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Abstract: The work presents and describes selected measurened¢hods of bodywork geometry. The principle of
operation of 3D scanners has been described tageithetheir application in the implementation a§ion measurement
systems in the automotive industry. The paper pdesents methods used to automate measuremergmostics and
vehicle repair processes. In addition, the worls@nés the concept of a measurement system whichicemthe ideas
of vision measurements and mechanical repair device

1 Introduction e vision measurements — to obtain photometric or

The current automotive market generates the demagigometric measurement of products (e.g., to deterthie
for a fast and efficient technological process te bdimensions, position and orientation, order of gart
implemented both in manufacturing and measureme$tpervision, etc.),
technologies. Product quality verification is desirat * vision inspections — in quality control, by
every stage of production. It is necessary to dyickPhotometric or geometric measurement of a givedymt
respond to changing process parameters to eliminate ®  Vision identification — due to the interrelationfs
further processing of defective semi-finished paidlLiThe ~©Objects remaining in the field of the view of a am the
answer to the above requirements is to implemesioni Values of parameters are obtained based on theges)
measurement and control systems [1]. *  machine guidance — obtaining a geometric (full or

Vision techniques result from the synergy of opticsPartial) description of the scene to safely plad eantrol
photography, electronics, mechanics, control theor{he movement of the machine (e.g., robot).
mathematics, and computer science [2]. Togethey the In quality control systems, a non-contact contfdhe
enable control of the quality of manufactured paidu Product parameters is frequently required (e.cpnury,
from semi-finished products to finished productsafly ~roughness, shape errors, etc.). Often, due to barmf
control involves obtaining a product image, whishttien Working conditions or difficult availability of the
processed to identify any irregu|arities oris Cam to a inspection location, machine is the onIy solutidiision
reference product. The intensity of production isgmthe Systems also allow the generation of reports englihie
necessity of using high-speed devices, includirfigctite ~ assessment of the quality of significant technaali
methods of image analysis [3]. Currently, industrision ~ Processes in the product production processes. ey
systems are most frequently used to quality coofrihal ~ Particularly useful in production based on certifgality
products. The global trends show that they are ased Management systems [6-8]. The above-mentioned
every stage of production, inter alia, to supervisel Properties contribute to the increasing popularity
control basic process parameters, which signifigantautomated vision systems for quality control [9-M/jth

prevents the production of defective products [4]. the proliferation of computer technologies, inchugli
Vision systems may be classified into four basiénatrix image converters, vision systems have been
application groups [5]: successfully used in the automotive industry. Awttiam

of the process of bodywork measuring with the uke o
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cameras and 3D scanning technologies significanttpethod involves developing a physical bodywork nhode

shortens the process of vehicle production, and thand then the construction documentation is prepdree

translating into increased production efficiencynadern, second method is based entirely on the buildingrafal

visual method of measurement has supplanted prayiou3D models [17].

used technologies based on analogue devices. Three main factors are taken into account in trsigde
New methods and measurement concepts are currerdfyself-supporting bodywork:

being developed and implemented, an example oftwikic e manufacturing costs,

a reverse engineering technology or coordinate oneas » functionality,

technology. Reverse engineering relies on digitjzine * unladen mass of the bodywork, which determines
geometry of a real object. The result of this psscis the the resistances of vehicle movement and directly
digital form of the model, which constitutes thesisafor affects the fuel consumption.

further technological and constructional works adl as Automation of a construction process is primarfig t

analyses. A coordinate measuring technique istroduction of computer technology to every staife
characterized by measurement procedures based dmsign. The basis for elaboration of a computerized
coordinate values of measuring points. It enables tdocumentation is a precise digital image of thefasear
determination, with a relatively high accuracy, oferformed with the use of one of the CAD systente T
dimensions of spatially shaped machine partguality of the developed structure can be checkituowt
Implementation tools for both processes are 3Drsm@n referring to a real model. Thanks to this, it isgble to
and measurement systems created with their userrectly create original and sophisticated shapes.
[8,12,13,15]. Two basic groups of scanners angarticular, the digital recording of the surfacétained
distinguished: non-contact scanners and contacinsca thanks to the digitalization of the reduction madel
[12-14]. The division of existing scanners is shoiun eliminated the long-lasting and costly stage of
Figure 1. mastermodel construction [18,19].
3D scanning employed in the process allows quick an
\ 3D SCANNERS \ accurate formation of three-dimensional documeuortadif
P TR physical objects. The result of the scan is a ceteqligital
wow conracscawirs [ ~ model, which can later be edited and processed by
R CAD/CAM programs as well as prototyping, visualiaat
[« \\ﬂ/ % | and animation programs. Thanks to the digitalizat®
\'\ | reduction models with the use of scanners emitting
Tl,\“‘}”jf*_wm‘ SICROWAYL R (DAR s O BT structural light, the whole cycle of bodywork fortia is
Figure 1 Division of 3D scanners significantly shortened. This is due to the shartgmof the
surface shaping time, the rapid digital recordirigite
The aim of this study is to indicate possible mgition ~parameters, the ease of assessing the quality ef th
of vision systems in the repair processes of sgiperting developed surface and the ease of introducing any
load-bearing structures of vehicles. The moderrioris corrections or modifications. The time needed foe t
systems were analysed and a concept of a strucfure Ppreparation of drawing documentation is also sigaiftly
system for measuring the geometry of bodywork fer t limited. The documentation is now acquiring a secon

[ VISION METHODS |
(BAR SCANNERS)

SJTMEASURNG |
ARMS

needs of vehicle construction and repairs was dgeel.  importance since a digital record of the surfacenfothe
basis for the next stages of work. Based on thisrtg
2 The use of selected vision systems in calculations of elements strength (MES) may be

performed, and programs for numerically controlled
achine tools or pressing tools (both of which maysed

in production of a final model) may be developefieAthe

“electronic” assembly of individual elements, constion

. ; nodes or the whole bodywork, it is possible to tist
questions related to the quality assurance systéinThe bodywork in terms of safety, aerodynamics, or atiosis

external appearance of a vehicle is affected bystirtace with the use of computer simulations. Thus, theated
and the spatial form of the bodywork. Smoothnegﬁrtual model is formed [19-25] ' ’

E)Sot;eanglr'lrge.i)to O.fn dt.h% Z?r;?gﬁ]eﬁgd dg?:r;.gév'gg]tg rt]r|1e One of the systems supporting the digitization pssc
aesmtic v:"jlluesl bL\{[Ia?so affect aerod namilc e Iyr? is the Bruckmann's NaviSCAN3D scanning system. The
’ y puese main feature of this system is the use of a setaoferas

the process of constructing the bodywork, 'Fherzaa med that track the position of the scanner in the meagspace
to create specific surfaces and then to dimendiemt nd the use of a spatial reference frame (as teof
accurately. Cur_rently, there. are two methods Yhe scanner head). The solution works well in thsecof
constructing vehicle b0(_ijork. a traditional metha] . measurements of large elements, eliminating thegsof
an (intensively developing) computer method. Thit fi preparing the measured element before the measnreme

bodywork designing
The shape of the bodywork significantly affects no
only the aesthetics of the vehicle itself, but aball, its
technical parameters. It includes all safety issaed
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(applying reference points and using the photogégme
system). The system allows full automation of the.:

digitization and measurement process. Properlyigorgd
measuring system [26-29] enables:

+ scanning of aluminium and galvanized steel

elements without applying antireflection coatinghe

scanning system collects accurate data from highl

reflective areas,

«  scanning with high accuracy of both the surfdce 0 g

the element and the edge of the holes, leavingutteng
lines,

e application of a robot: the limited absolute

positioning accuracy of the robot has been compedssy

a large volume tracking system, and verificatioreath
scanner position while setting the process parasedech
defined positions of individual views were the sdsr the

next measurement series,
»  the process time significantly shortened.

Figure 2 - Figure 4 present the formation of digita
documentation and the archiving process on the pleam

of a vehicle door prototype. Figure 2 shows theiS@AN
3D scanner installed on the KUKA industrial rob2®].

=15 .

Figure 2 The process of digitiation of an elenwith a bar
scanner

Figﬁre 3 Image generated by the system. A mapwviditiens —
SCAN vs. CAD

Fe

Figure 4 Verification of the coordinates of the itios of the
centres of selected holes

Digital documentation and archiving of prototype

elements of bodywork allow for [30]:
fast and precise 3D data generation by the
NaviSCAN3D system,

«  full digitization of an element in a few minutes,
the average scanning time is about 15 minutes,

e full automation of the measurement process —
human intervention needed only to fix the measured
element on the table,

e automatic generation of measurement reports
thanks to the use of advanced tools for data ingpec
(Rapidform, Polyworks).

The measuring systems using scanners that emit
structural light outside the measurement are ideal
product quality control processes thanks to thé tiaat
they allow quick comparison of the manufactureanelpt
with the project, which, in turn, enables detectioh
manufacturing errors, comparison of cross-sectionslse
the identification of areas exceeding the assumledance
[31-35]. Digitization and quality control improvehet
product development and optimization processestlaad
production preparation.

The current bodyworks created regarding safety
requirements are supplied with energy-intensiveegpn
which are subject to strong deformation during léston.
Bodywork repairs of this type are more complex.ylten
be divided into two categories:

« the first, which includes the replacement of
permanent elements of the bodywork structure,

+ the other, consisting of straightening the sticect
and replacing the damaged parts or entire welding
assemblies forming the bodywork [36].

The first type of bodywork repairs consists in asjhg
external equipment elements, external coating eers0
and local bodywork repairs which restore the oagin
shape of the element.

The second type includes the repair of medium and
serious damage to the bodywork supporting structure
Repairing such damaged bodywork requires replacing
some elements of the structure or even whole wegldin
assemblies and restoration of the proper bodywork
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geometry. The geometry of the body is connectel thig measuring bridge, 3 —independent measuring bridge,

correct mutual position of many characteristic p®in Measuring heads, 5 — protectors, 7 — movable Gatehoom
related to fastening of mechanical assemblies asde

vehicle suspension, travel gear and drive systemprdper The basic element of the device is a movable ggte (
geometry of the bodywork directly affects the safsitthe ~ Placed on the lower longitudinal beams (1). The gahy
vehicle [37-39]. move along the beams to the points which are to be

The latest equipment solutions include the prmir measured. The construction of the Autorobot medahni

and measurement systems equipped with a compuder &easuring device includes symmetrical measurirdgles
electronic sensors. Important features of the systelude ~ connecting longitudinal beams. The special boomith) w
the simple service and their versatility enabling tepair measuring heads on them, are attached to the neoyats

of bodyworks of various makes and types [40]. and_ to _the measurin_g bridges. The inte_rnal spacheof
The diagnosis, measurement and repair of bodywoflevice is 1890 mm high and 2070 mm wide. The lenfth
should include [41,42]: the booms is adjustable from 0.5 + 4 meters. Measent
«  setting and fixing the bodywork to the frame, ~ With @ mechanical measuring device consists iningad
« levelling the bodywork on the frame, three coordinates of the measured point i.e., tloedinate
« finding a few characteristic points (minimum 3+4)of height, width and length. The Autorobot measyirin
that were not displaced during the collision, system is equipped with data files (on disk or ba t

«  replacement of damaged elements and systemsinternet) containing information about the locatioh

«  disassembly of external coating and covers, measurement points for various vehicle brands. This

«  stretching (straightening out) damaged elemen@lows the use of the measuring system during repaik
of the bodywork and bringing them to such a forat the with the pOSSIbIlIty of evaluating deviations frothe
remaining control points were in the correct placeactory data [44].
according to documentation provided by the vehicle Figure 6 shows sample measurement cards [44].
manufacturer, Thanks to the large database, it is possible tcsomeaall

«  checking the position of all characteristic figin chassis structures including assembly points, Msirer
points of mechanical components (fixing them to thgolumns, suspension frame, etc.
bodywork),

» replacement of damaged elements and systen
(with the new ones),

» assembly of the external coatings and covers.

A list of control dimensions characteristic for iaem
body (measuring points) is included in the company'
repair manual or specialist literature. Some ofs¢he
dimensions refer to fastening mechanical assemblide
others determine the geometry of the bodywork astemt
with the assembly of windows, covers and other el@m

3 Selected modern measuring and repair

SySte_mS for Vehlde b_odywork Figure 6 Examples of measuring cards (in paper farmd on
Mechanical measuring devices usually have a modular CDs) containing base points
construction [43]. Figure 5. presents such a daviade by
Autorobot, a Finnish company [44]. The Autorobot system is equipped with measuring dat

for the bodywork and chassis of 2000 types of candis.
The data is updated and supplemented every quéter.
mechanical measuring device can be used both twoton
the straightening process and to check the resfulépairs.
The Swedish company Car-O-Liner offers electronic
measuring devices: Car-O-Tronic Classic, Vision and
Vision X3. The Car-O-Tronic Classic is a computer
LY measuring system that supports the entire repagegs —
from damage analysis to after repair checks and the
formation of the repair documentation. This systdiows
the measurement of all base points of the bodyvaoik
chassis using a simple jack, a channel or diremtlythe
floor. The discussed Car-O-Tronic Classic devichiswn

Figure 5 Mechanical device made by Autorobot, used
bodywork repairs. 1 — longitudinal beams, 2 — syinios
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in Figure 7 (during measurements of a car beingired) the tip's movement relative to the point given e t
[45]. database. Data from the head is sent wirelessltheo
central unit. The position of the measuring tipatiek to
the position required for a given vehicle type (whe
measuring characteristic points) can be observethen
monitor screen (Figure 9) [49].

Figure 7 Electronic Car-O-Tronic Classic measurisygstem — - — -
during bodywork repair Figure 9 Screemvith a visible measuring point position.

The measuring system consists of a measuring bridge In the most advanced version, the device is eqdippe
that acts as a carrier for the rest of the systamasuring with automatic centring systems and a base of pinaphs
elements. The measuring bridge is equipped witkdegi of elements with marked measuring points for eddhe
with measuring rulers with attached micromarkelseyl available car models. The so-called measurementscar
are all mounted on a frame fixed on a scissor Tifie (Figure 10) are developed in cooperation with car
module with the measuring head, which is useddd tee manufacturers (over 15 500 measuring cards of caleis
position of the measuring points, moves along thi@ the database) [47]. Data update is performedteya
measuring bridge. The module is shown in Figure W/ith the help of an electronic system, repair
[46,47]. documentation can be issued (prints in graphicath for

containing magnitude values, before and after rgpai

-
o3 (2] — =

0‘4-#‘?‘_]

= 5 @
=z 337 o@ﬁ%mmmmwm
T e . OG[E) IJM

Figure 8 Car-O-Tronic measuring head, where: thexsuging
module consists of three rotary joints marked as:jdints p zon ¢ ®

providing information in a continuous cycle. Thesipons are Figure 10 Screen with a visible measuring pointitpms
read three times per minute, 2 — the communicatystem measurement card and base points
(included in module 2) with a central unit is wisb. The

exchange of measuring tips of various lengths, Emgettings 4 The concept of a visual measuring
and diameters is carried out using a quick conne@e- the

module is equipped with a socket (4) for conneatixtgrnal SVSte_m supporting vehicle bodywork
devices. repairs
_ o The basic assumption of the conducted researchowas
A replaceable measuring tip is attached to thgerform a detailed analysis of the possibility ofgecting

measuring head. The system also includes a datt shg repair frame with a vision system enabling full
(base points) and software enabling real-time trechkf

~ 15 ~

Copyright © Acta Mechatronica, www.actamechatronica.eu



2

&0 Acta Mechatronica - International Scientific Journal about Mechatronics
¢° # Volume: 6 2021 Issue: 1 Pages: 11-20 ISSN 2453-7306
«
=
9 M DESIGN OF AN AUTOMATED SYSTEM FOR MEASURING CAR BODIES
2 Piotr Kuryto; Peter Frankovsky; Wtadystaw Papacz; Ingrid Delyova; Barbara Schurger

e*){)V

dimensional control in real time of the process of The structure of the Xpectia FZ3 system is shown in
straightening of damaged elements of bodywork. ARigure 12.
attempt was also made to develop algorithms fonetes

straightening, considering the strength parameittbe Contoter iegrated win LGO : (g

materials used in their production [49]. ‘ =
The system was built using the RN-4300 Standai - A

repair frame manufactured by Zakltad Mechaniki Maszy R

from Trzcianka near Pita (Figure 11). The frame i O~ oPepePgp

intended for repairs of self-supporting bodyworks o = e
passenger cars and delivery vans. It is featuredigly ——
stiffness and has well thought solutions for fixing P P e®e®
additional equipment. It is well equipped and geatle g
for money [49].

Figure 12 Xpectia FZ3 system configuration

All devices of the vision system were connecteth&®
controller integrated with the touch panel or tlex-bype
controller. Flash memory was used to store mora dadl
measurement settings. For communication with other
devices, the Xpectia FZ controllers used the LAN
(Ethernet) interface and the parallel port. Measenat
data is made available through the embedded FMerser
Xpectia FZ3 devices are equipped with a powerful
processor that enables the operation of camerds awit
resolution of up to 5 Mpx. The methods of initisdtal
processing (preprocessing) and measurement methods
have been introduced. There is a possibility ofaeng a
repeating background pattern from the image. &l
possible to repeatedly search a given pattern en th

The frame consists of the following elements an@bserved scene, to eliminate trapezoidal distcstianto
features the following technical parameters: combine images from several cameras. Integration of

«  the frame skeleton is 5500 mm long and 6100 m#f‘ages from several cameras into one allows obigiai

wide, larger measurement field. Together with a vision
. sliding side arms to attach the jaws, measurement system, the manufacturer provides aftw
«  hydraulic straightening unit, that enables relatively simple, intuitive operation

«  jaws for fixing the bodywork to the frame, Before starting the repair process, it i.s very inbgoat
. special attachments for fixing vans and buses. © carry out a properly planned calibration of the
measurement system.
The frame has an Xpectia FZ3 vision system from_ The calibration of the_ vision system was basedhen t
OMRON featuring: Single camera (monowsmn) method e.g., using thday
1. depending on the model, it is possible to connefamera Calibration Toolbox for Matlab, which allows

from 1 to 4 cameras with a CameraLink-camerg'€asuring the distance between three points (foegs
interface (with a resolution from 300k + 5M pixels) corresponding to the technique of measuring théipons

2. it is possible to integrate the illuminator witre ~ Of three characteristic points on a selected sejfac
camera and video system To obtain information about the location of the

3. Data transmission takes place via the RS2320Measurement points, it was first necessary tométerthe

422A serial port or the 100BASE-TX / 10BASE-T¢00dinates (x,y) of the space and then to obtain
network interface information on the location of these points in thace.

4. itis equipped with 11 analogue inputs and 2 This involved the use of 20 images (sequencg cpi_hlﬂ)os
outputs, from the camera equipped with the CameraLink iatagj.

5. has 4 USB 1.1/2.0 ports for pointing and storin&m‘él"gaeS important that all measuring points wereoire
] .

devices, . . .
6. 32 groups of scenes, each group contains 32scen Figure 13 shows points: P1, P2, P3 representirgg thr
measuring points that map the distances betweese the

points in a two-dimensional space. In the canorsgstem,

.

Figure 11 Repair frame RN Standard
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fKamery systemu Xpectia

the corresponding points in the image plane otdmera
are connected by the so-called epipolar lines.

¥
gl
£/
g
¢/
s P
5/
N3 V.
ki // //
£ ;] P "4
s o 2 Figure 14 A diagram of a new vision measurementgys
- rf F . with a repair frame
i i ol .

- jﬁp = The measuring gate has been integrated with tlarrep
"= Ll gl frame. There are 3 cameras of the Xpectia systetthen
gate. They allow the measurement of the geometry of
bodywork and chassis during repair work in realetim
photo taken with the camera The basic components of the appliance are as fellow
»  repair frame with a stretching arm,
e  measuring gate with a vision system mounted,

Y
Y :
) I . *  measuring-control software.
Figure 13 Callbragon methodk of the Xpectia systgm Further work ?)n the advancement of the system is
using CameraLink camera . - . .
9 expected to result in developing an algorithm aaifitig

Based on the sequence of 20 correspondiﬁge speed of stretching the repaired structurahetes of
photographs taken in the monovision technique, tH@€ vehicle bodywork, since the straightening efreints
calibration procedure should first be carried oat,ithe ©ften results in their excessive and multiple detations.
verification of the distance between the measupoigts 1 1€ €xcessive and repeated deformations lead tanted
using the Camera Calibration Toolbox in the Matlal/€@kening of the repaired elements and, consegueitl
package. The average image reprojection error Weis he_whol(_a structure. The algor_lthms cont_rol_lmg the
pixels per photo. straightening process should consider the charstitsrof

Subsequent stages of working with the Xpectia ayste the material of the repaired elements. The strarghg

«  programming the Xpectia system — preparing B/OC€SS will be performed automatically and willfhiy
scene (scenes) containing a sequence of functirkl controlled by feedback force (deformation forceliltthe
performing selected tasks, the first block of teere — factory shape of planes and the positions of ratere

points are restored.

downloading the image, - )
«  the successive blocks are associated with the Most connections in the bodywork structure are made
using resistance spot welding. In the repairs, s@itling

processing and recognition of the content, imagethe | : - ;

implementation of other tasks, is often replaced by electric welding. Welding aais
R each block returns the overall result in the fafm thermal deformation of elements and their decazation.
detailed T herefore, also these phenomena need to be incindeel

OK/NG (correct/incorrect) and individual ! ' ;
information specific to it, straightening control algorithm.
«  at the end of the scene sequence, the information 1€ Proposed idea requires many additional
available from individual blocks can be used to mgtie €XPerimental studies and analyses. The measurethests
final decision and the appropriate response tained need be confronted against the technical
information obtained can be displayed in the imaggPecifications of repaired vehicles — base poinpsna
preview area and sent to other devices via availajiProvided by the manufacturer). The concept of the
developed system is the starting point for conitnand

interfaces.
Figure 14 shows a diagram of the proposed conmectibeseamh works towards the full automation of works
related to the repair of vehicle bodyworks. Theposed

between the repair frame and the vision system. cpal
concept can significantly shorten the measuremedt a
repair process and improve the quality of repagrégpmed

in repair workshops.
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