
 

KEY WORD
 
ABSTRACT
Wide area an
Microsoft Glo
geometric res
will have bee
surface model

The Global O
exclusive of 
describe rese
logistics simu
and removal 
process > 200

While address

1. M

Online mapp
distinguished 
rich global e
recent imager
satellite imag
less, aerial im
has not been 
2009, trigger
Program. The
30 cm resolut
Bing Maps I
Colorado was 

Global Ortho 
new territories

Phase 1 of the
conterminous 
1 (USA) and 
with the 1° x
close to 1,400
of land. By A
and 66% of th

Transnational 
although one 
publicized go
larger size a
EnhancedView
Intelligence A

Aerial mappin
the number of
8,400,000 km
(CIR) mosaic
pixels were > 

a Microsoft Bin
b G

Commission

DS: Transnation

: 
nd thus contine
obal Ortho Pro
solution and rad
en covered by s
l. The ortho-ma

Ortho Program w
flight operation
arch efforts th

ulation for fight
of atmospheric

0,000 aerial ima

sing these issue

Motivation for t

ping portals li
themselves fro
xperience. Use
ry of any plac

gery being restr
agery may be p
very conduciv

ed a Microsof
e goal: Cover th
tion orthophoto
Imagery Techn

tasked with ex

is not a one-o
s and continuou

2. Pr

e Global Ortho P
USA and 14 co
Figure 2 (EU) s

x 1° cell grid [
0 complete and p
April 2012 the p
he European terr

aerial mappin
can assume th

overnmental sa
and much hig
w contract awa

Agency (NGA) [

ng programs co
f pixels generat

m2 of in-spec 30
s and other by
30 times bigge

Th

Wo

ng Imagery Tec
Graz University

c Mi

n IV, WG IV/2 

nal, Photogramm

ental mapping e
gram was laun
diometric excel
seamless 30 cm
aps are being pu

was designed fo
ns, the product

hat made this a
t planning and 

c and environm
ages/day, and fo

es, we provide i

the Global Ort

ike Microsoft 
om earlier servi
ers are expecti
e in the world
ricted to resolu

preferable. How
ve to global ap
ft-decision for
he USA and W
o imagery in 2
nologies team 
xecuting the pro

off project; it p
usly update agin

rogram Scope  

Program covers
ountries in Wes
show the respe
see section 3].
partial 1°-cells 
program covere
rain, well ahead

ng of this scale 
hat there are p
atellite mappin
gher costs like
arded by US N
[EnhancedView

ould be related
ted. In 2011, G

0-cm orthomosa
-products. The 

er than the avera

he Microsof

lfgang Walcher

chnologies, 150
y of Technology
icrosoft Bing Im

- Automatic G

metry, Automat

extending beyo
nched in the Sp
llence. By fall o

m GSD color-, 6
ublished to Mic

or highly and u
t output per pe
achievement po

optimization, 
mental condition
or creating over

deas how this m

tho Program 

Bing Maps
ices by an ima
ing high-resolu
d. With comme
utions of 50 c

wever, such cove
pplications. Th
r the Global O

Western Europe 
2 years or less.
(BITs) in Bou

ogram. 

plans to extend
ng imagery. 

s the 48 states o
stern Europe.  F
ective maps ove
 Phase-1 comp
with ~10.4 mio

ed > 99% of th
d of schedule. 

has no preced
past or present 
g projects of 
e the $7.3 B
National Geosp
w, 2012] 

d to one anothe
Global Ortho cr
aics, Color Infr

2011 Global O
age annual outp

ft Global O
 

r a, Franz Leber
 

00 Pearl Street, 
y, Inst. of Comp
magery Techno

 
Geospatial Dat

 
tion, Ortho-Rec

ond national bo
ring of 2009 as
of 2012 more t
60 cm GSD fal
crosoft’s Bing M

unprecedented a
erson has been
ossible. Those 
in-flight blur d
ns, automated s
r 1,000,000 km2

might affect the

have 
agery-
ution, 
ercial 
m or 
erage 
is, in 
Ortho 

with 
. The 
ulder, 

d into 

of the 
Figure 
erlaid 
prises 
o km2 
he US 

dence, 
non-
even 
illion 

patial-

er via  
reated 
raRed 
Ortho 
put of 

the
[NA
abou
per s
3 tri
2011
likel
map

Fi

Ortho Progr

rl b, Michael Gr

Boulder, Color
puter Graphics a
logies, Graz, A

a Acquisition a

ctification, Aeri

orders is a nov
s a result of M
than 10 million
lse-color infrar

Maps Internet m

automated mapp
n measured in 

include a spec
detection and su
shear detection 
2 ortho-imagery

e future of spati

USA Nationa
AIP, 2009]. That
ut one third of t
square meter, th
illion pixels p
1, Global Ortho
ly makes Glo
ping program t

igure 1: 1° grid in
dens

Figure 2

ram 

ruber c 

rado, wwalcher@
and Vision, Au

Austria 

and Image-Bas

ial Camera, Dig

vel concept in c
Microsoft’s need
n km2 of the US
red ortho-mosai
mapping portal. 

ping of essentia
excess of 275,
cially designed
ubsequent auto

and DTM refi
y and DSM data

al infrastructure

al Agriculture 
t program creat
the continental 
his equates to a
er year. For c
o was creating 

obal Ortho the
to date.  

n USA. Colors de
sity (H-high, S-sta

2: 1° grid in EU. C

@microsoft.com
ustria 

sed Databases 

gital Elevation M

civilian photog
d for global geo
SA and 14 Euro
ics and a 1 met

ally entire conti
,000 square km
d aerial sensor 
matic blur rem

finement, an IT
a in 24 hours.  

e initiatives.  

Imagery Pro
tes 1m GSD co
USA every yea
a multi-year av

comparison, in 
112 trillion pix

e largest com

escribe priorities b
andard, R-rural). 

Colors as in Figur

m  

Model 

grammetry. The
o-data at a high
opean countries
ter GSD digita

inents. In 2011
m per year. We

(Ultracam G)
moval, modeling

 architecture to

ogram (NAIP)
olor imagery of
ar. At one pixel
verage of about

calendar year
xels. This very

mmercial aerial

 

by population 

 

re 1 

e 
h 
s 
l 

, 
e 
, 

g 
o 

 
f 
 

t 
r 
 
 



 

3. P

Irregular natio
Global/transna
the well- esta
serves well to
cell or “block
~8,000 km2. 
control and p
Partial cells ex

The North-So
km while Eas
direction is s
restrictions fo
number of flig
are needed fo
image matchin
to 20 N-S fligh

Population de
About 10% o
minimize buil
and Rural pop

To collect ima
the novel Ult
High producti
project simul
flight plan (alt
daily sun ang
technical, log
into scenarios 

Figure 3: Sim
pe

The forecast 
within ± 4% 
optimization, 
aerial photogr
These UC-Gs 

Global Ortho 
color infrared
model DSM 
rectification. O

The 1° grid, 
seamless imag

rogram Logist

onal borders co
ational coverag

ablished 1° x 1
o spatially orga
k” is a product
All specificatio
product publish
xist near water 

outh dimension 
st-West dimens
standardized to

orce a different 
ght lines for a c
for fully autom
ng. Therefore, a
ht lines produci

ensity causes s
of the areas are
lding lean in or
pulation densitie

agery per cell w
traCam-G [UC-
ivity also was m
lation tool. In
titude, lines, tur
gle, leaf on-of
istical and loca
for the forecas

mulated flight pat
eriod. Color indic

over a period 
of actual acqu
only 12 UC-Gs
raphy firms, w
and aircraft co

4. Global O

produces a 30 c
d (CIR) orthoph

[and DTM] 
Only the RGB-p

as the smalle
ge mosaic with

tics and Aerial

omplicate any 
ge supports ef
° grid as defin
anize the Glob
tion unit with 
ons, planning, 
hing are based
and along denie

of each cell is
sions decrease w
o N-S unless 
pattern. Flight 

cell. High forw
mated aerotrian
a typical cell w
ing ~ 1,700 exp

slight variation
e urban with de
rtho-products [t
es in Figs 1 and

within a single 
-G] camera wa
made possible b
ndividual airpl
rns, etc.), histor
ff seasons, sea
alized environm
t of a globally o

ttern over the N-E
cates different flig

of 12 months
uisition totals. 
s, operated by e
were required f
llected > 1 mio

Ortho Data Pro

cm RGB true co
hoto (Figs 4, 5
gets created 

product is publi

est unit of dat
h a 200 meter b

l Acquisition 

orthophoto pro
fficiency. Ther

ned by the US-N
al program. Th
an average are
processing, qu

d on those bl
ed areas.  

s approximately
with latitude. F
terrain or airs
plans minimiz

ard overlaps at
ngulation and d
will be covered b
posures.  

ns in specificat
enser flight lin
thus High, Stan

d 2]. 

6-hour-aerial s
as built [sectio
by means of a n
lane characteri
ric weather patt
asonal snow c
mental factors
optimized solut

E US for a 6-mon
ght dates. 

s has proven t
As a result of

experienced reg
for all aerial w
 km2 in Oct 20

oducts  

olor and 60 cm 
5). A digital su

for use in im
ished to Bing M

ta production, 
buffer into adj

oject. 
refore 
NGA 
he 1° 
ea of 
uality 
locks. 

y 111 
Flight 
space 
ze the 

85% 
dense 
by 12 

tions. 
nes to 
ndard 

sortie, 
on 5].  
novel 
istics, 
terns, 

cover, 
enter 

tion.  

 

nth 

to be 
f this 

gional 
work. 
11.  

false 
urface 
mage 

Maps. 

is a 
acent 

cells
mos
RGB
but c

Fig

A m
prod
radio
Qua
This

s or bodies of
aic, even thou

B-pixels]. The 
can be purchase

gure 4: Color RG
CA. A

Figure 5: Color 

main achievem
duction proce
ometry, geomet
lity Control (Q

s in turn requir

f water. Each 
gh at a lower 
CIR product is
ed from Digital

B orthophoto mo
Area shown is ~ 2

Infrared (CIR) o

ment has been 
esses while 
try and environ
QC) and equal
red all specific

color-ortho ha
resolution [1 

s not published 
Globe. 

osaic, Presidio in 
2.5 km by 3.0 km

rtho mosaic of ar

the level of 
meeting spec

nment. This nee
lly automated p
ations to be qu

as a twin CIR
CIR-pixel = 4
to Bing Maps

 

San Francisco, 
m 

 

rea in Fig.4 

automation of
cifications in

eded automated
problem fixes.
uantifiable and

R 
 
 

f 
 
 
 

d 



 

measureable i
programs. At 
100% perfect
standard aeria
often very va
perfection is u

A discussion 
beyond this p
important sp
accuracy.  Ta
absolute horiz
date, with 90%
an RMS error 

Block 
Designati

High Popula
Standard
Remote

Table 1: Minim
of block. In

exc

The vertical 
especially wit
(Figure 6). 
rectification. T
data has not b

The DSM is c
UC-G panchr
currently bein
product is sam
resolution is 
accuracy of th
surfaces using

Figure 6: Visu
Seattle, WA as

m; nom

It is worth me
all created fr
perfectly align

5. UltraC

An aggressive
development 
the UC-G. W
tiles was ret
panchromatic 

in a way that 
the same time 
tion is impos

al trade practice
ague language,
unrealistic.  

of all quality
publication. Ho
pecification, n
able 1 below li
zontal errors. I
% program com

of less than ± 2

on 
CE95 
Requ

ation  10 
d  15 ft
e  20 
mum absolute pos
n practice, to date
ceeded the “Stand

errors of the
th a wide-angle
This in turn 
The DSM is av
een released as 

created from hi
omatic images,

ng used globally
mpled at a 1 m g

closer to 1.5 
the DSM has b
g ground truth. 

ualization of ~3 k
s a detail from the

minal vertical erro

entioning that t
rom the same 
ned in time and 

Cam G: Aerial 

e program time
of a novel aeri

While the stitch
tained, the no
and color imag

can be implem
the old adage a
sible to achie
es into compute
 and that expe

y measures an
owever, we can
namely on a
sts the minimu
It is important 

mpletion, all test
2 meter in x and

Accuracy 
uirements R
ft / 3 m 

ft / 4.5 m 
ft / 6 m 
sitional accuracy 
e all “Remote” blo
dard” accuracy req

e DSM affect 
e UC-G. DSM 

produces the
vailable from B
 a product.  

ighly overlappin
, using global o
y [Hirschmülle
grid spacing, bu

m in most c
been measured 

km2 near the Boei
e nation-wide DS
or is at ± 1 m on s

the RGB, CIR,
UC-G images
space.  

Camera for La

eline and cost 
ial camera con
ing of large im

ovel camera in
ging and pan-sh

mented in com
applies, namely

eve. Conversio
er code reveals 
ectation of flaw

nd specification
n describe the 
absolute posit
um requirement

to mention th
ts so far have sh
d y directions. 

~ Equivalent
RMSE in X and

4 ft / 1.2 m
6 ft / 1.8 m
8 ft / 2.4 m

requirements by 
ocks have meet o
quirement. 

the XY-accu
postings are at
 DTM for o
ing Maps, the D

ng 75 cm resol
optimization as

er, 2005, 2008]
ut the true horiz
cases. The ve
at ± 1 m on 

ing facilities north
SM. Point density
solid surfaces. 

, and DSM dat
s and are ther

arge Area Ort

plan resulted i
ncept in the for
mages from sm
nverts the rol
harpening [We

mputer 
y that 
on of 

their 
wless 

ns is 
most 

tional 
ts for 
hat to 
hown 

t 
d Y

class 
or 

uracy, 
t 1 m 
ortho-
DTM 

lution 
s it is 
. The 

zontal 
ertical 

solid 

 

h of 
y at 1 

ta are 
refore 

hos 

n the 
rm of 
maller 
le of 

eidner 

Cent
pixe
achi
depe
high

The 
Graz
aeria
cone
panc
colo
prov
usin
leng
acro
solut

The 
anot
used

Fig
Ult

Fig
grou

The 
optic
CCD

The
cros
regis
grou
3 co

Glob
Grou
for p

teno, 2009]. A
els and high 
eved. The late
endency on pre-
h-quality ortho p

UC-G came ab
z, Austria. This
al cameras [Leb
e camera with
chromatic as w
r component. T

ven technology 
g precision cal

gth is at 40 mm
oss the swath. 
tion and serves

color and IR 
ther 5 optical co
d for the RGB-d

gure 7: The Ultra
traCam family (S

Panel) but has

gure 8: Frame form
und of 5000 m (1

cover the full 

panchromatic i
cal lenses colle
D array each.  

RGB color is 
s track and ab
stered to the p
und but at a sma
mponents (pan

bal Ortho is flo
und Sampling 
pan and 125 c

A wide swath w
photogrammetr
er was especia
-existing elevat
products.  

bout in 2009 at 
s team has a his
berl et al., 2003
h a larger fo
well as a smal
The panchroma

of the UltraCa
libration [Ladst
m for a relative

This produce
 as the geometr

components of
ones [as illustra
data, one for the

aCam-G technolog
Senor Unit, Data S
s a new 7-cone co

mat of the UltraC
16400 ft.) the swa

swath, NIR has a

image has an as
ect light onto a 

a narrow rectan
bout 3,900 pixe
panchromatic ch
aller forward ov
, RGB, NIR) of

own from a he
Distance (GSD
cm for NIR im

with almost 30
ric elevation 
ally important 
tion models for 

Microsoft Phot
story of develop
]. Figure 7 and 8

ormat, but low
ller format hig
atic image is for
am Lp with 2 
tädter et al., 20
ely wide field o
s a strong ph
ry backbone of 

f the UC-G ge
ated in Fig. 8] 
e NIR-image.  

gy is based on the
Storage Unit and 
oncept shown on 

Cam-G. At a flyin
ath covers > 8 km
a slightly reduced

spect ratio ~ 3:
90 Mpixel pan

ngular frame at
els along track
hannel and cov
verlap. Figure 9
f an UC-G imag

eight of 5000 m
D) at 30 cm for
mages. The sta

0K cross-track
accuracy was
to avoid the

the creation of

togrammetry in
ping innovative
8 illustrate a 7-
wer resolution
gher resolution
rmed using the
camera heads,

010]. The focal
of view of 80°
hotogrammetric
the UC-G. 

et collected via
of which 4 are

 

e design of the 
User Interface 
the right. 

 

ng height above 
m. Pan and RGB 
d format. 

2. Two 40 mm
nchromatic area

t 28,200 pixels
k. The RGB is
vers the entire
9 illustrates the
ge.  

m to achieve a
r RGB, 75 cm

andard forward

k 
 
 

f 

 
 

 
 
 
 
 
 
 

 
 

m 
a 

 
 
 
 

a 
m 
d 



 

overlap of 85
overlap of the 

Figure 9: The 
Rome, Italy -- f

6. 

The horizonta
color pixel (30
performed in
BINGO/UltraM
to the high o
pixels. A σ0 
ground contro
panchromatic 
performance 
resolution RG

Figure 10: Fli

We conclude 
support the ho
in Table 1.  T
error at ~ 1 an
± 1m gets ac
error due to r
largest at the 
equal to the ve

5% for the pan
 RGB images.  

3 image planes o
flight direction fro

Ultracam-G

al system accur
0 cm). To asses
n 2009 ove
Map-workflow
overlap panchr
was achieved 

ol points and ch
camera, equ

meets the ho
GB image.  

ght layout in Rom

from those trian
orizontal accura
Tests with grou
nd 1.5 times the
chieved from 7
relief and vert
edge of the fie

ertical error. 

n-images results

f one UC-G fram
om left to right. (N

G Accuracy Exp

racy should be 
ss the UC-G cap
r Rome, Ita

w for aero-triang
romatic images
at 0.96 and th

heck points was 
ual to 30 cm
oped-for ±1 pi

me [Italy], 546 im

ngulation result
acy for the RG
und truth confir
e input pixel siz
75cm input pix
ical objects in 
eld-of-view at +

s in a 10% for

me showing the cit
NIR image is red

periment 

of the order o
pabilities, a tes

aly (Fig.10). 
gulation was ap
s with their 75
he RMSE valu

at ± 0.4 GSD o
m. This geom
ixel of the h

mages, 13 flight li

ts that the DSM
GB product spec

rm a vertical D
ze: an RSM-err

xels. The horiz
the RGB-orth

+/- 40° and rou

rward 

 

ty of 
duced) 

f one 
t was 

The 
pplied 
5 cm 
es of 
of the 
metric 
higher 

 

ines. 

M will 
cified 
DSM-
ror at 

zontal 
hos is 
ughly  

A co
abou
two 
inve
not 
repe
or m
sign
man
edge
and
auto

Pred
expe
resou
on 
effor

Repe
same
one
inter

Scal
com

In th
softw
for h
as a 
judg
or ev

Inste
it is 
of a 
hum
now
most

Figu
she

A co
the G
optim
cond

7. About M

ore innovation i
ut 25 people cre
years time fra

estments, costly
only in reduce

eatability and sc
minimization o
ificant with hi

nually measure
es/seams of or
shows a rather
mated results. 

dictability: Give
ected properties
urce consumpt
“best business
rts”.  

eatability: Give
e process will c
to re-think ent

rmediate data th

lability: Throug
mputing, storage

his context, au
ware” of establi
humans make th

result they oft
gment. By defin
ven impossible 

ead, once a pro
possible to aut
data product s

man decisions d
w simply looks 

t suitable one, a

re 11: Compariso
ear to the automat

indi

ompute-heavy f
Global Ortho Pr
mal processing
ditions like hea

Manual Work v

is the level of a
eate over 9 mill
ame. Automatio
y sensors and 
ed variable cos
calability of pro
of human erro
ighly repetitive
ed shears [geo
rtho-patches] w
r significant dif

en a set of inp
s of the output 
tion. This contr
s practices” o

en a set of inp
create exactly t
tire workflows,
hat can be recom

ghput should in
 and networkin

utomation as n
ished manual pr
he best possibl
ten require freq
nition those jud
to automate. 

ocess is predicta
tomatically crea
simultaneously

during product 
at the resultin

and discards all

on of over 12,000
ted measurements
icate human meas

full automation
rogram. For ex
g parameters 

avy smog with 

versus Full Au

automation that
lion km2 of orth
on requires larg
IT-infrastructu

sts, but also in 
ocesses, and in t
or. The latter 
e tasks. Figure
ometric discre

with automatic 
fference betwee

put data one c
data along with
rasts with appr

or “commercial

put data, multip
the same results
, for example w
mputed instead 

crease linearly 
ng capacity.  

not a simple 
rocesses. Proce
le use of human
quent and inter
dgment calls ar

able, repeatable
ate multiple dif

y. Instead of m
creation, the h
g product varia
l others.  

0 manual measure
s. Offsets from th
surement errors. 

n has been appl
xample, it is use

for unusual 
its effects on r

tomation 

t had a team of
ho-imagery in a
ge engineering

ure, but results
predictability,

the elimination
is especially

e 11 compares
epancies along

measurements
en manual and

can foretell the
h timelines and
roaches relying
lly reasonable

ple runs of the
s. This permits
with respect to
of stored.  

with increased

“translation to
esses optimized
n strengths and
rmittent human
re complicated

e, and scalable,
fferent versions

making multiple
human operator
ants, picks the

ements for image 
he x=y diagonal 

lied throughout
ed to determine
environmental

radiometry. An

f 
a 
 
 
 
 
 
 
 
 

d 

 
 
 
 

 
 
 

d 

 
d 
d 

 
 

 
 
 

r 
 

 
 
 
 



 

operator can u
such condition
for all subse
approach is th
architecture de

8. Wo

Processing m
photogramme
not only requi
more importa
management. 
Imagery Proce
architecture an
publishing. Pr
global interne
centers. In its 
SQL Server d
Currently IPF
30 million cur
hardware statu

IPF is implem
accessed rem
Colorado, US
comprised of a
and 71 petab
storage space.
percentage o
infrastructure.
of 1 million k
achieved and i

The Global O
sequence of 
adjustment, D
mosaicking, 
formatting and
scale and auto
these individ
approaches. A
would far exc
team member
of publication
Intellectual pr
to patent-pend
those. 

Motion Blur: T
blurred image
flight capabili
blur. The ca
parameters n
motion blur fr
blur detection
Shah 2012]. 

Radiometric A
per color ban
dynamic range
8-bit color sp
create radiom
images, first a
are removed. 

use this process
ns and then tra

equent grid ce
he very reason 
escribed in the 

orkflow Manag

millions of a
tric blocks, pot
ire an IT infrast
ant are tools 
For this, Micro
essing Framew
nd used by BIT
rincipally, it re
et search provi

core IPF has m
databases to k
 manages over 
rrent or past pro
us and other vit

mented within o
motely from 
SA. The curr
approx. 2,400 s
bytes (71,000,0
. Global Ortho d
of the avai
. However, a p
km2 of Global 
is key to our ap

9. Some 

Ortho processing
aerial acquisiti

DSM and DTM
radiometric 

d QC. Howeve
omation discus

dual steps in 
A detailed dis
ceed the scope 
s and Microsof
ns describing 
roperties protec
ding innovation

To reduce the n
ery the UC-G so
ity to detect c

amera captures 
ecessary to la

from the imager
n and removal f

Adjustment: All
nd to make m
e of almost 14 b

pace is one of 
metrically unif
all impactful at

Then tonal a

s to determine 
ain the system t
lls with simila
for the scale o
following secti

gement and IT

erial images 
tentially multip
tructure of the 
for process sc

osoft has develo
ork (IPF). IPF 

Ts for all Bing M
flects the techn
iders for their 
multiple very l

keep track of p
2,500,000,000 

ocessing tasks a
tal system infor

one of Microsof
the BITs loc

rent hardware 
servers with 24,
000 gigabytes)
does only requi
ilable process
peak processing
Ortho data per

pproach to autom

Key Innovatio

g workflow fol
ion, aerotriang
M creation, or
processing, a

er, because of t
ssed earlier, the

most cases r
scussion of all

of this public
ft researchers ar
individual topi

ction limits such
ns. Below we 

need of re-flyin
oftware has a n
amera motion 

and stores in
ater algorithmi
ry. The detailed
feature can be f

l image process
maximum use 
bits.  Conversio
the very last p
form and wel
tmospheric and

adjustment and 

optimal setting
to use those set
ar conditions. 
of the IT proce
on.  

 Environment

for thousand
ple times each,
highest levels. 
cheduling and 
oped the propri
is a general-pur

Maps processing
nologies used b

various proce
arge distributed
processes and 
individual file

along with meta
mation.  

ft’s data center
cation in Bou

implementatio
,000 processor 
) of available 
ire a relatively s
sing and sto
g capacity in ex
r 24 hours has 
mation.  

ons 

llows the tradit
gulation and bu
thorectification

and final pro
the requirement
e implementatio
required innov
l those innova
ation. Several
re preparing a s
ics in some d
h publishing ac
highlight a fe

g an area becau
novel and uniqu

that causes m
n real-time al
ically remove 
d description o
found in [Schic

sing employs 16
of the UltraC

on from the 16 
processing step
ll balanced o

d lighting condi
color balancin

gs for 
ttings 
This 

essing 

ds of 
does 
Even 
data 

ietary 
rpose 
g and 
by all 
essing 
d MS 
data. 
s and 
adata, 

s and 
ulder, 
on is 
cores 
disk 

small 
orage 
xcess 
been 

tional 
undle 

n and 
oduct 
ts for 
on of 
vative 
ations 
BITs 

series 
detail. 
tivity 

ew of 

use of 
ue in-

motion 
l the 
such 

f this 
ckler, 

6-bits 
Cam’s 

to an 
s. To 

output 
itions 
ng is 

appl
proc
Micr
cell 
these
in se
extre
show

Spec
phys
spec
proc
inten
refle
inter
proc

Figu

Fig
wate
each

Seam
seam
visu
to d
ortho
deve
plac
at s
prod
trigg
in ra
distr
occu
metr

lied to all imag
cesses have bee
rosoft Research
containing 170
e processes. In 
everal partial f
eme radiometr
ws that same ce

cular Reflection
sically model, 
cular reflection,
cesses such artif
nsive process. I
ections are alm
raction. Figure
cess applied to t

ure 12a: 1°-cell (~
before color bal

gure 13a: Specula
er near San Diego
h individual photo

mlessness: Man
m lines betwee
ally inspect mo
etect, and corre
o patches (she
eloped an auto
es where a seam

sub-pixel accur
duct defects an
ger a number of
are cases, call f
ribution of all 
urrences of shea
ro area. 

ges of a block
en developed b
h. Figures 12a 
00 UC-G imag
this example, 

flight missions 
ric differences
ell after automat

n: Similar algor
detect and th

, especially on 
facts are often e
In the Global O
most entirely 

e 13b shows t
the image show

~8,500 km2) 
lancing 

ar reflection on 
o, CA, affecting 
o and flight line

ny approaches 
en ortho patch
ore than 11 mil
ect errors by p
ear) would be 
mated method 
m line crosses a
racy. This all
nd spec violati
f automatic atte
for human inte
acceptable (gr

ar over the larg

k. Novel approa
by BITs in co
and 12b show

ges before and 
weather change
many days apa

s (Figure 12a)
ted color balanc

rithms have bee
hen suppress t
water. In tradit

edited and remo
Ortho productio

removed with
the result of t

wn in Figure 13a 

Figure 12b: The 
after automated 

 

Figure 13b: Aut
specular reflect

each photo 

exist to autom
hes. However, 
llion kilometers
potential misma

astronomical. 
to measure th

a linear feature 
ows automatic
ions, which ca
empts to fix the

ervention. Figure
reen) and ques
ger Columbia, S

aches for both
operation with

w the same 1°-
after applying

es had resulted
art resulting in
). Figure 12b
cing.   

en developed to
the impact of
tional mapping
oved by a labor
n process such

hout any user
this automated
Figure 13a. 

cell of Fig. 12a 
color balancing 

tomated removal 
tions from water i
and flight line 

matically place
the effort to

s of seam lines
atches between

We therefore
he shear in all
and we do this

c detection of
an be used to
e problem, and
e 14 shows the
stionable (red)
South Carolina

 
 
 
 

d 
 
 

 
f 
 

r 
 

r 
d 

of 
in 

 
 
 
 
 
 
 

f 
 
 
 
 

a 



 

Figure 14: Aut
(red) out

A most signif
has been that 
exceeding the 

The program 
resolved. The
sensing with 
large areas wi
vegetation, au
creation and 
collected pat
computing fa
project area of

The absolute 
product was e
± 3 m for rur
Error at 95% 
actual absolut
not exceeding
without the us
reliance on on
However, we 
of quality ass
affect vertical
DSM is found

Throughput an
power or by 
imagery can b
capable of pr
year worth o
levels of qual
rate per person
minor change
increased eve
quality specif
would almost 

The Global O
have triggered
logistic, proce
now being int
way into new
software [R
photogramme

tomated shear ana
t of over 30,000 (

10. 

ficant achievem
today it is sli
initially expect

required a nu
ese included th
a novel camer

ith minimum re
utomation of a
seamless orth

tches. It also 
acility to proc
f 1,000,000 km

horizontal ac
expected to be w
ral areas [repre
probability]. M

te horizontal ac
g ±2m. This ho
se of any survey
n-bard different
use up to 4 co

surance and to
l accuracy of th
d to be within ± 

nd productivity
human labor, 

be acquired. T
rocessing the e
f flying in ab
lity control and
n is between 30

es to the produc
en further. Fo
fications to hig
entirely elimin

Ortho Program
d a number of 
essing and mor
troduced in othe
w generations 
Reitinger et 
try tools.  

alysis along seam
(green) have ques

Results 

ment of the Glo
ghtly ahead of
ted quality spec

umber of resear
he issue of effi
ra that promise
elief displaceme
aerial triangula

hophoto produc
required the 

ess 200,000 i
m2 per 24-hour p

ccuracy of the
within ± 1.2 m r
esenting ±3 to 

Measurements h
ccuracy r.m.s. i
orizontal accura
y ground contro
tial GPS and IM
ntrol points per

o avoid vertica
he DSM. Verti
1 m. 

y have not been 
but by the ra

The IPF process
entire imagery 
out one week.

d inspection the
00,000 and 400,
ct specification
or example, ap
gh population a
ate the need for

m’s scale and 
innovations in 
re. Many of th
er BITs project
of UltraCam 
al., 2012], 

m lines. 2134 loca
stionable shear. 

obal Ortho Pro
f schedule whil
cifications.  

rch questions t
ficiency and co
es color image
ent of building
ation, dense D
cts from separ

setup of a 
nput images f

period. 

e RGB orthop
r.m.s. for urban
± 6 meter Cir

have shown tha
is the range of
acy can be achi
ol but with com
MU- measurem
r 1°-cell for rea

al bias which c
ical accuracy o

limited by com
ate at which a
sing environme
harvest of a w

. Given the cu
e annual produ
,000 km2. With

ns this rate cou
pplying “Stand
areas [see Tab
r manual QC. 

aggressive tim
hardware, softw

hese innovation
ts and will find 

sensors, Ultra
and Micr

 

ations 

ogram 
le far 

to be 
ost in 
ry of 
s and 

DEM-
rately 
large 
for a 

hoto-
n, and 
rcular 
at the 
f ±1m 
ieved 

mplete 
ments. 
asons 
could 
of the 

mpute 
aerial 
ent is 
whole 
urrent 
uction 
h only 
uld be 
dard” 

ble 1] 

meline 
ware, 

ns are 
their 

aMap 
rosoft 

Com
Euro
with
alrea
a ne
need
cove
least
partn
inter
expa

Whi
com
we a
avai
what
ever

Enha
GeoE
ance
 
Hirs
proc
Proc
Patte
 
Hirs
envir
Tran
PAM
 
Lebe
Perk
Cam
Phot
Anch
 
Lads
Stitc
Cam
Phot
Dieg
 
NAI
http:
al.pd
 
Schi
Rem
Inter
and 
 
Reit
Phot
Phot
Scie

Wei
Appr
Fern

mpletion of the
ope was origina
hin 30 months 
ady starting in t
ew project add
ded basis. The 
erage footprint 
t in part, be 
ners. At the t
rnational orga
anding Global O

ile this project
mputing architec
all know that wh
lable tomorrow
t is to come 

rywhere.   

ancedView (2
Eye_Wins_Nat

ed_View_Awar

chmueller, H.
cessing by sem
ceedings of the 
ern Recognition

chmueller, H
ronments by 

nsaction on Pa
MI 30 (2) pp. 32

erl, F. M.  Gru
ko (2003):  Th
mera System, P
togrammetry &
horage, AL, un

staedter R., M
ching: One  
meras, Procee
togrammetry &
go, CA, unpagin

IP (2009):  
://www.fsa.usda
df  

ickler W., C. S
moval in Airbo
rnational Archiv
Spatial Informa

inger B. (2012
togrammetry. 
togrammetry, R

ences, Melbourn

dner, U., J. C
roaches and 

nerkundung – G

11. Out

e initial covera
ally expected fo

from kick of
the summer of 
dressing update
main focus of
of the Global 
done in close

time of this w
anizations have
Ortho into their 

t explores pot
ctures, algorith
hat is “most adv

w. Therefore su
to everyday 

12. Refer

2010) (http://
tional_Geospati
rd_999.html. La

. (2005): Acc
mi-global match

IEEE Confere
n, pp. 807-814  

. (2008): Ste
consistent se

attern Analysi
28-341. 

uber, M.  Ponti
he UltraCam L
Proceedings of
& Remote Se
npaginated CD

M. Gruber, A. W
Sensor Geome

edings of th
& Remote Sensi
nated DVD 

a.gov/Internet/F

Shah (2012): Au
orne Imaging 
ves of the Phot
ation Sciences, 

2) UltraMap V
 Internatio

Remote Sensin
ne, Australia. 

Centeno (2009
Their Evaluati

Geoinformation 

tlook 

age for the US
or the early fal
ff in March 20
2012, we also e
es of select ar
f Bing Maps is
Ortho Program
e cooperation 
writing several
e engaged in
areas of interes

tentials with m
hms, sensors an
vanced” today, 

uch a project is
photogrammet

rences 

/www.spacedail
ial_Intelligence
ast visited 19-A

curate and ef
hing and mutua
ence on Compu

ereo vision 
emi-global ma
s and Machin

icelli, S.  Berno
Large Format 
f the America
ensing,  5-9 

Wiechert (201
etry For  M

he American 
ing,  26-30 Ap

FSA_File/naip_

utomated Blur 
Systems using

togrammetry, R
Melbourne, Au

V3 – A Revolu
onal Archiv
ng and Spatia

9): Pansharpen
ion. In: Photo
(PFG), 4/2009.

S and Western
l of 2012, thus
010. However,
expect to begin
reas on an as-
s to extend the
m. This will, at

with external
l national and
n talks about
st.  

most advanced
nd procedures,
 will be widely
s a preview of
tric workflows

ly.com/reports/
e_Agency_Enh

Apr-2012.  

fficient stereo
al information.
uter Vision and

in structured
atching. IEEE
ne Intelligence

oegger, and R.
Aerial Digital

an Society for
May,  2003,

0): Monolithic
Multiple Sensor

Society for
pril,  2010, San

_2009_info_fin

Detection and
g IMU Data.

Remote Sensing
ustralia. 

ution in Aerial
es of the
al Information

ning – Simple
ogrammetrie –
. 

 
 
 
 

 
t 
 

d 
t 

d 
 
 

f 
 

/ 

 
 
 

d 
 
 

  
l 
r 
 

  
r 
r 
 

d 
  
 

l 
 
 

 
– 


