mMsARssianuaNIIRTYsadInaesmanusInglu
Unamidlasin gnenuusziRcansmune
wazRNIUUILIRAEATNNY
Symmetry Analysis of Carving Patterns in Muang Tam Prasat,

Phanomrung Historical Park and Phimai Historical Park
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Abstract

The main purpose of this research is to study and classify of carving
patterns of Muang Tam Prasat, Phanomrung Historical Park and Phimai Historical Park.
Algolithm analysis bases on dihedral groups, frieze groups and wallpaper groups.
Before classification, all of pattern are simulated by using GSP program. The
results found that there were no wallpaper pattern. The most appearances are
frieze pattern, 97.50 percentage of all patterns. The most found type was plml,
p2mm, p111 and p11m respectively. The frieze patterns p2mg, p11lg and p211
were not found. Otherwise, 2.50 percentage of carving patterns are the dihedral

pattern type Dg.

Keyword: Carving Pattern, Stone Castle, Dihedral Group, Frieze Group,
Wallpaper Group
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§r08197 2195 P = {(1,3),(1,1),(3,1),(3,3),(-1,-3),(-1,-1),(-3,-1),(-3 -3)}

[

a 'z . 2 2 o
Jenuland [ RT = R® §ag)

A F((xy)) LERINARIANTIIAIUAT

xy) (1,3) (1,1) (3,1) (3,3) | (-1,-3) | (-1,-1) | (-3,-1) | (-3,-3)
ficy) | (-1,-3) | (-1-1) | (:3-1) | (:3-3) | (1,3) | (1,1) | (3,1) | (33)

faluy  f Esym(P)

mnasanmelinmsmiiunmsaeslngn Marshall and others (2004) gnansaugnslé Sym(P)
Hunyudosves wennfliloNasangy n wideudsni Tauiuilenuves Sym(P)
aunsafenunsunisvyusuvessy n wdeuusni aatl (Gallian. 2012)

unflenudl 3 dwsuusazinuiy n > 3 alddydnval D, wiungUaumnnsves
5U n wideuUsni (Regular Polygon) wagisenniUausnnsvessu n waeuusnid

n3Un139UsU (Dihedral Group)
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M135199% 1 Notations of Frieze Group, Members of Frieze Group and Example

of frieze pattern.
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p2mm p2mg plml pllm pllg p211 pll1l

AMNUTENBU 1 : A Diagram for Frieze Group (Aslaksen. 2002)

v
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Marshall (2004) lalvfignu nun1svidrguassiianis (Wallpaper Group) il

undlgnail 8 dwiungudes H ves wYNLTLNI ﬂqﬂmiﬁws{fwgﬂ
AR39IANI9N

1) nyUgos ty ves H unguipdnsetiud Ainefidalasassnmesiidudase
Badusetuiiufe tr = (& t) Taeil b uaz c WHuasanwmesta 9 Miludasadaduy
AaAUUUTEUIY

2) woevingd () Jugndnin
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nyUmshgnsUaesiianig AeguluuresaInaneniinisiadeufInLuaniy Ao
Tunmdsenau 2

(@) (b)

AMWUsENBY 2 : (a) Example of Wallpaper Group pém and (b) Example of
Wallpaperw Group p4m.
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Usamilea gneudseiimaninunia uaganeulseiRmansianeg gnas
o - = - = o a 9 % : o
\WIanvsARITTEN 16 fannsandssui 17 Fadlannuifedlesiuluvany 9 au iy unud
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299U518M @nuneIweslsiam anatennuluusiam sanndsenau 3

(a) (b) (©)

AMNUSENBY 3 : (a) Muang Tam Prasat, (b) Phanomrung Historical Park,

(c) Phimai Historical Park.

amaneinululnam e mnaedmdn \Aeannsunzadniuvieiiendn
msswdn iliiudanaesng q Su auifmdniudesns Ssansaduunusay
Usnamesil

Uramidlewh fesvernatumsaseiinanemnuiidmeans ideumely
%amﬂmaﬁ‘wuﬁmiaummuwmwﬁ%wgﬂﬁﬂwmamwhﬁ?u Slovhmsiasgsinuin
UszianvasadnanefiimsydguiimmadedimuinniignfeUssian  piml dwau
3 awnaney Anvlusewaz 33.33 uaﬂmﬂﬂfﬁawumiﬁw%ﬁﬂﬁﬂmqLam‘dssm‘m pll1,
p2mm wag plim Snulsznnas 2 awane Andufesaz 22.22 fMegnainaiy

AININUSTNBU 4
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{t"vMn€Zm=0,1}

(a) {t"h™v¥|n € Z,m = 0,1,k = 0,1}
(b) (t"h™n € Z,m = 0,1}
(d)
NS ; ’ AvYY 180 83A7
%%% . — LAUNISETVIBU
P 57 7]
(e — — . L UAARAULUU

(@)

AMNUsENaU 4 : (a) Example of Frieze Group plml in Muang Tam Prasat,
(b) Example of Frieze Group p2mm in Muang Tam Prasat, (c) Example of
Frieze Group p111 in Muang Tam Prasat and (d) Example of Frieze Group
pllm in Muang Tam Prasat

13 ¥

gneuUsziAmaninuniadeunammunss Tulunamifanaoiees
fapluusiamiis 3 wiidideldifudeyamn wuisenaulufeanaonisaunns
wuumsigngUiiamaie Wevhmsinsginuiussnnesmnatsfifinisannes
wuumeheguiimaRefinusnfigafeussan plml $1uu 9 meane Andudesay
47.37 Useian p2mm 31w 4 anane Andudesas 21.05 Useian pl1l §1uiu
3 annany Anvdudesay 15.79 Usean pllm 7w 2 awnany Ancdudesay 10.53
uaﬂmﬂﬁ%wumsammmiLLUUﬂﬁmugﬂﬂszmw Dg $1u3u 1 anane Anludosas

5.26 $19819870818 f9an1mUsEnNaU 5
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{t"h™v*¥In € Z,m = 0,1,k = 0,1}

(b)

{t"v"n€Zm=0,1}
(a) {t"|n € 7}

(@)

AU 180 B9FN

ANYU 45 937N

q q

(e)

(e h™n € Z,m = 0,1) —_ LAuNSEETIoU
) — = YARAULUY
AMNUILNBU 5 : (a) Example of Frieze Group p1m1 in Phanomrung Historical Park,
(b) Example of Frieze Group p2mm in Phanomrung Historical Park,
(c) Example of Frieze Group pl11l in Phanomrung Historical Park,
(d) Example of Frieze Group p11m in Phanomrung Historical Park and
(

d) Example of Dihedral Group Dg in Phanomrung Historical Park.

wa §a = a &, A % a '
greulsyIRmansiunevseusamiue Wuusamireudsasiivewsingly
d' = = A Y o a ) '

MU mdU 9 Aoluvusiunamdudiulng Funilumsianziusen uausiam
Ruenduasisiuntiluniefiald vl dudgruiuiinagasisiuntlugdemssuns
= ) o a =
998919901 TNIVLT (FUs1 UEIN wazA. 2554) azalnatenululsiam
fnendwdsadsiulsamdew uazsusamnunis usazlianuvainaiedosndi
Usamnunds F9mndnfinangeiinn1sdman admatginuluusiamiuneinng
ALLIATHUULADUABTIAN LAY H0IN1FIATIZANUIUTENNUBIAINA 8ISl
NsANNIRTWULLRRUANE AN AR INUINNTIanReUTELAN p2mm U 5 aInang
Anlusosay 41.67 Uszian plml s1uiu 3 meane Anlusesay 25.00 Ussan p111
T 3 meany Anthuieway 25.00 wavdszian p11m $1uiu 1 aeane Andhudosas 8.33
F198198799818 FININUIENOU 6
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{t"v™n€Zm=0,1}

{t"h™vk|n € Z,m = 0,1,k = 0,1} (b)
(@) {t"h™|n € Z,m = 0,1}

(d)
’ AU 180 B3FN

—_— LAunISEETau

i ——

(t"|n € 7}
(@

AMNUILNAU 6 : (a) Example of Frieze Group type p2mm of Phimai Historical Park,
(b) Example of Frieze Group type plml of Phimai Historical Park,
(c) Example of Frieze Group type plll of Phimai Historical Park and
(d) Example of Frieze Group type pl1lm of Phimai Historical Park.

anansanensliveuansUSinuananeninisausnsguiuusi o 1a danimdseneu 7
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B p1m1 M p2mm © p111 M p11m M pim1 Mp2mm Hp111 M plimlp,
(a) (b)
B pim1 B p2mm @ p111 M p11im Mpim1 Mp2mm Ep111 Ml p11ml b,
(c) (d)

AMUsENBy 7 : (a) Comparison of Muang Tam Prasat, (b) Comparison of
Phanomrung Historical Park, (c) Comparison of Phimai Historical Park and
(d) AWl pattern of Muang Tam Prasat Phanomrung Historical Park and

Phimai Historical Park.
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