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A Study on the Design of Wired and Wireless Communication
System for Solar Panel Optimizer

Oh Yang*T

*" Semiconductor Engineering of Cheongju University

ABSTRACT

In this paper, we have designed a solar photovoltaic system to attach solar photovoltaic modules to each module

and develop the best efficiency in each module. The efficiency of the designed solar panel optimizer was more than
99.27% and MPPT efficiency of 99.66%. In addition, the monitoring of power generation and abnormal operation
phenomenon in each optimum period and tracking for failure location of specific photovoltaic module have improved

the utilization rate of photovoltaic power generation. Wired and wireless communication methods has been proposed

to monitor the power generation and operation status of the solar panel optimizer. For this purpose, the RS485

communication was used for wire communication and Zigbee communication was used for wireless communication

to monitor the status of each module in real time. It is shown that communication redundancy can be achieved

through the proposed method, and the possibility of commercialization is suggested.
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Fig. 1. Conventional solar inverter system.

Fig. 2. Solar inverter system using solar optimizer.
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Fig. 3. Schematic diagram for solar panel optimizer.
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Table 1. Specification of Zigbee module

& = Al <
MR DC33~5V
ENIRSESS 500mA max.
A oF 20~30m

E2 Zui4 ISM 2.4GHz
&= 10mW o] (10dBm)
W32 RTCHY CR2032(DC3V)

B =wolA Al
off tht fA1

o e o) H27] AAle ol
51 A Aol that HAAR) A

3= Fig 63 gk,

Solar Simulator
(REGATRON

Ej

USB=485 Zighee
Converter Inlerfaoe Board

o EN7|
4L

Fig. 6. Configuration diagram for the experiment.

Fig. 6011 4] Optimizerof] w3t == = E}Q]2 Fig. 730} 2t

MPP o] A] \ﬂ___};q o
MPPT)E SHA =™

&g 2
ol thet 412



=]
=

ul

=

Sy s H471e g4l

=1
T

Al A AJ2F 35

z
re
a4

A7l

r

Fig 8& X1 MPPTA¢I0] 405Vo]il MPP AL 224W,

MPP F-82 9.66%S H o]l itk

5166 ahDedce:
D Caiculsled Sunvel) R prodtess

Gortrol | Promamiing | Live ewer | Dot Gollector | Curve Estor | Destee o |

aowal Cure | 0
55 2

e
st v [

Actuaal Current| 5 a6, A
023 Ma Pesser
E

Actual Power| 0221 kW

MEP Voltage | 4353
MFF Cument| 555 A
MPP Power| 0721 kW

nterval Efflelency| 3253 % [Auaat]

i o0

Reference| 1000 W2 Acwal| 1000 W/ Hzzm ]| " F dulascal o

T | T co —
Cursar Visible el Min/ias PR

e P

Reference| 250 8 Actual 008

Rometime| ccoo —

Fatine

T

TopCon o=uce-1 D Connactea ) Error (e 25 um

Fig. 8. Experimental result of MPPT.

Toln @ svsiable

Hopan) AT AR EAS 2 #)7hE E(Regatron)
ALe] ok Alg|o]E] TopCon Quadro} Bfafy A1EH o]
B 272 SAS ConolS o]88l0] AAIERS WEs|o]
QA 73 Kikusikle] 2t 300W &2 o] A7} Fa
PLZABWHE AMgsto] Hlot sl Halv)e] Ratz A}
2519 © 1] Newtonsdth LdNAL)AFS] A& E.417] PPA5500
2 olgslo] BRS ZAsldnt oo e APATE
Fig. 99} 2t}

2%

POWER ANALYZER 154244
coupling: oc+dc  bondwidth: wide
phase 2 SUM

17764 35658
17766 35665
-28312 -67168
0.9999 0.9998
41.952 84303
42306

4.2349

0.000
0477
99.27
=1.302

Fig. 9. Experimental result of power analysis.

Fig. 90f| 4] & <= 9150l B F41A] wi'd %] 2]7|(Optimizer)
o] oA W3k FLo| WVIANE H Hx] Wl G8
EXNLS HojZET Qth oA SAEAl WAL a5y
9180 RSISS AN 2518 AT $4] 4 33400
bps= SFIL o] E 8H|E 1 A B E(Stop bif) T=]E] ¢l
2(No parity) ©. =2 2H2} A4 skick. ofof digh Ay At
32 Fig 107} 2t}

T
I

RS485_RXD
\ ;

J%

'Rs4as_Tx_EN\ ]

RS485_TXD /

Fig. 10. Transmit and receive waveforms for RS485.

Fig 10= S8l & 4= 3ol Ado] Chl2 mhAE
Master)o A 2l glo[E & AISHL OF 49msec 0] -0
Aﬂlol—(SIave)ﬂ Ch29] 4l 3717} Highql F-3tollA &
Al EﬂolElE' XJOO}L Aere %* T Atk ol Fa4l

O

PSS
el
o]
=

[e)

S
T

COM CLOSE | SCREEN CLEAR | RECEIVE VIEW OPTION EXIT

2 3 4 Transmit Data View

Echo - OFF

PORT : COM3, 38400, 8, 1, NONE New Line Char - OFF

Fig. 11. Received data for RS485.

Display Format - ASC

Fig 110]A4] 1%o] AIE 3] %]%]7]¢] =1(Station)2
UFERHAL VinZ} Voute 2+2} 22]719] Jea}t ZAYgS
Ueb e Iind} Tout2 2y} &8 ARE 27 Yepya
011;].

upRero g2 Ry id o] H Ao LA FAFA W
A 7hed] Atdgo g de] ARSEIL Gl ATH] B4l
of tigt Sl HEE w2 Fig 129} Zh 2| 1M

Al HEs 9600bpso] L HoJE 8R|E A HIE IH|E,
az|an sfee gl 2 AAske] Addt ﬁﬂ}O]r:}
A28 FALE L1 SA WAS ARgStER HE] &
3t $A S7HTX ENy= @itk

Fig 125 B nfiE oA HloleE 83dstal 247]7}
dlolEE Hill= wl7kAl $41 ARkl oF 97msectlS &
5 Qlek oed SHAIS Eole WHe B4 £EE
iOItﬁ 7Fssh T4 BA1Y] Al Eol7] fleiA =

[e)Ke)

2 %
= =

9600bps 7+ AJ3H5HS TS E3) SHIsheick Aam] 24l
AL B HA47)20E 54 go|e Fig 133} gk

Journal of KSDT Vol. 18, No. 2, 2019



(¢}

36

T

212V
1
&

Fig. 12. Transmit and receive waveforms for Zigbee.

COM CLOSE | SCREEN CLEAR | RECEIVE VIEW OPTION EXIT

Transmit Data View

PORT : COM3, 9600, 8, 1, NONE New Line Char : OFF Echo : OFF

Fig. 13. Received data of Zigbee.

Display Format : ASC

Fig 134 4415 dolB 100msecnfe} mhe 2 e
27 441 loleloln] $441 ollelgio] 4O Yol
E7h RAOR $A3 SAIEE A4S B3 Sl shoir

ra
{n]
2
2,
Ir
£
o
o
]
T
T
N
>,
@,
N
N
M

i mlo

O}
-

Oﬁ _\‘EL
2 K =
N oX
me N |o

N
J

= ofd v g
N
N
N
N,
2
=)
e

L i
oS
B
ok

faj

oZ

o
ox
At ot
oxl X

o
2
H
R 4o
9 oft
=
o
-1?5 o
Y
=g
t
£
O m
off ol A=
nE o
M 2 R
>
[>
@,
lo & e 32 2 (o

o
2 4
I

B
il
=2
ofy
g
B
o
5
&
o
N
ofr
filo
_‘\I_‘

& AYS Ed #lsinh E3F MPPTEE0] 9.66%=
-3t e okd o] HA77F AAENSS 16kl

Aol §413 54 BA WA FEsAT 94 B
AL Ao el A Gl RSBSEAS 7
Sho EE P FACRE Zigee FAOE gy 2

WA 2 Zeo]7]<51 ) A|187 AR, 2019

H7)e) =Y AsEe FRsr, 25t B4 5
Qe Hopt A WA 45 BT §ARs] B
e AN SAT AFET BAXAES SA4e B

[« R
EHIAL T4 ol Fee] T A= AASHAT

o

ALl =

o] = QUISNI9FHATS] HFS Aol
FATE AU S ATEAEEATIAo] o) 2
FEUS

11
i

s

1. J. P. Lyons, V. Vlatkovic, “Power electronics and
alternative energy generation,” Proceedings of PESC 04,
pp. 16-21, 2004.

2. Jung Man Hong, “A Study on the New and Renewable
Energy Evaluation Items of Private Enterprise Applying
AHP Technique,” Energy Economics Research, Vol. 10,
No. 1, pp 115-116,2011.

3. Seung Kyu Ock, Oh Yang, “A Study on the New MPPT
Control Method for Grid-connected PV Generation
System,” Korea Information Technology Society, Vol.
10, No. 2, pp. 28-35, 2012.

4. Jung-Min Kwon, Kwang-Hee Nam, Bong-Hwan Kwon,
“Photovoltaic Power Conditioning System With Line
Connection,” IEEE Trans. on Industrial Electronics, Vol.
53, No. 4, pp. 1048-1054, 2006.

5. Jeong Gyu Kim, Oh Yang, “Design of DC PTIMIZER
for Maximum Power Generation System of Solar
Panel”, Journal of the Semiconductor & Display
Technology, Vol. 17, No. 3, pp. 40-44, 2018.

6. Hiren Patel, Vivek Agarwal, “Maximum Power Point
Tracking Scheme for PV Systems Operating Under
Partially Shaded Conditions,” IEEE Trans. on Industrial
Electronics, Vol. 55, No. 4, pp. 1689-1698, 2008.

7. W.S.Han, H. S. Kim, B. S. Choi, D. K. Oh, “Trends of
the Next-Generation Solar Cell Technology,”
Electronics and telecommunications trends, Vol. 22, No.
107, pp. 86-94, 2007.

8. Gwan-Hyung Kim, “The intelligent solar power
monitoring system based on Smart Phone,” Journal of
the Korea Institute of Information and Communication
Engineering, Vol. 20, No. 10, pp. 1949-1954, 2016.

9. Hyun Cheol Cho, Kwang Yeal Sim, “A Development
of Smart Monitoring Technique for Photovoltaic Power
Systems,” The Transactions of the Korean Institute of
Electrical Engineers, Vol. 64P, No. 2, pp. 50-56, 2015.



R MRS

| B4 A2E A Bt A 37

10. Min-wook Kim, Hun-seok Lee, Jin-secok Oh,

11.

“Development of a Monitoring System for a Pipe Cleaning
Robot with RS-485,” Journal of the Korea Institute of
Information and Communication Engineering ,Vol. 20, No.
5, pp. 923-930, 2016.

Hyun-Woo Je, Oh Yang, “Remote Monitoring System of
Photovoltaic Inverter using Zigbee communication,”

Korean Institute of Information Technology, Vol. 10, No.
2, pp- 94-99, 2012.

25291:20194 69 79, 44220194 69 159,
AN L: 2019 64 18

Journal of KSDT Vol. 18, No. 2, 2019




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


