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Implementation of a PV-WiFi Module for Wireless String
Monitoring of Photovoltaic Based on WiFi Communication
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ABSTRACT

This paper describes implementation method of a PV-WiFi module for wireless photovoltaic (PV) string
monitoring based on WiFi communication. The string monitoring method presented in this paper can be
conveniently applied to the combiner box without the need for disassembly, modification, and reassembly of
devices or wires in the combiner box by using clamp-type current sensor. The PV-WiFi module is composed
of the ATmega328 MCU processing part and the ESP8266 WiFi processing part. The ATmega328 MCU
processing part calculates the actual current values in the strings with the analog signals from the clamp-type
current senstor while suppressing noises and transmits the calculated values to the ESP8266 WiFi processing
part via UART communication. The ESP8266 WiFi processing part communicates with the PV string data
collection module through WiFi to receive a data request packet and transfer it to the ATmega328 MCU
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processing part. And, the ESP8266 part transmits the string generation data transferred from the ATmega328

processing part to the PV string data collection module. In this paper, the results of the PV string wireless

monitoring test based on the PV-WiFi module applied to the actual PV combiner box are also presented.
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Port for connection with AA/AAA battery

Micro-USB connector

2| 8. PV-WiFi 7|5 78S 93k W A|=kE
Fig. 8. Hardware prototype for implementation of
PV-WiFi function.
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O™ 89 ARME AR A R, kel|x]e] A W
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45 78 5L opdEa ~EF AR A3 A
ATmega3283} WiFi 5414 ESP8266 2% A%tk
71 9ol ATmega328 MCU =2 1z9 I iz =
XE, ESP8266 WiFi Z&1g1 =}a] ¢JE=c ¥ E
2vtEE FA7] SOoENE HYE S 9
= micro-USB #4E], AAJAAA wiE]E] A o

X E, WiFi QML #2348 SMA AYE So] A7
Hed AAtEe] 9le-S 17 8EYE] & 4 9irh

o o ¥

2.2 PV-WiFi 2& S/W 7|5 +H

Skelll PV-WiFi 741314 w80 st=so] 7]%
Aol sl sl o7|elA= PV-WiFi 4
A ZEge| 2zEo] 75 A e 71esich
a9 18] 71%s 74 BTl HeiARe], PV-WiFi
FARSE nE] Lz Eo]r =7 ESP8266 WiFi
2] ¢} ATmega328 MCU Az|H& A=)

2.2.1 PV-WiFi 2=2| ESP8266 WiFi Xz|F

ESP8266 WiFi X]&]3+= PV ~E3 AHH 3] 7
EZNE WiFi 541 5e 7AlEl ~E8] AHH 8
I 7-& UART FA1S 53] ATmega328 MCU 2]
F2 Adsr, ATmega328 MCU  *|2]%-ol4]
UART 418 E4) 4415 PV ~E3] muUe|g do]
ElE WiFi 412 53 PV 258 Au 45 nER
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=5/ WiFi 541 7

gk ubd ~E 24 2UE S PV-WiFi LEQ| T3

1%] 9% ESP8266 WiFi x]2]%#-2] Z7] AA]el] ¥
g Z2 o g FA8 "elEr) 27]53 A
3 =gad 4~E PV-WIiF FAASE 2B
ESP8266 -2 A}4-3}7| w3 ESP8266 WiFi z}o|
nele]E g3ste R A33la, WiFi HB%EH
s2hs PV-WiFi F414% 289 IPF4, vE
F o]& YEY A Password 5= AT} lﬁ%
Witell A ARS-EE dHlole] Wl 3k AAo] o] Fo]
Az, A AwRe] AR gk o]Foizlc)k o theo
=, ATmega328 MCU X2|%-¢} dlo]e] & FaL W=
UART ] 33F &%= A3 2 F-50] o] Foiz|u], A
29| WiFi AdAe] o]FoIx| 1 A 2] PV-WiFi
TS 2B WiFi AH 5] k),

%) 10-& ESP8266 WiFi x]2|3-2] olul izl
I3 TR S HojFEo) odul Fxbel R ZE
a3 4= PV 2B AM 3] 2Bl 33 WiFi
Client W5 AAsh= Zloe® ARk} 12l
Client2 §28h= PV 2ER] AH 4 wge] A%
ol %5 ERIgith PV ~EF] AW £ J e A%
A o7} ERl=d, PV 43 RERNES] ~EF
AH 8A Fzlo] WiFi 418 E3)] $Al=E9E=R] o
ne p;}o]z;hﬂr /\EE] 7(413_ y.“?]_,] /\]o] dO]
=i, ~E8] A 84 718 ATmega328 MCUZE
Azl dagk A dloly vvlE 2738k
WiFi SAl& 53l 7418 2B AHH 8 HA7ls
Al dlole] WEle] AAgL 1 ohs dAR, 541

o

#include <ESPE2GENIFT h> €— ES

Fi library link

IPAddress addr(192, 168, 1, 1); €— Setting IP address

char ssid) = “TestSoftAP_Wee"; €— Setting SSID (S WiFi module as a server

char pass(] = "12345678"; €— Setting password

int status = HL_IDLE_STATUS;

#efine inbytes.size 128 €— S€
byte in_bytes[in_bytes_size] €—
byte in_bytes_length; &— Declari
byte bytes_fron_serial_port[in.| hvtes_s

FiServer server(80); €— Setting web server
woid setus() {

Serial .begin(9600); €— Setting UART with specific baud rate and starti
ay(10);

WiFi . node(WIFI_AP); I
WiFi softAPCont ig(addr, addr, {255, 265, 25, 0}): —g— Setting Wi as a server
WiFi softAP(ssid, pass);

server.begin(); €— Starting WiFi server of PV-WiFi module as a server
i
T2l 9. ESP8266 WiFi Ae|i-e| z7] AAd| I3t =2
4=

Fig. 9. Program and comments for initial setup of
EXP8266 WiFi processing.

oid loop() {
t client = server.available();€=Declaring WiFi client variable for PV data collection module

f (client) { €— Checking existence of PV data collection module as a

shile (client.connected()) {€— Checking connection of PV data col module as a client
if (client.available()) { €—Checking WiFi data received from PV data collection module
for (int i =0; i < inbytessize; i++
bytes_fron_serial port[i] = "#0'; data

} ga328 MCU
inbytes_length = client readbytes(inbytes, inbytes size); €— Saving WiFi data
for (int i =0; | < Inbytes.length; i++) “‘I

C Fi data as a request to buffe
bytes_fron_serial port[i] = in_bytesil; J- «— data a5 2 request o buffer

0 ATmega328 MCU

} -
bytes_fron_serial port [in_bytes_length] = ¥0'; €— Inserting null ¢

Serial.urite(bytes_fron_serial_port, in_bytes_|ength);€—Trans! Fi data as a request
} to ATme: a UART
if (Serial.available()) {€—Checking UART data received from ATmega328 MCU
for (int i =0: i < inbytes_size; i++) {~ .
bytes_fron_serial port(i] = '¥0°; ]—(—v o
, ) to
inbytes.lenath = Serial,readBytes(in.l L ind si
for (int =0 1 < Inbytes_length; i++) {
bytes_fron_serial port[i] = inbytes[il: }(— Co
t

bytes_fron_serial_port [in_bytes_length] = #0°; €= Inserting null character

client.urite(bytes_fronserial_port, in_bytes_length); €— Transmi

I 10. ESP8266 WiFi xg]3e] dul Zxlo)] gt =7
o g F

%
Fig. 10. Program and comments for normal operation of
EXP8266 WiFi processing.

dlole] wxell AE ~E= AR 23 A&
UART £41% E3] ATmega328 MCU 2|32 A
F3p7] Qlsl AR A dlolE] MR HARglch
PV 2E8 AW 2 nER2RE WiFi 2418 E3
Al ~E8] X 94 718 ATmega328 MCU
#2342 UART £41°o% Adslr] 913 vl ot
AZ Serial.write() 3= E3l ~E= AW X 7
714 UART 541 53] ATmega328 MCU 2|3
= xJ] -6]—1:].

ATmega328 MCU A2]%-Z UART §Alo= A
ke PV 2B mUEE dlolelEs WiFi $AlE
&3 PV AER] AR 4 RER Adshs S
2ER] AR 9 dZle] A B o] dole} & 4=
oJth $-41, ATmega328 MCU #2324 PV 2
Ex mUEE dHle]el7t UART §4ls 58 4l
o]=A] o5 Eelgitl PV ~EH e dloE]
7} A= dehd, PV ~E" AR 3 RERE WiF
FALS Bl A=t o3 2 dol] #MyE
Z7)8}star 41 dlolE] Bis]e] UART £412 E3)
A% PV ~E" mUEE HoleE At 1
thy SAE A dlele] wEfe] A3E PV ~EF]
RUE]"] dlolelE WiFi B4l 3l 3] <4l

o
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AAsidd AE dele]  WEE HAR
ATmega328 MCU #|2]3-23E UART £41S &4
AR PV AEE RUEF HolHE WiF $als
53l PV 2~Ef] AW 3 mER Adsh] 91 vt
A2 AR ‘client.write’ <75 E3f PV ~EE ®
YeE] dlelelE WiFi $41S 53l PV 2~E3] A

S mER Asa,

2.2.2 PV-WiFi 282 ATmega328 MCU X

2|£

ATmeag328 WiFi 2|4 PV A<ke]] -3
ALY AFAA BZo2NE olpdEg g ~EF
F AZE olHulol ADCE E3l| opdE 1 AF 4l
35 fAE Als2 W3sla,  Forgetting-Factor
Moving-Average®l| 7|Hksle] AA) FH5-& AAZ1
5, AT ol 7ukste] 2% BA detvlE
= Ag3le] 2By ARHE FE8a AR o
2|31 ESP8266 WiFi 2]%-¢}¢] UART F4l& 53l
FAlE ~E] AR g4 Hzle] FAl of i E]lsla,
2E X A dizle] FAle] gelEw A=
Y~z HAFZS UART 4% 53] ESP8266
WiFi Ag]52 Adshs d3hs 3dgic)

13 112 ATmega328 MCU *]2]%-7} ESP8266
WiFi A2]i-e} dlo[e & oL s 528 AME=
UART 5418 2E 9 dloJg] ¥y AAE& HoiF)
ATmega328 MCUE 3l=sjo] Abella] A $18l=
UART XEE  [PRXD+TXD)olt}l =4
UART ZE 132 UubH 22 o Fo|l IDE AbollA
Ao FdE JREsAY EA WA 26

2

=

#include <SoftwareSerial.h>

SoftwareSerial SoftSerial(2, 3);

#iefine in_bytes_size 128
byte inbytes|in_bytes_size];

byte in_bytes_length;

byte bytes_fron_serial_port[in bytes_sizel;
i

I
#idefine tx_bytes_size B4
uintB-t tx_packet [tx_bytes_sizel;

int tx_index;

I 1
(T

11

bool request_on = false;
int packet_count =

32l 11. UART A8 2E ¥ dlo[e] wg] A4
Fig. 11. Setting of ports and data buffer for UART
communication.
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regressSlope_| = 0,067604%41;
regressSlope-2 = 0, 068608495,
regressSlope.3 = 0,072344623;
regressSlope.d = 0,069527843;
regressSlope.5 = 0,073629412;
rearessSlope 6 = (), 066634359;
regressSlope.T = 0,06283201;
regressSlope.8 = 0, 068974166;

float regressOffset.| = 52.88949665;
float regressOffset.2 = 53.2604628;
float rearessOffset 3 = 57.66930464;
float regressOffset_d = 5d.48549396;
float regressOffset 5 = 58.03074866;
float regressOffset B = BI.B3738793;
{loat regressOffset 7T = 49.53704233;
float regressOffset 8 = 54,23438676:

a7 12, AF AXE seble] 44

Fig. 12. Setting of current calculation parameters.

T tAgow AR E wellxe odut
GPIO (General-Purpose Input/Output) EEE £5}o]
UART 5415 7&317] 913l 2z Eedold o 34

stgdel. 2™ 119 SRR HofxjRe],
SoftwareSerial ol B = e A

SoftwareSerial FEZS Algdsto=x] 293l 39
GPIO ZEE %3} A~ZESo] UART £41& AAs}
ek

a9 12 PV AEHE W ~EFe]] Hab
Y AF AMZHE AR opdEa AR Az R
B AR Akl AMEE AR AL gt
Elel] 3k S HolFErh

3] 13-> ATmega328 MCU #2|3-9] %7]| 3]
£ HojFr) 27| AAS UART B4 &% 24 2
T Adodoz o]Feixzlr). Serialbegin() = Al
91¥ UART EA41L dl=glo] UART E41 ZEZH,
EA dAAE HudE EEske WAl o Z o7l
o7 gEv) aely, I3 1160 AjiE Az EY)

void E:".U[‘() {

Serial . beqin(9600);
SoftSerial . begin(3600);

felay(10);
}

T2 13. ATmega328 MCU #2]3-9] 7] A%
Fig. 13. Initial setup of ATmega328 MCU processing.
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=5/ WiFi 541 7

JHE ek

&

A 228 $4 2UE Y4 PV-WiFi 252 73

o] UART £41¢l SoftSerial & 53] ESP8266 WiFi
Aelye} dlolels T vkt o 74 sh=gle]
UART ¥E9} ESP8266 WiFi 2| BAlE 4= E
sl UART 2E R 2 el AA5 PV-WiFi
REelA = 9600 e AAE

I¥ 14+= PV 2~E8 T EE dlo|e]e] UART
Aol W3t Zeaghs HojErh TAR R, A
ArzHe] A8 o R o AR Al 2N ALk
2E8 HABE = PV ~EE RUEE dHolHE
AZESe] UART EEE £3] ESP8266 WiFi *g|
F2 AFshs 7]sol g =2 g}, PV ~EF]
dlolE] 54 BEEYE WiFi $A1S Ea] 5418 o
ole] &4 FHZleo] A==, dlo 1 B 24 H7le] Al
AHEE YehllE WS request_on- true Fro] Fch
, B> request_on®] H57ke] true]l AtEl= tlolE]
A Azle] AlES el ug, AAeka gld
] A5 2UEE dlo]e]S ESP8266 WiFi 2|4
$31 715 SA3T) UART 541 59 2
eI slele] A3 AT 3 A A
X—]E7LE S- ftoa() 3 ]—AE E{;ﬂ
Al 2 tﬁfaffH A7kt 125, sprintf()

_11}1

ol

M fM ko
[
>

o

]

o

o

m S
ot
>
[o%
&

N

void loop() {

it (request.on == true) {
it (packet_count == 256) {
packet_count = 0;
}else {
packet_count++;

}

ftoa(current_str_1, current_1, 2);
ftoa(current_str_2, current_2, 2);
ftoalcurrent_str.3, current.3, 2);
ftoa(current_str_d, current_d, 2);
ftoa(current_str_5, current.5, 2);
ftoa(current_str_6, current8, 2);
ftoa(current_str.7, current.7, 2);
ftoa(current.str8, current.8, 2);

tx_index = sprint{(tx_packet, "¥s", preamble);

tx_index += sprint{ (( har+)txpacket + tx.index, “#is", current_str.1);
tx-index + ti((char+)tu_packet + tx_index, "#is”, current_str.2);
tx_index += ':'i"l(( har+)tx_packet + tx_index, “#%s”, current_str_3);
tu_index += sprinti((char+)tx_packet + tx_index, "#¥s”, current_str_4);
tx_index += s 'l(( har+)tx_packet + tx_index, “#4s", current_str.5);
tx_index += sprintf((char+)tx_packet + tx_index, "#4s”, current_str_B);
tx.index += sprinti((char+)tx.packet + tx_index, "#¥s, current_str.7);
ty_index += sprintf({cha *)tx-uacket + tx_index, "#¥s", current_str_8);
tx_index += sprintf(tx_packet + tx_index, "#%d", tx_index);

tx_index += sprint((tx_packet + tx_index, “#Xd#", packet_count);
SoftSerial write((uintBt+ Jtx-packet, tx.index);

request_on = false;

a7 14, PV 2= e bolele] UART A%
Fig. 14. UART transmission of PV string monitoring
data.

M
il

} 3l 27t dakEle] AAE AW ~E AR
A S ke A w7t @A she
o7 vt 2|3 Software.write() 5
E35)] ~ZEY o] UART E£EE £3) ESP8266 WiFi
A Hr shie] ~EfgoR 3]l ~EE RUEF
dlolelE A4k} wiA|wCZ request_on WTE
false AElZ vlRe] PV ~E3] mued] dlo|g] 3
RERNE] WiFi A& 58 s dole] 84
H718] AE 7] AedE epdck

29 15+ UART 41 ~E8] dolg] 84 7
Al Al W3 Zeagle HelErh Wi 7Rk
PV ~E3] TUE|EL PV ~EF dHolg 3 BE
o] dloJe] &A 7S WiFi BAS E3l PV-WiFi
REE Sk o gne] AxEL 18 15%
WiFi 2418 E3 =218 dlole] 84 d7lo] Az E
¢lo] UART ZEZ ifsﬂ FAE S we] Az A
o ¥l Bt} $-A1, SoftSerial.available() <=
E3) L~EEYe] UART £EE £l ESP8266 WiFi
A Hox] A dlolel7} EAE=AE EIsth
ESP8266 WiFi *2]4-24€] =215l UART Hlo|¥
7} qlcbd, =41 UART dlelgle] I3F w¥
byte_from_serial_portg& ¥ -A=E Z7|38t F
SoftSerial.readBytes() 35 %53 =41 UART t|¢]
E]E W5 byte_from_serial_portel] AAghc} 2 =¢
ol A= dlole] 84 7o wl Stol] 1 wle]|EL] 54
TAE S Ze|QE JetE A9, A1 UART
dlo]e] & A A8E ¥ byte_from_serial_port2] |-
8H|EE AAg 2]l 53} v]aste] dloly 24 )

A& Flght) dlole] 24 7le] =i, dlolE

e
]

4t of

2 1N

=
X

A~

=N

oo
ol

i

2

}oelse {

If (SoftSerial.available()) {
for (int i =0; i < inbytes.size; i++) {
bytes_fron_serial port[i] = 40°;

H
in_bytes_length = SoftSerial.readBytes(in_bytes, in_bytes_size);
for (int i =00 < in.bytes_length; i++) {
bytes_fron_serial _port[i] = in_bytes[i];
i

bytes_fron_serial_port [in_bytes_length] = ‘#0';

f ((bytes_from_serial_port(0] = 0x52) && (bytes_fron_serial_port(1] = (x65) &
Serial. urite(bytes_from_serial port, m.hytes-lensth%
request_on = true;

}else {
printf(*Uncorrectly Receivingn®);
request.on = false;
t
}
}

T2l 15. UART 54 222 doje] 24 53 5241
Fig. 15. Reception process for string data request packet
received via UART.
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84 AR A AeE Yebl= 9 request_ons
true AE|Z A3kslw, l=9o] UART ZEE %3
A= dele] 84 HRE ErdR Sl AL
A7F dlole]l 84 Al Al o 75 Feldd & 9k
A 5 A5 ¥ ErL AAIgE ZefqlEo] oz}
W, dlole] 84 Azl Al AdeE depie W
request_on< false A= fX|sle] dlo|e] 8
Zle] FAE di7lekar sl vEhich

19 16°] ZR oA Hojx|Re], Ak Yq'a}“]
B regressSlop= AF Al4<] AlA AlFo} AlAl A
Fk Atele] wlE Al H3e ‘3}5’-, Ak -‘LP/}UIFJ

regressOffset— 5H Al ‘]-/] _-E@IT% A= o

7] 9&l, & = oﬂxi *471151 PV W1F1 +goﬂxib
forgetting-factor moving-average®h= WS 283}
3t} moving-average:= i YO E 2T FHE $
FZ AMSlE olF o Wle]al, forgetting-factor
= AlTte] At Aol wet el vl BFE =
ol& AxE AAsk= setrlEelck 19 169 2
ZaellA mov_avg WG} forgetting-factor
moving-average W10 2 AAE| = o]F Hdgkolx,

sensingh0C.| = analogRead(A0);

currentValue_l = sensinghDC.| + regressSlope.l

currentalue.! = currentYalue_| - rearessOffset._|;

nov.avg.! = (1,000 - forget_fac) + nov.ava.l) + (forget_fac ¢ currentValue.l);
delay(12);

sensingh0C.2 = analogPead(Al);

currentYalue_2 = sensingh0C_2 « regressSlope.2;

currentYalue 2 = currentYalue 2 - regressOffset 2,

nov_av9.2 = (1000 - foraet_fac) + nov_ara.2) + (forget_fac + currentValue.2);
el C(V( i2) '

sensinghDC3 = analoshead(h2);

currentYalue.d = sensingh0C_3 + regressSlope.3;

currentYalue 3 = currentYalue 3 - regressOffset.3;

nov.ave.3 = (1,000 - forget_fac) + nov_ava.3) + (forget fac + currentValue.3);
delay(12);

a2 16. A/ AR Feele] 2 forgetting-factor
moving-average %}-4-

Fig. 16. Applying of current calculation parameters and
forgetting-factor moving-average.
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forget_fac 3= W7t AZbe) whE B4 7HE
ARk slebleelch 18] 169 ZEadlellA] B
oJx] %], forgetting-factor moving-average H}A
olglo] ¥A]e] WM4E T8 T 37 g Wzl v
A gl B, FAle] gl A1E el Alate] o]
FoIx]7] wsiell, MCUe®IA Alilell B agk A= A
Ry 744 A3 eFomiA olF Hgks At

-

tlo

m A

oA Aol A= ok A A<l A5l A
2§ ~EF %{ %’—d HEW PV-WiFi 2&°] 3}
Lz Eojo] FAAQ] o S
Aol A= AA| 8= ek WA
Zroll PV-WiFi &S 283t 253 PV-WiFi L&
of| 7]ukste] ~E2) Wb A muE|ES AlsYsl €|
2B AAE 7)Edich
a3 172 AA| -85 30kW ekl A A
<ol PV-WiFi RES #4843 2GS HofFrh
30kW Efekd WA 8 e ~ERow FAE

ﬁ
o
i
Lo
2
N.U

R Clarp Type

Current Sensor

Wire for Connection
wnh External Antenna

PV-WiFi Module

a8l 17, 30kW Elekd A Akl PV-WiFI 2ES
A4 2y

Fig. 17. PV-WiFi module applied to combiner box in
30kW PV plant.
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A Az A AAS F3 PV-WiF REZ Adsl
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AR Al E 2HE] ALA| »~EZ A5
forgetting-factor moving-average S 3l %-2-5 A
3] AALS)T ESP3266 WiFi 2|2]%t2 UART £
A& Fall A} ESP3266 WiFi #2| %= 3%
~EF AFgEl A3 WiFi AlE 2] 5 WiFi %

Ao ~EF] dole $4 LER AE3) EH%”L
HL;(«]_/]: xd.._u]. x]’ Hol-/“ .5 -rIOH :L.:_ ﬂ]o]i
AR A57h QUALLE, BE 34 Aol
PV-WiFi &2 93] =29 PV-WiFi E'_E*“ <
o) Aol s WAE 4 @ & lck th,

o|FA PV-WiFi 253 A<k F< Alo]2 el 9]
23 = 7d-Fell Avks 55 Ao 1 = 3] ol
o, a9 179 9% 3}4-r°ﬂ/ﬂ BoJA| o], A
HE Alo]2s ool WiFi Qrelluhs -3t = ]Sk

OO

AAAS E3) PV-WiFi 253 WiFi ¢HEvS 94
s whe 283t S glrk T8 17004 Rojxr| =

o], dubdal elofsg WA A dulell= $-e]7} &3]
A= A AYd ZAES) 9JonZ PV-WiFi ZE
o Aoz g4 7% 5 Sl= vle]=2= USB Bl

°] USB °JHH& AH8s }Ud e}
18] 18- 30kW Efjesd b4 A<gtel] A%l
PV-WiFi 2E¢] 7|ulgl ~E2] vk I

Y e melEr B {‘——Lrol]

2
M
Og(:"l
e
)

W

m
K3

Clamp Type
Current Sensor

PV-WiFi Module
WiFi Embedded
Raspberry Pi 3

Portable Battery
for Raspberry Pi 3

Laptop PC
for Monitoring

T2l 18. 30kW Ejeld A Al<bell 485 PV-WiFi
Rgol 7Nl ~us bl A el Al $7

Fig. 18. Setting environment of wireless string monitoring
based on the PV-WiFi module applied to combiner box in
30kW PV plant.

Hb PV 2EH] dHlolE 4 2E= WiFi 4l 7%

< WAgsle] ze] WiFi 54l 2Ee] Aagle gk=
Hlelzto] 35 &gsisick A gAlel Al FroiAd
I} o] 5AS A7) flsted, elzE]vle] 3 Adow
Frolg e 2] E ARl RUE RS AFEHE
EX H5rElS AHSSIsich WiF *45*1_£ g
g e AF AH= WiF
glzug]ale]3 AR S F3l PAlEA ARAE 2B
B 0 ARE RES AFEHE I muEEd
T ek

& =rellds PV Agkem e o] 77| ¢ Wk
o] MZE t}E A4 PV 2EE A muUEYS
33 A3 AAgle 18] 19+ PV ke gy
E] oF 20m "ozl AHeA o] PV ~EF FA ®L
HES pfshs Bad Hoiert 28], I3 21,
3 19941 2] vk} 7o) wit) wlgko g pv A&
Hlo 2 RE] ok 50m ozl A AHd|xe] PV AEE] -
A mUEES Fdhe 2as Bolerh =Y, :L%‘
202 23 190114 B3| oF 20m eIzl x4 ell4
R PV 2B A wuEE Asks, a9 222
a8 2194 BofAl= of 50m Holxl #ellA 53

PV-WiFi Module
e Embedded
“ PV Combiner Box

32 19. PV ASuloRREl oF 20m Hoixl A|HlellAe]
PV =8 Al mujey e w

Fig. 19. Performing wireless PV string monitoring at a
point about 20m away from the combiner box.
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Fig. 20. Results of wireless PV string monitoring at a
point about 20m away from the combiner box.
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Fig. 21. Performing wireless PV string monitoring at a
point about 50m away from the combiner box.
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Fig. 22. Results of wireless PV string monitoring at a
point about 50m away from the combiner box.
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