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Introduction

 Most Resourcesat-1 imagery sold to USDA is in the form of orthorectified AWIFS
scenes

 AWIFS orthos require map control to meet accuracy specifications (uncontrolled
scenes: ~500 m CE90 positional accuracy)

 GeoEye has developed a production workflow with custom software to streamline the
process of data management, control point measurement, block adjustment and
orthorectification

* Production workflow is interactive but not labor intensive

* Major workflow steps:
— Source data acquisition and QC
— Ancillary data compilation
— Control point measurement and assessment
— Block adjust and orthorectification
— 10-to-8 hit rescaling

@ Geokye
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Source Data Acquisition

» Customer specifies
path/row/quad/date for
collection

e Inside CONUS:

— Scenes collected and
downlinked in
realtime to Norman,
OK ground terminal

e Outside CONUS:

— Realtime collection /
downlink to IRS-P6
regional affiliate
station;
or

— Stored on OBSSR
and downlinked at
India IRS-P6 Receiving Stations

Norman, Fairbanks: GeoEye
Hyderabad: NRSA

Neustralitz: Euromap

Abu Dhabi: Space Imaging Middle East
Beijing: RSGS

(Not all sites listed)

@ Geokye
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Source Data Acquisition cont’d

« Ortho processing performed
outside IRS-P6 ground station

* Process starts with standard IRS-
P6 product:

— Geo product (path-oriented)
— LGSOWG format

— LCC projection

— CC resampling

« LGSOWG format contains
metadata allowing reconstruction
of view geometry (Lutes, 2005)

« LGSOWG scenes sent from
receiving station to Norman for
ortho processing

— Direct downlink: < 2 hours
— FTP: 1-2 days
— Courier: 4-5 days

LGSOWG ‘map projection’ records indicate direction from
ground to satellite from various points in the image

@ Geokye
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Initial Reformatting / QC
GeoEye proprietary software . S —— o
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convenient format Emiml  mme G
« 4-band TIFF created = —
. RPCS generated from Source LGSOWG files
LGSOWG view geometry
metad ata Data staging / reformatting utility
* Visual examination of scene:
— Cloud cover
— Processing/downlink = il
anoma“es |Du:§wt D@ o o b ] ] & @
| @ & l_'ﬁ"hﬂkoﬂgf | By n|,4'-r-..:L
— Correct path/row/quad/date [3@ B 770|@ B8 @ e A
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with screen captures) for B2 N
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Scene footprint

4-band TIFF + RPC
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Ancillary Data Compilation (CONUS)

s, Viewer #1: awf248037a_20060627_st00b2345E4F (Layer_3)(:Laye: — ol x| il Viewer 22 1 AWF24800TA_20060627_STONB2345F shy =180 %]
Fle Utlty Yew AQI Extract Raster Help Fie Wity Yew AQL Ertract Yechr Baster Hek
—

GEDNEHSZ e HBET =+ NQAQH »

« Data staging utility also
compiles reference
orthoimagery and DEM

e DEM: 1-arcsecond NED

— SRTM-3 used for scenes
straddling US borders

Source Image

 Imagery: USGS DOQs
— Reduced resolution DOQs

(B Wty Yew AQL Eitract el Raster peb |
SHDNESZeHTET=+4Ak hNaaas #

i =T X '? —
used for AWIFS control (32 m  Sii o st siiane ;
[RQuEOGRDER OMRE T |t |+ |2 o i
GSD) [ @] e G| @ = = e~ k@O A D:J
.-, . ——————— . --_ e \ - -
— ~12 m CE90 positional FE{‘@ 7 ?,)\- i
accuracy (1:24K) s t“*kﬁ%\ g
Dy [Emace] Soecion \ I
CEmE H
e
N e ey O 7
| sost g = | 1o r—ﬂ—%"ww :

Digital Elevation Model
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CONUS NED DEM Coverage
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CONUS DOQ Coverage
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Ancillary Data Compilation (International)

s, Viewer #3 : awf023039a_20060818_st00b234 5Lk (:Layer S)(:L: —ol x| il Viewer 25 @ awl2 3000 _20060818_st00h234 5 shp =100 %]
Fle Wity View AQI Extract Raster Help Fie Wity Yew AQL Erract Yechr Baster Hek
£

SEDNESZeHTET=+4k Waas #

« Same process as CONUS
collections, but different DEM /
reference image datasets

e DEM: SRTM-3

— Alaska NED and Canada
CDED used in high latitudes

Source Image Reference GeoCover Image

 Imagery: GeoCover 2000
Landsat orthos

M Viewer #4 - awl02303%_20060818_stO0h2345Lshp =100 %]

Ble Rty Yew AQL Extract Yeclor Bater Help
SEDNESZeHTET=+4k Waas #

— ~110 m CE90 positional SeRel sarmsleF—TEea]
QANEOBRD B R O M S [ |+ 25 o e
accuracy 94 5[6%50(3 51 £ 5l s b0 9l G- T
— Reference image accuracy is E— [ -f'—J o~

limiting factor for international
ortho products

Digital Elevation Model

@GeoEye'
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International DEM Coverage

Bm 9

&

® [ | sRTM-3v2
[ ] NED Alaska

Canada CDED

= - " s _,:-,-.-n Ry
: . = == - | S e sl i e
T mie e e o e - EN = e e gl e

Current holdings — CDED added as needed

@ Geokye
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International Reference Imagery Coverage

e e S

Current holdings — GeoCover scenes added as needed

© 2006 GeoEye. All Rights Resarved.
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Control Point Measurement

Command Prompt

F:~Projects~PECADZBA6~int 1~AWFBZ23IA37A_20060818 >awf Tpt

° Automated Image matchlng e al-Jprt ver. B.8 bheta Tue Jul 11 14:16:18 zj'aas

Source image AWFB2383%A_200668818_STOAB2345F . tif
Reference imag AWFB23837A_200668818_STAAB2345F ref .tif

Soﬁware used to CO”eCt tlepOIntS DEM file : NUFA23P390_2PPLAS18_STAAB2345F _dem_ell.tif

Generating RPCs for reference ortho
Wrote Projects \PECRDZBBG\lnt1\9“1'-'3233399 _20860818 - ref AWFA23I0390_20A6AB18_STO
BB2345F ref rpc.t

— Configured for AWIFS file naming Comput ing- ningmax height from DEM...

Min he 19}11;

conventions 13sas'cand;dat; 1.,cam,i.i'ai'§ Chech 017R- 20000810 STOAR2IASE el il

Measuring ti
Image 1: HI.JFBZ?-BB‘}H 2MB6@818_STAAB2345F_vef _tif

_ h + C/ d Image -2. AWFB238390 23353818 31'13131323451-' _tif
Matches TIFF + RPC/DEM an AT RraE3Rs5 AaBe R 18 s} A2 4R _ne_mmDAL . cie
rocessing

. 1]
refe re n Ce O rth O I m ag e g:gi(&liﬁgnﬂlm323339 _20060818_STHAB2345F_RRDA1 . tif

Processi ing
Processing 133 B/

— User can override spacing of Frassacing ficpeinte av comnse GOB.. i rches of 9985 attenpre ¢ I7.55%>

Processing t1epo1nt_‘ at fine GSD.

tiepoint measurement attempts’ 8985 total points —— 1975 gnnd "matches of 8905 attempts ¢ 22_18x>

F:~Projects~PECAD2BA6~int 1~AWFBA230390_20A6HA818 >

min/max number of points to Tiepoint measurement utility
extract

=10)x
3 Be [t Jewch ew Ik Maoos Configure Window | b o) x|
e 08RE

TOUEEI45F, taf =

oT]
T AT, SORGETE_S 10 J—

» Software generates a project file
for interactive review / edit / block
adjustment utility

G E Auto-generated project file w / tiepoints
<y Geotye
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Control Point Measurement

e Custom GUI developed
with ERDAS Imagine
Developer’s Toolkit

e Interface similar to
Raster->Geometric
Correction tool;
specialized for IRS-P6
processing workflow

USDA/PECAD Seminar September 12, 2006
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K Adjustment

Bl= Utlty View AQl Extract Raster Help

Uity Yiew AGI Extract Raster Help

& o

DWee @

=t A (@ Qn s

HEDWES @

we E2
AR KN

Hem+Aais w@Qas »

B

Project Tocls Help

] IRS-P6 Ortho Utility - [awf023039a_20060818_st00b2345(_projtxt]

0 W e

=l

&

Y

5 | IMDde\Slale:STALE

Fow || MName |Enabled

Fief Sample

Ref Line

Longitude Latitude Height Color |Scene Sample:

Scene Line | Colo

i | Sample Resid | Line Resid RS emor

bl

146,75

283868

4.1398700( 454801600

4E7E.38

163835

£729.92

4779.04

2.4314600(  44.4893800

521

374338

875396

1688.83

4.4434800( 460350850

4813.32

42960

6021.51

6719.40

3.0772550( 435138000

9259.97

569,55

4.6964850|  44.0347250

146

3198

. 1398750]  45.2805000

4036.98

573303

407872

564

7134

B503.

L63IB650|  43.6276000

166!

556!

14150( 440347250

824

463

04760( 446618450

341
281
362

|“w Heks...

N

= TS
| MERDASL..| ’Cumman”.l B Tt

S

L5 ST
Pad. .. | R Untitled ... | ] Back1

-

|@GLCF‘ |M\ﬂewerm |MV|ewerm |

- ' =
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" PlotImng... | @cmarra..] mcumman.ul QA Untitled | [P wiewer ... | [Py viewer ... | [Py Viewer ... | [ Lutes_A... | ] Present... | V!PEvOrthu..‘l 2 IRS-P6 ... 5@ Friday
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Control Point Measurement / Block Adjustment

T4 T
Lol L]

gcpl 0160 gcp 0150

_|o x|
Project Tools Help
= 0 B €y i «f XY T ||Model8tate: STALE I
Riow || M ame |Ena|:u|eu:|| Ref Sample | Ref Line | Lonaitude | Latitude | Heiaht |D:|||:|r |SceneSam|:nle| Scene Line |EOIc:r |Sam|:||eHesiu:I| Line Resid | RSS emor -g
149 [acpi149 X FEETRK] 2191.89]  27350650] 457e3ses0]  1arss[l 3975.52 1147.03
gcpl150 X 10575.59 413225 535429500 448133750 7RaE7[l EE47.22 24E5.33

151 { gep 51
152 | gop0152
153 | gop0153
154 [ gop0154
155 | gop0155
156/ | gop0156
157| [ gop0157

B616.70 341360 28748500] 451727000 12rasd[l| 307371 2600.68
(2239 736619 3.1784550) 431384050 104900 438510 (325,30
(22391 470717] 31784550 445289150) 105071 [ 3785.42 3755.83
3450.35 470717 42916750) 445259150 Fz4.5900 5326.81 J387.86
703353 S066.50[  3.5832650) 443462500 74025000 442363 337123
672392 G3E0.07[  3.4314600) 436334650 20190 4514.26 5263.93
462,37 Jo44.73|  4797EES0| 449571050 E37.62 (I 281417 384,64

S | O PO |

QN GeoEye

& 2006 GeoEye. All Rights Resarved.



GeoEye’s AWIFS Ortho Production Process USDA/PECAD Seminar September 12, 2006 15

Control Point Measurement / Block Adjustment

Fls Ublty Yiew AQL Extract Raster Help

ESg2i0fBatasr waaAd 2l REa 2

« If auto-generated
tiepoints are not well
distributed, new points
can be added manually

o Atleast 20 well-
distributed points are
used for block
adjustment

636 42.52 M 1 25 14.03 E(Geagraphic {Lat/Lon] { WGS 84) 4| 03,7725, -207 8394

E,HIRE'PB Ortho Utility - [awf023039a_20060818_st00b2345f_proj.txt]*

Project Tools  Help
D@ 00
Fow Mame Enabled He&ne Line Lanaitude Latitude Height Color |Scene Sample Scene Line | Color | Sample Resid | Line Resid RMS erar -:

187| [gcp187 784314 75 3.9880700( 457476250 4336.43 1134.08
188 |gcpll 88 X 359267 4 1.8628350( 440587300 2161.03 G0EA.70

A

& rx) X 3 ||Mude\5tale.STALE |SampIeHM55031 Line RM3: 0.20 Total RMS: 0.37

3

189 [gcp0189 = AN58F7 5713.29 L 5458050  44.0228550 B098.39 423450

150 [gcp0130 ® 8045.55 4994.63 4] 750| 443821850 5114.04 3348

191 [gepllal ® 355267 5713.29 1 & 440228550 2176.01 513858

192| [gcp0192 ® 217584 5138.36 1.1544200]" | 19.41 E

1593 [gcp0193 x 733713 5210.23 3.7350650 018 -0.62 046

194/ [gcp0154 = E021.51 3844.73 3.0772550 G C P A d d TO O I p4.08 0.2 03

195 [gcp0195 ® 934915 B216.34 42410750 pa.07 0.26 016

196 [gcpl1 96 ® B426.32 7006.86 3.2796600 33760700 4447 34 5344.86 0.13 -0.03

197| [gcp0197 ® 723643 482277 3.6844650( 444181150 4534.24 3799.30 -0.03 0.23

138| [gopll 38 ® 845035 3158.00 4.2916750( 452305000 4367.20 1934.20 0.04 01

1399 [gcp0139 = 334915 470717 4.2410750( 445259150 5206.16 3405.22 0.43 019

200 | gcp0z00 kS £332.33 3701.08 3.5326650( 450289700 4047.05 2669.43 0.21 013
gopl20n ® 2675.88 43213 479.27 204.24

N

I 4

#istart| | @w EE » | (O] mnbo... | i Ak, | V)Make‘.rl EERD...‘EV‘;:. | MDeg: b \':mm @ GLCF... ;C;n [ view... | [ view.. | E‘T;:T ||:§'J IRS-..

b

=L é B 1043 8m |
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Control Point Measurement / Bloc

» Block adjustment
performed by using
‘Calculate’ toolbar button

» Line/sample/RSS errors
shown for each point, as
well as overall statistics

* Individual points can be
enabled / disabled or
added / deleted

« All auto-generated
tiepoints with RSS error
> 1.5 pixel are disabled

e Aim for total RMS < 0.5
pixel
 Correction model as

appropriate for AWIFS-A

or AWIFS-B camera
(Lutes, 2005)

@GeoEye'
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jewer #5: awf023039a_20060818_st00h23450_s
Fle Utlity View AOI Extract Raster Help

16

K Adjustment

o]

I, Viewer #3 : awf02303%9a_20060818_st00bZ345kt
Ele Utlity Ysw AOI Extract Raster Help

FEDHOS22 EEEE=+8 Naaqsn »

SEHDES® 23R ED (x&a o #

4

ISampIe RkS: 031 Line RbS: 0.27 Total RkS: 037

t | Calor |Scene SamDIe| Scene Line | Calor |SamDIe Hesidl Line Resid | RSS emor -H

Froject Tools Help

525616 3405.22 0.43 013 0.53
4047.05 2663.43 0.2 016
47.27 204.24 -0.03 0.20
833.27 283.48 0.18 0.2
1440.70 261.67 0.57 -0.38
1418.07 224.27 043 016
£35.81 1786.27 0.24 08

(zD0RE OB &S}

Flow Neme |Enabled| Ref Sample | ReiLfl-
[acp0T87 | % | 784314 27
gcp0168 3267 56

185 [gcp0183 916877 57'
140 [gcp0190 804555 491

FEE]
K

bl

X

bl

%
191 [gepd191 bl 359267 571329 1.8628350) 44 0228550 217601 513858
192| [gepd192 X% 2175684 5138.36 11544200] 44 3103200 107043 4783.41
153 [gcp0193 X 733713 521023 37350650| 44 2743850 4E7304 406018
154| [gcp0134 ® £021.51 3844.79 30772550) 449571060 3454.82 2954.08
195 [gcp0195 b 934915 6216.34 4.2410750) 437713300 561398 4853.07
196 [gcpl196 bl 6426.32 7006.86 32796600) 43 3760700 444734 5544 86
197| [gepd197 X 723693 482277 3E844650| 44 4181160 4534 24 379330
198| |gep01 38 B 845035 3198.00[  4.2916750) 45.2805000 4367.20 1934.20
153 [gcp0133 ® 934915 470717 4.2410750] 445259150 525618 3405.22
200 [gep0200 b 693233 370108 36326650) 450289700 4047.05 2669.43

® 267588 439213 1.4044375| 46 B334375 47327 204 24

4 =

-

Histart| | [ @8 o E’L@ ”‘J (O] Inbo... | 5 awE... | u)Make.:] EERD..‘E\:;.‘I‘ | mDeglru. | M\‘Eruu. QY GLCF.. ;c; 7% view... | [P view. . | B et [[ D ms-. |\§|§ ?;@@ 10:44 &M |
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Control Point Measurement / Block Adjustment

T T A ] 6lock Adjustment Report - o x|
File
IRS-P6 Ortho Utility version 1.05

* Adjustment model can
be modified

— add or remove line drift
terms

— Adjustment Report

Report generation tims: 09-08-06 09:40:51

IRS-F§ Inage Settings

Image file: F:“Projects"PECAD200f%intl“AWF0230394 20060818~AVF0230394 20060818 STOOB2345F tif

Reference Image Settings

Nunber of reference images: 1
Reference image 000 F:“Projects“PECAD2006~int 1~ATF0230394 20060818 ref~AVFO230394 20060818 STOOB2:

Hodel Ssttings

* Detailed report
generation for later L
refe rence Or 3 mM;dEIFmp = = g%gg?g}{g{ﬁpmngf included in adjustment: 207

Total RMS DR37:

D1 F:“Projects PECADZ2006Nint 1NAUFD230394_ 20060818 den~aWF0230394_20060818_STOOE
Samnple terms diss s OSSR TRES)
Line terms OFF 5 L

Ground Control Point Sunmary

H Sample Teims | | Line Tems
trou es Ootlng Point Refereuce Inags RefS Refl Lon Iat Bt 1
L2 e gep0001 AUF02303%A_20060818_STO0B2345E_ref 8146.75 2835 .68 4.139875  45.460160  650.66
75 75 gcplii? AVFD23039A_ 20060818 STO0B2345F ref £729.92 477904 3.431460 44 489380 984 .69
ol o gcp0003 AVFD23039A 20060818 STODB2345F ref 875396 1688 B3 4.443480 46035085 657 .80
gcp000d AVF023039A_20060818_STO0B2345F_ref 6021.51 671940 3.077255  43.519800 318.71
v 52 [ gcp000s AVFD23039A_20060818_STO0B2345F_ref 9259.97 556955 4.696485 44094725 90.19
o o 3cp0006 AVFD23039A_20060818_STO0B2345F_ref 8146.75 3198.00 4.139875  45.280500  526.96
gcp0007 AUFD23033A_20060818_STO0B2345F_ref 7134.73 650380 3.633865 43627600  235.43
I B I R gcp0008 AUFD23039A_20060818_STO0B2345F_ref 1669.83 556955 0.901415  44.094725  108.73
gep000g ATFD23039A° 20060818 STO0B2345F ref 8247.95 4E35 31 4.190475 44 BE1845 43370
geplol0 AVFD23039A_20060818_STOOB2345F ref 8349.15 3485 46 4.241075 45136770 944 41
gcpioll AVFD23039A_20060818_STO0B2345F_ref 9867 .18 4491 58 5.000090 44 633710 370,61
gcp00lz2 AVFD23039A_20060818_STO0B2345F_ref  10170.78 4419 71 5.151890 44 669645 647 68
gcp0013 AVFD23039A_20060818_STO0B2345F_ref 4199.88 693499 2.166440  43.412005 746.98
1 gcp0014 AUFD23039A_20060818_STO0B2345F_ref 5717.90 4419.71 2.925450 44669645 1387 .52
gcpl01s AUF0230394 20060818 STOOB2345F ref 6628.72 3413 60 3.380860  45.172700 6£42.23
ks geplile AUFD23039A 20060818 STOOB2345F ref £426.32 £791. 26 3.279660 43 483870  131.00
Broject ook H gop0017? AVFD23039A_20060818_STO0B2345F_ref 7741.34 5641 42 3.937470 44058730  273.24
= c gcpiols AVF023039A_20060818_STO0B2345F_ref 7944.34 427598 4.038670 44741510 1353 .62 B
S0 ®u O |

Row || MName |Enabléd] Fel Sample Hef Cine LCongituide LCafiflide: Height | Color [5cene sample| ocens Line | Lolor | sample Hesid | Lins Hesid H55 eimor

139 [acp153 % §343.15 4707.17] 42410750 445259150 525616 3405.22 043 -019

% 6932.33 3701.06| 35326650 45.0299700 4047.05 2669.43 0.21 016

% 2675.88 45213 1.4044400]  46.6334350 7527 204.24 003 -020

% 325313 664.38]  16330650| 46.5473100 833.27 283.48 016 0.28

X 403658 75163 2.0843400] 46.5035350 1440.70 2157 057 -0.38

% 4m4.1 704, 2.0735650| _46.5245600 1418.07 224.27 0.4 01

% 2433.3 2084, 1.2831900] 45.8373100 E35.81 1786.27 0.2 -08

X 15421 3365 0.8375650 1363350 282.77 315557 02 02

® 22538 2983 1 6334400 2878100 1375.33 2640.52 03 0

. T B WEEEERE Y W W . A3 TR AT S a
Bistart| | [ oo o [ O] & Inbox ... | (L kg6 | < Makes... | MERDAS.Hl B Comm. .. | ETextFaml A Untile. .. | [&] Bockt | E)6cr .. | 77 viewer .. | B\flewer‘..l > PlatTm. . |
B R0 & carter... | BN conm... | @ unite... | (% viewer... | [ viewer... | [ viewer... | & Lutes ... | & presen... | D) s-pe.. | ) ol .. |[ ) pock .. ey
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rtho Generation

~loix]

* Map projection : A Hedh iEe ~Naan NEEB=+aE NAQH A
parameters / output '
resolution preconfigured
for AWIFS scenes

* Imagery optionally
scaled from 10 bits per e e e
pixel to 8 bits per pixel N - P

I¥ BSeale 1o 8 bit

Cancel

e Cubic convolution
resampling employed

[4142 52,27 M 443 35,53 E{Geagraphic (Lat/Lon)  WaS &4)
— = 5" LRI T ;

Ortho Utility - [awf023039a_20060818_st00b2345f_proj.txt]
Project  Took  Help

=0 dE ODRHO
Fiow || MName |Enabled| il Sample | Pefline | Longtude | Laltude | Heiaht | Color |Soens Sample] Soene Line | Color | Sample Fesid | Line Riesid

199 |QEDD1BB bl 8349.15 470717 4.2410750]  44.5255150 3 5256.16 3400.22 0.43 019
£932.33 3701.08 3.5326650| 450283700 5 4047.05 2669.43 021 016
2675.88 49213 1.4044400| 466334350 47927 204.24 003 020
325313 664.38 1.6930650| 46.5473100 83327 283,48 016 028
403688 791.63]  2.0843400] 465036350 . 1440.70 261.67 0.57 038
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Ortho Generation: 10-to-8 bit rescaling

« Ortho metadata provides DN-to-radiance scaling coefficients

L DN,,
°d 1023
DN,, = 10-bit pixel value

L., = Min radiance value provided in scene metadata
L.ox = Max radiance value provided in scene metadata

| (Lmax - I—min )+ I-min

« 10- to 8-bit rescaling maintains integrity of DN-to-radiance coefficients

255
DNg = DN, -—1023
DN
L, =—2(L . —L_)+L_
rad 255 ( max mln) min

@ Geokye ‘
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AWIFS Nearest Neighbor Resampling Issues

* Nearest Neighbor commonly requested for
Remote Sensing applications because it is
thought to most closely resemble what was
collected by the satellite —i.e., NN pixels are
thought to be more radiometrically ‘pure’ than
those from other resampling techniques

* Nearest Neighbor resampling NOT
recommended for ResourceSat-1 products!

Why not? AWIFS Camera Assembly

 AWIFS collects 4 bands of imagery using 4
different telescope assemblies.

» Detectors from different bands do not collect
energy from the same area on the ground!

 This is true for most satellite sensors. Only
systems with beam splitter arrangements can
direct energy from exactly the same ground
area to the different bands.

@ Geokye ‘
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NN Resampling Example

{id Viewer #8 : awf287045b_20050118_b5.shp

* Thisis anactual scene Zunasccsass-+ar naan s
illustrating the effect of | __
NN resampling on image

reconstruction

 Ground track of the

detector arrays shown
for a single as-collected
line:

— Green = green band

— Red =red band

— Magenta = NIR band

—  Yellow = SWIR band

& 2006 GeoEye. All Rights Resarved.
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NN Resampling Example cont’d

50118_b5.shp == x|

_200.
File Utiity Wew AOI Extract W¥ector Raster Help
* Close-upshowsthat FEDESQ2ERFE=+aL NQaAH »

pixel offsets can be

large

* NN resampling could
result in a pixel with data
coming from source
pixels having very little
overlap

& 2006 GeoEye. All Rights Resarved.
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NN Resampling Example cont’d

50118_b5.shp == x|

Fle LUtiity Wew AQI Extract Yector Rash

Plot illustrates source e
pixel footprints that were
used to compile output
pixel

Almost no overlap
between green and
SWIR!

& 2006 GeoEye. All Rights Resarved.
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NN Resampling Example cont’d

lid Viewer #9 : awf287045b_20050118_b2345_o_60m.tif (:Band_3)(:Band_2)(:Band_1) -5 x|

+ Closeupofscene  SUyLT i Gusrae vaans
with CC resampling

|36 5121,82H 76 28 14.45 W({Lambert Conformal Conic [ WGS 84)
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NN Resampling Example cont’d

lid Viewer #9 : awf287045b_20050118_bz345_o_60m_nn.tif (Layer_3)(:Layer_2)(Layer -5 x|
Fle Utlity Wew AGI Extract Raster Help

¢ Same scene with NN BEDESL 2 REH=+a N@Aalp A
resampling

 Note color artifacts
around bright
features

e |n addition to band-
to-band registration
iIssues, there is also
pixel duplication —
the same source
pixel generates more
than one destination
pixel.

* Happens because of
scale variability
throughout AWIFS
scenes

@GeoEye‘

6 GeoEye. All Rights Reserved



GeoEye’s AWIFS Ortho Production Process USDA/PECAD Seminar September 12, 2006 26

Pixel Duplication in NN Resampling

s Yiewer #1 : awf287045b_20050118_b2_ o &Om.tif (:Band_1) - | Ellil e, Viewer #1 : awf287045b_20050118 b2 _o_60m_nn.tif (:Layer_ 1) - | EI|5|
File Ukiity Yiew AODI Extract Rasker Help File Utlity View AQI Extract Raster Help
DS 23U HB=+_L x@aln » EEDRERS 2 EE=+8L x@QQN #

Duplicated
pixels

CC Resampling NN Resampling

Blue band of scene from previous slide.

@GeoEye'

& 2006 GeoEye. All Rights Resarved.



GeoEye’s AWIFS Ortho Production Process USDA/PECAD Seminar September 12, 2006 27

Pixel Duplication in NN Resampling cont’'d

s, Yiewer #2 : awf267045b_20050118_b2345_o_60m.shp B ] 5

» Plot of pixel centers illustrates =5 T T o] s T i o
several areas where two FEDEBS? 230 FEFE=4+QE XA 0 »
destination pixels fall within the
same source pixel

* This effect worsens in areas
where as-collected GSD
diverges from GSD of output
product

— AWIFS as-collected GSD is
56 m at nadir but ~70 m at far
edge of scene

 To avoid this, use a lower
GSD for output product (e.q.,
70 m instead of 56 or 60) or
don’t use NN resampling for
image reconstruction

@GeoEye'
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NN Resampling Summary

. AWIFS has two characteristics that make it difficult to use Nearest Neighbor
resampling for image reconstruction:

1. Detectors from different bands do NOT collect energy from the same ground area
(different optical distortion, timing, detector placement, etc.)

2.  Scale variation across the scene forces a compromise in choice of product GSD, resulting
in pixel duplication in parts of the processed image

. GeoEye recommends CC or other resampling techniques for AWIFS ortho
products

@ Geokye ‘
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Ortho QC

=18]x]

{fdl viewer #6 : orthotif (Layer_3)(Layer_2)(Layer_1)

« ERDAS IMAGINE SMDUSOEHEEE- Ak Naas

‘flicker’ and ‘swipe’ tools
used to compare ortho
with reference
orthoimage

el T
[432044.03N 3 29 47,13 E(Geographic (Lat/Lon) | WGS B84)

& 2006 GeoEye. All Rights Resarved.
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Ortho Q

S

 QC operator checks

100 |

several areas within e
1ol Hl_AulnMnde Speed: l@

image for alignment

Imaqe Warne

ortho i
2| awi023039a_20060818_st00b23456_ref tif

« All areas should be
within 1 pixel of
reference image

— Reference imagery
sometimes has local

problem areas (both
GeoCover and DOQs)

— Can be detected by
local shear within
reference image

* More tiepoints added
and ortho regenerated if
tolerance is not met

@GeoEye'

& 2006 GeoEye. All Rights Resarved.



GeoEye’s AWIFS Ortho Production Process USDA/PECAD Seminar September 12, 2006 31

Ortho Q

« 1 pixel alignment with ). B ﬂ
reference is typically o e
achieved with no rework |/ 7 T e mE
necessary Sie—

* Ortho is also checked at
this stage to ensure
complete coverage
(e.g., no corners cut off
due to incomplete DEM
coverage)

‘@a L N
Cancel | Help |

* Ortho viewed with
different band
combinations to ensure
that all 4 bands are OK

l44 0541.98N 052 07,45 E(Geographic (Lat/Lon) | WGS 84)

@GeoEye‘
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Final Reformatting / QC

i Vrmer 81 othet (Luper ) aper_2hitaves_1) ol x|

B Uk g 3 D St [@1u4z2000 =gl x|
GENBSPE S HYPEm+Aal NAAA R e Ed ew Fuorkes ok Lo @
- | 25 BNy AR ey Fodes | x g "

agiross =) 02y =

« 4-band ortho TIFF split into separate Eoumal  SotEg e

LKE MAFle  E[27[H006 230 P

bands

:gfumumm il ZKE TAL File Ef27)2006 2:39 P
_gmlll‘iml.w\j 3KE YOLFie 6[27/2006 2:38 PH
e LGSOWG scene metadata used to ! u

generate TIFF metadata — stored in Source LGSOWG data

TIFF Image Description field

« Matches GeoTIFF ortho format for
products generated by IRS-P6 ground
station

E Document - WordPad P ] B4
File Edit Wiew Insert Format Help
NEEE R
IEounerNew j I'\EI j IWestem j Bl]l u |@| = EE||
g"'l""l"'l"'z"‘"'3"'I"'4"'I"'5"\"'!"'I'
- Reformatting utility
TYPE OF PROCESSING =TERRATN RESANPLING =CC
VOLUME #/# IN SET =01/01 PIXELS PER LINE = 8114 LINES PER BAND = 8038/ 5038
i:ng; LINE # = 1 BLOCKING FACTOR = 1 RECORD LENGTH = 85114 PIXEL SIZE = _Iolx]
OUTPUT BITS PER PIXEL = & ACQUIRED EITS PER FIXEL =10 Eile Edit Vew Favorites Tools Help | f,‘
BANDS PRESENT =2345 PRODUCT CODE =STLCOOOTI =
- €Y - ] =
VERSION NO =IRSPEDPSVIRZ ACQUISITION TIME =10:41:04:2597 Qe - Q) - T Rl 4 | 5 X ) | (5
GEMERRTING COUNTRY =U3L GENERLTING AGENCY =31 Address [ =) Fi\Projects|PECAD200GHNt|AWFO230394_200608 mave TalPRODUCTL 7| (£ Go
GENERATING FACILITY =IG&-1  PRODUCT ENDIAN =LITTLE | T T =
Mame Size | Type Crate Modifies
FEQNDNIF 63,760 KB Microsoft OFfice Do...  9(7/2006 11:08 AM
REV CETLSES AND GAINS IN THE BAND ORDER LS ON THIS TAPE EANDB‘TIF 63,760 KB Microsoft Office Do...  9/7/2006 11:08 AM
0.000000000000000 52 .340000000000003 EAND“LTIF 63,760 KB Microsoft Office Do...  9f7/2006 11:08 AM
o OOO00000000000a 40 250000000000000 [Blanps, TIF 63,760KB Microsoft Office Do...  9/7/2006 11:08 AM
o 00000000000000G 25 425000000000001 W |P6GEOTIFF.DOC 205KB Microsoft Word Doc...  5/13/2004 1313 PM
0.000000000000000 4. A45000000000000
0.000000000000000 0.000000000000000
0.000000000000000 0.000000000000000 i [+
P P

For Help, press F1 ,_W 4 |5 objects [z49 mB | 4 my Computer v
@ GeOEye GeoTIFF ortho metadata in TIFF header Output GeoTIFF ortho product
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Summary

» GeoEye’s AWIFS ortho production workflow has been described

« Current implementation is interactive but not laborious, providing numerous operator
QC points to ensure product quality

» Custom software used for most data processing steps

* International product accuracy is limited by control dataset accuracy
* Nearest neighbor resampling not recommended due to nature of AWIFS sensor

« 8-bit ortho product is generated from the 10 bit source image - 10 bit products also
available

@ Geokye ‘
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