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A Method for the Restoration (Umm Qais/Gadara, Hashemite
Kingdom of Jordan) of the Composite Order by
Using Three-Dimensional Printers
— Three-Dimensional Measurement, Drawing and Modeling—

Tomoaki Kodama

*1 Yasuhiro Honda *?, Toshio Otaka*?

Abstract: Conventional practice in recording information on archaeological remains is to take analog
measurements directly by using vernier calipers. profile combs, rules and surveying instruments. This
method, however, is cumbersome. requires careful measurement to achieve the required accuracy and
i1s time consuming. There is a need, therefore, for a method for taking and recording accurate
measurements quickly. In this study, three-dimensional discrete (point) digital data of the order at
Umm Qais / Gadara Ruins (Umm Qais/Gadara, Hashemite Kingdom of Jordan) are obtained by using
an auto-tracking total station with a data collector. The data thus obtained are converted to three-
dimensional solid model data by use of Creo Elements (PTC Creo Parametric (Pro/Engineer)). and
accurate restoration models of the order are produced by use of a three-dimensional printer (Z
Corporation. Z Series). Missing or broken parts of the order can be “repaired” and “restored” on the
three-dimensional digital data. This paper reports the system development process from three-
dimensional digital data acquisition to order data touch-up.

Key words: Order. Pedestal. Base. Dram, Capital, Three-Dimensional Digital Data. Three-Dimensional
Measurement and Modeling, Total Station with Data Collector. Three-Dimensional
Computer Aided Drawing. Three-Dimensional Printer
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Photograph 1 Circumstances of Order at Umm Qais/Gadara, Hashemite Kingdom of Jordan.

Photograph 2 Repair and Restoration of Order at Umm Qais/Gadara [Colonnade], Hashemite Kingdom of Jordan.
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Photograph 3 Repair and Restoration of Order at Umm Qais/Gadara [Column], Hashemite Kingdom of Jordan.
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Decumanus Maximus at
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Qais/Gadara, Hashemite
Kingdom of Jordan.

Photograph 5 Octagonal
Hall at Rome Street Umm
Qais/Gadara, Hashemite
Kingdom of Jordan.

Photograph 6 Forum at
Rome Street Umm Qais/
Gadara, Hashemite
Kingdom of Jordan.

Fig.1 Measuring Point of Order by the Total Station with Data Collector at Umm Qais/Gadara [Column], Hashemite Kingdom

of Jordan [Rome Street].

Photograph 7 Measuring of Order by the Total Station with Data Colecter at Rome Street, Umm Qais/Gadara, Hashemite

Kingdom of Jordan.
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Fig. 3 Discrete Data Model of Column [[pts] File, Point
Group Processing, Total: 3958 [Points]].

Photograph 8 Appearance of Total Station with Data Collector
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Fig. 4 Mesh Model of Column [[pts] File, Mech Processing,
Total: 3958 [Points]].
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Fig.5 Base and Pedestal of Discrete Data Model and Mesh
Fig. 2 Relationship between Order and Measurement Range, Model [Point Group and Mech Processing, Total: 7159
[Location of Total Station with Data Collector and Oeder]. [Points]].
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Fig. 6 Base of Discrete Data Model and Mesh Model, [Point
Group and Mech Processing].

Fig. 7 Discrete Data Model and Mesh Model for Order, [Point
Group Processing, Total: 11126 [Points]].
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Fig. 8 Main Flow of This Study

% [A Method for the Restoration (Umm Qais/Gadara, Hashemite
Kingdom of Jordan) of the Composite Order by Using Three-
Dimensional Printers]. —Three-Dimensional Measurement,
Drawing and Modeling.
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Fig.10 [csv] File for Example, [Location of Order and

Measured Data of X, Y, Z Directions].
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Photograph 9 Three-Dimensional Computer Aided Design,
[PTC Creo Parametric [Pro/Engineer], Initial
Screen] for Example.

B Two Dimensional [Digital]
B Three Dimensional [Digital]

CAD (Computer Aided Design)
Design
CAD (Computer Aided Drawing)
Drawing
CAE (Computer Aided Engineering)
Engineering
FEM_BEM
(Structure_Parts
Stress_Strain_Displacement_Load)_CFD
CAM (Computer Aided Manufacturing)

Fig. 11 Classifications of Numerical Calculation by Using
Computer, [CAD (Computer Aided Design)-CAD
(Computer Aided Drawing)-CAE (Computer Aided
Engineering)-Engineering- FEM_BEM (Structure_
Parts Stress_Strain_Displacement_Load)_CFD
(Computational Fluid Dynamics).

Fig. 12 Example of Three-Dimensinal Surface Model for PTC
Creo Parametric, [Pro/Engineer].
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Fig. 13 Example of [stl] Model, [Three- Dimensional Solid
Model for PTC Creo Parametric [Pro/Engineer]].
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Fig. 14 Discrete Data Model of Order, [Point Group Processing,
PTC Creo Parametric [Pro/Engineer], Before Selection].

Fig. 15 Discrete Data Model of Order, [Point Group Processing,
PTC Creo Parametric [Pro/Engineer], After Selection].

Fig. 16 Curves Interpolation Model of Order, PTC Creo
Parametric [Pro/Engineer].

L

Fig. 17 Discrete Data Model and Curve Interpolation Model
for Order, PTC Creo Parametric [Pro/Engineer].
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Fig. 20 Curves Interpolation of Base, Curve Fitting from
Measurement Data, PTC Creo Parametric [Pro/
Engineer].

Fig. 18 Surface Model of Order, PTC Creo Parametric [Pro/
Engineer].

(b) F—H—DN=ZBDEFILIZDNT

ZONR=ZIRFIREN L, BERKENIZEAL
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HRETH Do F72, ~N— AWHE O LT ITIZTIE
THrHrVU B, Fig. 193 v —F VAF—ary - F—%
—aL 7y —=HhoELNN— 2o (5 7—
¥ % ZWILCADTELZbDTH B, 2 i, BER
(I Ty alEm L Chb, $72, Biw (07
) 7= — 3RO XETRL TS, Fig. 2013~ —
AZEBIZOWTHEICEKD LTI —T 74> P LZIKNTH

%o Fig. 2137 —77 4 v b LK HiRL (80 77— Fig. 21 Discrete Data Model and Curve Interpolation for
T ERERMERTHATH D, HBOXFIZH DS TRE Base, Point Group Processing, PTC Creo Parametric
KEFMEENTVD I EX D%, S512, Fig 22 [Pro/Engineer].

IS TFT = P ORI L T2 72— AE
TWEER L2 DTH D CHRE O DS & i
HETCWDLORTEERMHLZ2ME, Fig. 238 XL O
Fig. 24133 7 —a ¥ —HifADH 72— AETVTh b,

Fig. 22 Surface Model of Base, [Before: Mirror Copy, Curve
Fig. 19 Discrete Data Model of Base, [Point Group Processing, Fitting from Measurement Data, PTC Creo Parametric
PTC Creo Parametric [Pro/Engineer]]. [Pro/Engineer]].
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Fig. 2413 2D 7 = — A EF N 2SR 2 #E (&
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Fig. 25 Surface Model of Base, [PTC Creo Parametric [Pro/
Engineer]].
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RFAZ VNI =7 — O FEEWET 25T, &
TOHIHIKROBNCEAZMIAE SN TV 5, 41HD
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Fig. 23 Surface Model of Base, [After: Mirror Copy, PTC W EMTIUTEMR - 5092 2 LHWRETH B0 T

Creo Parametric [Pro/Engineer]]. AGNVIE, R=REFEL) Eomb ML EATE

D, RIREESWETDH o 720 WHEONT ALY VI, —
HROFEAPBIMTEaNTBY, FHIZIRIZIESETH
%o M OR FEITFET, TOELIGENSHHZ 0
5SROI LA S N T WD, FOHEPILEEF] A
WA/ NE L eoTBY, PRBIFFHLZmMTHD, T
BXER o F IR O L % B3 BT oMl Tl it & Aol
ICRSRRTHY, OB L TR oL % #HE
FhuL L,

Fig. 261 N — ¥ VAF—3ay - F—y—aL s ¥
—DOFLNTTAY IVEOHEL (SH) 7— 5 %=
WRILCADTELZLDTH S, T, _XTAYIVE
EREROET—Y Thb, 72, B GTE) 7—%
—FARDO XEITRL TV b, BRIT— & O—IZKIED
HHIENDbDD, Fig. 21T A ¥ VEIZOWTH
—774 v ML7ZKTH S, Fig. 28137 —77 14 v b
L7z &R (B F— 2 L2 AR E K TH B,

Fig. 24 Surface Model of Base, [After: Boundary Blend, PTC X 51ZFig 291325 DF— & A Sl LT 1/2
Creo Parametric [Pro/Engineer]]. ’

Fig. 26 Discrete Data Model and Curves of Pedestal, [Before: Data Selection, Point Group Processing, PTC Creo Parametric [Pro/
Engineer]].
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Fig. 27 Curve Interpolation of Pedestal, Point Group
Processing, PTC Creo Parametric [Pro/Engineer].

Fig. 28 Discrete Data Model and Curve Interpolation
for Pedestal, Point Group Processing, PTC Creo
Parametric [Pro/Engineer].

BT 2= AETNWVEER LD TH S, Fig. 30BL D
Fig. 3lid3 9 —a— ¥ —[iEOY 72— AETNVTH
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(BR7VLYF) LTHEASEZETVTH 5, Fig. 32
ENR=2E DO 7 1 —AETNERT,

5.3 =&y 7Y>%Z— (Three-Dimensional Printer)
IC&2F—F—-DmEEE - ExET IV
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T BT HHECH LB B RE SR &
5b0%RL, YHIEBEICLS201E3D7ay ¥ —

Fig. 29 Surface Model of Pedestal, [Before: Mirror Copy,
PTC Creo Parametric [Pro/Engineer]].

Fig. 30 Surface Model of Pedestal, [After: Mirror Copy, PTC
Creo Parametric [Pro/Engineer]].

(Three-Dimensional Plotter), =&KJjt*+ 7Y =7 +%i&
3452 E%3D7Y) 74 2 (Three Dimensional
Printing) &\ 9 B8 43 o8y a0 oW ETL
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{ e o ERFEFEICIE, 727V VRIGHEILENEZ ML
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% ¥ 2%k Dimension/uPrint ') — XA B L WA EH K%
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BHLOWE, ZHoZY ) —ZXoREREZHH L
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Fig. 31 Surface Model of Pedestal [After: Boundary Blend,
PTC Creo Parametric [Pro/Engineer]].

Fig. 32 Surface Model of Pedestal [Correction Completed,
PTC Creo Parametric [Pro/Engineer]].

ok 5 R 2 2 07, 23128

ZRIET ) Y —ICANT B A= =D 3T A, N
—AWBLTF v ESVEHO [stl] ETNV (ZRTY
1) » K& 7 )V Three-Dimensional Solid Model) % Fig.
3375 Fig. 3512”36 AR L2=0ocH 7 = — X €7
WVTIEZWRIE 7)) 8 —ICEEANTE R Wiz, 77
AN OBEBIDVEL 7 %, Fig. 36 ~Fig. 381X =kt~
V¥ =07 A%~ (ZPrint_UlE & " XEdit)
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SR T vy —RHHLTEEL A - —Da T 4
T, N— AEB L O F ¥ ¥ ¥ )L % Photograph 10 127%
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Fig. 33 [stl] Model of Order, [Three-Dimensional Solid
Model, PTC Creo Parametric [Pro/Engineer]].

Fig. 34 [stl] Model of Base, [Three-Dimensional Solid Model,

PTC Creo Parametric [Pro/Engineer]].

Fig. 35 [stl] Model of Pedestal, [Three-Dimensional Solid
Model, PTC Creo Parametric [Pro/Engineer]].
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Fig. 36 ZPrint_UI of Three-Dimensional Printer, [Vertical
Placement Model].

Fig. 37 ZPriModelnt_UI of Three-Dimensional Printer,
[Transversely Model].

Fig. 38 XEdit of Three-Dimensional Printer, [Pedeatal
Model].

Photograph 10 Fabrication of Order by the Three-Dimensional
Printer, [Order, Pedeatal and Base]
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Photograph 11 Capital of Order, [Actual Model].
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Fig. 39 Capital of Order, The Reproduction of the Capital is
Possible by using a Three-Dimensional Printer, [3-D
CAD Model].
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