraer 

Lenst-sr¡uarl.'s filtering and interpolation is applied toan ERTS frz11ne in 
channd 5 and 7, Covariance functions are determined froru residu~l erro~s of 
a 4-parameter fit, Though thera is only a small number of refercnce points, 
results come out well, Result~ from least-squarea interpolation are. compared, 
with residual errors from second-order polynomial in~erpolation. 

1) Investir:ated lm.1¡!ety 

An ERTS-1 bulk photo from Septembcr 21st, 1972, shotáng psrts of 

northern Cerman lot.•lands was investigated (scale ~pprox. 1 : 1,000,000), 

Though thcre 1s 40 ~ cloud cover, ir is the ~t.ost cloud-free photo 

available of this region, 

Results hy polynombl interpolation of this frami'. l<ave b~en pe~blished 

(lliillR/SCI\liHR in /1/). Continuinr thcsc works, indepcnd~nt rocnsure,..ents 

have bcen carried out • • 
111 channel 7 (o.S .. , m) at 41 new points, 

"'hich again are <lll rel~ted to water bodies. Additional observations 

vere rnade at 20 point·s in channel 5 (o.6 .... 0,7 m) l··hich nearly all 

are relatcd t.o for~st features, lnterpretatian of ref~ren~.e poi1Hs "as 

a sophisticated tMk, as they ..,, . ., of no S)'"'""'-tric shape; bcside this, 

c:loud covcr in NR and SI< anrl atmom,1· h~Zé prevent recording of 

ntotc and better eitunt"rl points, ltc .• · c"ordinates, me<~surad at the 

Zeiss~PSK-Sterco~omparator ~<He relatcd by a 4-paraméter-fit ("llclwnt-

transformnrion") t~ terr~Ln coon'inc.tc.; e¡:tnlcted fror:t 1 : 50,000 

sea le n•~ps, 



:- 2 -

Pig, 1 shows the resulto! th:s trana!onnation for channel 7, All 

observetions have heen introduced as referente points, The root mean square 

err.:-rs, calcul.Jted from the residual errora; ·are 

"'xs -• '" m (channel 5) 

m,, • • "' m (channel 5) 

.,, -• '" m (channel " .,, -• >36 m (channel " 
The ·;actor diagrams show similar behavior of error distribution in both 

channeh including the independent ~csults from /1/, Finite •·er,ions 

indicate characteriatical trenda. Reasons íor this may Le effacts frorn 

data ~rocessing, frorn etmospheric refraction or from inaccurate orientation 

date, i.e. pararneters, which are iclentical for all channelS at first-orde~ 

approximation. 

2) Deter~ination of Covarience Function 

The resulta in Fig, 1 indicate presencc of both corn•lated(1 81 "systen>atic") 

and uncorrelated (Ir' "observational") error cOI!:pOnents, Suatution of these 

co~~:ponents givc the vec~ors •hown in Fig, 

+ 1 ) : ' . 
By least-squares filterinr, both paru can b~ $1!parated; by Le&!lt-squari!t 

interpolation, both parts can be predíctcd nt any point, if suitable 

ref~rence points are avnilable. 

• 
To prepare filtering and interpolation, a covaríance t"unctio'n· is to be 

determined from residual& after the 4-paratoetl'r adjustt<tent, where all 

1,1 points were introduced as reference point~ (Fir,.l), This is the most 

appropriate way to find out the atocha•tíc conditions of the f.RTS-frame, 

After the covariancc function is dete.-rrined that way, it is uscd for all 
' further calculationa, F.mpirical det.ennination of covariance functions 

interval by inrerval lcads to discontin<Jous functions, They rnust be 

approxi.,ated by a continuous functi~n. 
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In F!b. 2 covariance funetions have been foUnd-independent for x and y 

in cenos of 1,0 cm- and 2,0 cnr-intervals, Size of the ERTS-fra~~~e uas 

18 by 18 ctn. Fig. 2 &hows that the extend of interval s{ze may be of 

importance for the function ><hich has to be determinad, because of che 

s=all quantity of points. Though it is not absolutely necessary, a 

GauB function often is used to describe the covariance conditions: 

HereinC (O) and 
, . 

k have to be determined, C (O), vertex of the curve, 

representa the va r 1 a n e e of the 15-components V5, Theoretically, 

v
1 

ia samllcr than the variance of the total error component V by the 

amount of V.,., varianc_e of the 1.,.-"-""'l'"nents 

' 
In Fic. 2 the amounts of V, which may be calculated from residuala after 

the 4-parometer adjustment, have been marked Qbove the verteKes oí the 

curves, 1'he unit of the residuals is in kilometers. The k2-parameter 

influencea on the "bandwidth" of the curve and indi cates up to which 

distance s correlation between error componeQts.may be found, 

3) Results f rom Leasr-Squares Filterir>J and Interpolation 

The covaril!nce function includes the ••hole information of the error 

distdbution. It allows to estímate tha portien of 1
5

-comprn<nts by 

following cquations (see {J/: 

lsi~c\c- 1 1 

w].,. re 
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The e (P¡ Pk) eleuenta may be calculated from the covariañce function, 

Thi~ function must be continuous. If we use che eovariance values calculated 

for certain intervala, we get identieal linea in the C matrix, i,e, 

aingularity in cao~ that 2 pointa tia within the same interval, 

V i8 known a priori írom tha residual errara in I'ig, 1, Though the values 

for l¡ 11 differ from point to point, the mean equare value V haa been 

introduced into t:, Iu amount ia -about 0,018 for both x end y, Aa the 

determination of the covariance function out of ~1 points, which configuration 

is poor, remains uncertain, inve5tiag&tions with dif~rent parameters hava 

been carried out: 

• FV•C{O) 

We call F the fitfering ~;o•ffic:ient; -Regarding·Fig. 2, 

P,/" O, 7. The1e 

va loes for 1
8

, 

interpreted as 

nuebcn, empirically found, should give 

\le find Fx"-'0.5 and 

the best estimated 

lf \le ute F • 1,0, we get larger 1 values:the \l'hole , l 

1 -component and is filtered a\l'ay, If F ia smaller than • • 

" 
the ealeulat~d val un, \le Hlter leas than "" shoul,<f do, To 'improve the 

error dindbution of tha 4-parameter adjustment, ~e 'aubtract the estimi.ted 

1 8-c~mponents frcm tha residual errors and get estimatcd random compcnents 

l~r• lyr' Re•rcctively, "" have "xr' 

values at the refcrence pointa, 

V· and V , v,, for vari.anen, which inclurie yr _xs 

In Fig, 3 variancea cnlculated th~t way ehow, that the behavicr of errors 

is a function ofF, In particular, we see the effect frcm F • l, whcre 

Vrx • Vry • O and the effect from F "'O, where v8" • V8y .. 0, We find that 

the sccuracy is not very sensitiva down to values ofF .. 0.5 and does hardly 

differ ~n l< and y, lt is for this reason, that all examplas for filtering 

and interpolation publiahed here have been caleulated vith F • o.75, both 

for x and for y. Baside this ve read frorn Fig. 3, that Vr and V
1 

do not sum 

rp to V a1 it should do theoretically. This vill not happ~n, becsuse the 
' 

~ 1 -c:omponent~. have not been detert:tined exactly, sinee the trua varianee-

eovariance·conditiont remain unknovn (see /4/), 

Fig. 4 showo the reoult after filt< : the residual errors from Fi¡¡. 

;.oith F "'o.75, Fig, 5. gives the result from filtering and interpoL1tion 
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by 1~ reference poinu for channel 7, The result shown in Fig. 5 is 

similar to Fig, 4Jfor there is not much change in error diatribution 

if leas than 41 reference points are· introduced, However, this is not 

true for isolated points (see lnwer and upp,~r leü), which are hardly 

touched by the eovariance function. For channel 5, we get the aarne variances 

Vr as in channel 7; chis is because of eecumulation of reference points. 

Error distributinn after filtering is better in channel 7, where a largar 

number of pointl (41 versus 20) and a better configuration eontribuces to 

better atochastic condiciona. 

In the diagrams, orientation is towards grid north, corresponding ro the 

referente meridian of the Jrd Gauss-Krüger-Systern. consequently, the 

ERTS frames appear in ohlique sense, 

To give a rough idea of the improved results, see ~sble 1, Here, residual 

errora from 4-parameter fit and from least-squares interpoladon have been 

listed. !le 'get the M values in meter by.taking the roots of corresponding 

V values and by multiplication with 103 . Though they can not strictly be 

interpretad as root mean square errors, they indicare the magnitude of the 

'' ' reu ua errors. 
Re(erence Interpolated M ' M " y ' points points • H y y< 

(•1 f•J (m]· f•J 
2 3 4 5 4 7 8 ' 

" - '" 50 "' " 0,15 0.05 
. 

" " '" 57 '" 58 0.70 o, lO 

" " "' 79 '" 88 o, 75 O. lO 

" 77 o ,01 

5 36 '" " '" '" 0,70 o, 10 

" - '" " '" 60 o, 7 5 0,02 

' ' " '" 80 "' 88 o, 10 0.02 . 
4 " !52 1 '" '" 96 o. 70 0,02 

' 

Tabla 1 
,-' • 

' 

' 
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Firat, Mx• K, i.e. residualsafter ~-parauter adjustiDI!nt, ahoV the 

. y . 
e~cellent quality of the ERTS image, which has a theoretical resolution 

:-f ahout 79 u. p~r image point, The more reference paints introduced, the 

l,,trer· ia the result, "hich lies about the valui. of theoretical resolUtion. 

An lntepsting detoil is the influcnce of the k2 
parametcr. For k

2 
m 0.01 

tl:!' M valucs go clown a little bit eompared i.ith the value M froto ~z • 0,1 • 

Th~s i& only becaus"- of the 2 iaolllted points at the left sida of thc frame, 

Th<!Sn points are improved if k2 • 0 ,01, vheress they don't get corrections 

k 2 •o,!, 

~) Intenpolat!on by Polynomiala 

Leaat-~quares interpolation is just one method for interpolation. In/!/, 

polynomials have becn sucea~fully applied te evaluare ERTS image~y. 

Compa~ison of the ~esults obtained by chis two methods seem~ useful, 

'" ioterpolation, •• take 8eeond-o~der polynomi_üs: 

•' • •, • ., • • '2 y • ., "' • ., 
,2 • as Y 

2 

y' -o, • ., • • 02 y • ., "' • ., • 2 • b5 y 
2 

with 6 unknowna fo~ eaeh coordinare. The ~esult of the adjuatment for 

chnnn<"l 7 with 10. ~eferente points is listed in Fig. 6, Comperi~on with 

r~sults from the same point eonfiguration after least squares interpolation 

in !i~. 7 show very goocl aceordance, Pifferenees ean be obscrved et the 

2 iSolated points at the left side of the frame, where polynomials 

c>:trapolate, wheress least-squares interpolation does not transfer any 

iHfornmtion, if the covarianee function is deten:~ined properly. 

Table 2 lists the magnitudes of the residual errors after polynomial 

interpolation corresponding to Table 1 ( r stai-1dsfor "residual"): 

Channel Reference Interpolated " " " " points pointa ' " y " rmJ [•] (m] [m] . 

' 10 31 ; 138 " '" 87 
1 

5 9 11 '" " '" " 
Tabl~ 2 
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ln conclusion we find, that both interpolation methods g~ve roughly the 

same resulta, However polynomiala are easier to procesa than least-squares 

interpolations. On the other hand, this method 15 more flexible and can 

be applied to a lot of further problet11.9, 

More sophisticatcd. error a~alysis like KRAUS suggests 10 /4/ can not be 

carried out here because cf small number and poor configuration Of the 

reference points. Anyhov, the results obtained encourage·to contirnleV<>rk 

into this dire.ction. 
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TIO~L LhND MAPPING FROM LANOSAT 

by 

H.-P. B).;HR and B. OENNERT-M~¡.LER 

Unive~sitaL Hannover, Institut für Photogrammetrie und Ingenieur­
vermessungen 

Federal Republic of Gcrmany 

RESUME 

Urie co~reCtion géométrique digitale a !'haute précision est 
executée pour un image LANDSAT (MSS) , montrant les marées frisonnes 
au bord de la mer du nord. L'erreur moyenne sur les écartes rési­

;duels attein.t mx = ± 25,7 m, m·, .. ± 51,3 m. La classification mul­
~is~eCtrale appliqué i 1 classés donne. une précision plus de 89 %~ 

ABSTRACT 

Precise digital geometrical rectification of LANDSAT MSS data 
. leading to m ~.± 25,7 m and m ~ ± 51,3 m rms was executed in ar­
der to prepafe multispectral crassification of the North Fresian 
tidal flats at the German North Sea coast. The maxi.mwn· likelihood 
method Was applied to 7 classes resulting in an accuracy better 
than .89 t. 

1. Remete Sensing at German North Sea Coast 

In general, remate sensing can be applied successfully 

1. to, extended areas 
2. to regions to which access is d!fficult 

and 3. if repetition of data collection is desired. 
ror mapping tidal flats ot".the North Sea coast al! three aspects 

¡are valid simultaneouslyt 

1. The North Fresian tidal flats, which are subject of this re­
"port, cover an arca of about 30 km x 60 km, This is why in 
the past mapping froin the ground by conventional methods· 

··could only be·executed in a piecewise manner, leading to 
heterogeneous results from "different authors and different 
interpretation keys. 

2, By nature, access to the amphibian tidal landscape is diffi­
cult. The change from high tide to low tide twice a dáy 
and water leve! differcnces of 3 m normally ·irnply signifi­
cant limitation to 9round work, apart from the fact, that 
this is possible only from May to September because of wea-
ther conditions. · 

3, Tidal flats are charactcrizcd by extreme temporal change of 
.topography and hyórology, Sediment transPortation can be t':a­
ken as an indicator fOr flood coriditions, on whióh "seuways 

--·- •.· ··- ·--·- -· --·----- ·--·- ··--



. dcpCna. r.!oreovcr, const:truction of darns for coastal prot;ec- . 
tion-causes extensivo change of the ecological balance. Con­
eequcntly, frequent repetition of mapping is essential. Da­
ta have to be homogeneous, conccrning season,tide and at­
mospheric conditions. 

ConDideringall these aspects remete sensing seems to be very 
well appropriate for rnapping tidal flats of the North Sea coast, 
tln important and actual task. · 

l.'ith L.liNDSAT MSS data a well suitc:d, .relatively low-cost too! 
i~ .t¡.V.!I.~.laL:;_e: the North FresJ.an terrain is recorded during not 
:norc tllan !l. 7 ·seconds. The 79 m x 79 m resolution clcment on the 
gro1md, too large for many land-use-applications, corresponda well 
to the spaciflc situation for tidal flats, where poorer re~olution 
than for agricultura! areas mby be sufficient. A disadvantagc of 
LANDSAT is the fixed flight plan: for 1975 Until 1977 only three 

·. scenen are availa~le showing the complete· North Fresian tidal land 
¡ both at low tide and cloud-free. 

, Happing methods which entirely use conventional photointerpre­
.tation do not represent the intcrnational leve! of.scientific de­
:velopment any more. On the contrary, computer-assisted multispec­
.tral classification procedures supply"results statistically eon­
'Lrolled, which incorporate lesa individual interpretation and 
which 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. 

Sincc 1971 the Institute for Photogra'lll"Tletry at Hannover Univer­
eity concCntrates on remete scnsing activities on coastal environ­
ment. Supported by the German Government and the German Research 
Agency, a test site was established at the North Sea coast (Jade 
arca near Wilhelrnshaven), where different sensors were applied for 
monitoring sediment transport, water temperatura, tidal land 
classification, water pollution etc. (see publications BKHR,~ 
MOLLER, KOLOUCH et al., KONECNY), . 

' 

2. Rigorous Digital Geometr!cal Rectification of Satcllite MSS 
Data 

Gcometrical rectification of imagery is essential in order to ob­
tain data, which can be referred to ground inforrnation· overlaying 
thc rcctified Lmage on existing topographic maps. This is a suppo-

l
cition for tidal land classification, especially when change detec:­
tion and multistage processing is desired. 

' , Basis of the rectification_procedure is a mathematical model, 

l
•which expresses the ground coordinates x,y,z as a function of image 
coordinates x',y': - · . 

. . 
x,y,z .. f{x' ,y.'} (1) 

The most gC:neral analytical formuletion expressing geocentric coor­
dinates as·a function of Satellite scanner imagery coordinates may jbo written in terms of coll~ncarity equations: 

' 
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(2) 

Fig. 1: Geometrical Con­
ditions for Satellite 

Scanner Imagery 

(General Case) 

According toTig,1, º 0 represents the rotation matrix contai­
ning the orbital paraMé!érs Q {right ascension of ascending mode), 
i (inclination) and u (path length from ascending model, The para­
meters can be computed out of orbital elements available for every 

,satellite. R~.w,x introdu~es the orientation angles of the sensor, 
. not known a priori. ªe rota tes the system by the scanning angle 9 • 
:All elements are time-dependant. a is proportional to the image 
:ordinate y', whereas the image abscissa x' is porportional to the 
Jtime and consequently affects a 1 1 elements on the right side 
of (2). 

¡ 'l'his general model 

1 stance (BAHR 1976), is 

lsatellites too .. It can 
loosing accuracy (~R 
may write 

1 
X 

y = b'+ 
o b x' 

1 

applied to NIMBUS scanner imagery for in­
valid for the fortheoming earth observation 
be simplified for LANOSAT.MSS data wibhout 
1978). Because of small G (max. ± 5.5 ) we 

• y' 2 

+ b y' 2 

(3) 

• 
lfor precision processing.of LANDSAT MSS imagcry. The parameters a, 
b of thc second-order-polynomial have to be determiried applying 

l
least-squares adjustment procedures, -introQucing ground control co­
ordinates (at least 9 well distributeq points per scene). Image co­
ordinates-should be meas~red in a comparat~r ground control.coordi-



in a topqgraphic rr.ap of ;;¡t least 1:50 000 scale. 
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H&nncvar Insutuu !cr Phctcqr<UI'IIIIetry (sc:hematieally) 

1 Oriqlnal cc-r 1 Pncision uetUle•Ucn 

l l11lk prccuslnq by 
digital <:CII'Ipllter· 

l 111lk procu .. d. cc-r 

t Dt.splay at QI'TRONICS 

5 Julk process•d tnage 
' I104g-e• e<>crcHnat~ ...,.,. 
sure~nt &t; Z&ISS-PSK 
CCCII{>atatcr 

7 ~··~~re~ant ot qround 
eontrcl coordinat~s '• 
topcg-r.ophl•_ ,.,., 
1150 000 

t>y dl<Jlt:Al eomput•r 
t Pn<:hton prccuud CCT 
10 Dbplay at OPTlONICS 

11 Prec1Uon ra<:titied tmaq~, 
a.rbltrary seda tactcr . 

11 Enlarqement by ZEISS-S&G V 
reetiUar · 

13 Result, e.>'act; scaU tacto>; 
• 

~le hnve to discriminate the "geometrical analysis" a~:~ descrj_bed 
. ..hove and the "geometrica1 rectification", The latter is execut".~d 
digitally, as schcmatically shown in Fig. 2. Digital image pro­
;cessing at the Institute for Photogrammetry is executed on a CDC 
\CYBER 73/76 computer using the modular Cligital.imagc processing 
:package "MOBI~ dcveloped there {see BXHR 1977). As measurement of 
:ground control coordinates is impossible when taking the original 
'¡data, the imagery has to be prepared applying an affinity factor 
{approx. 79/56 .. 1, 41), the earth I-otation effect . 

tanr.. V, sin
2

i - sin
2

"f' (4 1 . aee BJi.HR 1976) 
11100/llT- cos l. UT ., rev0lution pericd úninute.s) 

iand contrast enhancement by histogram linearization (see Fig.2, num­
lber 2) al1 stcps are processed by "~IOBI". The imagerY "is displayed 
'¡using an OPTRONICS MARK 17 digital writing·device. Precision rect~­
fication t.:zkes place in a second step (number 8) .. The exact scale 
factor is introduced by ana1og means, using a precision rectifier. 
t(number 12). . ......•.. .-•----------- -----~-------·--·--- · .. 4• , •..• , 
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For mapping the North Fresian tidal lunds, a LANOSAT scenn 
from August 11th, 1975 has b~en selected. Only 16 \ of the whole 
frame was necessary for covering the desired area. The geometric 
accuracy of the image after application·of affinity factor and 
carth rotation effect is shown by the vector plot Fig. Ja. The 
error vcctors havc been determined taking the conforma! transforma­
tion 

X -'o + a X o a y' 
1 2 (5) 

y - b ·+_-·_·a
2
x' + a y' 

' 
o .. 1 

and comparing the resulting x,y with the 30 control point coordi­
, nates. The differenccs corrcspond to the best fit possible by an 
- ordinary enlat"ger. From the error vectors € the mean sguare root 

X y • • 
; error mx,y is obtained bY. ' 
' n 

[ (Ei Eilx,y 
i=1 m - n .. 30 (6) 

x,y n-1 

- -J mx2 + 
2 (7) •• m y 

which yields 

m - + 89.7 m 
X 

m, -+ 119.4 m 
"y • + 78.8 m 

x points north, y east. This good result depends on the small sec­
tion process~d. 

Application of second-order polynomials {equation 3) improves 
the result again. 'pig. 3b shows that the error vectors are not any 

:more effected by correlation. The root mean square error now is 

mx 

• y 

.,+25.7m 

c+51.3m 

.. 
m, • + 57.4 m 

The final result is displayed in Fig.4. MOBI allows overlay of 
an exact grid, which in this case corresponda to UTM coordinates. 
For the purpose of classification,data without gridwere preferted. 

The geometric accuracy obtain~d is t'ñ. the arder of magnitude 

l
of ± 50 m. Theoretically, the threshold of ± 1/3 resolution elémcnt 
("' ± 25 m) cannot be surpassed. As our experlcnC!:! shows, ± 50 m 
accuracy can generally be cxpected for LANDSAT MSS processing, This 
is an excellent value compared to results for airborne scanner rec-· 
tification, Which are in the order of magnitude of ± 3 resolution 
elcments. · ¡ 

' The follbwing cl.!lssif.ication ·procedure takes 79 m x 79 m units. 
Consequcntly, the obtained result for geometric rcctification is in 
goo<:~ .. c~rrespondence~--- __ -·--·--·. 
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Fig. 3 : Residua:ts at Control Polnts after Geo:oetrical Rectlfication 

Left: Bulk Processing Rightz Precision Processing 

>----.correspcnds to 10 km on the Ground, to 100 m as a vector 
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nigital Multispcctral ·classif.ication Procedur.' 

The most common supervisad classification technique is thc "Ma­
ximum Likelihood Method". During the last years it has been applicd 
to various areas of earth obscrvation, 

'The classification concept cQrresponds to the following statisti­
. cal model~ to each pixel belongs a pattern vector~ whose n compo­

nents are the grey levels of the pixel in the n different·spectral 
banda, ThC assumption is made 'that the pattern vectorn o( each of 

'the m classes taken by itself are events of random variables with 
· multivariate density functions. Supposing the Maximum Likelihood 
¡ rnethoc\, these.·density functions are assumed to be Gaussian func-
¡ tions. The parameters describing a Gaussian function, t~e mean vec­
, tor m· and the covariancc matrix C are estimated by the pattern 
vectO~s in the training fields. Th~ discriminant functions of this 
method 

1 -, ,, (8) 

-1 • c1 · (:!::, - !!!1 ll, i .. 1, ••. ,_ m 

! specify the prebability P1 (~) that the pattern vector x belongs 
: to the class w1 • 

Each pixel is assigned to the 
that the adjoint pattcrn vector x 
pj {~) fer any other class wj: -

~ E wi <=> pi(~) ) pj (~) 

class w
1 

if the probability Pi(~) 
belongs te w

1 
is greater than 

'rj j "'1~ j "'l,· ••• ,.m (9) 

Setting (8) equal to a constant, ene obtains hyperellipsoids as 
: "lines" oí' equal probability. A rejection class can be introduced 
·by defining,a "maximum hyperellipseid" fer each class: all pattern 
'vcctors which are eutside ef the union of all maximum hypercllip-
¡ soids are rejected as "not .belonging to any of the classes", The 
· size of the m"aximwn éllipsoids is determined by a threshold value 
which has to be appropr"iately chosen. 

· 'l'he functions (8} show the importance of the paramcters "mean 
vector" and "covariance matrix". As they are esti~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 ef one class the estima­
tion results in talsified parameters and consequently in incorrect 
discriminant functions. -Tidal lands are natural landscapes; thus 
the limits ef differfmt structures cannot be defined-· clcarly. This 
circumstance makes selection of ap~ropriate training fields diffi­
cult. Often there are only a "few homogeneous, sufficiently large . 
arcas fer "calibrating" the clássificatien system. That is· why su­
pcrvised classification ef tidul lands needs assistance·by an cx­
pert baing familiar With thc terrain. 

Thc computing time of thc adjoint algorithm .incrcases _quadra­
tically with the numbern ef channels used. As the channcls 4 and 5 
as wcll as 6 and 7 are highly correlatcd it is convenient to cxe­
cute classification ·using only two of the tour LANDSAT-spectral 
bands. One approach is the linoar t"ransformation cquivalent te a' 
rotatien of the original pattern space to the principie componcnta 
as a new set of coordinate _ vecters. Select.ing those featurcs which 

r · ? 1 ... ·- .. 
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Result from Preclsion Rectlfication 
sea le J: 567 000 
Grid width corresponds to 10 km 
(UTM System) 
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Fig. S: Training and Co~trol 
Sand (1), Dried Sand 
Fore Shore (4), Land 

Are as 
{2), Mud Flat (3) 
(5), Water {6) 
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i are the eigenvectors corresponding. to the largcst eigenvalues of 
the covariance matrix results in a "dimensionality reduction with 
minimal lóss of information. 

4, E'xecuf:ion of Classification and Results 

In the LANDSAT-scene of 11/6/75 the following classes are to be 
discriminated: 

1 • ·sand· 
2. Dried Sand 

.. .J • : Mud Flat 

•• Foreshore 
5. L=d 

'· Water 
7 . Remaihing arcas 

The analysis of principle components of the geometrically rectified 
LANDSAT-scene shows that the main directions of information con­
tained in the oicturc are near the channels 5 and 6. The same 
statement is·valid for the training fields in tidal land (classes 
number 1-4). Execution of the transformation to the principle com­
oonents is not convenient in this case. Each of the three kinds of 
Surfaces in the gicture Htfdal land", ,;land" and "water" has its 
own principal components. The principal components of the whole 
picture are linear combinations of them. As discriminating tidal 
land surfaces is 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. 

sorne aVailable training fields. for the first six classes men­
tioned above were selected co-operating with an expert for this 
region. Fig.5 shows their location in the picture. The numbers ·1-6 
indicate the location of the training fields ·selected for classifi­
cation, the numbers 1-6 are within test areas which were used in 
arder to control the classification result. Final selection of the 
training fields was done with respect to statistical aspects. The 
nurnber of pixels should be as large as possible and the frequency 
distribution of the grey level values should be unirnodal with a 
srnall variance. These criteria lead to an optimum est~mation of 
the statistical parametcrs by the traininq fields and the adaption 

· to the mathematical model. For the class "mud flat" two training 
areas were selected because the mean vector~ of these two areas 

! differed from each other. For the déscription of each of the other 
i classes one training field seemed to be sufficient. 

Fig. 6 shows the location of the lines of equal probability 
¡which result frorn the discriminant functioris, set equal toa con-
1 ntant. The two ellipses of the class "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 srnallcr mean vecr 
would have been chosen, the percentage of mud flat in the classi· 
fied picture would. be smaller, wherens that of s·and would increasc, 
On the other hand omitting the training field with the smaller mean 
vector would probably enlarge the number of unclassified pixels. 

--··-----·- -·-----,------.,....--
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Classifica t:ioÍl 

Sand, 
Dried Sand, 
Mud Flat 
Foreshore 
tand 
Water 
(see f'ig. Sl 
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; Thc ,classificd picture pre¡:;ents thc following- distribution of 
' the arcas of the seven classes: 

Class 

Sand 
DrieQ. Sand 
Mud ?lat 

· Land and. Foreshore. 
Water 

. Remaining areas 

'" : ·. 51 
1353 
4774 
1697 
1765 

The clnss "reiñaining arcas" ccntains the rejected pixels. 

The classification results are shown in fig. 7-9. 
Principally~ classification resulta 'ought to be displayed by thema­
tic maps. This is possible for all classes simultaneously on a 
unique map, as well as en severa! maps separately for different 
claascs. Advantage of separa te display is a quick and clear ovel·­
view of spatial distribution, going together with the disadvantage 
of lost relative·orientation between the different classes. Prac­
tica! experience shows that both types of display are needed: A 
e o l r, u r "' d map will irnprove the possibility for discrimina­
tion of the different classes for simUltaneous presentation. Fur­
ther interpretation as well as detailed analysis in arder to draw 
practica! ccnsequences is task of the users. 

Tha quality of thc ctassification result was measured using 
thc training fields and additiona1 test areas {see 1-6 and T-6 in 

• 
fig. 5). The accuracy of classification within an area can be de­
fined ~s the percentage of correctly rccognized pixels in the to­
tal number of pixels. The following two tablea contain these accu­
racy values in the main diagonal , The other values in the table 
specify the percentáge of pixels belonging to the class in the 
left, Out ~~signed to the class in the top of the table. For 
example, "90.3" in the first line means that ,!10.3 'of pixels in -. . 
the training _field "Sand" are correctly classified. 9.5 % of 
pixels are incorrectly .assigned to "mud flat", 0.22 % to "Fore­
shore~. 

assigned . 

"' """" """' M.d Flat Fore- """' waeer unclassified 
trainlng Sand 

. 
"=" 

ficld 

Sand 90.3 - 9,5 0.22 - - -
""'"' 

. 
100.0 -Sand - - - - -

Mud Flat 2,5 - 97.3 0.2 - - -
=~ 8., 89.6 2.3 ,:.,"lhore - - - -

""'" _'•-ma - - - 10.6 89.4 - 0,04 

f~ter - ·- - - - 100.0 -
• 
• 
' ... --J 
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' =igned 
. 

. . to 

"""' Drud "" Flat Foro- """' Water uncl.assified 
=trol """' ""re 
~· 

"""' 
. 

93.8 2. 7 J, 1 - - 0.4 - . 
o«oo . 

- 100.0 - - - - -Sond . . 
Mlld Flat 

. - - 99.4 0.6 - - -.. 
' . 

Foro- - - ... 92.9 1.2 - 1.0 .OOru 
. 

. 
Lmd - . - - 13.9 85.9 - 0.2 • 
Water - - - - - 100.0 -
Tabla 2: Accuracy of Classification Mesurad by Control Areas 
The sums of the lines are 100 % each. 

" 

• 

Summarizing the columns in the tablas ene can see that the clii.ss 
•Mud FlatH contains too many pixels, whereas the percentage of 
•sand" is too small. The sums of the colum.ns "Foreshore" and' 
•Land~ in the control-area-table show the saffie cffect, 

-

Pcfining a weighted accuracy by the ratio of the number of ccirrect­
ly classified pixels to the number of all pixels in the training 
fields or control arca yields the accuracy values 0.94 in the 
training fields and 0.96 in the control arcas. ; 

This good result obtained by digital multispectral classifi. 
tion proccdures would practically.not be surpassed by mapping 
tcchniques from the ground. 

., 

1 
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Digital Rectification of a Facade 

H.-P. B~hr, Technische Universit~t Haonover 

Presented at the lnternational Society of Photogral!llletry 
Symposium Corrrnission IJI, ~oscow 1978 

. Abstract 
A cylindrical-shaped facade of a castle was to display 
unrolled onto a tangenthl plane, After simplification 
of a general approach, the analytical relations were 
used for digital conversion of the original im¡¡ge. 

Zusammenfassung 
Ole zyl i nderfi:imli ge Fassade eines Sch 1 os ses so llte a uf 
eine Tangentialebene abgerollt dargestellt werden. ~us­
gehend von einer allgemeinen li:isung werden dazu verein­
fachte analytische Beziehungen hergeleitet und zur di­
gitalen Umbildung der Originalaufnahme verwendet. 

l«!sum!! 

l'auteur pr!!sente le d~vellopement sur un plan tangential 
d'une facade historique de forme cylindre. ~-partir d'une 
solution'trés gen~rale, sont d!!duites des eouations simpli­
fi!!es pour la transfonmation digitale du cliche original. 



A three - dimensional object can rigorously be described geometrically 
by a single frame, if additional geometrical parameters are introduced 
(see GRON /5/). For the specific object .discussed here this means, that 
we h<we to provide the geometrical parameters of the facade. !f we gene-
rally admita second- arder surface for the castle walls, we mi.ly write (13/): 

2 2 . 2 . 
~ • a11 X + ~22 Y + a33 Z .... 2~12 XY + 2a

23 
YZ + 2a

31 
zx + ... 

This surface is defined within a local coordina te system X, Y, z, and 
the paramHers a¡¡ ... a4 have to be determinded "somehow", e. g. by 
conventional sur ying a~~ adjustment procedures. 

z 

P(X,v',Z) 

Fll:cade 

y ,. 

1 1 1 

o 
Xo Zo 

!--'----! 
,. 

· Fig.l: Intersection of surface;f 
{in local coordinate system X,Y,Z) 
and straight 1 ine r¡ (in camera 
system x',y',z') 
General approach 

v, 
L---~-------------------x 

Fig. 1 illust'rates the geometrical conditions when taking the imagery. 
This disposition leads to the well-known collinearity equations 



Digital Rectificaticn cf a Facade 

H.-P. B~hr, Technische Universit~t Hannover 

Presented at the International Society of Photogrammetry 

Sympos1um CO!m1iss1on IJI, Moscow 1978 

l. 3~ckground 

New ir.:age processing techniques in photogra;rrnetry are not restricted to 
single fields. Like "analytical"' procedures have been successfully used 
for aerotriangulation as well as for tenestrial photogranmetry (ELLE:l­
BECK ¡ :.IROBEL ¡ql) and non-conventionar imagery (KONECNY /6/J, pure 
digital methods will get increasing importante for all areas of photo­
gral!l'l'.etry in the near future. 

In photograi!JIIetry, digital image processing has been propagated originally 
for remete sensing applications, when scanner data was available in digital 
form (CCT's). In the mean time photograrrrnetrists became aware of the 
enomous possibilities offered by digital components for both acquisition 
and proce~sing of imagery (see HAN!IOVER SY!~POSIUM l'J/). Digital image 
processing therefore is an actúa] and challeno;~ing task, al so with respect 
to conventional imagery and conventional appl1cations. 

,..o~~ny user:o desire rectified imagery instead of line maps for final results 
because tl¡e photographs provide full semantic infonnation i~ ~on-inter­
preted fonn, frequently relatively cheap. A corm1on field for this type 
of data is the architecture, where rectificatiCm methods are operationally 
used for facades (WROBEL /9/). SEEGER /B/ shows, that even conventional 
orthophoto techniques can principally be applied to ~architectural" oh­
jects. KRAlJS /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 approacn applied here, 
differs entirely from KRAlJS's hardware-o!'iented procedure and is based 
on the general digit&l image processing concept. 

Object of the investigation reported here is the Oelber castle near 
Hildesheim (Fed. Rep. of Germany), which dates back to the 15th century. 
The building is characterized by a circular groundplan. Consequently, 
imagery obtained from the facades show large distortions, i. e. non­
linear variation of sea le within the whole frame (see Ffg.4 ). Quanti­
tative measurements within this type of imagery is impossible. Therefore· 
it was desired to "unroll" the facade onto a tangential N!ference p.Jane. 

2. Analytical Relations 

For digital rectification, an analytical formulation of the object to be 
rectífied is necessary. This means, an explicite mathematical function 
of the corresponding surface has to be detennined in advance +). We call 
this task "geometrical analysis", which we ha ve to separa te strictly from 
the rcctification procedure which follows (see BJ(HR /1/). 

t) A rclatcd problem is the use of a digital terrafn model supposed for 
digital rcctification of single airborM scanner strips 

' 
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Intersection of surface '! (1) and straight line ?J'; (2) would finally yield 

This 1s a very complicated expression, which would lead to costy digital 
r.ectification procedures. Therfore sorne restrictions are defined here in 
or'der to simplify the general formulas (1) and (2): 

1. The facade is supposed to be vertical (a 33 " a23 = a31 = a34 " O) 

2. The groundplan of the facade is supposed to be circular (a 12 = O; 
a u= a22) 

From (1) we therefore get 

. ' ' ~~ a
11 

X t a
11 

Y + za
14 

X·+ za24 Y+ a44 "O (4) 

or may wri te 

1 X -

where Xl:l, Y~1 and R are the parameters for 
of the ncaae (see Fig. 2). 

1 5) 

a circle, which is the trace 

Further simplifications may be introduca:l for the collinearity equations (2): 

J. ~ = ~ = 1, because ~ = w =O is obtained by level vials, and 
't' = O by takinq the direction defined by the image center as the 
local Y. 

4. ·X " Y " Z , when shifting the local coordinate system X, Y, Z 
t8 O. 0 In Bractise it makes no difficulty to'detennine the ground 
coordinates directly in the X, Y, Z ~ system, containing O as origin 

.andC on the Y~axis, 

y 

X 

Fig.2: ·· 

~urface j' and straight line ~P 
1n X/V plane after introduction 
of restrictions 1 ... 4 
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From (2) we then get 

~ i • 0), . '(::) i 
161 

Fig. 2 shows the geometric~l conditions after simplifications 1 ... 4 
in the X ¡ Y plane. The geometrical position of P can be defined here by 

(7) 

taking (5} and (6¡ after elimination o~ ~. Equat~ons (6) and (7J ~ead 
to the desfred so utions, where the obJect coord1nates are expl1c1tely 
expressed as functions of x•·, z'. e, XM' Y¡., and R: 

. ' y M :!: ¡;:2 ( l 
,z X e ¡2 '• ,- t ~) - (YM- M"T 

i , .. i 
' ,, • 
2 

1 ' . -:;-, ,. 
i 

(positive root for J~' < O; negative '"'' forx•~o¡ 1 8) 

. v, ' x, • ,. 
i 

z, y' i ,. • 

' i 

3. Rectification Procedure 

Rectification is executed within a digital modular fmage processing 
package. This package has been designed by members of the Institut für 
Photogrammetrie und lngenieurvenmessungen (!PI) and installed at the COC 
CYBER 73/76 computer of the Technical University Hannover. lt is a 
multi - purpose package, cont.iining 60 modules at the moment (see 
8/>;HR /2/). For the specific tas~ discussed here, a new version of the 
existing "OEHN" module was developed by cand. geod. A. BRANDT, whereas 
read 1 write and image enhancement procedures were already existing. 

Read 1 write device is an DPTRONICS NARK 17 for A 1 O andO¡ A conver­
sion, available at the JPI. The image processing data flow can schema­
tically be illustrated as follows: 

. 
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If one admíts the restrictions defined in paragraph 2, addinn XM~o as 
apprmdmate value, rectification can be•processed in two separate ,steps, 
as illustrated by Fig. 3: Firstly, the displ¡¡cement of any point Pi in 
z' -direction can be executed within a single·image ro~t , taking 

- ' ~j 
Z· • Z --
' s, 

1 9 ) 

where z; is the correct position·and-S¡/So a scale.factor (see Fig. 2 
observing XM=O}.Secondly,a stre~ch in x'- direction h~s to be ad~ed,_ 
takinn single image columns.For the pvrpose of vnroll1ng the cyl1ndr1cal 
svrface on a tangential plane, one has to eqvalize X; ~ b; (see Fig. 2) 
and gets 

' . 

Colvmn 

·<" ,, 
f-:_., < ' e:~:. 
~ <' ¡¡;--' H' •' 

' Xj " R -
s, 

ares in 

2. 

~ ,, ¡\ 
Row 

. xj 
1-) 

R 
{ lO ) 

P; 

,. 
Fig.3: 

Two-step orinciple for 
displacinQ a point P'¡ 
(pixel) into its correct 
position ll'¡ 

In practise, the rectification was mastered using the "indirect" method, 
for which good results were obtained from sate1lite imagery correction 
( BIIHR /1/). This means, that the "distorted image values have to be 
available as functions of the corrected ones, 1vhich does not lead to 
any problems taking (9) and (10). The procedure then rvns as follows: 

l. R, XH, YH, s0, and e are known a priori 

2. Computation of (X,V,Z)¡ by (8) 

3. oeterrni~ation of s
1 

.. +.¡rc,o,,,;--,-c,-,,,-~ 
4. Computation 

image ( (9) 
of (x',z'i· 
and (10) 1 coordinates in the distorted 



4. Results 

Fig. 4 shows the original frame, used for digitization at the OPTRONICS 
Mari:. 17 tal:.ing O.lnrn x O.lnrn pixel size. This is"the poorest resolution 
possible for the OPTRONICS, chosen in order to have low computing costs 
during the test phase. Digitization had to be exe~uted tal:.ing the image 
verticals as rows, cibserving the s~heme in Fig. 3. 

The re~tiffed result is shown by fig. 5,.unr01ling the wall on a tangen­
tial plane, par<~llel to the image plane,, toui:hing the wall in the verti­
cal 1 ine through the image center. fig. 5 should not be ~onsidered as 
the final result, because both image quality and imaoe geometry are not 
yet fully satisfactory: -

~.s far as the if'lage quality is éoncerned, di serete O.llliTl steps are obvi­
ous, partfcularly at horizontal lines. Moreover, the processed image does 
not contain the full original information, which leads toa poorer con­
trast, though histogram linearisation was applied, These disadvantages ~an 
be avoided simply by taking smaller'resolution elements (e.g. 0.0125rm1 
by 0.0125nrn). This will of course drastica11y raise the computing costs, 
which ~re for this cxample about double of geometrical processing a 
corresponding LANDSAT section (see BI!.HR /1/). 

As far as the image geometry is concerned, it can be checked thoroughly 
using 35 control points at the window frames. Point coordina tes had been 
detennined with reference to the wall surface. A conformal transformation 
(''HELMERT"- transfonnation), using two _trans¡ations, a rotation anda., 
sea le factor, 1eads to! 5.3 cm rms in x and _ 7.3 cm rms in z for the re· 
s1dua1s, displayed in Fig. 6. The geometrical qual ity suffers very much· 
from the restrictions introduced in paragraph í'..For instance, the wall 
is not simply a unifonn cyl inder, but changes its radius from the left 
to the ri9ht si de of the image (see Fig, 4). Additional il'lfonnation -like 
this llas to be added to the analytical model, which does not lead to any 
problems. 

! ' • 

1 1 \ 

~ ' ' ' 
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Fig. 6: 

Residuals from conformal transfonnation 

of the result to 35 ground control points. 

1----1 Corresponds to 2o cm error 

The tenninology "rectificution" does not fully describe the approach ap­
plied here. The point in·question is the 9 en era 1 !'le o m e t r 1 
e a 1 t r a n s f o r m a t i o n of an image by purely digital tech­
niques, The range of applications can hardly be overlooked aitd reaches 
from fitting LANDSAT imagery to arbitrary map projections to supporting 
desinn in the field of architecture, industry or engineering. 

Digital ímage processing beyond the "classical" remate sensing applica­
tions generally offers all the well-known sophisticated techniques, like 
image enhanccment and classification.Dependinq on the specific task, the 
operator has to arrange the steps following the ~eometrical transformation. 
For the castle wall discussed hcre, digital analysis of stone composition 
for example, would support the expert's further investinations. 



Fig. 4 (~bove): Origtn~l image, 
obt~ined from ~ FINSTERWALOER 
TAF camera ( e= 15 cm , l3xl8 cm 

format). Scale in image center 
approx. 1:100 

fi!l· 5 (left): Result: facade 
(section) unrolled en a tan~ential 
plane (pixel size 0.1 r.m) 
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Ergebnis: 

;ee.,s,.,.lta,tio: 
Aufl é!sungsve mi::igen 

/""' Hoher Kontrast 

52 lp/mm 

Niedriger Kontrast 

37 1 p/rrrn 

'fl.esofw.e/;,., cl..c i:./(JOJ ol.e eeu-..ar"'l..¡: rJ.i..tpo~·lbles 
Auf1é!sungsverm0qen verfUgbarer Kameratypen 

Kameratyp · Auf1!lsung 

i:eiss RMK 15/?3 40 1 p/rrrn 
. 

Zeiss RMK 30/23 40 lp/mn 
Zeiss RMK 60/23 25 1 p/rrrn 

Zehs TRb 60/24 . 75 1 p/rrrn 
Itek LFC 30 80 1 p/!Til1 

Wild RClO 15/23 40 1 p/1m1 

Wild RClO 30/23 25 1 p/rrrn . 

Emu1sion: 32 lp/rrm- 50 1p/tml 

Spezia1emu1sion: lOO lp/IIVII 
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0,60 

0,50 

0,33 

0,23 
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A lEkOAIN F~AJUn(! ""'G" 
A~> SCANNf~ AT C~•laNI 
ANGUlAR AArl. 

"[SULTING ,,.,r,¡ DoSTOATION 
C~USEO BV R!CO•OINQ AT 
CUNOTANT ltUUR OME. 

R:t,.~""" e t ro.s 
i""" po,.te~...,te.s 

Perturb Q.C i 0r)e.S 

3 e (>t',.,; t:,,.. /e Q.~ 



Abtaster 
.Sco..,..,e,. 

Spiegel 

F.spejo 

Satellit (T,) 

1 

' 

·-·- ·-·-·-·-

.Oetektor 

' S: et."'etc.<.lo el. e 
e K p lo ,.o..c.,·:"" 

' '1. : 0..""-'"'-lo eLe et.6e,._ 
t~.e.,.o. c{e lo.. Ópt:ic.o, 

.cle,.,ento a.,.e 
a.l ..s'l4c.lo 

~ 0::.<'1. .... /'to 
!Le 1 .sQ.tél•'ta 

Satellit (T,) 



• • e •. 15 cm, JO cm, 60 cm 

Format 23 cm x 23 cm 

Bildfolg-e u 
. 15 cm 

l.+Z.Bild. '" 0.3 
l.+J.Bild: 60 : 0.6 
l.T4.Bild: "' 0.9 
l.+S.Bild- 20> 1.2 

. 

b/h 

30 cm 60 cm 

O .lS 0.075 

0.3 0.15 . 
' 0.45 0.2 -

0.6 0.3 

Bildfolge stereos kop.auswertbare Fl a che 

(km2) 

15 cm 30 cm 60 cm 

1.+2.Bild 383xJ06 192xl53 96x77 

1.+3 .Bi1 d 38Jx229 192xll5 96x58 

1.+4.Bild .JBJxlSJ 192x 76 96x38 

l.tS.Bild 38Jx 77 192x 38 96x19 

bj· Large Fon¡¡at Camera LFC 

e • JO cm; 22,5 'cm x 45 cm 

Bildfolge u b/h m, 

1.+2.811d '" 0.3 ± 27 m 

l.+J.Bild 60> 0.6 • H m -
1.+4.Bild '" 0.9 • 9 m -
L+S.Bild 20 % 1.2 ' 7 m 

e) Zeiss· TRb 60/2.4 

e • 61 cm; 23 cm x 11,5 cm 

Bildfolge u b/h m, 

l.t2,81ld. 
80 ' 0.04 • 108 m -

l.+J.Bild 60$ 0.075 • 54 m 
l.+4.Si1d. 40 1 0.1 • 36m 

f2:!7-

m, 

15 om, 30 cm, 60 cm 

• 54 m -
• 17m -
• 18m 
± 14 m 

Flache 
F 15cm .. -Jf 

F1 iichi! F 60cm 

Fll!che F
30 4 cm • _ 

Flliche Fsocm 1 

. 

F1 liche ( km2) 

188xJOO 

188x225 

188xl50 

lBBx 75 

-

'1 Fliiche (knh 

96x38 

96x29 
Q,O:.v 1 Q 



F1 ughtlhe h 

Mo...rtipu.l Q. e/o~ de 1 ¡...,. 

0 

l. Bild 

b.,.. 
Basis b 

0 0 0 

tolgebtld 

u~~<;;:;l-J .re.JW:"olo 

' 

1 ' ~5 

1' 16 

(;11 
• • 

0 o(.i,..ec~~·o:., d.ef 
Flugrichtung 

Oberdeckung 

. 80% 
' . 

"'" 
"'" 

'" 

"39,4 

vu~lo 
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Ca.hfenw {otOJr"OJ'n;t,.icQ,.s 
( o.p//eo.clo', d.~/ tupa..eio) 

~~!l'~9~!!~~ig~~!! (h • 250 km) ex.o..ci:l'ét.~.ol 
e., e f pto.Ho 

' . X 'y' 

a) ReihenmeBkammer RMK 
Format 2J cm ·x 2J cm 

' 
'p 

Flache/Bild 383 

15 cm 

! 16 m 

km x JBJ 

b) Large Format Camer~ LFC 

,, 

e • JO cm¡ Format 22,5 cm x 45 cm 

JO cm 

! 8 m 

192 km X 192 

o.,~f_,o.. ' 
Fl!iche/Bild a 188 km X 376 km 

e) Zeiss TRb 60/24 

e ~ 61 cm; Format 2J x 11,5 cm 

m "!4m . p 
o. ...... 

FUche/8i1d " 96 km x 48 ~m 

,, 

e~ o.chi- w..o:( 
c:t e Q./ t u. r"Q.. 

' . ,. h h ' .. ' ,, 

50 cm 

:!: 4 m 

96 km x 96 ,, 
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,.., 
" " '' " " " " '·" " " ' ' " " " " ••• " " " " " " " "' u • " " 00 " " "' " " " " " • • ·~ " " •• u • 00 " ••• u " " " • " " ·~ • • ••• • , . • " ·~ " ,. •• " '" • " ""' • ... " " '" ,. " •. , 
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" "' 

,, 
" m m " o."' 

" "' ••• " •• m " o.,. 
" •• " " ~ m " •m • ~ ,, • •• ~ • 0.0!1 • ~ " • - ~ • ·~ 
" - ••• • ·~ •• " .. . 
" ·~ .. " "" - " D.Oll 

• om " " .... o m ., 0.031 

" ·- ••• ., - "" " . .... .. - " " '"' ... .. 0.0>0 

" ·~ ••• .. ·~ om " Mil 
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172.1 S::hul:¡c Sihr.·;n&~·m.J.e 
~...,.;z vi~tc.t fr't:l~'l1 
wnu~ ¡, .run 

Chabl'15 .r.sce~~te "'Ue.liogl"''lvure • 
8ihlm~>n on T;l'1 , 

. solt.e.bl~ w~ u~ox.pa:ea 

Dd9ucrre Pdris SitrJ o., c;,">""-'l"'"fc ,coa::d t:. 
Jocltumvo!:}t:ul", 
de.vUopc<S·¡., ih·VQpoUr· 
.... flg wnere ciipo.sect 

1239 Arego m,.,¿, A:ná. ¡.~,.., csbou~ works 
of Sci~ of ¡.Ji~p~ ¡¡,. o~9..,~ 

u·" 
•~'"'Pcc. Paris 

(rte.p:1GW) 

Mé,.,ar-d Paris 

Bi"'9nam E"':Jiawd 

1877-ao !:asmcsvr u.s .• ~. 
(IJ.V) 

1f:l87 .. 

1893 

6cod!.1JÍV'l 

~as}l'Mct~ 

USA 
(M.J) 

USA 
(!Zoc.! 1 ;:;.s!,;:.. ... ) 

Nez,of.iv .. PosU.f1Jmcl'-1ed 
SiiVCor' 011 ft:t pe.r-

E:mulsiM wHn 
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Aplicaciones 

aplicaciones militares 

levantamiento de mapas de escala pequena en pahes con muchCL cubierta de nubes 

an~lisis de regiones polares ~evaluación de hielo) 

' 



• 

• 
Ventajas Y des~entajas de los sensores diferentes 

Sistemas fotográficos 

Ventajas 

tl!cnic<l madura para tomar y labrar fotos 

muy buena calidad de la geometrí~ 

depósito simple y barato de los datos 

Oesvent¡¡jas 

fotografías en bandas espectrales largas 

depende de la cubierta de nubes 

Aplicaciones 

levantamiento de mapas topográficas 

determinacibn de coordenadas de puntos geodeticas 

fotoi nte'rpretacibn 

Sistemas scanner 

Ventajas 

datos simultanearilente en diferentes frecuencias espectrales, 
incluido las radiaciones infrarojo, ultravioleta 

inégenes numl!ricos en cintas magn1!ticas, transmisibn telemHrica 

Desventajas 

perturbaciones por movemiento de la platafonna 

generalmente no evaluación esteroscopa 
depende de la cubierta de nubes 

Aplicaciones 

percepción remota numérica: geología, agronomía, silvicultura, 
hidrologla; tratamientos de clasificacibn 

Sistemas radar 

Ventajas 

no dependencia de las condiciones del tiempo y de la attr.Osfera 

transmísibn telemétrica 

Desventajas 

geometria depende mucho de la orientacibn de h plataforma y de la topografía 

no evaluacibn estereoscopa 

e n i n 
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• 
Paramet"n of co,only -used i~t~~~ging sensou ( Konecny) 

. 
Sensor Sensor film 

1~ 
""' angular Sensor r8.nge of sea le 

type size constant fanors 

' ~ ' . 
Jm• 1!E: 1' ';_'" " • 

- . '" .. [ ::o to 
photo-

strip 230 to 60 

~::''"' 
- 152 mm ~~~ graphy camera 70mm strip " 1=•40• ::~~ = 

60 -

1~ ' 000 " 
camera 

' "o ooo 

~ liO in 1-so to 
1
-so to +5o television .,. 0,02 mrad - 125 mm 
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Mhico 20, D, F. 

ANGEL NAJERA SANTC.S 
AGRICULWRA Y RECURSOS H. 
Atenas JO 
México, D.F. 
Tel.591.09. 72 

JAIME ALBERTO REY CONrRERAS 
U.AUfONO!vlA DE CHAPINGO 
Chapingo, Edo. de Méx. 
Tel.S85.45.55 

Estado de México 
Tel. 355.61.74 

Av. el Rfo 49-A~201 
Villa Coapa 
M~xico 22, D.F. 
Tel. 594.45.64 

Or. Nicolás León 45-A-9 
M~xico9, D.F. 
Tel. 768.12.37 

Sn. Juan de Arag6n 104 
Col. ]. Villada 
Nezahualtocotl 

Calle 22 e! e Feb. 115 
Col. Alvaro Obrebrón 
Tcxcoco, Wo, d l: Mex. 

23, DANIEL REYES BUGARIN 
ICATEC S.A. 

24. 

González de Cossio 24 
:vléxico 12, O. F, 
Te!.S36.85.60 

GONZALO A, REYES IIEJtRERA 
SIUA. DE LA DEfENSA NAL. 
DEITO. CARTOGRAFICO 
Lomas de Sotelo, D.F. 
México 10, D, F. 

Pablo A, de la Garza 23 
Col. Huizachal 
México 10, O. F. 
Tel.589.!4.32 
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25. ]OSE O. REYNA CORTlli 

26. 

27. 

:! S. 

29. 

.JU. 

31. 

ClA. DE LUZ Y FZA. DEL CENTRO S.R. 
Tlatoc 90-! 0 Retorno 24 # 5 
MCxlco 17, O, F. Av. Ceci\io Robelo 
Td.S92.39.95 Méxlco9,D.F. 

CARLOS REYNA RAMIREZ 
SARI J 
jefe de !a Ofi. de Hegionali:z.nción 
y Clasif, HidrolOgtca 
Cómez Farras 2-2° 
M~xico 4, lJ, F, 
Te1.546.6786 

ANTONIO L. RIVEHA HERNANDEZ 
DIR, GRAL, DE EST. DEL TERRI­
TORIO NAC!Oi'\AL 
Sn, Antonio Abad 124 
MGxlco 8, D.F. 
Tel.S78.62.00 

ADRlAN H. HODRIGUEZ PHADO 
SARH 
Gdmez Farras 2-1° 
México4, D.F. 
Td. 533.41.20 

VlliGILIO RUBIO VAZQUEZ 
COMISlON NAL. DE SEGUIUDAD 
NUCLEAR Y SALVAGUARDIAS 
Av, Insurgentes Sur 1806-4° 
México 20,D.F. 
Te\.524. 78.45 

]OSE F. RUIZ FIGUl':RUA 
U,Au t6norm de Chapingo 
Estado de Mexico 
Tel.585,45.55 

OCTAVIO S. SANTAMARIA GALLEGOS 
DETEl\'AL 
Sn,A.Abad 124·4~ 
Mexico8, D.F. 

Tel. 762.34. 44 

Calz. de los Ivlisterios 89-25 
Mc:!xico2, D.F. 

I. la Cat011ca 512 Nte. 
Toluca, Edo. de Méx. 
Tel. 498.32 

Valle del Mixteco 157 
V. de AragOn 
Nctza., E.do. de Mex. 

Av.la I-kla. AOOador 8# 52 , 
V.Coapa 
Z P.22 
Tél,594.t2.15 

22 de Feb. #6 
Col.A. Obregón 
Chapingo, México 

Elena 14-5 
México 13, D.F. 
Tel,696.25.69 

32. FPANCISCO J,SIFUENTES H. 
U.A. AGRARIA "ANTONIO NAVARRO" 
fuerwvista_ Bravo Sur 457-l 

__ ._Saltillo, C0 nh. Saltillo, Coah. 
Tel.2.88.50 



,.., ·--

:13. 

' 

AillJRO SOTELO RODRlGUEZ 
SAHOP 
Supervisor de Est. Geoténcicos 
'{ola y Av, Universidad 
,\.1í!xico 12, D. F, 
'; 'el_,_Sl9. 76. 60 

-·--· 
RICARDO TORRES COSSIO 
E:-lEP CUAliTlLAN 
I::ST ADO DE MEX. 
Te.2-09.97 

Z ¡ragoza 53-4 
Col. GUC!Tero 
:Mexico 3, D. F, 
Tel. 535.17. z:, 
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