
DEVELOPMENT OF A CARTESIAN ROBOT WITH IMAGE 
PROCESSING AND GRASP DETECTION 

MOHAMMAD Y. SAADEH*AND CRIS KOUTSOUGERAS†

* Department of Industrial and Engineering Technology
Southeastern Louisiana University  
Hammond, Louisiana 70402, USA 

e-mail: msaadeh@southeastern.edu, www.southeastern.edu 

† Department of Computer Science 
Southeastern Louisiana University  
Hammond, Louisiana 70402, USA 

e-mail: ck@southeastern.edu, www.southeastern.edu 

Abstract. This work presents a Mechatronics system of a Cartesian robot that can detect, 
pick, and sort items. Industry 4.0 paved the way for the tedious and repetitive tasks to be 
automated and replaced by robots to ensure consistency, speed, and quality control 
maintenance. Typical industrial systems are expensive and proprietary in nature which limits 
their utility for educational and training purposes. In this work, we present a design of a 
Cartesian Robot which incorporates a variety of standard systems to implement a miniature 
industrial robotic setup. The systems include machine vision, trajectory planning, gripping 
mechanism with force limiting sensor, and hardware interfacing and communication between 
different platforms. The work reported here is a roadmap for building a Cartesian robot that is 
an alternative to standard proprietary industrial robots and which incorporates trajectory 
planning, vision, force limitation, and communication. This document describes the design 
with its major subsystems. The Cartesian robot is capable of planar motion in the X and Y 
dimensions, and a vertical linear motion to pick and place objects. An overhead camera for 
object and color detection takes still images and processes them on a computer that is 
interfaced with the control board. A calibration method for the camera is described using red, 
green and blue cubes randomly placed on the workspace. Joints follow a Linear Segment with 
Parabolic Blend (LSPB) trajectory to achieve the joint motions. A remote host computer 
employs code that detects the center and the corners of each cube to find the exact location 
and the orientation of each cube. It also maps a suitable route for picking and placing these 
cubes from their current locations to the destinations (the sorting bins). The end effector 
consists of two servo motors, one to orientate the end effector and the other to close and open 
the gripper. To achieve a controlled gripping force on the cubes, a force sensing resistor 
(which changes resistance according to pressure applied at its surface) is embedded within the 
gripper fingers. Preliminary results show that the system performed the required task and was 
able to follow the planned route successfully. The description is written for a wide technical 
audience but in sufficient detail for reproduction.  
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1 INTRODUCTION 
In this work, we provide the roadmap to a Cartesian robot that incorporates industrial 

standard systems such as machine vision, trajectory planning, gripping mechanism with force 
characterization, and hardware interfacing and communication. This design/roadmap is of 
particular interest to educators looking for affordable options of Cartesian robots for training 
labs but it is also of interest to developers looking for affordable customizable solutions of 
such robots for working environments. 

All Cartesian robots are classified as 3P robots or Gantry robots. Each coordinate consists 
of a prismatic joint that allows it to move along one of the coordinates in the Cartesian space. 
These robots are used mainly in pick and place tasks due to their simple structure and 
practicality. Cartesian robots operating in a planar surface have an overhead framework which 
regulates horizontal motion, and a linear actuator which controls vertical motion. They can be 
configured to move in x-y or x-y-z directions. Motion on each axis is controlled by a separate 
motor with timing belts and pulleys. The linear actuator is positioned on the scaffolding and 
can move vertically to reach in the vertical coordinate.  

Trajectory planning for the joints (motors) plays a significant role in delivering a reliable 
pick and place robotic operation. A well-defined trajectory can eliminate abrupt starting and 
stopping that give rise to undesired acceleration profile, especially when the operation 
involves delicate objects or fluids. One of the reliable trajectories in robotics is the Linear 
Segment with Parabolic Blends (LSPB) trajectory.  The challenges with the LSPB is that the 
profile can be achieved through numerous ways. However, most applications have constraints 
that are limited by the max speed, acceleration, path selection, and time of travel such that a 
unique profile can be fully identified. The trajectory planning in both: joint space and 
Cartesian space with LSPB have been widely used in industry [1]. The LSPB method has 
been investigated to identify its segments at joint-space planning for a model of 2-link planar 
robot using neural network [2]. While in [3], they applied inverse kinematic algorithm and 
LSPB trajectory planning method in Cartesian space to a 6-DOF robotic arm to perform 
straight flat welding movements.  

Some critics of the normal LSPB proposed that it is restricted so that the acceleration must 
be sufficiently high. The work presented in [4] proposed a modified LSPB that is engaged 
with Particle Swarm Optimization to generate smooth trajectories that pass through specific 
path points while satisfying velocity and acceleration constraints of physical mechanical robot 
manipulators. Another approach to address the shortcoming of the LSPB was to take the 
manipulator dynamics into consideration [5]. In their proposed method, they performed the 
dynamic calculation only at certain points on the given path, which is effectively utilized to 
determine the kinematic constraints while minimizing the computational burden by solving 
only at dynamic edge points on the given path. The application of the path trajectory on this 
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ZRUN�LV�OLPLWHG�WR�VLPSOH�SLFN�DQG�SODFH�RSHUDWLRQV.�7KXV��WKH�QRUPDO�/63%�ZLWK�FRQVWUDLQWV�
RQ�WKH�DFFHOHUDWLRQ��YHORFLW\��DQG�SDWK�WUDYHO�WLPH�LV�DSSOLHG.

6HYHUDO�ZRUNV� XVHG� WKH� )RUFH�6HQVLQJ�5HVLVWRU� �)65�� IRU� URERWLF� DSSOLFDWLRQV� GXH� WR� LWV�
VLPSOH� VWUXFWXUH�� HDVH� RI� LQWHUIDFLQJ�� ORZ� FRVW� DQG� VPDOO� IRRWSULQW.� )RU� LQVWDQFH�� LQ� >6@� WKH�
DXWKRUV XVHG�)65�DV�D�WUDQVGXFHU�WR�GHYHORS�D�IRUFH�PRPHQW�VHQVRU.�7KH�ZRUN�SUHVHQWHG�LQ�
>7@ XVHG�D�3,�FRQWURO�PHWKRG�ZLWK�)65�DV�LQSXW�WR�FRQWURO�JULSSLQJ�IRUFH�RI�D�5�'2)�URERW.�
7ZR�)65�PDWULFHV�KDYH�EHHQ�XVHG�WR�FRQVWUXFW�D� WZR�OD\HU�DUWLILFLDO�URERWLF�VNLQ�WKDW�GHWHFW�
ORFDWLRQ��YDOXH�DQG�GLUHFWLRQ�RI�IRUFHV�DFWLQJ�RQ�WKH�VNLQ�>8@.�,Q >9@��WKH\�VKRZHG KRZ�WKH�)65�
FDQ�EH�XVHG�LQ�VHYHUDO�DSSOLFDWLRQV�VXFK�KDUGQHVV�GHWHFWLRQ�DQG�IRUFH�SRVLWLRQ�FRQWURO.�7KH\�
IRXQG�WKDW�WKH�)65�ZDV�DEOH�WR�SURGXFH�VDWLVIDFWRU\�DQG�UHOLDEOH�UHVXOWV.�)65V�KDYH�EHHQ�XVHG�
LQ�KDSWLF�DSSOLFDWLRQV�VXFK�DV� LQ� >10@.�7KH\�SURSRVHG�KDSWLF� LQWHUDFWLRQ�ZLWK� IRUFH�IHHGEDFN�
IRU�DQ�H[RVNHOHWRQ�DQG�XVHG�WZR�)65V�IRU�PHDVXULQJ�WKH�IRUFH�DSSOLHG�DW� WKH�MDZV.�$ IOH[L�
IRUFH�VHQVLQJ�UHVLVWRU ZDV�FDOLEUDWHG WR�EH�DWWDFKHG�WR�WKH�FODZV�RI�D�WZR�ILQJHUHG�JULSSHU�WR�
DFKLHYH�SURSHU�JUDVSLQJ�IRUFH�DQG�SUHYHQW�VOLSSDJH >11@.�,Q�>12@�WKH\ XVHG�DQ�HPEHGGHG�)65�
LQ� D� ILQJHU�ZHDUDEOH� HOHFWURQLF� UHIUHVKDEOH� %UDLOOH� GHYLFH� WR� PHDVXUH� IRUFH� DSSOLHG� DW� WKH�
ILQJHU� SDG.� )65V� FRQWLQXH� WR� EH� XWLOL]HG� LQ� PDQ\� LQGXVWULHV� DQG� DSSOLFDWLRQV� GXH� WR� WKHLU�
YHUVDWLOLW\�DQG�HDVH�RI�LPSOHPHQWDWLRQ.

,Q� WKH� IROORZLQJ�ZH� SUHVHQW� D� &DUWHVLDQ� URERW� GHVLJQ�ZKLFK� SURYLGHV� D� GHVLJQ� H[DPSOH�
ZKLFK�DFFRXQWV�DQG�EDODQFHV�WKH�DERYH�FRQVLGHUDWLRQV�DQG�FKDOOHQJHV.�

2 EXPERIMENTAL SETUP
$Q�H[SHULPHQWDO�PRGHO�ZDV�EXLOW�XVLQJ�UDLOV��EHOWV�DQG�VWHSSHU�PRWRUV�PRXQWHG�RQ�D�IUDPH.�

7KH�FRQFHSWXDO�GHVLJQ�LV�VKRZQ�LQ�)LJXUH�1D.�7KH�DFWXDO�V\VWHP�LV�VKRZQ�LQ�)LJXUH�1E.�7KH���
ILQJHUHG�HQG�HIIHFWRU�LV�VKRZQ�LQ�)LJXUH�2.

Figure 1a: 7KH�PRGHO Figure 1b: ([SHULPHQWDO�VHWXS

7KH�[�D[LV�PRWRU�LV�PRXQWHG�RQ�RQH�VLGH�RI�WKH�IUDPH�RSSRVLWH�WR�D�SXOOH\�DQG�EHDULQJ��DQG�
D�WLPLQJ�EHOW�DWWDFKHG�WR�WKH�PRWRU�RQ�RQH�HQG�DQG�WKH�SXOOH\�RQ�WKH�RWKHU��WKLV�IDFLOLWDWHV�WKH�
PRWLRQ�RQ�WKH�[�D[LV.�7KH�\�D[LV�ZRUNV�VLPLODUO\.�$WWDFKHG�WR�WKH�HQG�RI�D�YHUWLFDOO\�SODFHG
OLQHDU�DFWXDWRU�LV�D�2�ILQJHU�JULSSHU�IRU�WKH�SLFNLQJ�DQG�SODFLQJ�RI�REMHFWV.�2EMHFWV�DUH�GHWHFWHG�
E\� D� FDPHUD� WKDW� LV� PRXQWHG� RQWR DQ� RYHUKHDG� VFDIIROGLQJ� DERYH� WKH� &DUWHVLDQ� SODQH� DQG�
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analyzed and controlled by a Raspberry Pi board. 
The selected end-effector is a 2-finger gripping system for the picking and placing of 

objects with an embedded FSR. Objects are detected through a camera, then processed on an 
attached processor for edge and location detection; the processed information and the set of 
motions are then coded and passed to a Raspberry pi board that controls the actuators of the 
manipulator 

Figure 2: End Effector (gripper) with attached driver motor and linear actuator for vertical motion 

2.1 Motors selection 
Stepper motors are selected to move the bed in the X and Y directions; a stepper motor 

offers a good choice for synchronized and incremental motion that allows implementation of 
precise positioning and speed trajectory. Two stepper motor driver boards are attached to a 
Raspberry Pi to produce control signals to the motors.  
To properly select the suitable motors for the X and Y motion, all forces acting on the motors 
should be considered. There are two main forces acting on each motor, the static force due to 
friction, and the dynamic force at the beginning of the motion. 

𝐹 = 𝑀𝑎 + 𝐹𝑠𝑡 (1) 

𝐹𝑠𝑡 = 𝑀 𝑔 𝜇 (2) 

𝑇 = 𝐹 ×  𝑑 (3) 

where M is the mass of all the components that are moving in the coordinate, a is the 
acceleration required, Fst is the static force due to friction, g is the acceleration due to gravity, 
𝜇 is the friction coefficient, T is the torque of the motor, and d is the pulley’s radius. 

The friction inside the motor bearings and stator is considered negligible compared to the 
friction between the moving bed and the rails. This work follows the Linear Segment with 
Parabolic Blends trajectory to achieve a smooth motor motion. The selected trajectory 
provides faster transitioning between points with ramping up and down speeds towards the 
two ends of the trajectory. Furthermore, some constraints can be applied through this 
trajectory profile such as: total travel time, maximum speed, and the length of the parabolic 
segments. 
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7KH� PD[LPXP� DFFHOHUDWLRQ� FDQ� DOVR� EH� OLPLWHG� LQ� WKLV� WUDMHFWRU\� �WR� SURSHUO\� VL]H� WKH�
PRWRUV�DQG�EHWWHU FRQWURO�LWV�EDQGZLGWK�.�)LJXUH���EHORZ�VKRZV�DQ�H[DPSOH�WUDMHFWRU\�IRU�D�10�
LQFK�WUDYHO�LQ�5�VHFRQGV.�

Figure 3: /63%�7UDMHFWRU\�3URILOH

7DEOH�,�VKRZV WKH�SDUDPHWHUV�RI�WKH�&DUWHVLDQ�URERW�DQG�WKH�WUDMHFWRU\�FRQVWUDLQWV��PRWLRQ��

Table I��5RERW�DQG�7UDMHFWRU\�&RQVWUDLQWV

0D[�VSHHG��vm� 2.5�LQ/VHF
0D[�DFFHOHUDWLRQ��am� ��LQ/V2
0DVV�RI�EHG�RQ�WKH�VHFRQGDU\�UDLOV��\�D[LV��Ms 2.44�NJ
0DVV�RI�EHG�RQ�WKH�PDMRU��SULPDU\��UDLOV��[�D[LV��Mp �.55�NJ
0DVV�RI�WKH�SD\ORDG�DQG�JULSSHU�mp 0.45�NJ
0DVV�RI�HDFK�EORFN�𝑚𝑏 0.05�NJ
&RHIILFLHQW�RI�IULFWLRQ�EHWZHHQ�UDLOV�DQG�WKH�EHDULQJV�𝜇𝑟 0.2�
&RHIILFLHQW�RI�IULFWLRQ�EHWZHHQ�JULSSHU�DQG�SODVWLF EORFNV�𝜇𝑝 0.�4

$OO�WKH�IRUFHV�WKDW�DUH�LQYROYHG�LQ�HDFK�PRWLRQ��LQ�;�DQG�<�FRRUGLQDWHV��DUH�LQFOXGHG�LQ�WKH�
FDOFXODWLRQ� RI� WKH� UHTXLUHG� IRUFH� IRU� HDFK� PRWRU�� DV� IROORZV�� WKH� PRWLRQ� LQ� \�FRRUGLQDWH�
LQYROYHV�PRYLQJ� WKH�VHFRQGDU\�EHG�DQG� WKH�JULSSHU�ZLWK WKH�SD\ORDG.�7KH�PRWLRQ� LQ� WKH�[�
FRRUGLQDWH�LQYROYHV PRYLQJ�WKH�WKUHH�PDVVHV��WKH�SULPDU\�DQG�VHFRQGDU\�EHGV��DQG�WKH�JULSSHU�
ZLWK� WKH� SD\ORDG.� 7KH� UHTXLUHG� WRUTXH� FDQ� WKHQ� EH� FDOFXODWHG�ZKLOH� DSSO\LQJ� D� 50�� VDIHW\�
IDFWRU�DV�IROORZV�

𝑇𝑦 = 0.26 𝑁. 𝑚

𝑇𝑥 = 0.57 𝑁. 𝑚

,Q�WKH�FDVH�RI�RXU�PRGHO�DQG�DW�RXU�VFDOH�� WKH�VHOHFWHG�PRWRUV�DUH�D�1(0$�14�WKDW�KDV�D�
KROGLQJ� WRUTXH� RI� 0.�6� 1.P� IRU� WKH� \�FRRUGLQDWH PRWRU�� ZKLOH� WKH� [�FRRUGLQDWH�PRWRU� LV� D�
1(0$�17�WKDW�KDV�D�KROGLQJ�WRTXH�RI�0.88�1.P.
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2.2 Gripping system 
In this project, a linear actuator is needed to allow the gripping system to move in the Z-

coordinate plane. The linear actuator is selected to have a fast response to signals of full 
extension or retraction. A Mighty Zap linear servo motor (shown in Figure 2) with a stroke of 
53mm and a top speed of 80mm/s was selected. Two other servo motors are installed on the 
gripper; one to open and close the griping fingers, while the other is to adjust the gripper's 
orientation. The two finger gripping system allows for an easier pickup of quadrilateral 
shaped objects.  

To prevent these gripping systems from grabbing an object with excessive force (and to 
prevent slippage), a force sensing resistor FSR that is embedded within one of the gripper 
fingers is used, Figure 4. The FSR changes the resistance on its terminals as a result of force 
applied at its surface.  

Figure 4: Typical FSR layers arrangement 

An FSR works as an open circuit at no load, and when pressure is applied at its active 
surface, the flexible substrate deforms. This allows the top substrate to be pushed against the 
bottom substrate, which causes the resistance to drop. If characterized properly, this drop in 
resistance can be utilized to measure the force applied at the FSR’s surface, as shown in 
Figure 5. 

Figure 5: A Typical FSR’S response due to external force 
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7KH�FSR 402 �,QWHUOLQN�(OHFWURQLFV��LV�VHOHFWHG�IRU�WKLV�DSSOLFDWLRQ. 7KH�)65�H[KLELWV�PDQ\�
QRQOLQHDULWLHV�� WKH� UHDGHU� LV� UHIHUUHG� WR� >1�@� IRU� D� GHWDLOHG� DQDO\VLV� RI� WKHVH� QRQOLQHDULWLHV.�
+RZHYHU�� WKH� )65� KDV� WR� EH� FDOLEUDWHG� IRU� D� VSHFLILF� GLVFUHWH� YDOXH� IRU� WKH� SXUSRVH� RI�
GHWHUPLQLQJ� WKH� DSSURSULDWH� IRUFH� OHYHO.�0RVW� RI� WKH� QRQOLQHDULWLHV� DUH� DVVRFLDWHG� ZLWK� WKH�
G\QDPLF�ORDGLQJ�RI�WKH�)65��WKXV��WKLV�ZRUN�ZLOO�QRW�FRQVLGHU�WKH�QRQOLQHDU�PRGHOLQJ�RI�WKH�
)65.

)65V�DUH�SDVVLYH�UHVLVWRUV�WKDW�DUH�XVXDOO\�FRQILJXUHG�LQ�YROWDJH�GLYLGHU�FLUFXLWV�IRU�VLPSOH�
UHVLVWDQFH�WR�YROWDJH�FRQYHUVLRQ��DV�VKRZQ�LQ�)LJXUH�6 DQG�(TXDWLRQV 4�DQG�5.

Figure 6� )65�LQ�D�YROWDJH�GLYLGHU�FLUFXLW

7R�XWLOL]H�WKH�)65�IRU�IRUFH�FDOFXODWLRQ��WKH�RXWSXW�YROWDJH�RI�WKH�YROWDJH�GLYLGHU�FLUFXLW�LV�
ILUVW�PHDVXUHG�WKHQ�WKHQ�WKH�UHVLVWDQFH�RI�WKH )65�FDQ�EH�FRPSXWHG��DV�IROORZV�

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 (
𝑅2

𝑅2+𝑅𝐹𝑆𝑅
) �4�

𝑅𝐹𝑆𝑅 =
𝑉𝑖𝑛−𝑉𝑜𝑢𝑡

𝑉𝑜𝑢𝑡
𝑅2 �5�

7KH�)65�LV�HPEHGGHG� WR�SUHYHQW�VOLSSDJH�RI� WKH�EORFN�DV�ZHOO.�)LJXUH�7�GHSLFWV� WKH�IUHH�
ERG\�GLDJUDP�RI�WKH�JULSSHU�ZKLOH�KROGLQJ�WKH�EORFN.�

Figure 7� 'HPRQVWUDWLQJ�WKH�JULSSLQJ�IRUFH�RI�WKH�HQG�HIIHFWRU

Vin+

FSR

R2

Vout
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To prevent slippage, the friction force (fr) should exceed the weight (W) of the block, 
according to the following relation: 

𝑓𝑟 > 𝑊

𝑁𝜇𝑝 > 𝑚𝑏 𝑔

𝑁 >
𝑚𝑏 𝑔

𝜇𝑝
⁄

Initially, the voltage divider circuit was constructed with R2 (100KΩ) resistance in series. 
A 2N gripping force was applied at the FSR’s surface, then the voltage was measured 
(~3.57V). This voltage will be used as the threshold voltage to guarantee proper gripping 
force on the objects. The voltage is then compared to a reference (threshold) voltage using an 
Op-Amp which has its output connected to one of the Raspberry Pi inputs. The system is 
powered using a 12V, 7A power supply that provides adequate power to run the motors and 
all sensors. A 12V-5V step down converter is used to power components that require that 
voltage. 

3 OBJECT DETECTION 
Before object detection is performed, the camera needs to be calibrated first. The Cartesian 

plane is labeled with two lines that resemble the X and Y axes. Three blocks of similar shapes 
and dimensions, but different colors, were prototyped using a 3D printer. The blocks were 
randomly placed in different locations then a preliminary calculation of the center points of 
the blocks was established. The camera takes a 2D image that doesn’t account for the angle of 
view, thus the blocks that were farther away from the center of the Cartesian plane have 
higher errors. To compensate for this error, the calculations to measure the X and Y distance 
of each block relative to the center point and then adjust the location accordingly. When 
prompted through a push button that is attached to the Raspberry Pi board, the camera takes 
an image of the marked Cartesian plane as shown in Figure 8.  

Figure 8: Working space 

The image is then transferred to a computer interfaced with the Raspberry Pi to analyze the 
image and detect the shapes, their location and orientation. A MALAB code (Mathworks. Inc) 
that uses an image processing toolbox applies three filters to distinguish the three blocks and a 
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binary image for each block is then produced as shown in Figure 9. These binary images have 
been processed through the following three filters: 

1. A red RGB threshold that leaves only green objects visible as white pixels.
2. A green RGB threshold that leaves only blue objects visible as white pixels.
3. A blue RGB threshold that leaves only red objects visible as white pixels.

This creates three separate binary images isolating the Red, Green, and Blue cubes. 

Figure 9: Sample image and RGB filters 

Any two diagonal corners can be used to find the center point of the cube. In this case, the 
coordinates of the first and last non-zero pixels in the horizontal or the vertical planes can be 
detected. Assuming the first non-zero pixel is at (x1,y1) and the final pixel is at (x2,y2), then 
the center point can be calculated as follows: 

𝐶 =  (
𝑥1+𝑥2

2
,

𝑦1+𝑦2

2
)  (6) 

The rotation angle of the cube can then be calculated as follows: 

𝜃 =  tan−1 (
𝑦2−𝑦1

𝑥2−𝑥1
)    (7) 

The gripper is attached to a servo-motor that can rotate freely between 0o and 180o. Thus, 
the gripping angle can be adjusted accordingly. 

4 PROGRAMMING ALGORITHM 

This project uses a Raspberry pi as a microcontroller, sending and receiving signals to and 
from the Cartesian robot. This is done by constructing specific Python codes that are called by 
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a master MATLAB code running on a remote host and via a remote connection. A second 
MATLAB code is then deployed to find the relative location and orientation of each block 
(the center point of the block and the edge orientation to properly grip the block normal to its 
edge) while applying the adjustments that were identified earlier according to the c99urrent 
center points of the blocks. The code also identifies the route that the end effector will take to 
properly grip each block and place it in its destination.  During this step, the trajectory profiles 
for the X and Y motors are assigned and a vector of directions and their relative timings are 
passed back to the Raspberry Pi to regulate the motion of the stepper motors through the 
stepper motor drives to achieve these motions. After each route is performed, the moving bed 
moves to a home position where two proximity sensors are installed to reset the two axes.  

A motion between points A to B prompts the MATLAB code to construct a trajectory that 
involves both motors. Due to the reliance of the stepper drive on time delays to establish the 
precise motion for each motor, the motions on X and Y are performed asynchronously. This 
limitation can be overcome using PLC in future applications.  

Typically, a route would appear as follows: 
1. Home position
2. Move to Red block, orientate end effector and lower it, then pick it up
3. Move to Red block sorting location, lower end effector and release it to drop the block
4. Move to Green block, orientate end effector and lower it, then pick it up
5. Move to Green block sorting location, lower end effector and release it to drop the

block
6. Move to Blue block, orientate end effector and lower it, then pick it up
7. Move to Blue block sorting location, lower end effector and release it to drop the block
8. Move to home position until each proximity sensor is activated to reset the joints

The overall system appears as follows. 

Figure 10: Major Components of the Cartesian Robot 
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5 CONCLUSION 
This work offers a roadmap for the construction of a low cost Cartesian robot for pick and 

place operation that uses LSPB for joint motion. The stepper motor selection allows the robot 
to achieve incremental motions that can be computed and correlated to incremental 
displacements. The motors’ motion is achieved through motor drives that receive signals from 
on-board microcontroller (Raspberry pi). Initially, an overhead camera takes a still image that 
is passed wirelessly to an interfaced computer host equipped with image processing tools (it 
utilizes the MATLAB image processing toolbox). The image is then decomposed using RGB 
filters to create binary images for the different blocks’ colors. Each binary image is then 
analyzed to calculate the center point of the blocks and their orientations. The sorting location 
for each block is known to the computer. Thus, the computer uses the computed locations of 
the blocks, the orientation of each block, and the stored sorting locations to calculate each 
joint’s segmented trajectory profiles to achieve these travels. Experimental testing of the robot 
confirms that these routes are performed successfully and that the accuracy of the picking and 
placing has been achieved. For the purpose of training students on variety of industrial 
systems, the proposed setup offers an adequate substitution for the industrial robotic arms at a 
significantly lower cost with the option of modifying parameters for educational and 
instructional purposes. Industrial robotic arms move according to a pre-determined path 
trajectory that follows standard path planning. In addition, they incorporate visions systems 
and force detection for pick and place applications. The proposed setup adopts these systems 
and integrates them simultaneously to achieve the required motion. The success of the 
proposed robotic setup motivates the researchers to replicate it in other robot configurations, 
such as Cylindrical, Spherical, and SCARA. 
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