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Abstract

The article presents the possibilities of using a video camera to create a 3D metric model of engineering objects using Agisof
and CloudCompare software. Traditional photogrammetry technigque does not always match up with production urgency neede
by the market. Complexity is seen when used in huge objects leading to rise of cost, time and tediousness of the work. The us
of Video Camera technique here termed as videogrammetry technique is comparable to taking pictures, however, it allows t
speed up the process of obtaining data, which in many cases is a key element in anyb any project or research.

7KH DQDO\VLY RI WKH TXDOLW\ RI ' PRGHOOLQJ RI WKH WKUHH ¢OPHG RE
the procedure for acquiring images for spatial analyses. The applied technique of “videogrammetry” is comparable to taking
SLFWXUHV EXW DOORZV WKH GDWD DFTXLVLWLRQ SURFHVV WR VSHHG XS
videos from no-metric camera were processed by Agisoft Metashape. To be able to assess the accuracy of the videogramme
data, a well-established Laser scanner technique’s data was used for comparison. The laser scanner data were pre-proces
in Autodesk Recap. Manual registration was performed utilizing 14 points from the three scans. The two 3D models were
exported to CloudCompare software for comparison and further analysis. An analysis of the quality of 3D modelling of the
WKUHH REMHFWV (OPHG ZDV SHUIRUPHG ZKLFK DOORZHG UH¢{QLQJ WKH SU
presents the possibilities of using a non-metric mobile phone video camera “videogrammetry” to create a metric 3D model of
engineering objects using Agisoft and CloudCompare software.

,Q &ORXG&RPSDUH D UHJLVWUDWLRQ FORXG WR FORXG & & DQG-SUR¢C
certainty of the 3D model produced from videogrammetry data determined as distance of separation between the two model:
Results show average distance of separation between laser scanner and videogrammetry derived 3D model point cloud to |

FP WKH DYHUDJH SUR{OH VHSDUDWLRQ ZDV FP LQ ;< SODQH DQG FP
GLUHUHQFH RI FP ZzDV GHWHUPLQHG

WYKORZYSTANIE KAMERY WIDEO DO STWORZENIA METRYCZNEGO
02'(/8 ' 2%,(.71: ,1)<1,(56.,&+

6ARZD NOXFRREZHD ' NDPHUD YLGHR RELHNW\ LQ*\QLHUVNLH ZLGHRJUDPHYV

$EVWUDNW

$UWINXa SUJHGVWDZLD PR*OLZR FL Z\NRUJ\VWDQLD NDPHU\ ZLGHR GR VWZRU]I
X*\FLX RSURJUDPRZDQLD $JLVRIW L &ORXG&RPSDUH 7UDG\F\MQD proddke&iQLND |
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SRWU]JHEQHM QD U\QNX =4R*RQR U MHVW ZLGRF]QD Z SUJ\SDGNX GX*\FK RELHN
SUDF\ =DVWRVRZDQLH WHFKQLNL 9LGHR &DPHUD ]ZDQHM WX ZLGHRJUDPHWU!|
SUJ\WSLHV]\ii SURFHV SR]\WWNLZDQLD GDQ\FK NWyUH Z ZLHOX SUJ]\SDGNDFK V N

'\NRQDQR DQDOL] MDNR FL PRGHORZDQLD ' V/,OPRZDQ\FK WU]JHFK RELH
SR]\WNLZDQLD JREUD]RZD GR DQDOL] SUJHVWU]JHQQ\FK =DVWRVRZDQD WHF
Q\ZDQLD ]GM ii MHGQDN SR]ZDOD SUJ\WSLHV]\ii SURFHV SR]\WNLZDQLD GDQ\F
Z\P Z EDGDQLDFK WHUHQRZ\FK )LOP\ ] RELHNWDPL '] NDPHU\ QLHPHWU\F]Q}
$E\ PyF RFHQLU GRNA4DGQR ii GDQ\FK ZLGHRJUDPHWU\F]Q\FK GR SRUyZQDQL
VHURZHJR 'DQH VNDQHUD ODVHURZHJR JRVWDA&\ ZVW SQLH SUJHWZRU]JRQH Z
SUJHSURZDG]RQD ] Z\NRU]\VWDQLHP SXQNWyZ ] WUJHFK VNDQyYZ 'ZD PRGHC
QLD &ORXG&RPSDUH Z FHOX SRUYyZQDQLD L GDOV]HM DQDOL]\ 3UJHSURZDG]R
RELHNWyYZ FR SR]JZROLA4AR GRSUDFRZDiU SURFHGXU SR]J\WWNLZDQLD REUD]yZ ¢
PR*OLZR FL Z\NRU]\VWDQLD AZLGHRJUDPHWULL" QLHPHWU\F]QHM NDPHU\ ZLG
PRGHOX ' RELHNWyYZ LQ*\QLHUVNLFK SU]\ X*\FLX RSURJUDPRZDQLD $JLVRIW

: &ORXG&RPSDUH SUJHSURZDG]JRQR UHMHVWUDFM FKPXU GR FKPXU\ & &
SHZQR FL PRGHOX ' XWZRUJRQHJR | GDQ\FK ZLGHRJUDPHWULL RNUH ORQ\FK
\QLNL SRND]XM *H UHGQLD RGOHJ4R ii VHSDUDFML PL G]\ VNDQHUHP ODVH
GHRJUDPHWULL Z\QRVL FP UHGQLD VHSDUDFMD SUR¢,OL Z\QRVL4D FP Z .
&ORXG WR &ORXG 3&9 RNUH ORQR UHGQL Uy*QLF FP

1. INTRODUCTION REMHFWV DUH WRWDOO\ LQDFFHVVI
mazb. M 2008).

Creation of the 3D objects is an area of broad ap | aser scanning-based surveying techniques are ac-
plication at least in all the engineering and related discompanied with relatively expensive hardware and
ciplines in this industrialized world. The duplicationof WKHUH DUH GLVFXOWLHV LQ H[WUDF)
the engineering objects, architectural designs, mMiNNgFRPHYV WR LQGLVWLQFW GDWD FORXC
inventories and monitoring, terrain assessment for con  close Range Photogrammetry employs a technique
struction and erosion studies are some of the key areg§ compute coordinates at every less than ten millime
where more research for the creation of accurate 3Dy UHV GLVWDQFH WR UHGH¢QH WKH F

models highlight their importance. zine representation of the related object.
The correctness of the surface representation de

SHQGY RQ WKH QXPEHU RI FHUWDL? 'L.H . <=FRRUGLQDWH

points, point distributions and interpolation methods.z' LITERATURE REVIEW

Undoubtedly, convenient distribution and much more

points provide better representation of the surface.

However, much more points means much more time Photogrammetry techniques allow to convert imag

and higher costs. Sometimes obtaining geodetic pointss of an object into a 3D model. Using a digital camera

can be risky or even impossible. For this reason, surfaceith known characteristic (lens focal length, imager

can'’t be represented or can be represented incorrectlgize and number of pixels), you need a minimum of
Convectional surveying techniques have been witwo pictures of an object. If you can indicate the same

dely used to determine shape and surfaces of the ethree object points in the two images and you can in

gineering objects. The use of these techniques doesrdicate a known dimension you can determine other 3D

give a very good representation of the real surface gpoints in the images (Atkinson B., 1996; Cooper R. and

WKH REMHFW 7KH VPRRWKQHYV VRébsoWWXK, HIIBH avigbh&., YW D.SH LV DO

ways associated with how close the measured points Digital close range photogrammetry is a technique

are and what interpolation technique is applied. If thefor accurate measuring objects directly from photo

required object is huge and complex it will be muchgraphs or digital images captured with a camera at close

work-consuming and the task will be almost impossi UDQJH OXOWLSOH RYHUODSSLQJ LP|

ble. The case is worse in the risky areas and sometimest perspectives, produce measurements that can be

&0ORVH UDQJH SKRWRJUDPPHWU\ \
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used to create accurate 3D models of objects. Knowingvith production urgency needed to the market. €om
the position of the camera is not necessary because tipéexity of the technique arises when dealing with huge
geometry of the object is established directly from theobjects leading to rise of cost and tediousness of the
LPDJHV <DNDUD + DQG <LOPD]EwOrk. Capturing hundreds of individual photos can
Object point reconstruction in close range photo take hours or days and requires extensive training in
grammetry is often associated with a simple famoughe software. It also has to make adjustments manu
device called the “pinhole camera”. Close range photoally in dealing with the percentage of overlap, ground
grammetry is able to get three dimensional (3D) data ofample distance, and photo resolution. Although close
an object from images similar to triangulation conven range photogrammetry-based software expanded the
tional survey technigues. It is based on the intersectionse of 3D modelling throughout many industries, still
between two or more optical rays (redundancy) calledt is complex, painstaking, and therefore its use has been
colliniality straight lines in photogrammetric terminol relatively limited.
ogy. Interior orientations establish the geometricchar  Video camera technique provides much more data
acteristics of a bundle of rays, the Exterior OrientationsWKDQ SKRWRV +RVVDP ) TKH'Y
establishes its position and orientation with respect t@re naturally shot in sequence, provide much more
the object space coordinates system (Chen Q., 2009)sable data than still photographs taken individual
(Abdel I. and Karara M., 1976) proposed a simplely. From a recording perspective, the entire process is
method for close range photogrammetric data reductiomuch faster, because speed to record video is faster than
with non- metric cameras; it establishes the Direct Lineataking individual photographs of the same engineering
Transformation (DLT) between the two-dimensional co object hence saving time in capturing the scene. Data
ordinates, and the corresponding object — space eoordtapturing to processing of the 3D model takes relatively
nates. The Direct Linear Transformation (DLT) betweenless time compared to close range photogrammetry of
D SRLQW ; < = LQ WKH REMHFW té&damélompe@tCandwhy résiits ackig Ropearl.ogdrer
image space coordinates (X, y) can be established by thlean photogrammetry-based models. It means that it
linear fractional equations. This has been one oftheearlfyWDNHYVY OHVYVY WLPH HuRUW D-QG OH
studies to simplify the complex task paused in the neeting a model, and moving on for further works.
to calibrate the non-metric cameras when a person wants
to use close range photogrammetry technique.
With the current state of development and the pro4- METHODOLOGY
!oosed t.echnology for the use of non-mgtrlc camera, it ODWHULDOV
is possible to carry out photogrammetric works with
satisfactory accuracy in a particular way (Ersilia O.  The moving mobile phone iphone 8 plus camera was
et al, 2016). In close range photogrammetry in-par used to record the movie (table.1). Faro Focus 3P Ter
ticular surveying and architectural works in surveyingrestrial Laser Scanner was used for 3D laser scanning of
facades, completing the established demands with accthe tunnel (table.2). Point makers and targets on objects
racy at lower cost (Barnardo R. et al., 2008). Currentlywvere used for alignment and registration of photos. Agi
non-metric cameras are used even in cadastral survegoft Metashape Professional, and CloudCompare Soft
ing studies (Catur A., et al. 2019) ware were the major software used for processing. See
This paper deploys and gives procedures for 3DWDE OH IRU HTXLSPHQW VSHFL¢F:
modelling of engineering objects by using non metric
video cameras (videc_)grammetry) instead of photos with OHWKRGV
the application of Agisoft and CloudCompare software.
This section shows procedures from 3D object video
3. RESEARCH PROBLEM AND METHOD acquisition, process?ng Fo producing the 3D objgct mo-
dels from Non-metric Video Camera. To examine the
3D shape reconstruction by close range photogramusefulness of the video camera as simple, fast and lower
metry takes much time, human resources, higher excost equipment; the point cloud model of a tunnel cre
penses and risk in some areas but still do not match ugted by non-metric video camera in Agisoft Metashape
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Tab.1. 9LGHR &DPHUD VSHFL{FDWLRQ Tab.2./DVHU 6FDQQHU VSHFL;{FDWLRQ
Tab.1. 6SHF\( NDFMD NDPHU\ YLGHR Tab.2. 6SHF\(NDFMD VNDQHUD

IPHONE 8 PLUS VIDEO MODEL FARO FOCUS 3D x 130
MODEL CAMERA
Technology Phase Shift
Technology A11 Bionic chip, Neural Engine Scan rate < 976,000 points/sec
Camera Stability Continuous autofocus video -
Scan density <1 mm
Resolution 12Mega Pixel with up to 6x zooming Error PP # P
Scan Rate Optical image stabilization for videp N
P 9 Range P # UHAHFWDQF\
4K video recording at 24 fps, 30 fps
or 60 fos g ps, S0P 0.6 mm @10m @90%
UHAHFWDQF\
1080p HD video recording at 30 fps @122,000 points/second

or 60 fps

Beam Diameter| 3 mm @exit
720p HD video recording at 30 fps

Weight .J
Slo-mo video supprt for 1080p at 1200 - -
fps or 240 fps Dimensions 240 x 200 x 100 mm
CameraLens | Wide:f/1.8 aperture ) )
Telephotof/2.8 aperture Photo alignment was done on Agisoft Metashape
Weight 202 Grams Software to produce object surface continuation fol

lowed by 3D Points cloud, mesh, textured, solid model
creation and Normal construction by Agisoft Metashape
and Autodesk Recap Software. All the model analyses
was compared by the point cloud model created by Lawere done in CloudCompare Software.

ser Scanner of the same object (tunnel) in CloudCom  Agisoft Metashape uses a well implemented algo
pare software. The video recorded was converted intoithm to analyse each input image for special features
photographs by utilizing the capabilities of VLC soft in order to create relation between images of the entire
ware refer diagram 1. VLC was used to cover a-missscene. Photogrammetric operations like bundle adjust
ing function in Agisoft Photoscan versionl.3 that wasment are used to solve the inner and outer orientations
prepared to be used in this project. However later on ito each camera, reconstructing their spatial orientation
was updated to Agisoft Metashape which has this-functo each other. Once the camera alignment is solved then
tion, so this step can be done straight within Agisofta dense cloud and a textured 3D model of the captured

Dimensions PR 78.1 mm x PP

Metashape in the future exercises. VFHQH FDQ EH FRPSXWHG DQG H[SRU!'
TOOLS |»| SETALL __»{ VIDEO [—»| FILTERS » SCENE
\
»| FRAME/IMAGE EXTRACTIONS PLAY VIDEO

'L D J U DPHowchart for photo extraction from videos
6FKHPDBWKHPDW EORNRZ\ GR HNVWUDNFML JGM U ] ¢OPyZ
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'L D J U D@omplete applied Methodology Flow Chart Diagram
6 F K H P 3tMemat blokowy zastosowanej kompletnej metodyki

OD] ¢OH IRUPDWYV $JLVRIW OHWD™
6HH GLDJUDPV DQG |IRU ARZFf .
ation by Agisoft Metashape Professional and analysigss

in CloudCompare software.

5. EXPERIMENTAL APPLICATIONS
AND RESULTS

Before the targeted object of the study, two more:
objects were used to experiment the possibility of ereat$ '
ing 3D model using non metric camera by Videogram-:
metry technique in Agisoft Metashape, refer experi
PHQWYV

Experiment 1

7KLV REMHFW ZDV FKRVHQ GX
ers to simplify automatic alignment by the software.

A 3D object (photo 1 and 2) made of metal at the
campus of AGH University of Science Technology,
was tested. A video was taken by a moving camera i
two rounds revolving the object of interest and it took
6.26 minutes.

Using VLC software the video was converted into
418 photos obtained with resolution of 1920*1088 at 3 K R WHRperiment 1Front View
24fps at a recording ratio of 20. Fot. 1.Eksperyment 1: widok z przodu
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3 K R WHRperiment 1:

Fot. 2. (NVSHU\P
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Back View

HQW ZLGRN ] W\aXx

Tools Help
O aa4 S-H-O=d - @-HE-u
ax M

smtude (m S
206501245
206501245
206501245
206301245
6501245
2063501245
206301245
26501245
206301245
206501245 o

>

Axitude (m)

Ptz

CXEEYS

NARNAMEAAERE S&Ees

B

i
»
s
3

Point Cloud Model

» L1 EJ
< i - a s B e
ST - SRS 7 .
. - = &
5| [
Emor (m)
ING_5001 G500 ING_5003 MG_5004 G_S005 INGG_5005 MG_S00T 1M5_5008 MG 5009 MG_5010

This model reconstructed only three faces out of six,
refer photo 3. The back three faces couldn't be created
PD\ EH GXH WR OLJKW UD\V LQWHUIHL
surfaces from the cars parking in this direction.

Experiment 2

This experiment was conducted to test the applica
bility of the technique to a bigger engineering object.
The emphasis was still on the use of automatic align
PHQW WRZDUGY FUHDWLRQ RI GLUHU|
A hill located within AGH Campus between the
swimming pool building and the University Hospi
tal was used, refer photo 4. Black and white printed
paper marks were placed randomly upward the hill.
A video was taken by a moving camera in two rounds
UHYROYLQJ WKH KLOO DQG LW WRRN
using the same techniques as in experiment 15 a to
tal of 1362 photos were obtained. All the photos were
successfully aligned and reconstructed and a point
FORXG ZLWK SRLQWV ZDV XV
creation.

ax

~

i
L\
IMGS01T  IMG_S012

HQW FKPXUD SXQNWyZ PRGHOX
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3 K R WQRoud of corridor points obtained from laser scanning
Fot. 5. 8 KPXUD SXQNWyZ NRU\WDU]D X]\VNDQD ]H VNDQLQJX ODVHURZHJR
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3 K R WMRdeo camera point cloud 3D Model in Agisoft window
JRW &KPXUD SXQNWyZ ] NDPHU\ ZLGHR + PRGHO ' Z RNQLH $JLVRIW

Experiment 3 Experiment 3(a). Laser scanning to create point cloud
of the same area of the tunnel was done by occupying

This was the main experiment carried out to collect X ) ) .
data for 3D model comparison between laser Scannépurstatlons ensuring proper overlapping of the adjacent

and videogrammetry. The 3D model from videogram VF D QV UHIHU S K R W_R $0 D_V H U VFDC
metry was created by Agisoft Metashape while the 3p34 minutes. Laser scanning point clouds registration

model from Laser scanner was created by Audesk ReVereé done in Autodesk Recap software producing tun

cap.Thecomparisonofthe'[W03DmodelswasdoneQHO SRLQW FORXGV ZLWK D WRWDO

in CloudCompare. model creation with a total of 14 check points.

An underground tunnel used by the faculty of Min Laser scanner point cloud data were exported to
ing Surveying and Environmental Engineering of the S« ORXG&RPSDUH LQ DQ H IRUPDW IR
AGH-University of Science and Technology for train @nd analysis. The tie point picking method was used to
ing was used. A total length of about 72m with @ sih UHJLVWHU WKH WZR GLUHUHQW PRGH
gle minor branch was used. The tunnel is marked witHerent analyses were done, so that cloud to mesh and
several special targets and markers placed randomly ifesh to mesh comparison could be performed, but for
all of the four surfaces of the entire tunnel. The videcthis report a cloud to cloud distance of separation, pro
camera and 3D Laser Scanner were used to create 3pOH DQG 3&9 VWDWLVWLFDO DQDO\VI
model of the tunnel and compared to assess accuracy of Experiment 3(b). A video was taken by a non-metric
the Video cameras derived models against the well-esmoving camera in two rounds covering the entire tun
tablished laser scanner surveying technique. nel and it took 10.39 minutes. From video using same
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3 K R WARpoint cloud 3D model in CloudCompare window
JRWORGHO ' FKPXU\ SXQNWyZ Z RNQLH &ORXG&RPSDUH

WHFKQLTXHY DV LQ H[SHULPHQW As the GERIGohQar&k doesn’t ImKdRe units, some
tos were extracted at 24 frames per second. In Agisofinalyses were done to observe relationship between real
OHWDVKDSH SKRWRV ZHUH V RDP Bhjtut Yol ks@d@respodding QistaBeds Qriz3D model.
the model reconstructed, which is 99.8% refer photo 6Distances were measured by a ruler on the real 3D object
$ PRGHO ZDV UHFRQVWUXFW H Gand tahikated/ &y &ihBt e Ristance units obtained from
points of a 3D point cloud, refer photo 7. the 3D model to obtain the scale/relationship of units.

Tab. 3. Distances measured on a 3D object against same
5(68/76 $1%$/<6,6 $1' ',6&86 6, distances on 3D model
Tab.3.2GOHJaR FL UJHF]J\ZLVWH Z VWRVXQ
3D objects videos from a non-metric camera werena modelach 3D

processed by Agisoft Metashape. The laser scanner data

were processed in Autodesk Recap. Manual registration « | v, p QH_—,}{W DQFHIRQWDQFH RO IS,
was performed utilizing 14 points from the three scans, object PRGHO

Two 3D models were exported to CloudCompare-soft 1 100 cm 44.60 Units 0.444
ware for comparison and further analysis. As the Ter 2 FP 34.80 Units 0.464
restrial Laser Scanning is a well-established method in— 5 Fp 16.00 Units 0.477
surveying, it was used as a reference for comparison 4 18 om 8.18 Units

with the 3D model created by the new technique; vid i

eogrammetry. Scale = (Distance on 3D model) / (Distance on 3D object)
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Tab. 4.Cloud to Cloud separation distance statistics (Implicit 7TDEOH &ORXG WR &0ORXG -3&9 JLY

Units) ence of 42 Implicit Units equals to 84 cm, it shows point
Tab. 4. 6WDW\VW\ND RGOHJ4R FL PL GIF GKRXWHPLQWHOYRWW MY GLUHUHQFH |
niejawne) point as a function of their relative depth and provide

good relief to the micro-geometry.
The PCV algorithm (inspired from ShadeVis) issim
ulating the ,natural’ illumination of the scene as if there
were spotlights sampled all over hence a cloud lying
at the centre (Sikos, L., 2016). It was used to compare
the quality of clouds from scanner and videogrammetry.
The technique relies upon light theories and hence light
UHAHFWDQFH SOD\V D ELJ UROH LQ
YLGHR DQG SKRWRV 7KH LQWHUIHUH(
from nearby or background surface will hinder quality
of the photos. In experiment 1 the rear side of the metal
object was not reconstructed. This may be a result of the
The average scale obtained was found to be 0.46, refet QW HUIHUHQFH Rl WKH OLJKW UHAHFYV
table 3. surfaces behind the target object. The study suggests that
In CloudCompare a cloud to cloud (C2C) analysiswasGXOO VXUIDFH REMHFWY DUH EHWWH
performed to determine the distance of separation betweetihe placement of markers on the target object helps the
the two models (photo 8). Table 4. and Photo 7 show thé\gisoft software to make automatic alignment easier
average distance of separation between laser scanner aadd model reconstruction even more correct.
video 3D model point cloud to be 17 Implicit Units which B3UR¢{OH FRPSDULVRQ $ ORQJLWXC
equals to 34 cm, refer average scale in table 3. x-axis through a noted markers on the back wall for

3 K R WIRstance Separation analysis between models on CloudCompare (Implicit Units)
Fot.8.$QDOL]D RGOHJAR FL PL G]\ PRGHODPL Z &0ORXG&RPSDUH MHGQRVWNL Q
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Tab.5. 8ORXG WR &0ORXG 3&9 GLUHUHQFH &PBRALFE6WEIGLWYV
Tab. 5. 5y*QLFD 3&9 PL G]\ FKPXU D FKPXU MHGQRVWNL

niejawne)

In this industrialized world, the engineering tech
nigues to reconstruct 3D models become of more im
portance. The quest to produce, reproduce, visualize
and analyse within 3D models of environment plays
a big role in engineering projects design, implementa
tion, control and monitoring.

LWK WKH IXWXUH RI HQJLQHHULG
Intelligence, the sophisticated means for creation of 3D
models of engineering objects bring even more sense.
The evolution of 3D printers is one of the examples for
such need.

The development in science and technology can
VHUYH LQWR VLPSOHU IDVWHU DQG
of creating 3D models of engineering objects. The use

both Laser Scanner and Videogrammetry cloud datgf cheap equipment like cameras and cheaper resources
were produced. Analysis of the average deviation bejjke Agisoft Metadata Professional demo, CloudGom

WZHHQ WKH WZR SUR(OHV ZDV GRGRM bNidsttyRe iddRéa@yVV SUR

GXFLQJ D PHDQ RI
= SODQH UHIHU SKRWRYV

&P LQ ; < SOBHR kesliQdaggest Videole&neras, VLC or another
7 K Hyid&d frame \grabWék Ryfdofy NdRa@alth Ptdfdd$onal and

was 0.46 as approximated from table 3. to give-stanCloudCompare can be used to make 3D models within
dard units from CloudCompare analysis. This can bégew minutes with just smartphones producing a relative
considered as a satisfactory result, allowing for the im accuracy of 34 cm. It no longer requires extensive-train
provement of the proposed technique towards quickng, time, or resources to process it.

geometric inspections, especially in places inaccessible 'LuUHUHQW IRUPV VWDWHYVY Rl WKH

for precise measurements.

pared and registered (photo 9). The computation ef dis

3 K R WMRleogrammetry — Laser scanner clouds registration
JRW :SDVRZDQLH FKPXU SXQNWyZ ] ZLGHRJUDPHWULL L VNDQLQJX ODVHURZ
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SKRWRLGHRJUDPPHWU\ =+ /DVHU VFDQQHU FORXGV SUR¢{OH FRPSDULVRQ
Fot. 10.5y*QLFH SRAR*HQLD SUR¢{OL SR]JLRP\FK X]\WWVNDQ\FK ] ZLGHRJUDPHWULL L

tance from one cloud point to another cloud point, ASP/L_JISymposium on Close-Range Photogrammetry, Urba
WKHLU VHSDUDWLRQ UHVFDOLQJHiwRpPOIHIBFRPSDULVR SURMHF

tion to the intended coordinate system referencing tg- APde! I, (1573)"Lens Distortion and Close RangeCivil

he set of control points and segmentations of the point Engineering studies, Cairo University, Cairo, Egypt, Proceed

t p 9 Nepoint 1 535v RI WKH 3KRWRJUDPPHWULF HQJLQH!
cloud were possible (photo 10). Further studies give gyEDQD ,00LQRLV SS +
WKH SRVVLELOLW\ RI ¢QGLQJ YROKXIIH®R | “Wyknhettitdt e QisvoMibkl it d-H G
model in the point cloud, mesh/wireframe and solid gineering studies, Cairo University, Cairo, Egypt, Proeeed

models either by a closed model or by segmenting at LQJV RI WKH 3KRWRJUDPPHWULF HQJLQH

a cross section point of interest. (pp. 337-340).

Th d . d simolicity of vid 4. Agisoft Metashape — Case studies. (20132 feconstrue
€ Speed, convenience, and SImplCIy Of VIABO o ot 4 chyrch for conservation of the culture heritage.

FDPHUD PHDQ WKDW WKLV WHFKQRORbDIb V3 Piishind M&ildragih Risbht
compared to photogrammetry in making 3D modelling  Buildings: A Case StudySurvey Review, 43, 323 pp. 484-492.
available for all. 6. Bernado R. Et al., (2008)E%perience Using Non Metric

:LWK GLUHUHQW WRROV DQG W frp«a InTPRapyanymety Ipfematompicarapiygs of

captured within minutes without halting any activity on ~ Photogrammetry: Remote Sensing and Spatial Information
6FLHQFH 9RO ;;;9,, SDUW % %HLMLQJ

_the site. It can re_dF‘C? time spent_ n gather_mg data ang Catur A,, Et al. (2019).Study of Non Metric Cameras to Be
increase productivity in commercial operations. Used In Cadastral SurveyingMinistry of Research, Teeh
nology and Higher Education, Indonesia.
&KHQ 4 *DUEDWRY < “AdMohGaid\Ap&
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