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Comparative Performance Analysis of Convolutional Neural
Networks and Hybrid Models in Answer Bubble Classification
Eng. Mohammed Ahmad Ali
Supervision: Dr. Alida Isber Dr. Suhel Hammoud

ABSTRACT

This study aims to compare the performance of a model based on
Convolutional Neural Networks (CNN) with a hybrid model that integrates
CNN architecture with Transformer layers in the task of answer bubble
classification (filled, empty, or crossed-out). We developed a CNN
composed of five convolutional layers as the baseline model, and a hybrid
model consisting of convolutional layers followed by two Transformer
units. The models were trained on real-world answer bubble images
categorized into three classes—filled, empty, and crossed-out—using
unified training settings.

The impact of data augmentation on generalization accuracy was also
examined. Results showed that the hybrid model without data
augmentation achieved the highest performance, with a classification
accuracy of approximately 99.96%. The findings further indicated that
most classification errors occurred in distinguishing between filled and
crossed-out bubbles. The study demonstrates that combining local features
extracted by CNNs with the global contextual awareness provided by
Transformers enhances classification performance in fine-grained visual
tasks such as answer bubble recognition. Additionally, it was found that
unstructured use of data augmentation can, in some cases, lead to adverse
effects. These results highlight an effective methodology that can be
employed in automated exam grading systems to improve both accuracy
and flexibility.
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Keywords: Optical Mark Recognition (OMR), Transformers,
Convolutional Neural Networks (CNN), Data Augmentation, Answer
Bubble Classification.
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Extracting Answer Bubbles from Multiple-Choice Answer Sheets
Using SegFormer and Image Analysis Techniques

Eng. Mohammed Ahmad Ali
Supervision: Dr. Alida Isber Dr. Suhel Hammoud

ABSTRACT

This study aims to develop an efficient and accurate system for
extracting answer bubbles from multiple-choice answer sheets using
semantic segmentation techniques. especially, the deep learning model
SegFormer-B0. The model was trained on images with a fixed size
(1024x1024 pixels) utilizing the AdamW optimizer and the
CrossEntropyLoss function. The results demonstrated outstanding
performance, with accuracy reaching 0.9977, recall 0.9961, precision
0.9970, F1 score 0.9965, and intersection over union (loU) 0.9931,
indicating the model’s high capability in accurately delineating the
boundaries of the answer box.

The study also employed an adaptive algorithm to detect question row
boundaries, utilizing horizontal projection and red channel analysis (Red
Channel Projection) to accurately segment and separate the rows. A
fallback mechanism was implemented to ensure the robustness of the
segmentation process in cases where clear boundary indicators were
absent. In the final stage, the DBSCAN clustering algorithm was used to
accurately detect and locate the answer bubbles, further enhancing the
reliability of the results and ensuring the system's suitability for practical
use in automated grading applications within educational environments.

Keywords: Optical Mark Recognition (OMR), Transformers, SegFormer,
Semantic Segmentation, Projection Techniques, Answer Bubbles,
Automated Grading.
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Detection and Analysis of Structural Elements in Multiple-Choice
Answer Sheets Using YOLO v11 — An Applied Study on Real-World

Data
Eng. Mohammad Ahmad Ali
Supervision: Dr. Alida Isber Dr. Suhel Hammoud
ABSTRACT

This study aims to develop an automated system for detecting and
analyzing structural elements in multiple-choice answer sheets using
computer vision techniques and the YOLO v11 model. The system focuses
on detecting four essential components within the exam sheet: vertical
markers, horizontal markers, the student ID box, and the exam test form
box. It also incorporates a dual-stage geometric correction mechanism
(Affine + Perspective) based on a set of 69 internal reference markers, with
the goal of rectifying the sheet and eliminating distortions caused by

suboptimal imaging conditions.

The model was trained on a real-world dataset from the University of
Homs, comprising approximately 9,400 exam sheets captured using
scanners and mobile phone cameras. The data labeling process utilized the
Label Studio tool, and the annotation process was expedited by leveraging
machine learning-assisted labeling (ML-Assisted Labeling). The results
showed that the mean Average Precision (mAP) at an Intersection over
Union threshold of 0.5 (IoU=0.5) reached 99.5%, while the mean Average
Precision across loU thresholds in the range [0.5:0.95] reached 93.64%.
These results demonstrate the system’s effectiveness in adapting to
variations in answer sheet designs and diverse imaging conditions.

Keywords: YOLO v11, answer sheets, skew correction, computer vision,
Label Studio
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Performance Evaluation of RR, SJF, MQL, FCFS Scheduling
Algorithms

Abstract:
This research evaluates the performance of four scheduling algorithms:

First Come First Serve (FCFS), Shortest Job First (SJF), Round Robin
(RR), and Multilevel Queue (MQL), through the analysis of three different
case studies. The first case examines short processes, the second case
focuses on a mix of long and short processes, while the third case deals
with long processes. The algorithms were evaluated based on the
average waiting time and the average turnaround time.

The findings reveal that the SJF algorithm is the most efficient in the first
case, achieving the lowest waiting and turnaround times due to its
prioritization of short processes. In the second case, the MQL algorithm
outperforms the others, leveraging its ability to classify processes into
levels and manage them based on specific priorities. Meanwhile, in the
third case, the RR algorithm demonstrates strong performance by
ensuring a fair distribution of processing time among long processes
Keywords:

Operating Systems, Waiting Time, Turnaround Time, FCFS, SJF, Round
Robin, MQL.
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Temp Enthalpy | Entropy | Quality
Position | (Celsius) (kJ/kg) (kJ/kg.K) (x)
45'[; ko A 40 . 1911 0.626 0%
@ ®_’ 4c 40 . 196.2 0.652 0%
15.8 Bar Abs 86 . 324.0 1.046 0%

e 86 | 12866 | 3884 | 100%
e 66 | 1286.6 3.884 | 100%
1275 Bar Abs 40 J 12319 | 3968 | 9471%
(
W_turbine = ¥ n_ORC=| 44%
F) W _pump W_pump=| 5. % Carnot=| 57.0%
Temp Press Mass | Enthalpy | Entropy | %NH3
Position | (Celsius) | (kPa) (kgls) (kJikg) | (kJikg.K)| (kglkg) Media
Pseudo 135 Bar Abs - A 35 1352 166.6 0.568 | 99.80% | NH3-H20
Isokatic b entopic B 73 1357 899 | 1.064 | 51.49% | NH3-H20
dP=132kPa Ca, Temp Tubine [ 39 1408 | 1313 | 1030.7 | 4273 | 99.80% | NH3-H20
CR=1103 Gliing e F 3 1276 | 1313 | 10264 | 4230 | 99.80% | NH3-H20
We Reactor G 33 1276 | 1.313 166.6 0.575 | 20.80% | NH3-H20
o H 45 200 | 2101 188.4 0.639 - H20
J 35 195 | 2401 146.6 0.505 - H20
g 7
S1A%NS B W_comp=| 43 [kikg Electrical COP_e=| 200

306 Bar Abs Q_heatpump =| 1622 _|kJ/kg Thermal COP_th=| _1.01
. Real Thermodynamic COP (~ 60%Carnot) =| 5.19
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——{5[C]}COPe —=-{5 [C[}COPth
——{0[C]}COPe --=--{0 [C]}COPth
<~—~{-5[C]}COPe P= 3 [bar] --+-{.5 [C]}COPth
55 1.1
50} 1.09
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Arrays Table: Main

cdall e @3l daiS Qp = Qoyyp SIS G

Qu P; T; hy uj S v X m;
[Xi] [bar] K] [kJ/kg] [kJ/kg] [kJ/kg-K] [m3/kg] [kg/s]
1 0 3 265.1500 -76.82  -77.26 -0.1256  0.001481 0.94528  1.722E-02
2 -0.001 3123 266.1614  -73.556  -73.89 -0.1131  0.001092  0.94528  1.722E-02
3 0 3123 266.1616  -7225  -T2.71 -0.1082  0.001484 094528  1.722E-02
4 1 3123 267.1616 1264 1141 4.765 0.395 0.99998  7.659E-03
5 0 3123 267.1616 -99.53 -99.98 -0.1159  0.001447 0.90146  9.561E-03
6 0.003607 3 266.1498 -99.53 -100.4 -0.1159  0.002919  0.90146  9.561E-03
7 0 3 2651500 -76.82  -77.26 -0.1256  0.001481  0.94528
8 0 3.063 353.1500 200.6 200.2 1.074 0.00113  0.20834
SOLUTION
Unit Settings: Sl K bar kJ mass deg
COP =1 COPcarnot =4.013 COPe =178.9
COPth = 1.006 h1 =-76.82 h2 =-73.55
h3 =-72.25 hd = 1264 h5 =-99.53
h6 =-99.53 h7 =-76.82 h8 =200.6
PO =3 [bar] P1=3 P2 =3.123
P6 =3 P7=3 P8 = 3.053
Q2 =10.05622 [kW] Qab =-8.149 [kW] Qg =-1.907 [kW]
Qin =10 [kW] Qout =-10.05622 [kW] T1 =265.2
T11=-8 [C] T4 =267.2 T7 =265.2
T8 =353.2 T88 =80 Wp =0.05622 [kW]
x1 =0.9453 x2 =0.9453 x3 =0.9453
x4 =1 x5 =0.9015 x6 =0.9015
X7 =0.9453 x8 =0.2083
(5) ALl (EES) Gakad aladinly Jall &5 (17) JSal)
Ladlial)y gl

A a3l o Jeliadl b (Lised) 385 alall cilayd) momll cdge e —1

J8 delial cadl LUl lall S ) ey cbal) Jonall Jead £l
() sisall 138 I V) cdelad) Jsha e culaymill sda 2l il daga Bylall Juis
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Ada el

Study of thermodynamic parameters of an innovative
thermoelectric converter circuit and evaluation of its

performance

Mohamed Abdo Bakeer* Mohamed Ahmed

Mohamed* *

Abstract

Absorption Heat Transformer is electrically operated thermal
machines, and thermally operated by a low-temperature heat
source. These machines have evolved greatly from hybrid
machines to reactor circuits to reduce electrical consumption in
the circuit. In this research, we studied the thermodynamic
indicators to evaluate the performance of a new model developed
from a Absorption Heat Transformer (reactor), which uses a
mixture of water and ammonia as a working medium in the
circuit. The research concluded the importance of operating
pressure and the temperature of the mixture exiting the reactor on
the performance parameters in the circuit, in addition to the role
of these parameters in determining the purpose of using the Heat
Transformer (as a heat pump or a cooling machine). The study
also showed that the extent of the thermal gradient in the reactor,
the temperature of the reactor bottom, or the cooling load are not
related to the performance parameters of the circuit. The research
also concluded that, due to the chemical processes that occur in
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the reactor (absorption of ammonia and the process of
gravitational separation of components), heat will be produced
within the reactor that must be disposed of in order to keep the
reactor in a charged state and the circuit in operation. The amount
of heat released in the reactor depends on the reactor operating
parameters, the cooling load, and the electrical power consumed
in the circuit.

Keywords: Absorption Heat Transformer, thermal reactor, absorption
circuits, zeotropic mixture.

* Professor Doctor Engineer in Homs University, Mechanical and
Electrical Engineering, Power Engineering
**Doctoral student in Homs University, Mechanical and Electrical

Engineering, Power Engineering.
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T1=converttemp({C,K.T11)
{ Reactor Top}
TF=T1
PT=P0
Reactor botiom}

TE8=conwerttemp(C, K. T88)

Pa8=P0+0.035{<========}

{point1}

P1=PFP0

Call NH3HZ0(128, T1, P1, 0: T[1]. P[1], x[1], h[1], s[1], u[1], w[1], Qu[1]}
{point2}

w2=x[1]
P2=P1
Call NH3H2O0(238, P2, x2,-0.001: T[2], P[2]. x[2], h[2], s[2], u[2]. v[2]. Qu{2])

Call NH3H2O(238, P2, x2, 0: T[3], P[3]. =[3]. h{3]., s[3]. u[3]. v{3]. Qu[3])
int4}

T4=T[3]+1

Call NH3H20(128, T4, P2, 1: T[4]. P[4], x[4], h[4], s[4], u[4], v[4], Qu[2])

Call NH3H20(128, T4, P2, 0: T[5]. P[S], x[5], h[5], s[5], ul5], v[5], Qu[S])

=P0
wE=x[5]
hE=h[5]
Call NH3H20(234, P6, x6, h6: T[6]. P[E], x[6]. h[E], s[6], u[6]. v[E], Qu[E])

7}
CEI! NH3IH2O0(128, T1, P1. 0: T[7). P[7], x[7]. h[7], s[7], ulF). v[7], Qu[7F])

Call NH3HZ2O(128, T8, P8, 0: T[8]. P[8], x[8], h[8], s[8], u[8], v[8], CQu[a])
®x1=x[1]
wI=x[3]
wd=x4]
x3=x[3]
xi=x[7]
xB=x[8]
h1=h][1]
h2=h[Z]
h3=h[3]
hd=h[4]
h3=h[5]
hF=h[7]
h8=h[&]
eat input}

{evaporator}

m[Z]=m[4]+m[5]
mZ]*x[Z]=m[4]"x[4]+m[3]"x[5]
m[Z]*h[2]+Qin=m[4]*h[4]+m[5]*h[5]
mf[1]=m[Z]

m[Z]=m[3]

m[[S]=m[E]

{reactor}

m[4]*h[4]+m[5]*h[E]=m[1]*h[1 +Q2{E======)

Qg=m[4]°(h[7]-n[8])+m[E]"(h[7F]-h[E]}
Qab=m[4]"(h[8}-h[4]}
Qout=0g+Qab

{pump}

Wp=m[1]*(h[Z2]-h[1]}

{performance factors}
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COP=-{Cout/{Qin+Wp))
COPth=-0out/Qin
COPe=-0outp
COPcamot=T[8}(T[8]-T[1])

Parametric Table: Table : T=5C
PO my x T my xg Ta Mg, X
[bar] [kois] K] [gfs] ] [kgis]
Run 1 0.2 4 340E-01 0.23578 27B.1500 3.TBEE-03 0.95004 288 9489 4 907E-01 0230
Run 2 0.4 4 T3I5E-01 0.31770 278.1500 4. 114E-03 0.98537 284 8914 4 GS4E-01 0.311
Run 3 0.6 4 513E-01 0.36957 278.1500 4.354E-03 0.99224 2832905 4 469E-01 0.363!
Run 4 0.8 4 _2BTE-01 0.40907 2781500 4 550E-03 0.99518 2824193 4 242E-01 0.402°
Run 5 1 4 06TE-01 0.44181 278.1500 4. T28E-03 0.99673 281.8668 4 .020E-01 0.435;
Run & 1.5 3.533E-M1 0.50809 278.1500 5.181E-03 0.99847 281.0946 3.481E-M1 0.500°
Run 7 2 3.053E-01 0.56329 278.1500 5.645E-03 099915 2806771 2 99TE-01 0.5551
Run 8 25 2.533E-01 0.61395 278.1500 B.065E-03 0.99949 2804173 2 4T3E-01 0.604!
Run 9 3 2.01TE-01 0.66392 27B.1500 B.496E-03 0.99968 280.2333 1.952E-01 0.652°
Run 10 3.5 1.485E-01 0.71674 27B.1500 6.924E-03 0.99980 280.0970 1.416E-01 0702
Parametric Table: Table : T=5C
Ts Q2 Qakb Qg Qout Wp copP COPcarmot COPth
K] kW] [kw] [wW] [kw] W]
Run 1 288 9489 30.19476 -387 -26.22 -30.19476 2019476 1 4.709 3m9e
Run 2 284.8914 21.34974 -4.15 -17.2 -21.34974 11.34974 1 4.709 2135
Run 3 283.2905 17.72660 -4.398 -13.33 -17.72660 T.72660 1 4.709 1.773
Run 4 282 4193 15.68987 -4 54 -11.05 -15.68987 5.G898T 1 4.T09 1.569
Run 5 281 8668 1437719 -4 BT -9.507 -14.37719 4. 37719 1 4.T09 1.438
Run & 281.0946 1257072 -5.458 -T.112 -12.57072 257072 1 4.709 1.257
Run 7 2B0O.GTT1 11.70088 -6.049 -5.652 -11.70088 1.70088 1 4.709 117
Run 8 2B0.4173 11.09543 £5.58 -4 515 -11.08543 1.09543 1 4.709 11
Run 9 2B0.2333 10.70887 -T.116 -3.593 -10.7T0887 0.70887 1 4.709 1.071
Run 10 2B80.0970 10.42828 -7.638 -2.79 -10.42828 0.42828 1 4.709 1.043
Parametric Table: Table : T=5C
COPe
Run 1 1.485
Run 2 1.881
Run 3 2294
Run 4 2758
Run 5 3285
Run & 4.89
Run 7 6.879
Run 8 1013
Run 9 151
Run 10 24.35
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