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outline

« absolute geolocation accuracy topics
— monoscopic geolocation accuracy statistics for
- QBO2
- WV01
« WV02

— stereoscopic geolocation accuracy statistics for WV02

* relative geolocation accuracy topics

— WVO02 panchromatic camera calibration (criss crosses)
* quick refresher
* long term stability study
— WV02 multispectral camera calibration (band-to-band registration)
« definition
* long term stability study
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absolute geolocation
accuracy

(or, what one can do with gcps)
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site
Abu Dhabi, United Arab Emirates
Acapulco, Mexico
Al Mukalla, Yemen
Anchorage, Alaska
Boise, Idaho
Brisbane, Australia
Calgary, Alberta
Dunedin, New Zealand
Fairbanks, Alaska
Georgetown, Guyana
Hamburg, Germany
Jakarta, Indonesia
Las Vegas, Nevada
Melbourne, Australia
Oshakati, Namabia
Perth, Australia
Phoenix, Arizona
Pistarini Airport, Argentina
Reykjavik, Iceland
Rio de Janeiro, Brazil
Rome, Italy
Sao Raimundo Monato, Brazil
Seuvilla, Spain

Souza, Brazil

Paramaribo, Suriname
Tabuk, Saudi Arabia

Townsville, Australia

latitude

<USGS

science for a changing world

ground control points are the absolute reference of choice

risbane

elbourne %j
%unedin
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latitude distribution

of geocal sites 27 sites

strategy is to monitor the

ingredients to geolocation,

e.g. attitude, ephemeris,
down the orbital track

confirms good geolocation
can be constructed at all
latitudes with land
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10 degree latitude bins
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this 90t percentile is used for evaluation

Nov 2007

o * Say there are N errors, r; to ry
b if you represent each « Multiply N by 0.9, express result as an
meters strip by the magnitude ] ]
of the average error, integer plus a fraction:
CCAP metric
e, then take the NGA 90t
meters percentile of a bin, N*O 9 _
9+05=i1+f
~ - that's the
g g CCAP metric.
: g * Stand f of the way between r, and r,,,
g § E; CE90 — I’I + (I’i+1 —_ rl)*f
i o oD a B ?mn o
%_E’%g o Em%‘j EU;E] . . . .
R S « | call it NGA percentile in this talk

[12345678910]

NGA percentile: if you have ten things, the 90" percentile is halfway between the ninth and tenth thing
(it’'s unbiased, by construction through Monte Carlo studies)
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monoscopic geolocation
error analysis

a NAs USDA
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Joint Agency Commercial Imagery Evaluation

WV02

locally horizontal !
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108 lines/pixels for image borders,
nadir projected meters for vectors
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Joint Agency Commercial Imagery Evaluation

average
geolocation
error
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average
geolocation
error

1.99 meters

1.63 meters

1.14 meters

108 lines/pixels for image borders,
nadir projected meters for vectors
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108 lines/pixels for image borders,
nadir projected meters for vectors
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time bin plots, last 2 years

monoscopic analysis of all three satellites
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desired absolute geolocation accuracy

90" percentiles should be:

23 meters (at nadir) for QB02

6.5 meters (at nadir) for
WVO01, WV02

DigitalGlobe Unclassified
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QBO02 meets the 23 meter spec in all quarters

100~ 1092009 2Q2009 3Q2009 4Q2009 1Q2010 2Q2010 3Q2010 4Q2010 1Q2011
65 86 82 84 98 77 90 53 62
o0 images images images images images images images images images
CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric
- was was was was was was was was was
= 80 13.584 | 13.444 14.011 17.687 | 17.408 | 16.905 17.593 16.002 | 21.091
2 16.685 | 15.550 15.919 19.695 | 20.503 | 17.478 18.696 17.926 | 23.693
— meters meters meters meters meters meters meters meters meters
s 70
B a
S A 2 2] 2 2 2 o 2 b
= 68 g g 8 g g 2 8 g
c = - b1 c = - b1 c
3 3 § 3 Q o 2 § 2 Q 3
8 56 | s s s s Y o by s )
> full errors i o
=2 nadir projected €rrors
o 40
-] al
© o =
|..6 a :ID
g 30 R o o o o o o o
E O O o o O a o
g 20 : N %__m—jgﬁ.ﬂ_ﬁﬂbﬁ_ 0 &
u] _ O ] ol B oo o o °
B D%: % Bl g% o o - deD i D@DDEI i = a” oo . 8 D?j
L Do [ O \ o o L0 o o ‘:‘DD EDD L D:FD 5 DD e E# g O
10-9 g Dad:‘ oflg O o o ‘:‘:u:EDD DDD o g o = 2o DE‘DD o, g Poo m|g = Opoh B o oo
opH8g B =N T Fo o Bty O @ | .0 o o ogtd o H8 g o, ° & o Poo 2 o
;E DEH:'D DEDDE@D i Ennnﬁénﬂn Q O DI@,@E%EDDD DDED Eh@dj E ; ﬁ;ﬂﬁ% L méqféném E;%j % =] = ljl: o é‘ - %?D . ] %EEI ﬁnmh DW%D E
4 oo g I‘E ﬁjn & Ha oy oS @ o d‘.‘ o oo o o o ey g q%n o Bhgp o g DD
0 7o0% &© EEEE o %%”mqﬂ @%E\f “% 5 EE‘”E@“ |§%“D PE o pE? | % | oo

flrst line time (day month year)
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WVO01 performs better than QB02

’
20~ 1Q2009 2Q2009 302009 4Q2009 1Q2010 2Q2010 302010 402010 102011

92 108 159 92 79 116 126 94 75
images images images images images images images images images
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WV02 does best of all

magnitude of average geolocation error (meters)
—
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»&

20 verification & calibration 4Q2009 1Q2010 2Q2010 3Q2010 UL % 4Q2010 102011
18! p erl 0 d p OSt I au n C h imzasgoes im?g}es im?g?es im1asgzes im1asgaes im1a:)gaes
’
doesn t count! CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric
was was was was was was
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stereo geolocation

stereoscopic analysis of WV02

DigitalGlobe Unclassified
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stereoscopic analysis

WV02

convergence

angle
stereo intersection, horizontal error not locally horizontal!
point of closest approach .3 vertical too!
vertical

full error error

no nadir projected error
two cameras = too complex €

true location

DigitalGlobe Unclassified
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kilometers for image borders, gcps

meters for vectors
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average
geolocation
error

4.85 meters

4.73 meters

1.05 meters
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horizontal bias (meters)

~J

wo1-Jan-20r10

Y 1Q2010

25
stereos

horizontal CEQ0
was

2.551

meters

full error

01-Apr-2010

horizontal component of WV02 stereoscopic geolocation error

é

science for a changmg wmld
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vertical bias (meters)
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.. vertical component of WV02 stereoscopic geolocation error
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relative geolocation
accuracy

(or, what one can do with tie points)

DigitalGlobe Unclassified



e =USGS @ © 2|

DlG ITALG LOBE' science for a changing world

tie points are the relative reference of choice

One wilderness area that worked well for both
PAN and MS camera calibration was

“central Australia 1”
latitude: -19.894929°
longitude: 130.912897°

all

PAN and MS calibration work performed with tie
points over this site will be shown

(affiliated poster shows other wilderness areas that
were used for these two tasks)

DigitalGlobe Unclassified
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PAN camera calibration

Initial calibration, and long term stability

DigitalGlobe Unclassified



By USDA ISR |
=USGS @ © =P

—— e —
.
DIGITALGLOBE ”
CLEARLY THE BEST Joint Agency Commercial Imagery Evaluation [‘i

Initial calibration of the WV02 PAN camera used WV01 PAN

WV01 reference image

WV02 image AN

— O
‘ a line of tie
W,——— 2 points across
CE90 = 20.89 meters the focal plane
at nadir
N
— O
\
)( W
' f CES0 = 10.03 meters \\&\
same as a, but minus | =t madr -
the average error ' A"
. . BT I AT R 1PAN IXeI:
after Ca“brat'c)n c ) CES0 = 055 meters at nadlr 046 mel:::ers at

T I I > nadir
0 5 10 20 30 pixels

(107 line/pixels for image border, meters at nadir for vectors)
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post-calibration check of VW02 PANused “cs crosses”

a grid of tie
points fills the
overlap region

grid spacing is
300 lines/pixels

just a pair of WV02 orthos... &
WVO01 not included

UTM projection
WGS-84 datum

0.46 GSD
(native PAN GSD)

DigitalGlobe Unclassified
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a

east/west WV02 strip

2USGS 6 @y USDA
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Joint Agency Commercial Imagery Evaluation

criss crosses start with a bias; once removed, nothing remains

CE90 = 8.0 meters

b

east/west WV02 strip

CE90 = 0.60 meters

’ P P L Y B S
~ ’ - - b -~ P Fd F rd / rd
Nz - - ~ - e “ I's \ \ \
- -~ ~ -~ - - Vs ~ by 4
N ~ 7 z ~ - ’
- / ~ ~ \ [
~ ~ ~ / ~ v
- e - N N 5

-« ~ - ’ A / ’ ~ - - -
~ ~ - ~ 7 A # ~ - - ~ -~

~ - - A ’, - - ~ e ~

north/south WV02 strip I north/south WV02 strip
0 10 20 (meters for vectors) )
| | | | | > 1 PAN pixel = 0.46
0 5 10 (km for image borders) meters at nadir

*this figure is symbolic, it has been thinned by a factor of 9... real criss cross grid has over 100 rows, columns!
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WV02 PAN stability study used an “endless criss cross”

1 2 3 4 5 6 ¢ 8 9 10

25-Dec-2009 16-Jan-2010 27-Jan-2010 7-Feb-2010 18-Feb-2010 24-Jun-2010 16-Jul-2010 7-Aug-2010 18-Aug-2010 28-Dec-2010

10 acquisitions over cAustralial during 2010

at first glance, looks like 5 criss crosses...

..but could be 25 if every north/south is combined with every east/west!

DigitalGlobe Unclassified
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WV02 PAN relative accuracy was great, regardless of criss cross!

CE90 after
strip pair | throwingoutthe | days between collects
average error
3.2 0.64 11
3,4 0.54 11
54 0.65 11
9,8 0.55 11
1,2 0.68 22
7,6 0.67 22
7,8 0.61 22
5,2 0.65 33
1,4 0.55 44
9,6 0.49 55
5,6 0.67 126
9,10 0.52 132
3,6 0.69 148
7,4 0.47 159
7,10 0.63 165
5,8 0.46 170
1,6 0.67 181
7,2 0.60 181
38 0.65 192
9,4 0.65 192
9,2 0.47 214
1,8 0.60 225
5,10 0.47 313
3,10 0.64 335
1,10 0.53 368

DigitalGlobe Unclassified

Joint Agency Commercial Imagery Evaluation

1 PAN pixel = 0.46 meters

all criss crosses have a CE90
equal to or just over 1 PAN pixel
regardless of the time
between collects!

implies the PAN camera model
Is rock solid, has no time
dependence
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WV02 PAN relative accuracy is great!

Since there’s no pattern, average
the column of CE90s!

Declare the relative accuracy of
the WV02 PAN camera to be

0.59 +/- 0.08 meters (10)
1.28 +/- 0.2 PAN pixels (10)

DigitalGlobe Unclassified
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MS camera calibration

or, band-to-band calibration

DigitalGlobe Unclassified
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the goal of MS camera calibration

a particular feature should have
the same geodetic coordinates
In every spectral band!

(perfect band-to-band registration)

Camera calibrations methods dial it in to 1 PAN pixel, even though it’'s MS

Process is essentially identical to PAN camera calibration

DigitalGlobe Unclassified
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band-to-band registration for WvV02

There are 9 spectral bands...

N VA ATV S e A

A IAVAEAV/ BN

N U r \ \\ |

L, o N =

§: / \ ——Coastal ©)

; \ " (N2)

g N

g )
N V. O A WV

350 450 550 650 750 850 950 1050
A (nm)

...S0 that makes (g): 36 possible two-band combinations
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all possible 2 band combinations for WV02

B 1
G 2 9 36 subcases
R 3 10 16
N 4 11 17 22
C 5 12 18 23 27
6 13 19 24 28 31
RE 7 14 20 25 29 32 34
N2 8 15 21 26 30 33 35 36
band P B G R N C RE
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real band-to-band registration fall into three coarse bins

: ‘ﬁ\e

(@

P to MS
B 1 MS to MS, same
2 9 band group
R 3 10 16 “
N 4 11 17 22
C 5 12 18 23 27
6 13 19 24 28 31
RE 14 14 20 25 29 32 34
N2 38 15 21 26 30 33 35 36
band P B R N C RE

MS to MS, different band group

DigitalGlobe Unclassified



ST

/—\.
.
DIGITALGLOBE
CLEARLY THE BEST Joint Agency Commercial Imagery Evaluation

performance bins can be explained by focal plane layout

(but | can’t show the exact blueprint!)

WVO02 focal plane has these band groups

B R D C RE
GN N2

“MS1!! “MSZ”

0.46 meters at nadir

1.84 meters at nadir 1.84 meters at nadir

DigitalGlobe Unclassified



,’/USGS 6 W USDA

S N ———— 2 ‘ NQ% =

DIG ITALG LOBE ._ e v _ |
CLEARLY THE BEST

guality of registration depends on time between bands

Joint Agency Commercial Imagery Evaluation

t = 0.13 seconds

<<t t
<> <€

B R
G N

2t

the less time between two bands,

the better the registration between those two bands !

DigitalGlobe Unclassified
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WV02 MS study used the same “endless criss cross”

1 2 3 4 oS5 6 ¢ 8 9 10

25-Dec-2009 16-Jan-2010 27-Jan-2010 7-Feb-2010 18-Feb-2010 24-Jun-2010 16-Jul-2010 7-Aug-2010 18-Aug-2010 28-Dec-2010

10 acquisitions over cAustralial during 2010

for the MS study, this sequence counts as
10 consecutive measurements of band-to-band registration

each strip provides ~20,000 band-to-band registration measurements
for every subcase (x36)

DigitalGlobe Unclassified
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band-to-band registration was checked in each strip

a grid of tie
points fills the

tie points are made entire strip

between all 36
possible 2-band

_ _ grid spacing is
combinations

300 lines/pixels

full grid is
~20,000 points
per strip

UTM projection
WGS-84 datum

0.46 GSD
(native PAN GSD... even for MS bands!)

DigitalGlobe Unclassified
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no time dependence observed in WV02 band-to-band registration

for each of the 36 band-to-band subcases,
there was no time dependence
(similar to PAN results)

performance depended on which band groups were involved

Therefore, the band-to-band histograms for all 10 strips
can be summed by subcase...

...results were so tiny, PAN pixels were the ideal unit of measure!

DigitalGlobe Unclassified
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JQroup -0 DUl d
15000 10000 ' 90th 10000
10000 Nto G
5000
5000
0 Hﬂhﬁm | ' 0 M n
[1] 0.5 1 1.5 0.5 1 1.5 [1] 0.5 1 1.5
ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels)
10000 10000 15000/ v |90th
REtoY
5000 | 5000
Gd Hm‘”ﬂ”ﬂ'ﬂm‘mm ) 0 m-mmmﬂﬂm:m - )
0 0.5 1 1.5 0 0.5 1 1.5 0.5 1 1.5
ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels)
10000 150001 » |90th 6000 . 90th
10000 YtoC 4000 N2toY
5000
5000 2000
0 H:“IHM_MM_A 0 .
[1] 0.5 1 1.5 [1] 0.5 1 1.5 0.5 1 1.5
ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels)
15000 |- 90D 10000 90th 10000/ ko |90t
Rto G REtoC N2 to RE
5000
0.5 1 1.5 0.5 1 1.5 0.5 1 1.5

ortho pixels (0.46 meter pixels)

ortho pixels (0.46 meter pixels)
Digita obe U 3 ed

ortho pixels (0.46 meter pixels)
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0.5 1
ortho pixels (0.46 meter pixels)

<USGS

science for a changing world

10000

i w N msf\ﬂnﬂm

1 1.5

0
0 0.

ortho pixels (0.46 meter pixels)

90th

GtoP

0.5 1
ortho pixels (0.46 meter pixels)

« |90t
- YtoP
0

1] 0.5 1
ortho pixels (0.46 meter pixels)

5000 f
0

T

ortho pixels (0.46 meter pixels)

90th
' REto P
0 .

1] 0.5 1
ortho pixels (0.46 meter pixels)

ortho pixels (0.46 meter pixels)

WM‘“MMH

ortho pixels (0.46 meter pixels)
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6000 6000 6000 6000
4000 il i 4000 4000 4000
-~ | ~ H ‘ |HH||N“ “ -~ H -~ ‘ H | ‘
o it P DJHM m”mmﬁmﬂ]mn..mm_ ) H HHH HH N ] ﬂ HH HH ||| [mmes
[1] 0.5 1 1.5 [1] 0.5 1 1.5
ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels) ortho plxels (0.46 meler pixels) ortho plxels (0.46 meler pixels)
6000 6000 90th 4000 : 90th
4000 4000 YtoR YioN
2000
2000 4"“‘ HN 2000
D m””“”mmﬂllrrmmmw_\ _
[1] 0.5 1 1.5 0.5 1 1.5 0.5 1 1.5
ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels)
6000 6000 90th 6000 6000
4000 4000 N2to G 4000 4000
” m H‘ 2000*‘ ” H ‘ MH”“ H" ” ‘”H W Hm
‘ H H mﬂ\lllu m—— 04”” m"““mﬁmmﬁm,m S 04”" H"H“”mmlmumm.
1.5 [1] 0.5 1 1.5 [1] 0.5 1 1.5
ortho p|xels (0.46 meler pixels) ortho p|xels (0.46 meler pixels) ortho pixels (0.46 meter pixels) ortho pixels (0.46 meter pixels)
6000 6000 | 90th 4000 6000
4000 M 4000
2000
-~ ‘H ‘ ‘ H -~ ’
I H‘ HHH HH [ o IH‘H Hm”ﬂ\\mnrmm ” HH Hﬂllm “III‘ITHH-\..-‘.-‘,___
X [1] 0. 1 1.5 1.5
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conclusions
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absolute geolocation accuracy conclusions

* monoscopic geolocation accuracy goals are met by all three satellites
o QB02 has CCAP metrics between 13 to 21 meters at nadir, < 23 meters
o WVO01 has CCAP metrics between 3.6 to 4.9 meters at nadir, < 6.5 meters
o WVO02 has CCAP metrics between 2.4 to 3.5 meters at nadir, < 6.5 meters

 WVO02 stereo geolocation accuracy components also within 6.5 meters
o horizontal CCAP metrics (CE90s) between 2.6 and 4.6 meters
o vertical CCAP metrics (LE90s) between 3.1 to 4.5 meters
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relative geolocation accuracy conclusions

« PAN camera has atime independent relative geolocation accuracy
o 0.59 +/- 0.08 meters (10)
o 1.28 +/- 0.2 PAN pixels (10)

« all nine spectral bands have time independent band-to-band registration
o MS-MS (same band group) had some 90t percentiles under 0.5 PAN pixel
o PAN-MS had all 90th percentiles under 1 PAN pixel
o MS-MS (different band group) had some 90th percentiles just over 1 PAN pixel
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