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INVERSE KINEMATICS IN ROBOTICS: CASE OF PICK-AND-PLACE
MANIPULATORS

D. Nienova

Kharksv National University of Radio Electronics

Ulkraine, 61166, Kharlav, Nauky av., 14

E-mail: daryna nienova@nure va

Abstract: This paper explores inverse kinematics in pick-and-place robotic manipulators, focusing
on its application in automated manufacturing Usmg CoppeliaSim for sinmlation, the study
optimises IK algorithms to enhance robetic precision. Moreover, the research emphasises the IK's
significance for improving robot performance in Industry 4.0 and 3.0 environments.

Keywords: Inverse kinematics, robotics, pick-and-place manipulator.

IHEEPCHA KIHEMATHKA B POBOTOTEXHIII: BHITATOK PICK-AND-PLACE
MAHIIIY.IATOPIB

. B. Henoea

XapriECEIMHA HANIOHATEHHI YHIBEPCHTET PATIOSTEKTPOHIER

Vepaina, 61166, Xapkie, op. Haysm 14

E-mail: daryna nienova@nure ua

Anomanin: CTarTa omECye 3BOPOTEY (iHEepcHY) KiHEMATHEY po0OTHIOBAHOTO MAHITYIATOpPA
TEOY pick-and-place, dokycyrowmcs Ha I DPAKTHUHOMY 3ACTOCYBAHHI B ABTOMATH3OBAHOMY
eEpofmmnTEi. ni cEMymamif Ta JOCHTEKEHEA AITOPHTMIE 3IBOPOTHOI KiEeMaTHER GOymo
sEEOpHCTaFD TporpanERE 3aci6 CoppeliaSim Kpis ToTo, JOCTITRERRR MiTEpecTios BAETHEICTS
DPEHTENIE IECPOTHOT KEHEMATHKH 11 NOEPAIIEHHT NPOIYKTHERCCTL pofoTis B enoxy Irayerpii 4.0
1a 5.0

Karonesi ciosa; 3E0poTHA KiEeMaTHEa, poSoToTexHixa, pick-and-place MaminynsTop.

INTRODUCTION. In recent years, robotics has become a comerstone of various industries,
ranging from mamufacturing to healthcare. Among the most widely used robotic systems are pick-
and-place manipulators. which are used to automate the task of selecting particular objects from one
location (initial location) and placing them in another (target) position. The functionality of such
systems relies on the ability to determine the correct movements of robotic arms in three-dimensional
space. a process governed by inverse kinematics (shortly, IK) [1]

To begin with kinematics is the science of motion [?] Inverse kinematics (or backward
i ) is the math il process of ing the joint p (e.g. angles. length, etc)
of a manipulator needed to achieve a desired end-effector position in space. Unlike forward
kinematics (Fig. 1) [3]. which calculates the end-effector position based on given joint parameters, [K
presents a more complex challenge due to the nenlinearities and multiple solutions that can arise
during the modelling. Mereover, the accuracy and efficiency of the IK solution are crucial for the
reliable performance of pick-and-place manipulators, where minor errors can result in misplacements,
damage, or failwre of task perft C 1y, IK is a 1 problem in robotics that
involves determining the joint angles of a robotic arm required to reach the desired position of its end
effector (Fig. 1) [1. 4]

Given the desired robot’s end-effector positions, inverse kinematics (IK) can determine an
appropriate joint configuration for which the end-effectors move to the target pose [1]
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Figure 1 — Configuring the joint positions of a robot nsing forward or inverse kinematics [1]

AIM OF THE PAPER. Since the advent of Industry 4.0, manufacturing systems have become
1 ted and enabling smarter and more efficient production lines The
integration of cyber-physical systems, the Internet of Things (shortly. IoT). and advanced robotics
has reshaped industries, making the nse of adaptable robots essential for high-quality preduction [3]
Moreover, since the tramsition to Industry 3.0, the focus shifts even more toward human-robot
collaboration, with an emphasis on flexibility, interactivity. and adaptability of manufacturing [6]. In
this brand-new era. robots must not only execute tasks with precision but also interact seamlessly
with humans in diverse environments.

Thus, this paper focuses on exploting the use of IK for manipulators, mainly on pick-and-place
manipulators in the context of Industry 4.0 and 5.0. Specifically. it addressed the challenges
associated with the implementation of IK in robotics and automated manufacturing,

SOFTWARE. For the short exposition, it’s worth mentioning that for the thecretical analysis of
K. the CoppeliaSim Software (formerly, VREP) was selected. This software is designed for
modelling. programming, and testing rabatic systems. It supports a wide range of rabots and provides
an extensive set of tools that simplify the modelling process compared to other similar platforms [7]
The software was chosen for its flexibility and comprehensive features, which are essential for the
practical application of IK in robotic systems. The version utilised in this work was the Educational
Version, which provides free access to all functionalities of the selected software.

IMPLEMENTATION. As mentioned above, inverse kinematics is a method used in rcbotics to
calculate the joint angles of a robot arm. so that its end-effector (e g., gripper or tool) reaches a
desired position or pose m space. It's the opposite of forward kinematics. There are two main ways to
solve K-

a) Analytic solutions using mathematical formulas to calculate joint angles directly:

) Numerical solutions which use inferactive methods and optimisation algorithms to approximate
the solution.

Let us focus specifically on the implementation of IK solutions in robotics

Analytic K solutions are based on deriving closed-form mathematical expressions that directly
compute the joint angles required to achieve a specific end-effector position. These solutions are
particularly applicable when the robot’s kinematic structure is relatively simple, with fewer degrees
of freedom, such as two or three-joint manipulaters [1]

The process of deriving an analytic solution involves:
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a) Modelling the robot’s kinematics (defining the robot’s link lengths, joint types. and other
geometric parameters);

©) Foromslating the TK equations; using the robot's Denavit Hartenbers parameters of
transformation matrices, the end-effector position and crientation are expressed as a function of the
joint variables:

c) Solving the equations. By solving these equations symbolically, the joint angles that will place
the end-effector at the target position are obtained.

For instance, for a two-link planar arm. the positions of the joints are described by trigonometric
equations. and the joint angles can be derived using inverse trigonometric functions. Once the
solution is found. the robot can execute the required motion directly without iterative calculations.
While analytic solutions are efficient for simpler robots. they become impractical for more complex
robots, such as those with multiple joints or higher degrees of freedom. In such cases, nmmerical
methods are employed to approximate the solution [1].

ROBOTICS SYSTEM. To illustrate the application of inverse kimematics in robotics. let’s
censider the construction of a fwo-link manipulator system. specifically designed around the
principles of IK. This system serves as an effective demonstration of how IK can be utilised in
robotic movements. The two-link manipulator has proven to be a useful building block for more
advanced robotic systems, larly in the devel of pick-and-place i These
more complex systems often incorporate three-link manipulators, which further enhance their
capabilities throngh the implementation of the K.

In Figure 2. one can see an example of a two-link manipulator built in CoppeliaSim.

r = radius of circle

X_eenter,y_center
. i —— 5
Figure 2 — Two link manipulator hased on the TK mech: in CoppeliaSim

In accordance with Figure 2, the two-link manipulator consists of two rigid links connected by
joints. The manipulator is operated in a 2D plane (typically). where the goal is to control the end-
effector (the tool at the end of the manipulator. the so-called manipulator's “hand”) to reach a desired
position and crientation in space.
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Link 1 is the first segment of the manipulator and is attached to the base, link 2 is the second
segment connected to the end of Link 1, and the end-effector is aftached to this link Joints provide
rotational movement at the connection points

In terms of TK, the problem is to calculate the required joint angles that allow the manipulater’s
end.effector to reach a desired position in space

Additionally, Figure 2 shows the mechanics of the two-link manipulator and the process of solving
for the joint angles needed to place the end-effector in a specific position In a more advanced pick-
and-place manipulator. the same principles apply. but the system will often involve more degrees of
freedom and additional complexities such as joint limits, workspace constraints. and task-specific
requirements

Through the use of CoppeliaSim and similar platforms. one can test various IK algorithms to find
the most efficient sclutions for specific tasks, such as pick-and-place operations. By using simulation
tools, they can optumise robotic movements, ensuring the manipulator reaches the target position with
mimimal error while avoiding obstacles and adhering to physical constraints. After thoromghly
completing the calculations related to the placement and positioning of the end-effector. IK was
applied to develop a robotic system. This system was designed to precisely pick and place objects,
moving them to designated target positions. Throughout this process, the robot was also programmed
to navigate around intentionally placed obstacles, demonstrating its ability to adapt and function
effectively in a dynamic environment (Figures 3 and 4)

I = |
EDU \

Figure 3 - Pick-and-Place manipulator from the top position
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Figure 4 — View from the camera
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Consequently, by refining the inverse kinematics algorithms in such simmlations, it becomes
possible to enhance the overall efficiency, reliability, and versatility of robotic systems used in
automated manufacturing and logistics. Additionally, the use of simulation tools like CoppeliaSim
enables the testing of varions configurations and the optimisation of robotic movements in a safe,
controlled virtual environment before physical deployment.

CONCLUSION: In conclosion, the study of inverse kinematics represents a cormerstone in
development of advanced robotic systems, particularly for tasks such as pick-and-place manipulation.
With the rapid evolution of robetics and the ongeoing shift towards Industry 4.0 and 5.0, the
application of the IK in robotic systems is becoming ever more important in enhancing efficiency,
precision, and adaptability in manmfacturing and avtomation environments.

The study has demonstrated that both analytic and numerical solutions to IK atter can be
effectively employed to optimise robotic arm movement for both simple and complex robotic
systems. Moreover, the research highlights that mastering the principles of mverse kimematics and
refining the algorithms nsed to solve IK can sigmificantly improve robotic performance in pick-and-
place applications. Furthermore, as robotics confinues to advance, the integration of more
sophisticated IK algorithms in combination with machine learning, artificial intelligence. and real-
time simulation will enable robots to adapt to even more complex tasks and environments.

Thus, the further research and development of IK solutions will be key to driving the success of
robotics in Industry 5.0. These advancements will further propel the integration of robotics into a
variety of industries, ranging from mamnufacturing to healthcare, thereby making a difference in global
technological advancements.
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This paper focuses on the importance of robotic manipulators in industrial
automation processes. Moreover, it highlights how modelling and simulation
techniques contribute to improving reliability in manufacturing operations. The
implementation of software tools, such as CoppeliaSim, enables the creation of
detailed models for pick-and-place manipulators, which this paper proposed. By
using scripts for pick-and-place robotic tasks, the software enhances the accuracy
and efficiency of the manipulator’s operations. The paper also emphasises the
significant benefits which make a difference in industrial automation processes,
such as improved productivity, reduced errors. and enhanced safety m
manufacturing.

OCHOEHG IIHTAHHA ABTOMATH3AIN] EBHPOOHHYOTO INpOLECY MNOMATAE B
CTEOPEHH! BHCOKOHAMIHHNX, TOUHHX. INEHJKHX Ta, 33 HEOOXUTHOCTI, 3TATHHX
TIPAIFOBATH B Hefe3Me HHX YMOBAX, ABTOMATH0BAHHX CHCTEM 300 KOMIIOHEHTIB
[2.3]. Came ToMY IPOEETYBAHES, MOZETIOBAHHEE Ta DemocepeIHe BHKOPHCTAHHA
POGOTIE-MAHINYIATOPIE € BAKTHBHM €TANOM Y PO3BHTEY ABTOMATH3AII]
BHPOOHHIOTO MPOIECY, OCKLTEKH If CHCTEMH JO03BOJIAIOTE 3HAYHO MiIBHITHTH
eeKTHBHICTE PI3HOMAHITHHX NpPOUECiE HA NiANpHeMCTBl. MaHIDyIAUiEE]
POGOTH IIPH3HAYEH! 1 OMEPALIIH 10 3MIHi IPOCTOPOBOTO MOMOKEHHS SYIB-TKHX
MpeaMeTiB, TAKHX AK {HCTPYMEHTH. JeTamli IH BY3TH iHIIHK MAIIHH. BoHH
CTalm 1, TOOTO BCTA 1 B OJHOMY Micli. MaHImyaami 13 mpeaMeTaMu
BHKOHYKT INONC MICOA CBOrO 3akpimieeHs [3]. IIpoekTyBaHHA poGOTIE-
MAHIOyIATOPiE MICTHTE PO3POOKY MEXaH{3MiB, Mo 3a0e3MeTYHTh BHCOKY
TOYHICTB PYXiB, CTaDUBHICTE POOOTH Ta 3OATHICTE BHKOHYBATH CEJIANHL
MAHIOY/IANI] B YMOBAX Pi3HOMAHITHHX BHPOOHHYTHX 33137

Ofmier0 13 YacTHX TOTped ABTOMATH20BAHOTO BHPOOHHNTBA €
BHKOPHCTAHEA QVHKIIH 3aXO0ITCHHA T4 POIMIINEHHA &IeMEHTIB, JETATEH TOMIO.
JI:1s BHKOHAHESA 1€l A1 4aCTO BHKOPHCTOBYETHCA MAHITYIATOP 3aXOILTEHHA Ta
poavimerEa (Pickand Place Manipulator) [5]. IpHETAX Takere MaEiMyIATOpa.
MoGyJ0BAHOTO 3 BHKOPHCTAHHAM MporpaMuoro abesmedenns CoppeliaSim,
MOKA2aHO HA PHCYHKY 1.1, CTEOPEHHS TAKHX MAHIIVIATOPIE ¥ 3alpOIOHOBAHOMY
MPOTPaMHOMY 2a0e3TeTeHH] J0IB0MAE He JHINE BI3YaTizVBaTH PYXH poboTa, ane
H HATAITYBATH TOHHICTE BHKOHAHHA PYXIB Hepe3 BHKOPHCTAHHA CKPHITIB LA
VIPABTIHEA MO3HIAMH 06 €KTiB. MO NepeMillye MaHITyIATep. HampHwmaz
CTBOPEHHA CHEUIANBHOTO CKPHNTY W14 [eHepauii eNeMEHIIB, WO OVIVTE
TepeMIITaTHCA 10 KOHBEEPHIH CTPITNL, AK 3aMpPONOHOBIHO HA PHCVHEY 1.1

MaHITYIETOp TAKOTO THIY 3JaTHHH eQeKTHBHO BHPINIYBATH 3aBJaHHA, MO
BKMIOMAOTE TPAHCHOPTYBAHHA TAa YKIATAHHA KOMIIOHEHTIE, BHKOHAHHA
CKIAJHHX MAHITYIAMIH 3 ZeTATAMH, 10 BUIPI3HAIOTECA 33 HOPMOI0. POIMIPAMH
ta/abo Barowo. Ilefl mpomec € HEBUUTLIBHOK TACTHHOK OaraThOX BHPOGHHYHX
MHIA, BKTIOYWARYH CKIAJAHHA, [AKYBAaHH, COPTYBAHHA Ta IHIN THOH
ABTOMATH3I0EAHHX ONepallifl. V IEOMY KOHTEKCTI BHKOPHCTAHHA NPOTPAMHOTO
3abesnedenEs CoppeliaSim Hagae CYTTEB1 MepeBarH IHEEHEpaM ¥ Tamyil
ABTOMATH3AINI BHPOOHHYHX MPOIECIiB. OCKUTBKH Iefl {HCTPYMEHT IPOTIOHYE
MHPOKHI COEKTP 3aco01E I8 po3pobKE, MOASTIOBAHHE, NMPOTPAMYBAHEA Ta
iHTerpanii poGoTiE i podoTH CHCTEM YV BHPOOHHYY JLATBHICTE. KpiM
Toro, mporpamee 3abesneuemns CoppeliaSim  jgosBomse  edexTHEBHO
Bi3yali3VBaTH T3 TECTYBaTH PI3HOMAHITHI cUeHapii poboTH PoBOTHI0BAHHX
CHCTEM. 10 3HATHO TPHCKOPIOE IPOIIEC POIPOBKH.

Pucysok 1.1 — PoBor-Maninynarop tamy pick-and-place y nporpamsony
3abesnevenn CoppeliaSim

B yMoBax po3BHTKY Imaycrpii 5.0. poBOTH30BaHI CHCTEMH., Takl fK
smaHimyngTopE TEmy  pick-and-place, imTerpymtecs B HoBY Momens
ABTOMATH30BAHOTO BHPOOHHIITBA, Je AKIIEHT CTABHTHCA HA CTHBMPAIN THOTHHEH Ta
samuey. el mAXiQ J03B0asMe JOCAITH OUIBIN THYHKHX | NEPCOHATI30BAHHX
BHPOGHHYHX TPOLEciB, Je¢ PobOTH BHKOHYIOTh PYTHHHI 3aBIAHHA, a JIOIH
MOKYTh 30CEPETHTHCS Ha CIPATErdHHX acHekTax poboTH. TakoX BaKITHBOO
TexHOTOTIEW € mmdpos: ABifiEuku. Ilrdpoemit aptiEmk (digital twin) — me
TpOrpaMHHE AHATOT $13MTHOTO MPHCTPOIO, IO MOZETIOE BHYTPINIHI TPOLECH,
TEXHI4HI XapakTepHCTHKH i NOBEIHKY PeaibHOr0 00 €KTa B YMOBAX BIUIHBY

Pucynok A.9 — Omy6iikoBaHi T€3H JI0TIOB1I




Nepelko] Ta HABKOMHINHEOTO cepefoBHma [4]. Jxmo 18 TpagmmiisEoi
IPOMHCIOBOCT] HAOYTTA HeoOXUIHHY XapakTepHCTHE BHpPODY BeleThCHd Hepes
YHCIEHH] HATVPHI BHOPOOVBAHHA, TO 3aBdaHHs Iamverpii 4.0 — mpoBomuTH
GaraTopazoBi BHNpOOYEAHHA 23 JOMNOMOTOK DHQPOECTO NEIHHHEA, 3 HATYDHI
BHIPOGVBAHHA TPOXOTHTH 3 Tepmoro pazy[4]. OTae. madpos IRIHHEER a:0Th
IMOTY TOHHINIE MOZEIKBATH POOOTY POOOTHIOBAHHK CHCTEM, 3MEHINVEOTH 9ac
HAa PO3poOKY Ta TeCTYBAHHA HOBHX PilleHb, IO JO3BOIAE NPOTHOIYBATH
erl:eanmmcn: pobora Ma.H]Il"\.J‘LH‘[DplB MIBHINYIOUH X NPOIYETHBHICTE 1
TOHUHICTE. B pcz‘mara’n TAKi TEXHOMOT1 CIPHAKTS MABHINEHHK eQeKTHEHOCTL
BHPODHHTHY [IPOLECE.

V pesvieTaTi. MOJETHEBAHHA POGOTIE-MAHIMYIATOPIE HE TUTBEH CIIPHAE
IOCATHEHHH) MaKCHMATBHOI IPOAVETHEHOCT] H MIHIMATRHEX BHTPAT CHEPTii IpH
BHEOHAHHI ONEepamifi, ame H IOomoMarac MIHIMIZVBATH IOMEIEH, IO TACTO
BHHHKAIOTH Ha MINPHEMCTBAX, 3ACHOBAHHX HAa HE PODOTH3IOBAHOMY BHEOHAHHL
saggase [1]. OTme. 33aBIIKH 3aCTOCYBAHHK CVIACHHX NPOTPAMHHX 3acod1B
(HADpHEIAT, mporpaMHore abesnedennd CoppeliaSim), IITYYHOTO IHTETEKTY Ta
MAITHHHOTO HABYAHHA, POGOTH-MAHIMYIATOPH MOEYTH AJANTYBATHCA 10
IMIHHHX YMOEB BHPOOHHOTEA, IPALOKTH 3 BHCOKOK TOTHICTIO B PI3HOMAHITHHX
cuesapiax [1]. 3okpeMa, He TUIBKH NOKPAIHTH NPOIYVKTHEBHICTE 1 TOYHICTE, A€
i CTROPHTH HOBi IEPCIEKTHEH I BHEOHAHHA CEIaTHEXY 3aBJAHE ABTOMATH3IAMI,
MIABHITYIOYH eeKTHBHICTE BEPOOHEITEA T4 MIHIMIIVIONH PHIHKH T4 TIOZEH.
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JOJATOK b Kox nporpamu

function sysCall_init()

RefPosition=sim.getObjectHandle("Reference")
EndEffector=sim.getObjectHandle("Endeffector")

start = sim.getObjectHandle("start")

Connector=sim.getObjectHandle("URS_connection")
Proximity=sim.getObjectHandle("Proximity")
Vision=sim.getObjectHandle("Vision")

BlueBin = sim.getObjectHandle("BlueBin")
RedBin = sim.getObjectHandle("RedBin")

index=0
objects_to_move = {};
while true do
shape=sim.getObjects(index,sim.object _shape type)
if (shape==-1) then
break
end
result],parameterl = sim.getObjectInt32Parameter(shape,sim.shapeintparam_static);
if (parameter1==0) then
table.insert(objects_to_move, shape)
end
index=index+1
end

position_start = sim.getObjectPosition(start,-1)
position_blue bin = sim.getObjectPosition(BlueBin,-1)
position_red bin = sim.getObjectPosition(RedBin,-1)

-- Adjust bin positions to place boxes above them (increased clearance)
position_blue bin[3] = position_blue bin[3] + 0.15
position_red bin[3] = position_red_bin[3] + 0.15

--- finite state machine (FSM) parameters ----
state_start=1;
state_start2pick = 2;
state_pick = 3;
state_lift=4
state_lift2start = 5;
state_start2bin = 6;

state lower = 7,

state place = §;
state lift after place =9;
state_bin2start = 10;
state_stop = 11;

--- starting state for the state machine
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state=state_start;

duration = 1.5; -- Increased duration for smoother movement
t f=1;

box no=1;

current_box color ="";

attachedBox = nil; -- Initialize attached box variable

-- Define safe height for movements
safe _height = 0.2; -- Reduced height above table for safer movement

end

function sysCall actuation()
t=sim.getSimulationTime()

--- pick and place all boxes sequentially ---
n = table.getn(objects_to_move)
if box_no <=n then
position_pick=sim.getObjectPosition(objects to move[box_no],-1)
position_pick[3] = position_pick[3]+0.01; -- Very small offset to touch the box
state = moveSimpleManipulator(position_pick)
if (state==state _stop and box no<n) then
state = state_start;
t_f=sim.getSimulationTime()
box no =box no + 1;
attachedBox = nil; -- Reset for next box
end
end
end

function sysCall_sensing()
-- put your sensing code here
end

function sysCall_cleanup()
end

function getBoxDestination(colour)
function getBoxDestination(box handle)
local image, resX, resY = sim.getVisionSensorCharlmage(Vision)
localr sum, g sum,b sum=0, 0,0
local pixel count =resX * resY
fori=0, pixel _count - 1 do
r = string.byte(image, i * 3 + 1)
g = string.byte(image, i * 3 +2)
b = string.byte(image, i * 3 + 3)
r_sum=r_sum+r
gsum=g sum+g
b sum=b sum+b
end
localr avg =r sum/ pixel count
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local g avg =g sum / pixel count

localb_avg =b_sum / pixel count

local max_val = math.max(r_avg, g avg, b_avg)

if max_val == 0 then max_val =1 end

localr n=r avg/max_ val

local g n=g avg/max val

localb n=b_avg/max val

ifb n>0.6andr n<0.4 and g n <0.4 then
return "blue"”

elseifr n>0.6and g n<0.4 and b_n < 0.4 then
return "red"

else
return "unknown"

end

end

function moveSimpleManipulator(position_pick)
------- transitions for FSM ----------
if (state == state_start and t>=t_f) then
state = state_start2pick;
pos_i = position_start;
pos_f=position_pick;
ti=t f;
t f=1 i+duration;

elseif (state == state_start2pick and t>=t_f) then
state = state_pick;
ti=t f
t f=t 1+ 0.5; -- Short delay for picking

elseif (state == state_pick and t>=t_f) then
state = state_lift;
pos_i = position_pick;
pos_f= {position_pick[1], position_pick[2], position_pick[3] + safe_height}; -- Lift box up
ti=tf;
t f=t i+ duration;

elseif (state == state lift and t>=t_f) then
state = state_lift2start;
pos_i = {position_pick[1], position_pick[2], position_pick[3] + safe_height};
pos_f= {position_start[1], position_start[2], position_start[3] + safe_height}; -- Move to start at safe height
ti=tf;
t f=t i+ duration;

elseif (state == state lift2start and t>=t f) then
-- Get destination based on box colour (hardcoded)
current box_color = getBoxDestination(box_no)
state = state_start2bin;
pos_i= {position_start[1], position_start[2], position_start[3] + safe_height};
if current_box_color == "blue" then
pos_f= {position_blue bin[1], position_blue bin[2], position_blue bin[3] + safe_height};
else
pos_f= {position_red_bin[1], position_red bin[2], position_red bin[3] + safe_height};
end



ti=t f;
t f=t i+ duration;

elseif (state == state_start2bin and t>=t f) then

state = state_lower;

if current_box_color == "blue" then
pos_i= {position_blue bin[1], position_blue bin[2], position blue bin[3] + safe height};
pos_f= position_blue bin;

else
pos_i= {position_red bin[1], position red bin[2], position red bin[3] + safe height};
pos_f=position _red bin;

end

ti=t f;

t f=t i+ duration;

elseif (state == state lower and t>=t_f) then
state = state_place;
ti=t f
t f=t 1+ 0.5; -- Short delay for placing

elseif (state == state_place and t>=t_f) then
state = state_lift after place;
if current_box_color == "blue" then
pos_i = position_blue_bin;
pos_f= {position_blue bin[1], position_blue bin[2], position_blue bin[3] + safe height};
else
pos_i = position_red_bin;
pos_f= {position_red bin[1], position _red bin[2], position_red bin[3] + safe_height};
end
ti=tf;
t f=t i+ duration;

elseif (state == state_lift after place and t>=t_f) then
state = state_bin2start;
if current_box_color == "blue" then
pos_i= {position_blue bin[1], position_blue bin[2], position_blue bin[3] + safe height};
else
pos_i= {position_red bin[1], position_red bin[2], position_red bin[3] + safe_height};
end
pos_f=position_start;
ti=tf;
t f=t i+ duration;

elseif (state == state bin2start and t>=t_f) then
state = state_stop
end

-------- actions in the FSM ----------
if (state==state_start2pick

or state == state lift

or state == state_lift2start

or state == state_start2bin

or state == state_lower

or state == state_lift after place

or state == state_bin2start) then
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movelK(pos_i,pos fit it f)
end

if (state==state pick) then

attachedBox=graspObject()

print(" Attempting to grasp box. AttachedBox:", attachedBox) -- Debug print
end

if (state==state place) then
if attachedBox ~= nil then
releaseObject(attachedBox)
print("Released box:", attachedBox) -- Debug print
else
print("Warning: No box attached to release!")
end
end

return state
end

function movelK(position_i,position_fit it f)
x_f=position_{]1];
y_f=position_{]2];
z_f=position f[3];

X_1=position_i[1];
y_1=position_i[2];
z 1= position_i[3];

dt=t f-t i
dx=x f-x i
dy=y f-y i

dz=z f-z i
if (t>=t_i and t<=t_i+dt) then
del t=(t-t _i);
x =x_1i+ (del _t/dt)*dx;
y =y_i+ (del _t/dt)*dy;
z=z_ i+ (del t/dt)*dz;
position_ref = {x,y,z}
sim.setObjectPosition(RefPosition,-1,position_ref)
end
end

function releaseObject(attachedShape)
sim.setObjectParent(attachedShape,-1,true)
end

function graspObject()
local attachedShape = nil
local current_box = objects_to_move[box no]

print("Trying to grasp box number:", box no)
print("Current box handle:", current box)
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-- Check if the current box exists

if current_box == nil then
print("Error: Current box is nil!")
return nil

end

-- Check proximity sensor with the specific box
local result3, distance = sim.checkProximitySensor(Proximity, current box)
print("Proximity sensor result:", result3, "distance:", distance)

-- Get box parameters
local resultl, parameterl = sim.getObjectInt32Parameter(current box, sim.shapeintparam_static)
local result2, parameter2 = sim.getObjectInt32Parameter(current_box, sim.shapeintparam_respondable)

print("Box parameters - Static:", parameterl, "Respondable:", parameter2)

-- Simplified grasping logic - try to grasp the current box directly
if parameter] == 0 then -- Box is not static (moveable)
-- Try to attach the box regardless of proximity sensor
sim.setObjectParent(current_box, Connector, true)
attachedShape = current_box
print("Successfully grasped object:", attachedShape)
else
print("Box is static, cannot grasp")
end

-- Alternative approach: if proximity sensor is working, use it
if attachedShape == nil and result3 == 1 then
sim.setObjectParent(current_box, Connector, true)
attachedShape = current_box
print("Successfully grasped object using proximity:", attachedShape)
end

-- Last resort: force grasp if we're close enough

if attachedShape == nil then
print("Force grasping the current box...")
sim.setObjectParent(current_box, Connector, true)
attachedShape = current_box
print("Force grasped object:", attachedShape)

end

return attachedShape
end
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3MICT

o AKTyanbHicTb po6oTH Bubip Ta 06rpyHTYBaHHA
* MeTa po6oTu TeXHiHUX 3acobis

* OG’eKT, NpeaMeT, MeToau » MpakTUUYHa YacTUHa po6oTun

e 3aBOaHHA PospoGKa Ta MoaentBaHHA

e AHanizs nitepatypm Mpuknag po6oTn cnuctemMn

BUCBHOKMU

Pucynok B.1 — TuTynbHMI1 apKylI Ta 3MICT Ipe3eHTaLlii




AKTyanbHicTb

AKTYanbHICTb po3po6ku 06ymoBneHa
HEO6XIAHICTIO BUPILLEHHS HU3KU NUTaHb,
NOB'A3aHUX 31 3HWXKEHHAM BUTPAT,
NIABULLEHHAM ePeKTUBHOCTI Ta FHYYKOCTI
po60TU30BAHMX CUCTEM Y BUPOGHUUMX
npouecax.

MeTa

MogentoBaHHA po6oTa-maHInynsTopa Ta iioro
$yHKLIA y BIpTYanbHOMY cepefoBuMLyl
CoppeliaSim ana ageMoHcTpaLyli
ABTOMAaTM30BAHOIO NPOLIECY 3aXON/IeHHSA Ta
nepeMiLLeHHs 06 EKTIB.

Pucynok B.2 — AKTyalIbHICTh Ta M€Ta POOOTH
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O6’exT, NnpeamMerT,
MEeTOAM PO3POo6bKM

0O6'eKkT po3pobKu:
Mpouec MoaentoBaHHA POBOTOTEXHIUHNX
cuctem Tuny Pick-and-Place

Mpeamet pospobkn:

MeToam Ta 3acobu MogentoBaHHA poboTa-
MaHInynaTopa An8 asToMaTm3auli npouecis
3aX0MNNEeHH: Ta NepPeMILLEHH: 06'EKTIB y
BIpTyansHoMmy cepeosuil CoppeliaSim.

\ L N/
/1IN

MeTogwu po3pobku:

aHan3 npobnemw, po3pobka Mogeni Ta
nporpamMoro 3abesneveHHs Ans
KepyBaHHSA pyxamu poboTa-
MaHinynatopa Tuny Pick-and-Place.

3aBaaHHA

— NpoBeAeHO aHasNl3 Cy4acHOro ctaHy
aBTOMaTU30BaHUX cUCTeEM;

- NpoBeAeHo NiAGIP eneMeHTHOI 6asu Ta
06r'pYHTYBaTU TEXHIYHI PILLEHHSA AN MOAENIOBAHHS;
— po3pob6neHo cxemy po60Ty MOAENbLOBaHOI CUCTEMU;
— NpoBeAeHO MaTeMaTUYHI po3paxyHKu ans
BTUIEHHA NOCTaBNEHOI 3agaul;

— po3po6neHo moaenb po6oTa y nporpaMHoOMY
cepeposul CoppeliaSim;

— CTBOPEHO nporpamMHe 3a6esneyeHHs Ana
KepyBaHHSl po60TOM I3 BUKOPUCTAHHAM MOB
nporpamMmysaHHs Python Ta Lua;

— NpoBeAEeHO CMMYJIALII0 CTBOPEHOT CUCTEMMU.

Pucynok B.3 — O0’ekt, npeaMeT, MeTa Ta 3aBAaHHs poOOTH



AHanis
niTeparypm

8 ABTOMaTM3alUin BUpo6HMLTBA

ABTOMmMaTu3aus BMpOGHVIIJ,TBa € BaX/IMBM
KPUTEPIEM CTPIMKOro po3BUTKY NPOMMC/IOBOCTI.

8 Industry 4.0

B ymoBax wBmnaKoro po3suTky Industry 4.0
aBTOMaTM3aLiA BUPOGHUYUX NIHIA AA€ LLMPOKUIA
CNEeKTP MOX/IMBOCTE AN NOAANbLUIOTO
PO3BUTKY.

g HoBiTHi TexHonorii

BukopucranHs loT, po60T30BaHMX CUCTEM,
CUTEM KOMN'IOTEPHOT0 30pY, MOAENIOBAHHA Ta
LUI 3Ha4HO NONEriyOTh BUKOHAHHA CKNagHUX
3apa4 Ha BUPOGHULTBI.

TexXHIuHI
3acobm

ImiTauiliHe MopenioBaHHA

CoppeliaSim

LA

* FHYYKICTb y HaNalUTyBaHHA
CUMYNALIA;

NIATPUMKA PISHMX TUNIB
po60T, MaHINYNATOPIB,
AO0AATKOBOro yCTaTKyBaHHA
TOLWWO;

MyNbTMMOBHA MIATPUMKA;
B/1AaCHUIA APl nkw.

Pucynok B.4 — Ananiz niteparypu ta T3
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NMpakTUyHa YacTUHa
po6oTm

[% MaremaTnuna (4 Mopeniosanus 4 cumynsauia

qs

a2

inimon posory =
==

T 92: 93-94

% IoopoTiia xinesamica

MaTeMaTHMYHa YacTMHa

[/ 3apaua 3BopoTHOI KiHeMaTUKH

TAKUM YMHOM, 3rIAHO I3 PO3PAXYHKAMM HA KOXHOMY KPOUI CUMYAAUIL OBUYUCNIOETHCS,
HACKINIbKW KIHUEBWIA E®EKTOP BIAXWNAETLCA BI BAXAHOIO MOMOXEHHA. LUE BIAXWUNEHHA
NEPEBOAUTBLCA Y BIANOBIAHI 3MIHW KYTIB CYI/1061B 3A AONOMOIrO0 3BOPOTHOI MATPULI AKOBI.
OTPUMAHI 3MIHW KYTIB AOAAKOTHCA 40 NOTOYHMX 3HAYEHD KYTIB, TUM CAMWM OHOB/OHOYU
MONOXEHHA MAHINYNATOPA.

Tabmins 2.2 — Pe3ynsTaTi iTepamiifHoro HabmKeHHsS

Itepanis 6, pan 6,, pan X, M Y, M ITommika Ax
1 2 3 4 5 6
1 -0,28 0,72 1,31 0,41 0,13
2 -0,32 0,65 1,25 0,47 0,06
3 -0,30 0,63 1,21 0,49 0,02
4 —-0,295 0,62 1,20 0,50 0,003

Pucynok B.5 — [IpaktuuHa Ta MaTeMaTU4Ha YaCTUHU

95



Po3pobka

B Kinneoit
i

Mepwa u4actmHa po6oTn nepep6avae po3pobKy "’}'.
ABONAHKOBOr0 MaHINynaTopa.

Apyra 4acTuHa nepep6ayaE CTBOPEHHS IMITaLIHOT
mogen po6ota Tuny Pick-and-Place y nporpamHomy
cepeaoBmLLl CoppeliaSim, ae peanisyoTbcs
anropuTMm Ta METOAM yNpasIHHA.

TpeTiIm eTanoM MOAENOBaHHA €  CTBOPEHHs
TPMBMMIpPHOI  Mogeni  po6GoTa-maHinynatopa 13
BUKOPUCTaHHAM B6y/l0BaHUX QYHKLIA NporpaMHoro
cepeposuuia CoppeliaSim.

whextop (Q)

Ans mogentoBaHHA 6yno 06paHO NPOMUCNOBUIA
po6oT Tuny Pick-and-Place Tuny UR5 (The
Universal Robots UR5).

LieVi npoMucnoeuii po6oT, npusHaueHunii ans
aBTOMaTM3aLli NOBTOPIOBaHMX 3aBAaHb. BIH
Ma€ BaHTaXXOMIAWOMHICTb A0 5 Kr, pagiyc aii Ao
850 mm, Bary 18,5 kr 1 6 ctyneHis ceo6ogun

Pucynok B.6 — Po3poOka Ta MoiesItoBaHHS CUCTEMU
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NMpuknap po6oTu cucremMm

Pucynox B.7 — [Ipuknan pobotu cucteMu
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E TaKMM YMHOM,

¥ po6oTi 6yno o6rpyHToBaHo Bu6Iip nporpaMmHoro
3a6e3neueHHAs ANA  MOJENOBaHHA CUCTEMM,
BPaxoByW4M Moro WUPoKlI  $YHKLIOHANBLHI
MOXXNWMBOCTI, NMIATPUMKY CKPUNTOBMX MOB, a
TaKkoXx 30aTHICTb |HTerpaLu'|' 3 IHWKMW
nnatpopmamwn. MposeaeHO NOPIBHANBHWIA aHam3
nepeear Ta HefoONIKIB CepefoBMLya,  Wo
possonuno o6patv HalledpeKTUBHIWMIA 4 LWNAX
pEanIBﬂL[Ii nocTaBNeHOro saBgaHHA

DUCHOBKM

E/ Kpim Toro,

Pe3ynbTaTii CUMYNAUIA NIATBEPAWAN KOPEKTHICTb
po6oTK cucTeMm, BI3yanisaylia pyxiB y cepeaoBuLL|
CoppeliaSim pao3Bonnuna OUIHUTWM  TOYHICTE Ta
edeKTUBHICTE 3anporpamoBaHUX cueHapiie. Kpim
yboro, 6yno BM3HA4Y€HO OCHOBHI BUMOrM A0 YMOB
po6oTKM nporpamicTa Ta IHXeHepa npu po6GoTi 3
aBTOMaTWU30BaHUMKM cUCTeMaMK, CcHOpPMYIbOBaHO
3axogm 6e3nekn npu BMKOPUCTaHHI
eNeKTPoyCTaTKyBaHHA Ta TeCTYBaHHI
POoGOTOTEXHIUHMX CUCTEM.

AFKYI0 3A

XAPKIBCbKWNIA HALIOHANBbHWIA YHIBEPCUTET PAAIOENEKTPOHIKW, KA®EAPA KITAP 14

Pucynok B.8 — BucHoBkY Ta piHaIBHUIA clai1 mpe3eHTalii
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