BN S-FAG AT E =1 A A2 A2E (K2-2-13)

Applications of Satellite Imagery to Surveying Archeological
Sites and Remains
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ABSTRACT

Satellite imagery was applied to locating archeological sites and remains around northeastern areas of China,
called as Manchuria, and Korean peninsular, such as Mountain Fortress of Goguryeo Dynasty era(37BC~771AD),
and firing torch and smoke beacon signal sites at mountain tops in Josun Dynasty era(1392~1910AD) as well as
burial sites below the ground level in the modern era. Information on archeological sites, fire posts and burial places
could be found in various literatures, but real figures of such cultural assets have been disappearing due to land
development programs and human activities in recent years. Some of these historical sites were identified in satellite
images using GPS(Geographical Positioning System). Real locations of these sites would be further necessary to be
verified.
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I. Introduction

Various archeological sites, such as historical
Mountain Fortresses, firing torches and smoke
beacon signal sites, can be found in Korean
Peninsula and Manchuria, northeastern China.
These sites were described in many references|1,
2,3]. Recently, some of smoke beacon signal
sites(see Figure 1) at mountain tops in Josun
Dynasty era(1392~1910AD) had been surveyed
and locations of 627 sites were verified in the
literature[1].

Locations of surveyed sites were identified in
Google maps. ‘Google Maps' is a free web
mapping service application and technology
provided by Google [6]. Google Maps provides
high-resolution satellite images for most urban
areas in the world. Most images shown in Google
Maps' satellite mode are at least a year old and in
some places date back to 2001. Google has,

however, blurred some areas for security because
of complains from various governments (mostly in
the United States). The GIS(Geographic

Information System) data used in Google Maps
are provided by Tele Atlas and NAVITEQ, while
the small patches of high-resolution satellite
imagery are largely provided by Digital Globe and
its QuickBird satellite, with some imagery also
from government sources.
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Figure 1. Picture of a smoke beacon signal site [1]
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2. Analysis of Archeological Sites

The smoke beacon signal sites were used to
inform the status of invading enemy soldiers to the
base command post in forms of 5 steps using
smoke. Locations of smoke beacon signal sites in
Josun Dynasty era were mapped in Daedongyeo-
jido as shown in Figure 2 [1]. Some of these
locations around the northeastern border of North
Korea had been shown in Figure 3 of Google
Mapl[5]. Their latitudes and longitudes are listed in
Table 1.
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Figure 2. Daedongyeo-jido[1]

“Google’

Figure 3. Locations of some smoke beacon signal sites
shown in a Google satellite map [1]

We toured some sites of Goguryeo’s Mountain
Fortresses and historical features scattered over
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Manchuria, northeastern China, measuring their
locations by GPS (Global Positioning System).
Observed locations are listed in Table 2. These
locations were identified using the Internet Google
mapping system [http://maps.google.com] as
shown in Figure 4.

Table 1. The list of smoke beacon signal sites
around the northeastern border of North Korea [1]

Site name Latitude and longitude
Gungheuy Mangilg 422040BN | 13°BRHAE
. Pohanghyn 42262258N | 130°314519E
Sedbog 4X3BOON | 130°294606E

Doghorg 40BN | 130°275769E

Guwan Baekarbo 4F3B352N | 130°UBITE
. GupmeAsanto 423rB0TN | 130°4556E
Gumonbo Sogeory 424251BN | 13°RWE

DongimAnonbo A424027BN | 13°BL74E
NermsanHooryoongin 4246563TN | 130°9563E

Hoohoon 4243008N | 130°5M6LE

Sungsang 42443789N | 13°51300E

Jangherg AX47622N | 13PS5L49E

Mayoo AXARTAN | 13°58P9E

Joongoorg 42532849N | 130°42767TE

Onseog | HwangapeboJangseonghyun | 42532849N | 130P4276TE
. MeoinJeongany 425/13N | 130°PS5083E
MeonSoghog 4257T476BN | 13°TI02Z2E

MeonMeon 42583769N | 130°54368E

Poharg 4257T200N | 130°4348LE

Table 2. GPS observations of historical features over
Manchuria

Feature Latitude Longitude
1 Monument of Great +41° 8' +126° 12'
King Gwangyeto 41.28" 37.44"
2 Grave of Great +41° 8' +126° 12'
King Gwanggyeto 32.64" 37.44"
3 Grave of King +41° 9' +126° 13'
Jangsoo 27.36" 34.68"
+41° 8' +126° 11"
4 Ohomyo 13.38" 54.24"
Remains of South o ° Q'
5 Gate of Hwando Mt +41 8 +126 g
Fortress 44.16 27.36
6 Entrance to +41° 7' +126° 10
Janggoonchong 9.12" 46.20"
Parking lot of o g7 o 9ot
7 Onyeo(Jolbon) Mt -Tj 037 +Ji§5492,,3
Fortress . .
Top observation
3 point of +41° 19 +125° 25'
Onyeo(Jolbon) Mt 8.40" 5.52"
Fortress
9 Entrance to Wipae +39° 37" +122° 18"
Mt Fortress 9.01" 57.60"
o | meeenoe s | a2 1s
Jail 26.04" 32.40"
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There have been various reports [2] on the
location about the burial site of General Ahn
Joonggeun, patriotic martyr, as shown in Figures
5 and 6. These figures indicate that the burial site
would be the right corner of this triangle consisted
of ‘Jail (left corner)’, ‘High Court (lower corner)’
and ‘Public Grave Yard (right corner). The
distance between ‘Jail' and ‘Public Grave Yard’

was estimated to be about 500m.
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(C) (b)
Figure 4. Google satellite maps showing surveyed sites
of some Gogureyo Mountain Fortresses and historical Figure 5. A suggested burial site of General Ahn shown
features in the right scorner of the dotted triangle
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Figure 6. Same positions shown in a Google’s satellite
map.

3. Survey by Ground Penetrating Radar

Electromagnetic waves penetrate more or less
material. Especially, = microwaves ranging
wavelengths over 30cm, that is, less than 1
G(109) Hertz(Hz) of frequency, usually penetrate
earth ground deeper than 1 meter. Ground
Penetrating Radar (GPR) using frequency ranges
of 100 M(10°%) Hz ~ several GHz have been used
to survey objects under the ground . Figure 7 is a
working scheme of Zond12c of Radar Systems,
Inc. [7] Radar signals reflected from the ground
may generate a depth profile along the distance
moved and form a cross-section to be used for
analyzing underground objects.
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Figure 7. A working scheme of a GPR [2]

However, applications of portable GPR
instruments would be limited in small areas[Figure
8]. Therefore we need to survey vast regions for
exhuming any human remnants first by using
satellite images and then narrow down into
probable sites by GPR.
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Figure 8. A surveyor pulling a GPR system
to generate underground soundings [2]

4. Conclusions

Various sites of historical mountain fortresses
and king's graves were surveyed using GPS and
surroundings of their locations were identified on
satellite images over Manchuria, China. It was
found that “Google Maps” were very convenient to
pin out precise locations on satellite images.
Many historical features of some sites seem to be
disappearing due to recent land development
programs and human activities. It needs to be
taken care of historical sites under disturbance.
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