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It’s a 3D
 w

orld …

K
eynote P

resentation
O

hio G
eographically R

eferenced Inform
ation P

rogram
 

(O
G

R
IP

)
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O
hio G

eographically R
eferenced Inform

ation P
rogram

 
(O

G
R

IP
)

17
th

A
nnual M

eeting
C

olum
bus O

H
 S

eptem
ber 2007
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T
he plan for today …

..
•

T
he em

erging A
N

D
 converging 3D

 w
orld

•
H

ow
?

•
W

hat are the technology drivers and em
erging technologies?

•
W

hy?
•

B
eyond the “w

ay cool” effect w
hy is 3D

 (and visualization) going to 
be pervasive ? 

•
W

hy not 3D
 ?

2

•
W

hy not 3D
 ?

•
W

hat are the im
pedim

ents?
•

W
hy is there the potential that w

e w
ill m

iss out on the next big 
thing?

•
W

hat are the “cultural” im
pedim

ents to our com
m

unity playing as 
large a role as it m

ight ?
•

“T
he fault dear B

rutus (or B
ob or M

ary, or …
)  is in ourselves not 

our stars.  (w
ith apologies)

•
D

on’t be like the railroads w
ho through they w

ere in the rail road 
business…

..
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A
t the “intersection” of em

erging 
technologies

•
M

apping
–

T
errestrial surveying 

–
G

IS
–

R
em

ote sensing

•
C

om
puter science

–
M

achine vision
–

D
atabases

–
C

om
puter graphics

3

–
R

em
ote sensing

–
P

hotogram
m

etry 
•

A
erial, terrestrial and close 

range

–
LiD

A
R

, terrestrial scanning
–

S
ensor fusion

–
G

eodesy
–

G
eo-visulaizers

•
C

A
D

 and B
IM

 

–
C

om
puter graphics

•
G

am
ing

–
M

M
O

G
s …

…
•

S
econdLife, F

arC
ry, W

orlds 

•
C

onstruction
•

A
nim

ation
•

A
uto N

avigation …
…
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…
 and at the intersection of 

professions and business silos
•

C
reators

–
A

rchitecture
–

C
ivil engineering

–
M

apping
•

C
onsum

ers

4

–
M

apping
–

S
urveying

–
G

IS
–

G
am

ing developers
–

…
 etc

•
C

onsum
ers

–
C

onstruction m
anagem

ent
–

E
m

ergency m
anagem

ent
–

E
ntertainm

ent
–

A
sset m

anagem
ent

–
F

acilities m
anagem

ent
–

C
ity m

anagem
ent

–
P

lanning
–

…
.etc
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M
ultiple fields m

eans …
•

B
ad new

s …
–

M
ultiple vocabularies, confusion about term

s
•

“polygon (e.g. G
IS

 or C
A

D
) “scale” …

.
–

M
ultiple fundam

ental w
orld view

s
•

C
onfusion and conflict 

5

•
C

onfusion and conflict 
–

D
ifficult to change “business as usual” for current players

•
G

ood new
s

–
O

pportunities for disinterm
ediation

–
M

oney to be m
ade 

–
Im

provem
ent in public policy and savings to be had …

.
–

E
ntirely new

 businesses to be created

C
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A
bstraction

•
M

ensuration professions m
ove from

 “real 
w

orld” to an abstraction of the real w
orld

–
S

urvey, G
IS

, photogram
m

etry, etc..

6

“real w
orld”

“idea”
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In contrast …

•
D

esign professionals (e.g. architects) m
ove 

from
 the abstract (an idea) to the real w

orld

7

“idea”
“real w

orld”
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Levels of abstraction
•

W
e (O

hio G
IS

 C
onference 

attendees) think in “m
ap scale” 

(1:12,000)
–

B
T

W
 hardly anyone else 

does!
•

T
he larger the scale the LE

S
S

 

M
illions

Less A
bstract

1:100

8

•
T

he larger the scale the LE
S

S
 

the abstraction
•

C
onversion from

 an abstraction 
to the “real w

orld” is learned 
•

T
he LE

S
S

the abstraction the 
M

O
R

E
the num

ber of people 
w

ho understand

10s 1,000s

100,000s

P
eople

1:1,000,000

M
ap scale
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Lets m
ake the idea 

of abstraction …

Less abstract

9

m
aps.google.com

Less abstract

T
his “im

age” only “exists” in
our m

inds (and w
hat our m

inds
create) …

no w
here in the w

orld 
can you “see” this im

age
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T
his representation

is less abstract 

10 is less abstract 

A
K

A
 …

 M
ore real
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11 E
ven m

ore real …
..
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P
hotography --

usually less abstract

12

usually less abstract
than m

aps
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H
igher resolution 

photography…

13

D
igital G

lobe im
agery originally acquired by C

ity o
f F

ayetteville

Less abstract

even “m
ore real”
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O
blique photography

E
ven less abstract 

14

live.local.com
 

P
ictom

etery 

E
ven less abstract 

than orthos…

P
icotm

etry im
agery initially acquired by N

W
 A

rkansa
s Im

agery C
onsortium
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V
erisim

ilitude vs scale

•
V

erisim
ilitude -

the level of visual reality in 
a visualization --

“how
 real is it?”

•
N

o ready relationship betw
een som

e 

15 •
N

o ready relationship betw
een som

e 
m

easure of verisim
ilitude and the im

age
•

T
erm

s com
ing into practice

–
Level of detail (LO

D
) 

–
related to but different from

 “scale”
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Level of D
etail

•
T

hom
as K

olbe and G
erhard G

roger
–

Institute for C
artography and G

eoinform
ation 

U
niv. of B

onn

•
D

avid C
olleen et al P

lanet 9 

16

•
D

avid C
olleen et al P

lanet 9 
(w

w
w

.planet9.com
)

•
B

asic concerns in 3D
 graphics –

speed!
–

N
um

ber of polygons!
–

U
se of texture
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B
U

ILD
IN

G
 H

IG
H

 R
E

S
O

LU
T

IO
N

 C
IT

Y
 M

O
D

E
LS

.... E
V

O
LV

IN
G

 S
TA

N
D

A
R

D
S

D
avid C

olleen et al IM
A

G
E

 2005 C
onference



C
enter for A

dvanced S
patial Technologies

U
niversity of A

rkansas

19

C
enter for A

dvanced S
patial Technologies

U
niversity of A

rkansas

20



C
enter for A

dvanced S
patial Technologies

U
niversity of A

rkansas

S
ketchup to

21

S
ketchup to

G
oogle E

arth

w
w

w
.sketchup.com
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M
ore LO

D
 =

 m
ore interest

•
A

ccuracy “versus” 
verisim

ilitude
–

R
equirem

ent for 
100ks

1,000ks
Less A

bstract
LO

D
 4

24

–
R

equirem
ent for 

accuracy (often) 
contradicts requirem

ent 
for verisim

ilitude
–

M
ore polygons (C

A
D

 or 
G

IS
 types)

•
m

ore accuracy
•

less perform
ance

10s 1,000s

P
eople

LO
D

 1

Levels
of detail
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Item
A

ssem
bly

F
loor

B
uilding

S
ite/parcel

C
A

D

S
urvey

M
anufacture

A
sset m

anagem
ent

A
rchitecture

C
onstruction

E
ngineering

Tools

D
isciplines/professions

LO
D

 and scale

25

S
ite/parcel

C
ity

R
egion

N
ation

G
lobe

G
IS

R
em

ote sensing
geodesy

S
urvey

P
hotogram

m
etry

F
acilities M

anagem
ent

P
lanning

E
m

ergency 
m

anagem
ent

Logistics

Increasing scale and LO
D
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M
ore LO

D
 =

 m
ore interest

•
C

om
plexity of acquiring LO

D
•

C
ontrast/overlap w

/ “traditional” m
apping 

m
ethods

26

m
ethods

•
A

ccuracy “versus” verisim
ilitude

•
M

ultiple m
ethods



C
enter for A

dvanced S
patial Technologies

U
niversity of A

rkansas

O
K

 –
so how

 do w
e do

all this ??

27
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A
LS

 50 from
Leica G

eosystem
s

w
ith vegetation

w
/o vegetation

28

A
irborne Laser S

canning –
fast digital terrain data
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M
anipulating A

irborne LID
A

R
 

R
eturns

•
O

racle 10g (now
 11g) S

patial (S
D

O
 geom

etries)

•
E

nable analytical w
ork w

ith raw
 data (all returns and 

breaklines)

C
enter of E

xcellence in 
S

patial D
ata M

anagem
ent

31

breaklines)

•
C

lassification aided by existing vector geom
etry

–
C

oordinate system
 transform

ations handled in the database
–

A
ll spatial operators available

•
F

ast retrieval and aggregation based on com
bination of 

geom
etry and attributes

•
S

D
O

_N
N

 (n
nearest neighbors) and 

S
D

O
_W

IT
H

IN
_D

IS
T

A
N

C
E

 operators enable filtering 
operations
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E
xtract all “surface” returns w

ithin 50ft of all 
railroad tracks through the city of 
G

reenland, A
R

 from
 data set of 200 m

illion

R
etrieval in <

 2 seconds on a desktop com
puter

32

S
E

LE
C

T
a.geom

etry
F

R
O

M
city_lim

its2003_ahtd a
W

H
E

R
E

a.city_nam
e =

 'G
reenland'

S
E

LE
C

T
a.geom

etry
F

R
O

M
railroads_tig99 a, city_lim

its2003_ahtd b W
H

E
R

E
b.city_nam

e =
 'G

reenland' and  
S

D
O

_R
E

LA
T

E
(a.geom

etry,b.geom
etry,

'm
ask=

A
N

Y
IN

T
E

R
A

C
T

') =
 'T

R
U

E
'

S
E

LE
C

T
 S

D
O

_C
S

.T
R

A
N

S
F

O
R

M
(a.geom

etry,8265) F
R

O
M

 beaver a,
(S

E
LE

C
T

 S
D

O
_G

E
O

M
.S

D
O

_B
U

F
F

E
R

(a.geom
etry,50.0, 0.0005,  'U

N
IT

=
F

O
O

T
' ) as geom

etry
F

R
O

M
railroads_tig99 a, city_lim

its2003_ahtd b
W

H
E

R
E

b.city_nam
e =

 'G
reenland' and              

S
D

O
_A

N
Y

IN
T

E
R

A
C

T
(a.geom

etry,b.geom
etry) =

 'T
R

U
E

') b W
H

E
R

E
S

D
O

_A
N

Y
IN

T
E

R
A

C
T

(a.geom
etry,b.geom

etry) =
 'T

R
U

E
';

R
E

T
U

R
N

 C
O

U
N

T
: 4579

R
etrieval in <

 2 seconds on a desktop com
puter
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G
enerate the best possible surface 

representation along part of the I-540 
corridor (500 ft buffer).  

E
xisting tiling schem

e requires 18 
quarter-quads containing 31,269,468 
surface points.

S
patial S

Q
L query results in a view

 

33

S
patial S

Q
L query results in a view

 
w

ith ~
3M

 points inside the corridor 
buffer.

E
lapsed tim

e: 3 m
in 50 sec 

D
ifferent surface point densities 

(caused by foliage and buildings) 
support different interpolation sam

ple 
and contour interval.
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F
ull return inform

ation 
allow

s m
ore detailed 

analysis.

B
lue =

 last returns         
R

ed =
 first returns

E
xisting geom

etries 
m

ay be used in the 
classification process.

34

classification process.

F
or exam

ple, 
building heights m

ay 
be estim

ated from
 

building returns and 
surround ground 
returns.
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O
racle 10g
G

eoM
edia

S
ketchU

p
G

oogle E
arth

35

G
oogle E

arth

M
ore than 3,000

structures created in
less than 30 m

inutes

C
enter for A

dvanced S
patial Technologies

U
niversity of A

rkansas

S
tart w

ith building foot print from
 

C
ity of F

ayetteville G
IS

U
se LiD

A
R

 to determ
ine height

C
reating m

ore verisim
ilitude

36

U
se LiD

A
R

 to determ
ine height

A
pply photo

texture to surfaces
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w
w

w
.cast.uark.edu/local/cadis_crate_06

and G
oogle P

icks!
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T
raditional photogram

m
etry

•
N

ew
 tw

ist in system
s and m

ethods
–

old dogs new
 tricks

•
N

ot just bare earth

38

•
N

ot just bare earth
•

P
oint clouds, 

•
B

uilding footprints
•

B
uilding shapes
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Leica A
D

S
 40 -

S
even bands

39

Im
age courtesy Lieca G

IS
 and G

eospatial Im
aging
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U
 of A

C
am

pus

40

6 inch
pixel
R

G
B

also near-IR

A
cquired by LandA

ir M
apping
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P
rocessing

V
ia Leica 

G
-P

ro, LP
S

and
S

tereo A
nalyst

41

S
tereo A

nalyst
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S
tate of A

rkansas A
D

O
P

 2
•

S
tatew

ide A
D

S
 40

•
S

tandard ortho products
•

A
ll raw

 data provided
•

W
ith increasing num

ber of consum
er 

42

•
W

ith increasing num
ber of consum

er 
stereo products need for stereo data

•
C

A
S

T
 is currently w

orking on project to 
deliver stereo-pairs to desktop frpm

 O
racle 

11g 
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D
esktop “close range” photogram

m
etry

…
…

 for the m
asses

43

P
hotoM

odeler    (w
w

w
.photom

odeler.com
)
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P
oints are selected and referenced on photos from

 different perspectives

44

P
hotoM

odeler calculates the position of additional reference points as 
indicated by an epipolar line once enough reference points are selected 
and the photographs are oriented in respect to each other
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A
dding S

urfaces, Lines

45

T
hree dim

ensional representation of reference 
points, w

ith lines and calculated cam
era positions 

show
n.
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A
dding S

urfaces

46

S
urfaces are defined 

by reference points 
and generated from

 
the specified im

age
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T
errestrial Laser S

canners
T

errestrial Laser S
canners

�
O

ptech ILR
IS

 3D
�

A
 long-range, T

O
F

 scanner 
�

T
ypical W

orking R
ange: 10 -

350 
m

eters
�

C
apable to 850 m

eters +
�

M
odeling A

ccuracy: published 3 -
5 

m
illim

eters 

49

m
illim

eters 
�

A
chieving 6 m

m
 --

currently being 
tested further

�
X

, Y
, Z

, I (laser intensity)
�

M
inolta-K

onica V
ivid 9i

�
A

 close range triangulation scanner
�

T
ypical w

orking range: 0.6-2.5 m
�

M
odeling accuracy: published 0.05m

m
�

X
, Y

, Z
, R

, G
, B

�
D

ata com
patible w

ith m
any applications
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T
ypical S

teps in D
ata processing

•
S

tep 1:
C

lean scanner data to rem
ove 

unw
anted or redundant data

51 •
S

tep 2:
A

lign S
cans
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R
esults of S

can A
lignm

ent
* E

ach color represents a different scan

52
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D
ata resolution

5 m
m

 data 
2 cm

 data

* N
otice the different level of 

architectural detail displayed in  
the data sets of varied resolutions

O
ld M

ain D
ata

54

5 m
m

 data 
S

can tim
e:  34.5 m

inutes
F

ile S
ize:

44m
b

2 cm
 data

S
can tim

e:  2.5 m
inutes

F
ile S

ize:
2m

b
1 cm

 data 
S

can tim
e:  9 m

inutes
F

ile S
ize:

10m
b

N
ote the detail of 

individual bricks in 
the 5m

m
 dataset
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T
rue 3-D

 m
easurem

ent

55
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M
achine vision and im

age 
segm

entation

56
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M
easurem

ents
•C

an also be derived by fitting basic prim
itive shapes to scan features.  In the 

exam
ple below

, a cylinder is a fit to a colum
n

C
ircum

ference M
easurem

ent in P
olyw

orks
C

 =
 2�

(.728) 
C

 =
 4.574 ft.

C
ircum

ference M
easurem

ent in F
ield

57

D
ifference betw

een m
easurem

ents

4.583
-

4.574
~

  .009 of an inch

C
ircum

ference M
easurem

ent in F
ield

C
 =

 4.583 
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M
achu P

ichuu
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60 M
achu P

ichu V
ideo
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Invirm
et -

D
ata D

istribution
•

D
istribution of data and free softw

are for analysis

61

w
w

w
.cast.uark.edu/invirm

et
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3D
 design options

•
V

isualization system
s

–
Landscape and nature 

•
V

irtual N
ature S

tudio,  W
orld C

onstruction S
et,  V

ue5, etc.
–

B
uildings and structures

62

•
B

entley, A
utoD

esk, S
ketchU

p, A
rchiC

A
D

 etc…

•
A

nim
ation

–
S

oftIm
age X

S
I, M

aya, S
tudio 3D

 M
ax, A

lias, etc…
•

G
am

e E
ngines

–
F

arC
ry, U

nreal, T
orque, R

enderW
are m

any others
•

M
assive M

ultiplayer O
n-line gam

es (M
M

O
G

S
)
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M
otion C

apture
(aka “real tim

e” 
photogram

m
etry)

M
any, m

any m
ovies

m
ost recent m

ajor film
 -

P
olar E

xpress
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M
assive M

ulti-player O
n-line

G
am

es

e.g. S
econd Life
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It’s exciting but not all is w
ell…

•
Interface of m

ultiple disciplines, cultures, 
ideas…

.
–

M
achine vision, photogram

m
etry, “traditional 

G
IS

,” gam
ing …
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–
M

achine vision, photogram
m

etry, “traditional 
G

IS
,” gam

ing …
•

N
o single field is capable

•
Isolation (esp. in U

S
) in silos

–
M

achine vision researchers not fam
iliar w

/ 
photogram

m
etry

–
etc…

..
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U
S

 educational system
s is not

designed to 
prepare students for this brave new

 w
orld

•
M

ulti-departm
ental fragm

entation is com
m

on 
•

M
achine vision =

 com
puter science departm

ent
•

G
eospatial explorers =

 geography departm
ent

•
P

hotogram
m

etry/survey =
 civil engineering
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•
P

hotogram
m

etry/survey =
 civil engineering

•
C

A
D

 =
 architecture

•
etc.

•
E

uropean and C
anada (som

e integration)
–

G
eom

atics
–

G
eoinform

ation
•

A
lso –

a lack of training in standards and 
interoperability requirem

ents

C
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U
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C
LIC

K
 for video …

.
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S
now

 W
inters

Jack C
othren

M
alcolm

 W
illiam

son
C

A
S

T
 S

taff
N

W
A

 R
egional P

lanning
N

W
A

 R
egional Im

age C
onsortium

U
A

 F
acilities M

anagem
ent

S
oftw

are and data providers

Tradem
arks are property of firm

s

M
ore on 3D

 at: http://w
w

w
.geoplace.com


