[ DOI: 10.29252/jra.5.2.131 |

Downloaded from jra-tabriziau.ir at 7:11 +0430 on Tuesday July 14th 2020

Journal of Research on Archaeometry, 2019; 5 (2):131-147

DOI: 10.29252/jra.5.1.131 URL: https:/ /jra-tabtiziau.ir/

Original Paper

Validation of Infrared Scanner by the Assistance
of Geomatic Documentation of the Historical Building of
Etemad al-Saltanah

Mohammad Sadegh Taher Tolou Del’, Sina Kamali Tabrizi**

! Associate Professor as a Member of Architecture Group, Shahid Rajaee Teacher Training University,
Tehran, IRAN
2 Ph.D Candidate of Architectural Engineering, Shahid Rajaee Teacher Training University, Tehran, IRAN

Received: 04/09/2019 Accepted: 24/11/2019

Abstract

Since the historical buildings undergo a lot of changes and damages in the course of history, they
are required to be documented. These changes might come about as a result of natural symptoms
like rainfall, wind, earthquake, flood, explosion and/or by human beings (consciously or
unconsciously). Therefore, efforts should be made in line with 3D documenting such buildings so
that, besides precise identification of the buildings’ current status and the damages imposed to them
during the time, the future changes and damages’ trends could be predicted, so enables us to
prevent their continuation. The documentation system is selected according to the dimensions of
the object, the density of the required point clouds and accuracy. Regarding that the current
methods for laser-based or photography-based (photogrammetry) 3D reconstruction are expensive
or complex, cost-effective infrared sensors, such as the structure sensor and the Kinect sensor,
have been introduced as promising alternative tools. An infrared scanner, as a portable depth-
sensing scanner, consists of a color sensor and a depth sensor that are capable of capturing color
images and depths of objects in the visible and accessible range. These sensors are commonly
referred to as RGB-D cameras because they output standard RGB images from the camera that
have an additional Depth channel per pixel (Fig. 2). The most recent development of the infrared
documentation system is the portable Structural Sensor provided by Occipital in collaboration with
Prime Sense. This small, lightweight, wireless sensor directly collects and records point clouds data
and create three-dimensional modeling of interiors. Structure sensor is a new technology in metric
documentation; therefore, the capabilities of this system have not been evaluated for documenting
cultural heritage. According to the error introduced for the structure sensor, the scanner has a
precision of more than 99% in objects between 0.4 and 3.5 meters; therefore, it is suitable for
heritage documentation. The main purpose of this research is, therefore, to verify this claim based
on projects captured through experimental tests, in order to confirm the suitability of this tool for
cultural heritage documentation. The historical house of Etemad al-Saltanah was documented (Fig.
8) and processed to experimentally examine the structure sensor, the results of which were
compared with the actual dimensions of the house (Table 4). Results of the research showed that
this system of documentation is not suitable for 3D capturing and reconstructing historical
buildings and does not have the required and claimed level of precision (Table 5). Also, the
structure sensor precision was assessed for documenting museum objects through testing the scale
model of Imam Mosque in Isfahan, Iran (Fig. 11). Results (Table 6) indicate that the structure
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sensor is only suitable for historical objects with dimensions between 0.3 and 2 meters, and has a
precision of more than 95%, which is acceptable according to the Cadastral spatial information
regulation. The number of point clouds varies between 103 and 10¢ points in each capture (Fig. 12)
and the capture dimensions ate achievable considering a root-mean-squate error up to 5 m?,
beyond which is higher than the capability of the scanner. Pearson correlation test showed
increasing errors of the scanner with enlarged sizes of objects (Table 3).
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Table 1: Critical Factors and Properties for Choosing the Right Documentation System
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The precision of a sensor affects the fidelity of the final model [9]. Quality has a direct relationship
with the resolution and accuracy of the scanned point clouds.

Resolution. Referring to spacing of the samples.

Accuracy. Referring to the statistical variations among repeated measurements of a known value

[10].
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hundred dollars while a Breuckmann smart SCAN 3D-HE costs tens-of-thousands of Euro. Since
the budget of digital preservation missions can be limited it is an important issue to consider [9].
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Fig. 1: Point Clouds Systems and Subject Dimensions [13]
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Fig. 3: Structural Sensor Documentation Steps
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Table 2: Actual Dimensions and Scanner Dimensions

(520) yiSaol 51 oelcuwday slasl (o) (godly Slasl sl b1
Scanner Dimensions (m) | Actual Dimensions (m) | Dimensions | Room
3.332 4381 Ve
Wall 1
1.827 2.253 v olgs
Wall 2 \ bl
1762 2,935 Yl Room 1
Wall 3
3.505 4387 ¥ leo
Wall 4
) )l%.)
2.341 2.549
Wall 1
4105 4.403 v oles
Wall 2 Y bl
2.304 2.548 ¥ )lzs | Room?2
Wall 3
4.006 4352 ¥ leo
Wall 4
4207 4.803 Vled
Wall 1
4503 4754 v oles
Wall 2 ¥ ‘51.3"
7.109 8.405 Y )ly'.) Room 3
Wall 3
7.006 8.156 ¥ led
Wall 4
) )l%.)
4.102 4.407
Wall 1
4.206 4504 Y olgs
Wall 2 £ sbl
Room 3
1.906 1.902 ¥ olgs 00
Wall 3
1.508 1.875 ¥ lgs
Wall 4
) )I%J
5305 4.632
Wall 1
5258 4529 v olgs
Wall 2 o &bl
Room 5
2.994 3.326 ¥ led 00
Wall 3
2.894 3253 ¥l
Wall 4



http://jra-tabriziau.ir/article-1-204-fa.html
http://dx.doi.org/10.29252/jra.5.2.131

[ DOI: 10.29252/jra.5.2.131 |

Downloaded from jra-tabriziau.ir at 7:11 +0430 on Tuesday July 14th 2020

. < . . . s
s ) G i (55050 SeS 0y g 48 jaSunl i licl / (50405 SIS g U gglb b ety

Pl Cuila g -
FSel) ()l jomuinn il Ly adsjo (0] 5
by i g iPad 10.5 inch gg, o (fymg b
Soalod Fos jomiw b il 1) () 53 o g)lis b
&3y 1yiPad 10.5 inch 5 olyas &by jupw 5035
by S e e 81> (8 (sl K
ably g9, 1y Skanect 3D Scanning Software
iPad 10.5 65w duw cdls pl 53 5 03,8 Cual ol pods
> L oly—en 4Ly 5 ()l Low ) 9w dnch
A yge (gLudd ) s Wigd o (il Son
by )il jgmins Jlaizjso Ll g9y 5 485,13
Sl Al o oo |y Cud AeSd 9 03,8 (g Sl
2 39290 sldl olod Cuow 4y ol alats Sy 1
sy Sl kbl 55 il e b
P8l 33,5 (0 yiScl dy e 9 03,5 3595
O yamodny Laodly LS o duwlre 1) o (b Célune
Slaiws awia olasw b S as byl
sl B9 oo 035 L) (59 (S (sly S 4yl
Oluaizes sdimd luis Les (0 JSb) sddens bla
ly sl S5 5 diil oo Lad 1> 39350 sludl Lwiin
Skanect 3D Scanning ,38ls, 5 15 WS o CS

ol 4o sadcdil y 5y aillas L Software

4] sl iy 88 (JB) (3 ( SIS s paS
t L, USe 9 lalimg fegd sy
Jobaiedy (8 8> blas ol slaeoly il
dode 9 Sl blaipl Bl oy (g5lwas LSS

] 00 Cusld y bl ol cudnS
Ll Cdd gyl tegw A o
Ly (8lg ool aslio 30 )b 5l acwsb y cds Hbj)
48,3 &0 )bl jguiaw | odel s dlal b
aS WS o Glo Y (b paiss olyybe jo .l
4 a8 Jobs liabl b jemme gl Gyl e
L L g Vemm + 0-ppm ¢y b b Job don
51 ol slal 565 s 5 (655 0j11 /A0

Slosds Chogs (Y Joda) 55 Liolesl )3 sddcaily p
sblad 5 v Sl o oy e sl
Simsod G931 31 ()l jguias Sl (5 S 05l
oo o 5ylol Enlo ) cuwl oud ookl yguw
s 93 Om s (S e gmyny (Siumed
VU =Y e oyt ool e i oo 1y (Solas
(Jol Cuto  Siuwod (slize & €V &S 05 o yuuid
2o Ay €=V g (S wod 39— (ixe 4y KN
S =Soilasl il [46] cowl JolS bie  (Stuson

Cawl Yo 450 SPSS l38le 5 ¢ idgy

L] D.L.uua?uw )Svul)l)leywcuSww UM" ‘59)).345\ wl)).s KA JSwJ

Fig. 5: Scanning 1, indicated on the ground plan, where the scanner is located.
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Fig. 7: One wall selected as the base and the other walls added to the base wall, the main hall being scanned 4 times.
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Fig. 9: Distribution of absolute errors for each room scanned in meters

Table 3: Status of correlation between actual dimensions of walls with absolute error of infrared scanner
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Table 4: Results from a Comparative Comparison of the Actual Dimensions of the House and the Scanner Dimensions
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Table 6: Results from a Comparative Comparison of the Actual Dimensions of the replica and the Scanner Dimensions
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1. Surveying and Spatial Information Regulation.
2017. under the Surveying and Spatial Information
Act 2002

2. In making a survey, a surveyor must measure all
lengths to an accuracy of 10mm + 50 parts per
million or better at a confidence level of 95%.

3. Calculated by Editable Poly Surface
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