
Journal of Measurement, Control and Automation, Vol 30 (2) (2026) 9-17, ISSN 3030-4555 9

Improvement of SCARA robot application in automated blood
testing using centrifugation and image processing techniques

Hoang-Dung Nguyen1,*, Phu-Cuong Pham1, The-Hien Huynh1, Tien-Trung Dai1, Hoang-Dang Le1 and Hoang-Giang
Nguyen2

1Faculty of Automation Engineering, Can Tho University, Viet Nam
2Faculty of Engineering, Kien Giang University, An Giang Province, Viet Nam

*Corresponding author E-mail: hoangdung@ctu.edu.vn
DOI: https://doi.org/10.64032/mca.v30i2.395

Abstract

This study proposes an automated system for the blood testing process, specifically the blood centrifugation step, applicable in biomedical
engineering. The system reuses the mechanical structure of an existing 4-degree-of-freedom industrial SCARA robot arm while developing
additional components, including a vacuum-suction gripper for test tubes, driver circuits for the robotic motors, and dedicated robot control
software. Subsequently, the robotic system is integrated with an automated centrifuge and a multi-camera image processing subsystem to create
a fully automated blood centrifugation analysis and sample classification platform. Image processing is performed using two camera systems in
this study: the first camera system is employed to pick and place test tubes from a specialized tray into the centrifuge machine to separate blood
into serum and hematocrit in preparation for the subsequent ‘blood test’ phase, and the second camera system is used to detect whether the
post-centrifugation test tube sample meets the requirements and to associate the data with a patient information label via a barcode on the test
tube. The research successfully developed an experimental system, achieving a blood centrifugation cycle time of under 10 minutes per batch
and an overall system reliability of 95% during operation.
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Symbols

Symbols Units Description
AFOV rad angular field of view
FOV mm field of view
s mm size of sensor
f mm focus length of camera
h mm height
H,V mm resolution of camera
x,y cm position of camera
x0,y0 cm central position of camera
ph, pv pixels position of tubes/slots
Cave average of color
Ri,Gi,Bi values of Red, Green, Blue
n sum of pixels

Abbreviations

SCARA Selective compliance assembly robot arm
TCP/IP Transmission control protocol/Internet protocol
EtherCAT Ethernet for control automation technology
OpenCV Open computer vision library
GUI Graphic user interface
RBC Red blood cells
RGB Red green blue

1. Introduction

Blood testing plays a pivotal role in the prevention, di-
agnosis, and management of chronic diseases, informing over
70% of clinical decisions and enabling early detection of con-
ditions such as diabetes, cardiovascular disorders, and ma-
lignancies [1, 2]. Central to this process is blood centrifuga-
tion, which separates whole blood into distinct components as
plasma, platelets, white blood cells, and red blood cells based
on differences in specific gravity, thereby facilitating accu-
rate downstream analysis of biomarkers, including microRNAs
critical for disease profiling [3]. Beyond routine serum and
plasma preparation, centrifugation supports advanced appli-
cations such as concentrating platelet-rich plasma (PRP) for
regenerative medicine, isolating hemoglobin for biochemical
studies [4], and removing unwanted cellular elements in thera-
peutic contexts [5]. Standardized protocols, including centrifu-
gation at 3,000–4,000 RPM for 5–15 minutes, are essential to
ensure analyte stability and the integrity of results [6, 7].

Despite the critical role of blood centrifugation in clinical
diagnostics, conventional manual methods remain fundamen-
tally limited by their labor-intensive nature, susceptibility to
human error, and inherent time constraints. Manual processes
such as tube loading, rotor balancing, post-centrifugation visual
inspection of separation quality, and subsequent rack sorting,
which expose laboratory staff to biohazards, elevate the risk
of sample mix-ups or mislabeling, and require operators to
remain tethered to rigid centrifuge cycles, often resulting in
prolonged turnaround times and reduced throughput in high-
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volume hospital settings [8]. Moreover, previous studies have
consistently demonstrated that variability in centrifugation pa-
rameters (speed, duration, and centrifugal force) significantly
affects the accuracy of results, including electrolyte measure-
ments and other diagnostic analytes, whereas repeated manual
runs suffer from poor inter-run consistency due to operator-
dependent factors [9, 10, 11]. The large daily sample volumes
processed in clinical laboratories further exacerbate these is-
sues, as operator fatigue, inter-technician variability, and re-
liance on individual expertise introduce systematic inconsisten-
cies and increase error rates [12]. Although partial automation
of sample preparation, phlebotomy, or downstream analysis has
been proposed to improve uniformity and reliability [13], most
prior efforts have focused on isolated stages rather than achiev-
ing full end-to-end automation of the centrifugation workflow
itself.

To address these challenges, automation of the blood cen-
trifugation process emerges as a transformative solution. By
integrating robotic systems, such as SCARA manipulators for
precise tube handling, and advanced image processing for real-
time quality assessment, automated platforms minimize hu-
man intervention, reduce processing time, and enhance repro-
ducibility. Similar to robotic applications in minimally invasive
surgery, such systems decouple operators from repetitive tasks,
enabling asynchronous workflows where samples are loaded,
centrifuged, inspected, and sorted without constant supervision
[14, 15]. Intelligent barcode tracking, EtherCAT-controlled
centrifugation, and camera-based evaluation of plasma separa-
tion further ensure traceability, precision, and safety.

This study introduces a fully automated blood centrifu-
gation system designed to streamline laboratory workflows
by:

• Employing a the mechanical structure of a four-degree-of-
freedom SCARA industrial robot (Model: EPSON SRC-
320 ABS, Japan), which is further integrated with ad-
ditional sensors, a PLC controller, and AC servo motor
drivers (Mitsubishi MR-J3, Japan) to control the robot’s
degrees of freedom and form a complete robotic system
into the centrifugation procedure to optimize pick-and-
place operations, reducing manual labor and processing
time;

• Leveraging Basler cameras and Python-based image pro-
cessing to identify red blood cell and plasma regions using
image processing techniques, as abnormal variations in
these regions are associated with altered physiological
conditions or pathological states in humans [16];

• Implementing EtherCAT and TCP/IP protocols in PLCs
and the computer for high-speed, reliable device commu-
nication. The communication system is capable to perform
multiple tasks, including sample loading and unloading
on racks, transfer of samples into the centrifuge, auto-
matic configuration of centrifugation parameters (e.g.,
rotational speed and centrifugation time), identification
of red blood cell and plasma regions after centrifugation,
and real-time updating of sample-related information in a
laboratory management software system

By automating the most repetitive and error-prone phase of
blood testing, this system significantly shortens analytical
turnaround, improves diagnostic reliability, and supports scal-
able, high-throughput clinical laboratories.

2. Problem statements

The blood centrifugation process, conducted in accordance
with medical requirements, consists of three main stages, de-
tailed as follows:

Stage 1. Before centrifugation: The blood centrifugation
process begins after blood samples are collected from patients,
with each sample labeled with a barcode to distinguish and
manage patient information, thereby preventing sample mix-
ups and reducing the risk of errors during testing and result
reporting. The samples are then transported to the laboratory.
There, medical staff perform the blood centrifugation process
to prepare for blood testing. Upon arrival at the laboratory,
the blood samples are placed in foam or plastic trays to secure
them and prevent shaking during transport. Upon receiving the
samples, staff verify the number of samples to determine the
total number requiring centrifugation, then proceed with the
centrifugation steps.

Stage 2. In centrifugation, the blood centrifugation process
begins with collecting and labeling blood samples with bar-
codes to prevent mix-ups and errors, followed by their transport
to the laboratory, where medical staff pick and place them in
foam or plastic trays to ensure stability during transfer between
the trays and a centrifugation machine. In the lab, samples
are processed in batches of 6 to 32 tubes, depending on the
centrifuge machine capacity, with each batch requiring an even
number of tubes arranged symmetrically for balance. The total
number of tubes determines the number of batches, and the
first cycle maximizes tube placement, while the final batch, if
short of tubes but even, maintains symmetrical arrangement; if
odd, a counterweight tube (a previously centrifuged tube or one
with equivalent mass) is added to ensure an even number for
balanced centrifugation, enhancing accuracy, efficiency, and
reducing processing time and errors. The centrifugation time
and speed vary depending on the medical facility or clinic, as
different regulations apply. However, a general recommenda-
tion is to centrifuge at 3,000 to 4,000 RPM for 5 to 10 minutes
to ensure successful blood separation [7, 17]. After securing
the centrifuge lid, the centrifugation process is initiated.

Stage 3. After centrifugation: After the centrifugation pro-
cess is complete, the medical staff open the centrifuge lid,
remove the blood samples, and visually assess the blood’s con-
dition to determine if the separation was successful. The blood
is then classified into three categories: successfully separated
blood, unsuccessfully separated blood, and hemolyzed blood.
Successfully separated blood is characterized by complete sep-
aration into plasma and red blood cells, with plasma appearing
as a clear, pale yellow liquid comprising approximately 50-
60% of the total volume [18, 19], and the remaining portion
consisting of dark red blood cells. Hemolyzed blood, while
separated into two distinct layers, exhibits red-colored plasma
resulting from the rupture of red blood cells due to various
factors. Successfully separated blood samples are transferred
to another tray for further testing, while hemolyzed samples
prompt the medical staff to request a second blood sample
collection.

The proposed automated system addresses these limita-
tions by integrating a SCARA robot with dual vision-based
control systems and advanced communication protocols. Real-
time position identification of blood tubes and empty slots on
the tray is achieved via the first camera system, which captures
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images, applies an estimated position algorithm, and trans-
mits precise coordinates to the PLC for seamless robot control,
enabling fast, accurate pick-and-place operations without man-
ual intervention. Moreover, the opening and closing of the
centrifuge lid are facilitated by a pneumatic cylinder with a
throttle valve to adjust speed and a 5/3 valve to control the
lid’s open and closed states, eliminating operator dependency
during loading and unloading. Finally, a key advancement in
the automated centrifugation system is the replacement of man-
ual visual inspection by medical staff with the camera-based
quality assessment of blood samples post-centrifugation. The
second camera identifies barcodes to retrieve patient informa-
tion, then evaluates the blood separation state via color analysis,
generating a binary (PASS/FAIL) output that enables the robot
to sort the tubes onto trays based on their separation status. The
entire system operates automatically and synchronously via
a robust PLC-computer communication system to accelerate
the overall centrifugation cycle and substantially enhance lab-
oratory efficiency, sample integrity, and diagnostic workflow
reliability.

3. Automated blood test system design

3.1 Drive circuit and control software design for robotic
arm

The robotic system for blood sampling and testing in Fig. 1
integrates several key components to ensure efficient, precise,
and safe operation. The robot’s mechanical structure is reused
from an existing 4-degree-of-freedom industrial SCARA robot.
Whereas the power electronics (driver circuits) and control
software were entirely designed and developed by the research
team at the Department of Automation Engineering, Can Tho
University. Specifically, the computer serves as the central hub
for managing and controlling the entire system. It also pro-
vides signals from the image processing system to the PLC
for picking-and-placing operations, offering a user interface
for programming the robot and monitoring its activities. The
PLC directly handles control and navigation functions based
on sensors and operators, actuators, valves, and other devices,
while feeding system status back to the computer and imple-
menting safety protocols. Drivers convert PLC signals into
precise commands for the robot’s movement and control the
suction manipulator as motors and pneumatic solenoid valves,
facilitating seamless interactions among components. Push
buttons provide operators with essential controls to initiate,
halt, or adjust specific robot functions. Limit switches define
and enforce operational boundaries to safeguard personnel and
equipment. Proximity sensors mounted on the conveyor belt
detect blood trays at both input and output points. Negative
pressure sensors monitor the suction cup’s status to prevent
blood tube drops or failed pickups, ensuring reliable operation.
The robot executes pre-programmed tasks as transportation,
assembly, inspection, or material handling, interacting with its
environment via sensors and controls to fulfill assignments.
Finally, a 24V power supply energizes the control system, sup-
porting overall functionality in the blood sampling and testing
workflow.

Figure 1: The robotic system for blood tubes sampling and testing.

3.2 Centrifugation based blood test

The blood centrifugation system, as illustrated in Fig. 2(a),
comprises several key components and functions for automated
operation. In Fig. 2d, the Siemens S7-1200 PLC (PLC1) serves
as the central manager and controller for the entire robotic and
centrifuge system, acting as the master in communication pro-
cesses. The Omron NX1P2 PLC (PLC2) controls and guides
the centrifuge, managing the high-speed motor, pneumatic
valves for cylinder actuation, reading position sensor signals to
determine cylinder status, and verifying the centrifuge’s home
position to enable return-to-home functionality. The advanced
motion driver converts PLC2 signals into precise control com-
mands for the servo motor, regulating its speed and position as
desired. Cylinder auto switches provide feedback on cylinder
positions to the PLC2 for state recognition, while metal prox-
imity sensors establish the home position for the centrifuge
during position-controlled operations. A power supply delivers
electricity to the whole system. Due to the centrifuge rotor’s
design in Fig. 2b, which positions blood tubes at a 45° angle
relative to the horizontal plane, contrasted with the SCARA
robot’s vertical Z-axis movement at 90° to the horizontal, a
mechanical system is required to automatically adjust the cen-
trifuge base’s tilt angle, facilitating accurate tube placement
and retrieval by the robot. The centrifuge’s weight is concen-
trated on the vertical clamp and transmitted to the bearings,
enabling efficient lifting and lowering operations. Position ad-
justments by elevation are achieved through the integration of
a throttle valve and cylinder position sensors Fig. 2c, which
provide real-time feedback for the centrifuge’s lifting process.

3.3 Image processing system

The image processing system utilizes two cameras to cap-
ture images and transmit them to a computer via USB, shown
in Fig. 3. On the computer, image processing algorithms from
the OpenCV library, implemented in Python, are employed to
analyze the data. The data from Camera 1 is processed to de-
termine the coordinates for picking up blood tubes and placing
them on the tray. Meanwhile, Camera 2 is tasked with rec-
ognizing barcodes on the tubes to update patient information
and identify successfully centrifuged blood tubes. The success-
fully centrifuged blood tube consist of separated components
by density: the heavier red blood cells settle at the bottom,
the lighter plasma forms the top layer, and a thin "buffy coat"
of white blood cells and platelets is in the middle [20]. The
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Figure 2: The automated blood tubes centrifuge system (a); the cen-
trifugal spinnning machine (b); the lifting system (c); the centrifuge
control and communication system (d).

operations of both cameras are sequentially processed based
on control signals from the PLC to the computer for image
analysis. The processed results are then sent back to the PLC1,
enabling the robot to sort the tubes onto the tray and categorize
them as either meeting or failing the separation standards. The
image processing system is divided into three main functions:
determining the positions of picking tubes and placement holes
on the tray from image pixels; identifying barcodes to manage
patient information; and identifying the status of centrifugal
blood tubes, handled through the following algorithms.

Figure 3: The multi-cameras image processing system.

3.4 Communication system

The communication architecture, comprising pro-
grammable logic controllers (PLCs) and a central computer,
is illustrated in Fig.4. PLC1 serves as the master controller
managing the operations of the robotic arm and vacuum suc-
tion manipulator while continuously monitoring the system’s
states throughout the process. PLC2 interfaces with PLC1 via
EtherNet/IP to relay real-time status updates for the blood tube
centrifuge subsystem. To facilitate this interoperability, the
LCCF_EnetAdapter library [21] converts Profinet signals to
EtherNet/IP, ensuring high precision and rapid response times.
Additionally, PLC1 establishes a direct connection with the
computer via its IP address. This linkage is implemented using
the Snap7 Python library [22], enabling seamless bidirectional
communication. The computer, in turn, interfaces with the
camera systems for image acquisition, transmits command sig-
nals to PLC1, and receives comprehensive system state data
to dynamically update the graphical user interface (GUI) and

monitor process progress.

Figure 4: The communication system in this study.

4. Methodology

4.1 Determine positions for picking and placing tubes on
the tray by Camera 1

Based on the scale calculation Eq. (1) from pixels to real
position coordinates in [23], the conversion from camera pixels
to practical coordinates uses Eqs. (2)–(5).
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where AFOVh and AFOVv (rad) are the angular field of view
on horizontal and vertical scale, FOVh and FOVv (mm) are
the field of view on horizontal and vertical scale, sh, sv is the
horizontal and vertical size of sensor, f is the focus length of
the camera, h is the height of from the camera to the plane
of the object detection. The camera’s resolution is H ×V .
The image processing method for position determinations in
Fig. 5 begins with resizing images captured by Camera 1,
followed by applying a median blur (11×11) and a Gaussian
blur (5×5) to reduce noise and enhance the edges of the test
tube tray. A threshold technique isolates the left and right white
tray edges, allowing calculation of the tray’s four corners. To
compute coordinates accurately, the image resolution should be
between 1.3×106 and 1.41×106 pixels. Using these corners,
extraneous areas are filtered, leaving only the tray with test
tubes or empty slots.

The next step involves the Canny Edge and Hough Circle
algorithms [24, 25] to detect circular shapes within the tray im-
age. The positions for picking or placing tubes are determined
by analyzing the color thresholds of areas with and without
tubes, based on the detected circle colors. In this study, the co-
ordinate system xOy is chosen as the global coordinate system,
attached to the robot base in Figs. 6a. and 6b.; xcCyc is the
coordinate system attached to the camera; the xImOImyIm is the
coordinate system attached to the captured image. The tube co-
ordinates are calculated based on Eq. (6) and Eq. (7), then sent
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Figure 5: Position determination algorithm for picking and placing
tubes on the tray by Camera 1.

to the PLC1 to control the robot arm for pick-and-place during
the centrifugation and post-centrifugation sorting processes.

x = round(x0 +Scaleh × (H/2− ph),3)(cm) (6)
y = round(y0 +Scalev × (V/2− pv),3)(cm) (7)

where x0 (cm), y0 (cm) are the central position coordinate
C(x0,y0) on the xy plane of the camera at the capturing posi-
tion, ph, pv are the position in pixels of the tubes/slots on the
captured image. The values are desribed by the Fig. 6.

When tubes arrive at pre-centrifugation staging, the
robot rearranges them and marks completed tubes: green for
those meeting standards, red for failing, and yellow for un-
centrifuged. After centrifugation, Camera 2 evaluates results.
Tubes with acceptable samples go in the outermost left slot
(top to bottom); those with unacceptable samples go in the
opposite slot (bottom to top).

The Home point is near the drop-off location at the recog-
nition station, presented in Fig. 6c. , marked by a single dark
circular hole with a low color range [20, 30, 30] and a high
color range [180, 255, 255]. To recalibrate, the system checks
deviation from the image center to the Home point. If the offset
exceeds 0.25 cm, a new Home coordinate is sent to the PLC1;
otherwise, no recalibration is needed. To enable precise execu-
tion of pick-and-place tasks, the robotic arm relies on image
processing methods that use data from Camera 1, in combi-
nation with an automatic calibration procedure. This reliance
ensures that the coordinate positions estimated by Camera 1
are accurately interpreted and executed by the robot.

4.2 Barcode and centrifuged blood sample identification
on a tube by Camera 2

To read the barcode on the test tube, the barcode image is
clarified by applying a threshold filter. And then the informa-
tion is recognized by encoding with the pyzbar library [26]. If
the test tube lacks a barcode, the recognition result is returned

as failed. To detect the outline of the test tube, the thresholded
image is processed using contourArea to identify the tube’s
contours. The output consists of contours, which are a list of
detected contours, where each contour is an array containing
coordinate points (xi,yi)that form the boundary.

For analyzing successful centrifugation based on the sepa-
ration of red blood cells (RBCs) and plasma, excess portions of
the test tube are removed based on corresponding color thresh-
olds (low [0, 0, 0], high [180, 255, 80]). The RBC portion is
defined as the black-colored region with the color coordinates
(low [0, 0, 0], high [180, 255, 80]). The remaining portion of
the test tube constitutes the plasma. If the number of contours
for both the RBC and plasma portions is exactly one each, the
process proceeds to the next step.

In this step, average color values are computed to define
the differences between passing and failing results. The average
color is calculated by dividing the total sum of pixel colors by
the total number of pixels as Eq. (8). Based on experimental
results, the identified color of the plasma region is defined
within the RGB range (R: 35–45, G: 115–135, B: 30–35). If
the plasma color values fall within this range and the blood
in the test tube is distinctly separated into two portions (RBC
and plasma), the centrifugation result is deemed to meet the
standards.
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where Ri,Gi,Bi are the values of Red, Green, and Blue in the
RGB color space at the ith pixel, respectively; n is the sum
of pixels in the contour. The image process of Camera 2 is
summarized by Fig. 7.

5. Experiment results and discussion

The proposed automated blood centrifuge consists of
robotic, centrifuged, image processing systems, and supports
as buttons and conveyers belt, presented in Fig. 8.

5.1 Operation process

The entire automated workflow of the system in Fig. 9 is
divided into four steps designed to achieve efficient, contacless
handling and quality: sequentially picking up six blood tubes
and placing them into the centrifugation chamber (Step 1);
picking up blood tubes and depositing them into the inspection
chamber (Step 2), then checking the centrifuged blood status
in the chamber (Step 3); and retrieving blood tubes from the
inspection chamber and placing them back into the tray (Step
4).

The process begins with the robot moving to the blood
tray, activating the light to enhance image contrast, enabling
the vision system to accurately localize blood tube positions, as
described in Stage 1a. Subsequently, the light is turned off, and
the robot moves to the blood tube position, lowers the Z-axis,
activates pneumatic suction, and picks up the tube, as shown in
Step 1b. The robot raises along the Z-axis to remove the blood
tube from the tray, as illustrated in Step 1c, followed by moving
the tube to the centrifuge loading position before releasing the
suction to deposit it, as depicted in Step 1d. This cycle repeats
until all six tubes are symmetrically loaded. Upon completion
of the centrifugation cycle (performed under controlled speed
and duration to ensure optimal plasma, hematocrit separation),
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Figure 6: The image processing implementation for controlling the robot in pick-and-place operations: a. the transformation model between the
robotic coordinate system and the camera coordinate system; b. the robotic coordinate system attached to the base of the robot arm; c. the
Home position.

Figure 7: Barcode and centrifuged blood sample identification algo-
rithm.

the robot returns to the centrifuge. It lowers the Z-axis and
activates pneumatic suction, as shown in Step 2a. Next, the Z-
axis is raised to remove the blood tube from the centrifuge, as
illustrated in Step 2b, after which the robot moves to the home
position, turns on the light to identify the home positions,
as described in Step 2c. The robot then adjusts its position
and lowers the Z-axis to insert the centrifuged tube into the
inspection chamber, as shown in Step 2d.

Once the Z-axis is lowered into the inspection chamber,
the suction cup holding the blood tube rotates to allow Camera

2 to recognize the tube. If the plasma and red blood cell layers
meet the satisfactory separation, the tube is marked as PASS,
as shown in Step 3; otherwise, it is marked as FAIL (e.g.,
hemolysis, incomplete separation, or abnormalities). In the
current work, the focus is on the two clearly distinct layers that
form after centrifugation. Fig. 8 shows straw-colored plasma,
accounting for less than 55%, within the normal range. That
can vary depending on hydration status, sex, and individual
variation [16]. After recognition, the Z-axis rotation is stopped,
and the tube is raised out of the inspection chamber.

The robot then conveys the assessed tube back to the tray
to determine the placement location, as shown in Step 4a. The
robot then proceeds to the starting position on the tray and
arranges PASS tubes from top to bottom, as described in Step
4b. Conversely, FAIL tubes are directed to a separate region
and arranged from bottom to top to facilitate subsequent re-
sampling or re-testing, as in Step 4c. Placement is completed
by lowering the Z-axis to partially insert the tube into the slot
before deactivating the vacuum gripper, as depicted in Step 4d.

5.2 GUI design for automated blood test

The graphical user interface for system control is designed
in WinCC, enabling users to monitor the system’s current status
during the blood testing process. The interface, as illustrated
in Fig. 10, is divided into four key information sections:

• System Status: This provides details such as the op-
erational state (RUNNING or COMPLETED) via lamp
signals.

• System Operation Phase: This displays the system’s cur-
rent status within one of the three main phases (PHASE 1:
Picking tubes to the centrifuge system, PHASE 2: Blood
tube analysis PHASE 3: Classify blood tubes) of the au-
tomated centrifugation process, which are further subdi-
vided into seven smaller sub-processes (1. Raising/ Low-
ering the centrifuge base; 2. Opening/ Closing the cap
of the centrifuge; 3. Home position; 4. Centrifuged; 5.



Journal of Measurement, Control and Automation 15

Figure 8: The proposed automated blood centrifuge system.

Figure 9: The experimental process results.

Position calibrated; 6. Conveyer belt and 7. Suction cup).
Throughout the operation, if an error occurs, the system
automatically issues an Error alert and halts functioning.

• Process Operating Parameters: This shows the system’s
parameters, the number of test tubes to be picked from
the tray into the centrifugation chamber, the number of
blood tubes currently in the centrifugation chamber, the
total number of FAIL tubes, and the PASS tubes.

5.3 Discussion

The blood samples used in the experiments are obtained
from members of the research team. To assess the success rate
of each process, five trials (4 batches for each trial and 6 blood
sample tubes for each batch) have been deployed in our current
experiment. To evaluate the system’s reliability at each step,
a step was rated as PASS if completed, and FAIL if an error
occurred or the step could not be finished. The outcomes from
each step were used to assess overall system reliability via the
following expression:

R = A×B×C×D (9)
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Figure 10: The GUI control design in this study.

where R, A, B, C, and D represent Boolean values indicating
the reliability of the system, Step 1, Step 2, Step 3, and Step 4,
respectively. The system’s reliability is based on Eq. (9), which
is illustrated in Fig. 11. The results demonstrate strong overall
stability and reliability of the proposed automated system. The
average precision across all 20 batches reaches 95.0%, indi-
cating that the integrated SCARA robot, dual-camera vision
guidance, PLC coordination, and auto-calibration mechanism
collectively ensure highly consistent performance. Notably, 15
out of 20 batches (75%) achieved precision at 100%, reflect-
ing robust repeatability when mechanical and environmental
conditions remain stable.

Figure 11: The system’s reliability of execution.

Throughout execution, time is recorded to evaluate the
efficiency of the automated procedure. Timing starts when
a signal is received from the sensor at the end of the con-
veyor belt. It ends when the last test tube is placed into the test
tube tray from the inspection chamber. Figure 12 presents the
execution time evaluation of the automated blood centrifuga-
tion system across 20 consecutive batches. These batches are
grouped into five trays, with processing times ranging from
approximately 9.5 to 11.5 minutes per batch. Moderate fluc-
tuations are observed. The time starts high at around 11.5
minutes for the initial batches. It dips to about 10 minutes
in mid-trays and gradually trends downward toward 9.5-10
minutes by the final batches. This suggests potential system
stabilization or minor optimizations over repeated cycles. The
most time-consuming steps in each batch are image processing
for real-time position estimation using Camera 1 and quality
assessment using Camera 2. These require computational anal-
ysis of tube coordinates, barcodes, and color-based separation.
Centrifugation itself, the fixed-duration spin cycle essential for
plasma-hematocrit separation, also contributes significantly.
Together, these steps account for the bulk of the observed
durations. The system’s average time is 10.61 minutes. Ef-
ficiency can be further enhanced by increasing the robot’s

operational speed, thereby accelerating pick-and-place opera-
tions, tray transfers, and auto-calibration routines, all without
compromising precision or reliability.

The proposed system is designed to address the problems
mentioned in Section 2. It can reduce human errors, ensure
robust PLC operations, and provide a stable time cycle and
reliability. Reduce labor by using a fully automated system in
the centrifugation workflow and managing patient information.
Moreover, manual/semi-automation requires multiple devices
and consequently more laboratory space than full automation,
thereby limiting the free movement of operators among devices
[27]. Finally, the system can control the centrifugation speed
for further testing, as reported in [7]. It also has a reasonable
cost, based on the reused robotics system and popular PLCs,
compared to the expensive robotic systems, as [28] notes.

Figure 12: The time execution process evaluation.

6. Conclusion

This study successfully designed and implemented an au-
tomated robotic system for blood centrifugation in laboratory
testing, achieving a precision rate exceeding 95% for the entire
system, as shown in Fig. 11. The SCARA robot capabilities
were enhanced through the integration of a vacuum suction
gripper and a camera-based system for accurate position detec-
tion and blood tube manipulation. The automated workflow is
structured into three primary phases: initial grasping of the test
tube for centrifugation, retrieval of the centrifuged tube via the
blood analysis recognition subsystem, and sorting of the tubes
into designated regions on the holder to facilitate subsequent
processes. The centrifuge itself incorporates a camera system
for precise detection of plasma and erythrocyte separation. Fur-
thermore, the system features a robust mechanical framework
that supports seamless end-to-end automation, encompassing
sample intake from the conveyor belt, centrifugation, analysis,
and return to the belt for iterative processing. Finally, the image
processing module effectively classifies blood tubes into suc-
cessful (well-separated) and abnormal (e.g., hemolyzed) states,
while also determining tube positions on the tray and holder for
optimized handling. Beyond these demonstrated strengths, the
system holds substantial potential for further improvement in
future research: accelerating overall throughput by increasing
robot joint speeds and optimizing motion trajectories, reduc-
ing image processing latency through GPU acceleration, or
extending automation to upstream phlebotomy or downstream
biochemical analyzers. These enhancements could position the
platform as a scalable, high-efficiency solution for modern clin-
ical laboratories, ultimately improving diagnostic turnaround,
staff safety, and operational cost-effectiveness.
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