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[Abstract]

3D scanning photogrammetry technology based on image analysis has a history as long as that of photography for about 150
years. Graphic processors and cameras have also achieved dramatic performance developments in the same way as the long history
and progressing. However, non-standardized imaging processes are accompanied by problems such as structural defects in the
reconstructed object and the generation of noise. In this research, first, we will model and 3D print the terracotta army object used
in the actual measurement data (Ground Truth). Second, in order to derive the optimal shooting method, we developed a table 3D
scanning system that rotates around a total of two axes, the vertical axis and the horizontal axis and Get photo data. Finally, the
acquired data are compared and analyzed for quality and similarity using a C2M (Cloud-to-Mesh Distances) quantitative

comparison algorithm.
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Fig. 1. Filming system flowchart
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Fig. 2. Scan Path of Table Scanner

2A 2 eI E 7] 7]
ek g2 o] A Ws) &olA v
Zolct. s W8-S 7122 Ao} Al
ﬁHLﬂ% AzEs 7tes, & 5 1S
AP oz ojulx] HloJE|E &5t oA

AQkeks 2= 1 o] e el y
%3 ﬂ_; 360° 815t AN S Ftolo] uteh
! BE £, 7 Fow s 9

5 S gomd 8
2 A,

o 7¥s7l eha, mEl
vhge] A7 ele]E7

-
mg—l—'

LCD & IR Remote

@ Control
AR

Camera Control Motor Control

JEI 3. HO|E Al A TMH 24
Fig. 3. Core Components of the Table Scanner

]El 4. Ho|2 A4 2ME C|Xfol L
Fig. 4. Table Scanner Concept Desig

2b=0) 02 3D 2Y =2

Orientation

a3 38 ElolE 3D 2 A|Fel| B
A Qo|t}. oFFo]=(Arduino) S

I
=

2 d|lw

AT ZEJRM ER E BAe=E

> _|.|>|,

and Axial

23k 371 A
28| ~nfEZY T 1

2]aL Aol Al el A= LCD(Liquid Crystal Display)S
AREAY A Alojd = 9o, g A A A9l S

oJAE &S 9l Wi-Fis A dsh=

Rev2E AH&31ith

E 1. H0|g A7 AlFH|m
Table 1. Table Scanner Specification Comparison

oFFo] = UNO WIFI

Applicable . EviXscan
Equipment A e Optima+ M
Type Desktop Desktop Desktop
Image
<
B
Filming . . . . .
Method Camera Rotation | Object Rotation | Object Rotation
Applied
technol | Photogrammetry | Laser Scaning Laser Scaning
ogy
300mm X 320mm x
Soan aoomm x| 90 XG0 mm 190mm
300mm x 120mm
Op: r:at' Easy Normal Hard

71

http://www.dcs.or.kr



CIxIE

4 FE| X 5H5| =
[ |

gk 2bs AR #ZYS g FEole 1.8.13 B
‘WIiFININA™ 2lo]2#2]¢} 5.13.5 W ‘ArduinoJson’ 2}o]
B & ARgSte] ol BAIE AFs o2 Pt st
Aot FhlEl= 12MP, /1.8, 26mm, 1/1.76", 1.8um, w4
24 PDAF, OIS AFke] 4 AYA] wE 209] 27 YR
=2 AREEIlal, REE DM2282 tle 24 Stepper
Motor Driver2} STP-86D3018 A|v}:=71*] Encoder Step
Servo Motor 2% 6 NmE ARgste] FE3 33¥

(Torque)& Qﬁ_@}"ﬂ‘:}
O 4= A7) WE-S ngo g el ZAE TR0l
Ay olu|x|e} 7} FHo] 23 Wheks A= ayolu)h 1

W Ee A yEE 40w 43 2ol wel 360° 57
She Folul, 29 o B WYY 25 FAoE 54 7
o wheh 3]s Foltk. oln) S1§ /Fsd AHEe] A 2
71 300 mm X 300 mm X 300 mm(7}2XHZX0])0]
o). 919} e AL Bol AL A o edw
AR BjoTE ] 85 o] ZhseiAIth

T 1 R AR 918 AR Hlo) 3D 2 A1
gele] 3D 2AES] Al maelct., Fheert 5 st
ADE B9 7} 2ol e TR gAe) Ho]

B 2= SaA7E S sk Al vlEl gt
g} g o F A rhsAdo] vrow] AR wk kst
= 54S Belth

m. & e

: | Development of table Taking Pictures from | +

3D scanner Sl Different Angles
) v
' 3D Mode!
[ Reconstruction
— Y ‘
3D Printing

v

Cioud Compare

v ) ) ¥

Computation of

f . :
[Sieking Elcees fom S| | | Distance and Siandard | !

- g
| Diflerent angies A lains

J:I 5. A Hx} TJE =8
Fig. 5. Experimental Procedure Workflow

http://dx.doi.org/10.9728/dcs.2023.24.1.69

72

ZX|(J. DCS) Vol. 24, No. 1, pp. 69-78, Jan. 2023

B AgoME E W] w2 3D 29 EH9 549 H)
e} B8 93 Hlo|E 3D 2ANYE AFsta 47 4ee}
TH L5 MFEAoR tro] ~nfEE JHEE Fa &
ol 7lsst S TSI Aol AFgE A= vl
|G 3D EEE dlolEE 98 24345 (Ground

Truth) = AHg-3l5, 2k & Wl 2353 37 &340
AZE0]e]l FEH-=7Ad9)(Cloudcompare)S AFg-3}o]
4 vl BAS Fasieic) A dxt a2 ok

19 59

312 E
21Z=215(Ground Truth)i AREE Hnpge QZEA4AA
3D el AXEYo]el S (Blender)S &-835fo] el

A

9 33tk 3D AEL 19 63 Pt
EdoE A2kE #Wrkg 3D 249 d)o]E|+ FlashforgeAl

9] FFF((Fused Filament Fabrication) %] 3D Z#E]

Adventurer 3(150 mm (H) X 150 mm (W) X 150 mm
ANEL ol 11 77} 2t

9L

(D)E AH8-8k

SUHE HMztE 3D 2HE HolH
. 3D modeling Data Created by Blender

JE' 7. 3D Z2IE{ Adventure 32 £2f ZIlE
Fig. 7. 3D printer Adventure 3 and Output Result



3229 W

eI EDS 283
oA #F3 ARl o
o} ojuf & ge] Akxl
Lo ARIE] = BRG] B3 Aaks el wet o
2X9 3319 U7 E ARE AAskE A= UE 99
ARRle] # 4 27 o E A3l ok gt [8]

¥ 2= gEHel ¥y v E] 7w 3D B 5 AXE
o191 AgisoftAlellA] Al F8h= 3D Bl #f 7jo]=olt], &
T UES AR 29 W3 s (Resolution), ©71A] &
2l(Format)-> 714 0.2 AA =] o1t A2=Q1 #ed Hho|
o3l FEEEHA AN vt fick o) TR ARE S
ANES Bk XEIHHESD] 7]% 54 7118t

N

E 2. AgisoftAloflAl HMAlsk= 3D BE & Jl0|=
Table 2. 3D model Filming Guide Presented by Agisoft

Required Recommended Value
Resolution 5 MPix or more
Lens 50mm focal length
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Number of photos than not enough
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Table 3. Photographing Angle, Derived Image, and
Reconstruction Time by Camera Position
Horizontal Vertical angle Number of Reconstruction
angle interval interval photos Time
10° 360 960 sec
15° 252 673 sec
Entry—1
(10°) .
30 144 372 sec
45° 108 330 sec
10° 180 430 sec
15° 126 352 sec
Entry—2
(20%) .
30 72 231 sec
45° 54 172 sec
10° 120 335 sec
15° 84 257 sec
Entry-3
(30°) .
30 48 125 sec
45° 36 104 sec
10° 90 265 sec
15° 63 134 sec
Entry—4
(40°) .
30 36 104 sec
45° 27 80 sec
10° 60 132 sec
15° 42 112 sec
Entry—5
(60°) .
30 24 79 sec
45° 18 70 sec
10° 40 110 sec
15° 28 82 sec
Entry—6
(90°) .
30 16 68 sec
45° 12 61 sec
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Fig. 8. Analysis using Cloudcompare
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Table 6. Analysis Result by Mean Distance

No Horizontal Vertical VEan DisEnee
angle angle

1 10° 30° 0.000029
2 30° 15° 0.00003
3 30° 45° 0.000107
4 10° 10° 0.000157
5 10° 15° 0.000213
6 30° 10° 0.000284
7 20° 15° 0.000348
8 20° 10° 0.000425
9 20° 30° 0.00079
10 60° 10° 0.000892
11 90° 15° 0.000894
12 20° 45° 0.001072
13 60° 15° 0.00141
14 10° 45° 0.001677
15 30° 30° 0.002053
16 45° 15° 0.002269
17 45° 30° 0.003308
18 45° 45° 0.004006
19 90° 10° 0.004544
20 60° 30° 0.004894
21 90° 30° 0.006073
22 45° 10° 0.006485
23 90° 45° 0.006844
24 60° 45° 0.007675
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Table 4. 3D model Reconstruction Result by Angle
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Table 5. C2M comparison results
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Entry

Reference mesh

Vertical angle interval 10°

Vertical angle interval 15°

Vertical angle interval 30°

Vertical angle interval 45°

1 A ' B
4\ \ ,,// AN
A\ SIS <A SR S
mean 0.000157 0.000213 0.000029 0.001677
Std.dev. 0.000732 0.005658 0.015469 0.062545
2 1\
2\ yZ N L / ‘\\
mean 0.000425 0.000348 0.000790 0.001072
Std.dev. 0.024074 0.036711 0.023991 0.040009
3 | I\ f
\ /’ \ // -/\_ .
mean 0.000284 0.000030 0.002053 0.000107
Std.dev. 0.020276 0.017825 0.026196 0.030221
4
T N 4\ 3 /\::
mean 0.006485 0.002269 0.003308 0.004006
Std.dev. 0.070700 0.028086 0.048428 0.051508
5 B
.\ /BN
% \ o\
mean 0.000892 0.001410 0.004894 0.007675
Std.dev. 0.024999 0.011535 0.036476 0.045232
6
! P Nl )7 N \
mean 0.004544 0.000894 0.006073 0.006844
Std.dev. 0.174983 0.043620 0.058982 0.058827
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Table 7. Analysis Result by Standard Deviation

No Ho;inz;r;tal Vae:]tgi(l:sl Standard Deviation

1 10° 10° 0.000732

2 10° 15° 0.005658

3 60° 15° 0.011535

4 10° 30° 0.015469

5 30° 15° 0.017825

6 30° 10° 0.020276

7 20° 30° 0.023991

8 20° 10° 0.024074

9 60° 10° 0.024999

10 30° 30° 0.026196

11 45° 15° 0.028086

12 30° 45° 0.030221

13 60° 30° 0.036476

14 20° 15° 0.036711

15 20° 45° 0.040009

16 90° 15° 0.04362

17 60° 45° 0.045232

18 45° 30° 0.048428

19 45° 45° 0.051508

20 90° 45° 0.058827

21 90° 30° 0.058982

22 10° 45° 0.062545

23 45° 10° 0.0707

24 90° 10° 0.174983
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