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outline

e methods

— gCps
— geocal sites

» absolute geolocation accuracy for QB02 and WV01
— nadir projected error
— desired accuracy
— percentiles, CCAP metric
— absolute accuracy by quarter

 relative geolocation accuracy for QB02 and WV01
— relative error definition
— relative accuracy by quarter using ordinary data
— relative accuracy by quarter using detrended data
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gcps are used to assess absolute geolocation accuracy

27 sites
Site ngop

Ahu Dhabi, United Arab Emirates 15

. Al Mukalla, Yemen 10

» each city/area has a set of Anchorage, Alaska 19
GPS surveyed gcps, call it a gf;fheérjgffustra”a -
(geo)metric (cal)ibration site Calgary, Alberta 11
Chiang Rai, Thailand 21

Corral De Bustos, Argentina 15

Dunedin, Mew Zealand 10

. : Fairhanks, Alaska 21
each geocal site has ngcps Gourcelonn. Guyans 0
Hamburg, Germany 11

Jakarta, Indonesia 10

. . Las “egas, MNevada 47

« multiple geocal sites are used  elboume, Australia 25
Oshakati, Mamabia 15

to assess daccuracy Perth, Australia o
Phoenix, Arzona 113

Reykjavik, lceland 5

Fio de Janeiro, Brazil 20

Rome, ltaly 10

San Raimundo Monato, Brazil 15

Fararmaribo, Suriname 16

oevilla, Spain 10

—ouza, Brazil 15

Tabuk, Saudi Arabia 10

Townsville, Australia 20
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latitude

risbane

elbourne 27
4%§;nedin

0
longitude
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angular histogram
of geocal sites
as of March 2009

(almost) two sites
every ten degrees
of latitude
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Absolute Geolocation
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absolute geolocation errors can

nadir projection helps
compare images from
different nadir angles

desired geolocation accuracy
also defined in terms of
nadir projected error

e nadir projected
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absolute geolocation errors can be assembled into a quiver plot

kilolines, kilopixels for gop locations b
nadir projected meters for gop errors
"IE 1D 1:5 I Pl s sl ;
o}
> 3.32 e
I -.-_I:i::-:il::-)
009
average
gealocation
error

absolute accuracy can
be summarized by the

average geolocation
error

itz i ezl

4
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absolute geolocation errors can be assembled into a quiver plot

a kilolines, kilopixels for gop locations
nadir projected meters for gep errors

0 o 10 15

[ E'UIE rEgE
. e gealocation
errar

absolute accuracy can be
summarized by the

average geolocation
error
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desired absolute geolocation accuracy

90t percentile of something, everything should be

23 meters (projected to nadir) for QB02

6.5 meters (projected to nadir) for WVO01
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this 90t percentile is used for evaluation

Nov 2007

ot * Say there are N errors, r, to ry
"53668

e if you represent each « Multiply N by 0.9, express result as an
mtore strip by the magnitude _ Ply y ’_ P
— of the average error, integer plus a fraction:

s then take the NGA 90t

meters percentile of a bin, * .

N*0.9+05=i+f
that’s the
CCAP metric.

01-Now-2007
01-Dec-2007

* Stand f of the way between r; and r;,,

o

[u] By Dy a — *
YEV L ¥ CEQO =1, + (ry = 1)'f
%hﬁ‘j 5 EED D_E%?T_

B o %DETD i « | 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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scatter with percentiles
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QBO02 camera biases for selected strips

962 strips
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WV01 camera biases for selected strips
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992 strips
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quarters with percentiles

DigitalGlobe Unclassified



--'-.-___---'-
DIGITALGLOBE
CLEARLY THE REST

absolute geolocation accuracy by quarter

QB02

nadir projected errors

S5 4 Q2007 202007 3Q2007 4Q2007 1Q2008 2Q2008 302008 4Q2008 1Q2009
91 96 71 60 78 a6 56 62 43
images images images images images images images images images
50
CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric CCAP metric
| was was was was = was O was was was was
45 15.4772 14.1483 20.8042 15.7355 17.3101 18.4048 20.1571 14.8801 14.0539
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absolute geolocation accuracy by quarter

QBO 2 full errors

nadir projected errors

99 1 Q2007 202007 3Q2007 4Q2007 1Q2008 2Q2008 302008 4Q2008 1Q2009
91 96 71 60 78 a6 56 62 43
images images images images images images images images images
50
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full errors

magnitude of average geolocation error
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images
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was
45589
3.9679
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was
4.9061
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2Q2008

195
images
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was
5.4074
4.6593
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01-Jul-2008

nadir projected errors

3Q2008

167
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CCAP metric
was
6.1587
5.3339
meters
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4Q2008
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CCAP metric
was
5.0692
42382
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Y THE BESET

CLEAR

a‘ absolute geolocation flicker plot for emphasis

magnitude of average geolocation error
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Relative Geolocation
Accuracy

(using ordinary absolute accuracy data)
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relative geolocation errors are made from vector differences

kilolines, kilopixels for gop locations
nadir projected meters for gop errors

5 1D 15 | OEH R O (IR H:
I | | |

relative accuracy can be
summarized by the

worst relative error

8.56
. peTjuted e
ADLTASE LOLTOAE
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4

worst relative
elror
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relative geolocation errors are made from vector differences

a kilolines, kilopixels for gop locations
nadir projected meters for gep errors
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relative accuracy can be
summarized by the

worst relative error
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desired relative geolocation accuracy

no explicit goal... but let’s just say

0 meters (projected to nadir) for QB02

O meters (projected to nadir) for WVO01
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relative geolocation accuracy by quarter

QB02

nadir projected errors

1Q2007 202007 3Q2007 4Q2007 1Q2008 2Q2008 302008 4Q2008 1Q2009
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images images images images images images images images images
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maxes can be spectacular swirls

‘ nadir projected errors
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maxes can also be long strips

QB02

)jected errors
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relative geolocation accuracy by quarter

QBO 2 full errors

nadir projected errors
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relative geolocation accuracy by quarter

WVO 1 full errors

nadir projected errors
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swirls are much
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flicker plot of ordinary relative accuracy
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Relative Geolocation
Accuracy

(using detrended absolute accuracy data)
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detrending

is a least squares fit to find
attitude offsets that minimize
absolute geolocation error:

bias rate accel
(ur) (ur/s) (uris/s)

roll 15.8 -71 0.4

pitch | -5.0 2.2 0.4

yaw | -399 | 1.0 | 49
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relative accuracy can be
recalculated for each geocal strip
using the detrended absolute
errors

worst relative error
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worst relative errors using detrended data
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nadir projected errors
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worst relative errors using detrended data

QBO 2 full errors

nadir projected errors

1Q2007 202007 3Q2007 4Q2007 1Q2008 2Q2008 302008 4Q2008 1Q2009
91 94 71 60 78 46 56 62 43
images images images images images images images images images
30
makx relative error | max relative error | max relative error | max relative error | max relative error | max relative error | max relative error | max relative error | max relative error
14.0668 8.3224 7.6657 9.4795 6.8869 4.3521 4.6218 7.906 4.4593
12.0758 6.873 6.6334 7.8582 6.1152 4.1421 4.2467 6.85338 4.019
meters meters meters meters meters meters meters meters meters
_ 5[
o
|
|
€
€
2
et P o - I =] =] o QR [+1]
o — [=] [=] (=] [=] [=] (=]
o 8 g g S 5 g g g 5
= = i L bt = i = k] c
% 3 4 3 S 3 4 3 0 5
o o ) ) ) s ) ) ) )
=
S 15[
€1
o
=
=
=
o o
3%}
£

a o o o
N o ath e o
o o
5_5 m %DIE E 0 = o o o o
o o o o
& B DDDE ufgﬁ ol mp o0 o L o g o o g
]U;% Dt%‘ja% HE qﬂDDDEud:'l"Dij:uDg' o B° °Ha 0B o 7 ? oGP D D a g e A
o 5 270 3 oo Dd:ll_\DDDDD . go © Fbgn o ; ot Jg'n B0 o g P& o a ° 5 o og Cm o P o
o oo g%o o Qo g Pl & oo oo a o g B | H o do mo g ] 0
ucll:F‘El\lh 6] oo DDDD# oD O @0 DD o ngﬂm Op IFDSJEBJD = o %C‘IJ D'SJ B o Dipg o o o o g Mg 00 g EMEDPQ DUS Blﬁ a
a o b m U 10 o mﬂu o & o oo 0 oy iy o L E0 o u} 0o hpE
0 |D.—. Ej & ‘Dr\ o fral Q{: e [ o m |.—. jml a g 4 =tal o O H = dgpg 0 r—.% ful b h On g D‘f‘ﬂu ir; =l M geae o

first line time (day month year)

DigitalGlobe Unclassified



--'-.-___---'-
DIGITALGLOBE
CLEARLY THE REST

worst relative errors using detrended data

WVO 1 full errors

nadir projected errors
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flicker plot of detrended relative accuracy

WVO 1 full errors
nadir projected errors

1Q2007 202007 3Q2007 4Q2007 1Q2008 2Q2008 302008 4Q2008 1Q2009
0 0 0 279 151 195 167 135 65
images images images images images images images images images
30
maX relative error | max relative error | max relative error | max relative error | max relative error | max relative error
3.8321 3.0902 2.0002 1.9858 2.1746 15238
3.2926 2.4301 1.7327 1.5853 16111 1.3567
meters meters meters meters meters meters
_ 5[
o
|
|
€
€
2
et P o - I =] =] o QR [+1]
o — [=] [=] (=] [=] [=] (=]
ok g 5 g g g g 5 §
= = i L bt c i = k] c
B 3 g 3 Q 3 g 3 Q 3
o o ) ) ) s ) ) ) )
=
S 15[
€1
o
=
=
=
4
= 10
5 —
=&
0 &

DigitalGlobe Unclassified



B i
DIGITALGLOBE
CLEARLY THE BEST

conclusions

DigitalGlobe Unclassified



--'-.-___---'-
DIGITALGLOBE
CLEARLY THE REST

conclusions

Both QB02 and WV01 meet their respective goals for absolute geolocation
accuracy:

— recall desired absolute accuracy
+ QBO02: 23 meters projected to nadir
« WVO01: 6.5 meters projected to nadir

— over last two years, when binned into quarters, each quarterly CCAP metric
(90t percentile) meets goal. Each satellite has characteristic spread:

+ QB02: 14.1 to 20.8 meters projected to nadir
« WV01: 4.0 to 5.3 meters projected to nadir

quarterly absolute geolocation accuracy summary

min max
QBO02 141 20.8
WVO01 4.0 53
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conclusions

We have no goal for relative geolocation accuracy, but there are plenty of great
results:

— using ordinary absolute geolocation data in quarterly bins, max relative error fluctuates
between

+ QBO02: 11.8 to 20.4 meters projected to nadir
« WV01: 1.8 to 4.8 meters projected to nadir

* maxes were spectacular swirls and long strips

— using detrended absolute geolocation data in quarterly bins, max relative error fluctuates
between

+ QBO02: 4.0 to 12.0 meters projected to nadir
« WV01: 1.4 to 3.3 meters projected to nadir

* maxes were gcp misclicks and long strips too complex to fit well with simple biases, rates, etc...

quarterly relative geolocation accuracy summary
ordinary detrended
min max min max
QB02 11.8 20.4 4.0 12.0
WVO01 1.8 4.8 1.4 3.3
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