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outline

* quick review of the DG constellation

— altitude

— GSD, and a QB02, WV01, WVO02 image of same gcp
 methods

— gcps, latitude distribution

— nadir projection

— quiver plots, average error

— CCAP metric of a group, 90" percentile

« absolute geolocation accuracy
— 2D scatter plots
— magnitude histogram, sample quiver plots from a few bins
— time bin plots, stability
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Imagery Date: Jul 10, 2009

this is gcp 9419 in Townsville, Australia
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one gcp as imaged by QB02

Q BO2=61cm catid: 1010010009F95E00 e, 1A produc

: date: 23 Jul 2009 No radiometric or
(at n ad I r) Off na.dir: "‘18 ggglrir;tric corrections
effective GSD here: ~67 cm
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2oom Window 8:1 Move Mode

WV01 =50cm catid: 102001000AE22400

: date: 12 Jan 2010 No radiometric or
at n ad I r . eometric corrections
( ) off nadir: ~20 o oiod t
effective GSD here: ~56 cm
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Raw, 1A product
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}{Zoom Window 8:1 Move Mode

WV02 =46 cm catid: 10300100037C5700 e, 14 product

(at N ad | r) date: 18 Jan 2010 No radiometric or

geometric corrections

off nadir: ~16 applied
effective GSD here: ~50 cm
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gcps are used to assess absolute geolocation accuracy

abbrewvigtion Site ngcp
AB0 Abu Dhabi, United Arab Emirates 14
ACA Acapulco, Mexcio o
Al Al Mukalla, ¥emen 10
« each city/area has a set of ANC  Anchorage, Alaska 16
. BOI Boise, ldaho 14
GPS surveyed gcps, call it a BNE  Brishane, Australia 13
(geo)metric (cal)ibration site CAL  Calgary, Alberta 10
cDB Corral De Bustos, Argentina 13
DL Cunedin, Mew fealand 9
FB Fairbanks, Alaska 24
o i GEOD Geaorgetown, Guyana 9
each geocal site has ngcps A Thambare. Goroars :
sk Jakarta, Indonesia 10
L% Las “egas, Mevada 52
. . MEL Melbourne, Australia 23
* multiple geocal sites are used OSK  Oshakati, Namabia 14
10 assess accuracy FER F'er‘[h,.aﬂ«ustr_alia ]
FHA FPhoenix, Arizona o945
REK Reykjavik, lceland =)
RIC Fio de Janeiro, Brazil 26
ROk Rome, ltaly 10
SRM Sao Raimundo Monato, Brazil 13
A, Sevilla, Spain 10
S48 Souza, Brazil 13
SUR FPararmaribo, Surinarme 13
TBK. Tabuk, Saudi Arabia 10
THY Towensville, Australia 19
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latitude

risbane

elbourne 37
%}unedin

0
longitude
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angular, latitude histogram
of geocal sites
as of March 2010 0 g

(almost) two sites
every ten degrees
of latitude

in the pursuit of good
geolocation for all latitudes

radius is number of geocal sites in bin

70
90 80

Emp— 10 degree latitude bins
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imagery from O to 35° off

nadir projection also helps _
nadir checked

compare images from
different nadir angles

desired geolocation accuracy
defined in terms of
nadir projected error

projected location,

nadir projected error
measured location

full error

true location
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units are

0¢

~ kilometers for strip border

oro meters for error vectors
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0cT

average error taken to
following steps

ovT

0 20 40 60 80 100
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desired absolute geolocation accuracy

90" percentile of something, everything should be

23 meters (projected to nadir) for QB02

6.5 meters (projected to nadir) for
wVv01, WVO02
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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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scatter plots

with percentiles
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OBO02 has a scatter plot with a wide sread

QB02 camera biases for selected strips

1300 strips
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WVOl has a much tighter sread

WV01 camera biases for selected strips

1429 strips
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cross-track bias (nadlr-prOIected meters)




= S o %J Civil Commercial Imagery Evaluatlon Workshop
DIGITALGLOBFE 74 |

CLEARLY THE BEST

WV02 camera biases for selected strips

357 strips

will be evident later, this 90"
percentile was inflated by
early mission data

-40 -20 20
cross-track bias (nadlr projected meters)
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scatter plots

with standard deviations
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OBO02 has a scatter plot with a wide sread

QB02 camera biases for selected strips

10x = 10.926375 nadir-projected meters
20x =21.852750 nadir-projected meters
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10 = 2.686024 nadir-projected meters
20 = 5.372047 nadir-projected meters

-20 20
cross-track bias (nadlr-prOIected meters)
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WVOl has a much tighter sread

WV01 camera biases for selected strips

10x = 2.441446 nadir-projected meters
20x = 4.882892 nadir-projected meters
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10 = 1.696351 nadir-projected meters
20 = 3.392703 nadir-projected meters

-40 -20 20
cross-track bias (nadlr-prOIected meters)
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WV02 camera biases for selected strips

10x = 2.443640 nadir-projected meters
20x = 4.887279 nadir-projected meters
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10 = 2.160022 nadir-projected meters
20 = 4.320043 nadir-projected meters

-40 -20 20
cross-track bias (nadlr-prOIected meters)
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histograms

of average geolocation error,
with sample quiver plots
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distribution contains 1300 strips

o]
o

number of strips in bin
Y
o

20

0 10 20 30 40 50 60
average geolocation error (nadir projected meters)
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100

catid is LOLOOLOODBOZEFO0D
scan direction is forward

o]
o

image boundar
[ measured GCF

average error = e
0.89 meters at nadir

o]
o

jﬂ-\MUUdA

number of strips in bin
Y
o

20

20

average ¢

QBO02 is capable of
genuine submeter

average error, where all
gcps are submeter.
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100

catid iz 1010010003804F00
scan direction is forward

o]
o

o]
o

R\OUUE

o
o

number of strips in bin

20

ﬁ\OEHZ
average ¢

Sometimes, however,
QBO02 submeter average

error comes from vector
cancellation instead.
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catid is 101001000AFGECO0
scan direction iz forward

o]
o

image boundar:

GASS 3 residu
arrous point

10—

o]
o

20—

o
o

[

30—

number of strips in bin

20

40 —

[}

average

B0 —

Most probable bin has wcorP
strips with “shear”, i.e. o

0=

error changes with line.

RIO0TE
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100

o]
o

o]
o

number of strips in bin

40 T
20

0
0 10

average ¢

Most probable bin has
strips with “shear”, i.e.

error changes with line.

average error =
2.88 meters at nadir

catid is LOL00LOODSCZEEND
scan direction is forward

Civil Commercial

Imagery Evaluation Workshop

image boundar:

[ measured GCP
——— ASS 3 residy
arrous point
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catid iz 10100100078C7CO0
scan direction is forward

image boundar:
[ neasured GCP

wae ] distribution contains 1300 strips

arrous point. 1

o
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S

High average error is
almost always a large,

plain bias.
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samples from the distribution

distribution of average geolocation error for the WV01 geocal strips
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distribution contains 1429 strips

number of strips in bin
N w = O
o o o o
I I I I
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’_l_!_m_\ SH = |
0 p 4 6 8 10 12
average geolocation error (nadir projected meters)
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average ¢

Nearly all WVOL1 low error
strips are genuinely low error,

no vector cancellation.

10

15

20

b 25
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Eid

40

45

FGoaos_1H+

FG0ODG_0167

]

Figure 3l from the desk of Eymn smi |ey

catid is 10200L0004CZ0000
scan direction is forward

FGUUUE_USMGDDD@DDE

image boundar:
measured GCF
GASS 3 residu

raws point
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catid iz 1020010007793000
scan direction is forward

50 — =0 L e poin

n - : average error =
1.98 meters at nadir
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N
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average ¢

Most probable WVO01 bin
holds plain biases.
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File  Edit

Ded

catid is 1020010002244100 . . . . .
e direction i reverse —— distribution contains 1429 strips
O measured GCP
GASS 3 residu
arrows point. f
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WVO01’s idea of an outlier is a
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samples from the distribution

distribution of average geolocation error for the WV02 geocal strips
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average geolocation error (nadir projected meters)
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WVO02 has genuinely low
error without vector

cancellation as well.

average ¢

Ceornia
corn1 &

catid iz 1030010002050500
scan direction is forward
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number of strips in bin
]

average ¢

Like WV01, the most
probable WVO02 bin holds

plain biases.

Civil Commercial

catid iz 10300100032E8E00
scan direction is forward
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average error =
1.36 meters at nadir
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catid iz 10300100021BA000
scan direction is forward

boundar- . . . . .
o g;;%u;ea = | distribution contains 357 strips
s point.

Gl

Rk

20—

RMOB

30—

(LA

“r B 8 10 12
sted meters)

The worst WV02 outlier is just
o 11.34 meters, on par with

WVO01. Plain bias, as expected.

Bo—
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guarterly time plots

for the last 2 years, when available
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QBO2 quarterly CCAP metric for the last 2 years

70 102008 202008 302008 4Q2008 102009 202009 302009 4Q2009 102010
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1Q2008

151
images

CCAP metric
was
4.2269
4.9061
meters

01-Apr-2008

2Q2008

195
images

CCAP metric
was
4.6593
5.4074
meters

01-Jul-2008

3Q2008

167
images

CCAP metric
was
5.3339
6.1587
meters

01-Oct-2008

4Q2008

135
images

CCAP metric
was
4.2382
5.0692
meters

01-Jan-2009

1Q2009

92
images

CCAP metric
was
4.9443
5.5341
meters

01-Apr-2009

2Q2009

108
images

CCAP metric
was
4.4222
5.0456
meters

01-Jul-2009

Civil Commercial Imagery Evaluation Workshop
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3Q2009

159
images

CCAP metric
was
4.7553
5.4907
meters

rrors
projected

01-Oct-2009

4Q2009

92
images

CCAP metric
was
4.2416
5.1736
meters

errors

01-Jan-2010

1Q2010

51
images

CCAP metric
was
4.7893
5.3081
meters

flrst Ilne time (day month year)
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e WV02 guarterly CCAP metric beats WVO01 in 1Q2010

d

y
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_0 _0 .0 _0 _0 _0 _0 _250 _10?
images images images images images images images images images
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0 first line time (day month year)
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guarterly time plots

for the last 5 months,
because just 2 quarters for WV02 is unsatisfying
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QB02 monthly CCAP metric for the last 5 months
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magnitude of average geolocation error (nadir-projected meters)
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WVO01 monthly CCAP metric for the last 5 months
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Oct 2009 Nov 2009 Dec 2009 Jan 2010 Feb 2010
R 46 15 27 24
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conclusions

« All satellites meet absolute accuracy goals for all past time periods, and
especially those shown today:

— QBO02 beat 23 meters at nadir for last 5 months, 2 years
— WVO01 beat 6.5 meters at nadir for last 5 months, 2 years
— WVO02 beat 6.5 meters at nadir for last 5 months

« Each satellite has a characteristic range of CCAP metrics over time,
iImplies stability
— QBO02 fluctuates between 13 and 20 meters at nadir
— WVOL1 fluctuates between 4.2 and 5.3 meters at nadir

— outside of calibration period, WV02 fluctuates between 3.8 and 4.1 meters at
nadir, with future performance expected near 4.0 meters
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