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Geometric Calibration and Improvement at DigitalGlobe

Remote Sensing Sciences

« Principal Attitude Engineers fix the attitude
— Chris Comp

— Woodson Bercaw

« Geometric Calibration Engineer (Byron Smiley) evaluates attitude
upgrades, also fixes the camera
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Outline
« methods

- absolute geolocation accuracy
— QB02

 current absolute accuracy
» planned improvements
— WVO01
 current absolute accuracy
« comparison of QB02 versus WV01
» bonus: attitude calibration(s) that got us there

« relative geolocation accuracy

— current relative accuracy of QB02
— WVO01

 current relative accuracy
« comparison of QB02 versus WVO01
» bonus: camera calibration that got us there
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Absolute Accuracy is Checked with Ground Control Points

28 sites used for
geometric calibration
and

monthly geolocation analysis

Slte
Adelaide, Australia
Anchorage, Alaska
Calgary, Alberta
Cape Town, South Africa
Castle Rock, Colarado
Dubai, United Arab Emirates
Dunedin, MNew fealand
El Paso, Texas
Fairbanks, Alaska
Fresno, California
Hamburg, Germany
Jakarta, Indonesia
karachi, Pakistan
Las Yegas, Nevada
Lirma, Peru
Longmant, Colorada
Luanda, Angoala, Africa
Marrigon, Colorado
Ferth, Australia
FPhoenix, Arizona
Fort Hedland, Australis
Reykjavik, lceland
Rio de Janeiro, Brazil
Salalah, Cman
Sao0 Haimundo Monato, Brazil
=pokane, YWashingtan
Paramaribo, Surinarme
Townsville, &ustralia
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Absolute Accuracy is Checked with Ground Control Points

latitude distribution of geocal sites
6

=
0
£
(7]
Q
=
(7]
[T
(o]
| -
Q
0
£
=
c

—%0 -80 -70 -60 -50 -40 -30 -20 -10 0 10 20 30 40 H0 o660 70 80 90
latitude




CLEARLY THE BEST

Geocal Conventions

The horizontal error is found, but converted to
the nadir-projected error.

Why?
Strips with different nadir angles need meaningful comparison.
The camera coordinate system is advantageous:
the same camera took every strip
camera angles can be directly compared

geocal imagery collected at off
nadir angles between
Oto 35°

true GCP location

nadir projected error horizontal error* = truth - measured
*

vertical error made zero by projecting to same height above ellipsoid as GCP

projected GCP location
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Absolute Geolocation Accuracy of a Strip

DigitalGlobe uses this 90t percentile to get CE90, and on bins of CE90s.

. T L'! R 5 >

 Say there are N errors, r, to ry

« Multiply N by 0.9, express result as an
integer plus a fraction:

N*0.9 =i +f

* Stand f of the way betweenr, andr,,,

* “linearized” percentile, as opposed to

[ 12 3 4 5 6 7 8 9 10 ] rounding up to the next element to be sure

* red throughout this talk

equal-to-or-less-than percentile: if you have ten things, the 90" percentile is the ninth thing
(it's conservative, tends to be a bit higher than other 90" percentiles)
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Another 90t" Percentile

During CCAP evaluation of DG imagery, NGA used this 90t percentile on bins of strips

MNov 2007
maes i you represent  Say there are N errors, r, to ry
01?;?:‘:1 ) each strip by the
magnitude of the « Multiply N by 0.9, express result as an
_ bias, and then . .
take the NGA 90" integer plus a fraction:
meters percentile of the
bin, that’s the
CCAP metric. N*O 9 + 0 5 — | + .l:

) o * Stand f of the way betweenr, and r;,
jE:E By 5O % EEJDD E:ED [u] *
Qi%g v OBl B2 CE90 — ri + (ri+1 - rl) f

|g - DD g | = B

» also linearized percentile

[12345678910]

« will call it NGA percentile in this talk

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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Quarterly Absolute Geolocation Statistics for QB02

i Figure 1: from the desk of Eyron Smiley
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Quarterly Absolute Geolocation Statistics for QB02

e Figure 1: from the desk of Byron Smilzy
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Attitude Largely Determines Geolocation for QB02
Figure 1- iom the desk of Byron Smiley o =l
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Upcoming Improvements for QB02

Figure L: from the desk of Byron Smiley
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nadir projected CE90

Quarterly Absolute Geolocation Statistics for WV01

File

Figure 1: from the desk of Byron Smiley
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Quarterly Absolute Geolocation Statistics for WV01
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Monthly Absolute Geolocation Statistics for WV01

Figure 1: from the desk of Byron Smile
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Monthly Absolute Geolocation Statistics for WV01

Figure 3: from the desl of Byron Smiley
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90—

Compare the Nadir Projected CE90s

Figure 1: from the desk of Byron Smile:
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Compare the CCAP Metric of the Strips in 2D

WVO01

NG A 90th percentile = 4.021187 nadir-projected meters
371 strips
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Compare the CCAP Metric of the Strips in 2D
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Compare the Histograms of the Nadir Projected CE90s

([~ R : Figure 7: from the desk of Byron Smiley,
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Figure 7: from the desk of Byron Smiley,
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Attitude Calibration of WV01
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Achieving the Absolute Accuracy of WV01

File Edit “iew |nsert Tools Desktop Window Help

PEH&| QO ®| ¥ 08| sO

4
10

S s menm s o prelaunch attitude:’

Figure 1: from the desk of Byron Smiley

acquisition time
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Achieving the Absolute Accuracy of WV01

4

10

Figure 1: from the desk of Byron Smiley

File Edit “iew |nsert Tools Desktop Window Help

PEH&| QO ®| ¥ 08| sO
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unclassified



_,'_—_—_'-"-_,
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Achieving the Absolute Accuracy of WV01

Figure 1: from the desk of Byron Smiley
File Edit “iew |nsert Tools Desktop Window Help ,

PEH&| QO ®| ¥ 08| sO

10 acquisition time
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Achieving the Absolute Accuracy of WV01

Figure 1: from the desk of Byron Smiley

File Edit “iew |nsert Tools Desktop Window Help ,

PEH&| QO ®| ¥ 08| sO

- after :éﬁ:i:t:ij:d:é:Zééllbratlon, round 2:

10 acquisition time
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Achieving the Absolute Accuracy of WV01

Figure 1: from the desk of Byron Smiley
File Edit “iew |nsert Tools Desktop Window Help ,
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Achieving the Absolute Accuracy of WV01

File Edit “iew |nsert Tools Desktop Window Help

PEH&| QO ®| ¥ 08| sO

4
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10

01-Oct-2007
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Figure 1: from the desk of Byron Smiley
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Achieving the Absolute Accuracy of WV01

Figure 1: from the desk of Byron Smiley
File Edit “iew |nsert Tools Desktop Window Help ,
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4
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1
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Relative Geolocation for
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Relative Geolocation Can Be Checked with Vector Differences

relative geolocation error,

the vector difference

PERON, aISO Cal Ied .

shear

this can be done on every possible vector pair
for n errors, n(n-1)/2 pairs.

unclassified
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Relatlve Accuracy Can Be Represented by the Worst Relative Error

F 15940 relati ror magnitudes
computed in the camera Frame)

FEROO -

This can be a harsh measure.
Here, it’s ~12 nadir projected meters

unclassified
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Worst Relative Error in QB02 Strips Over the Last Two Years

Figure 2: from the desk of Byron Smilzy R
Eilr  FEdit  “iew Insert Tnnls  Deskiap iindrw Hela ~

CHEEHS QRN 0B =51

40~ 102006 2Q2006 302006 4Q2006 1Q2007 2Q2007 302007 402007 1Q2008

42 44 28 101 o 96 71 &0 39
images images images images images images images images images
TR WS BN WdS MEEN Wds RN Wils THEAN Was RN WS e Wes IR WS RN WS
35 _ 7.0297 5.9837 6.678 6.5274 6.8288 3.2279 4.4058 4.868 3.35898
+- [ +- +- +- +- +- +- +*- +-
095643 (1v) 0.50238 (1) 0.86448 (1v) 033332 (1) 0.42028 (1v) 0.32386 (1v) 0.33986 (1v) 043436 (1v) 0.32645 (1v)
melers melers melers melers melers melers melers melers melers

G 90th percentile G 90th percentile DG 90th percentile DG 90th percentile DG 90th percentile DG 90th percentile G 90th percentile G 90th percentile DG 90th percentile

30 was was was was was was was was was
10.2746 10.794 125118 10.0103 11.8863 9.5905 8.0834 72119 4.6867
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max reladive errorwas | max rélative errorwas | max relative error was | max relative error was max relafive errorwas [ mas relative error was [ max relative error was | max relative error was | max relative error was
25 - 34912 57203 204988 24417 195393 146417 138521 20407 127525
meters meters meters meters meters meters meters
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01 Jul 2007
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Worst Relative Error Can be Divided by Separation Distance
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Worst Relative Error Can be Divided by Separation Distance

iz 1

usually d >> m,
so it’'s a small,

unitless measure 'f — /d
~100s of ppm drl t — m
(parts per million)

unclassified
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Drift for QB02 strips over the last two years

_ Figure 5: from the desk of Byron Smiley E]@E]
rdrlft (parts per million)
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42 44 28 101 91 96 71 60 39
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+- +- +- +- +- +i- +- +- +i-
42.8932 (10) 79.5584 (1g) 131.3862 (14) 453168 (10) 33.2619 (1) 19.7155 (14) 48.4384 (1) 34.0918 (1) 442215 (10)
ppm ppm ppm ppm ppm ppm ppm ppm ppm
4000
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3500 ppm ppm ppm ppm ppm ppm ppm ppm
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— ppm ppm ppm ppm ppm ppm
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Worst Relative Error in WV01 Strips Over the Last 5 Months

PIPIEPITS Fiyure 2; from the desk ol Byron Smiley
Zile  Edit

Wiew Insert Tools Desktop  Window  Help - N
DeEE h|aaome|(€ 08 =0
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124 104 51 12 50
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g mean was mean was mean was mean was mean was
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Drift for WVO01 strips over the last 5 months

Figure 5: from the desk of Byron Smiley E]@E]
rdrift (parts per million)
3000 Oct 2007 Nov 2007 Dec 2007 Jan 2008 Feb 2008
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images images images images images
mean was mean was mean was mean was mean was
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2500 19.0246 (10) 15.3381 (10) 33.0031 (10) 17.9409 (10) 14.6146 (10)
ppm ppm ppm ppm ppm
DG 90th percentile DG 90th percentile DG 90th percentile DG 90th percentile DG 20th percentile
was was was was was
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Relative Geolocation
QB02 versus WVO01
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35—

worst relative error (nadir projected meters)

Worst Relative Error: QB02 versus WV01

Figure 2: from the desk of Byron Smile:

QBO02 using adp40_rp1

Oct 2007 Nov 2007 Dec 2007 Jan 2008 Feb 2008
18 21 21 29 10
images images images images images
mean was mean was mean was mean was mean was
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30— +f- +- +f- +f- +-
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was was was was was
25— 9.4235 7.4415 6.2812 4.8203 5.4166
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worst relative error (nadir projected meters)

35—

Worst Relative Error: QB02 versus WV01

Figure 2: from the desk of Byron Smile:

WVO01

Oct 2007 Nov 2007 Dec 2007 Jan 2008 Feb 2008
124 104 51 2 50
images images images images images
mean was mean was mean was mean was mean was
1.9001 1.7592 1.6069 1.4415 1.3782
30— +/- +- +/- +/- +/-
0.06297 (10) 0.056716 (10) 0.052266 (10) 0.10383 (10) 0.085611 (10)
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DG 20th percentile DG 90th percentile DG 20th percentile DG 20th percentile DG 20th percentile
was was was was was
25— 2.8611 25335 1.9448 1.9355 2.1044
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S 3.2361 S 3.2302 S 2.6975 g 4.786 S 3.2172
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Compare the Histograms of the Worst Relative Error

i -« i

[~ s Figure 7: from the desk of Byron Smiley,
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Figure 7: from the desk of Byron Smiley,
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WV01 Required Camera Calibration to Fix Relative Accurac

“Dense” control sites
(not on the previous list)
used to create “dense”
quiver plots like this —

nadir projected CE90 =
6.805660 meters

But it’s full of attitude
error... how to get at the
contribution of the
camera?

Do a least squares fit.
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WV01 Required Camera Calibration to Fix Relative Accuracy

initial camera error

focal length contribution

optical distortion contribution

refined camera error
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nitial camera error
focal length contribution

refined camera error
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WV01 Required Camera Calibration to Fix Relative Accuracy

nadir projected CE90 = initial camera error

2.244594 meters

focal length contribution

optical distortion contribution

refined camera error

unclassified
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initial camera error

focal length contribution
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optical distortion contribution
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WV01 Required Camera Calibration to Fix Relative Accuracy

nadir projected CE90 = initial camera error

2.244594 meters

cleans up 0.430926 meters in the

_ _ focal length contribution
nadir projected CE90 —

optical distortion contribution

refined camera error

unclassified



optical distortion contribution

initial camera error
focal length contribution
refined camera error
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WV01 Required Camera Calibration to Fix Relative Accuracy

nadir projected CE90 = initial camera error

2.244594 meters

cleans up 0.430926 meters in the

_ _ focal length contribution
nadir projected CE90 —

cleans up 1.121792 meters in the

) ] optical distortion contribution
nadir projected CE90

refined camera error

unclassified



nitial camera error
optical distortion contribution

focal length contribution

refined camera error
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WV01 Required Camera Calibration to Fix Relative Accuracy

nadir projected CE90 = initial camera error

2.244594 meters

cleans up 0.430926 meters in the

_ _ focal length contribution
nadir projected CE90 —

cleans up 1.121792 meters in the

) ] optical distortion contribution
nadir projected CE90

nadir projected CE90 =
0.691876 meters

refined camera error

unclassified
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CLEARLY THE BEST

DIGITALGLOBFE
directly from beginning to

end:
nadir projected CE90

camera calibration
0.691876 meters
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DIGITALGLOBFE

CLEARLY THE BEST

directly from beginning to

end:
nadir projected CE90

camera calibration
2.244594 meters




e
DIGITALGLOBE .
CLEARLY THE BEST

« QBO02 in spec
— typical open loop CE90 is 15-18 nadir projected meters

Conclusions

— absolute accuracy is under spec of 23 nadir projected meters

— typical worst relative error is in the 10s of nadir projected meters

— typical drift is in the high 100s of ppm

— attitude reprocessing will address poor quarters (3Q2007 — 1Q2008)

« WVO01 in spec

— typical open loop CE90 is 4.5 nadir projected meters, CCAP metric was ~
4 nadir projected meters

— absolute accuracy is under spec of 6.5 nadir projected meters
— typical worst relative error is in the 1s of nadir projected meters
— typical drift in the low 100s of ppm

— perhaps a future round of camera cal to remove additional 0.5 meter (1
pixel) of camera error

unclassified



