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Abstract: This article presents an innovative method of gidiiDAR technology to analyze and measure the oairre
ergonomic conditions of a university classroom. Plepose of this research is to provide a detalealysis of the
working environment and to identify collision pantproposing changes and improvements to meetules and
standards of ergonomic correctness. The outcontieiohnalysis is a 3D model containing detailedimfation about
the current state of the environment. This moded sabsequently utilized to identify ergonomic deficies, which
formed the basis for proposed modifications. Thielaralso discusses the applications of modernAROechnology,
its functions, and accessibility for ordinary uses well as accessibility on individual softwatatforms.

1 Introduction be further studied in applications or worked withda

LIDAR (Light Detection and Ranging) is a remotemodified in CAD/CAM systems [3].
sensing technology that uses pulsed laser lighteasure
distances and create highly detailed and accutatm&ps
of the surrounding environment. The basic principfe
LiDAR involves sending out laser pulses and meaguri
the time it takes for the light to reflect backeaifhitting an
object. By knowing the speed of light and the titrtakes
for the laser to return, the distance to the obgeat be
calculated with high precision [1].

The LiDAR system typically consists of the followin &
components:
1. Laser Source: The device emits short and powerful Figure 1 Point cloud captured by the LIDAR syst&n [

laser pulses, usually in the near-infrared spectrum
2. Scanner and Optics: The laser pulses are directed Professional practical use of LiDAR is versatile in

toward the target area using scanning mirrors andday's advanced age. This technology speeds up and
lenses, allowing the LIDAR sensor to cover a widasimplifies many processes that would otherwise take
field of view. unnecessary time and excessive human effort. This
Photodetector: The sensor measures the intensitytethnology has found application in Topographic
the reflected laser light, capturing the time ot Mapping, Environmental Monitoring, Autonomous
information. Vehicles, Urban Planning, Archaeology and Cultural
GPS Receiver: Integrated with the LIDAR system téleritage, Forensics, and Accident Reconstructig8.[2
obtain accurate geolocation data for each poitién
generated point cloud. 1.1 Overview of selected applications for 3D
Inertial Measurement Unit (IMU): This component scanning of rooms using the LiDAR system
records the orientation and motion of the LIDAR  several room scanning applications were selected fo
sensor, enabling precise spatial alignment of thgjs study. When choosing applications, the focas an
collected data. their usability in interiors, measuring tools, aladt but not
least, on exporting scans to STL, OBJ or otherdypdiles
The characteristics of this method are speed, nofyr surface mesh. Some types such as OBJ contaonhyo

contact, precision, complexity, and simplicity betwork,  export to surface mesh but also texture data 4t paint
which takes place automatically after setting tberact of the scan, which facilitates additional evaluatim
parameters in the device [2]. external applications such as e.g. GOM Inspect @zass,

The output from the scan is the scanned objeEermany), which provide significantly wider optiofe

displayed in the form of point clouds (Figure 1jigh can
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the dimensional and geometric evaluation of scarts aAmong the disadvantages of this application can be
their parts. included the inability of the application to cagturature

Obtained scans or their parts (models of equipmerand the external environment in such a way that the
devices, people, etc.) can be used in environmesigd captured data creates an image and a surface didd he
software, simulation software, architecture, andieot further usable [5].
fields. As part of the research, their use was diate3D
scanning the laboratory, obtaining measures far@mic
evaluation of its suitability, and subsequent eatiin of
the laboratory based on the publication "ArchiteDesta"
publication by the author Ernst Neufert [4].

For research purposes, SiteScape (SiteScape lew.,
York, USA), Scaniverse (Niantic, Inc., San Frangjsc
USA), Canvas (Occipital, Inc., Colorado, USA), Ry
(Polycam, Altadena, USA) and 3D scanner app (Laa
Labs, NewYork, USA) software were used as refereng
software. Table 1 shows the basic parameters of f
selected software.

G R o E

4\
|

Table 1 Summary of selected application parameters Figure 1 3D scan of the room by SiteScape [6]

. Site . 30 112 Scaniverse
Title Scaniverse Canvag PolycamScanner - . .
Scape App Scaniverse is an app from Toolbox Al that is fully
Free compatible with iOS devices only. The devices timate
Demo | Free Free | gcan | Free Free | full support are iPhone 12/13 Pro/Pro Max or fadPro
3750 2020 anq other_devices of hig_her orders. The a_dgalstof
127 2D $6,99/ this application include the ability to scan angithin space
PRO | month Free $%vé’ft 32;2”52/ Free - for example, a room, an object even nature, dwed t
$49,99/ $0.15/ft | year outdoor environment with high accuracy. Another
year advantage of Scaniverse is that the generated saarise
i0S shared with any other devices, where the user @m v
Android | X X X X them through the browser installed on the devidee T
tarior variety of export options is very refined, as medsn be
, further imported into 3D modeling software such as
Exterior | X X Blender, Maya or SolidWorks. It is also possiblénort
Rating | 4.6/5 4.8/5 46/5] 35| 488  3p models into game creation programs such as @nity
Unreal Engine and use them, for example, to crgaee
111 SteScape textures [7§]J. P

SiteScape is one of the most used LiDAR application
It is available for download only for devices witlke iOS 113 canvas

operating system, i.e. iPhone 12/13 Pro, iPhong31Rfo The Canvas application is fully compatible only twit
Max or iPad Pro 2020/2021 from Apple Inc. SiteSocape  gevices from Apple Inc., specifically for iPhone/12
created by SiteScape Inc. The application is cdetde pyo/pro Max devices or for iPad Pro 2020 and other
facilitate work in the fields of construction, engering devices of higher orders. The application is cidiy
and architecture at a professional or amateur.léVekn Occipital, Inc.

scanning, it is possible to choose from two scapnin  This application is mainly used in the professional
methods, the usual method or Multi-scanning. Thenab  sphere, It offers many features, making it idealdesign
scan function simply starts scanning the surroundpace fiyms,  kitchen and bathroom renovators, general
and collecting data until we end the scan with #dpuon  contractors, interior designers, architects anderoth
the display. This scan cannot be interrupted wighdption  engineering industries to work with. Canvas canses to

of continuing data collection later. The multi-so&@  scan 3D models of rooms and floor plans basedamded
function works by gradually creating scans of tteaa we  measurement data after scanning.

are interested in. These scans can be syncedaedCind Among the advantages of this application is that th
after logging into a desktop or laptop computeeythan  gppjication can create a 3D model from the meastméal

be downloaded and then manually assembled andg@danfrom which the measurements of all objects that are
to look like the complex of scanned spaces intiealihis  scanned can then be read. The creators state dheaay
process is accompanied by the help of artifici@lligence  of the measurement with this application to be 3lout it

in the application, which automatically filters dbe noise depends on the precision of the user.

between the scans and helps us merge these st@8én  The created model (Figure 3) can later be opened in
(Figure 2). The application can scan a maximum00ffB2.  AutoCAD and worked with. Export of models is possib
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in formats for CAD and BIM software, SketchUp, Ghie 1.1.5 3D Scanner App

Architect, Autodesk Revit, or 2020 Design progrd@is LiDAR scanning is also possible using the 3D Scanne
Individual scans and models can also be shared aAgdp. This application is only compatible with dezscfrom
explored on any device. Apple Inc. with the iOS operating system, namely fo

iPhone, iPad, and iPod touch with iOS 14.0 andérigind
for Mac with iOS 12.0 and higher. The creator afth
/ application is Laan Labs.

3D Scanner App is designed and developed for 3D and
CAD designers and architects.

Export from this program is possible in severatrfats.
For example OBJ, STL, USDZ, WEB Link, GLTF, GLB,
PCD, PLY, PTS, XYZ, LAS, e57, Sketchfab, DAE and
FBX. It is also possible to send completed scanstiw
Apple iMessage application.

4 2 Methodology of scanning rooms and
Figure 2 3D scan of the room by Canvas [9] objects

Based on the review, four room scanning application
114 Poycam o were selected.
The Polycam application is an application fromAipg Before the actual scanning, there are several sides

Store for iOS devices and is also compatible witll®id  taken to ensure the best possible result. Thegenacire
devices, where it can be downloaded from the Golglg  aimed both at the device used for scanning andet t
Store. For full use of the application's capaleiitiit is scanned environment. Individual steps are shown in
necessary to download the application to a comigatibrigure 4.

device with a LIDAR sensor, specifically for modéism
Apple Inc. iPhone 12/13 Pro/Pro Max or for iPad Pe20

and other higher-end devices or for Android deviaash 1 2
as Samsung Galaxy S10 5G, S20+ and S20 [10]. T DEVICE ENVIRONMENT
application was developed by Polycam. PREPARATION PREPARATION

The application has a simple interface and thegqz®c SOt e e
of obtaining data for the creation of a 3-dimenalanodel + SW update s verification of the physical
can be carried out in two ways. eyt e

« verification of the scannability
. . of the environment (e.g. glossy,
1. Method of recording material: and transparent surfaces)

a. by starting the video,
b. by gradually creating photos (photogrammetry).

2. In-depth data collection method: 4 3

a. using LIDAR,

b. without using LIiDAR.

MEASUREMENT AND SCANNING

The speed of data generation is indicated by il R ——
manufacturer at 42 ## min. After finishing data e i
processing, it is possible to view the model diyeirt the « quality control of scans
application.

The advantage of this application is the abilitgteate
plans as images that can be shared between multiple
devices at will. The accuracy of this applica_tisrgiven by As soon as th&iteScape application is turned on, it
the creators at 3 cm. A big advantage is also thet gisplays the activated camera, settings buttorm start,
community that uses '[h.IS application includes salwerand gallery as the main menu. Before scannings it i
thousand members, with whom you can activeljecessary to set the point density. From the optiomall,
communicate and advise via Discord or Gmail in azfse medium, and high density, large was chosen fomtbet
problems during use. This application is capable Qfccurate results. Another important setting ispiiet size
scanning both the interior and exterior. Exporsadnned \yhen scanning (Point size), the largest point siae also
data is possible in several formats, for examplej, .png,  chosen due to the size of the classroom. Additioptbns

:glb, fox, .da_e, .stl, .usdz, .dxf, .pIy3 .Iazt,_s,pgltf, XYZ It i the settings require the purchase of the Preimerof
is also possible to save a recording video or iddal g application.

screenshots [11].

Figure 3 Room scanning methodology
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After pressing the button, the scanning is actiyvated
the contours and shapes of the scanned surfaceieated
on the screen with the simultaneous slow movenTdm.
scanning process is limited by the amount of dathvaill
automatically end when it is full. Scans that héeen
successfully performed will be displayed in thenfoof a
3D model after the scan is complete. This model kman
exported and synchronized with the Cloud (Syndeta@).
In the available gallery, it is possible to viewgdrformed
scans and continue to work with them.

Before starting the scan Braniversg, it is important
to go into the settings and adjust some of themeie
have the application set up correctly, to activhtescan,
click on the bottom bar, and start a new scan. Adatv
will appear in which we choose the size of the dje be

This 3D model is saved to the library in the apglon
where it can be viewed. The application offers the
possibility of editing, displaying in artificial adity,
measurement of individual lengths, and the postyitof
sharing the 3D model.

After opening theCanvas application, the main menu
(Homes) will appear, where we can choose an already
created or create a new project. Contains a libofrgll
projects. All three room scans were inserted irte t
created project. In the main menu there are alsersr
(Orders), where you can save generated 3D CAD raodel
and plans of scanned rooms, help (Help), wherecgou
find a tutorial for use, and settings (Settings). the
settings, it is possible to determine the units of
measurement and create models (Units). The meter

scanned. You can choose a small object (Small ©bjec(Meters) was chosen as the main unit.

e.g. food, toys, animals, flowers...), a mediumeobj
(Medium Object - e.g. people, vehicles, furnitujeand a

Before starting the recording, it is important tjust
the room so that the conditions are optimal foating the

large object or area (Large Object/Area - e.g. roonmost faithful 3D model. It is necessary to turntioa light

building, outdoor space...). The correct selecdrthe
object from the menu does not affect the accurddpe
data, but only the default distance to which we twtan
shoot. Since the goal was to scan a classroonlatbe
object option was chosen. Before activating the sitas

in the room, open the blinds and curtains and cthee
windows and doors. According to the instructiors/pted
by the manufacturers of the Canvas applicationis it
necessary to start scanning from the corner afabm, on
furniture, or on another surface that is not congbyeflat

possible to set the maximum data scanning distaneaed monochromatic, such as a wall. After activatimg

(Range). The range offered is from 0.3 m to 5 mijendn
distance of 5 m was chosen due to the size ot r
After activating the scan, it was necessary to shan
entire room with smooth, slow movements.
movement was too fast, a warning appeared on teersc
to slow down. It is possible to pause the scanpiogess
and during it, it is possible to move freely in thgace.
However, when starting it again, it is importanhte the
device pointed at least partially at the alreadgnsed

scanning process, a real image of the environntavitiah
the scanner is aimed is displayed on the screemgAvith
it, gray triangles are also created indicating dhea that

If theéhas already been scanned. To correctly scan tine, ibs

necessary to move horizontally up, to the sidazbatally
down, and continue again to the side that we ctiwsérst
time. The distance from the scanned surface shbald
0.9144 - 3.048 m at all times. This procedure peated
until the entire surface of the room is scanne@ Jirface

surface, otherwise there may be a problem with thef the mirrors is omitted, only the area aroundnrthis
alignment of the scans. On the screen during sognni scanned.

there is a white-red striped field that indicatesaanned
surfaces that need attention - for example, fratiffarent
angle or distance. The already scanned area iggéspon
the screen as it is in reality.

After the scan is finished, the option to choosenfr3
different modes for processing the scanned dathbeil
displayed. The accuracy of the generated data depmm
it. The first, fast mode "Speed" is intended foruack
generation with the smallest accuracy of the gdedrdata

The scan can be interrupted or terminated at ang ti
with the pause button. The location that was leahsed
will remain on the screen until it is restartedshecessary
to continue scanning on it. After finishing the soing of
the surface, we have the option to generate a Clab p
(Get CAD), for which it is necessary to pay, or ve® see
a scan without colors (View Scan) - that is, a gregnned
surface. The application allows you to apply cokorshe
scan for free so that it looks like in reality.

to 10 mm, the second "area" mode is intended for Scans can be viewed from a point of view as if the
generating larger areas with an accuracy of 5 nmd, aobserver were inside the object, outside, or frdoava.

therefore this option was used. The last "detadteuses

Exporting scans for free is limited to a URL litiiat allows

photogrammetry and is recommended for displayinthe scan to be shared and viewed on other devides.

textured objects.

application allows measuring the lengths and cdateh

After choosing the desired mode, the applicatiosurfaces in the preview of the scans using a todiize can

creates a network (Mesh) and the process is fidish&D
model will appear on the screen. Finally, it is bk to
save the scanned data even before generating threod@Bl

be pulled from the right side of the screen withaanow.
Scanning can be interrupted or terminated at ang ti
by pressing the "pause" button. The location thas last

(Save Raw Data). It is important to keep them igeca scanned will remain on the screen until it is nesth

additional processing in another mode is required.

It is necessary to continue scanning it. Aftersfing
the scanning of the surface, the option to genex&@&D
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plan (Get CAD) is displayed, for which it is necagsto  The publication is considered among architectssmisce
pay, or we can see a scan without texture (Viewnea of standards in the professional community. Thiovahg
that is, a gray scanned surface. The applicatiowalyou parameters were selected for evaluation [4].

to apply colors to the scan for free so that ikkbke in

reality. a) Workplace:
Scans can be viewed from a point of view as if the i. Table (depth, width, height),
observer were inside the object, outside, or frdmovae. ii. A chair.
Exporting scans for free is limited to a URL liiat allows
the scan to be shared and viewed on other devides. b) Parameters for the classroom:
application allows measuring the lengths and cdateh i. Dimension behind the table,
surfaces in the preview of the scans using a todiize can ii. The dimension behind the table in the last row,
be pulled from the right side of the screen withreaiow. iii. The size of the main street,

iv. Space for manipulating the window,
The 3D Scanner App facilitates various scanning v. Access to the sink,

methods. Upon opening, it presents the camera alithg vi. Normative n? for one workplace,

options to select the scanning method, initiatenisicey, vii. The dimension between the board and the rfowst
and access old scans. We opted for LIDAR scanning, of benches.

which involves displaying a grid of triangles oe gurface.

Scanned triangles retain their authentic color,levhbn- Figure 5 shows the overall scan of the laboratati w

scanned ones appear in red. While scanning, adteeten the measured values between the selected locations.
the fundamental rules of slow and smooth movement i
crucial. The creators caution against scanningstimee
location twice, citing potential issues. Additidyalthey
note that the app might not accurately capture Ism:
surfaces, like pens or table legs, possibly inttipg them
as empty space

After the scan is finished, a color scan will bepithyed
composed of the texture of the surface that wasnszh
Along with it, a table will be displayed from whiglou can
choose how the scan should be processed (Procass Sc
There are HD, Medium, Fast or Custom processes
choose from. The selected format was HD to keepdha
data as accurate as possible. This generateddiovrescan — CEED « [ oo oo o ]
can be exported in various formats with the Shattoh. GEEEEETEEE vhsoen o (D
Scans can also be edited and smoothed with varigwimss
functions that appear under the button edit (Eadit) more
(More). It is also possible to measure individeaddths in
the created scans, this function is activated wita
Measure button.

3 Ergonomic analysisof the classroom from

a 3D scan

Nowadays, there is an excessive load and overlgadi
of the human body in workplaces due to incorrec
ergonomic design of the equipment in classroom
laboratories, and other workplaces. Such workplai®es
not meet the standards according to which theyldimye —— CEEE B X '
been originally designed. By means of the LiDAF tengtn:asoom o (D

technology built into the applications and theiheot Figure 4 3D scan of the classroom with dimensions
functions, it is possible to simplify the design ah

ergonomically suitable environment or to transfoam Table 2 shows standard values and actual values for
originally unsatisfactory one. selected parameters with an assessment of whdibher t

value is sufficient, partially sufficient, or indigient.
3.1 Ergonomics of the classroom
When defining the basic ergonomic parameters of the
classroom, the publication “Architects' Data” bg #uthor
Neufert et al. It was the version from 2019 thaswaed.
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Table 1 Evaluation of compliance with standardslassroom

Paramet Parameter Actual sufficient
er dimensi | Standard* | /insuffici
name
number on ent
complies
1A Table - height| 0,75m 0,75 m with the
standards
Table for 2
18 people - width 13m
Working 0,58 m - C(_)mplies
1B width for 1 0,65m 070 m with  the
person ! standards
complies
1C Table - depth | 0,65m 0,65m with the
standards
complies
2 Chair height | 0,45 m gg grm | with the
! standards
Dimension od 0,65 partially
3A behind the m do 0,85m meets the
table 0,89 m standards
The dimension Does not
behind the complies
38 table inthe | %86M | O95M 1 in the
last row standard
od 0,88 partially
. m od 0,9 m complies
4 Central aisle do1,2 d0120m | the
m standards
Does not
Space for complies
5 manipulating 0om 0,55m mp
the window with the
standards
Does not
Access to the 0d 0,80 m | complies
6 sink 061m | 45090m | with the
standard
Classroom partially
area 47.32 fn 1,69 complies
7 2m2
/ number of m2 the
workplace standard

*The mentioned standards were taken from publicaficchitects’ Data
by the author Ernst Neufert [4]

4 Resultsand discussion

From the scans of the classrooms that have been
created, it is possible to read the data needdddign the
ideal ergonomically suitable environment for thedsint's
workplace and the correct parameters for the cassr It
was found that the height of the tables is 0.75mmich
meets the prescribed standard. The working widtth an
depth of the table were measured to be 0.65 m #&&d,
respectively. These values correspond to standieed. s

When measuring the parameters for the classroan, th
dimension behind the desk was measured, i.e. Hwedpr
sitting, which varied from 0.65 m to 0.89 m betwdbe
individual benches. This dimension should have a
minimum value of 0.85 m and thus only partially nsebe
prescribed value. The dimension behind the taliledtast
row should be defined at 0.95 m with the assumptian
it will be necessary to walk smoothly along theheahind
it. The dimension behind this table was measuretl&g
m, which does not meet the minimum standard. Thed
the main aisle in the classroom also varied fro88 0n to
1.2 m. The standardized size of the main streatldhue
from 0.9 m to 1.20 m and thus partially meets the
requirements. The space for manipulating the windas
0 m. In this space, there should have been an\iiea
width of 0.55 m for proper handling. This spaceaiso
important for maintaining hygiene in the classroom
through ventilation. In front of the sink in theaskroom
there was a table with chairs and it preventedsscteit.
According to the standards, access to the sinklghua
ensured by an aisle with a width of 0.80 m to Gr@0rhe
distance between the first bench and the boardldHozu
around 2 m, but this dimension was not precisefindd
in the “Architects’ Data” publication [4]. As theast
parameter, we calculated the area of the classrdden.
divided this dimension by the number of jobs. Acliog
to the current layout of the classroom, we fourat the
working area for one student is 1.69, which does not

Figure 6 shows the proposed floor plan of the roormeet the required standards.
with dimensions.
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Figure 5 Ergonomic design of the classroom

Based on the set of standards, the norm for one
workplace in our type of classroom is recommendedi a
defined at 2 rh The size of our room is 47.32m@and the
recommended number of workplaces is 23.66. We
compared this data with the result of the arranggme
resulting from the application of rules i - iv.

5 Conclusion

In conclusion, the analysis of ergonomics in a
university classroom through the implementation36f
scanning technology has proven to be an invaluabte
transformative tool. By employing 3D scanning
techniques, we were able to comprehensively captode
evaluate the spatial layout, furniture arrangememe. data
collected provided measurements and  visual
representations, enabling a comprehensive unddistan
of the current ergonomic conditions and potentiaha for
improvement.
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The findings of this study revealed several crucigdB] SABO, S.: Tvorba 3D modelu budovy s vyuzitim

insights. Firstly, it was evident that the existrigssroom laseroveho skenovarWysoke @eni technicke v Br
design had both strengths and weaknesses in tefms o Fakulta stavebni, Ustav geodézie, Diplomova prace,
ergonomic functionality. Through this analysis, were 2016. (Original in Czech)

able to recommend targeted interventions to enh#iree [4] NEUFERT, E., NEUFERT, P., KISTER, Architects’
overall classroom ergonomics. By optimizing furrgu Data, Oxford, Wiley-Blackwell, 2019.

placement, adjusting seat heights, and incorpayatif5] SiteScape, www.sitescape.ai: FAQ - helpful infowabo
adjustable features, we can create an environntett t  SiteScape’s LIDAR Scanning app, [Online], Available
promotes better posture, reduces physical stramd, a https://www.sitescape.ai/faq [21 Jun 2023], 2023.
supports overall student comfort. Additionally, theights  [6] JASKOLSKI, J.: Office Lounge - iPhone LIDAR -
gained from this study can guide the future desfn SiteScape - 3D model, [Online], Available:
university classrooms to prioritize ergonomics froine https://sketchfab.com/3d-models/office-lounge-
outset, benefiting both students and educators. The iphone-lidar-sitescape-

integration of such technology can revolutionize ttay e511ebdd30554f6688312019e464019d [21 Jun 2023],
we approach classroom design and ergonomic evaifisati 2021.

leading to more inclusive, comfortable, and condeici [7] GREGURL, L., AFTAB A.: The best lidar scanner

learning spaces. apps of 2023, [Online], Available: https://all3dgma/
2/best-lidar-scanner-app/ [24 Jun 2023], 2023.
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