CULMBERTTE D SRR LM A —RR)

R B ZE N E BT C K 5 3 RocaEtl

L2 E DR EFRENTARXIZ X 5 55
3IRILT — ¥ DA Ak —

Bt ACHd D - VAE TEFY - T ENY
o

O+—7—F MEEEAIE (aerial photogrametric survey), fitZE L —+stfl (LiDAR),
REIMAEHEK (red relief image map), E/NAIN7w EVT X524 (mobile mapping system),
3RFTTEFT I (3D model)

1956 AR I M4 b IFEE BT A HFHE L, Fir s

1. XU®»IZ . . .
HtEDEM AR EN B L5I1CH D, oo ES

JEAE, RN O MESR T X B SRS 3 IRITENI M RIEEM L, DC3BETH -7, ZDHK, LRI,

KIERSSEELRBE & 78 - 72, FRITEE R 3 kotaHlliC FrUWBIKICIER AN DY, BifEETICE, REER

£ 3 TIVIE 3D T IVEB RN FEMNLES Ui, X BeTlE, TP UnEREIO = 25 206, [H 207, A
(b DB E BT BT & B RS 28 & il o i i s 208 MENKEER D, WRBKTHLZZToa< ¥ —
WoAThTEI, KT, HEEKICHO SN 695 LIS N T3, BIEDOIREEMIZ, 7+ o 7l

ZE BT DAEA I S GPS ML L —HEHlic L 5 3 ZEH AT (K 2)+GPS « fiiZE L — Hatfllkkes « 27
wotEtill & 2D 7 — 5 O RBFEO B & ALMEH O F VINAXATEEZTIMHML TS, £RZETIE, N
EMSIE AT 50 3RTTDEHIEIZIE, JRHEMH % a7y —ICHEA N OBM 2L TTF - L T

Wid 2 HERFEE LT, MZENERHITFONE, £F
&, BLENROEHRBIZOWLTHYIT 5,

MUZER &3, MZEIC X B3RS DFEE%SEZ A0
FOHIBIERR 7S E D2 0 S, MIZENR DB E 03,
1858 4E 7 5 v 2D+ ¥ — Vi & BB ERkD & DF L,

bW AMEGSENSIEE > E &N T 5, /INEDR
ZTERED SERE T A RGY T AMIET HIC X D MR AERR S
n7zoi3, 1920 4EhoThy (1), o KHET
HBHAOEH T OLELEALEDTEAHEMETH 5,

HATI, 1952 4F 11 HICEBWOMIATH 2 & 2+ - : X
C170 42 K-8 U7 77 A 5 A {# U Cak R 03 FE i & Bl FHEBAEA A 510K BHE GRITERH L)

Rt 1954 112 T+ — & BT X 2 ARSI E Fig. 1 Aerial photogrammetry by a hand held camera (cour-

tesy of Nobutsugu Horie)

V7 O 7iMAIR St MEEEE  T215-0004 MZ)E)ETHRERTES 1-2-2
D EREBEIEEEL ST T634-0065 Z=R EZERREE 1
V7O 7MAKRSHE HESEBHRE S —  T215-0004 #E)E)|EHHRERFES 1-2-2

77




W5,

PEBENRR, MEFELFEERE (e ki
&) L, RMUSIEES AR, o Lic 205
HARFIOCO SWECHTT 52 LItk - T, %S
HICH - T 5 & & & & 2 s EfICEHN g 28T
HETH 2, ADINLH AL DRSS [R5 FEHH O Hb
Ermtizllid s EMuieT, FIctRFHEEFEOM
ERBASH L CEERE AT, R =ARICES
W, BB A L TNEREPHK A ER YT 5 (K
3)o BHRZMAEEE, £A—N—Fy TSN TRET
ZEEMIERESEEAITH 5 =M A2RAL, £I05
WO RHE S 2T LT, 2HROGHOHRPIIE & 3l
D& EFHRTCHEET 2 TH 5, 3IRTTDOILKET
VAEBBLUTEIT 2720, BTG EER & 05 Bl
ARELUTHEE LRI RN B oG h -7, UL
OS5, LTI, GPS (Global Positioning System)
% IMU (Inertial Measurement Unit) O B ¥ & 58 J&
kD, R ZERIAE PHZERE O B & 2EHH, ek
AR &L o fotc s, MZERGROREERED HENES,
wWlishE, fRAREF, FIE, KA, R,
PR, BREEIRA, ERIAE, BHHA, A,
EPGRA, MRS EEHE U, &t ot
WA =R LTS, T4 HTIHE, GPS/IMU D¥jE
L&D, V=¥ 2F v F EMERITHEET 280 b
AN, £ TARTIEIMZENRICKOIEL 3K
TCIE R A LI D 43 B~ O RS A U 7o % IR Bl &
EHITHINT 5,

ol

2. GPS » 5 GNSS

2.1 GPS
GPS &%, Global Positioning System @O BT, H
AIETIE, AHMERMLEBN S X7 LEFEINTHS
GPSE7 » U ZEHRAIC L ODEFHITHAES 1,
1990 A2 513, REFIH S AIGEE S - 72, GPS #A
1%, HiERZ 6 DO #LE THL L 20,000 m O @A R L,
BWE I RS 4 o fRESFERBETE D, 2MBkE
UMOBETHNN—LTW5E, £-T, HEREEZ D
BT b GPS BIEMZAERHE & 78 - 72,
GPSid, #—FEXF—var, EEEFHFOME

mrﬁ

P

78

K2 7FHoZfisEs 45 (Leica RC30)
Fig. 2 Aerial film camera (Leica RC30)
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Fig. 3 Mapping by PC stereo plotter
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Fig. 4 Photogrametry by GPS/IMU & digital camera
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Table 1 GPS positioning methods and their features
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Fig. 5 Electronic reference point and configuration (quoted
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http://terras.gsi.go.jp/gps/gps-based_control_station.
html)
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Fig. 6 Outline of Airborne LiDAR Survey
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Table 2 Specifications of Leica ALS60 airborne laser scanner
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Fig. 11 RRIM of crater row in Aoki-ga-hara, Mt.Fuji
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Fig. 12 Relation between slope inclination and contour inter-

val on the drawing with a line width of 0.15mm in
a scale of 1/25000 topographic map (Chiba and
Suzuki: 2004)
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(b) illuminated from northeast in solar altitude of 45°
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Fig. 14 Slope map
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Fig. 16 Underground openness map with a radial limit of
1,000m
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Fig. 17 Relation between ground openness and underground
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Fig. 18 Red Relief Image Map(RRIM)
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Fig. 19 Craters on the west foot of Nishiyama, Mt. Usu
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Fig. 20 Rice terraces at Yamakoshi-Mushikame, Nagaoka,
Niigata Pref.
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Fig. 21 Helicopter and Airborne LiDAR system
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Table 3 Specifications of airborne LiDAR survey at
Gobyoyama and Konabe mounded tombs
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Fig. 22 Gobyoyama mounded tomb
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Fig. 23 Laser reflection points of Konabe mounded tomb: (a)
across the principal axis, (b) along the principal axis.
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Fig. 24 Laser intensity data of Konabe mounded tomb (bird’s-

eye view)
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Fig. 26 RRIM of Gobyoyama mounded tomb
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Fig. 26 Comparison between ground survey and airborne

LiDAR survey at Gobyoyama mounded tomb (blue
line: LiDAR data): (a) Contour map, (b) Close-up map
of the mound.
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Fig. 27 Digital aerial photograph of Konabe mounded tomb
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Fig. 28 RRIM of Konabe mounded tomb
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Fig. 29 Display of RRIM of Konabe mounded tomb by 3D
viewer: (a) Bird's-eye view, (b) Side view.
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Fig. 30 Digital ortho photograph of Niizawa-senzuka
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Fig. 31 RRIM of Niizawa-senzuka
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Fig. 32 3D view of Niizawa-senzuka: (a) Ortho photo, (b)
RRIM.
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Fig. 33 Newly-discovered keyhole-shaped mound.

x4 HRRNONFAZIHOKE S
Table 4 Dimensional data of newly-discovered keyhole-
shaped mound
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Fig. 34 Newly-discovered form of tomb
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Table 5 Dimensional data of the newly-discovered form of

tomb
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Fig. 35 Mobile Mapping System
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Fig. 36 Display of MMS measurement data : (a) LIDAR point
clouds (left) and 360° panoramic picture (right); (b)
Altitude tints display of LIDAR point cloud (left) and
360° panoramic picture (right).
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(Recent Advances in Scientific Studies on Cultural Properties : Archaeoinformatics)
High-Resolution Aerial Survey:
Evolution of Measurement and Display Techniques,
from LiDAR to Red Relief Image Map

Noritsuna FUJII", Kiyohide SAITO® and Tatsuro CHIBA®
" Asia Air Survey Co., Ltd. 1-2-2 Manpukuji, Asao-ku, Kawasaki, Kanagawa 215-0004, Japan
» Archaeological Institute of Kashihara, Nara Prefecture, 1 Unebi-cho, Kashihara, Nara 634-0065, Japan

Many historical and archaeological monuments, including ancient tombs, are found widely
throughout in Japan, and can be suitably detected and visualized by aerial surveying. The con-
ventional method of aerial survey is mainly based in aerial photogrammetry. Presently, laser
scanning techniques have enabled us to acquire topographical data with higher resolution. A
new aerial survey system, airborne light detecting and ranging (LiDAR), can collect bare
ground-surface data even in locations with tree and bush coverage. Red Relief Image Map
(RRIM) is a new method of visualizing topographic information that can visualize both concave
and convex regions of topographic slopes. Combining airborne LiDAR with RRIM can serve as

a powerful tool to find and monitor archaeological monuments scattered across wide areas.
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