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The application of three-dimensional (3D) geometric morphometry
method in cultural relics archaeology
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Abstract: Geometric morphometry is a method to analyze the morphological characteristics of the research ob-
jects, which has wide application in biological research. In recent years, with the development of three-
dimensional (3D) digital technology, the research objects of geometric morphometry have been developed from
the original 2D to 3D. The application cases of geometric morphometry based on the 3D model increase gradu-
ally in the study of cultural relics and archaeology. In this paper, the development of morphometry and the 3D
geometric morphometry method are introduced firstly, the commonly used methods of 3D data acquisition in the
research of cultural relics archaeology are sorted out, and then the application of 3D geometric morphometry
method in cultural relics archaeology is reviewed. Finally, in order to facilitate better understanding, this paper
takes as a case study the pottery unearthed at a site in Qucun-Tianma. The 3D geometric morphometry method
strengthens and complements the traditional morphological research in archaeology, improves the accuracy and
diversity of the research results, and provides referable objective data for the archaeological research of cultural relics.
Keywords: 3D geometric morphometry; cultural relics archaeology; 3D data; landmark method; outline

method ; pottery
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Figure 1 Differences between traditional morphometrics and geometric morphology (taking the hind wing of Dung Beetle

as an example) ¥
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Figure 2 Physical anthropology analysis case
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Figure 3 Acquisition of 3D models and the pretreatment of models'*"

80
60 |-
40|
277771V
20 - ST
(111 ARRRNNN
0 S]] TV
/1] [ ARRRRRN
-20 [T HRERRN)
-40
&0 N\
AONAANNNY
—80 I . y
~100 -50 0 50
4 ANEobr

A SC LA R - R st bk o B B O AR AR R
3 #1¢ Creaform Go! SCAN 20 B AR =
Aep Ay PE U R B R S py e i & Al 0 T
VAT LS TS B S o N 15 e NS | VA 5
P A R B IR B BE N BE 4 2 800—3 000 4F
S 7 JE A ) TR S M, S Mt ik 7
%1t hk 5 ZE B AC L P B 2E A S 75 JE a0, S 7 S e
I [ 0y B b A s pE SR AR T A S
ARk BURE S R iR - K s bk AR e
A 631k,

4.1 Z#HBEBRISHIFERIN

5 3D WOL H AU e, H X Creaform Go!
SCAN 20 % I LED St U5 A9 F1 ' 4348 13, 45 i 2 J&2
o WA, EEE A T/ Y . VXelements, Au-

todesk Meshmixer fil 3D Builder 8% {4 F F 3D £ i
FEA 5 Ak B B o AR AR (%) AR T ot ek B A — 4
3 1] K4 Geomagic Studio. BT AT B # = 2 # A #
A H gl G Studio H % E M AL bR R, A A4 £
W e — Mk S bR e . A BUBOT R D g b R
P i e F S A S P OMESNAE,
BOBCRREF- T8, 22 J5 i R AR il 2 (UL BT 4D
4.2 WEEEMSHT

I e A 152 e L I 3 % Bl 4 AT 40 AT L R
LR AP BR

(O it A 1530 e L ot R0 2, 0 e RIS D AU
BRI 5D, 2R R A ST T A A0 (5 A L A
o M [ A B OB DR R B (e ) AR AR R
TE Yk b3 5 AR R 5 = A A8 o (o [ R AR — X
it o R AR A S A% 20 S AG B AY B EO E  gR
RIS B R AR x RlRTy Bl LR 0 B P A



¥5% H1W

LA A =LA IR A I ek VR TR S 7Bl R Y 99

B4 Z=#REIREL
Ca) J5 4R F H B Y 5 (o) BB A A % i T 3 3% Hh £E Vixelements
B Cod BTtk W P N B3 5 (D A 00 o L IR 22 4 55 Bk 2R
1E Autodesk meshmixer 54 ; Ce) 18 & J5 1 58 2 M1 R AE Au-
todesk meshmixer 2% {4 ; (D) # B 7 3D Builder 7 4¢ & Jig %
#IE

Figure 4 3D mode acquisition
(a) Original model (b) The obvious noise points are
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are detected using the Autodesk Meshmixer (e) The
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Meshmixer (f) The model is adjusted in 3D Builder
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Figure 5 The fitting effect of different harmonic orders of

basin contour line
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Table 1 Elliptic Fourier descriptor of basin characteristic curve

W% A0t 152 4ok L 0o 38
WHN a, b, C, d,
1 1 0 0 0.770 86
2 0.000 23 0.05152 0.14752  0.002 35
3 -0.054 50 -0.00247 -0.00223 0.06176
4 0.000 22 0.02893 0.01030 -0.000 22
5 -0.03265 -0.00096 -0.00022 -0.000 57
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Figure 6 The morphological differences of the
characteristic planes corresponding to the first four

principal components of the basin.
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Figure 7 Classification results of pottery basin morphology
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