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EROS (Earth Resources Observation Satellite) Ft
BOM#BICLE, VE— b o vV 2T 5ELA
ChmniiEE 57, &< ERTS (Earth Resources
Technology Satellite) D¥T_EIFHRIIT—BZ O & ENN
BEok. KEFTRTTRFHIRAC L 2ERKEER
HFaFHRCFHLTO 52, b ECR U RBR
VE— b VY VIR ERTHR TV, EROSE
B LTk, BT AhbE oo T TERBER
FRIFEM BN &) BT bh T 523, Mzl
FONTORETH S, Ve— b 2V YV IIRHED
IHZ L, T-2YFHLFECEETH 5. K
&, M, KRB IOKEGE, WE TWFIHE, HE
75 X DISASFIEECRE A, WIhd 7 - 2]
FTOLHD B HRITHLUFE . FEHIL, ERTS-1 R IO
197345 B¥T LI FED EREP (Earth Resources Ex-
periment Package Sky Lab X325 ) OBfgE 2 v 3 —
o DA, 72V HERFTDHY E— b &
vy /DT — 24 UhICHED TR L 5 &, 19724
7 A31HA H 8 A11HI AT, Purdue KEITFRUT
B E 7z [Remote sensing Technology and Appli-
cations| L\ & I F—1&inlL7i. Purdue KZiTix
LARS (Laboratory for Agricultural Remote Sensing)
REF bR, B mhbEE LTERE, HE +H38], KE
RERETAY) £~ b« v YV IREEATH S, £
DHFE >~ A 5 2% Michigan X% Willow Run Lab-
oratories & fiF—X%f & Wb T 5,

2. BMEHSITEIF—0HED

SMEIIIT0ET, 350237 2 ) nEHNLDL, &
D3GDIBNENLTH 5T, AT VE, 7T VA,
FA Y, ARS vigEDa—r , "B IO HF XH5%

* Seminer on Remote Sensing Technology and
Applications, Purdue University.
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R, 77 BIXEZEDRTH T, 72 ) IEALD
X, NASA ® Goddard Space Flight Center ® Kenedy
Space Center RDE &AL U, NOAA OYFEERFZR
B, USDA oH:iliElc & OBFBIRE 2 % 0> 5 1o,
Michigan k2%, Kansas k2%, Illinoi K2/ L) € —
b v YV SBER S OKRFEOEFHREES BM,
Lockheed, Bendix 7¢ & REIMEDOEME D Hh» 7.
HE» HLOSIMEL, FEUERT, EHRAEEE, Hize
BIRBFGERT 7s EBURFREEE D DIRIE S huicd D &L RFEDTF
GRENFAA ETH T, LI F—IXE1IBCRT IO
BRETED DN, SHETEMOBITERCET S5
22 & 4, Information center 3} L% LARS Tfris
bhie, £ 317—-0FME, EROS FHEDRERHEIH,
7 — HHBICHENT B B ECHT 5 7 — JIUE, BB
MBIRT X 57 — 2 AR L OERBITCELNEH S
NTWie, Liehd o TEMEIX Purdue KL 7o T
530D, NASA OBREH LD BDIIN 5 ¥ T
e, Ly vy VEREBWT, NASA 0ElE, #HHE
i ED NASA D LOBMENLREELNDH D, FTETFDL
N0 o ERTS-1 o MSS prffi/s S &E BRI
Bl S e,
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Eo2R BRAxoFCET IR

Michigan k2, # 3 &£ Saskatchewan K27z Enb
PIEBRD o1z, EEN3 AFFCHRTHBE DT » ¥
2 VEADETBE T4 T, #2NRT L5
;A x OARBT AEREL circuit TV 2 X b HEERREE
R IR T\ e, £ § - ICHE T E I RERIRE
%, FRECKVTRSZ EAMEETH B, BT =
—bhe kY YVIDVAT A, T—ANE, Bk E
P, FRBERRT - 2 AEB JOFEEEIED R
Tisbhic., B8HBITREE 2 ish EDOVWHETH -
1275, BB RFERAO cub GREHHI300:L\ 7+
FAXAR) CHEBAL T B D TEREDHR S FIRETH -
7z. Purdue KEZIX U L% ik LA TOH -
LEIE, T A TR E»EVHRA Mid-East 7213
Zx4=. -3 BET, FARKE XITI2REL ¥ TR
PET ORI e ERER Cleh o 1.

FTAYAREBTFBYE— b VIV ITENDLD
Lix, BACKTADEESTAX » 7ICEKBEKRS =
Ve L — 4 —BROEMGENFEECEH L THD. &
Ty -+« £V IEFIRELIL TV ST
BT, FEAR, MEEFREEbLT, BRCETREY
"L POEY FRFRERTBLDLTHS. 3
Mix LARS wkiFzvE—t vy v/ EHTH
5. KD B0 SEA L, LARS O Tl O
ZREEAD Y £ — b« v v v S LIFETTTS A%, LARS
DEHE LTIE5 27 R 7 7208 FRTW5, H4X
HERERD T v 75 LOREGEHEZRLILLDTH S
2, BIBELHRELHNTE LT b, b2 EE
WTUE, VE—F e 2V oy 2 P 0ZITEBIOR LS
#Zz A, LARS OfF#H7 B 21E, Measurement
Program 7% % ICB X g\,
Research 75 KI3FRA EfTishohTnignd W 2 % &>
b, FEMCIEZs Y FFEEDOBRIEERE L bR T
W5 Z Ehoh A, Aerospace Agricultural Program -
BBOIk, MZEEAREFEIRELHATL 7 — Ak
T\ e TH B, EROS FHEIC(E 2 TT TISE
THIRIED 2R o T B EEZDND., VE—F -2V
Yy 7 LR ETEOMBIEY NERTH 5 Z L EFHRS
b,

3. VE—=bELP S EBRGRS

LARS CHEAIRTOABABRIIEECEE» &
W, FZe B EED D T/ L, Ground truth A4
FTHHBCOVWTHIFHICHEIEA TS, F5 ik
EREXN TS MSS (Multi Spectral scanner) DFFZE

L 7 % Instrumentation

Organization of LARS

Univ. of California USDA/ARS Waslaco Purdue University USDA/ERS/SRS Univ. of Michigan |
Research Research Research Research Research j

e

e

Remote
Sensing

Laboratory for
Agricultural

LARS N.K. Ellis, Co-Director

Advisory J. C. Hancock, Co-Director
Group R. B. Mac Donald,

Technical Director

Administration
Support

Technical
Services

[ I

I 1

o Biogeophysical Agricultural
Measurements ofa Remote Sensing Requirements & Aerospace
Programs Feoceising Research Applications #adjciltural
Programs Priaroris Prograins Progroms |

# 3 X LARS s 2B 5kl

1973%4 R
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Measurements Program Cata Processing Program

Research Programs

#$4R LARS c 3 aMfes =35 A

ZRTHDTHBH, 37— Tt Thermal mapper
ZEHEATMSS O AT ARfIELTEFSHI-0OnE
Motz MSS RRFEERE 100EEH ST bR XS
CHRMMEEL L DR T3, H6 MEEHETE bx
THRDOPBETH B, FRIT L - THBIT s h DFFL
PBLH L Fiﬁ- ¢ N ARIGRERREC ‘t\ SHATR #6X Multi spectral scanner & & % 7- Hi%
TEMOBEREICKRE EB LTV B EFN Db B D,

Foite, MSS b EILER 1AL, Ll

EHOTREESN S AR TRLDIXAICELT gram leader %fi® & §5BREIXET LH¥OHEMRL
W3, VE—F vy REREELOR D ED & o, REDOT — 2 BEEH OB 5eHEI» 5 LARS o
ST EBERFEE 5 E2 v, —A L MSS ARy 7Moot Wb B, 25 LREOH %
DI N E TH B LR S b, Pro- DD o> TIHDTHRELIEHIHELIND &\ 2 5.

Ahgm 024 um

o

i a

# 7K SLAR X nmfe (HE4E)
12 VK& 20. 4.
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MSS @b ExEL 188 (BEREHELTUT
~BA) SLAR (Side Looking Airborn Radar) &\ T
L YATARBIOLDIEACDOWTDE ¥ 5 VSFHT
e, FOHEBHFRIIFEFFHITHEA TD DI
fz. Wk D Geologic 7cii#&™izps Land Use, Soil,
Surface drainage »\»5 HE CTOFELIHEA TS, BT
RidfaA % & DX B TH 54, RIECHE I i
TERATE WD 5. H2RL Y FLPEROBMMR
EARLICLDTH S H, BERAESA T EDEXE

2% SLAR o e R
Radar Frequency Baods

Designation F reﬁ/}xgggzyc}ﬁ?its Wavglgl'gth
P 225— 390 133.3 —76.9
L 390— 1550 76.9 —19.3
S 1550— 3900 19.3 — 7.69
C 3900— 6200 7.69— 4.84
X 6200—10900 4.84— 2.75
K ; 10900—36000 2.75— 0. 83
Q | 36000—46000 0.83— 0. 65
A4 46000—56000 0. 65— 0.54

JOKA VY FD2 v FTHBH. KAV FTIHRI9— &
VIERBRTEL I ENHERINTVS, Lo T
KILRPBIR DB EIFHFEOFE TOFRECEA T
W5, RECAESL SN TICBRINFEEREL B TH 5.
SLAR [z X A #ICRHIFE 7o 5 DIt Radar shadow ©
BB, BIFCRT Lo, HEEMOMIMIT X » TR
CENTEAHZ L THB., Purdue KD school of

Flight Line

Area Imaged

Med. to Low

| High Return No Return
(radar shadow) | Return

Return Based on
Geometry

% 8 SLAR fro K4FEME
1973424 A

HOR RWWETHC X 5 Multi Band 5 E o @47

Civil Engineering T}, SLAR [ZB83 55 bW AHF52
M E LD E I TR, U.S.
Engineer Topographic Laboratories & %1% 1AEIC
HEATWS LS5 THB. Tl LARS T3 MBC (Multi
Band Camera i & BHHI% R < i bFTl - T ) 6%
CEERL TS, BRSCEFEHORBEESCHRIC LS
EﬁEOET%O%&bb%ﬁ%ﬁ%ﬁ%@%ﬁﬁgm
HFHINTWS, £/ 7r—24, =2 % 78—4, 545,

BT —FADATED 7 4 N AT LB B EM R
RT3, FLTHEINCRT IS REREC LY Fh
ZHOEERRK I, ave.—-2—HDvF.-n
— FIZEiEESh s,

HEMIC T 5 Ground truth data HHOIEEICY
T AR bR TER Y, cherry-picker LTI 2 FEHDH
BEEBHENHEEIATV S, FI0RILEDNHOME
wRT L DT, SECILEIBEED X 5 BB B
7797 = afFED I V- VRFT DTS, H
FEEC BT 5P R & RGEREORENZE) DO & H
FRCEfi ST\ 5,

4. F—y0E

YE— b VY VIREBWTT — 2B LICEE
eDETF — 2B THB. VE—F VYV IDOHAR
TH BHFEERT B IoDITILT — A LB RDTF L e
%. EROS ZEi#eft D%, NASA Tt Godard Sp-
ace Flight Center D(Z7:¥7-ic EROS Data Center
ZEARLTWA LS, 7 — XU IEFFCEER IR
T\w%., LARS @R\ Td K CRT L 5 elEHn
BIEENFT b T 5. EEOMRADZN, THA
DEMENMEECEIHA TV, F12IE MSS ik
BF—2MBDO T S5 A THBEH, 4BHBRGT TR
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TO MICROMET TRANSDUCERS
AND INSOLATION INSTRUMENTS

Purdue KETHBEINI- TV ==« vy v 2Efis TOWACET 22 35—

CHERRY PICKER
BUCKET

INSTRUMENT
PALLET

£

JACK ay N4

50' CABLE
JACK
CABLE STOWAGE PANEL
o vl
a
SCOPE
FILE BAN@Q)/ TAPE RECORDER
DATA Oq =& ] (7 CHANNEL)
BENCH e ] UTILITY OP AMPS
= i — = PATCH PANEL
- 2 CB. MASTER
STATION

6.5KVA GENERATOR

|/CABLE CONDUIT

24-CH. RECORDER

MICROMET
WITH ELECTRONIC INTERFACE SIGNAL CABLE DU{C_T_
FREQUENCY CONTROL —INSOLATION
MAIN POWER INTERFACE

AIR COND. CONTROL

MAIN POWER PANEL

4

POWER DISTRIBUTION

EXTERIOR POWER

........ t— PATCH PANEL

WORK BENCH TOOL BOX

SPECTROMETER
CONTROL UNITS

JACK
FPANEL

# 10K Ground truth

#11K LARS oF — 2 E v v 5 —

HINTWE I L5, FTHEESILTOM
HADH B, BWRAKRC X 5HFOBREDIIMETROL
BAENE DD, 2 ECPBRORE & MBEMT 2 TH

14

data % M # 0 PRI

N5, EORFIEHEGEDRE & EMENFIT 5 T
W5, Bt= A - L TR S DIRKEERR Lk
EDBRI T b, HIBKNIE6 F + VHIATE D
% FeF—HutRIc 351} B30 Spectral response %7 L
b DTH5S. Hl, BBE, FREWTHhLES 5T
HRLT\5., KGDHERNILVHH T Ebnnb,

T b RIGDAEIC X o TLOMENEES MICER L
TR b, B RN ALEMAT 25 fedic
A MEO AT R S D DX SR TH B, —F cali-
bration & DT, & v+ —IC A% black level, fixed
illumination ¥ X" solar insolation @ 3 EHEHFIH X
5. black level calibration 7s 5% reference level 53
HMETX HH b, fixed illumination 33 LY solar inso-
DY LY MRA[EE e D, D X DM
TR EIEC DTk, MAEERIE & ISR EORIEL
BETHh %, 3FHD Image registration OIF T, Ima-
ge correlation } Image distortion 2MLE X} 5. Im-
age correlation [ZDWTIXFE 3 ECR LA LS EH

VK& 20, 4.
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s S o8
Procesting Ressoch)

| Stagilization
amd- Go LBratien

r

] =vn

Imagiry EnRancemertd” ande
|_Reglatration Comproation
[Tmage Comatatinl | Image Dictimtion
lend gvintay % Detection
X,na.gu iz g* P«ﬂ- Reoluactdon l
(oumie Fitbng] | Teamelors |

-

[ R -
Sum An Rbative emd_
_E#“’t;e‘. [f::,.»u:&,rm V ét.r,u.fm

—
Miock tniee } W,o

l ConreTiow

#12K Multi spectral scanner o 5 — x JLE

# 3% Image Correlation

a. Direct Calculation of the Correlation Function
b. Correlation in the Frequency Domain
i. Convolution Theorem
ii. Transform Array Structure
iii. Output Array Structure
c. Correlation Function
i. Choosing Maxima
ii. Heuristic Criterion for Accepting Results
iii. Computation Time Comparisons
d. Correlation Analysis of ScannerData
i. Interchannel Correlation of Individual Crop
Types
ii. Global Correlation Between Channels
iii. Global Correlation as a Function of Time

ZD\NT DR, F7-Image Overlay I DWTH 14K
CRLIcE DIy AT AR ETH B, BKiED Image
enhancement ) compression®DIE T}, gradient meth-
ods |2 X % edge enhancement IZE G2 1T\ 5

¥ - Data compression {2\ TIXEEIBRICRT X 5 /e
FERE LI T3, Image frequency I22W T3 5EH
IHTD, MSS KX B5 — ZDRIEDOWTELEDON
o X 5 IMENfThbRTE D, TDIiEH MBC R SLAR
PO IR IB B Th LT hIZ oW T DT — X LENRAT
bhahb, MEOHEREGREYRDE TR 7740335
CHETHS, VE— btV YV IRET DT — 240
HOBEEEABAINIPLAXIILH B,

19734£4

5. ZAVAICEFBVE~F - >SS OBRK
€ IF—FBULTT 2 ARKFBYVE—F VY
V7 DBREIBET B LA TE . HEETIL NA-
SA ML ERSs THEIRTWA LW Th L. £
LTAREZ AT, Air and aerospace, Oceanography’
Agriculture, Geology ® 4 #FICHKHI N TS X5 T
H5. NASA BEFTLTHWBYVE—Fe VYV I D
Annual report (44F1[E NASA »F{ETHVE—t
c VU VIDYVYRDY ATREINICLDOENEL
7B D) D4 FHCFRTVB., £ LTRERET
AR OWT (HHYPAFHIESD) e LT
EBBRTWS, 7A) ADRFLEETHYVE—F &
vV S ORRBIERCHEA T B Z Ll b, Th
12 NASA 2 OEFHOMEENEF IR TVWAI LT K
5. EEU, CAPEEELT, Hic NASA Ligh
LTWAEENAL 5. ThThoffofOm&EE %
BFRE, & ZXFHPEHEMRO Michigan K2,
B2epae D Purdue k2% California K22, HEEIfR
® Nevada k2= Stanford KENRULIXULIEY v RP Y
L% B L THIR A IR S R 1T o T B, EROS 5t
B X AHEROBERANERTIE, == F FHZK
2D L5 TAERFELOWTDY) -« VY VISR
BHEDTOBRELFLOPRLNFEL LD THSS.
7 A Y ARKBNTL, KECOWTETNTFEHEIRC
Izve—bewvov s ThHD, MMOMPAD X S TH
L AR ET A & LB e, BESIEET
B &3 BE DS sy, b TR KERFLIC O
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s 80
1 1
Oolur?\l? I i 221
Wesl NACIR Zcst
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12:29 PM, Seg 210, 44M
155}
(V3
@
¢
1]
@
© 125}
G
&
[
[~
3
= 95
65 ] L
Column i i 22!
West NADIR East
Column Meon Graph for Channel 6
6o 308 PM, Scg.217, 46M
@
g 1301
&
B
]
Q
9 00
8
=
80
50 i A
Column Il il 22!
Wast NADIR Ecst

Cowmn Mean Graph for Channel 6

13K KEBALEic & % Spectral response %L,

TORMEHARBE) ARBhTW3L 5 TH 5.

Chicago K20 X 5 L P HBERIT e AR TV 5kt
Tix, ERTS % EREP I & 3HFRBENER TG X

16

Image Overlay Procedure

initial Checkpoint
Definition (Dig Display)

Initial Overlay
Function Coefficient
Computation

{Fosf Fourier Transiorm
Correlation over
Uniform Grid to
Obtain Precision

Checkpoints

Final Overlay
Function Coefficient
Computation

Image Overlay
Process Using Final
Overlay Coefficients

#14K Image Overlay o F||

NTVDBEWIN, WhPLFEHARCLB Y E— b o
VYV ITTHB I EIINDFETH AN,

6. ¥ & &

RYE > THOREOBTRERoDB L E, 72 A1
BiF 5 NASA @ L5 s RLINFEENINZ LT » &
DLTWA, ZOETIET 2 ) »USNOEITKFEDVRE
Wi B, LB LAIFERTIOADESE, VE— b

VK& 20. 4.
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Test Data Compression System

Spectral and Spatial Redundancy Reduction

Scene Statistics

Tranformed Channel Statistics

ReconstrScted
l T 1 Channel Statisics
%ftzt Dalta KTrﬁnSfomlli)ﬁon Bit Allocation T I T
. Karhunen-Loeve ! 1. timum nverse .
Vector 2. Fourier 5 Op Uniform || Bit Out put
(Lines x Cols 3. Hadamard 2. No. of Levels l Transform Reallocation
x Channels) Seletable '

+» Feature Selection
and Classification

« Image Contrast
Enhancement

» Reconstructed
Image

«» Data Storaga
and Transmission

#15K

(a)

$£16K 3 X i #HiE oclassification

(b)

a. o M oS IB2OEOES
b. Water category # iR 7z b O

VYV R LU TREBMCEEA TW A EE BE S5 54
Endbs, LV 0RkbrECEVTE, BEETIES
bR BFHER T ELDTEHNTHS, VE—1 -
VYV SRBRECII N OBRBEANEE TS, Y
REFEEIN AL & e TEDHEE R I Sl i
big\r, bAEREVTE, BEHERFOSEEEIE
BEF ST L SRR Y T— b« v v 7R X
haivbhTws, Ll EROS L+ Cleiig
EFE-THW5E, KEELEDD P ELBFRTF
RNETH S, ThiCIMEEHRC LBV~ -

197324

VYV IZOBATELNS, ERT-SABLVSE
BHEMOTLENRDERY TH B, MEO L 5 CEHK
OFANEFE B BRObBREC IS\ TL, fzes
FRICLD Y E— b o & v &Y 2D THANICRE
FHE UV E, ECERRERE EECGE VRN DT
PR, BRI Purdue REITILKEFEFTE D 37 IR 7
RITERDH D, 2=y MEOEHHECLFAINTVS
ZEEHZTHERLTEL. Fiht 7 —%58E U Hoffer
BEDEFCHEEZ I ->TTFE o5 2, BECEL
TEARAZ » 7—FITRITHE TRE > THWZ L&
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HLET. okt I S -2 U TR AT
HRBER S LORETLERREC S EIE- &
TRHELET.

X ik

1) A.G. Wacker and D. A. Landgrebe: Minimum
Distance Classification in Remote Sensing,
LARS Note, 030772, 1-16.

2) Stephen J. Whitist: Random Noise in Mul-
tispectral Classification, LARS Note, 102670,
1-10.

3) T. E. Riemer: Image Enhancement Through
Pattern Processing, LARS Note, 102171, 1-7.

4) David Landgrebe and staff: Advancementsin
Large Scale Pattern Processing Systems for

Remote Sensing, LARS Note, 012572, 4-16.

5) D. Paul E. Anuta: Digital Registration of
Multispectral Video Imagery, USDA Note
12-14-100-9549, 7-8.

6) D. Paul E. Anuta and Robert J. Mackdona-
1d: Crop Surverys from Multiband Satellite
Photography Using Digital Techniques: Re-
mote Sensing of Environment No. 2, 53-69.

7) David Landgrebe: System Approach to the
Use of Remote Sensing, LARS Note, 041571,
1-8.

8) Roger M. Hoffer, and staff: Application of
ADP Techniques to Multiband and Multie-
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