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Dai hoc Cong nghé Giao thong van tai

Tém tit: Nhu cau nang luong toan cau ngdy cang tang, cung voi nhu cdu vé cac nguon nang lirong sach va
bén viing, da dan dén sw gia ting dang ké cdc duw an dién mdt troi trén toan thé giGi néi chung va Viét Nam
nGi riéng. Tai Viét Nam, cong nghé, ky thudt va kha nang phat trién dy an dién mdt troi con  dang phu thugc
rat nhzeu vdo nuéc ngodi, dan dén viéc trién khai dién mdt troi véi quy mé 1om con gdp nhiéu kho khan, dac
biét la vé gid thanh. Piéu nay khién dién mdt troi khé ¢é kha ndng canh tranh véi nhitng nguon dién truyén
thong khac. Tuy nhién viéc danh gid, thiét ké nang lwong pin mat troi bang cong nghé quang dién Solar
photovoltaic ¢ Viét Nam con nhiéu han che chii yéu do cdc don vi tw van mede ngodi. SE hét sikc ¢é ¥ nghia
néu cé thé danh gid so bé ban dau nguon nang heong pin mdt troi. Viéc sir dung cong cu hoc may ML trong
dyr bao nang lrong mat troi da thu hit dwoc sw chi y dang ké trong nhitng ndm gan ddy, véi mot s nghién
citu chitng minh tiém néng ciia cdc mé hinh da trén ML trong viéc cdi thién dg chinh xdc va do tin cdy ciia
dy bao nang lwong mat troi. Do vdy, nghién ciru ndy sé nghién ciru dua ra mot img dung cu thé ciia mot mé
hinh hoc may hién dai la tang cuong do déc (Gradient Boosting) trong viéc dy bdo nang lwong pin mdt troi
tir nhiét do moi truong, luwong birc xa nhiét va nhiét do pin mat troi.

Tir khéa: Ning leong pin mdt troi, cong nghé quang dién, hoc may, tang cuwong dé doc, dir liéu lom

Summary: The increasing global energy demand, along with the need for clean and sustainable energy
sources, has led to a significant increase in solar power projects worldwide in general and Vietnam in
particular. In Vietnam, technology and the ability to develop solar power projects are still heavily
dependent on foreign countries, leading to large-scale solar panel power deployment facing many
difficulties, especially about price. This makes it difficult for solar power to compete with other
traditional power sources. However, the evaluation and design of solar panel power using Solar
photovoltaic technology in Vietnam still has many limitations, mainly due to foreign consulting units. It
would be extremely meaningful if we could make a preliminary assessment of the solar cell energy
source. The use of ML machine learning in solar panel power forecasting has attracted significant
attention in recent years, with several studies demonstrating the potential of ML-based models to improve
accuracy and reliability of solar forecasts. Therefore, this study will research and present a specific
application of a modern machine learning model, Gradient Boosting, in predicting solar cell energy from
environmental temperature, heat radiation and solar cell temperature.

Keywords: Solar panel power, photovoltaic technology, machine learning, Gradient Boosting, big data

1. PAT VAN PE Tuy nhién, mdt trong nhiing thach thirc 16n ma
nganh ning luong mat trdi phai d6i mat 1a kha
ning san xuét ning luong mit troi khong thé
doén trudc duogc, phu thudc nhiéu vao diéu
kién thoi tiét nhu may che phu, mua va cudng
d6 anh sang mit troi. Do d6, viéc phat trién
Ngay nhan bai: 19/9/2023 cdc mo hinh chinh xéc va dang tin cdy dé du
Negay théng qua phan bién: 05/10/2023 baorsar} luc_mg dlf_:p cua cac du an dién m?t troi
Ngay duyét dang: 16/10/2023 1a rat can thiét, di€u nay rat quan trong dé quan

Nhu cdu ning luong toan cau ngdy cang ting,
cing véi nhu ciu vé cac ngudn ning luong
sach va bén viing, d3 dan dén sy gia ting dang
ké cac du 4n dién mit troi trén toan thé gidi.
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1y hiéu qua cac hé thdng ning luong. Thuc té
1a nang lwong mat troi dy kién sé dc')ng mot vai
tro quan trong trong qua trinh chuyén ddi toan
cau sang cac ngudn ning luo'ng sach va tai tao.
Co quan Ning luong Quéc té (IEA) uGe tinh
rang nang luong mit troi c¢6 thé cung cap t6i
30% dién nang cua thé gidi vao nam 2050 [1].
Du bédo nay nhdn manh su can thiét cua cac
md hinh dy bdo nang lugng mat tréi manh mé
6 thé hd trg tich hop hiéu qué nang lugng mat
troi vao ludi dién va t6i vu hoa cac hé thong
ning luong. Hon nita, nhu cau dy bao ning
lwong mit troi dic biét cap thiét & cac nude
dang phat trién nhu Viét Nam, noi cac du an
dién mat troi dang gia ting va nhu cu ning
luong dang tang nhanh. Theo bdo cdo cua
Ngan hang Thé gi6i, nhu ciu ning lugng cua
Viét Nam dy kién s& tang trung binh 10% mdi
nim cho dén nim 2030 [2]. Su ting trudng
nay du kién cht yéu nhd vao sy md rong kinh
té manh mé&, dan sd ngay cang ting va téc do
d6 thi hoa ngay cang ting cia dat nudc. Tuy
nhién, quéc gia nay hién dang phy thudc rat
nhiéu vao nhién liéu hoa thach, khong chi gop
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phan phat thai khi nha kinh ma con khién qudc
gia nay phai d6i mat vé6i sy bién dong cua gia
dau toan ciu. Do d6, nhu cau da dang hoa co
cAu nang luong cia dat nudc ngdy cang ting,
trong d6 nang lugng mat troi la mot gidi phap
thay thé ddy hua hen.

Tap doan Pién luc Viét Nam (EVN) cho biét,
trong thang 04/2022 san lugng dién san xuat
toan hé thong dat 22,62 ty kWh, ting 1,9% so
v6i cung ky. Lily ké 4 thang dau nam, san
luong dién dién san xuét toan hé thdng dat
85,65 ty kWh, tang 6,2% so vdi cung ky nam
2021. Trong d6, mirc huy dong mot sé ngudn
chinh dugc mo ta trong Hinh 1 nhu sau: (i)
thity dién dat 22,22 ty kWh, chiém 25,9% tong
san luong dién san xudt toan hé thong, (ii)
nhiét dién than dat 39,09 ty kWh, chiém
45,6%, (iii) tua bin khi dat 10,42 ty
KWh, chiém 12,2%, (iv) dién nhap khau dat
536 triéu kWh, chiém 0,6%. Pang chi y, (v)
nang luong tai tao gém dién gio6, di€n mat troi,
dién sinh khéi dat 13,15 ty kWh, chiém 15,4%
téng san lugng dién san xuat toan hé thong.

[CELEL]&AI\ Di¢n nhap khau
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Hinh 1: Co cdu t6 chite nguon dién tai Viét Nam thong ké dén thang 4/2022
theo s6 liéu cia T dp doan Dién lyc Viét Nam
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Trong nhimng nim gan day, Viét Nam di co
nhitng buéde tién dang ké trong viéc thuc day
nang luong mat troi, voi viée chinh pha thyc
hién cac chinh sach khuyén khich phat trién
cac du an dién mat troi. Nam 2019, Viét Nam
da khoi cong nha mdy dién mit troi 16n nhat
Pong Nam A, cong suat 688 MW. Nha may
du kién s& san xuat khoang 1,2 ty kWh dién
hang ndm, da cung cép dién cho 1,3 triéu ho
gia dinh va giam 1,2 triéu tin khi thai carbon
mdi nam. Thanh cong cia dy 4n nay nhan
manh tiém nang cua nang luong mat troi tai
Viét Nam va su can thiét ciia cac mé hinh du
bao chinh xac dé hd trg quan 1y hiéu qua cac
hé théng ning luong. Theo Dy thao quy hoach
dién VIIL, du kién cong sudt lép dat dién mat
troi s€ tang tr 17 GW (giai doan 2020-2025)
1én khoang 20 GW (nam 2030). Ty trong dién
mit troi duge ky vong sé& chiém 17% (nim
2025), 14% (nam 2030) trong co cdu cac
ngudn dién. Tai Viét Nam, cong nghé, k¥ thuat
va kha nang phat trién du 4n dién mat troi con
dang phu thudc rat nhiéu vao nudc ngoai, dan
dén viéc trién khai dién mat troi véi quy mo
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16n con gap nhiéu kho khin, dic biét 1a vé gia
thanh. Diéu nay khién dién mit troi kho c6 kha
ning canh tranh vi nhitng ngudn dién truyén
théng khac. Ung dung quan trong nhéat cta
nang lugng mat troi hién nay va trong tuong
lai van 1a san xuét dién ning. Hai loai cong
nghé san xuat dién mit troi duoc phat trién
rong rai la: cong nghé quang dién (SPV - Solar
photovoltaic) va cong nghé di€n mat troi hoi tu
(CSP - Concentrated solar power). Cong nghé
SPV phd bién nhat hién nay bao gdm: pin mit
troi tinh thé (chiém khoang 90% thi phan), con
lai 1a pin mat trdi mang mong (thi phan
khoang 10%). Hién nay ¢ Vi¢t Nam, cac du an
dau tu phat trién dién mat troi s dung phan
16n cong nghé quang dién Solar photovoltaic
nhu dugc mo ta trong Hinh 2. Tuy nhién viéc
danh gia, thiét ké nang lwong pin mit troi bang
cong nghé quang dién Solar photovoltaic &
Viét Nam con nhiéu han ché, chu yéu do cac
don vi tu vin nudc ngoai. S& hét stc co ¥
nghia néu c6 thé danh gia so b ban dau ngudn
nang luong pin mat troi.

Solar system

<
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Hinh 2 : Cong nghé quang dién (SPV - Solar photovoltaic)
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Hién nay, cdc md hinh dya trén cong cu hoc
may (ML) d3 ching minh thanh cong dang ké
trong viéc du doan dau ra cua cac du an nang
luong mat troi, tan dung céac thuat toan tién
tién dé phan tich nhiéu bién sb nhu diéu kién
thoi tiét, hidu suét cua tim pin mat troi va vi tri
dia 1y [3]. Bang cach tan dung dir liéu lich sir
va dir liéu thoi tiét theo thoi gian thuc, cic mo
hinh hoc mdy c6 thé dua ra dyu bao chinh xéac
va dang tin cdy vé san luong ning luong mit
troi, cho phép cac nha quan Iy nang luong tdi
vu hoéa hé thdng ning luong va giam chi phi
van hanh.

Viéc su dung ML trong dy bao nang lugng
mit troi da thu hat duge sy cha y dang ké
trong nhitg nim gan day, vdi mot sé nghién
ctru chimg minh tiém ning cta cac mo hinh
dua trén ML trong viéc cai thién do chinh xac
va d6 tin cdy cua dy bao nang lugng mat troi.
Mot nghién clru dugc cong bd trén tap chi
Nang luong tai tao vao nam 2019 da dé xuat
mot mo hinh du bao dua trén ML, stir dung cac
thuat toan hoc may dé dyu doan san lugng nang
lwong mat troi hang gid cua hé théng quang
dién. M6 hinh dat do chinh xac 94,9% trong
viéc du doan san luong nang lugng mat troi,
vuot tri so voi cadc phuong phdp du bao
truyén thong [4]. Mot nghién ctru khac duoc
cong bd trén tap chi Ning luong tng dung vao
nam 2022 d3 dé xuat mot md hinh dua trén
ML str dung thuat todn hoc sau dé du bao san
lugng dién ctia nha may di¢n mat troi [5]. MO
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hinh tan dung dir li¢u thoi tiét thoi gian thuc,
dir liéu san lugng nang luong mat troi trong lich
str va dir liéu van hanh nha may dé dua ra du bao
chinh x4c va dang tin ciy vé san luong ning
luong mat troi. MO hinh dat dugc do chinh xéac
hon 90% trong viéc du dodn san lugng ning
luong mat troi, cho théy tiém nang cua cac mo
hinh dya trén ML trong viéc cai thién hi¢u qua
va d6 tin cdy cia cac hé théng ning lugng. Tai
Viét Nam, viéc st dung cac md hinh hoc may
hay cac mo hinh tri tué¢ nhan tao (Al) trong du
b4o ning lwong mit troi van con & giai doan so
khai, v6i cac nghién ctru va tGng dung thuc té
con han ché. Do viy, nghién ctru ndy sé nghién
ctru dua ra mot ing dung cu thé cia mdt mod
hinh hoc méy hién dai la ting cuong do dbc
(Gradient Boosting) trong viéc dy bdo nang
luong pin mat troi tir nhiét d moi truong, lugng
btrc xa nhiét va nhi¢t do pin mat troi.

2. MO TA CO SO DU LIEU

Trong nghién ctru nay, b dir liéu dung cho
viéc xdy dung mo hinh hoc miy bao goém
13206 mau ning lugng pin mit trdi phu thudce
vao 3 bién dau vao 1a nhiét d6 moi truong,
nhiét do pin mat tro1 va lugng birc xa nhiét da
dugc thu thap tir thu vién dir liéu mo Kaggle
[6]. Gia trj thong ké ctia cac bién nay bao gdm
gia tri trung binh, gid tri nho nhat, phan vi
25%, gia tri trung vi, phan vi 75% va gia tri
16n nhat cia b dit lieu duoc md ta chi tiét
trong Bang 1. Nang lugng pin mat troi thu
dugc thay doi tir 582.093 W dén 1420.933 W.

Béang 1: Gia tri thong ke ctia cac bieén bao gom 3 bién dau vao va 1 bién dau ra

Nhiét 3o moi Nhiét d§ pin Luong birc xa Nang luong pin
truong (°C) mit troi (°C) nhiét (W/m?) mit troi (W)
Trung binh 32.016 47.833 0.669 914.135
Do léch chuan 3.115 7.328 0.178 220.111
Min 23.301 26.915 0.317 582.093
Q25% 29.427 42.103 0.509 711.435
Trung vi 32.090 48.680 0.670 896.213
Q75% 34.525 53.147 0.820 1101.208
Max 38.775 66.636 1.099 1420.933
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Hinh 3 mé ta mdi twong quan tuyén tinh giita
céc bién cua bo dit liéu duge sir dung. Trong
d6 co6 thé thiy véi cac bién dau vao, nhiét do
pin mat troi c6 mdi twong quan twong d6i
16n v6i nhiét Ao moi truong cling nhu lugng

Nhiét 4 mdi tneimg

Nhiét dé pin mat tron -

Lugng birc xg nhiét
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blrc xa nhiét, diéu nay c6 thé d& hiéu do day
12 2 yéu t6 méi trudng c6 anh hudng 16n dén
nhiét d6 cta pin mat troi trong qua trinh hip
thu photon tir mat troi dé chuyén hoa thanh
dién nang.

Lugng birc xa nhiét -
Ning lugmg pin mit trn -

Hinh 3: Ma trdn twong quan cua cdc bién cua bé dir lidu sir dung
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Hinh 4: Phdn b6 s6 mdu bién dau vao véi bién dau ra la nang liwong pin mdt troi
(a) Nhiét do moi truong, (b) Nhiét do pin mat troi va (c) Luong burc xa nhiét

Hinh 4 mo ta chi tiét sy phan bd mién dir liéu
clia cac bién dau vao voi bién dau ra 13 luong
buc xa nhiét. Hinh 4 va Hinh 3 cho théy luong
buic xa nhiét ¢ anh huong 16n nhit dén ning
luong pin mat troi thu dugc.

3. THUAT TOAN HQC MAY TANG
CUONG PO DOC (GB)

Thuat toan hoc may ting cudng do dbc
Gradient Boosting (GB) 1a mét trong sb cac
thuat todn rat manh mé trong linh vuc may
hoc, dugc st dung rong rai cho cac van dé hoi
quy va phan loai [7]. N6 tao ra mot mo hinh
dy dodn dudi dang mo hinh két hop cac md
hinh dy doan yéu, dién hinh 14 cic ciy quyét
dinh (decision tree). N6 xay dung md hinh
theo kiéu ting budc gidng nhu cac phuong
phép boosting khac, va nd khai quat héa ching
bang cach cho phép toi wu hoa mot ham mat
mat (loss function).

Thudt toan Gradient Boosting hudn luyén
nhiéu mé hinh theo cach thém tham sb dan
dan, va tudn tu. Y tudng chinh ctia boosting la
thém cac mo hinh mdi vao nhom lién tuc. O
mdi 1an bd sung nhu vdy, mét mo hinh huan

luyén y€u méi duge dao tao li€n quan dén loi
cua toan b doan da hoc cho dén nay.

Gradient Boosting thuc hién huén luyén
bang cach sir dung d6 dbc ctia ham mat mat
(y =ax + b + e, e 1a tham s6 15i). Trong do,
Ham méat mat 1a thuée do cho biét cac hé sb
mo hinh phu hop nhu thé nao véi dir lidu
phan tich. Vi du: Néu chung ta dang c6 ging
du doan gia ban bang cach sir dung hdi quy,
thi ham mat mat s& duoc dua trén 13i giita
gia thuc té va gia du doan. Tuong tu, néu
muc tiéu cua chiing ta 1a phan loai tin dung,
thi ham mat mat s& 1a thuéc do mirc do du
béo tot ciia md hinh dy doan trong viéc phan
loai cac khoan ng xau. Mot vi du dién hinh
cho mo hinh du bdo Gradient Boosting la
viéc két hop cac thuat todn Random Forest
[8] v&i neutra network - mang luéi than kinh
[9]. V& co ban, Gradient boosting lién quan
dén ba yéu to:

(1) Mot chtre ndng mat mat duogc t6i wu hoa.

(2) Mot nguoi hoc yéu (weak learner) dé dua
ra du doan.
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(3) M6 hinh cong thém dé bd sung
nhitng ngudi hoc yéu dé giam thiéu
ham mit mat.

Trong nghién clru nay, thudt todn GB duogc
trién khai trén co s& ngén ngit lap trinh
Python, cac gia tri cta si€u tham sb cua thuat
toan nay dugc dinh nghia trong thu vién ma
ngudn mé Sklearn [10]. Uu diém cua viée sir
dung cac gia tri mdc dinh cua thu vién nay
giip nguoi st dung md hinh hoc may trong
viée giai quyét cac van dé& hdi quy mot cach
thuan tién.
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4. KET QUA DU PDPOAN NANG
LUQNG PIN MAT TROI BANG MO
HINH HQC MAY

Bo dir lidu gdbm 13206 mau s& duoc chia theo
ty 1€ 70%/30% cho 2 tap tuong Gng la tap dir
liéu huan luyén va tap dir lidu kiém chimg.
Tap dit liéu kiém chung s& giup thuat toan GB
xay dung mo hinh hoc may GB duva trén céac
gi4 tri mic dinh cua siéu tham sb co sin trong
thu vién Sklearn. Tap dir li¢u kiém chung gitp
xac danh gid d chinh xac ctia mo hinh hoc
may dugc xay dung.
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Hinh 5: So sdnh gid tri ndng lirong pin mdt troi trong thiee té do dwoc véi gid tri
nang luong pin mat troi duoc dy dodan boi mé hinh hoc mday GB
(a) tap dir lieu huan luyén va (b) tdp dir liéu kiém chirng
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Hinh 6: Sai s6 dir dodn giita gid tri dir dodn bang mé hinh
va gia tri nang lwong pin mat troi thuc té
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Hinh 5 mo t4 su so sanh giad tri ndng luong
pin mat troi trong thuc té do duogc voi gia tri
nang luong pin mat troi duge du doan bdi mo
hinh hoc may GB (Hinh 5a) tap dit liéu huin
luyén va (Hinh 5b) tap dir liéu kiém chung.
Két qua so sanh cho thdy mé hinh hoc may
GB du bao nang lugng pin mat troi voi do
chinh xé4c cao cho tap dit liéu huén luyén gdm
9244 mau, Hinh 5a cho thay cac diém so sanh
gitra nang luong pin mat troi du doan va nang
lugng pin mat troi thyc té duoc phan bd chu
yéu trong mién sai s6 £10%, véi s6 luong 16n
cac diém nam trén dudng y=x. Do vay, gia tri
sai s6 sai sd du doan gitra gid tri dy dodn
bang mo6 hinh GB va gi4 tri ning luong pin
mat troi thuc té coa tap dir liéu huin luyén
duoc md ta trong Hinh 6a chu yéu phan b
trong khoang 200 W, sai sd nay so v4i mién
gia tri cia nang lugng pin mat troi trong
khoang 582.093 W dén 1420.933 W 14 tuong
db6i nho co thé chap nhan duoc. Pé dinh
lugng dg chinh x4c ctia mo6 hinh hoc may GB
dbi voi tap dir lidu kiém chung trong viée du
doan nang lugng pin mit troi, 3 chi s hiéu
sudt da dugc st dung 13 hé sé twong quan
gitta du doan va thuc té R=0.9338, sai sb cin
quan phuong RMSE=78.7251 W va sai sb
tuyét d6i MAE=52.2306 W.

Str dung md6 hinh hoc may GB nay cho tép du
liéu kiém chimg gom 3962 mau, theo phan
tich tir viéc so sanh gia tri nang lugng pin méit
troi trong thuc té do dwoc voi gia tri ning
lugng pin mat tro1 duge dg doan bédi mo hinh
hoc may GB (Hinh 5b) va sai s6 du doan giita
gia tri du doan bang mo hinh va gia tri ning
luong pin mit trdi thuc té duoc mo ta trong
Hinh 6b, két qua cho thiy rang mé hinh hoc
may GB c6 dd chinh xéac rat cao, khi ma céc
diém so sanh phan 16n nam trong mién sai s6
+10%, véi sai s6 du doan trong khoang +200
W. Hé sb tuong quan cua gia tri du doan va
gia tri thyc té vé niang lugng pin mat troi co
gia tri cao voi R=0.9398, cac chi s6 danh gia
d6 chinh x4c khac ctia mo hinh gom sai s6
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can quan phuong RMSE cua toan tap dir liéu
kiém chting cho gia tri du doan va gia tri thuc
té thép hon gia tri RMSE cua tap huin luyén
va dat 75.3522 W. Sai s trung binh tuyét d6i
MAE cua tap dit liéu kiém ching ciing tuong
ty thap hon so voi tap hun luyén véi MAE=
51.0322 W.

Diéu nay ching t6 md hinh ting cudng do
déc GB ¢6 thé dat do chinh xac cao trong viéc
du doan nang lugong pin mat troi st dung
cong nghé quang dién véi 3 bién st dung la
nhiét d0 moi truong, nhiét d§ pin mat troi va
lugng blrc xa nhiét.

5. KET LUAN

Nghién clru nay da chi ra dugc kha nang ung
dung cua cong cyu hién dai bang viéc két hop
cong cu hoc may va dir liu 16n dé du doan
nang lugng pin mat troi su dung cong nghé
quang dién. Véi viéc su dung bd dir 1iéu chira
13206 mau gém 3 bién dau vao la nhiét do
moi truong, nhiét d§ pin mat troi va lugng
btrc xa nhiét va 1 bién dau ra 13 ning lugng
pin mat troi vao, mOé hinh hoc may tang
cuong do dbc st dung céc gia tri tham s6 mic
dinh c6 trong thu vién ma nguén m¢ Sklearn
viét trén nén tang ngdn ngit lap trinh Python
da duoc huan luyén thanh cong. D¢ chinh xac
ctia md hinh hoc may ting cudng do déc GB
da duoc thé hién qua céc chi sb hiéu suit la
hé s6 tuong quan R=0.9338, sai s6 can quan
phuong RMSE=78.7251 W va sai s6 tuyét d6i
MAE=52.2306 W cho tap dit liéu huan luyén
va hé sb twong quan R=0. 9398, sai s cin
quan phuong RMSE=75.3522 W va sai sb
tuyét d6i MAE=51.0322 W cho tap dir liéu
kiém chung.

Tuy nhién mat han ché cua nghién ctru la
méi chi nghién ctru trén mot ddi tugng pin
mat troi st dung cong nghé quang dién, do
vay tinh khai quat ctia mé hinh can dugc cai
thién voi nhiéu loai pin mat troi st dung
cong nghé quang dién cé cac thong sb ky
thuat khac nhau.
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