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TOM TAT

Bai bao nay trinh bay viéc thiét ké hé théng gidm sat dién mat troi dua trén cong nghé Internet
van vat (Internet of Things - 1oT). Hé théng sé thu thap cac dac tinh dién ctia hé théng nang lugng
mat trgi (NLMT) nhu: dong dién, dién ap va cong suat & dién mét chiéu (DC) va dién xoay chiéu
AC), sau d6 truyén lén may chti théng qua module giam sat. May cht bao gom hé co s& dt lieu dé
luu trlr cac thong sé can thiét va cac thuat toan chic nang ho trg viéc giao tiép di liéu gitta may
cht véi module gidm sat va vai tng dung trén dién thoai di dong. Ung dung di dong dugc thiét
ké v&i cac chiic nang nhu: dang ky, dang nhap, hién thj va vé biéu dé cac théng s6 NLMT thu thap
dugc. Hé thong duac kiém tra hoat dong lién luc trong cac ngay tir 8/12/2020 dén 12/12/2020 va
thu thap cong suét ctia dan pin quang dién tao ra (cong sudt thuc té - P). Bén canh do, hoat dong
cla hé théng dugc danh gid thong qua viéc so sanh cong suat thuc té (P) véi cong sudt tinh toan
(Pmax) tai cing mot thai diém béng cong cu MATLAB. Ti 1é trung binh gitta cong sudt thuc té va
cong sudt tinh todn cao nhat la 0,8 trong khodng thai gian ti 6 gic dén 10 gid va ti [é P/Pmax trung
binh chi dat khoang 0,58 trong b6 dir liéu dugc kiém tra. Ngoai ra tai thai diém ti 14 gic dén 17
gid trong cac ngay khao sat, ti 1é P/Pmax thap gan nhu nhau, dir liéu nay cé thé dugc sir dung dé
xem xét kha ndng cé cac van dé vé vat can hay bong che tai vi tri [3p dat. Bo dir liéu thu thap va
ca4c m6 hinh tinh toan trong bai béo c6 thé dugc sir dung lam ca s& cho viéc ing dung dé nhan
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dinh va danh gia tinh trang hoat déng ctia tdm pin quang dién.
Tu khoa: hé théng dién nang lugng mat trdi, Internet van vat, giam sat dién mat trdi

GIGI THIEU

Internet of Things (IoT) 1a mét nén tang cé kha nang
cung cdp cac dich vu tién ich vé théng tin, di liéu
thong qua viéc tich hgp cac thanh tyu va ng dung
trong cong nghé thong tin va dién ti vién thoéng vao
cdc thiét bi, hé théng 6 sin'. Théng qua kha ning
két n6i va tuong tac gitta cac thiét bi trong cting mot
nén tang, c6 thé phat trién cac hé théng van hanh
tu dong va thong minh ma khéng cin sy can thiép
clia con ngudi’. Mot trong nhiing ting dung chinh
ctia IoT 1a nhdm muc dich gidm sit va diéu khién cac
hé théng van hanh hién hiu trong cic linh vuc nhu
néng lugng, xe hoi, néng nghiép, ... 3. Hién nay, loT
dugc ting dung trong nhiéu linh vuc nhu: ha thong
minh, quan ly nang lugng, mang céng nghiép, ong
nghiép théng minh, ... *. Trong d6, mét trong cic méi
quan tdm hang d4u néi 1én 13 vin d€ v€ quan ly ning
lugng trong linh vyc nang lugng tai tao do sy bung né
ctia cac hé thong dién nang lugng mét troi trong thoi
gian vita qua. T6i cudi ndm 2020, téng cong sudt dién
mit trdi mdi nha & Viét Nam da lp dit & Viét Nam
dat 9.300 MWp va tdng cong sudt dién mdt troi dat
19.400 MWp, chiém gén 25% téng cong suét phat lén
luéi dién quéc gia®. Tuy nhién, viéc theo doi va giam

sat cac van dé vé dién ning cta cac hé thong NLMT
bi han ché va phu thudc vao cac nha san xuét nudc
ngoai. Ngoai ra, mot trong nhiing hé thng NLMT
6 hiéu sudt cao nhit la cac hé stt dung microlnverter
lai ¢6 nhugc diém trong viéc gidm sat hoat ddng cta
hé théng. Do d6, mét hé thong gidm sat nang lugng
dién mit troi duge d€ xudt xay dung nham gidm st
hé thong dan pin NLMT thong qua ting dung di dong
trén nén tang IoT. Hién nay viéc ing dung IoT trong
gidm sat thong s6 dién mdt troi cling dang dugc quan
tam nghién cu®~. Piém chung ctia cAc mé hinh trén
déu sti dung cic cam bién dé thu thép cac thong s6 vé
dién NLMT rdi truyén 1én mot nén tdng mdy cha cd
sdn thong qua cic giao thiic truyén thong, ti d6 ngudi
duing c6 thé gidm sat cdc thong s6 nay thong qua tGing
dung di dong. Nhugc diém ctia cdc moé hinh nay 1a st
dung cdc nén tang mdy cht trung gian thuong khong
an toan vé€ van dé bao mat va kha nang luu tri di liéu.
Bai bao nay ghién ctiu va thiét ké hé thong giam sat
va qudn ly céc thong s6 dién NLMT dya trén cong
nghé IoT bao gém: hé thong thu thap dii liéu vé dong
dién, dién 4p va cdng sudt ctia phia DC1an AC ctia hé
thong dién NLMT; may chii ¢6 chiic ning truyén nhin
va luu trii di liéu; ing dung trén dién thoai di dong

Trich dan bai bao nay: Khang N P H, Nhan N C. Hé théng giam sat dién mat troi dua trén cong nghé
Internet of Things (IoT). Sci. Tech. Dev. J. - Nat. Sci.; 5(3):1482-1499.

1482



Tap chi Phdt trién Khoa hoc va Céng nghé — Khoa hoc Tu nhién, 5(3):1482-1499

dé hién thi cic thong tin thu thip dugc. Bén canh do6
cling thuc hién dédnh gid hoat ddng ctia hé thong thong
qua viéc so sanh cac thong s6 dugc thu thap véi cac
thong sé dugc tinh toan trén co s& ly thuyét.

VAT LIEU VA PHUONG PHAP
Thiét ké hé théng giam sat

M6 hinh hé théng giam sat dién mat troi duge dé xudt
thiét ké nhu trong Hinh 1.

B3 thiét bj dién NLMT

Module

Giam sat " Khing diy

UNG DUNG

Miy chi *** DIEN THOAT

Hinh 1: So d6 khoi hé théng gidam sat

Bé thiét bj dién NLMT

B¢ thiét bi dién NLMT doc 1ap khong hoa luéi dugce
tai trg boi Cong ty C8 phadn niang lugng Mat Troi
Poé (RedSun) gém hai tdm pin quang dién (PV-
Photovoltaic) c6 cac thong s6 dugc trinh bay trong
Bang 1. Cong suét t6i da toan hé thong la 50 W, dong
dién 16n nhdt c6 thé dat 2,88 A va dién 4p 16n nhét
14 21,69 V. Céc tdm pin quang dién dugc lap dat & vi
tri géc nghiéng 15 do; huéng chinh Nam, vi d6 10,76
(Hinh 2). B¢ diéu khién sac c6 tich hgp thuat todn
MPPT gitp diéu khién va ddm béao cong sudt tao ra
ti cdc tdm pin quang dién dat dugc 16n nhéit. Binh
dc quy dong vai tro 1a noi luu trét dién nang dugc tao
ra ti tdim pin quang dién va la ngudn cung cip cho
tai. Két néi bd diéu khién sac v6i mot microlnverter
500 W dé€ chuyén ddi dién ning mot chiéu DC tui sang
dién nang xoay chiéu AC d€ cung cép cho cac thiét bi
dién.

Module gidm sdt

Module gidm sit gobm c6 cac khéi nhu: khéi thu thap
dii liéu, khoi vi diéu khién, khéi truyén nhan di liéu
va khdi hién thi. So d6 khéi module gidm sat dugc
trinh bay nhu trong Hinh 3.

Khoi thu thép di liéu phia DC va AC ctia hé thong
dién NLMT st dung cam bién dong dién ACS712-
20A va module PZEM-004T. Cam bién dong dién
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Binh Ac quy 12V 1004n

Hinh 2: B4 thiét bj dién NLMT

Bang 1: Théng sé ky thuat ctia tdm pin quang dién
P618-25W 0

Thong s6 ky thuét Gia tri
Cong sudt toi da (Pmax) 25W

Loai pin Poly

bién ap hé mach 21,69 V
Dong dién ngdn mach 1,55 A
bién 4p & cong sudt cuc dai 17,35V
Dong dién & cong sudt cuc dai 1,44 A

Hé s6 suy giam theo nhiét d6 - 0,46%/0C

LCD 16x2

g

Arduino
Mega2560 Pro

ESP-01S,

Hinh 3: So d6 kh6i module giam sat

ACS712-20A 1a mét cam bién st dung hiéu ting Hall
c6 kha nang xuat gia tri dién 4p tli 0 - 5V i 1é gia tri
dong dién dua vao. Gid tri cuong d6 dong dién cin
do Ip dugc tinh toan theo cdng thic (1) véi Vout la
dién ap ngo ra ctia cam bi€n va dd nhay phu thuc vao
loai cdm bién. ACS712-20A c6 d6 nhay 100mV/A va
thang do tii-10 A dén 10 A 'L,

Ip = (Vout —2,5V)/(Dd nhay) (1)
Khéi vi diéu khién st dung board Arduino Mega2560
Pro két hgp v6i module WiFi ESP-01S d€ truyén nhan
di liéu.

Khoi hién thi stt dung LCD 16x2 tich hgp I2C.
Module gidm sat dugc thiét ké va layout trén phan
mém Proteus 8.9, mach thuc té ciia module dugc
trinh bay nhu trong Hinh 4.
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Mdy cha

Méy chti luu co s& dii liéu va cac thuat toan chiic ning
nhdm phuc vu viéc luu trii va truyén nhan di liéu véi
module gidm sat va Gng dung dién thoai. May chu
dugc xay dung trén nén tang Node]JS va co s¢ dii liéu
(CSDL) ma ngudén m& MongoDB. Trén mady chu da
x4y dung ba tap CSDL bao gom:

o CSDL thong tin: luu cic thong s6 tiic thoi duge
thu thap boi module gidm sat;

o CSDL d6 thi: luu toan bd cac thong s6 thu thap
dugc trong ngay

« CSDL ngudi dung: luu thong tin nhiing ngudi
dung da dugc ding ky dé€ kiém tra, phan hoi va
phan quyén khi c¢6 yéu cau ding nhép ti ing
dung.

Céc thuat toan phuc vu viéc giao ti€p valuu trii dii liéu
gitta may chii véi cac thiét bi, bao gom module giam
sat va ung dung dién thoai. Mdi thuét todn chiic ning
hoat dong v6i mot ma 1énh tuong ting dugc xac dinh
b&i mot nhan dinh kém trong chudi JSON dugc thiét
bi truyén 1én may chti va thyc hién viéc luu trii va phan
hoi dii liéu tuy theo chiic nang yéu cau. Cé 4 chiic
nang yéu cdu chinh bao gom: 14y thong s6 gidam sat
tit CSDL, c4p nhap thong s6 gidm sit vao CSDL, kiém
tra dang nhép ting dung va lay di liéu vé do6 thi tuong
ung véi cac gid tri ma Iénh ctia nhan “req_device” bao
gém: 201, 202, 203, 204. Luu d6 thuét toan chiic nang
dugc trinh bay nhu trong Hinh 5 va Hinh 6.

Hinh 4: Board mach module giam sat

Ung dung trén dién thoai di déng

Ung dung trén dién thoai di dong dugc thiét ké bing
cong cu Android Studio phuc vu cho viéc hién thi va
vé biéu d6 cac thong s6 dién mat troi thu thip dugc.
Ngoai ra, d€ tang tinh bao mét ctia hé théng, trén ting
dung c6 chic nang ding ky va dang nhap dé€ phin
quyén truy cip cac trang thong tin tuong tGing. Theo
d6, mdi ngudi stt dung (user) chi dugc truy cp trang
thong tin di liéu lién quan ctia ngudi do, con ngudsi
quan ly (admin) c6 quyén truy cép tat ca trang thong
tin. Giao dién cta ting dung trén dién thoai di dong
dugc trinh bay trong Hinh 7.

Tinh toan va mé phéng

bé danh gid hoat dong ctia hé théng, mo6 hinh tdim
pin quang dién va tinh todn biic xa mdt trgi trén phan
mém Matlab dugc thiét ké. Gia tri ng6 ra cua khoi
tinh todn bttc xa dugc dua vao mo hinh tdm pin dé cho
ra cc gid tri tinh todn Pmax, Umax, Imax nhu Hinh 8.
Dii liéu biic xa dugc 14y tii co s§ dii liéu cia Trung tam
hop tac nghién ctiu Chau Au - PVGIS-SARAH 2,

Tinh todn bi'c xa mat troi

Biic xa mit troi chiéu xudéng bé mit trai dat bao gém
truc xa theo tia sing mdt trdi va tan xa ti bau khi
quyén trai ddt. Biic xa mat troi dugc tinh todn udc
lugng dua vao hai thong s6 13 géc mit troi va thong
tin blic xa mét troi. Goc mdt troi la goc gitia tia bic xa
mdt troi véi phap tuyén bé mat tdm pin. Géc mdt troi
dugc tinh todn theo cong thic (2) va phu thudc vao
céc thong s6 nhu: vi do 1ap dit ¢, goc nghiéng dan
pin B3, hudng lap dit dan pin 7, goc 1éch mit troi theo
ngay trong nam O va do cao mat trdi theo thoi diém
trong ngay @. G6c 6 phu thudc vao ngay thit n trong
nam va dugc tinh theo cong thic (3) va géc @ dugc
tinh theo cong thiic (4) véi h 1a gig trong ngay 3.

cosf =

sin@.(sind.cos B + cos 6.cosy.cos w.sin fB)
+cos@.(cosd.cos@.cos B —sind.cosy.sinf) (2)
+cosd.siny.sin @.sin B

8 =23,45.sin [360

25 (284 +n)} 3)

w=(12—h) x 15° (4)

Thong tin biic xa mat trdi bao gébm thong tin thong ké
vé céc thong s6 téng xa, truc xa, tdn xa va cd thé ldy
ti cac CSDL vé thuy vén hodc cac CSDL chuyén vé
biic xa mdt trdi ctia cac t8 chic nghién ctu. Trong
do6, PVGIS-SARAH la CSDL btic xa mit trdi mién
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Nhiir AP Cliwnt gur b v
churpén sang kidu chabl J50N

Ly ot glan ke tal
Liy ngivy Bikgen tl

Chon Document
TN Ui e
d_-dﬂ-m'um
Database thing tin

Cép nhip cbe gia tri nhan
Mgt viao cac nhin tuong imgl
tromg Databass thang tin

Tao Dﬁmlm
wirl mpgiry hign tad va
euqll M A ﬁm

(a) Thuat toan cdp nhdp

Chae s &0 By duge
clprmn e rrunu

Hhin API Client gii téi va
chuyén sang kidu chudl JSON

req_device = 20

Chgn Document tuwong
urng v bd_device trong
Database théng tin

}

Ldy dir ligu twong
ung trong Database
théng tin

!

Girl dir ligu vi
client

(b) Thuét toan giri théng sd

Hinh 5: Luu d6 thuat toan cap nhap va gui thong s6

phi dugc xay dung bdi Trung tam hgp tac nghién ctiu
Chau Au JRC). O trang giao dién ciia CSDL PVGIS-
SARAH, chon théng tin vi tri 1dp dit cua dan pin
dugc khao sat dit tai Co s& Nguyén Van Cii, Truong
Dai hoc Khoa hoc Tu nhién, vi do: 10,763, kinh do
106,682. Sau khi chon cac thong tin c4n thiét thi trang
web sé xuéit thong tin buc xa mat trdi & trén mit phing
ngang nhu trong Hinh 9. Ngoai ra c6 thé14y cac thong
tin nay xudéng mdy tinh bang cach tai file dang .csv
hodc .json.

Thong tin biic xa mat troi trong CSDL dugc ldy theo
mot bé mit nam ngang. Biic xa mit troi trén bé mit
nghiéng dugc tinh theo cong thic (5). Trong d6 1,1,
lan luot 1a biic xa truc xa va tan xa tai thoi diém va
dugc 1dy tit CSDL buic xa, rp, hé s6 goc nghiéng truc xa
va dugc tinh theo cong thiic (6) v6i 0, la goc mit troi
trong trudng hgp mit phdng nim ngang (8=0), r, 1a
hé s6 goc nghiéng tan xa va dugce tinh theo cong thiic
(7), rr 1a hé s6 goc nghiéng phan xa dugc tinh theo

cong thiic (8) v6i p 1a hé s6 phan xa bé mit nén 13,

It = Iyry +1grg + (Ip +1q) rr (5)
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cos 6
rp = (6)
cos 0,

ry— (1+;os[3) @)

(1 —cosp)
T ®

T trang CSDL PVGIS-SARAH, tai xudng dii liéu bic
xa mdt troi clia cdc thang va dua vao Matlab. Hinh 10

rr=p

biéu dién cic thong tin buc xa truc xa, tdn xa va tong
xa trong thang 12.

Dua céc thong s6 1ap dit ctia hé thong thti nghiém
vao cic cong thiic (2), (3), (4) (5), tinh todn m6 phong
dugc cudng do bilic xa mat trdi chiéu 1én bé mit tim
pin trong mot thoi diém cu thé. Hinh 11 biéu dién
cudng do buc xa mit troi trén bé mét tdim pin dugc
tinh todn mo phong tai céc thoi diém trong ngay
09/12/2020.
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Mhén API Client gir téi va
chaybn sang kibu chudl JSON

user 6 trong Khong
D8 ngurdd ding

N A1 Clisnt gl b v
chirytn sang kidu chudi JSON

T

Tim Document
mply mod mhit

Kl 8
45 g dor lu
rong field diF lpu

Co
’ R :m%m
nidt & fisld hreong phd irf irong Neld
Dung password g cho viso ming cha A 30 gld tri v
TT i Wil L
Ding Lty gia irf thrl glan '-'ﬂ“:ﬂ“ﬂ?ﬂ':
i L. iy ehe 0 20 gia i,
— £ha v mang time
status = status = T T
Catatus™; 301} Catatus™ 302} ¥
T T Ghi AP rh vh vao
¥ Blan bufier
Gl bién status vé l
client
Gl by butter vk
| clisnt
(a) Thuat toan dang nhap (b) Thuat toan vé do thi

Hinh 6: Luu d6 thuat toan dang nhap va vé dé6 thi

M6 hinh hod tdm pin quang dién

DPé tinh dugc cong sudt udc lugng cta dan pin tuong
ung véi lugng biic xa mit troi tai thoi diém, can xay
dung mo hinh tdm pin quang dién véi thong s6 ddu
vao bao gobm: biic xa mdt trdi, cdc thong s6 tdm pin
dugc nha san xudt cung cdp ¢ Bang 1. T4m pin quang
dién hoat dong dua trén nguyén ly quang dién va c6
ba loai so d6 thay thé bao gom: moé hinh ly tudng,
m6 hinh Rs, mé hinh Rs-Rp (Hinh 12). & d4y, nhém
nghién ctiu khao sat dua trén mo hinh Rs. Trong dé,
Iph la dong sinh ra tii hiéu ting quang dién, Id 1a dong
chay trong 16p p-n ctia tdm pin va I la dong ngo ra
clia pin. M6i quan hé gitta cac gia tri Iph, Id va I dugc
biéu dién trong cdng thiic (9). Cong thic (10), (11)
1an lugt 1a cach tinh céc gia tri Iph, Id *. Trong cong
thiic (11), do Id dai dién cho dong dién di qua mot

16p ban dan p-n nén Id dugc tinh theo gid tri dong
bao hoa Io. Cong thiic tinh Io dugc biéu dién & cong
thic (13) 1.

I=Iph—1Id ©9)

G
Iph == (Isc +ﬂscAT)

10
Gref (10)

Trong do:

G: Btic xa mat trdi;

Gref: Biic xa trong diéu kién STC (Gref = 1000 lux);
Isc: Dong dién ngidn mach cta tdm pin;

usc: Hé s6 suy giam dong dién theo nhiét do ctia tim
pi
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Tram néng lugng 1 TRAM 2
Déng pin: 217 Ap pin: 13.4
Céng sult 26,65 Ap acquy : 1228
pin
Ap AC : 34470 Déng AC: 000
PE * 1.00 C.c.-ng Suat 090
WELCOME = -
gt g : null
DONG =]
o T e wa ol o o
WATE0 WAYAD AT 4SS WS SASAD WAAAE SATaN
o o |
a; A0 13m0 2
T T
P P
e
™ ;'_1_0a_1‘v|}='?‘m k]
Ll 2150 218
2h40 * .
= 1130
212 e 21
108 H-m 208
= Bosedpaiatabe
(a) Giao di¢n dang nhap (b) Giao dién théng tin
Hinh 7: Giao dién tUing dung di déng
Ngay
Gio Pmax
B
Vidd . . < Umax
' 5 " B tinh t PO
oo nghieng”| TINH TOAN | *T278 B0 | MO HINH —
— — —» BUCXA TAM PIN
Huwéng
—_— >
D{ liéu blre xa
S
Hinh 8: Khéi tinh toan m6 phéng
AT = T; — Ty y: Tcla nhiét do cell khi lam viéc, Tref  q: Dién tich electron, q = 1,602 x 10719,
1 nhiét d6 trong diéu kién STC va Tref = 298°K. ;
3
—Voc T
V+1.Rs Ip=1
la="o |:exp (7) N 1:| (1) 0T e ( a ) (Tref (13)
a () (7 7).
; exp || —= - —
a: hé s suy giam dién ap. kA Trer Tc
o= NsAKT,
Trong dé: €6: Nang lugng viung cdm vat liéu, vé6i Si thi &g =
Ns: s6 cell quang dién mic n6i tiép; L12eV
A: hé s6 vat liéu. A = 1,3 v6i vat liéu poly; Gia tri ctia Rs dugc tim thong qua di€ém cong suét I6n
k: Hing s6 Boltzmann, k = 1,381 x 10~ %3; nhdt (MPP) tai diéu kién STC. Lic nay, phuong trinh
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Horizon: Calculated =
Database used PVGIS-SARAH .
Month: Dacamber ¥
5 800
&
& s00
z w w €
=]
200
(]
o 3 L 9 2 15 13 21
Hour (UTC+7.0) N
Irradiance(Click on series to hide} I Horizon height
— Global — Direct — - Sun height, June
— Diffuse - Sun height, December
Last update: 151102019 Top

Hinh 9: Théng tin bic xa mat troi tai CSDL PVGIS-SARAH 2

Du lieu Buc xa Mat Troi thang 12 PVGIS-SARAH
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Hinh 10: Thong tin buic xa mat troi thang 12 ti PVGIS-SARAH

800 Cuong do buc xa tinh toan chieu len tam pin

700

600
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400

300

Cuong do Buc xa(lux)

200

100

0 L L
04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

Dec 09, 2020

Hinh 11: Cudng d6 buic xa mat trgi dugc tinh todn trong ngay 09/12/2020
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ph (1) v v b (1) v

1d + =~ +

(a) M6 hinh Iy twéng

(b) M6 hinh Rg

(¢) Mo hinh Rs-Rp

Hinh 12: M6 hinh tuong duang clia tam pin quang dién

(9) tré thanh:

Imp :Isc*Id (14)

Thé (11) vao (14) ta cé:

Vinp + Inp .Rs
Inp =1Isc —1Ip |:exP (%) - 1:| (15)

T cong thiic (15) thu dugc cong thiic (16) tinh gid tri
Rs:

Ie 1 v,
Rs:iln<w+1)—# (16)

[mp 1) mp

T cdc cong thuc trén, thuc hién xay dung mo hinh
tinh dong dién ngo ra ctia tim pin tai mot gia tri dién
dp va tit d6 tim diém MPP trong mot diéu kién buc
xa dau vao. D€ thuc hién tinh todn, d4u tién dua cic
thong s6 ddu vao, hang s6 d€ tinh todn céc gia tri d€
tim Iph, Id, Io theo cac cong thiic (10), (11), (13). Thay
cong thiic (11) vao (9) thu dugc:

V+IR
I1=Iph—1I {exp (g) - 1}
a

V+IR
eI+ {exp <g> — 1} =Iph
a

Phuong trinh (18) cho thdy rang vé trai 14 m¢t ham

(17)

(18)

theo I dan dén viéc mo phong tinh todn phai dugc
thuc hién bang giai thuat. 3 day, phuong phap dugc
chon 12 thuc hién giai thuét tim kiém phép ldp véi ham
tim kiém f(I) = I+ Id, gia tri mong mudn la Iph, sai
s6 chdp nhan err=0,005 va budc nhay step = 0,001.
Khi bat ddu thuc hién giai thuat, dit gia tri ban ddu
I = Isc, sau d6 thuc hién tinh gia tri ham f(I) va so
sanh v6i gid tri mong muon Iph. Néu chénh 1éch gitia
ham f(I) va so sanh véi gia tri mong mudn 16n hon sai
s6 chép nhan sé giam I mot khodng véi gid tri bude
nhay. Lap lai thao tac nay cho t6i khi chénh léch gitia
ham f(I) va so sanh véi gia tri mong mudn nho hon sai
s6 chép nhén hodc I < 0 (I = 0 tuong tng véi trudng
hgp tim kiém thét bai). Luu d6 thuét todn tim I dugc
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trinh bay trong Hinh 13. Khi dé c6 thuat toan tim I,
dé tim diém MPP thi chi cin tim diém P = VI ma tai
d6 P dat 16n nhét v6i V € [0;Voc] va1la gid tri dong
dién ngo ra tuong ting véi tiing diém V. Hinh 14 biéu
dién so d6 thuat toan tim diém MPP véi cic thong s6
Pmax, Umax, Imax.

St dung cic thong s6 clia tdm pin quang dién dugc
trinh bay trong Bang 1 d€ dua vao moé phong thu dugc
két qua duong ddc tuyén IV, PV ctia tdm pin va diém
MPP dugc trinh bay nhu trong Hinh 15 va Hinh 16.

Céng sudt tinh todn

Gid trj cong sudt tinh todn dugc dua ra thong qua viéc
dua két qua tinh todn biic xa lam tham s6 ng6 vao cta
mo hinh tdm pin quang dién. Két qua thu dugc nhu
Hinh 17 trinh bay cdng suit tinh toan dan pin quang
dién vi dy trong ngay 09/12/2020. Cong sut tinh todn
nay dugc stt dung d€ so sanh v6i cong sudt thuc té thu
dugc ti hé théng gidm sit va tit d6 lam co s¢ danh gid
hoat dong ctia hé thong.

Co'sé ddnh gid hoat déng hé théng

Viéc so sanh danh gid hoat dong ctia hé théng dugc
thuc hién dya trén so d6 khéi nhu Hinh 18. Trong d6
cac thong s6 & ngd ra cta khdi tinh todn moé phong
gom cdng sudt (Pmax), dién dp (Umax), dong dién
(Imax) dugc so sanh véi cac thong s6 cong suét (P),
dién 4p (V), dong dién (I) thu thép ti hé thong gidm
sat.

KET QUA VA THAO LUAN

Lap dat mé hinh hé théng

Heé thdng NLMT dugc ldp dit tai Phong BO mon Vatly
Dién ti (E303), Khoa Vat ly - Vit ly Ky thudt, Trudng
Pai hoc Khoa hoc Ty nhién, PHQG TP.HCM. Mdy
cht dugc dat tai Phong thi nghiém Thiét k€ Vi mach
(E305). M6 hinh hé théng NLMT dugc trinh bay nhu
trong Hinh 19 véi tai AC la m¢t bd may rua tay sat
khuén ty dong c6 cong suit § trang thai chg1a2 W va
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-~ ™
( START )
N S
l' “
Input: |
-Buc xa G ,I

J
J
| -Nhiétdo T
- Cac théng sé pin: |
! Ise, Voc, Vmp, Imp, usc, A, Ns/
- Cac hang so6: k, q, eg /
J

J

Tc=T+ 273

dT = Tc - 298
Tinh a theo (11)
Tinh Rs theo (15)

l

Tinh Iph theo (9)
Tinh lo theo (12)
Tinh Id theo (10)

I=lIsc
f=1+Id

delta = |Iph - f]
step = 0.001

err = 0.005

)

»>

\/

/’/(deita > err)
- &&
1>0) _

I=1-step
f=1+Id D r———
Dung \(
T//

delta = |Iph - f|
return |

;// Hn\\\

( END )

. e

Hinh 13: Thuat toan tim |
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START

. Input:
-Dieu kién moi treong: G,T
- Thong so tam pin: Voc, Isc, usc, A, Ns

Tim | twong wng V
P =Vl

Imax = |
Vmax=V
Pmax=P

V=V+0.01

P > Pmax

return [Pmax, Imax, Vmax] |«

END

Hinh 14: Thuat toan tim cac gid tri MPP
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Dac tuyen IV

Dong dien I{A)
o
53

G: 1000 hux
& MPP{18.915,1.452)

G: 800 hax
MPP-{17.312,1.197),

------ G2 600 luox
#  MPP{17.646,0.902)

*  MPP{18.06.0.305)

Dien ap V(V)

Hinh 15: D3c tuyén IV va MPP(V,])

251

20}

Cong suat P(W)
o

o 5 10

Dac tuyen PV

G: 1000 hux
®  MPP{16.916.25.2387)
G: 800 lusx
MPP.{17.312.20.7225)
...... G: 500 e
+  MPP{17646.15.9167)
—— G 400 i
A MPP{17.968,10.8347)
G 200 hax
*  MPP(18.06.5.5083)

@
n
=1
n
&

Dien ap V(V)

Hinh 16: Dac tuyén PV va MPP(V,P)

khi mdy phun dung dich sat khuén thi cong suit tdi
dalasW.

Két quad thir nghiém hoat déng ciia hé théng

Hé thong dugc kiém tra hoat dong lién luc trong cac
ngay tii 8/12/2020 dén 12/12/2020. Hé thong thu thip
cac thong s6 dién NLMT sau d6 truyén 1én may chu
valuu tri vao cdc CSDL, dong thoi hién thi di liéu 1én
ung dung di déng. Trén ting dung di dong cho phép

ngudi dung chon va hién thi cac thong s6 tic thoi dudi
dang d6 thi nhu da trinh bay ¢ Hinh 7. Hinh 20 trinh
bay cac thong s6 hoat dong ctia hé thong trong ngay
12/12/2020 tii 6 gi6 dén 18 gid, gdm cong sudt dan pin
Hinh 20 a, dong dién dan pin Hinh 20 b, dién 4p dan
pin Hinh 20 ¢, dién 4p 4c quy Hinh 20 d, cong suit tai
Hinh 20 e.

Hinh 21 trinh bay cong sudt dan pin quang dién tao
ra trong cac ngay tti 8/12/2020 dén 12/12/2020. Trong
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45

40 +

Cong suat (W)
- N oM oW oW
& S5 & 8 B

=)

st

m— Corig suat tinh toan

0 .
04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00

Dec 09, 2020

Hinh 17: Cong sudt tinh toan cdia dan pin trong ngay 09/12/2020

MATLAB
T
1 Pesseseeseeseesessesesetetenesssesatentetseneneeneanenese ey ]
, ' Khéi tinh toan mé phong : '
S : -
' ' Goc nghiéng - . Fex 1
o ——>|TiNH TOAN | 890X 1O | 6 HiNk | Umex '
yo 99 L1 BUre XA >l TAMPIN max i
\ : D liéu bire xa > f
1 : ® H 1
[ : ]
S [ SOSANH | |
' DANHGIA |
1 1
] 1
1 L)
1 L)
. 1P 1
C4c thdng so: dong dién, 1 > 1
BO THIET B|| ___dién ap, cong sudt MODULE | Duligu gidm sat CsDL v '
DIEN NLMT GIAM SAT MAY CHU S :
] 1
1 L)
1 1
] 1
N o e i L)

Hinh 18: So d6 khéi so sanh danh gia hé thong

d6 cho thay cong sudt dan pin quang dién tao ra c6 sy
chénh léch gitia cdc ngay. Su chénh léch nay c6 thé
do nhiéu yéu t6 anh hudng dén lugng biic xa mat troi
tai thoi diém khao sat. Cac dit liéu dugc thu thap nhu
trong Hinh 20 va Hinh 21 1a co s& cho viéc nhén dinh,
danh gia hiéu qua hoat dong ctia hé thong NLMT.

Ddnh gid hoat déng cta hé théng

Tu két qua tinh todn mo phong va két qua thu thap
dugc cta hé thdng gidm sét cho théy rdng cong suit
dan pin phu thu¢c lugng biic xa mét troi chi€éu lén dan
pin tai cdc thoi diém. Dai lugng nay thay d6i theo
cac thoi gian khéc nhau tai cing mét dia diém. Do
d6 d€ danh gia hoat dong ctia hé thong, két qua tinh
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todn mo phong dugc st dung d€ lam chudn so sinh
v6i két qué thu thap dugc ctia hé thong gidm sat. Gia
tri cong sudt thuc t€ P va cong sudt tinh toan Pmax
tii ngay 08/12/2020 dén ngay 12/12/2020 dugc trinh
bay trong Hinh 22 a, Hinh 23 a, Hinh 24 a, Hinh 25
a, Hinh 26 a. Két qué so sianh danh gia thong qua
ti 1¢ P/Pmax dugc trinh bay ¢ Hinh 22 b, Hinh 23 b,
Hinh 24 b, Hinh 25 b, Hinh 26 b. Ti1é trung binh giia
cong sudt thuc té P va cong sudt tinh todn Pmax tai cac
thoi diém dugc trinh bay trong Bang 2. Theo d6, thoi
gian hé thong hoat dong la tu 6 gic dén 18 gi do tilé
trung binh sau 18 gi¢ déu bing 0. Ti 1é gitia cOng suit
tinh todn va cong sudt thuc t€ cao nhit trong khoang
tl 6 - 10 gi6 véi gia tri trung binh theo gid trong cac
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Dan pin quang dién

Ac quy

— :
¥ Bo dieu
khién sac

va bo
nghich

luu

Module giam sat

May chu va CSDL

Toa nha E, Phong E303,

Ung dyng dién thoai

Trwéng DH KHTN, co' s&

Nguyén Van Cir

Hinh 19: K&t néi cac thanh phan trong hé théng NLMT

(a) Cong suat dan pin giam sat ngay 12/12

Cong sual (W)
o

|¢|| ]
10} /,14! L ""W—

0400 0600 0800 10:00 1200 1400 1600 1800 2000 2200
Dec 12, 2020

(<) Dien ap dan pin giam sat ngay 1212

" b ma e BT

1600 1800 2000 2200
Dec 12, 2020
() Cong suat tal giam sat ngay 1212

5
0 n PR I - "
0400 0800 0800 1000 1200 1400

fu-vr‘ jl'""'a_ﬂ.

oot il i
b

1200 1400 1600 1800 2000 2200
Dec 12, 2020

Cong suat (W)
T

0 e
0400 0600 0300 1000

(b} Dong dien dan pin giam sat ngay 12/12

w

<,| I

=

§ I

? ”

/
g WL
\/ P,
ol ~ e J
0400 000 O8O0 1000 1200 1400 1600 1800 2000 2200
Dec 12, 2020

e _[d; Dien ap ac quy giam sat ngay 1212
~ 14}
¥ ||'|
o
&1 | | -
§ I } ‘-
5 A \

: ‘\,4?-\
B

0400 000 O0BO0 1000 1200 1400 1600 |ﬂOD 2000 2200
Dec 12, 2020

Hinh 20: Cac théng s6 hoat ddng hé théng ngay 12/12/2020

ngay trung binh dat khoang 0,8. Trong khoang thoi
gian con lai cho thdy rang lugng cong suit dan pin
tao ra khong 6n dinh, thay d6i thit thuong va ti 1é
P/Pmax chi dat khoang 0,5 hay thdp hon. Dong thoi,
ti 1é gilia cong sudt thuc t€ va cong sudt tinh todn cua
hé thdng ciing khéng cao, chi dat trung binh khoang
0,584 trong cac ngay khao sat. Ngoai ra, ti 1é P/Pmax
thép va gin bing nhau tai cdc thoi diém ti 14 gis dén
17 gi® trong cic ngay, day cé thé xem xét kha ning
dan pin NLMT bj dnh hudng béi cac vét che chin do
vi tri 1ap dat.

Bén canh d6, ti m6 hinh tdm pin va céc di liéu thu
thap dugc gitp chung ta c¢6 cdi nhin téng quan vé
trang thdi hoat dong ctia tdim pin thong qua viéc so
sanh dién 4p, dong dién hoat dong véi céc diém MPP
dugc tinh todn ti moé hinh. Hinh 27 cho thdy cac
diém hoat dong cua tdm pin (mau xanh) chua gin
sat v6i dudng ndi cac diém MPP dugc tinh todn (mau
do). Cac diém hoat dong nay c6 gid tri dién dp trong
khoang tii 10 - 22 V, tap trung nhiéu & vung 10 - 14
V. Mot s6 diém hoat dong & muc dién ép tit 14 - 19
V nhung c6 dong dién rat thip, cic diém nam & vung
dién dp 16n hon 20 V xem nhu hd mach do V gin béng
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40

Cong suat dan pin ngay 812

=
32l e
g T Wi i i
DD?!D{‘ 068:00 0800 10:00 12:00 1400 16:00 18:00 2000 200
Dec 08, 2020
o= Cong suat dan pin ngay 912
z
@20
= S
3 L e l - . -
8 ol . T 1 1 L :
000 06:00 08:00 L 12:00 1400 18:00 18:00 000
Cong suat dan pin ngay 1012
g T i
'g i ) LU W .~ ) L
© & 0500 08.00 000 1200 1400 1600 18:00 200 200
Dec 10, 2020
<a0r Cong suat dan pin ngay 1112
HEL
= e LY
S ki 1 I = — i L e
o400 0500 0800 1000 12:00 1400 16:00 18:00 200 220
Dec 11, 2020
. Cong suat dan pin ngay 12/12
$ 40 ]
220 ¢ h Mk \
g I Y ol A AVE WY e S
&, . ] “ e T
04,00 06:00 08:0X 1000 12:0 14:00 16.00 18:00 2000
Dec 12, 2020
Hinh 21: Cong suat dan pin trong céc ngay tu 8/12 - 12/12/2020
45 Cong suat thuc te va cong suat tinh toan ngay 08/12 Ti le giua cong suat thuc te va cong suat tinh toan 08/12
== = Cong sual tinh toan
40 - = Cong suat thucte |-
Y
35 J
30
=
=25
3
@
2 20 1
=]
[+
15
10
5
0 'l A A A L . I | 0 .
04:00 0600 08:00 10:00 12:00 1400 1600 18:00 20:00 22:00 06:00 08:00 1000 1200 1400 1600 18:00 2000 22:00
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(a) Chenh l¢ch gitra cong sue”i];
tinh toan va céng suat thue té

(b) Til¢ gitra cong :suéit thue té
va cong suat thuoe te

Hinh 22: Céng suat thuc té va cong sudt tinh todn ngay 08/12/2020

Voc va I gan bang 0. Bén canh d6 cac diém MPP tinh
todn ndm trong ving dién 4p 16 - 18 V. Diéu nay cho
théy hé théng NLMT hoat dong chua dat & diém cong
sudt cao thip. Pay ciing 12 nén tdng cho kha nang ting
dung mdy hoc vao viéc nhan dinh va danh gid tinh
trang hoat dong ctia tdm pin quang dién.

KET LUAN

Hé thong IoT gidm sat thong s6 dién mit troi da duge
thiét ké bao gébm céc thanh phin nhu: module giam
sat thu thap thong s6 dién mit troi, may chu luu trit
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dit liéu va thyc hién trung chuyén di liéu gitta mod-
ule gidm sat va ing dung di dong. Hé thong nay cho
phép nguai stt dung co thé gidm st tif xa cdc thong s6
dién mat troi thong qua Gng dung di dong theo thoi
gian thuc. Bén canh d6 da xay dung thanh cong bd
co s§ dii liéu luu trii cac thong s6 hoat dong cua hé
théng dién mat troi trén mdy cht. Tl b co s& di
liéu nay két hgp véi viéc tinh todn mé phong vé biic
xa mdt troi va mo hinh tdm pin dé€ dua ra cong suét
tinh todn tai mot thoi diém va lam co s¢ d€ dénh gid

hoat ddng ctia hé thong. Viéc danh gia dya trén viéc
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Cong suat thuc te va cong suat tinh tean ngay 09/12

[== = Cong suat tinh toan |
| Cong suat thucte |

Cong suat (W)

ol " . . . L - |
04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:.00

Dec 09, 2020

(a) Chénh léch giita cong su'fi't
tinh toan va céng suat thye te

, __Tile giua cong suat thuc te va cong suat tinh toan 09/12

1871

161

PPmax

06

04F

02+

0! '
0400 06:00 08:00 10:00 12:00 14:00 16:00 18:00 2000 22:00
Dec 09, 2020

(b) Ti1é giita cong suat thure té
va cong suat tinh toan

Hinh 23: Cong suat thuc té va cong sudt tinh todn ngay 09/12/2020

Cong suat thuc te va cong suat tinh toan ngay 10/12

== = Cong suat finh toan
40 + ol % — Cong suat thucte |

Cong suat (W)
)
S

Ti le giua cong suat thuc te va cong suat uoc luong 10/12

0
04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:.00 20:00 22:00

Dec 10, 2020

(a) Chénh léch giita cong suat
tinh toan va cong suat thye te

0 {
04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00
Dec 10, 2020

(b) Ti 1¢ giira cong sut thye té
va cong suat tinh toan

Hinh 24: Cong suat thuc té va cong sudt tinh todn ngay 10/12/2020

so sanh ti1é cong suit thuc té P va cdng suét tinh toan
Pmax dua ra mét cdi nhin t6ng quan vé hiéu qué hoat
dong ctia hé théng véi cac diéu kién gan véi ly thuyét.
Tuy nhién, m6 hinh hé théng nay van chua phan biét
dugc nguyén nhén trang théi 4t thudng cua dan pin
quang dién ciing nhu dua ra cac nhén dinh theo thdoi
gian thuc. Vi s6 lugng dii liéu thu thap lién tuc, 16n
dén theo tiing ngay va méi lién hé gitia cdc thong s6,
hudéng phat trién cac thuat toan ting dung AI, may hoc
vao giai quyét van dé trén 1a rat tiém nang.

LO1 CAM ON

Nghién ctiu dugc tai trg boi Trudng Pai hoc Khoa hoc
Ty nhién, PHQG-HCM trong khuon khé Dé tai ma
s6 T2020-32.

DANH MUC TU VIET TAT

IoT (Internet of Things): Internet van vat

NLMT: Nang lugng mit troi

CSDL: Co s6 dii liéu

DC (Direct Current): Dién mot chiéu

AC (Alternative Current): Dién xoay chiéu

CT (Current Transformer): Bién dong

LCD (Liquid Crystal Display): Man hinh tinh thélong
STC (Standard Testing Condition): Diéu kién thi
nghiém tiéu chudn

MPP(Max Power Point): Diém lam viéc cong suét16n
nhét

MPPT(Max Power Point Tracking): Thuét toan do
diém cong sudt 16n nhét

Al (Artificial intelligence): Tri tu¢ nhdn tao
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1497

is Cong suat thuc te va cong suat tinh toan ngay 11/12 2 Ti le giua cong suat thuc te va cong suat tinh toan 11/12
== = Cong suat finh toan
40 N Cong suat thuc te 181 1
a5 16} 1
14} 1
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12t 4
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220 a
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Dec 11, 2020 Dec 11, 2020
(a) Chénh 1éch gitra cong suat (b) Ti 1€ gitra cong suat thyce té
tinh toan va cong suat thye te va cong suat tinh toan
Hinh 25: Céng suat thuc té va cong sudt tinh toan ngay 11/12/2020
. Cong suat thuc te va cong suat tinh toan ngay 12/12 2 Tile giua £ong suat lh"’-'“m \a cong suat uoc !uong 1‘2“2
== == Cong suat tinh toan
16
35
14
%
é " 1.2
g% E 4
a <
@ 20 <
‘5 0.8
15 06
10 04
5 0.2
0 . 0 !
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Hinh 26: Cong suat thuc té va cong sudt tinh todn ngay 12/12/2020

So sanh cac diem hoat dong voi cac diem MPP
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Hinh 27: So sanh céc diém hoat dong véi cac diém MPP
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Bang 2: Ti Ié trung binh giifa cdng suat thuc té va cdng suat tinh toan

Ngay 08/12 09/12 10/12 11/12 12/12 Trung binh theo gi6
Gio
6 2,58 1,13 2,49 1,16 1,46 1,76
7 0,82 0,50 0,62 0,73 0,90 0,71
8 0,69 0,39 0,60 0,90 0,70 0,66
9 0,74 0,47 0,71 0,93 0,71 0,71
10 1,13 0,68 0,85 0,76 0,58 0,8
11 0,75 0,44 0,52 0,49 0,37 0,51
12 0,58 0,28 0,45 0,36 0,35 0,4
13 0,45 0,42 0,37 0,32 0,41 0,39
14 0,39 0,44 0,12 0,10 0,18 0,25
15 0,35 0,28 0,27 0,14 0,19 0,25
16 0,35 0,31 0,36 0,29 0,21 0,30
17 0,19 0,34 0,16 0,24 0,34 0,25
Trung binh 0,75 0,47 0,63 0,54 0,53 0,584
theo ngay
XUNG DOT Ldl I’CH nha- phat- trien-bung- no-tong- cong- suat-lap- dat- da-len- toi-

Céc tac gia cam két khong c6 bat ky xung dot 1gi ich
nao trong céng bo bai béo.

PONG GOP CUA TAC GIA

- Nguyén Phudc Hoang Khang: thiét ké va thuc hién
module gidm sat, tinh todn vd mé phong tdm pin
quang dién, xay dung cac CSDL va céc thuat toan chtic
néng, thiét ké valap trinh ing dung dién thoai, két néi
céc thiét bi thanh phén trong hé thong NLMT.

- Nguyén Chi Nhan: x4y dung mdy cht va CSDL, hd
trg két ndi cac thiét bi thanh phin trong hé théng
NLMT, phan tich va danh gia di liéu thu thép dugc.
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Solar power monitoring system based on loT technology
Nguyen Phuoc Hoang Khang'?”, Nguyen Chi Nhan'2

ABSTRACT
This paper presented the design of a solar power monitoring system based on Internet of Things
: (IoT) technology. The system would gather the electrical characteristics of the solar system such as
Use your smartphone to scan this current, voltage and power at both DC and AC side then send them to the server by a monitoring
QR code and download this article module. The server contained databases and feature algorithms to perform the data transferring
between the monitoring module and the mobile application. The mobile application was designed
with features including: sign-up, sign-in, display and graph of solar parameters. The operation of the
monitoring system was checked with data collected from December 8", 2020 to December 12,
2020. Beside that, the performance of the solar system was also analyzed in MATLAB by comparing
the actual power the photovoltaic panels created (P) with the theoretical simulating power (Pmax)
at the same moment. The average hour ratio between the gathered and the calculated had the
maximum of 0.8 in the period of time from 6:00 to 10:00 and the average value of 0.58 in all the
checked data. On the other hand, a common of having low ratios of P and Pmax from 14:00 to
17:00 in all of the obsered days would suggest some obstacle or shading problems at the installed
location. These data collection and calculation models could be used as a basis to apply for further
research of classification in the performance of the photovoltaic panels.
Key words: solar power system, Internet of things, solar power monitoring

'Integrated Circuits Design Laboratory,
University of Science, VNU-HCM,
Vietnam

2Faculty of Physics and Engineering
Physics, University of Science,
VNU-HCM, Vietnam

Correspondence

Nguyen Phuoc Hoang Khang, Integrated
Circuits Design Laboratory, University of
Science, VNU-HCM, Vietnam

Faculty of Physics and Engineering
Physics, University of Science,
VNU-HCM, Vietnam

Email: nphkhang@hcmus.edu.vn

History
e Received: 17-5-2021

o Accepted: 29-7-2021
o Published: 19-8-2021

DOI : 10.32508/stdjns.v5i3.1070

i '.) Check for updates

Copyright

© VNU-HCM Press. This is an open-
access article distributed under the
terms of the Creative Commons
Attribution 4.0 International license.

A

= Cite this article : Khang N P H, Nhan N C. Solar power monitoring system based on loT technology.
VNU-HCM Press Sci. Tech. Dev. J. - Nat. Sci.; 5(3):1482-1499.

1499
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