
論文 / 著書情報
Article / Book Information

Title FIELDWALK@KOZU: A Preliminary Report of the GPS/GIS-aided
Walking Experiments for Re-modeling Prehistoric Pathways at
Kozushima Island (East Japan)

Authors Yasuhisa Kondo, Takayuki Ako, Inne Heshiki, Go Matsumoto, Yoichi
Seino, Yoshimasa Takeda, Hiroshi Yamaguchi

Citation On the Road to Reconstructing the Past: Computer Applications and
Quantitative Methods in Archaeology. Proceedings of the 36th
International Conference. Budapest 2008,   ,   ,

Pub. date 2011,  12

Powered by T2R2 (Science Tokyo Research Repository)

http://t2r2.star.titech.ac.jp/


332

FIELDWALK@KOZU: A Preliminary Report of the GPS/GIS-aided 

Walking Experiments for Remodelling Prehistoric Pathways at 

Kozushima Island (East Japan)
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Abstract

7KLV�SDSHU�UHSRUWV�WKH�SUHOLPLQDU\�UHVXOWV�RI�*36�DLGHG�ZDONLQJ�H[SHULPHQWV�FRQGXFWHG�IRU�H[DPLQLQJ�WKH�DFFXUDF\�DQG�

DYDLODELOLW\�RI�*,6�EDVHG�OHDVW�FRVW�WUDYHO�PRGHOV��ZKLFK�KDYH�RIWHQ�EHHQ�DSSOLHG�LQ�DUFKDHRORJLFDO�UHVHDUFK�WR�VLPXODWH�WKH�

URXWHV�DQG�WLPH�UHTXLUHG�IRU�PRYLQJ�EHWZHHQ�DUFKDHRORJLFDO�VHWWOHPHQWV�DQG�QDWXUDO�UHVRXUFHV��7KH�H[DPLQHH¶V�ZDONLQJ��

UHFRUGHG�LQ�.R]XVKLPD�,VODQG��RQH�RI�WKH�PDMRU�SUHKLVWRULF�REVLGLDQ�SURFXUHPHQW�VLWHV�ORFDWHG�FD�����NP�RIIVKRUH�IURP�

7RN\R��-DSDQ��LQGLFDWHV�WKDW�WKH�ZDONLQJ�YHORFLW\�LV�VLJQL¿FDQWO\�DIIHFWHG�E\�JURXQG�FRQGLWLRQV�VXFK�DV�SDYHG�URDGV��XQSDYHG�

WUDLOV�� VDQG\�EHDFKHV��DQG� URFN\�VKRUHV�� ,Q�DGGLWLRQ�� WKH� ODERUDWRU\�ZRUN�EHIRUH�DIWHU� WKH�¿HOG�H[SHULPHQWV� UHYHDOV� WKDW�

GLIIHUHQW�*,6�SDFNDJHV�DQG�DOJRULWKPV�PD\�FUHDWH�GLIIHUHQW�OHDVW�FRVW�SDWKV��DQG�WKH�DXWKRUV�WKHUHIRUH�VXJJHVW�³OHDVW�FRVW�

FRUULGRU´�DV�D�IX]]\�DFFXPXODWLRQ�RI�SRVVLEOH�SDWKV��,Q�WKH�IXWXUH��VRFLRSROLWLFDO��FXOWXUDO��UHOLJLRXV�DQG�PHQWDO�IDFWRUV�RWKHU�

WKDQ�WRSRJUDSKLFDO�RQHV�VKRXOG�DOVR�EH�LQFRUSRUDWHG�LQWR�OHDVW�FRVW�PRGHOLQJ�

Keywords

7UDYHO�&RVW��'LJLWDO�(OHYDWLRQ�0RGHO��'(0���/HDVW�&RVW�3DWK��/HDVW�&RVW�&RUULGRU��)LHOG�([SHULPHQWV

1. Introduction

/HDVW�FRVW� SDWK� �/&3�� LV� GH¿QHG� DV� ³D� URXWH� WKDW�
minimises the total cost of moving between two 
locations on an accumulated cost surface” (Conolly 
DQG� /DNH� ������ ������ ,W� KDV� RIWHQ� EHHQ� HPSOR\HG�
LQ� WKH� ¿HOG� RI� DUFKDHRORJ\� WR� VLPXODWH� WKH� PRVW�
“economical” or easy-to-travel route between 
VHWWOHPHQWV� DQG� QDWXUDO� UHVRXUFHV� �H�J�� .DQWQHU�
������ &KLED� et al�� ������� $Q� DFFXPXODWHG� �RU�
FXPXODWLYH�� FRVW� VXUIDFH�� D� SUHFXUVRU� RI� /&3�� LV�
created by a friction model to estimate the moving 
FRVW� ZLWK� HODSVHG� WLPH� �*RUHQÀR� DQG� *DOH� ������
7REOHU� ������ 1HWHOHU� DQG�0LWDVRYD� ������ ����� RU�

HQHUJHWLF� H[SHQGLWXUH� �9DQ� /HXVHQ� ������� 0RVW�
models view slope of the terrain as a primary 
SDUDPHWHU�RI�WKH�WUDYHO�FRVW��7KXV�IDU��KRZHYHU��OLWWOH�
attention has been paid to the behavior and accuracy 
RI� WKH� DOJRULWKPV� EHLQJ� XVHG�� +HUH�� WKH� DXWKRUV�
SUHVHQW�D�IHZ�VFLHQWL¿F�TXHVWLRQV������7R�ZKDW�H[WHQW�
GRHV�VORSH�DIIHFW�ZDONLQJ�YHORFLW\"�����$UH�WKHUH�DQ\�
other explanatory variables that can be incorporated 
into the model? (3) How accurately do the present 
*,6�EDVHG� OHDVW�FRVW� PRGHOV� UHÀHFW� ³UHDO´� KXPDQ�
MRXUQH\V�� SDUWLFXODUO\� WKH� SUHKLVWRULF� RQHV� WKDW�
archaeologists deal with? One way of addressing 
WKHVH� TXHVWLRQV� LV� WR� FRQGXFW� RQVLWH� H[SHULPHQWV�
WR� FROOHFW� JURXQG�WUXWK� GDWD� RI� KXPDQ� ZDONLQJ�
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WULSV� DV� SHUIRUPHG� LQ� D� %ULWLVK� QDWLRQDO� SDUN� E\�
5DKQ��5DKQ��������6LPLODUO\�EXW�PRUH�WKRURXJKO\��
WKH� DXWKRUV� FRQGXFWHG� ZDONLQJ� H[SHULPHQWV� LQ�
-DSDQ� LQ� D� GLIIHUHQW� HQYLURQPHQW�� 2XU� ZDONLQJ�
experiments are aimed at (1) collecting basic data 
DERXW�KXPDQ�ZDONLQJ�EHKDYLRU�� ���� H[DPLQLQJ� WKH�
accuracy and availability of the previous least-cost 
models, (3) detecting friction factors other than 
slope of the terrain, (4) developing new solutions 
by incorporating the discovered factors, and (5) 
VLPXODWLQJ�SDVW�KXPDQ�WUDYHOV�PRUH�SUHFLVHO\�

2. Environmental and archaeological 
settings of Kozushima

Kozushima is a small volcanic island located in the 
,]X�2JDVDZDUD� $UF�� DSSUR[LPDWHO\� ���NP� RIIVKRUH�
IURP�7RN\R��Fig. 1���7KLV�LVODQG�ZDV�VHOHFWHG�DV�WKH�
site of experimentation because of its suitable size 
�FD������NP2��IRU�*,6�PRGHOLQJ�DQG�ZDONLQJ��DV�ZHOO�
DV�LWV�DUFKDHRORJLFDO�VLJQL¿FDQFH�

In an archaeological context, Kozushima is 
NQRZQ� DV� RQH� RI� WKH� PDMRU� VRXUFHV� RI� REVLGLDQ� LQ�
HDVWHUQ�-DSDQ��7KXV�IDU��WKUHH�REVLGLDQ�RXWFURSV�DQG�
WHQ�1HROLWKLF�VLWHV�KDYH�EHHQ�GLVFRYHUHG�KHUH��Fig. 1���
Most sites are dated to the end of the Early Jomon 

WR� 0LGGOH� -RPRQ� SHULRGV� �����±����� FDO�� %&���
Interestingly, during these periods, obsidian would 
EH�H[SRUWHG�IURP�.R]XVKLPD�WR�D�VLJQL¿FDQW�QXPEHU�
of settlements on the mainland across the Kuroshio 
&XUUHQW��,NH\D�������

3. Methodology

2XU�UHVHDUFK�IRFXVVHV�RQ�UHÀH[LYH�LQWHUDFWLRQ�EHWZHHQ�
*,6�PRGHOLQJ� DQG�ZDONLQJ� H[SHULPHQWV� �Fig. 2��� $�
common dataset including the geographic route, path 
length, elapsed time, and average movement velocity 
DUH� DFTXLUHG� LQ� ERWK� URXWLQHV�� %HIRUH� WKH� RQVLWH�
H[SHULPHQWV�� /&3V� IURP� WKH� SURYLVLRQDO� GHSDUWXUH�
SRLQWV�WR�WKH�JRDOV�ZHUH�FUHDWHG�E\�*,6�WR�SUHGLFW�WKH�

Fig. 1. Location and archaeological features of Kozushima. Darker circles indicate obsidian outcrop, 
whereas lighter polygons indicate Jomon site.

Fig. 2. Interactive framework of the research project.
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H[DPLQHH¶V�GHFLVLRQ�DQG�HODSVHG�WLPHV��7KHQ��LQ�WKH�
¿HOG��ZDONLQJ�WUDFNV�DQG�HODSVHG�WLPHV�ZHUH�UHFRUGHG�
E\�SRUWDEOH�*36�UHFHLYHUV�VXFK�DV�*DUPLQ�*36PDS�
��&6[��PDLQO\�HPSOR\HG���0DJHOODQ�0RELOH�0DSSHU��
*DUPLQ�/HJHQG��621<�*36�&6�.��DQG�WKH�GLIIHUHQWLDO�
*36�RI�WKH�/HLFD�6\VWHP�������$IWHU�WKH�H[SHULPHQWV��
WKH�JURXQG�WUXWK�GDWD�ZHUH�LQWHJUDWHG�ZLWK�*,6�DQG�
compared with the modeled paths to evaluate how 
FORVHO\�WKH�SUHYLRXV�PRGHOV�¿W�WKH�DFWXDO�GDWD�

Table 1� OLVWV� WKH� *,6�EDVHG� OHDVW�FRVW� PRGHOV�
H[DPLQHG� LQ� WKLV� SURMHFW�� 7KH�PRGHOV�ZHUH� FUHDWHG�
E\�WKUHH�GLIIHUHQW�*,6�SDFNDJHV�±�$UF*,6������,'5,6,�
$QGHV��DQG�*5$66������7KH�VR�FDOOHG�7REOHU¶V�+LNLQJ�
)XQFWLRQ� �*RUHQÀR� DQG� *DOH� ������ 7REOHU� ������
was selected as the main algorithm to be examined 
because it is the most widely applied slope-dependent 
FRVW�HTXDWLRQ�LQ�DUFKDHRORJ\�

7KH�RULJLQDO�HTXDWLRQ�LV�

���������������������������������������������������������������������������(a)

where W� LV� WKH�ZDONLQJ� YHORFLW\� >NP�K@�� e, the 
base for natural logarithms; and S, slope of the 
terrain that can be converted from the slope angle (Ǉ) 
as below:

���������������������������������������������������������������������������(b)

8VLQJ�HTXDWLRQV��D��DQG��E���WKH�HODSVHG�WLPH�WR�
traverse a given raster cell is calculated:

��������������������������������������������������������������������������� (c)

where t�LV�WKH�HVWLPDWHG�WLPH�>PLQ@�DQG�d is the 
UDVWHU�FHOO�VL]H�>P@�

Tobler’s function was originally based on 
WKH� DUP\� PDUFK� �,PKRI� ������ ���±������ ,Q� WKLV�
empirical model, different frictions are allocated to 
XSKLOO�DQG�GRZQKLOO�PRYHPHQWV��7KHRUHWLFDOO\��WKH�
PD[LPXP�YHORFLW\���NP�K��LV�DWWDLQHG�DW�DQ�DQJOH�
RI��������RU�����ZKHQ�JRLQJ�GRZQKLOO��7KH�PRGHOHG�
ZDONHU�PRYHV�DW�DSSUR[LPDWHO\��NP�K�RQ�WKH� IODW�

VXUIDFH��*RUHQIOR�DQG�*DOH�������7REOHU�������VHH�
also Figs. 7 and 8���$�VORZHU�PRYHPHQW�LV�H[SHFWHG�
RQ� D� VWHHSHU� VORSH�� 7KH� RII�SDWK� ZDONLQJ� YHORFLW\�
is configured to be 60% of that of on-road travel 
�7REOHU�������VHH�DOVR�Fig. 8��

The slope of the terrain is calculated from the 
��P�UHVROXWLRQ� '(0� RI� .R]XVKLPD�� FUHDWHG� E\� D�
VSOLQH�LQWHUSRODWLRQ�IURP�WKH�'LJLWDO�0DS����P�JULG�
(OHYDWLRQ�RI�WKH�-DSDQ�*HRJUDSKLFDO�6XUYH\�,QVWLWXWH��
The slope is treated in two different ways — isotropic 
DQG�DQLVRWURSLF��)RU�DQ�LVRWURSLF�VORSH��WKH�GLUHFWLRQ�
of movement at a given raster cell, for example, uphill 
RU�GRZQKLOO��LV�QRW�FRQVLGHUHG��,'5,6,¶V�³FRVW�SXVK´��
³FRVW�JURZ´��DQG�*5$66�³U�FRVW´�PRGXOHV�GHDO�ZLWK�
WKLV�W\SH�RI�VORSH��2Q�WKH�RWKHU�KDQG��WKH�DQLVRWURSLF�
PRGHOV�� SURJUDPPHG� E\� $UF*,6� DQG� ,'5,6,¶V�
“varcost” module, assign different friction values to 

uphill, downhill, and traverse movements in 
the same cell (effective slope; see also Conolly 
DQG�/DNH����������±�����

,Q�DGGLWLRQ��WKH�*5$66�³U�ZDON´�PRGXOH�
ZDV�HPSOR\HG�IRU�WKH�SXUSRVH�RI�FRPSDULVRQ��
It is also slope-dependent and anisotropic; 
however, it treats horizontal distances and 
uphill and downhill elevations as individual 
parameters:

���������������������������������������������������������������������������(d)

where t� LV� WKH� HVWLPDWHG� WLPH� >PLQ@�� ƩS is the cell 
VL]H�>P@��DQG�ƩHu, Hd, and Hs DUH�WKH�HOHYDWLRQV�>P@�
when going uphill, downhill, and steep downhill, 
UHVSHFWLYHO\��7KH�SDUDPHWHUV�a, b, c, and d represent 
the underfoot condition and cost, and in a default 
FRQ¿JXUDWLRQ��a� �������b� ������c� � �������� DQG�d 
 �±������� �1HWHOHU� DQG�0LWDVRYD� ������ ������ 7KLV�
model is comparable to that of Tobler because of the 
FRPPRQ�RXWSXW�

4. Results

6HYHQ� DGXOW� H[DPLQHHV� SDUWLFLSDWHG� LQ� WKH� ZDONLQJ�
H[SHULPHQWV��FRQGXFWHG�LQ�HDUO\�2FWREHU�������2QH�
day, three examinees, accompanied by one or two 
VXSSRUWHUV�� LQGHSHQGHQWO\� ZDONHG� IURP� WKH� (DUO\�
-RPRQ� VHWWOHPHQW� LQ� 8HQR\DPD� �DOVR� FDOOHG� DV�
.DPLQR\DPD��WR�DQ�REVLGLDQ�RXWFURS�LQ�1DJDKDPD��
DQG� WKHQ� UHWXUQHG�� VLPXODWLQJ� MRXUQH\V� PDGH� E\�
the Jomon people to procure obsidian (Fig. 1��� 2Q�
DQRWKHU�GD\��WKH�SDUWLFLSDQWV�WUHNNHG�IURP�8HQR\DPD�

software HTXDWLRQ module slope
1 $UF*,6���� 7REOHU������� ---- isotropic
2 $UF*,6���� 7REOHU������� ---- anisotropic
3 ,'5,6,�$QGHV 7REOHU������� cost push isotropic
4 ,'5,6,�$QGHV 7REOHU������� cost grow isotropic
5 ,'5,6,�$QGHV 7REOHU������� varcost anisotropic
6 *5$66���� 7REOHU������� U�FRVW isotropic
� *5$66���� 1HWHOHU������� U�ZDON anisotropic

Table 1. Least-cost models to be compared with the walker’s tracks.
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WR�0RXQW�7HQMR��FD�������P�DERYH�VHD�OHYHO��LQ�RUGHU�
WR�REWDLQ�YHORFLW\�GDWD�DW�GLIIHUHQW�VORSHV�

4.1. Walkers’ tracks vs. GIS-based LCPs

$IWHU�WKH�H[SHULPHQWV��WKH�ZDONLQJ�WUDFNV�RI�H[DPLQHHV�
$�� %�� DQG� &� IURP� 8HQR\DPD� WR� 1DJDKDPD� ZHUH�
FRPSDUHG� ZLWK� WKH� FRUUHVSRQGLQJ� *,6�EDVHG� /&3V�
(Fig. 3���7KH�HODSVHG�HVWLPDWHG�WLPH��SDWK�OHQJWK�DQG�
DYHUDJH�ZDONLQJ�YHORFLW\�RI� WKH�UHFRUGHG�WUDFNV�DQG�
the models are summarized in Table 2��$OWKRXJK�WKH�
ZDONHUV¶� SDWKV� ZHUH� UHVWULFWHG� WR� FXUUHQW� URDGV� IRU�
WKH�SXUSRVH�RI�VDIHW\��WKH\�FDQ�VHOHFW�WKHLU�RZQ�SDWKV��
The elapsed time ranged from 81 to 86 minutes, and 
WKH�DYHUDJH�ZDONLQJ�YHORFLW\�OLHV�ZLWKLQ�D�UDQJH�RI�����

WR��NP�K��7KHVH�UHVXOWV�LQGLFDWH�WKDW������WKHUH�LV�QR�
VLJQL¿FDQW�GLIIHUHQFH�LQ�WLPH�DQG�YHORFLW\�EHWZHHQ�WKH�
FRDVWDO�DQG�KLOOVLGH�URXWHV������OHQJWK�RI�WKH�ZDONHU¶V�
WUDFNV� WHQGV� WR� EH� ORQJHU� WKDQ� WKDW� RI� WKH�PRGHOHG�
SDWKV������WKH�*,6�HVWLPDWHG�YHORFLW\�H[KLELWV�JUHDWHU�
YDULHW\� WKDQ� WKH� ZDONHU¶V� DFWXDO� YHORFLWLHV�� DQG� ����
DPRQJ�DOO�WKH�PRGHOV��WKH�HVWLPDWHG�YDOXHV�RI�$UF*,6�
DQLVRWURSLF�DQG�*5$66�³U�ZDON´�DUH� UHODWLYHO\�FORVH�
WR�WKH�DFWXDO�GDWD�

The variability between the models can also be 
REVHUYHG�RQ�WKH�PDS��)LUVW�� WKH�H[SHFWHG�URXWH�DQG�
WLPH�RI�WKH�$UF*,6�LVRWURSLF�DQG�DQLVRWURSLF�PRGHOV�
are completely different although they are created by 
WKH�VDPH�*,6�SDFNDJH�XVLQJ�WKH�VDPH�IULFWLRQ�VRXUFH��
6HFRQG��ZLWK�UHJDUG�WR�WKH�WKUHH�,'5,6,�EDVHG�/&3V�

Fig. 3 model
length 
>P@

time 
>PLQ@

speed 
>NP�K@

A examinee A ������ ����� ����
B examinee B ������ ����� ����
C examinee C ������ ����� ����
1 $UF*,6�LVRWURSLF ������ ����� ����
2 $UF*,6�DQLVRWURSLF ������ ����� ����
3 ,'5,6,�FRVW�SXVK ������ ����� ����
4 ,'5,6,�FRVW�JURZ ������ ����� ����
5 ,'5,6,�YDUFRVW ������ ������ ����
6 *5$66�U�FRVW ������ ����� ����
� *5$66�U�ZDON ������ ����� ����

Table 2. Numerical aspects of the walking tracks and the  
GIS-based LCPs from Uenoyama to Nagahama.

Fig. 4 model
length 
>P@

time 
>PLQ@

speed 
>NP�K@

A examinee A ������ ����� ����
B examinee B ������ ����� ����
C examinee C ������ ����� ����
1 $UF*,6�LVRWURSLF ������ ����� ����
2 $UF*,6�DQLVRWURSLF ������ ����� ����
3 ,'5,6,�FRVW�SXVK ������ ����� ����
4 ,'5,6,�FRVW�JURZ ������ ����� ����
5 ,'5,6,�YDUFRVW ������ ����� ����
6 *5$66�U�FRVW ������ ����� ����
� *5$66�U�ZDON ������ ����� ����

Table 3. Numerical aspects of the walking tracks and the 
GIS-based LCPs from Nagahama to Uenoyama.

Fig. 3. Walking tracks and the GIS-based LCPs from 
Uenoyama to Nagahama (See Table 2 for keys).

Fig. 4. Walking tracks and the GIS-based LCPs from 
Nagahama to Uenoyama (See Table 3 for keys).
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movements by the anisotropic “varcost” module are 
VLJQL¿FDQWO\�VORZHU�WKDQ�WKRVH�E\�WKH�LVRWURSLF�³FRVW�
SXVK´� DQG� ³FRVW� JURZ´�PRGXOHV�� 7KLUG�� WKH�*5$66�
³U�FRVW´�PRGXOH� SUHGLFWV� DQ� LQODQG� URXWH��ZKLOH� WKH�
³U�ZDON�EDVHG´�/&3� JRHV� DORQJ� WKH� FRDVWOLQH�� 7KHVH�
UHVXOWV� LQGLFDWH� WKDW� GLIIHUHQW�*,6� DSSOLFDWLRQV� DQG�
GLIIHUHQW�DOJRULWKPV�PD\�\LHOG�GLIIHUHQW�/&3V�

4.2. Outward trip vs. homeward trip

:KHQ� WKH� ZDONHUV¶� KRPHZDUG� SDWKV� DUH� FRPSDUHG�
with the outward trips, the average speed in the 
KRPHZDUG� VHVVLRQ� LV� JHQHUDOO\� ���NP�K� IDVWHU�
WKDQ� WKRVH� LQ� WKH�RXWZDUG�RQH�GHVSLWH� WKH��� WR��NJ�
additional load as substitute for obsidian nodules 
(Figs. 3 and 4; Tables 2 and 3���7KLV�UHVXOW�PD\�EH�
H[SODLQHG�E\�WZR�IDFWRUV��¿UVW��WKH�H[DPLQHHV�WHQGHG�
WR�ZDON�PRUH� TXLFNO\�ZKHQ� FDUU\LQJ� WKHLU� ORDGV� RQ�
the homeward trip, and second, they had become 
DFFXVWRPHG�WR�WKH�URXWH�WRSRJUDSK\�DQG�FRQGLWLRQV�

It has also been revealed that the isotropic and 
anisotropic models yield different results (Figs. 3 and 
4���)RU� WKH� LVRWURSLF�VORSH�PRGHOV��QDPHO\��$UF*,6��
,'5,6,� ³FRVW� SXVK´� DQG� ³FRVW� JURZ´�� DQG� *5$66�
³U�FRVW´��WKHUH�LV�WKHRUHWLFDOO\�QR�GLIIHUHQFH�EHWZHHQ�
WKH� RXWZDUG� DQG� KRPHZDUG� WULSV�� ,Q� FRQWUDVW�� DV�
H[HPSOL¿HG� E\� WKH� $UF*,6� DQG� *5$66� ³U�ZDON´�
modules, the anisotropic slope models may output 

different routes and times between the outward and 
KRPHZDUG� WULSV�� ,W� LV� DOVR� HYLGHQW� WKDW� DOO� WKH� *,6�
PRGHOV�¿JXUH�RXW�VORZHU�PRYHPHQWV�WKDQ�WKH�DFWXDO�
ZDONLQJ�YHORFLWLHV�

5. Discussion

5.1. Least-cost corridor

$V� GHVFULEHG� DERYH�� GLIIHUHQW� *,6� SDFNDJHV� DQG�
DOJRULWKPV� PD\� FUHDWH� GLIIHUHQW� /&3V�� DQG� WKH�
KRPHZDUG�/&3V�REWDLQHG�IURP�WKH�DQLVRWURSLF�VORSH�
PRGHOV�PD\�GLIIHU�IURP�WKH�RXWZDUG�RQHV��,QVWHDG�RI�
FRQVLGHULQJ�³SRWHQWLDOO\�PXOWLSOH´�/&3V��WKH�DXWKRUV�
suggest “cost corridor” as a fuzzy accumulation of 
SRVVLEOH� SDWKV�� ,W� FDQ� EH� SURYLVLRQDOO\� FUHDWHG� E\�
adding the raster value of the outward cumulative 
cost surface to the homeward one, as performed 
E\� WKH� ³&RUULGRU´� PRGXOH� RI� WKH� 6SDWLDO� $QDO\VW�
7RROV� LQ� $UF7RROER[� �(65,� ����D��� ,W� LV� WUXH� WKDW�
the “Corridor” module was originally designed for 
predicting an intermediate point or area between two 
ORFDWLRQV��(65,�����E���EXW�LW�FDQ�DOVR�EH�DSSOLHG�WR�
the least-cost modeling when considering a to-and-
fro trip because it may indicate the isotropically 
optimal areas that can be accessed from the two given 
ORFDWLRQV�DW�WKH�OHDVW�FRVW�

Fig. 5. Least-cost corridor from Uenoyama to 
Nagahama based on the ArcGIS isotropic model.

Fig. 6. 50-m-walking segments of Examinees A and D.
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,Q� IDFW�� WKLV� PRGXOH� ZRUNV� ZHOO� LQ� WKH� FDVH� RI�
.R]XVKLPD�� 7KH� OHDVW�FRVW� FRUULGRU� �EDVHG� RQ� WKH�
$UF*,6� LVRWURSLF� PRGHO�� EHWZHHQ� 8HQR\DPD� DQG�
1DJDKDPD� �Fig. 5�� WKH� GDUNHVW� ]RQH�� DSSHDUV� LQ�
the coastal area, and the second and third least-
cost corridors (brighter zones) pass through the 
DGMDFHQW� DUHD� DQG� WKH� PRXQWDLQRXV� LQODQG�� ,W� LV�
notable that these least-cost corridors include most 
RI�WKH�ZDONLQJ�WUDFNV�DQG�*,6�EDVHG�/&3V��Fig. 5, as 
compared to Figs. 3 and 4��

5.2. Ground conditions and walking velocity

In order to evaluate the correlation between the 
JURXQG� FRQGLWLRQV� DQG� WKH� ZDONLQJ� YHORFLW\�� WKH�
ZDONLQJ�WUDFN�RI�H[DPLQHH�$�LV�VSOLW�LQWR����VHJPHQWV�
that are each approximately 50m long (Fig. 6���7KH�
WUDFN�SDVVHG�WKURXJK�VDQG\�EHDFKHV�DQG�URFN\�VKRUH�
]RQHV�DV�ZHOO�DV�SDYHG�URDGV�DQG�XQSDYHG�SDWKV��,Q�
the dot chart (Fig. 7), the horizontal axis represents 
WKH� JURXQG�ZDONLQJ� YHORFLW\��ZKLOH� WKH� YHUWLFDO� D[LV�
UHSUHVHQWV� WKH� '(0�EDVHG� DYHUDJH� DQLVRWURSLF�
VORSH� RI� WKH� VHJPHQW�� 7KH� JUD\� FXUYH� UHSUHVHQWV�
7REOHU¶V�+LNLQJ� )XQFWLRQ�� 7KH� GRWV� DUH� V\PEROL]HG�
LQ�DFFRUGDQFH�ZLWK�WKH�JURXQG�W\SH��,W�LV�QRWHZRUWK\�
WKDW� WKH� ZDONLQJ� YHORFLW\� VLJQL¿FDQWO\� GHFUHDVHV� RQ�
unpaved paths (indicated by white triangles), sandy 
EHDFKHV� �LQGLFDWHG� E\� FLUFOHV��� DQG� URFN\� VKRUHV�
�LQGLFDWHG� E\� EODFN� GLDPRQGV��� 7KHVH� WKUHH� JURXSV�
DSSHDU�WR�¿W�7REOHU¶V�FXUYH�WR�VRPH�H[WHQW�

)RU�IXUWKHU�YHUL¿FDWLRQ�RI�WKLV�QRWDWLRQ��H[DPLQHH�
'¶V�WUDFN�DURXQG�0RXQW�7HQMR�LV�DQDO\]HG�LQ�WKH�VDPH�

manner (Fig. 6��� 7KH� HQWLUH� SDWK� LV� XQSDYHG�� 7KH�
SORWWHG�GDWD�SRLQWV�URXJKO\�¿W�7REOHU¶V�PRGHO��EXW�ZH�
could hardly attain the highest velocity in this model, 
DSSUR[LPDWHO\� �NP�K�DW� ������GRZQKLOO� �Fig. 8��� ,W�
LV�DOVR�QRWDEOH�WKDW�ZDONLQJ�YHORFLW\�PD\�UDQJH�IURP�
��WR��NP�K�XS�WR�����XSKLOO��ZKLOH�LW�LV�UHVWULFWHG�WR�
�NP�K�RYHU�����

6. Conclusion and future tasks

7KH� GLVFRYHULHV� PDGH� LQ� ERWK� WKH� *,6� PRGHOLQJ�
DQG� ¿HOG� H[SHULPHQWV� DUH� SRWHQWLDOO\� VLJQL¿FDQW� IRU�
further archaeological research that may apply the 
OHDVW�FRVW� WUDYHO�PRGHO�� ,W� LV� YHU\� LPSRUWDQW� WR� QRWH�
WKDW� WKH� FRPSDUDWLYH� *,6� PRGHOLQJ� VXJJHVWV� WKDW�
different software programs and algorithms may 
FUHDWH�GLIIHUHQW�FRVW�GLVWDQFH�PRGHOV�DQG�/&3V��2Q�WKH�
RWKHU�KDQG��WKH�*36�DLGHG�H[SHULPHQWV�LQGLFDWH�WKDW��
����DW�OHDVW�LQ�WKLV�FDVH��WKH�DFWXDO�ZDONLQJ�WUDFNV�PD\�
EH� ORQJHU� WKDQ� WKH�*,6�EDVHG� FRVW�PRGHOV�� DOWKRXJK�
WKH�ZDONLQJ�YHORFLW\�LV�IDVWHU�WKDQ�WKDW�HVWLPDWHG������
the use of the least-cost corridor appears to be more 
HIIHFWLYH�WKDQ�WKH�XVH�RI�PDQ\�GLIIHUHQW�/&3V��DQG�����
WKH� ZDONLQJ� YHORFLW\� LV� VLJQL¿FDQWO\� DIIHFWHG� E\� WKH�
ground slope, as previously suggested, although we 
VKRXOG� DOVR� FRQVLGHU� WKH� VLJQL¿FDQW� HIIHFW� RI� JURXQG�
FRQGLWLRQV� VXFK� DV� XQSDYHG� WUDLOV� DQG� URFN\� VKRUHV��
In order to evaluate these results appropriately, it is 
highly recommended that the theory and methods of 
/&3� DQDO\VLV� EH� UHH[DPLQHG� DQG� WKDW� PRUH� SUHFLVH�
GDWD�EH�FROOHFWHG�

Fig. 7. Correlation between the slope of the terrain and 

the walking velocity. 50-m-walking segment of examinee 

A from Uenoyama to Nagahama.

Fig. 8. Correlation between the slope of the terrain and the 

walking velocity. 50-m-walking segment of examinee D 

around Mt. Tenjo.
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7KH� ¿HOG� H[SHULPHQWV� RI� WKH� ¿UVW� VHDVRQ� DOVR�
LQGLFDWH�ZKDW�RXU�IXWXUH�WDVNV�VKRXOG�EH��)LUVW��*,6�
based least-cost models should be compared with 
preserved prehistoric roads and ethnoarchaeological 
UHFRUGV�� 6HFRQG�� VRFLRSROLWLFDO�� FXOWXUDO�� UHOLJLRXV��
and mental factors other than “economical” 
ones should be incorporated into the travel cost 
PRGHOLQJ�WR�WKH�JUHDWHVW�H[WHQW��7KLUG��³WDLORU�PDGH´�
IULFWLRQ� DOJRULWKPV� VKRXOG� EH� SUHSDUHG� IRU� VSHFL¿F�
JHRJUDSKLFDO�DUHDV�DQG�WLPH�SHULRGV�VR�DV� WR�¿W� WKH�
GLIIHUHQW�/&3�VHWWLQJV��,Q�DGGLWLRQ��WKH�FUXLVLQJ�VSHHG�
RI� ND\DN� VKRXOG� EH� PHDVXUHG� IRU� UHFRQVWUXFWLQJ�
ZDWHU� WUDQVSRUWDWLRQ� LQ� WKH� SDVW�� )LQDOO\�� LW� VKRXOG�
be noted that a continuous discussion for theoretical 
DQG�PHWKRGRORJLFDO� UH¿QHPHQWV� LV� HVVHQWLDO� IRU� WKH�
EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SDVW�KXPDQ�WUDYHOV�
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