Y RA4E Y R5E

Y R2E Y R3E

T20N

Y

T19N

T18N

T17N

T16N

T15N

Y R2W Y R1W Y R1E

R4W V R3W

o
ke
& McNEIL ISLAND

ARCADIA

NOCL

STEAMBOAT

o
®)
B % HARSTINE
é ISLAND é BALC
(/D( ISLAND JOHNSON TAB&L\?R % GE

% [hurston County

POINT i
0@
ITASM T

$

SV,

4001

WESTWIND DR NW

30v2

HUNTER @) Cg/
g
v

Lo
anN

E g
F
S

POINT
BAIRD Q
I 92ND  AVE NE COVE §
o - b DEVILS
BIG L:DSOPNEP | 4& AN DERSON .
FISLIRAP oy ’ . Q—Y AMSTERDAM
LTIE . " & e BAY
TG Q_go g6 86TH Q
I e < 5?’5:#/ e & 85TH
3 AVE NE

g
>
TREBLE ISLAND o$
&
&

&
S wmD
< AVENW

90TH AVE

SALTY DR NW

LiBBY
RD NE
FERNWOOD
RD

STNE

orecr «»\"c“\

DR NE

LDCAT

ISLAND VIEW

POINT

URQUHART
POINT
BAIRD

78TH AVE NW
AVE

COVE ZF
: POINT 1 g5
78TH AVE NE

BOSTON
HARBOR

DOFFLEMYER &
POINT é’?

LN NE
K3

76TH 76TH EAST
ORA

' Thurston County Hydro Enforced Digital Elevation Model

AVE NE
ORA BAY

& LIiDAR Bare Earth Hillshade

AVE
# AVE NE

) & -
” ' oy 3 SANDY

63RD  AVE

76TH
7sr~ ¥ AVE NE
AVE NE

WOODS ESTATE

MANZANIT/

COVE RD NW

MENDERSON inL ET

R eo,
Ny
TNy, Ro Ny
N
L
g

L,

GALLAGHER
3N AVM 1SLL

<
[o)
SILVER dl\o
z

Cop, e
/rgq =
Se
S
3
£
i

69TH AVE Nw/

ZANGLE
.
@
o
~
2

67TH R WOODARD
& BAY 68TH

66TH AVE

KLEN  BUop g

STNW,
=1
g
]
=
=
m
=<
c
z

RS
&3
,bO
-
3
T
MARVIN
NE

66TH
64TH -

RI
4
5
g
e
g
g3
o
©]
z
=

AVE
&
QS)
61STAVE NW

MURRAY
CT Nw

62ND  AVE

137Nl

INLET DR

i
2°
WAYNE
2
(2]
>
&
BEACH

z
m
z
m

MILLER RD NW

s
O
K

x
>

59TH

GULL

HARBOR DR
NE
SLEEPY

HALLOW LN

58TH  57TH

PUGET
HILL RD NE
—3

. e VisQuaLLy RERCS
Q | Elevation (Feet)

NISQUALLY FLATS

COVE
GULL ! 56TH  AVENE . o
HARBOR ’ w F

GRAVELLY BEACH LOOP NW

54TH AVE NW

RD
RD
[
[

a
4
52ND 53RD WAY
NE

HEIGHTS LN NE

S1STAVE Nw

Q

51STLN NW
@

INDIAN

CUSHMAN

RD
POINT

BLISS
BEACH

RD NW

6\/0 g)é\ &i : 44TH

& 43RD

PLEASANT FOREST DR NE |

RD NE g w
4 =
48TH WAY N

48TH 5 <
S FOXTR™
46TH AVE NE 4 2
kS w
4 = =

(4 E=
\ & -
&
! =) &
41ST AVE NE ] f 2 A
4 3 9 2 Po
Py b ?ﬁ? 5
41ST AVE NE B2
N

39TH
AVE NE

MERCANTILE

NE

$
NISQUALLY

HEAD
LUHR BEACH

N

o
g
& KEATING
< RD NW
M
Ne
& BLUEBYRD
41ST AVE Nw LN NW.

5
<
4
=
SCOTT RD NW
ISL,
/WO

LEMON
SHINCKE

=)
3
s

a
=
=i
=T
BELL

46TH

5
e

A
>
&
T

R

D

42ND

STEAMBOAT

ijl

LIBBY

418T

. JOHN LUHR
RD NE

Y
©
&

S
)
Q

RD NE
KINNEY

BoTH 2

MN Q¥ AVE  walSAO

&
BUSHOOWAH-AHLE 7
POINT 2

LEMON RD NE

HAWKS ©,

HAWKS PRAIRIE RD NE
2
|

=
°
2
£
2 Ll 32ND AVE NE

N QV‘@ %—;2

e Wy ww £ Gy 7

_AE M&F:ﬂ'«l

26TH
"
e AVE NE pLERSA 3
! 24TH
AVE NE
SETCHFIELD
LAKE
MILLER AVE
| 18TH
AVE NE

=] 1
fostow i 2 5TH.[ hib

F | #
FALLS
38TH

BAKER AMES

36TH

>
<
m

SUNRISE BEACH § 36THAVE NW
=]
o

&
SHELL b S
¥, N * g
2 -

N
POINT #2 seT R

ADRONA g oy :
£ - - 7 u = % 33RD AVE NE

. DRIFTWOOD RD NW OLYMPIA ]
AISTA

W 4
(2 PKWY i ——— =, z
STv
3 ‘\;_I'
<

20TH AVE NW

Principles of Airborne Laser Altimeter Terrain Mapping
David J. Harding
NASA’s Goddard Space Flight Center

LIght Detection And Rangin
g g g Mail Code 921. Greenbelt, MD 2077
harding@@denali.gsfc.nasa.gov. 301-614-6503

March 17. 2000

RD NE

SLEATER

< 32ND
& LN NE
31ST AVE NE

30TH

KENNED}’
AVE NE

e 1 MERIDIAN RD NE

Z
%
»

LILLY RD NE

PRIEST]
POINT'& ]

POLARIS
LN NE

SCHNEIpER

oG, e NE

DR

i |
GuLL
FRIENDLY GROVE

LEWIS RD NW

o

S

&

DR W
&

_mmTls
COVE

e e =
| B 5 \
o x CREEK 1
.;.

N\LLAN\Q/

=
S
n

AST  BAY

24TH
1

Nw
STNE

Airborne scanning laser
Detailed topographic maps of very high accuracy are produced by airborne laser altimeter

rangefinder
terrain mapping. The unique capabilities of this new technique yield more comprehensive and
precise topographic information than traditional methods. Airborne laser altimeter data can be

Differential GPS
used to accurately measure the topography of the ground. even where overlying vegetation is

AVE SE Mgy, g i . .
F i / _— IHEI‘t[E]l NE],V] gatlﬂﬂ S}rstem quite dense. The dafa can also be used to determine the height and density of the overlying

GROVE
LISTER

cooPER RD

£
I/EE'G Ry e
o

BRENNER
o

RD Nw

17TH

SHAKER
CHURCH m
OoLD v

v
°§\* oLp
OLYMPIC
HWY SW.

STNW

I
j! 14TH AVE NW

7
11TH AVE NW? Loulse
i LAKE

MIX RD NW
OVERHULSE RD

H’F :
BETHEL ST NE
NE
ABERNATHY
L
2 4
"o@
WOODLAND CREEK
STNE
CARPENTER
€
RO T
\ -
p<
=
»
o
=z
8
m =z
=
=m
=X
\ g >
m\’ \
1
n
I'I"
L]
'F L
N .
1 T-1
7 ) |
%
/@’\é‘
%3 1
1
Nig,
QUALLy cur o
Fr
L) s
CONINE
T SE
]

12TH AVE NE

POINT
RD

PINE AVE NE

il

"
DUTERROW RD SE

¥

vegetation, and to characterize the location. shape. and height of buildings and other man-

(SO
0

1S3M

o
"
3
I
3

]

10TH AVE NE

A
>

LiLLY

made structures.

OLYM

rhl 8THAVE y
L | 2 . 10
i ‘; WAY 5 - SE
= D
S ’L\‘ F;pai-,.-af
EXIT g
S oM
§O sTE\\—P‘CO

L S
N
< MARTI!
L
e i

5TH AVE SE EXIT
PACIFIC

['4
w
6TH AVE 5 z ‘
- o
['4
<
o

DIVISION

COOPER

SUMMIT

30 k- 000 P omnts Per scC Dﬂd at LASER-SCANNING The method relies on measuring the distance
from an airplane, or helicopter, to the Earth’s

1 5 cm HCCUI'HC}I surface by precisely timing the round-trip
travel time of a brief pulse of laser light
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HARRISON AVE N

[l
WILSOINS

MN ¥0 Ave
ENSIGY

STAT

109

MCPHEE
YAUGER

EXIT
i 108

_
KINNEY T RD’

MARVIN

BLUM ST SE

BOUNDARY ST SE

EASTSIDE ST SE
COLLEGE

PLYMOUTH ST sw

RD sy
FONES RD SE

14TH AVE SE
PACIFIC AVE SE 008E

o — )
e G
gD S
LRCEY 14TH AVE SE W%
MQS L aswial
A
LAC EY [-_‘—'f) e L
RD SE g
- 3
i %, MCALLISTER

MAYES
RD SE
i sPRINGS

RD SE

15TH AVE SE

SLEATER

« $500/mi?, 10° points/mi?,
or 0.05 cents/point

EXIT
1058 FONES  RD SE 14TH 35 SE

%
DECATUR ST Sw

0%

CEMETERY Rp

MAPLE VALLEY
CAPITOL WAy SE

GOLF CLUB

EVERGREEN

22N|
LOOP sW 5 EXIT RGVE SE

20TH AVE SE

22ND
AVE S

BENSON
RD sw

SE
ALLEN ST SE

[ 1]
¢
e
2
=
z
m
2]
=
JOHNSON
BLVD sw
L.
b
a
<
z
®
12]
=
[2]
=
5TH AVE [r’
Y
R
e
L]
r
CAIN RD SE
RD
HOFFMAN RD SE
RD SE
4
1!?0 SE

25TH
AVE SE

Extensive, automated,
geometric filtering to
remove tree canopy

o (virtual deforestation)

Figure 1 (adapted from Flood and Gutelius, 1997).

ESKRIDGE BLVD' SE

5TH AVE SE

LONG

HICKS LAKE

LAKE

sw

I
dooa | o

WIGGINS

MORSE MERRIMAN RD SE

I
[
i

S
=
B <
=]

&
o

CROSBY BLVD

&

SE

37TH AVE SE§

W

:
= *

1-'// SAPP  RD SW:
PARNES HARTMAN

WARD
LAKE
it |
ND AVE | 49TH AVE SW ., L YEL

@ : i HEWTT

X & 54TH AVE sw X
N EXIT LAE Hwy g
3

i
I

ANTSEN ST sw

LONG 1]
LAKE *
\s‘*‘&

2T}
n
£
i
1)
=
»
m
OULEVARD
ST
SE
RD
NTo,
Se N

40TH AVE SE

CARPENTER _‘!l
1
v

GOLDSBY

RD

LN SE

SOUTH ST

7TH AVE SW
T"/OR
Ro
WILDHORSE

43RD

IR AVE SE :
l&% & 2
23 &®

45TH AVE SE

SOUTHWCI %ebb
1_:. | CLAIR
MULLEN RD SE NEST sAN

w
12
=
o
o

LINWOOD AVE sw

RURAL RD Sw
COLLEGE

[

Laser transmitters are used that fire thousands of pulses per second. By scanning the laser
pulses across the terrain using a rotating mirror. a dense set of distances to the surface is
measured (Figure 1) along a narrow corridor. The distance measurements are converted to
map coordinates and elevations for each laser pulse by combining the distance data with
information on the position of the airplane at the time the laser pulse was fired and the
direction in which the pulse was fired. The airplane position along its entire flight path is
determined using the Global Positioning System (GPS), applying a technique known as a
differential kinematic solution. The direction of the laser pulse is established using an Inertial
Navigation System (INS), that measures the orientation of the airplane, and measurements of
the orientation of the scan mirror. Combining all this information on distance. position. and

direction yields what is known as a geolocated laser return. A large area is mapped by flying
many parallel lines, guided by GPS, so that the narrow corridors of data overlap along the
edges. The data from all the corridors is then assembled together to provide coverage of a
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