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A study for development and application of
a landscape information processing system
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BIll-4 7o vaF—4s0h75—ERE (X p
73).
Fig. [lI-4. Colored image of mesh map data
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WH S -HEL vy vy (KX p
80).
Fig. 1I-15. Full color terrain rendering of
“High visual sensitivity zones on
an aerial photograph’
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(F3X p. T7).

Fig. III-9. Composition process of map image
in relief and landsat image.
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hs—HIEL v 90 v (0K p.81),
Fig. IlI-16. Full color terrain rendering of
“High visual sensitivity zones on a
map”

[ 111-16

a & 1% il 5 @ 8B 43 9k K il g (A 3C p.
99).

Fig. 111-31. Enlarged images before and after
a-composition operation,

[X] 111-31
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Fig. III-37. Photograph from view point of the case study.

Fig. 11I-38. Forest landscape simulation by the GIS-CG system.
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Fig. IV-4. Aerial photograph digital overlayed Xp. 11D,
with  the numerical landscape Fig. IV-9. Landscape potential evaluation by
information. visual sensitivity.
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X op 112). p. 113).
Fig. IV-10. Landscape potential evaluation in Fig. IV-11. Analysis of a samll landscape

existing forest area. using 3D perspective image.
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B V-2 BHREiEREA T v v v LFFHE R p
119).
Fig. V-2. Landscape potential evaluation

results before and after development.

B V-4 BHRAISEREE 7 v &+ LaEl (A3 p.
1217,
Fig. V-4.

Ecological potential evaluation

results before and after development.
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Fig. V-5.

ecological potential.

BFy vy W70 RFHEA v a7 (KX p 121).

Mesh map of cross evaluation by landscape potential and
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Fig. V-6. Display of the multiple information of Chichibu University Forest.
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Fig. V-7. Landscape information processing system in the future.
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R4 #v¥aF—5075—ERL.
Fig. 4. Colored image of mesh map data.
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RII-9 #EFEB & AFHTERIES & DAk,
Fig. [1I-9. Composition process of map image in relief and landsat image.
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Fig. [II-15. Full color terrain rendering of “High visual sensitivity zones on an aerial photograph”.
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Fig. lII-16. Full color terrain redering of “High visual sensitivity zones on a map”.
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X HI-31 a &REHEIE OB IAREE.

Fig. [1I-31. Enlarged images before and after a-composition operation.
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BIII-37 HHEBIEBEEE (BICEEM 31 HHD)

Fig. I1I-37. Photograph from view point of the case study
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Fig. lII-38. Forest landscape simulation by the GIS-CG system.
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KIV-4 KEBHROFTY ¥ VA -S40k 5 AHIER.

Fig. IV-4. Aerial photograph digital overlayed with numerical landscape information.
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Fig. IV-9. Landscape potential evaluation by visual sensitivity.
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Fig. IV-10. Landscape potential evaluation in existing forest area.
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Fig. IV-11." Analysis of a samll landscape using 3D perspective image.
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K V-2 BARHiERER LT v v + VR,

Fig. V-2. Landscape potential evaluation results before and after development.
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Fig. V-4. Ecological potential evaluation results in before and after development.
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Fig. V-5. Mesh map of cross evaluation by landscape potential and ecological potential.
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K V-6 BREENRSROBEKIEHOEAER.

Fig. V-6. Display of the multiple information of Chichibu University Forest.
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Fig. V-7. Landscape information processing system in the future.
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Fig. IlI-6. Composition of aerial photograph and mesh data with a-operation.
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Fig. IlI-10. 3D view image of wire frame terrain model.
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Fig. I1I-12. 3D view image of colored terrain
surface with visibility evalua-
tion results.
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Fig. I1I-13. 3D view image of terrain ren-
dering with smooth shading.
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Fig. I1I-32. Lancscape simulation of CG
photo-montage, combination of
retouch and ray tracing.
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Fig. III-30. Landscape simulation of CG TR
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Fig. I1I-33. Natural landscape simulation
image with AMAP (Plant mod-
eling technique.)
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i

K I1-34 #AE¥HERA VY 7 4 b (FRHEEZERER),
Fig. IlI-34. Aerial photograph of the forest with contour lines and boundary lines of forest
vegetation (orthographic projection).
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Fig. I1I-35. Examples of the GIS output.
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K 11-36 FHHEEDO IKTLEF NV LV YY) v IS TR,
Fig. I1I-36. The process of forest landscape simulation by using GIS and plant modeling
technique.
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RIV-1 #—22%F ¢ X5
Fig. IV-1. Location of case study area.
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Table IV-1. Table of mesh-data
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Fig. IV-2. The pair images of DEM and shadow map of befare and after the development.
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FIV-2 REEXSEHRE RN 1989)
Table IV-2. Conversion table of vegetation index {(Takeuchi: 1989)

XSy (17 K51)/3— FBS « ESEH (76 X4)

1. BERHBEAK 34 ZF4H

1 R4 —vTay VBE 35 FEIEFARIM

2§74/ FEE 36wl

3 vIAVEE ryFERE 8. kH

4 vshUvEE HMAEHE 41 PHEKEMEERE

5 vSAhVESE TIEHE 9. IR BN

6 ¥IAY v B CEERES) 43 T4 X TFEE ,

7T EI-vFIHE 44 TF-v oz FEE HMAIBBE

8 AoNEIU-HSYIRME 45 FH-v ooy FEE WRIGERE
. BREH HAREHD - BAK YSYuEITrY—X

9 Ny F-t=RTEE 46 TF-V I NZOYKBE s 3IvH

10 v B ¥ E FFREE

11 3o — 24P 47 v H-a A v RBE HBENE

12 SEKRLARE (hifitiEs) 48 v H-ah v RAFEE b FEBEE

13 TEAMIEE (LFHEE 49 ) E IHE

14 v+¥#H5—<aeiiE 50 vAIU-3vwswy S R

15 v 5 ¥s 8k 51 74 %27 5-9<7 Uy B

16 BREUKISHEMIERE 72 aAVH-95 Vo€ I #E
. BRER R 78 aAYH-95VnE IBE b+

80 467/ F%-x/FBE 77 Y—2R

17 72 ¥-a0+S5HE 10. “iBH —Ikbk

18 4 XV FHH%E 52 IX+I5-7 )L

19 3+ 35-7 )% 11. BiRR ALK

20 7Hhwy-aFSHE 53 # 5= viEHk

70 aF5-22FBPE TH=V I 7 — 12. BB RER

2 54 ZZAF-Y2 5/ ABEE b/ +

. BEE A Z7r¥=2A

21 FRIELERMK 55 REEBFHIMEYIEES

22 7 o< vk 74 AX 9 EE

23 7 H 2 UK 75 RRF-ANAEEE

24 RF o b/ FHEMK 76 A von—kayv K

25 EUVOFI 2K 58 Ivavy-veyvrig

26 Y& e 2Tk 13. BEFEERK

71 S EEHZERREM 56 YSEV-AAVSEVYEE axvh
. BB AT EH [itpicaS

27 TAYRHH-ZXXFHE 57 ¥YSEV-FAVYSEVYEE arxvh

28 RARF-FHVYEHE HHE E/ F77v—2%

81 Hiyih= o BfE 14. RO W EEHIE
. ATE - 8 59 Bz b - AR, Htise

29 AT/ Eith 60 BROZ\WETH

30 #EH - L@ 15. o wTEH%

31 < B 61 koD WHiH « F5EH

33 FHEREMMESEE 62 TiBH

37 49 hT7UYF VOB 16. fEEkHE « 4R

38 EREMEERLE 63 &Rk

39 PABREEE 64 fRMh (s, BEAHIL L)

40 SENTHIMEERX 65 KW vz )—#

42 PHERE KBS 77 BaH
i 17. Bk

32 MHEMMEREEE 66 BHAUKIE
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R 1V-3 HRAZEDEEmEIER.
Fig. IV-3. Making of aerial photograph in relif for backround image.
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RIV-6 3EILT =4 —¥ a YERIC
=4 8
Fig. IV-6. Examination before and after
development using 3D ani-
mation images.
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Fig. IV-7. Comparison of images in entire operated area before and after development.
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Fig. IV-8. Comparison of images in partly protected area before and after development.
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Table IV-4. The controled landscape factor for landscape simulation
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Fig. IV-12. Background images controled by green quantity and quality.




SEUEBALE » X 7 A OFF L IEH BT 2B 115

K 1V-13 (FEEESRIEcL 288~ 2+ ¥ 7/ Hig

Fig. 13. Masked image for compose controled by housing type.
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Fig. IV-14. Some examples of 72 landscape simulation for psychometric experiment.
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Table IV-5. Matrix of factor loading
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Fig. IV-16. Landscape evaluation model 7.

by total evaluation axis. Fig. IV-17. Landscape evaluation model

by natural environmental eval-
uation.
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Fig. IV-18. Landscape photo-1 for eval-

uation.
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Fig. IV-19. Landscape photo-2 for eval-
uation.
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Fig. V-1. Landscape potential evaeation process before and after development.
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Fig. V-3. Ecological potential evaluation process before and after development.
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Summary

In this research, a new landscape information processing system, which makes the
landscape plannning more logical and more scientific, has been developed. Its application
has also been tested. The present paper consists of six Chapters.

In the Chapter I, the preceding works and their methods are examined, and the
methodology and the purpose of this research are specified.

Today, information processing techniques are applied to more and more fields. Land-
scape planning is no exception. Especially, the progress in the image processing is
remarkable in recent years, breaking through the previous restrictions to numerical and
text processing. Since the landscape is a view, the fundamental objects in landscape
planning are necessarily visual images. Therefore, one can naturally expect to construct
more effective information system for landscape planning by applying image processing
technologies.

First, previous studies on application of information processing to landscape planning
have been reviewed. In 1970's, computer graphics based on the technique of wire frame
were for the first time applied to landscape planning. Another approach in this period is the
application of psychometrics aided by statistical analysis to landscape evaluation. Many
researchs in this line were indeed performed, among which some used color photographs
instead of the landscape on site. Photographs were then replaced by landscape simulation
images of wire frame computer graphics, by montage photographs or by video montage
images because of the demand for better and more strict control to the landscape, which is
the object of the evaluation. This contributed to make the landscape evaluation experimen-
tation more logical, and at the same time, the importance of the landscape simulation
technique was recognized.

In 1980’s, landscape simulation techniques were developed by using a color video
system and a digital image processing. The quality of these images almost reached that of
a photograph.

Finally, in 1990’s, a full color computer graphics was introduced to landscape simula-
tion.

In the researches reviewd above, I see the development of an approach, in which the
landscape is conceived as an image, which is to be analyzed and evaluated, in the aim of
applying the result to landscape planning.

On the other hand, there is another approach which describes and processes the
landscape resources as numerical value.

In 1970’s, application of the mesh analysis had already started.

In 1980’s, the progress of processing performance enabled to treat more detailed mesh
informations in a larger area. The mesh analysis was in fact applied to the practical
landscape planning at a regional level.
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In 1990’s, the mesh are minimized and its output images are combined with aerial
photographs in full color computer graphics. The output images of the result of analyses
have almost the same quality as photographs.

To summarize: there are two successful approaches in the recent landscape planning
research. One is application of image processing and the other is analysis of numerical data
of landscape resources.

In this research, following these approaches, I have examined various methods of
application of information processing to the landscape planning in order to make it more
logical and more scientific. I have developed a new landscape information processing
system. Its practical usefulness has been proved by applying it to an actual landscape
planning.

In Chapter 2, I have defined the term “landscape information processing” in order to
clarify the concept of the information processing system which would support the land-
scape planning. Then I have examined the requisites to realize this system.

The landscape information processing is, “calculation, classification, and collocation of
informations on the landscape, followed by visualization by computer graphics.” That is, a
series of analysis, integration, and visual image-making as a aid for landscape planning.
The main concern of landscape planning is the image of final landscape realized by that
planning. Therefore, all the analyses serve in the end to construct this final image, which
is an outcome of synthesis. If one can apply the information processing techniques that
have been applied only to the phase of analysis, to this process of consturcting final images
(systhesis), using the technique of computer graphics, the whole process of landscape
processing will be treated by information processing. This will bring about a break-
through in landscape information processing, which is exactly my intention in this paper.
For this purpose, it is necessary to visualize the final image of the planning as well as the
results of analyses. To realize this, I have decided to adopt the techniques developed in the
studies of computer graphics in 1980’s, “photorealistic simulation” and “scientific visualiza-
tion”. Since the landscape is an interdisciplinary field, a landscape information processing
system should also serve to share the data originating from various sources, and to
integrate the results of analyses made by different disciplines related to landscape. The
purpose of this system is therefore, “to share the informations” and “visual presentation of
the results of the analysis, simulation, prediction and evaluation”. My landscape informa-
tion processing system consists of two parts: the digital-map information processing
system on a regional scale and the visual landscape image processing systems on a site
scale. The former treats numeric data of landscape information in a large area. The latter
constructs the simulation images in site designs.

In Chapter 3, I have described the development of my landscape information process-
ing system.

The digital-map information processing system is constructed by local area network
which connects personal-computers and workstations. One of the merits of this system is
that it can produce an synthesized image of a mesh map image on the background of an
aerial photograph image. Moreover, this synthesized image is processed by DEM (a digital
elevation model) using three dimensional terrain data. Thus, a photo-realistic bird’s-eye
view perspective image is produced. These two images—the synthetic image of mesh map
and aerial photograph, and the bird’s-eye view image—have made possible fast and
accurate analyses from various points of view of the landscape resources. The other
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system, the one for visual landscape image processing, consists of a personal-computer, its
graphics peripherals, a workstation and a graphics workstation. All those computers are
connected by local area network. This system is excellent not only in the quality of the
photo-realistic visual simulation images it generates, but also in its ability to generate them
for many alternative plans. To develop this system, I have improved to the current photo
montage technique, using the digital image processing and the ray tracing technique. I
have also used computer graphics to generate background images which have been
provided by photographs. To realize it, I have developed a technique to render the
landscape to three dimension data, from which a realistic landscape image is generated
using GIS data and plant modeling technique.

In Chapter 4, I tested the availability of this system by applying it to planning of the
Tama New Town region where the need is felt to develop a town in harmony with the
landscape of the hilly countryside.

In the application of the numeric information processing system, I have produced the
images showing the change of the landscape before and after the development of Tama
New Town by using the numeric landscape data. These images clearly show the change
caused by the development, and also give insights for future planning for the landscape.
Then, I tried the evaluation and the planning for the remaining forest area which consti-
tutes an important landscape resource. The mesh map images and three dimensional
perspective images generated by the system led us to several conservation and mainte-
nance plans for this forest area, and I could clealy explain each plan indicating its
characteristics.

In the application of the image information processing system, I have deduced a model
for predicting the evaluation of landscape. For this purpose, several simulation images of
housing landscape are generated by changing both building type and green space type.
Then, these alternative simulation images are submitted to evaluation experiment. Thus,
I have confirmed some tendencies in landscape evaluations, which will serve as a general
guideline for the landscape design of the hilly residential areas.

In Chapter 5, the problem of integration in the landscape planning has been examined.
1 considered two types of integration. One is integration of two or more fields concerning
the landscape evaluation, and the other is the integration of my two systems: the numeric
information processing system and the image information processing system.

First, I tried the integration of landscape field and ecology field. The landscape
evaluation and the ecological evaluation were calculated from numeric informations on the
Tama New Town. Both results have been visualized in images, and the result of the
crossing evaluation has been also visualized. Using these images as a material for the
examination, either landscape researcher or ecology researcher can understand the analyt-
ical process of the other and its results mutually. I have made further examinations, to
derive the final evaluation for the planning in which the evaluations of both fields are
integrated.

As for the second integration, I thought that the combination of the computer graphics
and the geographic information system would be effective. To prove this hypothesis, I
have done simulation of a forest landscape in the following manner:

(1) Modeling the terrain from DEM.

(2) Modeling the shapes of trees of each species and each height (age) with AMAP.

(3) Allocating the trees on the terrain according to the information of GIS.
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(4) Rendering the forest model.
Through this simulation, the possibility of the integration has been shown.

In the last Chapter 6, the conclusion of this study was summarized as follows.

1. The term “landscape information processing” has been defined to clarify the
concept of informationization in the landscape planning.

2. Visualization of information is indispensable for the landscape information pro-
cessing system.

3. The numeric information processing system and the image information processing
system has been developed.

4. Feasibility of these developed systems has been tested in case studies. The systems
enable more detailed, diversified examinations from the same data source.

5. The systems assist not only the analyzing process of landscape planning, but the
whole process including integration of the analysis.

6. Both visualization and networking are the most important functions for the stems.
The visualization enables the mutual understanding in multiple field. The networking
enables the sharing of source, analytical techniques, and the results.

7. A new system can be developed as a GIS-CG (Geographic Information System and
Computer Graphics) system which integrates the numerical information processing system
and the image information processing system.

Key words: Landscape planning, Information processing, Computer graphics, Visualiza-
tion, Landscape simulation



