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TEXHUYECKHUE HAYKHU

VVK: 621.002
ABTOMOBUAAAP CUPAT HA3OPATU ) KAPAEHUAA KYAAAHUAAAUTAH
KOHTAKTCHU3 MYBO®PHUKAOBYHU-YAYAIII MAIMMHAHUHT TPAEKTOPUSICUHU
PEXKAAAIIITUPUIIL

Xoaxykaes JKacypxyxa MyxTop y¥an

Typun IloanTexHuka yHuUBepCUTETH TasTHY AOKTOPAHTHU

XycayapAnHOB Pa3AyaAHH 3yXpYAAUH YFAH

MarucTrp, TYPI/IH IToanTexunka YHHUBEPCUTETH KHMIHNK HAMHM XOAIMHU

AnHoTanms. [1o6arrauys myammorapy HaPakam xaémmuumz uicmumousi éxu cuécuil duxamaapuea
mascup kypcamadu, 0airku xap Kanoaii UMAAD HUKAPUW MUSUMAGPU YHYH KAMMA MYAMMOAAPHU KeAmu-
pub uukapadu. Maxcyromea 6jrean marabrune 6up Oupiueuza owuwiu éa OylpmmaduHuHe cudam ma-
Aabrapuza mysoPuKAULY UWOHHAL UWIAGD HUKAPUWL HA30PAM MUSUMUHL MaAab dmadu. Maxcyromaap cu-
pamu cmandapmuny MaKoMUAAGUWIMUPULL Masxcyd Oyrzan cupam Ha3opamu ea HA30pam ycyArapudar
Papkau yrapox, maKoMmuAAdwizan ycyrraped jmuwiea mascup kyjpcamadu. Makorada kjpub wukuraémean
myammo Y3bexucmonda asmomobusrapHu uwiAab wuapuw musumu 6uran yseuii 6ozauk. Bupox maskyp yc-
AYOUEM HAXOHHUHZ TYPAU MAMAGKAMAAPUOA CAHOAMHUHZ MYPAU MAPMOKAAPU 64 MEXHOAOZUSAAPUOD
Kyaranusuy mymcun. Maskyp mesucoa 3amoHasusi canoamuuxz UKKUma acocusi marabrapu — eakm ea cu-
pamea moc KeAuwdU Y4yH CAHOAM OYIOMAGPUHU MYBOPUKAOBUU-JAHAUL MAUUHAAGPUOA JAHAWZA UULOHHUAU
FMuUwW MeXaAHUSMAGPUHU UMAAG vukuwea acocuti demubop bepurzan.Maskyp mesucda 3amonasuii canoam-
HUHZ UKKUMA acocuil marabaapu — aKm 8a cuPamaa moc KeAuwu yuyH canoam OyoMAGPUHU MYBOPUKA0BHU-
FAUAU MAWUHANAPUOA JA4AUILA ULOHHAY JMULL MEXAHUSMAGPUHY UWIAGD HUKUW2A ACoCUll Ismubop bepurzan.

TastHd TYUIyHYIAAQP: MYBOPUKAOBHU-A4AUL MAUUHAAAP U, ABMOMAMAAUIMUPUALAH AOTIUNAAGUMUPUL-
musumu, ROS, uwirab wuxapuwi, asmomoOUACO3AUK, pOOOMOMEXHUKA, AA3EPAU CKAHED KUAULL, XOAAMHU
MAxAUA  KUAUW, JHZ KUCKA UjA, MeXaHuk Oemaiu, Aac6oOHuHz MAPKA3ULL HYKMACU, KOHMAKMCU3
MYBOPUKAOBHU-JAHAUL MAUUHACU.

IIAAHUPOBAHUE ITYTH BECKOHTAKTHON KOOPAUHATHO-
U3MEPUTEABHOM MAIIIMHBI AASI IPUMEHEHUS B ITPOITECCE
KOHTPOAA KAYECTBA ABTOMOBUAA

Xoaxyskaes JKacypxysxa MyxTop yran

6a30B0i1 AOKTOpaHT, TypHUHCKUI TOAUTEXHUYECKHI YHUBEPCUTET

XycayapnHOB PazAyaAuH 3yXpyAAHH YTAH

MAaruCcTp, MAQAIINI HAyYHbIA COTPYAHHK, 1ypUHCKII TIOANTeXHIIECKUH YHUBEPCHTET

Annoranust. [Ipo6iemvt 2A00AAU3AUUL BAUSIOM He MOADKO HA COYUAALHBIE UAU NOAUMUHECKUE ACNEKIbL
HU3HLU, HO U BbI3bIBAIOM G0AbLLLE NPOOAEMBL OAS A0OBLX Npou3BodcmBeHHbix cucmem. TTosviuenue cnpoca Ha npo-
dyKyuto 8 eOUHULY BPEMEHL U COOMBEMCcmee MpedoBaAHUIM 3AKA3HUKA C MOUKU 3peHus Kaiecmea mpebyiom Ha-
dexncrozo KoHmpoAs npoussodcmeentvix cucmem. CosepuieHcmeosaue cmaHdapmos Kaecmea npooyKyuu BAUS-
em Ha nepexoo K YCo8epUIEHCINBOBAHHbIM MerM00am KOHMPOAS KA4ecmea U KOHMPOAS, Hem me, Komopole yiuce
docmyntut. [Ipobrema, paccmampusaemas 8 CMamve, MecHo C6A3AHA C CUCMEMAMU NPOU3BOOCEA asMomobUAeil
8 Y3bexucmane. O0Haxo memooduka maksice modxerm Ovims NPUMEHEHA 8 PASAUHHBLY OMPACAIX NPOMBIUAEHHOCHIU
U MeXHOAOUSX 6 pasHbix cmpanax mupa. Tesuc eAaBHbIM 00pA30OM aKyeHmupyem HUMAHUE HA MOM, KAK pa3-
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pabomambv HadexcHolil n00x00 K U3MEPEHUI0 NPOMbILUAEHHIX emaAeil HA KOOPOUHAMHO-USMEPUIMEALHDIX MAUU-
HAX, 4MOObL COOMBEMCINBO8AMb 0BYM OCHOBHBIM MPeOOBAHUIM COBPEMEHHOL UHOYCMPUL BPeMEHU U KAYeCBA.

KaroueBsre caoBa: KIHM, CAIIP, ROS, npoussodcmeo, asmomoburecmpoerue, pobormo-
mexHuKa, Ad3epHOe CKAHUPOBAHUE, AHAAU3 MNOAONEHUS, Kpamuatiwuil nymv, mexanuueckue Oema-
AU, YeHMPAAbHAS —1MO4KA UHCMpymenmad, OecKOHMAKmHAas —KOOpOUHAMHO-USMEPUMEALHAS — MAUWUHA.
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Annotation. Today, the challenges of globalization affect not only social or political aspects of life,
but also cause big problems for production systems. Increased demand for products per unit of time and cus-
tomer satisfaction in terms of quality require reliable monitoring of production systems. Improving prod-
uct quality standards affects the transition to improved quality control methods. The problem addressed in
the paper is closely related to the Automobile production system in Uzbekistan. However, the technique can
also be applied in various industries and technologies, in different countries of the world. The thesis main-
ly focuses on how to develop a reliable approach to measurement of industrial parts on a Coordinate Mea-
surement Machines in order to meet the two main requirements of the modern industry of time and quality.

Key words: CMM, CAD, ROS, production, automotive, robotic, laser scanning, position anal-
ysis, shortest path, mechanical parts, tool center point, non-contact coordinate measuring machine.

Quality of products depends on various
factors. The products have to be controlled in
all phases of manufacturing. The production of
automotive parts, medical devices, sport equip-
ment’s or any other body parts has to be con-
trolled in all phases of production

Enhancement of product quality standards
implies delving into control and inspection
methods. Nowadays, most engineers should
work with data, which are extracted from CMM,
working with mechanical parts. CMM:s are ver-
satile instruments used for precision inspection
in industry, and their unique properties more
than justify substantial investment; neverthe-
less, uncertainties associated with them are to
be reckoned with. A correct statement of mea-
surement uncertainty is nowadays necessary for
companies wishing to comply with ISO stan-
dards, which requires an effective measurement
management and measurement process control

The main problem in the high precision

inspection and quality control systems in auto-
mobile production plant in Uzbekistan is the
fact that they can easily cover the problem with
the quality but not the time. By stating this, the
thesis specifies the need to decrease the inspec-
tion process. Most of the CMMs in the produc-
tion in Uzbekistan are stationary contact CMMs
with high precision that are used to inspect the
parts in general for the purpose of variations in
the model. They just check the difference with
the real world model and nominal model. Also,
the time is quit important in the industries that
is why they cannot check each model of a car in
the automobile production. For instance, Body
in White is checked about each 100 car sampling
variously or even a car in a day.

The objective of the thesis is to describe the
research work carried out to development small
scale non-contact inspection process and justify-
ing with low cost method in order to apply it in
the production in large scale with real scale mod-
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el. The system provides a method of comparing a
one surface of automobile with the nominal sur-
face CAD model, and thus the ability to pass or
fail the item being inspected.

Non-contact inspection

Product inspection within the industries
continues to play an important role in the im-
provement of quality and reduction of scrap.
Non-contact inspection systems offer the speed,
accuracy and flexibility that conventional meth-
ods cannot. Non-contacting sensors provide
long term unattended use, due to the lack of sen-
sor wear, and in some cases provide the only op-
tion for measurement, where conventional con-
tact techniques may damage and geometrically
alter the part to be inspected.

A variety of different inspection systems
have been described in the past by a number of
researchers [1], giving an indication of the prob-
lems associated with this method of inspection.
The method of illumination, in particular at an
angle to the direction of observation, enables
topographical information to be obtained. This
ensures that surface features that otherwise are
difficult to detect, can be observed.

Harding [2] discusses the current contour-
ing techniques in the manufacturing industry,
with descriptions of the basic approaches ad-
opted with 3-D machine vision. A popular ap-
proach involves the illumination of the surface
examined, with a fringe pattern, observing the
effect from an angle. This method of non-contact
measurement has been adopted by a number of
researchers including Burton and Lalor [3], Hal-
sall [4], Malcolm [S] and Chung [6]. These au-
thors describe methods for determining certain
features of the surface examined, with the fringe
period and angle known. The effect of projecting
a fringe pattern onto a surface is the modulation
of the pattern to the surface shape.

However, the research mainly focuses not
on the inspection type or technology but rather
the approach done on the inspection process of
the items. That is why, the important point in the
paper is not the type of technology used during
the measurement with non-contact coordinate
measurement system, but maybe the technique
used.

Inspection in Automobile industry

In general, inspection process and quality

control system in automobile industry is quite
complex issue. Tight production processes lead
to the complex methodologies and standards
of inspection. Each step of production of auto-
mobile is closely bounded up with mechanical,
chemical, esthetic, emission and technologic
inspectiontoMany car manufacturers focus on
CMM inspection of Body in White (BIW) be-
cause the core structure of an automobile is BIW.
Checking the BIW reveals most of the problem-
atic points in the production.

However, the steps after BIW and in partic-
ular the finished or fully assembled automobile
body inspection is not always the case of inspec-
tion with CMMs.

The proposed approach by the thesis is the
inspection process or methodology that will en-
able to inspect each automobile in-line on the fi-
nal stage of production. The idea is to check the
defective points on the sheet metal body of a ve-
hicle, flange and intervals, connection points and
even the some inside parts of the vehicle body.

For this purposes the usage of the Contact
methods of inspection is not possible due to the
fact that contact can damage finished car body
panels and also it to much slow process for car
manufacturing production rates.

Small Scale
Prototype

Methoa of robot
manipulator

Experimental

movement Laser scanning

Optimal path
planning results

Results of
Measurement

)

The graph 1. Flow of project
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The project

The core idea of the project is to analyze
separately the non-contact metrology and
robotic manipulator. Manipulator will be used
for positioning and appropriate orientation
matching for measurements. In this thesis we will
mainly emphasis the algorithms and techniques
used to move the robotic arms on the surface of
the item.

The flow of work can be seen below:

The thesis work analysis mainly the part
of flow that is “Method of robot manipulator
movement” and Optimal path planning
algorithn. After this point the idea was to install

a special gripper on the Tool Center point of
production robot manipulator that would scan
the surface of an items.

The most important point in scanning is the
positioning method and principles behind the
Robot manipulator movement.

For this purpose we have used the Universal
Robot or URS that is perfectly fits to the
research work as it is small scaled version of big
production manipulators. The idea was to use
the open source products in order to move and
apply movement from points in remote control
(PC and Python code).

LR

Pic.1 Universal Robot URS [14]

ROS

ROS (Robot Operating System) provides
libraries and tools to help software developers
create robot applications. It provides hardware
abstraction, device drivers, libraries, visualizers,
message-passing, package management, and
more. ROS is licensed under an open source,
BSD license.

Nodes: Nodes are processes that perform
computation. ROS is designed to be modular
at a fine-grained scale; a robot control system
usually comprises many nodes. For example,
one node controls a laser range-finder, one node
controls the wheel motors, one node performs
localization, one node performs path planning,
one Node provides a graphical view of the system,
and so on. A ROS node is written with the use of
a ROS client library, such as roscpp or rospy.

The ur-modern-driver metha-package

The ur-modern-driver package is special
created toolbox for communication of urS with
the ROS system. It works according to the
schematics of creating a nodes, services and
client systems that controller the URS will work.

Here below one can see the topics launched
with the launch of ur_moder_driver:

/tt

/tf_static

/tool_velocity

/ur_driver/URScript

/ur_driver/io_states

/ur_driver/joint_speed

/wrench

However, As one can see when we launch
ur_moder_driver we mainly launch publisher-
sucscriber system called /ur driver and /
robot_state publisher that is depicted below
in the figure one can see below:

Ham-pan éa unnosayuon pusoxsanumw / 2019 Ne3
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/joint_states /robot_state_publisher

Graph 2. Publisher-subscriber node

But, this does not mean that there is no
other topics and nodes working. This just means
that there is a subscriber for the node to listen

header:
seq: ©
stamp:
secs:
nsecs:
frame_ 1id:

the data. There is also a /tf that gives the position
of End Effector according to schematics: X,Y,Z
and Quaternion notation in gx, qy, qz, w:

1545876023
761065420
"wrist 2 link"

child frame_ id: "wrist 3 link"

transform:
translation:
Xx: 0.0
y: 0.0
Z: ©.09465
rotation:
Xx: 0.0

y: -0.0154993606056

z: 0.0

wW: 0.999879877696

Pic.2 Coordinate data of URS from ROS platform

In this way we start the connection between
our robot and ROS ecosystem and from this
point on we can write the python or cpp codes to
control our robot.

But, in order to ease our problem a Movelt
packages for Universal Robot System was
created:

Movelt package is specially created
package to incorporate the latest advances in

/joint_states

Jur_driver

Jrobot_state_publisher

[follow_joint_trajectory/result

motion planning, manipulation, 3D perception,
kinematics, control and navigation. For running
the Movelt node you need to launch roslaunch
urS_moveit config urS_moveit_planning
execution.launch after running ur modern
driver

After the launch the node graph changes
according to the scheme below:

[tf_static

[follow_joint_trajectory/goal

Graph 3. After application of Movelt package on URS
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As one can see, there is additional node /
move_group that subscribes to /tf static, /
follow joint_trajectory/result and /follow
joint_trajectory/goal it has actually the same
format as /tf but it gives true value every time
than the machine moves and transformation are
in process.

The picture below is the picture of all the
active /topics and nodes in process. The joint

trajectory action is a node that provides an
action interface for tracking trajectory execution.
It passes trajectory goals to the controller,
and reports success when they have finished
executing. The joint trajectory action can also
enforce constraints on the trajectory, and abort
trajectory execution when the constraints are
violated.

follow_joint_trajectory

‘ follow_joint_trajectory/action_topics |-

>4

fioint_states

frabot_state_publisher

n__rostopic_6290_1545875000917

Graph 4. All nodes after applying moveit

While the move group node is one of
the main important node inside the move it
multi package that mainly runs the whole robot
applying all the methods available inside the
robotics.

As one can see from the above picture, a

(yinteract | 7 Move Camera ] Select
D Displays =
+ @ clobal options
k + Global status: Ok
» & Grid =
* % MotionPlanning =}
r " Status: Ok
Move Group Namespace
Robot Description
Planning Scene Topic

# 2D Pose Estimat

Fotus Cometa =3 Measure

robot_description
move_group/manitored_planning_scene
* Scene Ceometry

* Scene Robot

* Planning Request

* Planning Metrics

Add
* Motion®lanning =

Context ' Planning Manipulation Scene Objects  Stored Scenes. Stored States  Status

Planning Library

OMPL Planner Parameters

=unspecified=>

Warehouse

Host: [ 127.0.0.1 Port: | 33829 Connect

Workspace

Center (XYZ) 0.00 . | 000 . 000

Slze (XYZ): 2.00 - | 200 - | 200

# IDNavCoal  § Publish P

number of different topics are available inside
the move group nodes. User can adjust the
parameters of that type of OMPL (Open Motion
Planning and Library) algorithm can be used
and take all the information about the trajectory
execution, status, results and etc...

Pic. 3 Real-time simulation with RVIZ
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These special topics inside the moveit
package is created for the ordinary process of
pick-and-place for the manipulators. Because, it
is the basic task of manipulators in the industry.

In order to visualize all the process we are
doing and maybe also to execute directly from
ROS we can also use the RVIZ[3] tool inside
the ROS. By running $ roslaunch urS_moveit
config demo.launch.

frobot_state_publisher

fjoint_states

fjoint_states

fmove_group

It will run already defined ur$S description
with the all joints and links created for your easy
use. User can see the RVIZ below that follows
the real robot position and configurations

This launch file opens up the motion
planning scene with all the available tools inside
like OMPL, Camera marker, range finder and
etc...

/move_group/fake_controller_joint_states fijoint_state_publisher

fjoint_states

Graph 6. Movement of robot through ROS

After launching the RVIZ the picture is little
bit different, as a new additional node is added
namely /joint state publisher that subscribes
to /fake controller joint states from RVIZ
controller by Laptop and publishes that into /
robot_state publisher

Here in the picture all the ovals are Nodes
while the rest are topics. So as you can see
n_rviz a307 LAPTOP works as publisher
node that publishes into move group and then
according the next scheme it works again.

The problem was still to find optimal
solution or algorithm that would enable finding

® N i

sim.waltl
sim.followPath(target,path, 3, 0,manipvelocity)

with manipulator ve!

the smallest path between the points in the
manipulator movement.

For the project RRTconnect algorithm was
used as it was designed for robotic manipulators.
the idea behind finding the smallest path was in
weight system:

Comparing the sums of the smallest paths
according to the weight:

SUM of Angles = al* 01 +a2* 02+ a3* 03+
a4* 04+ aS5* 05+ a6* 06

The angles 0 is the robot axis angles and
according to the MIN that is the first loop
result is compared while the coefficients are the
changeable values.

iR w R

[
[ |

Sandbosscripe B

Pic 4. Simulation of parameters with VREP

The simulation with the VREP by changing the parameters of path planning algorithm was done
according to the schematics below. The parameters here are the weights of the function.
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Simulation results on parameters

al a2 a3 a4 aS a6 LTCP
156,5 55,08 36,2 24,45 6,05 112,65 18,8
156,55 | 54,75 35,8 24,5 6,3 112,55 | 18,85
156,8 | 54,25 35,45 24,3 6,1 112,75 18,7
156,45 54,8 35,75 24,35 6 112,7 | 18,95
1568 | 54,35 35,6 24,45 58 112,5 | 186
156,7 | 54,75 35,65 24,55 5,85 112,69 18,9
156,65 54,9 35,65 24,6 6,1 112,8 19
156,8 54,9 35,7 24,55 6,1 112,85 | 18,85

156,5 54,8 35,45 24,45 58 112,8 | 18,75
156,4 | 54,75 35,65 24,65 5,75 112,75 | 18,65
156,75 | 54,65 35,75 24,45 6,15 112,7 | 18,85

156,65 | 5438 35,9 24,5 6,3 1125 | 18,8

1567 | 54,5 36,05 247 | 605 | 112,65 | 1885

156,7 | 55,15 35,75 24,65 6,1 112,4 | 1885

156,75 | 54,15 35,55 24,75 6| 112,54 | 18,65

1568 | 54,6 35,6 245 | 595 | 11245 | 1875

156,45 | 54,55 35,6 245 | 6,15 1123 | 1895

156,65 | 54,65 35,65 2445 | 6,05 1123 | 1885

156,45 | 54,75 35,8 24,45 63| 11235 1875

156,6 | 54,8 35,7 24,5 61 | 112,65 | 1865

Mean 156.5 54.7 35,71 2442 | 605 | 112,59 | 18,80

Standarddeviation | 021 0,18 0,20 0,16 | 0,10 025 | 015
Table 1. Weight table

By changing the parameters of for the angles we actually change the weight for each angle
rotation. The weight of each axis rotation is defines the movement.

5 Elbow Joint
: Wrist 2 Joint

'd Wrist 3 Joint
Wrist 1 Jaint

PUe Joint 2

Joint 1 Shoulder Joint

Base Joint
Pic S. Joint-link system

We need the shortest path between the on the base will greatly influence the position
two points on the space that is why we need change on the TCP.
to consider that the movement of the first axis

Ham-Ppan 6a unnosayuon pusoxmsanuw / 2019 Ne3
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Conclusion

Positioning and path planning algorithm for
the non-contact coordinate measuring machine
with robot manipulator is key issue. There is
almost S0 points in different coordinates of
the vehicles in the inspection process of the
automobile at GM Uzbekistan automobiles. Path
planning between the points plays an essential
role as it closely bounded up with the production
time.

Nowadays, the quality control process is
thought to be the bottleneck process that means
that the lines throughput cannot exceed the rate
of quality control point.

Results from a small-scale model of future-
industrial robot has shown that it can be easily
implemented with the big-scale real time robotic
arm CMM. The application of non-contact
CMM greatly enhances the available methods of
inspection of an assembled car technology giving
a number of advancements that is listed below:

o Total elimination of an operator’s error
and interaction in the inspection process of
assembled car (Automation of a process)

References

« Increase of the speed of inspection
process compared to the existing operator visual
analysis

« Leveling up the precision standards on
the car body, increase of quality of car body
surface

« Availability of online results on computer
servers

Implementing this kind of tool in the GM
Uzbekistan plant will not just increase the quality
of the products produced, but maybe help to
apply automation in the quality control system
of GM Uzbekistan and decrease the cycle time of
each car produced.

Quality of products depends on various
factors. The production of automotive parts,
medical devices, sport equipment’s or any other
body parts has to be controlled in all phases of
production.

The aim of the thesis is to show a new
approach toward the enhancement of the
production process and inspection systems.
Future project that is going to be based on this
small scale project and thesis will totally change
the inspection process in the plant.
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