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The Digital Orthophoto Production by the Automative
Generation of DEM using Non—photogrammetric Scanner
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ABSTRACT

This study deals with the optimal method of orthophoto products using the non-photogrammetric
scanners. we scanned positive film of aerial photographs at the different resolution and producted the
orthophoto using the automatically generated DEM based on the Digital Photogrammetric
Workstation, considering aerial image resolutions, DEM interval, resampling method and outpixel
size. As a results, the acquired accuracy was worse in horizontal, but good in vertical. So It will be
expected that orthophoto using non-photo grammetric scanner is good enough for the acquisition of
GIS data and the calculation of soil volumes.
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FIGURE 1. The elements of DEM generation
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FIGURE 2. The role of DEM

= f m (X—Xy) + mp (Y=Y +m3(Z—2)
TSy (X — Xy + m(Y— Yy) + myy(Z— Zy)

(1)

_ oy (X = Xo) + mp(Y= Yoy + mn(Z—Z))
YT g (X = Xo) + myp(Y— Yy + myy (Z— Z,)

o] 7] A,
xo vy, 0 7HERe] WiFEA W
my » Mgy : 3z
o, o, x& T A
FHol g4
X, v, z 9% Ay, v AR
X,, Y, Z, A& 2 3 A ol A
T4 AR
X,y 9 FE
3 AsHel ex|EnRE 4y
Q. FH Aol FAFLEE
e FAGEAFTE SHoRE o] Fott
T 29 P8 v 22 4789 A
dom Ak AA, AR F 9% T
shube] gAdel w3t e AdEdt =A,
e delM dRAEE Tl Telis

(Simard, 1997).
SAIE A

FBAAY Gl Amsh 2RHom 3
ol7b Ui Al T wiolth A A
ARG W AN Aze] FAE EF
FARdoR Fgo FAMNAE Ams 2
o] HAte] BHE ol FAR FAelA Weld
55 s)ow AGARe] o] ¥ ©rh 1
g Age] Age el Agel
715l gl A9t AAEG Ams A 4
ol7h gAY AEWS] 7)Ho] = A9 A
w9 s e o2 A8 7%
webd olux el Aolsh thehbi AL /)%

W Q] (relief displacement)”#}1. 3t} o] 2 A
GFA Gl YeElgs HE AAToZH
ARG YERE Aol dRbA A BRE
7

% E ARG Hapkelet @t e
ARARLS Azl Ao dojA] AEAL
15 FAlek 3 7A5E ] o8 AT A
A Qe “FRAAAA Ol Gk o]

>R
ox

A

25 HFFEIOIA ARgo] ZhsshEE GIS/LIS/ULS
of 7lddelH® FE7bs gl v =
AR, 1999). 1efar FAIHAARRD A =3t
4o E=ASHE 19 39 2

(3

Scanning

l

Preprocessing

|
Generation of DEM

l

Image orientation

l

Rectification

l

The Generation of Orthophoto

FIGURE 3. Howchart of Digital orthophoto
generation



HIE S FANE A

st SR EIERE AHFA

]

SHRAMTIAB / e oA - 084 - YRS

27

1. dAtEerd

AA A Y FA L

TALE A G715l 2]

12 (differential

Woz Fodaht

o ARG

T

e e il

FIGURE 4. Relief displacement

3 a9l

99 5 VRS $42 e
g SRS AL Sl A

of o8& Fdsta o FEstas 122 A
el vEA o s WMeksa, Ak o
Ao FgEA FAkst TEENE
AARS. 29 59 AFFTdEs A5
YA A& FAsh: Aoz & 4 vk A
AR Qe grel sk EEne] o
e SwAZE H AL Ee] 7 g
Qdstael AgE 5 Ak FRHES] 2A
AHul A5 ALAFH T H(segment) &2 =

= aedus 94 or AFgFdUs
wtel Ao = Agdr. Aeedde 74

HF o] M En 7 I

ARz Eo] o] W AT AL

Image Plane

Rectification plane set at correct termin
height for paint P.

Rectification plane set at
incorrect terrain height Terrain Profile
for point P. /

ah

PUX,Y) P(X,Y) P'(X.Y)

Error in planimetric position
of point P.

FIGURE 5. Differential rectification

" Relief displacement

M
o
3
o
R
o
e}
rr
N

o] ¥

HAghezx HAHFaol

jus)

[\
Rl
0>
N
M
ital
1o
12
[t

=
i
Lo
B
ol
i,
ot
ol
o2
o
1o

=)

o2

Tk

&
2
kv
[
N

M
of

B
(RO
= T
o w =
oo

ol
o

>,
™o
N\

—Hz
)

o
FQF

™ 1o fo g
off
o

o

o o

o g

fo
jgoi&

e

)

, K, X Yo ZgE

N

it
By
B>

ol

—_T

N
S oxl

)
N

i)
2y

Ll o tlo

e

o

N0 O
of
-

H

Lol L

ob
rl

ro
K

(

D ox to 4 L
_O‘L
N

ol M\
ox, o

| B otlo do N o N oo

R u e
>~
>
o
_O|L

ox fo (g

g‘L

)
_OrL

oz
N
M
et

o r&
M 12 rlo of

o

e
re
iih)
>
N

s

,
o

~
>,

~
>
ol

oy ol
1% 1o
ol ot

o
18 )
o

Lo

(Simard, 1997).



The Digital Orthophoto Production by the Automative Generation of DEM using Non~photogrammetric Scanner

3. el

28

el
N
op n,_m/a
™

o)
=
W o

o}J
5%
o
o] —
-0
Ar o+
T N
o
B o=
Wﬂ oK
X AR

el

34
SRS
)

JRE=t

°

A

1=13
=

ol gl

L
o

23} 2ol

7}

o

bz|
=

V)

L

.

Go(m, m)=—b(1—b)>G,(7,i—1) +(1— 26>+ b°) G4, )
+b6(1+b—06")Gy(i, i+ 1) — b (1 — BG4 (i, i +2)

3k 7]

o] Atk

==

[

A |k o9

[e)
} B7FH(bilinear interpolation, BL), o]

Y B 7P (nearest-neighbor interpolation, NN),
} BZPH(bicubic interpolation, BCU)

o] 9713k (gray level)

Auf 2

Zs

o714,

e nade 49 A4gaa by 7t

N

—a(1—a)’G,G— i, D +(1—24°+d*)G,(j, k)

+a(1+a—a®)G,(j+1, 0 —d*1—a)G,(i+2, k)

Gy(m, k)

o] &3}

o

=

Folao] W)k

5)

o))

(2)

G, (4,7

G,(m,n)

22!

B

)
X

7]

1996).

o .

o

ol KA A

[}

L

Fure 7}

sich. et o] Bge Aol wolg

Aol A

]

Go(m, n)

KN
=

o

ARl A (i)

T
B
A

G (i, 7)

ZAZ|(scanner)

71%k

=l

29 By e e EA g we

)

1o

f

- (b)
ZH tff 3

FAp)e
pra

L

.

ol A
t}. 1% 6(a)
FA) T
FAH

€}

REES
4

(¢}

]

]
b

wAbE AL AEE el

L

IL(ASPRS, 199),

A7]
‘?_‘

3)

3 744 7ol

S

off o
+ 61— a)G,(i,j+1) + abG,(i+1,j+1)

Go(m,m)= (1—a)(1—=0)G[i,7) +al(l—bG,(i+1,))



23 0] 300dpi~3,000dpic] 1, AEH FAp7)=
4,000dpi ~10,000dpi ©]/do]t}.
N v
N e

(a) Flatbed scanner

Y

Jle

<

-
-~

(b) Drum scanner
FIGURE 6. The Structure of scanner
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TABLE 1. The specifications of flatbed scanner and drum scaner

Flatbed scanner

Drum scanner

Model

Resolution Range
(VxH)

Scanning Mode

Scanning area
Light
Power Reguirements

AVA3

Optics — 600x300dpi
Max.resolution — 9,600x9,600dpi

Color — 30bit/pixel (10 color)
Greyscale — 10bit/pixel (1024 levels)
Halftone — 1bit/pixel (2 levels)
text/lineart — 1bit / pixel (2 levels)

A3(297x432mm)
Cold Cathode Fluorscent Lamp
115~230V / 50~60Hz

Fuyjifilm Celsis 6250 Color
Drum Scanner

25 at 8,000dpi

14 bits per color

20"x28" Full scanning area
Xenon arc
220 - 250 VAC, 20 KVA
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(b) Drum scanner
FIGURE 8. The scanners used
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TABLE 2. Accuracy of horizontal and vertical
according to scanner

Drum scanner Flatbed scanner

DPI
RMS 1207 907 635 1207 907 635

Sxm) 4833 5178 5080 4.636 5234 4.636
Sylm 268 2650 3.125 3642 3271 3642
Sz(m) 1451 1469 1690 1.897 1.817 1.897
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FIGURE 10. Accuracy of horizontal and
vertical of both scanner
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TABLE 3. Comparison of required time according resampling method

Geographic map

Flatbed scanner Drum scanner

NN BL BCU NN BL BCU

237 170  1.73 360 2568 265
235 248 265 373 380  4.02
6.22 687 7.88 1190 1350 14.88
10.18 1088 12.87 1978 2142 2498

1:5,000
Resampling
T~ method NN BL  BCU
Outpixel size
1.00m 2.75 2.12 2.20
0.50m 3.01 3.55 3.60
0.20m 19.37 2115 2542
0.15m 3258 3590 44.13
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TABLE 4. Comparison of required time
according to DEM grid mesh

Scanner Flatbed Drum
DEM scanner scanner
grid mesh (Min) (Min)
imx 1m 357 3.73
5mx 5m 3.50 3.70
10mx=10m 3.53 3.73
50mx=50m 2.35 3.73

TABLE 5. Comparison of reauired time
according to resolution

Scanner Flatbed Drum
scanner scanner

DPI (Min.) (Min.)
635 2.35 3.73
907 5.07 6.62
1207 40.98 4.67
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the resolution
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2) Drum scanneroll /St =X AFALRl M| &

(b) 1207dpi (Output)

FIGURE 16. The orthophoto according to
resolution, DEM(50mx50m), outpixel size
(0.50m), Resampling (nearest-neighbor),
original image(a) and orthophoto(b)
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FIGURE 17. The Orthophoto according to
outpixelsize, DEM((B0mMx50m), Resampling
(nearest-neighbor), Flatbed scanner
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