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Abstract— In this paper, estimation of packet loss 
for wireless sensor network based on LoRa 
modulation technique under Additive white 
Gaussian noise channel is presented. The 
analytical expressions relating the bit error 
probability (BEP) to the spreading factor and 
energy per bit to noise power spectral density is 
presented. Furthermore, the expression relating 
the energy per bit to noise power spectral density 
to the carrier to noise ratio is presented. Then, the 
packet loss probability is computed based on the 
BEP for the various spreading factors and carrier 
to noise ratio settings of the network. Some 
numerical computations were performed. 
Specifically, the bit error probability (BEP) was 
computed and packet loss probability were 
calculated for a set of carrier to noise ratio, C/N. 
Also, the amount of bits lost are computed. The 
computation was performed for the spreading 
factors 7,8,9,10,11 and 12.  The results show that 
for a given spreading factor, SF the packet loss 
probability, PktLs decreases as the C/N value 
increases. For instance, for SF of 7, the PktLs 
decreased from 0.9999 at C/N of -20 dB to 2.173E-
07 (or 0.0000002173) at C/N of -5 dB. Also, for a 
given C/N  the packet loss decreases with 
increase in SF. For instance, for C/N of -20 dB, the 
PktLs decreased from 0.9999 at SF of  7  to 
0.000285183 at SF of 12. Furthermore, the results 
show that for a given spreading factor, SF the 
number of bits lost decreases as the C/N value 
increases. 

Keywords: Packet loss, Wireless sensor network, 
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I. INTRODUCTION 
As the years go by wireless network technologies 

gain more relevance and application in more areas of 
human endeavour [1,2,3, 4,5,6, 7,8,9, 10, 11, 12, 13, 14, 16, 
27]. Wireless network technology has dominated other 

forms of networking options like the wired and fibre optic  
networking technologies 
[]17,18,19,20,21,22,23,24,25,26,27,8,29].  Also, the 
increasing adoption of Internet of things (IoT) and smart 
systems across the globe are making wireless technologies 
more ubiquitous [30,31,32,33,34,35,36,37]. Also, such 
sensor networks rely on transceiver technologies of which 
LoRa has been proven to be among the top in low energy 
and long range performance 
[38,39,40,41,42,43,44,45,46,47,48,49,50,51,52,53,54].  

In any case, wireless sensor networks use sensor 
nodes which are constrained in their resource capacities and 
capabilities. Power and computing resources are most often 
limited and in some cases the sensor nodes are battery 
powered. In some cases, renewable energy harvesting 
mechanisms are deployed to ensure sustainable energy 
supply for the sensor nodes [55, 56, 57, 58, 59, 60]] . 
However, some of the energy sources for the harvester are 
stochastic and hence, sizing of the energy harvesting 
mechanism need adequate information about the energy 
consumption in the sensor node 
[61,62,63,64,65,66,67,68,69,70]. As such effort are made to 
understand and accurately estimate the various parameters 
of the sensor node so as to optimize the energy 
consumption and transmission range.  

Among other things, LoRa transceiver are affected 
by the various transmission impediments which are often 
present in wireless transmission systems [71,72, 73,74, 
75,76,77, 78,79].  As such, issues like path loss, multipath, 
interferences, fading and other factors are required to be 
accounted for in the design of LoRa based wireless network 
[80,81,82,83,84,85,86,87,88,89,90,91,92,93]. The essence 
is to ensure that the LoRa-based sensor node can deliver the 
required quality (QoS) of service in the face of these 
diverse network impediments. Among the top QoS 
parameter is the bit error rate and its attendant packet loss 
[94]. Accordingly, in this paper, the estimation of packet 
loss for wireless sensor network based on LoRa modulation 
technique under Additive white Gaussian Noise (AWGN) 
channel is presented.  
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II.   METHODOLOGY 
The focus of this paper if to study how the carrier to noise 
ratio (C/N0 affect the bit error rate and the packet loss for a 
wireless sensor network based on LoRa modulation 
technique under Additive white Gaussian Noise (AWGN) 
channel is presented. Meanwhile, the C/N I function of 
various wireless link parameters. Let 𝑃  denote the 
probability of losing a packet because at least one bit error 
occurred. Then, according to the work by  [95], 𝑃  is 
given in terms of bit error probability (BEP), coding rate , 
CR, packet size, 𝑃𝑘𝑡   and packet header size, 𝑃𝑘𝑡𝐻 as 
follows;  

𝑃 1 1 𝐵𝐸𝑃           (1) 

Also, for a LoRa transceiver with receiver sensitivity given 
as,  𝑆 , noise figure  given as 𝑁𝐹   and bandwidth 
given as 𝐵𝑊 , the minimum required carrier to noise 
ratio ( 𝐶/𝑁 ) and the operating carrier to noise ratio 
(𝐶/𝑁 ) are given as follows; 

𝐶/𝑁 𝑆 174 10 log 𝐵𝑊 𝑁𝐹  
  (2) 

𝐶/𝑁  𝐸
𝑁  10 log 𝑆𝐹  10 log  

10 log 2       (3) 
𝐸

𝑁  𝐶/𝑁 10 log 𝑆𝐹  10 log  

10 log 2     (4) 

where 𝐸 𝑁 is the energy per bit to noise power spectral 

density in dB, CR is the code rate and SF is the spreading 
factor. Then, the bit error rate denoted as BEP is given as; 

𝐵𝐸𝑃  1 𝑒𝑟𝑓
√

 𝐸 𝑁     (5) 

where 𝐸 𝑁 is the energy per bit to noise power spectral 

density in linear form given as; 

𝐸
𝑁 10   (6) 

Then, the packet loss is given as; 

𝑃

1 1 𝑒𝑟𝑓
√

 𝐸 𝑁           

(7) 
The total bits in the packet, 𝐵𝑖𝑡  is given as; 

𝐵𝑖𝑡  = 8 𝑃𝑘𝑡              (8) 
The amount of lost bits, 𝐵𝑖𝑡  is given as; 

𝐵𝑖𝑡  = 8 𝑃𝑘𝑡 𝑃             (9) 
The packet loss was simulated using Visual Basic for 

Application (VBA) program. The simulation examined the 
values of BEP and packet loss probability are function of 

the operating carrier to noise ratio denoted as C/N. 
 

III  RESULTS AND DISCUSSION 
The bit error probability (BEP) was computed and packet 
loss probability were calculated for a set of carrier to noise 
ratio, C/N. Also, the amount of bits lost are computed. The 
computation was performed for the spreading factors 
7,8,9,10,11 and 12. The results of the packet loss 
probability versus C/N for spreading factors, SF 7,8,9,10,11 
and 12 are shown in Table 1 and Figure 1. The results show 
that for a given spreading factor, SF the packet loss 
probability, PktLs decreases as the C/N value increases. For 
instance, for SF of 7, the PktLs  decreased  from  0.9999  at 
C/N of ‐20 dB to 2.173E‐07 (or 0.0000002173) at C/N of ‐5 
dB. Also, the results show that for a given C/N  the packet 
loss decreases with  increase  in SF. For instance, for C/N of 
-20 dB, the PktLs  decreased  from  0.9999  at  SF  of    7    to 
0.000285183 at SF of 12. 
Similarly, the results of the bit error probability (BEP) 
versus C/N for spreading factors, SF 7,8,9,10,11 and 12 are 
shown in Table 2 and Figure 2. Again the results show that 
for a given spreading factor, SF the BEP decreases as the 
C/N value increases. For instance, for SF of 7, the BEP 
decreased from 0.42897183 at C/N of ‐20 dB to 7.5582E‐09 
(or  0.0000000075582)  at  C/N  of  ‐5  dB.  Also,  the  results 
show that for a given C/N  the BEP decreases with increase 
in  SF.  For instance, for C/N of -20 dB, the BEP  decreased 
from  0.42897183  at  SF  of  7    to  9.92076E‐06  (or 
0.0000099207)  at SF of 12. 
 

Table 1 The results of the packet loss probability versus C/N for spreading factors, SF 7,8,9,10,11 and 12 and with packet size 
of 23 bytes 

C/N 
(dBm) 

PktLs for SF 
=7  PktLs for SF =8  PktLs for SF =9  PktLs for SF =10  PktLs for SF =11  PktLs for SF =12 

‐20  0.9999999  0.999998211  0.999855426 0.97276479 0.300602295  0.000285183

‐17.5  0.99999865  0.99990662  0.9827801 0.39741674 0.000934965  4.6918E‐13

‐15  0.99993701  0.988899778  0.493525663 0.002531528 1.77023E‐11  0

‐12.5  0.99264779  0.582136672  0.005825061 3.68114E‐10 0  0

‐10  0.65902973  0.0116636  4.62735E‐09 0 0  0

‐7.5  0.02074319  3.79699E‐08  0 0 0  0

‐5  2.173E‐07  0  0 0 0  0

‐2.5  0  0  0 0 0  0

0  0  0  0 0 0  0

2.5  0  0  0 0 0  0

5  0  0  0 0 0  0
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Figure 1 The graph of packet loss probability versus C/N for spreading factors, SF 7,8,9,10,11 and 12 and with packet size of 

23 bytes 
 

Table 2 The results of the bit error probability (BEP) versus C/N for spreading factors, SF 7,8,9,10,11 and 12 and with packet 
size of 23 bytes 

C/N 
(dBm) 

BEP 
forE/No=7 

BEP for 
E/No=8 

BEP for 
E/No=9 

BEP for 
E/No=10 

BEP for 
E/No=11 

BEP for 
E/No=12 

‐20  0.42897183  0.368913806  0.264745071  0.117794493  0.012359018  9.92076E‐06 

‐17.5  0.37512925  0.275839457  0.131750496  0.017464118  3.25352E‐05  1.63203E‐14 

‐15  0.28568882  0.144910573  0.02338422  8.81609E‐05  6.15785E‐13  0 

‐12.5  0.15707593  0.029895358  0.000203183  1.28039E‐11  0  0 

‐10  0.03673305  0.000407992  1.60951E‐10  0  0  0 

‐7.5  0.00072882  1.32069E‐09  0  0  0  0 

‐5  7.5582E‐09  0  0  0  0  0 

‐2.5  0  0  0  0  0  0 

0  0  0  0  0  0  0 

2.5  0  0  0  0  0  0 

5  0  0  0  0  0  0 

 

 
Figure 2 The graph of bit error probability (BEP) versus C/N for spreading factors, SF 7,8,9,10,11 and 12 and with packet size 

of 23 bytes 
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Again, the results of the number of bits lost versus C/N for 
spreading factors, SF 7,8,9,10,11 and 12 are shown in Table 
3 and Figure 3. The results show that for a given spreading 
factor, SF the number of bits lost decreases as the C/N 
value increases. For instance, with packet size of 23 bytes 
or 184 bits, for SF of 7, the number of bits lost  decreased 
from 184  at C/N of ‐20 dB to 0 at C/N of ‐5 dB. Also, the 

results  show  that  for  a  given  C/N    the number of bits lost 
decreases with  increase  in  SF. For instance, for C/N of -20 
dB, the number of bits lost decreased  from 184   at SF of   7  
to 55 at SF of 11 and to at spreading factor of 12. 

 

Table 3 The results of the number of bits lost versus C/N for spreading factors, SF 7,8,9,10,11 and 12 and with packet size of 
23 bytes 

C/N 
(dBm) 

Bits Lost 
(bits) for 
SF =7 

Bits Lost 
(bits) for 
SF =8 

Bits Lost 
(bits) for 
SF =9 

Bits Lost 
(bits) for 
SF =10 

Bits Lost 
(bits) for 
SF =11 

Bits Lost 
(bits) for 
SF =12    

‐20  184  184  184  179  55  0  0 

‐17.5  184  184  181  73  0  0  0 

‐15  184  182  91  0  0  0  0 

‐12.5  183  107  1  0  0  0  0 

‐10  121  2  0  0  0  0  0 

‐7.5  4  0  0  0  0  0  0 

‐5  0  0  0  0  0  0  0 

‐2.5  0  0  0  0  0  0  0 

0  0  0  0  0  0  0  0 

2.5  0  0  0  0  0  0  0 

5  0  0  0  0  0  0  0 
 

 
Figure 3 The graph of the number of bits lost versus C/N for spreading factors, SF 7,8,9,10,11 and 12 and with packet size of 

23 bytes 
 
The results for the comparison of the packet loss probability 
versus C/N for spreading factor of 7 operated with packet 
size of 23 bytes and 64 bytes   are shown in Table 4 and 
Figure 4 while Table 5 and Figure 5 show the comparison 
of the number of bits lost versus C/N for spreading factor of  
7 operated with packet size of 23 bytes and 64 bytes.    The 
results show that the within C/N of -5 dB to -12.5 dB the 
packet loss probabilities of 64 bytes packet size are higher 
than that of the 23 bytes packet size. However, the packet 
loss probabilities for the two packet sizes approached 1 at 

lower  C/N values ( that is  for C/N less than -12.5 dB). 
Also, the packet loss probabilities for the two packet sizes 
approached 0 at higher C/N values ( that is  for C/N above 
than -5 dB). Similar trends are observed in the number of 
packet lost versus C/N shown in Table 5 and Figure 5. In 
this case, the results show that within  C/N of -5 dB to -20 
dB the number of lost bits for the 64 bytes packet size are 
higher than that of the 23 bytes packet size. However, the 
number of lost bits for the two packet sizes approached 0 at 
higher  C/N values ( that is  for C/N above -5 dB). 
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Table 4 Comparison of the packet loss probability versus C/N for spreading factor of 7 operated with packet size of 23 
bytes and 64 bytes    

C/N 
(dBm) 

PktLs for SF 
=7  and 
Pktsz =23 
bytes 

PktLs for SF =7  
and Pktsz = 64 

bytes 

‐20 0.9999999 1

‐17.5 0.99999865 1

‐15 0.99993701 1

‐12.5 0.99264779 0.99998142

‐10 0.65902973 0.9079869

‐7.5 0.02074319 0.04541589

‐5 2.17E‐07 4.82E‐07

‐2.5 0 0

0 0 0

2.5 0 0

5 0 0

 

 
Figure 4 Comparison of the packet loss probability versus C/N for spreading factor of  7 operated with packet size of 23 

bytes and 64 bytes    
 

Table 5 Comparison of the number of bits lost versus C/N for spreading factor of  7 operated with packet size of 23 
bytes and 64 bytes    

C/N (dBm)  Bits Lost (bits) for SF =7  and Pktsz =23 bytes  Bits Lost (bits) for SF =7  and Pktsz =64 bytes 

‐20  184  512 

‐17.5  184  512 

‐15  184  512 

‐12.5  183  512 

‐10  121  465 

‐7.5  4  23 

‐5  0  0 

‐2.5  0  0 

0  0  0 

2.5  0  0 

5  0  0 
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Figure 5 Comparison of the number of bits lost versus C/N for spreading factor of  7 operated with packet size of 23 

bytes and 64 bytes    
IV   CONCLUSION 

Analysis of bit error probability (BEP) and packet loss 
performance of based on LoRa modulation technique 
operated under Additive white Gaussian noise (AWGN) is 
presented.  The analytical expressions relating the BEP to 
the spreading factor and energy per bit to noise power 
spectral density is presented. Furthermore, the expression 
relating the energy per bit to noise power spectral density to 
the carrier to noise ratio is presented. Then, the packet loss 
probability is computed based on the BEP for the various 
spreading factors and carrier to noise ratio settings of the 
network. The results show the impact of carrier to noise 
ratio on the BEP, the packet loss and the number of packets 
lost for each spreading factor of the LoRa network. 

 
REFERENCES 

1. Barnes, S. J. (2020). Information management 
research and practice in the post-COVID-19 
world. International Journal of Information 
Management, 55, 102175. 

2. Okon, O. D., Clement, K. B., & Akpabio, N. O. 
(2022). Analysis Of The Energy Per Bit To Noise 
Power Spectral Density And Operating System 
Margin For Lora-Based Wireless Sensor 
Network. Journal of Multidisciplinary 
Engineering Science and Research (JMESR), 1(4). 

3. Adeniran A. O., I. G. Peter, Kingsley Bassey 
Clement (2014) Design and Analysis of Meander 
Microstrip Antenna at 2.0 and 3.0GHz for 
Wireless Communication nternational Journal of 
Innovative Research in Advanced Engineering 
(IJIRAE) Vol.1, No.9 ,  Pages 263 - 268 

4. Simeon, Ozuomba Ozuomba (2014) "Comparative 
Evaluation of Initial Value Options For Numerical 
Iterative Solution To Eccentric Anomalies In 
Kepler's Equation For Orbital Motion." Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 1 Issue 5, December - 
2014 

5. Oloyede, A., Ozuomba, S., Asuquo, P., 
Olatomiwa, L., & Longe, O. M. (2023). Data-

driven techniques for temperature data prediction: 
big data analytics approach. Environmental 
Monitoring and Assessment, 195(2), 343 

6. Simeon, Ozuomba (2014)  "Fixed Point Iteration 
Computation Of Nominal Mean Motion And Semi 
Major Axis Of Artificial Satellite Orbiting An 
Oblate Earth."  Journal of Multidisciplinary 
Engineering Science and Technology (JMEST)  
Vol. 1 Issue 4, November – 2014 

7. Zion, Idongesit, Simeon Ozuomba, and Philip 
Asuquo. (2020) "An Overview of Neural Network 
Architectures for Healthcare." 2020 International 
Conference in Mathematics, Computer 
Engineering and Computer Science (ICMCECS). 
IEEE, 2020 

8. Simeon, Ozuomba. (2015) "Development of 
Closed-Form Approximation of the Eccentric 
Anomaly for Circular and Elliptical Keplerian 
Orbit." Development 2.6 (2015). Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 2 Issue 6, June - 2015 

9. Oloyede, A., Ozuomba, S., & Asuquo, P. (2022, 
April). Descriptive and Diagnostic Analysis of 
NASA and NiMet Big Weather Data. In 2022 
IEEE Nigeria 4th International Conference on 
Disruptive Technologies for Sustainable 
Development (NIGERCON) (pp. 1-5). IEEE 

10. Simeon, Ozuomba. (2016) “Development And 
Application Of Complementary Root-Based 
Seeded Secant Iteration For Determination Of 
Semi Major Axis Of Perturbed Orbit”  
International Multilingual Journal of Science and 
Technology (IMJST) Vol. 1 Issue 2, July – 2016 

11. Kingsley Bassey Clement, Mfonobong A. Umoren  
(2016) SMS BASED REMOTE CONTROL AND 
MONITORING SYSTEM FOR SMART HOME 
APPLICATIONS Journal of Research and 
Innovations in Engineering (JORIE)  Vol.1, No.1 , 
2016 

12. Ozuomba, Simeon, Constance Kalu, and 
Akaninyene B. Obot. (2016) "Comparative 

0

50

100

150

200

250

300

350

400

450

500

550

-20 -18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4

N
u
m
b
er
	o
f	b
it
s	
Lo
st
	(
b
it
s)
	fo
r	
SF
	=
7
	

C/N	(dBm)

Bits Lost (bits) for
SF =7  and Pktsz
=23 bytes

Bits Lost (bits) for
SF =7  and Pktsz
=64 bytes



Science and Technology Publishing (SCI & TECH) 
ISSN: 2632-1017 

Vol. 7 Issue 5, May - 2023 

www.scitechpub.org 
SCITECHP420284 1522 

Analysis of the ITU Multipath Fade Depth Models 
for Microwave Link Design in the C, Ku, and Ka-
Bands." Mathematical and Software 
Engineering 2.1 (2016): 1-8.    

13. Oloyede, O. A., Lopez, N., Ozuomba, S., Asuquo, 
P., Essien, E., & Agbu, A. (2023). Upper-air 
meteorological dataset for Uyo, using 
radiosonde. Data in Brief, 46, 108904. 

14. Simeon, Ozuomba. (2017)  "Development Of 
Strict Differential Seeded Secant Numerical 
Iteration Method For Computing The Semi Major 
Axis Of A Perturbed Orbit Based On The 
Anomalistic Period." Development 1.8 (2017). 
Science and Technology Publishing (SCI & 
TECH) Vol. 1 Issue 8, August – 2017 

15. Mfonobong C. Uko, Mfonobong A. Umoren, 
Kingsley B. Clement  (2016) EFFECT OF 
SHADOWING AND MULTIPATH FADING ON 
THE AREA SPECTRAL EFFICIENCY OF A 
MACRO-FEMTO HETEROGENEOUS 
NETWORK FOR CELL-EDGE USERS. 
International Journal of Network and 
Communication Research Vol.7, No.3, 2016 

16. Simeon, Ozuomba. (2017).  “Determination Of 
The Clear Sky Composite Carrier To Noise Ratio 
For Ku-Band Digital Video Satellite Link” Science 
and Technology Publishing (SCI & TECH)  Vol. 1 
Issue 7, July – 2017 

17. Davronbekov, D. A. (2020). The role of wireless 
networking technology today. 
In ИННОВАЦИОННЫЕ НАУЧНЫЕ 
ИССЛЕДОВАНИЯ: ТЕОРИЯ, 
МЕТОДОЛОГИЯ, ПРАКТИКА (pp. 77-79). 

18. Ozuomba Simeon and Chukwudebe G. A.(2003)   
An improved algorithm for channel capacity 
allocation in timer controlled token passing 
protocols,   The Journal of Computer Science and 
its Applications  (An international Journal of the 
Nigerian Computer  Society (NCS))  Vol. 9, No. 1  
, June 2003 , PP 116 124  

19. Kalu C., Ozuomba S., and Mbocha C.C. (2013) 
Performance Analysis of Static- Threshold-
Limited On-Demand Guaranteed Services Timed 
Token Media Access Control Protocol Under Non 
Uniform Heavy Load of Asynchronous Traffic. 
NSE Technical Transactions, A Technical Journal 
of the Nigerian Society of Engineers, Vol. 47, No. 
3 July – Sept 2013,    

20. Ozuomba Simeon and Chukwudebe G. A. (2004)   
A new priority scheme for the asynchronous traffic 
in timer-controlled token passing protocols,   The 
Journal of Computer Science and its Applications  
(An international Journal of the Nigerian 
Computer  Society (NCS))  Vol. 10,  No. 2  , 
December 2004 , PP  17 -25 

21. Constance Kalu, Simeon Ozuomba and Umoren 
Mfonobong Anthony (2015) Performance Analysis 
of Fiber Distribution Data Interface Network 
Media Access Control Protocol Under-Uniform 
Heavy load of Asynchronous Traffic. European 
Journal of Basic and Applied Sciences. Vol 2 No. 
4 

22. Ozuomba Simeon and Chukwudebe G. A.(2011) ; 
“Performance Analysis Of Timely-Token Protocol 
With Variable Load Of Synchronous Traffic” NSE 
Technical Transactions , A Technical Journal of 
The Nigerian Society Of Engineers,  Vol. 46,  No. 
1 Jan – March  2011,   PP  34 – 46. 

23. Kalu, S. Ozuomba, G. N. Onoh (2011) 
ANALYSIS OF TIMELY-TOKEN PROTOCOL 
WITH NON-UNIFORM HEAVY LOAD OF 
ASYNCHRONOUS TRAFFIC. Electroscope 
Journal Vol. 5 No. 5 (2011) 

24. Ozuomba Simeon , Chukwudebe G. A.  and 
Akaninyene B. Obot  (2011); “Static-Threshold-
Limited On-Demand Guaranteed Service For 
Asynchronous Traffic In Timely-Token Protocol “ 
Nigerian Journal of Technology (NIJOTECH) Vol. 
30,  No. 2 , June  2011 , PP  124 – 142 

25. Kalu C. , Ozuomba Simeon, Onoh G.N.  (2013) 
Dynamic Threshold limited timed token (DTLTT) 
Protocol   Nigerian Journal of Technology 
(NIJOTECH) Vol. 32. No. 1. March 2013, pp. 
266-272. 

26. Ozuomba, Simeon, Amaefule, C. O., & Afolayan, 
J. J. (2013). Optimal Guaranteed Services Timed 
Token (OGSTT) Media Access Control (Mac) 
Protocol For Networks That Support Hard Real-
Time And Non Real-Time Traffic. Nigerian 
Journal of Technology (NIJOTECH) 32(3), 470-
477 

27. Kalu, C., Ozuomba, Simeon., & Anthony, U. M. 
(2015). STATIC-THRESHOLD-LIMITED BuST 
PROTOCOL. European Journal of Mathematics 
and Computer Science Vol, 2(2). 

28. Simeon, Ozuomba. (2016). Evaluation Of Bit 
Error Rate Performance Of Multi-Level 
Differential Phase Shift Keying. Evaluation, 1(8). 
International Multilingual Journal of Science and 
Technology (IMJST) Vol. 1 Issue 8, August – 2016 

29. Constance Kalu, Simeon Ozuomba and Umoren 
Mfonobong Anthony (2015) Static-Threshold-
Limited Bust Protocol, European Journal of 
Mathematics and Computer Science, Vol. 2 N0. 2 

30. Thompson, E., Simeon, O., & Olusakin, A. (2020). 
A survey of electronic heartbeat electronics body 
temperature and blood pressure monitoring 
system. Journal of Multidisciplinary Engineering 
Science Studies (JMESS) Vol. 6 Issue 8, August – 
2020 

31. Henshaw Jumbo, Idara Ufot Apkan, Kingsley 
Bassey Clement (20220 Development Of 
Convolutional Neural Network (CNN)-Based 
Deep Learning Model For Prediction Of Covid-19 
Infection. Journal of Multidisciplinary Engineering 
Science Studies (JMESS) Vol. 8 Issue 8, August – 
2022 

32. Chikezie, Aneke, Ezenkwu Chinedu Pascal, and 
Ozuomba Simeon. (2014).  "Design and 
Implementation Of A Microcontroller-Based 
Keycard." International Journal of Computational 
Engineering Research (IJCER) Vol, 04   Issue, 5   
May – 2014   



Science and Technology Publishing (SCI & TECH) 
ISSN: 2632-1017 

Vol. 7 Issue 5, May - 2023 

www.scitechpub.org 
SCITECHP420284 1523 

33. Simeon, Ozuomba. (2018)  “Sliding Mode Control 
Synthesis For Autonomous Underwater   
Vehicles”  Science and Technology Publishing 
(SCI & TECH    

34. Otumdi, Ogbonna Chima, Kalu Constance, and 
Ozuomba Simeon (2018). "Design of the 
Microcontroller Based Fish Dryer." Journal of 
Multidisciplinary Engineering Science Studies 
(JMESS) Vol. 4 Issue 11, November - 201 

35. Ozuomba, Simeon, and Etinamabasiyaka Edet 
Ekott.  (2020).  "Design And Implementation Of 
Microcontroller And Internet Of Things-Based 
Device Circuit And Programs For Revenue 
Collection From Commercial Tricycle 
Operators."  Science and Technology Publishing 
(SCI & TECH)   Vol. 4 Issue 8, August – 2020 

36. Maduka, N. C., Simeon Ozuomba, and E. E. Ekott. 
. (2020) "Internet of Things-Based Revenue 
Collection System for Tricycle Vehicle 
Operators." 2020 International Conference in 
Mathematics, Computer Engineering and 
Computer Science (ICMCECS). IEEE, 2020. 

37. Ozuomba, Simeon, Ekaette Ifiok Archibong, and 
Etinamabasiyaka Edet Ekott (2020). Development 
Of Microcontroller-Based Tricycle Tracking Using 
Gps And Gsm Modules.  Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST)   Vol. 7 Issue 1, January - 
2020 

38. Shahidul Islam, M., Islam, M. T., Almutairi, A. F., 
Beng, G. K., Misran, N., & Amin, N. (2019). 
Monitoring of the human body signal through the 
Internet of Things (IoT) based LoRa wireless 
network system. Applied Sciences, 9(9), 1884. 

39. Agbu, A. U. , Simeon  O. , Phillip M. A.  (2022) 
Modeling and performance evaluation of elliptical 
curve digital signature algorithm–based secure 
clustering and symmetric key establishment in 
heterogeneous wireless sensor networks. Journal 
of Multidisciplinary Engineering Science and 
Research (JMESR)  Vol. 1 Issue 4, October – 
2022:    http://www.jmesr.co.uk/wp-
content/uploads/2022/11/JMESRN42350040.pdf 

40. Uduak Idio Akpan, Constance Kalu, Simeon 
Ozuomba, Akaninyene Obot (2013). Development 
of improved scheme for minimising handoff 
failure due to poor signal quality. International 
Journal of Engineering Research & Technology 
(IJERT), 2(10), 2764-2771 

41. Anietie Bassey, Simeon Ozuomba & Kufre Udofia 
(2015). An Effective Adaptive Media Play-out 
Algorithm For Real-time Video Streaming Over 
Packet Networks. European. Journal of Basic and 
Applied Sciences Vol, 2(4). 

42. Kalu, C., Ozuomba, Simeon. & Udofia, K. (2015). 
Web-based map mashup application for 
participatory wireless network signal strength 
mapping and customer support services. European 
Journal of Engineering and Technology, 3 (8), 30-
43. 

43. Samuel, Wali, Simeon Ozuomba, and Philip M. 
Asuquo (2019). EVALUATION OF WIRELESS 

SENSOR NETWORK CLUSTER HEAD 
SELECTION FOR DIFFERENT 
PROPAGATION ENVIRONMENTS BASED ON 
LEE PATH LOSS MODEL AND K-MEANS 
ALGORITHM. EVALUATION, 3(11).  Science 
and Technology Publishing (SCI & TECH) Vol. 3 
Issue 11, November - 2019 

44. Samuel, W., Ozuomba, Simeon, & Constance, K. 
(2019). SELF-ORGANIZING MAP (SOM) 
CLUSTERING OF 868 MHZ WIRELESS 
SENSOR NETWORK NODES BASED ON EGLI 
PATHLOSS MODEL COMPUTED RECEIVED 
SIGNAL STRENGTH.  Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 6 Issue 12, December - 
2019 

45. Johnson, Enyenihi Henry, Simeon Ozuomba, and 
Ifiok Okon Asuquo.  (2019). Determination of 
Wireless Communication Links Optimal 
Transmission Range Using Improved Bisection 
Algorithm. Universal Journal of Communications 
and Network, 7(1), 9-20. 

46. Njoku, Felix A., Ozuomba Simeon, and Fina Otosi 
Faithpraise (2019). Development Of Fuzzy 
Inference System (FIS) For Detection Of Outliers 
In Data Streams Of Wireless Sensor 
Networks. International Multilingual Journal of 
Science and Technology (IMJST) Vol. 4 Issue 10, 
October - 2019 

47. Simeon, Ozuomba. (2020).  "APPLICATION OF 
KMEANS CLUSTERING ALGORITHM FOR 
SELECTION OF RELAY NODES IN 
WIRELESS SENSOR 
NETWORK."  International Multilingual Journal 
of Science and Technology (IMJST)   Vol. 5 Issue 
6, June - 2020 

48. Simeon, Ozuomba. (2020).  "Analysis Of Effective 
Transmission Range Based On Hata Model For 
Wireless Sensor Networks In The C-Band And 
Ku-Band."  Journal of Multidisciplinary 
Engineering Science and Technology (JMEST)   
Vol. 7 Issue 12, December - 2020 

49. Ogbonna Chima Otumdi , Ozuomba  Simeon, 
Kalu Constance  (2020).  Clustering Of 2100 Mhz 
Cellular Network Devices With Som Algorithm 
Using Device Hardware Capacity And Rssi 
Parameters  Science and Technology Publishing 
(SCI & TECH)   Vol. 4 Issue 2, February – 2020 

50. Akpan, Itoro J., Ozuomba Simeon, and Kalu 
Constance (2020).   "Development Of A Guard 
Channel-Based Prioritized Handoff Scheme With 
Channel Borrowing Mechanism For Cellular 
Networks."  Journal of Multidisciplinary 
Engineering Science and Technology (JMEST) 
Vol. 7 Issue 2, February - 2020 

51. Ogbonna Chima Otumdi , Ozuomba  Simeon, 
Philip M. Asuquo  (2020)  Device Hardware 
Capacity And Rssi-Based Self Organizing Map 
Clustering Of 928 Mhz Lorawan Nodes Located In 
Flat Terrain With Light Tree Densities  Science 
and Technology Publishing (SCI & TECH)   Vol. 4 
Issue 9, September - 2020  



Science and Technology Publishing (SCI & TECH) 
ISSN: 2632-1017 

Vol. 7 Issue 5, May - 2023 

www.scitechpub.org 
SCITECHP420284 1524 

52. Idio, Uduak, Constance Kalu, Akaninyene Obot, 
and Simeon Ozuomba. (2013) "An improved 
scheme for minimizing handoff failure due to poor 
signal quality." In 2013 IEEE International 
Conference on Emerging & Sustainable 
Technologies for Power & ICT in a Developing 
Society (NIGERCON), pp. 38-43. IEEE, 2013. 

53. Atakpo, F. K., Simeon, O., & Utibe-Abasi, S. B. 
(2021) A COMPARATIVE ANALYSIS OF 
SELFORGANIZING MAP AND K-MEANS 
MODELS FOR SELECTION OF CLUSTER 
HEADS IN OUT-OF-BAND DEVICE-TO-
DEVICE COMMUNICATION. Journal of 
Multidisciplinary Engineering Science Studies 
(JMESS). 

54. Asuquo, A. E. , Enyenihi H. J.,  Simeon, O.(2022) 
Design and simulation of load adaptive energy 
saving schemes in IP over Wavelength-division 
multiplexing (WDM) networks  Journal of 
Multidisciplinary Engineering Science and 
Research (JMESR) Vol. 1 Issue 3, September – 
2022 : http://www.jmesr.co.uk/wp-
content/uploads/2022/11/JMESRN42350038..
pdf 

55. Kingsley Bassey Clement, Philip M. Asuquo, 
Emmmanuel Nsese Udoiwod  (2020) Simulated 
Grid-Connected Roof-Top Solar Power System 
Analysis: Case Study Of Superstore Building In 
Akwa Ibom Journal of Multidisciplinary 
Engineering Science and Technology (JMEST) 
Vol. 7 Issue 12, December – 2020 

56. Umoette, A. T., Ozuomba, Simeon, & Okpura, N. 
I. (2017). Comparative Analysis of the Solar 
Potential of Offshore and Onshore Photovoltaic 
Power System. Mathematical and Software 
Engineering, 3(1), 124-138 

57. Ikpe Joseph Daniel, Ozuomba Simeon, Udofia 
Kufre (2019) Google Map-Based Rooftop Solar 
Energy Potential Analysis For University Of Uyo 
Main Campus . Science and Technology 
Publishing (SCI & TECH) Vol. 3 Issue 7, July - 
2019 

58. Simeon, Ozuomba.(2019) "An assessment of 
solar-powered soybean farm basin irrigation water 
supply system." Science and Technology 
Publishing (SCI & TECH) Vol. 3 Issue 4, April - 
2019 

59. Ozuomba, Simeon, Edifon, Iniobong, and 
Idorenyin Markson  (2019). Impact of the optimal 
tilt angle on the solar photovoltaic array size and 
cost for A 100 Kwh solar power system In Imo 
State. International Journal of Sustainable Energy 
and Environmental Research, 8(1), 29-35. 

60. Archibong, Ekaette Ifiok, Simeon Ozuomba, and 
Etinamabasiyaka Edet Ekott.  (2020).  "Design 
And Construction Of The Circuits For An Iot-
Based, Stand-Alone, Solar Powered Street Light 
With Vandalisation Monitoring And Tracking 
Mechanism."    Science and Technology 
Publishing (SCI & TECH)   Vol. 4 Issue 7, July - 
2020 

61. Lemene B. Deele, Ozuomba, Simeon, Nseobong 
Okpura (2020).  Comparative Life Cycle Cost 
Analysis Of Off-Grid 200 KW Solar-Hydro Power 
Plant With Pumped Water Storage And Solar 
Power Plant With Battery Storage Mechanism    
International Multilingual Journal of Science and 
Technology (IMJST) Vol. 5 Issue 8, August - 2020 

62. Usah, Emmamuel Okon, Simeon Ozuomba, and 
Etinamabasiyaka Edet Ekott. (2020).  "Design And 
Construction Of Circuits For An Integrated Solar-
Wind Energy System With Remote Monitoring And 
Control Mechanism."  Journal of Multidisciplinary 
Engineering Science and Technology (JMEST)  
Vol. 7 Issue 6, June - 2020 

63. Usah, Emmamuel Okon, Simeon Ozuomba, and 
Etinamabasiyaka Edet Ekott. (2020).  "Spatial 
Regression Models For Characterizing The 
Distribution Of Peak Sun Hours, PV Daily Energy 
Yield And Storage Battery Capacity For 
Standalone Photovoltaic (PV) Installations Across 
Nigeria." Delta 5, no. 5.808841: 4-53.    Journal of 
Multidisciplinary Engineering Science Studies 
(JMESS) Vol. 6 Issue 7, July – 2020 

64. Usah, Emmamuel Okon, Simeon Ozuomba, 
Enobong Joseph Oduobuk, and Etinamabasiyaka 
Edet Ekott. (2020).   "Development Of Analytical 
Model For Characterizing A 2500 W Wind 
Turbine Power Plant Under Varying Climate 
Conditions In Nigeria."  Science and Technology 
Publishing (SCI & TECH)   Vol. 4 Issue 6, June - 
2020 

65. Archibong, E. I., Ozuomba, Simeon, & Ekott, E. 
E. (2020). Life Cycle Cost And Carbon Credit 
Analysis For Solar Photovoltaic Powered Internet 
Of Things-Based Smart Street Light In 
Uyo.  International Multilingual Journal of 
Science and Technology (IMJST) Vol. 5 Issue 1, 
January - 2020 

66. Lemene B. Deele, Ozuomba, Simeon, Okon Smart 
Essang (2020) SIZING OF AN OFF-GRID 
PHOTOVOLTAIC POWER SUPPLY SYSTEM 
WITH BATTERY STORAGE   Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 7 Issue 8, August - 2020  

67. Usah, Emmamuel Okon, Simeon Ozuomba, 
Enobong Joseph Oduobuk (2020).  "Pvsyst 
Software-Based Comparative Techno-Economic 
Analysis Of PV Power Plant For Two Installation 
Sites With Different Climatic Conditions."  
International Multilingual Journal of Science and 
Technology (IMJST) Vol. 5 Issue 7, July - 2020 

68. Archibong, Ekaette Ifiok, Ozuomba, Simeon, 
Etinamabasiyaka Edet Ekott (2020)  "Sizing Of 
Stand-Alone Solar Power For A Smart Street Light 
System With Vandalisation Monitoring And 
Tracking Mechanism."  Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST)  Vol. 7 Issue 7, July - 2020 

69. Archibong, Ekaette Ifiok, Simeon Ozuomba, and 
Etinamabasiyaka Ekott. (2020) "Internet of things 
(IoT)-based, solar powered street light system with 
anti-vandalisation mechanism." 2020 International 



Science and Technology Publishing (SCI & TECH) 
ISSN: 2632-1017 

Vol. 7 Issue 5, May - 2023 

www.scitechpub.org 
SCITECHP420284 1525 

Conference in Mathematics, Computer 
Engineering and Computer Science (ICMCECS). 
IEEE, 2020. 

70. Victor Etop Sunday, Ozuomba Simeon and 
Umoren Mfonobong Anthony (2016). Multiple 
Linear Regression Photovoltaic Cell Temperature 
Model for PVSyst Simulation Software, 
International Journal of Theoretical and Applied 
Mathematics, 2(2): pp. 140-143 

 
71. Akaninyene B. Obot , Ozuomba Simeon  and 

Afolanya J. Jimoh  (2011); “Comparative Analysis 
Of Pathloss Prediction Models For Urban 
Macrocellular” Nigerian Journal of Technology 
(NIJOTECH) Vol. 30,  No. 3 , October  2011 , PP  
50  – 59 

72. Ozuomba, Simeon, Constance Kalu, and 
Akaninyene B. Obot. (2016) "Comparative 
Analysis of the ITU Multipath Fade Depth Models 
for Microwave Link Design in the C, Ku, and Ka-
Bands." Mathematical and Software 
Engineering 2.1 (2016): 1-8.    

73. Ononiwu, Gordon, Simeon Ozuomba, and 
Constance Kalu. (2015). Determination of the 
dominant fading and the effective fading for the 
rain zones in the ITU-R P. 838-3 
recommendation. European Journal of 
Mathematics and Computer Science Vol, 2(2). 

74. Simeon, Ozuomba. (2017).  “Determination Of 
The Clear Sky Composite Carrier To Noise Ratio 
For Ku-Band Digital Video Satellite Link” Science 
and Technology Publishing (SCI & TECH)  Vol. 1 
Issue 7, July – 2017 

75. Kalu, C., Ozuomba, Simeon. & Jonathan, O. A. 
(2015). Rain rate trend-line estimation models and 
web application for the global ITU rain 
zones. European Journal of Engineering and 
Technology, 3 (9), 14-29. 

76. Simeon, Ozuomba. (2016) "Comparative Analysis 
Of Rain Attenuation In Satellite Communication 
Link For Different Polarization Options."  Journal 
of Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 3 Issue 6, June - 2016 

77. Eunice, Akinloye Bolanle, and Simeon Ozuomba 
(2016)  "Evaluation of the Distribution of Terrain 
Roughness Index for Terrestrial Line of Site 
Microwave Links in Uyo 
Metropolis." Mathematical and Software 
Engineering 2.1 (2016): 9-18 

78. Oloyede Adams Opeyemi, Ozuomba Simeon, 
Constance Kalu (2017)  Shibuya Method for 
Computing Ten Knife Edge Diffraction Loss. 
Software Engineering 2017; 5(2): 38-43 

79. Egbe Jesam Nna, Ozuomba Simeon, Enyenihi 
Henry Johnson (2017) Modelling and Application 
of Vertical Refractivity Profile for Cross River 
State. World Journal of Applied Physics  2017; 
2(1): 19-26 

80. Njoku Chukwudi Aloziem, Ozuomba Simeon, 
Afolayan J. Jimoh (2017) Tuning and Cross 
Validation of Blomquist-Ladell Model for Pathloss 
Prediction in the GSM 900 Mhz Frequency Band , 

International Journal of Theoretical and Applied 
Mathematics 

81. Ozuomba, Simeon, Johnson, E. H., & Udoiwod, E. 
N. (2018). Application of Weissberger Model for 
Characterizing the Propagation Loss in a Gliricidia 
sepium Arboretum. Universal Journal of 
Communications and Network, 6(2), 18-23. 

82. Ozuomba, Simeon, Enyenihi, J., & Rosemary, N. 
C. (2018). Characterisation of Propagation Loss 
for a 3G Cellular Network in a Crowded Market 
Area Using CCIR Model. Review of Computer 
Engineering Research, 5(2), 49-56. 

83. Constance, Kalu, Ozuomba Simeon, and Ezuruike 
Okafor SF. (2018). Evaluation of the Effect of 
Atmospheric Parameters on Radio Pathloss in 
Cellular Mobile Communication 
System. Evaluation, 5(11). Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 5 Issue 11, November - 
2018 

84. Kalu Constance, Ozuomba Simeon, Umana, 
Sylvester Isreal (2018). Evaluation of Walficsh-
Bertoni Path Loss Model Tuning Methods for a 
Cellular Network in a Timber Market in Uyo. 
Journal of Multidisciplinary Engineering Science 
Studies (JMESS)  Vol. 4 Issue 12, December - 
2018 

85. Ozuomba, Simeon, Henry Johnson Enyenihi, and 
Constance Kalu (2018) "Program to Determine the 
Terrain Roughness Index using Path Profile Data 
Sampled at Different Moving Window 
Sizes." International Journal of Computer 
Applications 975: 8887. 

86. Ozuomba, Simeon, Constant Kalu, and Henry 
Johnson Enyenihi. (2018) "Comparative Analysis 
of the Circle Fitting Empirical Method and the 
International Telecommunication Union Parabola 
Fitting Method for Determination of the Radius of 
Curvature for Rounded Edge Diffraction 
Obstruction."   Communications on Applied 
Electronics (CAE) 7: 16-21. 

87. Simeon, Ozuomba, Ezuruike Okafor SF, and 
Bankole Morakinyo Olumide (2018). 
Development of Mathematical Models and 
Algorithms for Exact Radius of Curvature Used in 
Rounded Edge Diffraction Loss 
Computation. Development, 5(12). Journal of 
Multidisciplinary Engineering Science and 
Technology (JMEST) Vol. 5 Issue 12, December - 
2018 

88. Simeon, Ozuomba, Kalu Constance, and Ezuruike 
Okafor SF. (2018).  "Analysis of Variation in the 
Vertical Profile Of Radio Refractivity Gradient 
and its impact on the Effective Earth Radius 
Factor." International Multilingual Journal of 
Science and Technology (IMJST) Vol. 3 Issue 11, 
November - 2018 

89. Ozuomba, Simeon. (2019). EVALUATION OF 
OPTIMAL TRANSMISSION RANGE OF 
WIRELESS SIGNAL ON DIFFERENT 
TERRAINS BASED ON ERICSSON PATH 
LOSS MODEL.  Science and Technology 



Science and Technology Publishing (SCI & TECH) 
ISSN: 2632-1017 

Vol. 7 Issue 5, May - 2023 

www.scitechpub.org 
SCITECHP420284 1526 

Publishing (SCI & TECH)  Vol. 3 Issue 12, 
December - 2019 

90. Johnson, Enyenihi Henry, Simeon Ozuomba, and 
Kalu Constance. (2019). Development of model 
for estimation of radio refractivity from 
meteorological parameters. Universal Journal of  
Engineering Science 7(1), 20-26. 

91. Imoh-Etefia, Ubon Etefia, Ozuomba Simeon, and 
Stephen Bliss Utibe-Abasi. (2020).  "Analysis Of 
Obstruction Shadowing In Bullington Double 
Knife Edge Diffraction Loss Computation." 
Journal of Multidisciplinary Engineering Science 
Studies (JMESS) Vol. 6 Issue 1, January – 2020   

92. Ono, M. N., Obot, A. B., & Ozuomba, Simeon. 
(2020).  ENHANCED BISECTION ITERATION 
METHOD APPLIED IN FADE MARGIN-
BASED OPTIMAL PATH LENGTH FOR FIXED 
POINT TERRESTRIAL MICROWAVE 
COMMUNICATION LINK WITH KNIFE EDGE 
DIFFRACTION LOSS. International Multilingual 
Journal of Science and Technology (IMJST) Vol. 5 
Issue 6, June – 2020  

93. Dialoke, Ikenna Calistus, Ozuomba Simeon, and 
Henry Akpan Jacob. (2020) "ANALYSIS OF 
SINGLE KNIFE EDGE DIFFRACTION LOSS 
FOR A FIXED TERRESTRIAL LINE-OF-SIGHT 
MICROWAVE COMMUNICATION LINK."   
Journal of Multidisciplinary Engineering Science 
and Technology (JMEST)   Vol. 7 Issue 2, 
February - 2020 

94. Taha, A. A. (2022). An Adaptive Video Streaming 
For The Best Possible Delivering Experience To 
Multiple Users In Wireless Networks. Webology 
(ISSN: 1735-188X), 19(2). 

95. Casals, L., Mir, B., Vidal, R., & Gomez, C. 
(2017). Modeling the energy performance of 
LoRaWAN. Sensors, 17(10), 2364. 

 


