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Abstract

This paper presents a high-precision capacitance-to-digital converter (CDC)
based on period-modulation (PM) for grounded capacitive sensors. In this
work, with a symmetrical design, the performance of the proposed
capacitance to digital converter is significantly improved by applying zoom-
in and three signal auto-calibration techniques. The dominant nonidealities
of the CDC circuit are located at the three asymmetrical phases of the auto-
calibration pathes. These effects are investigated here which are mainly
caused by charge injection of switches and associated parasitic effects.
These nonidealities are reduced by utilizing dummy switches at
asymmetrical paths of the applied auto-calibration. The proposed interface
is designed as an integrated circuit using a standard 0.18um CMOS
technology. A worst-case capacitance error less than 0.2fF for a 10pF sensor
capacitor with maximum variation of 200fF, and parasitic capacitance of up
to 20pF is obtained. The CDC achieves an absolute capacitance resolution of
0.479fF across a 10pF sensor capacitance with a 200fF variation,
corresponding to an energy efficiency of 6.94pJ/step. The achieved latency

is 128us and the CDC consumes 170pA from a 2V power supply.

Keywords: Capacitive-to-voltage converter (CVC), Zoom-in technique,
Grounded capacitive sensor, Dummy switch.

Highlights

e Anovel structure of symmetrical capacitance to digital converter.
e Achieving low noise level and high accuracy.
e Improving non-linear effects using circuit techniques.
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 Analog to Digital Converter (ADC)
2 Period Modulation (PM)
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1 Pulse Width Modulation (PWM)
2Zoom-in

3 Multiplexer (MUX)

4 Capacitance to Voltage Converter (CVC)
® Voltage to Period Converter (VPC)

¢ feed-forward based active-shielding
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Figure 1. The conventional capacitance-to-digital converter (CDC) based on period modulation (PM) including three-signal auto-calibration
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Figure 2. The front-end stage for grounded capacitive sensors, (a) Conventional CVC, (b) Zoom-in CVC, (c) The related signals and output
voltage [4, 9, 10]
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Abstract

Earthquakes are usually associated with damage. Therefore, any action to
predict it is necessary. In data monitoring systems, being real-time and
accuracy of data play a key role. In this article, a monitoring system based
on Internet of Things was proposed for the messaging of seismic data. In the
first solution, the lightweight protocol Message Queuing Telemetry Transfer
(MQTT) was chosen for messaging. In the second solution, redundancy was
applied in the sensor layer using the gray wolf algorithm, and in the third
solution <redundancy was applied in the controller layer. The simulation
results showed that the redundancy in the sensor and controller layer saved
energy consumption by more than thirty percent. Also, the average end-to-
end delay was significantly reduced in the second and third solutions.
Finally <in the first solution, the rate of successful package delivery for
different number of packages was a constant value of 78.98%. But by
applying redundancy in the sensor and controller, the package delivery rate
increased to over 92%, which can be the result of increasing the number of

sensors and controllers and their proper placement.

Keywords: Seismic, Internet of Things, Energy Consumption, Packet
Delivery Rate, Bit Error.

Highlights

e Improving the efficiency of the seismic monitoring system by applying the redundancy of the sensors of the
sensors layer based on the Internet of Things.

e  Applying redundancy in the controller layer of seismography system based on Internet of Things.

e Improving fault tolerance in the communication layer of the Internet of Things by modifying the information
transmission mechanisms from the controller to the infrastructure layer.
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Figure 4. The mechanism of updating the position of search agents and the effect of A on it [31]
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Figure 6. The total energy consumption of the nodes in the three solutions of the proposed procedure
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alfans slo, ol 5o leail 4 sl 22U (5 SShe D 50
Table 5.Average end-to-end delay in three solutions

oolging Sl AlFan o, Sal, jo Ll 4 Ll .56 RMSD 4l
MQTT, YAA/FEVOAY
MQTT, VYYFIO0Y - VA
MQTT, VYV AYYE L

propagation delay in each massaging method

3.5

2.5

15
SO (B | III “
([ ]|
1 2 3 4 5 6 7 8 9 10

delay (s)
N

[ERN

0
number of packets in 100

EMQTT ®MQTT_sensor_redundant B MQTT_sensor_controller_redundant

Sl aw jo calize gl atws gl Ll 4 Ll b anslie ) S
Figure 10. End-to-end delay comparison for different packets in three solutions

Sy 9 Sl )l3 1) Jol ol JSal) 51 oS RMSD (l5ae poms 5 g0 (>l JSal) )3 &5 oo o0 7 Jguzr polie onalie b
0 518 090 Kol e 9 Sl RMSD 150 (53 5iaS (6110 cpaus j IS0l 4S5 jokay o lo 1) (5 loline



90 il IS o Serue ol Sy el [ po licedsl ClblB 5 oS o Yy

alFan slo,Kal, jo calizee glaaiug slaxs gy Ll 4 Lol 13U Sla po 5 Kikeo Hdo anslin :F Jous
Table 6. Comparison of end-to-end root mean square delay for different number of packets in triple solutions

oolgriny ,Sal, el 4 el 256 RMSD ()l
MQTT, Y/AVVAYAYQ
MQTT, VIAAYE <\ YA
MQTT; VIASYOAS - - ¥

wako &y asms $3g0 Jg2 €5 (2L5,-F-F-F
Sami o pd Djgar 45 el Ndualie 4y Ay B850 197 E g SoisS 5 2L 50 o luliol la el 5l S
5 st By iy 5 45 ol 1) S 5 kil e ] sloing S 1 3hpe oyt o 75 slodiny
2 el lae,S aalidls b J s g by o (SSg38l s 4 g9:090 cnl anl ol 1S, 1 220 pos g p0 slo ) Sal,
Wi Sl il (nl )0 a5 ool Gl el azg B L] o a5 (IS el JUal BB Sl el 4ol (Sh9lns5
i el dops VARA ke sl 58], sl sy oo ¢y i 13 1t a0 et glie olutas by (sl
2,0 gl jBaly jo b ity o525 &5 )0 (6 eedS Wodins Slaad )0 50sS

packet delivery rate

1.2

1
0.
0.
0.
0.
0
1 2 3 4 5 6 7 8 9 10

number of packets in 100

PDR
> o

N

EMQTT ®MQTT_sensor_redundant B MQTT_sensor_controller_redundant

alfan sbo,)Kal, ,o waie 4y Jlo )l gloainy 3850 g &5 b))V Y IS
Figure 11. Evaluation of the successful delivery rate of packages sent to the destination in three solutions

Table 7. Comparison of RMSD of packet delivery rate in three solutions

solering ), Solite SledSSgy ) iwy g2 £, RMSD ()5e
MQTT, <IVA4A-F
MQTT; SAFYFYITEA
MQTTs “[ABAFFEFYYA

P> ol; lp dtas Jr925 5 eSilee Jlaiie 4S5 jokay wi)ls o0 AF (YL 925 £ 55 pow 5 pgo JSa1,) Vsae &b
BB dgg doyo YAAA Lgos &5 L asly |l 4y cons g el s jo QDAY e 45 pous |l gl 5 0o 0 AF/VY

RN PE SN

packet Delivery Rate (PDR)



YA VA=Y Ll /90 g oloey o lows /p0 s Sl [ Ol plbrs  cwdige dloxs

G azi -0

G335 Jaie slaoliws s pasis S)n alily SG I S 1) 05 e rSasS Sl e ) e e SO
LYT wloo S oo sieign Lanome )l s S 4 1) (o S Jaimo U5 cih iy K>

annsgi ISl o5 )5 glmosls Jolows g a3 g Lol il (bl gleaSids daools (651 gaz 5o Suselsnss OO L
a sl Loal el sl o)l 97y pdy ol laglSe o adsl slajlate (gl wiedisr Wil s G Joe S
Lol ol 3l S55UsT 5 £555 5 banme (50,28 8,k 1 [TF] 05 oo wolil K5,00 S (slaosls (3051 o
o Lol b8 g ot (5l eer (slaosls S 5 mBo 4y 4255 pg3) (5,0 (slaesls (5 yslae (sla Ku lgin
WS n oz |

Y a5y S (b3 JSSgn jleslitul b Ldl Ci il p (e siedon Ay dmin 5 GBS cozly So I
AL yoe Jsb o3 5l (plo el sgue d0o )3 J S g K Y 0 o Sig 8l Jlael b g Cowl ond sloizy MQTT
plodg Wadns 3390 hoow £ 9 b £ 5 «spl Sran g

SliagS (S550al 5 (arzs 0558 sl )5 (pgat S gible Gapians )3 xSy i o)lsen 6551 B ras
Sl 55 4 Com 65V (65,0 B pe sl MQTT aply o il S35, a5 sl 00l ()l lagsjloonts unsl 0383
DS Y g S Y 5 Sigydl aoys s YL sla ) S5 0 sl £ USE 5145 j5b las ool golgiiny >l
Vel slodiy shaw Gl L Y S 4 L gl 50 )ls 65501 Bpan (halS 4y MQTT sl S, cos 4
Gls Jgl aly S, s s 4zl 5 ol o 33l 58] a8 (g5l OB pene i Sedly iliil e 4 Voo b
LY o (Sigil pou Sal; o 5l dar 5 S Y 50 (Sig3dl pgd Sal, BB L ()T 51 Gy 5 Cessl (65581 B e (e
5l 41 o S, 5l g zaS LSS S

sla Jlo)l Gl aw 1o 10 098 2o osls Coro 5 liebl coblB iuli8l 4 jovie i jo Son sl oS
ALl Sl guis S 53U Cod Wilgl o g9 g0 (pl &S el ouls galie o sla F 5 A e Ogliie slaas L ools
el i a5 o8 glunal oo ¥ Jgoo 5l wlgsos ggomme j3 S Ol Jlo 2 a0l Lo layel )b plo b
el 00,5 sl s sl F5 j0 plie @l ) Kaly av o 0 SSg38l Jlesl

Sl 3 Egd50 (nl 45 958 o (Sl jply i (5,00 SRl 4 2eie dalie ) e Sl Laosls JLo )l (e ralS
5 omb syl e el 4 ksl 3B (S0l o5 Sl 03ls plis ilwand 5l Jolo @l cwl Sl S jeisle
3 eeyarn g )LSS GRlBl b g j90e 4 (g o)l s)loline Sglis (SSg33l e oo Sl 90 5 (Sigil (e IS,
S bre 2al5 Jol Sl 5l e J S g la K )5 (SS933l ol g g po JISal, 5o Ll 4 Lol 26 YL sl 1SS
ol g iy 3890 1975 €5 st 3 )Shoe Como g liabl Sl 2al33 (sl Sl 5590 K00 el cuoled )
925 E5  MQTT b SS90 b Jsl Sl 5o ccaulosls glis 5 (luancd I Jol> @l o5 jshailen .ol 25
2 ol daaiig sl o s Ko Ojle 4yl s o YAAA colb lade daainy alie slaws gl vans 3890
4 St 4l 5 Sglite boatn Jiso8 &5 ¢ g3l Jlosl b poms 5 090 58l )0 cggmsl 5l Lol el 4l aty Jgo0
Szl a5 05l LT g 381 g o) 208 5 Lo S olotas 33l (slazess wilsi oo ol 45 ansl azily 53l s p0 AY (5¥L
w3 oo (IRl S L g o K (B Lol guzmo 8 Slas pae ©)50,0 1 prolae (Sloyeln

ool 5l ol b mavged Jlasl 0 55 2 1) (bl Jelod gl (3l Slamlis Sl ol gl ot Lisl (sl
b Brae 3l Brae 35l ggarme siolly b sl g3l sl ool /-0 o gl A oz 50 aME &
5 o ool Wiy gm0 5 g A glie ol b Latl o3l lasil 56 o glhs £ wilise gladiag ol

sl oal £ abyly po 55 (9051 Sl B el ool ey Ftid (505l olol e jlade

4Y)

{ H 0" X maqt = X matt _sensor _ redundant = X matt _sensor _controller _ redundant

H, Xt X =X

maqt matt _sensor _ redundant matt _sensor _controller _ redundant



90 ol Loy Sgme yual —aiSS 5 lasl o liedsl clblB 5 SIS 0gs Y4

9 S 3 (K938l (SS9 38l g JSal) a6l (o2 9590 Sla il gl (eSle Jlaiie a5 3)l0 00 o Hho 258
59 b (K938l paoe L0y byl 51 (S sl 0eSle Hlade o)l o0 Gl 58 So (B8 Sl b ST 5o (g8l
el ¥l Sige 0l3] a0 [ csl S8l a ools atws dw Jols Slaslin 45 jghailas ol Sglae Ko LKl
g @bl az s W el wlaalie 5l (o olxy atws aw ol gl JLactl 256 5 (B rae (55531 ggome sl Gizes
ol e ooyl az o LT (gl 1) 5 Calmosls 51 obos atws du Jold b 500 el ez gl 5 conl VEY il

Ll YV
O=/+0 (sl siloand 5| Jol glaosls g9; 3 illy Jelowi 9o3T A Jgor
Table8. Variance analysis test on the simulation data for a=0.05

s Jer F sad dbne B MSw MSs EESIRESS EESIRESS oso3! el
~ T T
Y/-0 TVPFAY o/ q0NYY <IYEFEYY VFY Y SErae 555 ggezma
AVARN OIYAYHAY  £IF-YIFY  YV/-avaa Yy Y olasy gly (8 pan 55,
AVANA FIAEYASY o) YFY  o/o . YYVYF Yy Y s sl g5
Y/-0 YAAVAYA - AV-YEVY ARARIAA VFY Y Slasl b
YIYoO VAYAYYY  </20-N0Y /- YEPYON Yy Y olass gl el b
AVARA VE/AFY) <[+ OFYA <IMYAPYE Yy Y b aiwy g5 &5

Jsu\? AWEYA Q)‘.\_»L....q‘ )‘\.\M )‘ i g - \#EAY ).3‘).3 Lg)m (5))" Egoo 6‘)‘ 0l Ml.?u F )L.\M A J}.\? d,Ja
D3 el 5o Bpas 555 Earme sl Slee e 8 Ceulinn T & 45 35500 i3 Hi (25 W 5l pi
Olse ol las 50 gileans Slaslin a5 jehilas (o Hlo 4 cwl (SKgisl sl Sl g0 5l @glae Kol
S 8bes sgng el oad planil WEMol 5 29 oo Brae 5 6551 (ke g (S Ll 90 4 o
F ook s dian Ve v v BV o v Cilises olow b sld ats g1y (6559 G pan (9031 10 090 oo (65,50 B pan Hla 51 i
Ol a5 ol el piud Jaam YYD o lailiwl Jlade 5l ian o OIVAYORY ply Bras 65,50 ggemme sl 0ol amle
039y yiod Joax lade 5l o FIATYVEY o3l L F jlade a5 awo oo lis oo slas 75 (59, Slawlos 04 wals>
98 g HBL) 4 Cond (2 B Sger ((Kg L L, 50 50 sl Ll 5 dged bl Gl 5 Sal
).._>Ls U?A)—‘ (_gl); VAYYAVYY o)‘..\.i‘ lJ o..\.a] Cowdo F Ll .)s.mu;a )L......u‘ ).._‘>Lv uLA) w_mlf LY} GA-».A p...m.u..: o ‘;.:5)5‘ JLQ-C‘ 9
Slasl p b jmalS pe ) Je oS canline (lay pl g cenl s o jlaslinl jlade 5l peS cglate slaay b sloazus (ol Lacl
5 g ge il BB palS 4 e SSg38l a5 o ST Yl lg cad (IS Sl e 951 Gk 5l 6w bs o
S s 5 08l Jlasl (5938l a5 5 ST blaciwl lgi oo a9 3890 75 sl VE/AFYY (VL Jlae b colys

Ao F-Y-F oo o giluacd mll (o g9t Oglad (pl 4 0ed o b iy 1920 55 ial3dl 4

IFisher



(1]

(2]

(3]

[4]

(5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

VA=Y Ll /90 g oloey o lows /p0 s Sl [ Ol plbrs  cwdige dloxs

&lw
R. Dugga, N. Gupta, A. Pandya, P. Mahajan, K. Sharma, T. kaundal and P. Angra, “Building structural

analysis based Internet of Things network assisted earthquake detection,” Internet of Things« vol. 19, p.
100561, August 2022, doi: 10.1016/j.i0t.2022.100561.

K. Saini, S. Kalra and S. K. Sood, “An Integrated Framework for Smart Earthquake Prediction: loT« Fog
and Cloud Computing,” Journal of Grid Computing , vol. 20, Article number: 17, May 2022,
doi:10.1007/s10723-022-09600-7.

S. K. McBride, D. F. Sumy, A. L. Llenos, G. A. Parker, J. McGuire, J. K. Saunders, M.-A. Meier, P.
Schuback, D. Given, R. De-Groot, “Latency and geofence testing of wireless emergency alerts intended
for the ShakeAlert earthquake early warning system for the West Coast of the United States of America,”
Safety Science, vol. 157, p. 105898, January 2023, doi: 10.1016/j.ssci.2022.105898.

R. Wanare, K. K. R. lyer and P. Jayanthi, “Recent Advances in Early Warning Systems for Landslide
Forecasting,” Geohazard Mitigation, pp. 249-260, doi:10.1007/978-981-16-6140-2_20.

V. Babu and V. Rajan, "Flood and Earthquake Detection and Rescue Using loT Technology,” 2019
International Conference on Communication and Electronics Systems (ICCES), Coimbatore, India, 2019,
pp. 1256-1260, doi: 10.1109/ICCES45898.2019.9002406.

A.Wu, J. Lee, I. Khanand Y. -W. Kwon, "CrowdQuake+: Data-driven Earthquake Early Warning via loT
and Deep Learning,” IEEE International Conference on Big Data (Big Data), Orlando, FL, USA, 2021,
pp. 2068-2075, doi: 10.1109/BigData52589.2021.9671971.

S. Kim, I. Khan, S. Choi and Y. -W. Kwon, "Earthquake Alert Device Using a Low-Cost Accelerometer
and its Services," in IEEE Access, vol. 9, pp. 121964-121974, 2021, doi: 10.1109/ACCESS.2021.3103505.

I. Khan, M. Pandey and Y. -W. Kwon, "An earthquake alert system based on a collaborative approach
using smart devices,"” IEEE/ACM 8th International Conference on Mobile Software Engineering and
Systems (MobileSoft), Madrid, Spain, 2021, pp. 61-64, doi: 10.1109/MobileSoft52590.2021.00014.

A. Alphonsa and G. Ravi, “Earthquake early warning system by iot using wireless sensor networks,”
International Conference on Wireless Communications, Signal Processing and Networking (WiSPNET),
2016, pp. 1201-1205, doi: 10.1109/WiSPNET.2016.7566327.

R. Pirmagomedov, M. Blinnikov, A. Amelyanovich, R. Glushakov, S. Loskutov, A. Koucheryavy, R.
Kirichek and E. Bobrikov, “IoT Based Earthquake Prediction Technology,” International Conference on
Next Generation Wired/Wireless Networking Conference on Internet of Things and Smart Spaces, Internet
of Things, Smart Spaces, and Next Generation Networks and Systems, pp 535-546, September 2018, doi:
10.1007/978-3-030-01168-0_48.

P. Pierleoni, A. Belli, M. Esposito, R. Concetti and L. Palma, “Earthquake Early Warning Services Based
on Very Low-Cost Internet of Things Devices,” 2022 61st FITCE International Congress Future
Telecommunications: Infrastructure and Sustainability (FITCE), Article ID: 253424887, November 2022,
doi: 10.23919/FITCE56290.2022.9934792.

S. K. McBride, A. Bostrom, J. Sutton, R. M. De-Groot, A. S. Baltay, B. Terbush, P. Bodin, M. Dixon, E.
Holland, R. Arba, P. Laustsen, S. Liu and M. Vinci, “Developing post-alert messaging for ShakeAlert, the
earthquake early warning system for the West Coast of the United States of America,” International
Journal of Disaster Risk Reduction, vol. 50, p. 101713, November 2020, doi: 10.1016/j.ijdrr.2020.101713.

A.-M. Zambrano, |. Pérez, C. E. Palau and Manuel Esteve, “Sensor Web Enablement Applied to an
Earthquake Early Warning System,” International Conference on Internet and Distributed Computing
Systems, 2015, pp. 51-62, doi: 10.1007/978-3-319-23237-9_6.

Y. Chavez-Rivera, B. Espinoza-Garcia and P. R. Yanyachi, "Low Cost Embedded 10T System to Record
Meteorological, and Inertial Data in Remote Places," IEEE URUCON, Montevideo, Uruguay, 2021, pp.
273-277, doi: 10.1109/URUCON53396.2021.9647077.



90 ol Loy Sgme yual —aiSS 5 lasl o liedsl clblB 5 SIS 0gs ™\

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

P. Boccadoro, B. Montaruli and L. A. Grieco, "QuakeSense, a LoRa-compliant Earthquake Monitoring
Open System," IEEE/ACM 23rd International Symposium on Distributed Simulation and Real Time
Applications (DS-RT), Cosenza, Italy, 2019, pp. 1-8, doi: 10.1109/DS-RT47707.2019.8958675.

N. Moussa, E. Nurellari and A. E. El-Alaoui «“A Novel Energy-Efficient and Reliable ACO-Based Routing
Protocol for WSN-Enabled Forest Fires Detection,” Journal of Ambient Intelligence and Humanized
Computing, vol. 14, no. 9, February 2022, doi: 10.1007/s12652-022-03727-X.

S. Kumari, R. Kumar, S. Kadry, S. Namasudra and D. Taniar, “Maintainable stochastic communication
network reliability within tolerable packet error rate,” Computer Communications, vol. 178, October 2021,
pp. 161-168, October 2021, doi: 10.1016/j.comcom.2021.07.023.

Y. Zhang, W. Zhao, P. Dong, X. Du, W. Qiao and M. Guizani, “Improve the reliability of 6G vehicular
communication through skip network coding,” Vehicular Communications, vol. 33, p. 100400, January
2022, doi: 10.1016/j.vehcom.2021.100400.

J. Yongguo, L. Qiang, Q. Changshuai, S. Jian and L. Qiangian, "Message-oriented Middleware: A
Review," 5th International Conference on Big Data Computing and Communications (BIGCOM),
QingDao, China, 2019, pp. 88-97, doi: 10.1109/BIGCOM.2019.00023.

N. Naik, "Choice of effective messaging protocols for 10T systems: MQTT, CoAP, AMQP and HTTP,"
IEEE International Systems Engineering Symposium (ISSE), Vienna, Austria, 2017, pp. 1-7, doi:
10.1109/SysEng.2017.8088251.

A. Rizzardi, S. Sicari and A. Coen-Porisin, “Analysis on functionalities and security features of Internet of
Things related protocols,” Wireless Networks, vol. 28, pp. 2857-2887, June 2022, doi: 10.1007/s11276-
022-02999-7.

A. Yamawaki, M.Yamanaka and S. Serikawa, “A sensor node architecture with zero standby power on
wireless sensor network,” Artificial Life and Robotics, vol. 20, pp. 210-216, July 2015, doi:
10.1007/s10015-015-0218-9.

N. Oukas and M. Boulif, “Sensor Performance Evaluation for Long-Lasting EH-WSNs by GSPN
Formulation, Considering Seasonal Sunshine Levels and Dual Standby Strategy,” Arabian Journal for
Science and Engineering, vol. 48, no. 3, June 2022, doi: 10.1007/s13369-022-06970-8.

B. Guruprakash, C. Balasubramanian and R. Sukumar, “An approach by adopting multi-objective
clustering and data collection along with node sleep scheduling for energy efficient and delay aware WSN,”
Peer-to-Peer Networking and Applications, vol. 13, pp. 304-319, 2020, doi: 10.1007/s12083-019-00779-
3.

S. Roshni, J. Senthilkumar, Y. Suresh and V. Mohanraj, “Advertisement valid time triggered firefly and
fruit-fly inspired approach for efficient cluster formation and standby CH selection in hierarchical wireless
sensor network,” Journal of Ambient Intelligence and Humanized Computing, vol. 12, pp. 4697-4713,
2021, doi: 10.1007/s12652-020-01873-8.

W. Barkhoda and H. Sheikhi, “Immigrant imperialist competitive algorithm to solve the multi-constraint
node placement problem in target-based wireless sensor networks,” Ad Hoc Networks, vol. 106, p. 102183,
September 2020, doi: 10.1016/j.adhoc.2020.102183.

S. K. Gupta, P. Kuila and P. K. Jana, “Genetic algorithm approach for k-coverage and m-connected node
placement in target based wireless sensor networks,” Computers & Electrical Engineering, vol. 56, pp.
544-556, November 2016, doi: 10.1016/j.compeleceng.2015.11.009.

M. Banaie-Dezfouli, M. H. Nadimi-Shahraki and Z. Beheshti, “R-GWO: Representative-based grey wolf
optimizer for solving engineering problems,” Applied Soft Computing, vol. 106, p. 107328, July 2021, doi:
10.1016/j.as0c.2021.107328.

H. Tang, W. Sun, A. Lin, M. Xue and X. Zhang, “A GWO-based multi-robot cooperation method for target
searching in unknown environments,” Expert Systems with Applications, vol. 186, p. 115795, December
2021, doi: 10.1016/j.eswa.2021.115795.



Yy VA=Y Ll /90 g oloey o lows /p0 s Sl [ Ol plbrs  cwdige dloxs

[30] S. A. Mirjalili, S. M.Mirjalili and A. Lewis, “Grey Wolf Optimizer,” Advances in Engineering Software ,
vol. 69, March 2014, pp. 46-61, doi:10.1016/j.advengsoft.2013.12.007.

[31] S. Mirjalili, “How effective is the Grey Wolf optimizer in training multi-layer perceptrons,” Appliled
Intelligence, vol. 43, pp. 150-161, 2015, doi:10.1007/s10489-014-0645-7.

[32] S. K. Sankaralingam, N. S. Nagarajan and A. S. Narmadh, “Energy aware decision stump linear
programming boosting node classification based data aggregation in WSN,” Computer Communications,
vol. 155, pp. 133-142, April 2020, doi: 10.1016/j.comcom.2020.02.062.

[33] Y. Pal, S. Nagendram, M. S. Al-Ansari, K. Singh, L.A. Anto-Gracious and P. Pa, “IoT based Weather,
Soil, Earthquake, and Air Pollution Monitoring System”, 7th International Conference on Computing
Methodologies and Communication (ICCMC), Erode, India, April 2023, pp. 1212-1217, doi:
10.1109/1CCMC56507.2023.10083932.

[34] M. Bhatia, T. A. Ahanger and A. Manocha, “Artificial intelligence based real-time earthquake prediction”,
Engineering Applications of Artificial Intelligence, vol. 120, p. 105856, April 2023, doi:
10.1016/j.engappai.2023.105856.

COPYRIGHTS
©2024 by the authors. Published by the Islamic Azad University Bushehr Branch. This article is an open-

access article distributed under the terms and conditions of the Creative Commons Attribution 4.0
International (CC BY 4.0) https://creativecommons.org/licenses/by/4.0



https://creativecommons.org/licenses/by/4.0

JOURNAL OF SOUTHERN COMMUNICATION ENGINEERING
ISLAMIC AZAD UNIVERSITY BUSHEHR BRANCH

E-ISSN: 2980-9231

https://jce.bushehr.iau.ir

https://doi.org/10.30495/jce.2023.1996606.1224

Vol. 13/ No. 52/Summer 2024

Research Article

Optimizing Solar Radiation Prediction Based on The Internet of Things

Platform in Photovoltaic Power Plant

Neda Ashrafi Khozani, Instructor?

| Maryam Mahmoudi, Instructor2”

Department of Computer Engineering, Meymeh
Branch, Islamic Azad University, Meymeh, Iran,
anahid.shaabani@gmail.com

2Department of Computer Engineering, Meymeh
Branch, Islamic Azad University, Meymeh, Iran,
Mahmoudi.m174@iau.ac.ir

3Department of Electrical Engineering, Meymeh
Branch, Islamic Azad University, Meymeh, Iran,
nasr.sh.2010@gmail.com

Correspondence
Maryam Mahmoudi, Instructor of Computer
Engineering, Meymeh Branch, Islamic Azad

University, Meymeh, Iran,
Mahmoudi.m174@iau.ac.ir

Received: 16 September 2023
Revised: 15 December 2023
Accepted: 22 December 2023

| Shabnam Nasr Esfahani, Assistant Professor3

Abstract

The solar radiation value parameter is one of the most important
parameters in determining the output power value of photovoltaic panels.
Accurate prediction of this parameter is crucial for dispatching and load
management planning. Managers and designers encounter economic and
managerial challenges due to the uncertainty and difficulty in predicting
solar radiation levels. This research introduces a highly accurate prediction
method utilizing tree-based methods, enhanced by meta-heuristic
algorithms to boost performance. The proposed method emphasizes
preventing overfitting and ensuring high reliability for use in Internet of
Things systems. Meta-heuristic algorithms are utilized for optimizing tree-
based methods, as well as for feature and instance selection. Employing
meta-heuristic methods as the main innovation in this research not only
optimizes machine learning model settings but also mitigates the impact of
noise, outliers, and ineffective inputs, thereby enhancing the final output
quality. Utilizing an innovative fitness function in model optimization
enhances prediction accuracy and adaptability to real photovoltaic power
plant environments. The final outcome is a strong model that has a score of

0.95 with the R-square criterion and is optimal model.

Keywords: Internet of Things, Decision Tree, Machine Learning, Bat
Algorithm, Photovoltaic Power Plants.

Highlights
Accurate prediction of the amount of solar radiation as an important parameter in determining the amount of

output power of photovoltaic panels.

Optimizing tree-based models with meta-heuristic algorithms for prediction of solar radiation parameter.
Balance the accuracy, complexity, and suitability of the final model for loT device implementation.

In the end, a strong model that has a score of 0.95 with the R-square criterion was obtained in this research.
The final model can be implemented in the environment of power plants based on the Internet of Things.

Citation: N. Ashrafi Khozani, M. Mahmoudi, and Sh. Nasr Esfahani, “Optimizing Solar Radiation Prediction Based on
The Internet of Things Platform in Photovoltaic Power Plant,” Journal of Southern Communication Engineering, vol.
13, No. 52, pp. 33—44, 2024, doi: 10.30495/jce.2023.1996606.1224, [in Persian].
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Figure 1. Internet of Things architecture for photovoltaic power plant control[1]

1 photovoltaic
2 Internet of Things



Sl pai mind (635050 1 o = BN 105 [ bl (Gand yo3 AU m i (§)lea Yo

Al gl oeal Sldgeid sladn (29,5 Ol Jlaie eesd )3 Lo el 0 Fetes 5l (o G )93 b Hlade el
)1 e abail) Sl ggid (sloolS's 1 50 g (55l Ol b gl o ABLLD 5 a0l 05 (LB g b Dad 4 oS
O 921y 5 oy o0 93 (2 (6551 4 0 0y o eyl o |y b a1 aies e (LS WIMZ LT, )]
Gl o] jo a5 vas o Giwles |y o gsle o)lg 5 b, g Gl o adaly ) aoles .oims oo oyLiis Kwh/m? L Whim? L |
in 1o Jol> ol P2 5 PL 5 axi s (A ) b Jgile Sblite b,z 12 5 11 dWIM2 s ) i e G2
A 5o aily Sl plgie 4 gaayen B g (nl o &5 Sl SS Y aiiws W e ) (B i
Asl S3e o)l 5o atlg e a5 Jies (sl el )l ol jon 4 Lol i il alise (gl jguiin Jags )] ppolie 45 ool 4z S
A2 oo JoSis 1) oolainl 8,50 (soosls dcgasms 5 ool (5,50l
Gl 12 P2
G2 11 PL
Ol el 055 1 oy ol 515k e 5 N Siamm—s laosls 5o inyaelin gl el ol G (it

M

Coprlad poe el Coenl Pl 5 Lty GbolSgy (luoolel g aSils (Wil 5 515 (ool Ld o eizmen Sl
o b yp> (555151 45 et b 5 lide (] Do obsS (e (S g seyeS G e 5
59 Wlgy a5 VL Comgas ghlo 5 335 ozila S g, (rl IS (o0 a2l (o poe g ol Sl il L) w5 o
Gl 5o Gl S5 Wl oo w09 2] (93 4 a0 7S ) WolSy 5 (nl sladarmes o5 (oLl o il Sl
95 g0 @l 25 6lo Ths b osy55 Sl i w7l S Ghegi ol o [YT sl wsls wie

alie digs Brao b Ll oo il slapinan jo (glwooly e LB ®

Vb Coogoe g 3o W

T3l G S 929 pos

5 sole iz gloojex 1o bl (6,50l sloJoe aSl I i (S (goadye3 Gl Julod dz g WS Coeal
Joe oS @l osuay ol ko sl ala o a5 cetls o] o 1) laceiils g 418,554 03,5 job 4 asiige
33 wndls din ol 5o o o gl ol oo | [F] Sl p-pg Sl Joe ims oy gl s ) el g [¥] pg Sl
Jla [0Y] mlie jo logT 5l 5 a8 o all)l Lo imghy cmed Slie (5,500 dawie slo s, (solaie WL b
5oL sla g, 5l eoliiwl sl 10,95 1 (6 yin Caedl 51 iy (ol dcin Glaie 4 o gl 4l Lol aiies saalin
Ol 2 e Sy gl 5 (Sran (cmas SRaSD wilo o0 o] S (B 4 delol )0 a5 el e (l ) eile
Sly a4 Joe S VDo (ul)Sen 5 cole alaz jladass S )15 ane) nl o lagiagh 5l (s yle—me 4l
IA] o Gl Ko 5 157 (prizman ailos S a8l Sltlg8 s TSy Lo 0,157 L 595 b (sloosls (53l Juke
59,8kl S50 Gandyon b (i Gl Soge Julod g (Loan (pmas ladSl jloolaiul b oS S by, S
GloaSs Jow 5 [A] )0 ol (2l e ailyg, (Sl sbus Baios opl 50 oo ooliiul (slaosls .ilosls dxwgs |,
bosls T 55 osliiul 8590 slrosls 45 Sglis ol b ol ou solaul ol ol s i 51y 'LSTM g4 e
24 Cl oo &l il Sblwgs ot sl [Ve]yo Solite by, ol o pmé g Cagb, dod aiile —wliilgn
ot bl G s Sl AR B0 V- B0 o (l o Smibe Sl ol Sl (e ol 5l )1 98
P Geos (09Il sras GoaSd il ad) IS @y i ol )0 o5 edle (6505 0k STl oo e 4 Do olisS

! Dispatching

2 Overfitting

3 Sizing

4 Long-Short Term Memory

5 Deap convolutional neural network



\¥ g YO-FENFY Ll /90 g olorty o lads /p00 o Jlos [mgiz Ol e qwiigees aloes

Gl g5 o a5 ol 00 (B yme e 0ligS (slaojl 10 (suiys> il it 1y |y (Joe [NV ] 5o ioran ol
Sl g, onl ol e il Sl Slase lags yeSojlail 4 aSol a0y 00,250 18 eolil il 590 (Ll yaz CinBge o
ol 08,5 oolail Baos cmac slraSi LB o, wliilen e su i WS (slo,lgnle Sledbl 1 solail aSC]
E9 o—ac sloaSls 5l oslaiwl b (il o s lp (Jow el oo slpiig VY] )0 a5 65,05, 0 e
3las sl o e g Bl (5 plaes (o pl Jolds cwlidlen CIl> VO O guo 45 (699,5 slrosls .ol oads &3l)l S liglgils
Slesdleining (smas 8 o)l pl slacgslwaing jekate 4 Nt oo (610 paiges (litlgn ol sloosls
Olain o udle 0,18 0950 EBg% 4 (5 i Sl dcx pl 5l aS sl sols solatul 'PSO/GA oS 5 o ,sX!
o9k & Gieghy Gl wloal )5 IS 4 aneln ¥ gloj sleosl jo (il (i 5 il e jskaie 4 [V])s 5
9y dod ezmed ol el )l g el oul b aiS o olaiul gui e (65,5 5 A5 s g dils gl Ll
lazd )3 103 oolaiwl 050 gyt pll gl 0y gl Gidigy b Ce s (Jlo

G55 Gl i Jde S 50 5] s 4 Logas i 0Ll LT o irvtes 4 457 o plol e slo g o
ol Cwd & G55 il s i Sl 280 sl Jow sz o (o ren 4y a8 18 Baa Vb cds b
Sloslid (las Sl 8k 51 axis (G351 Gin) e Cunges a3 bgiye laJolod a8 5150 5l (g ks 5o Co]
Ol o Wl oais and S e 5o (gl Joe 5o Silidgend laolSy s Lanoma )5 (sl i ol laptivns o b Joe
g ey 5118 sl G 4y Joe (g3l 6l cmlio (i) 5 cmlie Jow GRS b a8 Cewl suld o iagh
sheslaiul umgh ol jo 4 jobo 4y 05 ool 1,8 Jaias badaswe go5 ol jo colail gl (BU (g5luosly Cdgpu
S orble (65050L (slaJoe gy Slosais 33551 iy (6l L & 55l ol iz Gl 4 )l 13 sl g,
433,55 ool ul 3,50 S (235 kS St 455 1 oS (Slasgsg 5 S csloosls a1 aalS slie 4y
ol 0 a8 (Soldsgid sloolSs o slalaxe o dos ool wl gl oo s S (o3lwawlio (ol odle ]
ol 5o eolawl 890 ailygle o5lp &b ool wl bl sonlyy 9l A (ol 4185 |8 A>3 5,90 ido
By slolazs )3 (ilwosly Edgpw i 51 Vb 28 (il podle oled (29,5 dadde silwdin lp eg3
ol AL Sguy b Sl 5958 slolSy

GOl 99,

2yl 5o esliil Sl oS Sl (a0 U (Gt sl B8 S o saaugs (ol s (el cnl o
ool Jedo s oLl g5l Jow LgL.al Gab Ol 4 puowal C 0 o (M)@B; sl Jae 1) o lo 1) Ll
50 &S @liBee pre—al G5 solawd 1 adly jo o b, ol ol S0 st by, (SIS g pdy s Sl
ol 37 o5 SUaSsly JBpne oy b 5y ol 55 iy gm oSS il Ty 5B e oS o5 S
Db g0 Bl goleiday By, Gl o 9 ot o0 aSlyy Giogh

0?3105 G )-Y

e 2 3,5 5 S Lnosls g 5 ross ol o ool o ile (6,55l 052T,8 55 e alo o 55 ool 35131
O Sy sleosls Bis a5l oy 5 &y sbrosls B ol ppe Sl ol oo Sedled 90 093 o0 5,50k
ibhio e polae L L all ceul (S ool ol 0 co ooliiwl (gole p b e jol cowlinl slaosls Bi> jalais
losls opl Bio ausl b 3 13 Ko lalas b dolas slopgs v mSojlail slalas 3T cow ool S 5 sl
).ul) Je (655 pee—al 10 Sl 1o O jy slrosls 15 09— (6T 0l Joo s g baosls ColtS dgup Eels Wilgs oo
TA] sosb axsls it

1 Particle Swarm Optimization/Genetic Algorithm



Sl pai mind (635050 1 o = BN 105 [ bl (Gand yo3 AU m i (§)lea vv

L ‘)/w 0l B ol i e eolaiwl auslie BB g LSy ebdie <SG 0 baosls oyols )13 jslate a4 lmesls (o3lw by
dools g3l Jlo i b o oo plowl b, SMaS b (gaii09,5 1) (i polido wile calises sl g, 5l olai il

asls LS)-SM"‘?@'-‘W)‘) Grte o,8les g oS S o) ool s Jailg, 9 LSl 9> 4 wlel pile S50k
Dyel west

W}'“)Q—Y—Y
e (pl g oo ooliinl guion 9 gudad Bl gl a5 el faiile (6080l 120,63 S el S0 o
69)).'.'9)_..4 & u‘j...ﬁ@dfw‘ éf}&)ilal.m u})o)‘ o)fj.bsp...o_.a; u.‘>).) JJ.A g9 P ‘vaef ul.o...o_»aa
3lasls e [Vol S5 o0 e aliSre (glasLi 4 S 0 ddosls jo T ke 4 axgi b ogd so oy ool
aS ey Ghb e ,d) S ol o el polis jlacgeme SO L 5 (Shg slp rew Hlade SO Kbl oo
oo i Wodls (gl 00l cin i Awge oo b oald gunadds sla oS Kbles (ais 035,8 sleo 5 081
Olgd 3l slasgame Oyguo s BilgT o Cpizmed § Consl il g o0 BB oy T a5 il (el S350 o Lo

Loy, 8aS slaoslo b o9 4 g o)lo 1) glai_ws g (goae slaosls o 0,15 CollB pa—al 30 wodle 4y 053 Lo

aS 0,5 oo 1,8 oolaiwl 0590 il (680l ;0 (698 1l SO lgie A premal S0 Jaw (S 0 0l ()55l el
IVe] sms o ) alises Jilao jo 1) 38s sty 5 (soainbs ColylB

Holar JKo-Y-Y

5 e ol 93 0m 415 sl 555 22 S5y 528 Sl bl 550l 9T S ol i Joo
1)1 lnosls 5,50 55 15 (5 Filirabl HB 5 yite sloomanas b 0 00 0540 ol S50 007 (35UsF slopnonsl oS 5
30 Gl dolar bl lacs )0l 0sd oo aislus Jliis Ojguo 45 puomal S )3 y0 o Bolal K> Jow jo ae0
degazmeyy S Laid (oo o Cols jlal> e 5050 (K0 Sjle 4 S e 18 eoliil 0550 ganasls cale wiyl B
3l g 0s—d oo IS0 ;0 45 bl el JBoliai Jos (pl 09— o colaiul ool puds sl o S5y 5l Solas
JECYE QU N PR BV OF SR KIS IS PP ISR IS SRR O NS I
sloosls 5 pigal csloosls (53, 5 olojon S & Cal 30 oL [Kir e (55 i ol S 5 L 2550m
Dv] sas @) JP-S R PE U SR

ool 3 5 (6 S (sl e 55 il 5 "ol 1S 518 el o ol Ui e ol a0
Caotl Zlmi ol Cobl 5 055 sloosls Liojssp ol oy sloosls L ablie colbld Jow cpl opuizan aiS o
DAl el ls 1) s S5

Camglol- Y
Jae S gl S5 5l ool L oS cl cin o gladegacme (i (edile (55 0k o )sSl o Towglol Jaw
#3059 Ay 4 ard (6 S el (i S 58S Sl (nl ool Gl (bl ol S (oo Sl 1) 5888 5 Siss
Ol 4 pramas slacs o cplol Jaa p0 NNAT 05t co (558 (5 S e S Sl @ oo dag] 5 S 50 4,
Al o590l (sloosls acgazae | oalaiul b puomal S350 1o il 055 o 1,8 soliiul 050 cir s sla s 1S ol

1 variance
2 AdaBoost



YA YO-FENFY lauli /90 g olorty o lads [p00 o Jlos [ogiz Ol e cwiiges aloxs

20 g ca 03ld ybigel yse cpl 5l eolaiil b cdyo g g 0 00ls olaisl Sig bigal (Godld 1o A s 09 o
G g b ol peemal SO0 s D9 oo i WXloai oold a S Sy 4 aS obbosls 5 38 a3l e
039 dlyd daalsl o e auid o9 ar ]y Canyol sleesls aiily a5 Slacs o 4 0gd o Sl Waosls slacy g
Deds oo 3l aax oy waz g baas S50l e 0 9090 0 ST W9, ol e o plasl o i
ol T ccws a4 cnglsl ol Joo B g co oS gloxl g, sl solaiwl b oas aizl glacs o plod culys ;o
§ (S 5D (6 i S0 4y aS WS 0 Sl 1) Sleemal (30 o s oad ool plaisl sl ie 4 ax gl b Jo
Ohle 4 aal asls |, J.,.,L, Oty 6 S paoal H3 b aies oo o3>l Jow 4y agyie ol (@dly o dloxil oo (6 525 paonai
Sl S el )3 (S R IS (6 s Cadlge Hlamdd g oausmy slrosls e ii 0 aS gl e Ko

Iv-1 a5l
Sgnt 2llgi Jaw cailoads ools et zi ol il L8 slacs o la gy a5 Slaosls i 55 1ed b o(pioren .S oo ol
Sl 50 98500 1)) g T 5 (amains Pl ,0 solatil Codil o oSl sl ol o il 1) 093 5 ,Sles g 8o

IV ] 098 o ooliiul paoas 0 asile c 50 S5 slapis 195! 0 S iy 8,Shoe b 5150

&by (09,-0-Y
20 g amd e plul 1) o s o8 5l JEas O jgao 45 el S50 golaad ] 50 aS) Solas JSim g, 90 5l il 4o
J=lie 0 a5 Sleesls bl 5 peemal S350 Joe 12 o] 10 a)Ecwplol § (35-i 0 S 5 o2 b ooy =l sl Jow
-l Lo 055 o Jow pl a5 ‘5{[7.;31 1 PTG X\ IO i (VV) PR AT S ONW) [ W SU R e PRl Ey PR
Dbl izmen g Sl sla el cpl Sl s ol dmt )0 oo 3G lag)] e a5 axi s gla il b
g_;l—‘a‘ Sd=> 0‘5“'9 LY | )‘QJPJJ Lf'al} w‘ )‘ L}u)}cT 64.1},0 3o oolai_wl S)90 ‘_gl.béb}o.: 9 (L°’<5°5)9)L°L;)"5
(Y] Lalas oIl 1,8 w650 510 g0 cnl (gilwainge sl [VA] jo o0 7 5hae (ol slice gy cnl )0 «s)slys
S (3lodiy Pl 6l g Gl Cornds 3 oas 428 )3 slodl oo 6351 SO S i, sl ailles 45T el oo oolas]

o210 o el 0a eols Giales ¥ IS yo o] (S (s leme a5 golpiion g, Sld i oy s dalsl jo .l 8,8,
ooy laml (o3ls 5 oo Al o 50 L] o .l (3310 5 Gion coai )l (6 8ol alive 2,0 Sleladl ol 51 S
Jes dl> ol 0 ogdle a4y 09l oo ool [YEXY]SsS salols i, 5l skt opl g oo Bl g olulis &y
s g0 aS (2o Sy a5 95—b el wilgi oo (5399 (3l lo 5 pac w9 oo plasl 1 Laosls (g5lw o
50 Bs3g,5 ded polae W .0alG Jow <ds 5l g 00,5 Wyl gole e Sygo 4y ol Jow ;o g0l 35U wls (g Fo0 S
5 D9l sloosls asgeze 9o ax loodls ( 3lo iy dorlye Sl cdled BT 50 ais B e g3l o Al e o
adgi o jo alizee sbolas gl g Giulejl (6l cs glaosls a5 oLl sl oo e S slrools
ooy 51 T8> g5 jlws 5 3gamme Wb Waosls (b olaws oo jlad o8 Sigel ddo> o 10 9 05105 oo 18 oolainl o )90 0u
Slaosls olgie 4 Bolas &y s laosls jl oo, Ve By 5 0 o plonl Va8 S b s ol 10 05l jg0]

g g0 ol s

1 Regression



Sl pai mind (635050 1 o = BN 105 [ bl (Gand yo3 AU m i (§)lea T4

e i
[} 1
' [
H 1
i n
' i
H '
H Pl Ly | s asloe sl d SEEEEEE i
i i [
[ B oL " LY i
i i 4 i '
1 i
[ | ™, 1
1 l i & [
' ' F; N i
i i . ! aat 15 1
H H [T T T Yam— o ——
! ' = K h P
i i L
1 ] 1 \
' ¥ -
i i
] ] = y
i i
1 1 "
H H T T R T e ——-
i i ¥
' ' )
[ i
i i
' ¥ l
i ]
' '
i ¥
1 1
' ' alys e
H H iF .
1 1 ]
i ¥
i i
[ | l
i i
1 1
1 I
i i
' '
[ i
1 1
' ¥ y
1 et e i -
' o '
i / S o~
i iy 1 ) . ! i
g wleaals | [ asbeeslal g
| R =

\ J I'-\ wil 3-‘-.'/,"
oletda LRy IS olona ¥ 52
Figure 2. The general architecture of the proposed method
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Figure 3. Pearson correlation analysis
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Figure 4. Analyzing outlier data with Cook's distance method
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Table 1. parameters of the final model
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Highlights

e  The localization of APs with a semi-automatic approach using ECG signal was achieved non-invasively.
e  The feature LAM yielded from the CRP of leads V1 and V2 was effective in the localization of APs.

e  The feature L yielded from the CRP of leads V3 and V4 was effective in the localization of APs.
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Figure 1. The ECG signal of a participant with the AP in the paraHisian region (right-sided AP): (A) Original ECG signal and (B) Filtered
ECG signal.
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Figure 11. An example of a three-second ECG signal in a participant with left- sided AP (left lateral).
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Table 3. The results of classification with different methods of feature reduction.
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Abstract

This paper presents a circularly polarized (CP) printed crossed-dipole
antenna for Global Positioning System (GPS) receptions in the L1 (1575 MHz)
band. Its structure consists of two orthogonally printed dipoles, two
integrated baluns to feed the dipoles, and a feed network connected to the
baluns. The feeding network comprises a Branch-Line Coupler with two
guadrature outputs. Accordingly, providing two orthogonal dipoles with a
90-degree phase difference leads to right-handed circular polarization
(RHCP), a must for GPS applications. Four Torang-shaped parasitic elements
have been used in the upper part of the dipole arms to improve the circular
polarization of the antenna. Based on the practical results obtained with the
technique, the antenna's Axial Ratio (AR) bandwidth is increased by about
21%. At the same time, the purity of the circular polarization can also be
seen. The experimental results show that the proposed GPS antenna has an
impedance bandwidth of 46.28% (from 1.327 to 2.126 GHz), an axial ratio
bandwidth of 41.36% (from 1.329 to 2.022 GHz), and a maximum gain of
6.40 dB. The dimensions of the proposed antenna are compact, and this
antenna has a stable radiation pattern. In the last step, the proposed GPS
antenna is fabricated and tested in the antenna laboratory.

Keywords: Crossed Dipole Antenna, Parasitic Element, Circular Polarization,
GPS.

Highlights
In this research, a new design of orthogonal printed dipole antennas with circular polarization is presented.

This antenna is useful for use in global positioning system receivers in the 1575 MHz band.

In this design, four Torang-shaped parasitic elements are used to improve the circular polarization of the antenna.
According to the practical results obtained with the used technique, the bandwidth of the axial ratio of the
antenna has increased by about 21%.

The purity of circular polarization of antenna has been improved by using Torang-shaped parasitic elements.
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2 Radar Cross Section (RCS)

3 Microstrip

4 Impedance Bandwidth (IBW)

® Direct Current (DC)

® Linear Polarization (LP)

T Circular Polarization Square Slot Antenna (CPSSA)

8 Circular Polarization Eliptical Slot Antenna (CPESA)
° Medium Earth Orbit (MEOQ)

10 Fractal Defected Ground Structure (FDGS)
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Figure 5. Simulated return loss and AR of the proposed crossed-dipole antenna
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Figure 6. Simulated RHCP and LHCP gains of the proposed crossed-dipole antenna
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Figure 7. Simulated normalized RHCP and LHCP radiation patterns of the proposed crossed-dipole antenna at 1.575 GHz frequency
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Figure 9. Simulated and measured return loss for the proposed crossed-dipole antenna with/without parasitic elements
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Figure 10. Simulated and measured AR bandwidth for the proposed crossed-dipole antenna with/without parasitic elements
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Figure 11. Simulated and measured RHCP and LHCP gains of the proposed crossed-dipole antenna with/without parasitic elements
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Table 1. Comparison of the proposed antenna with similar antennas
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Abstract

In this article, the control method of the economic predictive model for the
use of the efficiency tariff of the photovoltaic backup system, diesel
generator and microgrid, connected to the grid using the closed loop control
system, the optimal open loop control, and also through the control and
strengthening of the primary open loop has been The main goal of this study
is to minimize the power grid energy and fuel costs by evaluating the limits
related to the level of fuel level in diesel fuel tanks. In addition to complying
with the restrictions among the controllable variables, this control method
also meets the load requirements. In order to obtain the benefits of
feedback and predict the optimal power timing as a back-up energy system
control problem, as well as the diesel generator connected to the microgrid,
it is modeled based on the linear programming structure. Specifically,
analysis is divided into two groups. The first case in the alternative model is
when: outage occurs between 7 AM and 6 PM and the other in the grid
energy state occurs when the grid is available for more than 24 hours. Energy
performance shows, cost savings and income, in the control of daily
economic forecasting model has improved. As long as, daily energy saving is
up to 52%, while diesel energy is up to 85%. Optimum operation control can
be well associated with uncertainty and disturbance in the result.

Keywords: Demand side management, Microgrid, Renewable energy
resources, Model predictive control.
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Assessment of limits to fuel level in diesel tanks.
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Gray Wolf Optimization Algorithm by Investigating Smart Grid Complexity with Uncertainties Related to PHEV
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Figure2. Flow diagram of the gray wolf algorithm
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Figure3. Multi-layer structure of cloud-fog device for smart grids
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Algorithm 1: Solution Process
Data Definition: Define networked smart grid data like branch data, bus
Data,etc.
for t =1:Horizon do
receive and store the data of each individual agent on its
corresponding fog
run the optimal scheduling problem in the cloud layer based on the
information provided by fogs
check all network constraints.
Update the the information of each agent on the fog layer.
if objective function is nonzero then
1. get the information from the corresponding fog
2. charging state of PHEVs in the fog layer and send it out to the
Cloud layer
3. run the objective function in the cloud layer.
4. check all network constraints
if constraints are met then
Determine topology charging of PHEVs and total operation cost.
else
go to step 1.
end
end
Print the topology charging of PHEVs and total operation cost.
Update the fogs.
End

Figure4. Solution Process
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Tablel. Various simulation variables
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Table2. Basic and optimal control in an alternative way without grid of photovoltaic power plant
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Figure7. So Predictive model control in an alternative method without grid of photovoltaic power plant
lar radiation of the selected day. (a) Optimum power of diesel generator. (b) Optimum power of the grid
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Table3. Predictive model control in an alternative method without grid of photovoltaic power plant
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Figurel0. Predictive model control investigating the photovoltaic power plant grid in an alternative way
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Table4. Basic and optimal control in an alternative method in the evaluation of the photovoltaic power plant grid
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Figurell. Fuel dynamics in diesel fuel tank as an alternative method in photovoltaic system investigation
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Table5. Predictive model control in an alternative method without grid of photovoltaic power plant
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Figurel3. Predictive model control in alternating connection mode
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Table7. Predictive model control in an alternative way without photovoltaic power plant system
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Figurel4. Predictive model control in alternating connection mode 0.619< ®<1
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