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TOM TAT

Nghién civu ndy tdp trung vao viéc gidi quyét thach thirc dw bédo san heong dién nang lrong
mdt troi cho Cong ty Enefit thong qua viéc vmg dung XAI két hop véi cdc mé hinh hoc mdy. Muc tiéu
la xdc dinh nhitng yéu té quan trong anh hieong dén san lwong dién va tiéu thu, nham phuc vu cho
qud trinh tich hop lién mach céc hé thong quang dién (PV) vdo ludi dién quoc gia. Nghién ciru ciing
dé xudt cdc phwong phdp hoc mady khdc nhau givip ndng cao do chinh xdc ciia dir béo, bang cdch két
hop dit liéu nhw: thoi tiét lich su; gia khi dot va gid dién, ciing voi cdc yéu té vé dir bao thoi tiét.
Nhém nghién ciru da phat trién nhiéu mé hinh nhw tuyén tinh, phi tuyén tinh va LightGBM (LGBM),
tiép tuc tién hanh thi nghiém @é tim ra mé hinh hiéu qua nhat. Két qua nghién ciru da givip giam thiéu
sw mat can bang trong ludi dién, dong thoi nang cao hiéu sudt va dé tin cdy khi tich hop ning lrong
tdi tao. Nhitng né luc nghién ciru tiép theo sé tdp trung vao viéc tich hop dir liéu thoi gian thiee va
dp dung cdc ki thudt hoc sdu (deep learning) nham néng cao @ chinh xdc va hiéu qua ciia dir bdo.

Tir khod: Photovoltaic system (PV); ning lwong tai tao; mé hinh truyén théng; XAI

1.  Giéi thiéu

Enefit Green, thudc tap doan Eesti Energia, 1a mot trong nhirg nha san xuit ning
luong tai tao 16n & khu vuc Baltic, hoat dong tai nhiéu quéc gia nhu Estonia, Litva, Phan
Lan, Ba Lan va Latvia. Cong ti tip trung phat trién dién gi6 va dién mit troi, véi muc tiéu
dan dau khu vuce vao nam 2026, déng thoi chuyén dan sang nang lwong mit troi dé giam chi
phi va tac dong méi trudng. Su xuat hién cua cac “Prosumers” — ho gia dinh san xut va tiéu
thu dién tur nguén tai tao — tao ra thach thirc méi khi ho khong chi ti€éu thy ma con ban dién
du thira tro lai ludi dién, dan dén sy dao dong giita cung va cau. Piéu ndy giy qua tai ludi
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dién, tang chi phi va phat sinh cac vin dé khac. Dé giai quyét nhimg thach thirc ndy, nhom
nghién ctru da sir dung dit liéu tir Enefit Green (cong b trén Kaggle) v6i muc tiéu giam hoa
don tién dién va duy tri ngudn cung thong qua viée str dung ning luong hiéu qua. Ngoai ra,
nghién ctru phén tich cac yéu t6 chinh anh huéng dén tiéu thu ning luong, nham phat trién
cac chién luoc quan Ii hiéu qua su mat can bang cung-cau, ting cudng su 6n dinh cua ludi
dién, va thic ddy phat trién ning lugng bén vimg.

Céc nghién ctru trudc day da néu rd tac dong tiéu cuc clia ngudn ning lugng khong tai
tao, tir 46 khang dinh sy can thiét chuyén sang niang luong tai tao. Tolliver va cong su (2021),
Sadorsky (2010) nhdn manh tdm quan trong cua viéc tich hop ning lugng tai tao vao céac
linh vue nhu khu dan cu, cong nghiép, dich vu, giao théng va phat trién bén viing. Pefiasco
va Anadon (2023) da chi ra loi ich cua viéc lap dit tAm pin mat troi trong khu dan cu nham
giam phu thudc vao nhién liéu hoa thach (Pefiasco et al., 2023).

Sy léch pha giita cung va cau dién gay nhiéu hé luy cho ca hé théng dién 1an moi
truong. Khi thiéu dién vao gio cao diém dé xay ra mat dién, con du thira lac nhu cau thép lai
1am ting chi phi van hanh va phat thai. Tinh trang ndy cang kho kiém soat khi ngudn ning
luong tai tao nhu gid, mat troi cd tinh bién dong. Ngoai ra, muc ti€u thu dién con chiu anh
huong boi nhiéu yéu té nhu thu nhap, thoi tiét, quy mé ho gia dinh va gia dién — trong d6 hod
gia dinh kha gia hoic & diéu kién khi hau khic nghiét thuong dung nhiéu dién hon
(Frederiks et al., 2015).

Céac phuong phap du bao truyén thong nhu hdi quy hay chudi thoi gian thudong kho
nam bét cac mdi quan hé phuc tap (Zhao & Magoulés, 2012). Cac mé hinh nhu ring ngau
nhién, may tang cudng d6 déc va mang no-ron sdu da cai thién do chinh xac nho kha ning
xtr Ii dit liéu 16n, nhung van gip han ché vé tai nguyén, dit liéu va kha ning giai thich (Ahmad
et al., 2018). Hon nira, kha ning giai thich ctia cac mé hinh nay con han ché, gay kho khin
trong viéc hiéu cac yéu t6 chinh dan dén dy bao (Molnar, 2024).

Nghién ctru ndy s& phat trién mot phuong phap XAI da giai doan, c6 kha ning giai
thich va tuy bién, duoc huin luyén trén dir liéu cua Cong ty Enefit. Muc ti€u 1a xac dinh cac
yéu t6 chinh anh huéng dén tinh bén viing va tiéu thu ning luong. Phuong phap nay tan
dung kha nang linh hoat cua cac khung XAI, dam bao tinh bén viing va giam phat thai rong
2. No¢i dung
2.1. Dién gidi (XAI) cdc mé hinh hoc mdy

V& du bao ning luong mit troi, nhidu nghién ctru va nd luc nghién ctru di dong gop
va mang lai cai nhin sdu sic va tién bo doc dao (Allal et al., 2024). Cac cong cu XAI nhu
LIME, SHAP va ELI5 d3 duogc sir dung dé hiéu va cai thién hiéu sut cia mo hinh Al
Random Forest trong viéc du bao san luwgng dién mat troi PV (Kuzlu et al., 2020). Bén canh
do, ung dung XAI c6 thé cai thién niém tin va tinh minh bach ctia cdc md hinh hoc may
trong hé thong ning luong va dién luc bang cach cung cap cac giai thich cuc bd va toan cau
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tang cudng niém tin va cho phép tdi uu hoa, ddng thoi thao luan vé su danh doi gitra cac
phuong phap XAI ndi tai va hau Ki cho cac mo hinh méi va hién c6 (Machlev et al., 2022).

Cu thé, SHAP c6 nghia 13 “Shapley Additive exPlanations”, str dung cc khai niém i
thuyét tro choi dé do luong anh hudng cia cac dic tinh riéng 1¢ dén du doan ciia mot mo
hinh hoc may (Van den Broeck et al., 2022). SHAP cung cép céc giai thich cuc bo chinh xac
hon vé du doan ctia mé hinh so véi cac hé sé hdi quy tuyén tinh toan cuc bang cach kham
pha cach thay ddi cac dic tinh dau vao riéng 1é anh huong dén dau ra cho mdi diém dit lidu
(Marcilio et al., 2020). SHAP duoc biéu dién bang cong thirc sau, dai dién cho tap hop tat
ca cac bién dau vao M:

g (Fr) = S BRI ISI = DY e g iy — £(s))

!
ScM\i | M]!

trong do, S biéu thi mot tap con cuia M véi dac trung thi i bi loai trir, va dong gop cua dac
trung thir i duge cho boi ham f(S U {i}) — £(S).

- (¢pi(v)) la dong gop cua dac trung thir (i) vao ham gia tri.

- (N) l1a tap hop gdom (n) dic trung (tir 1, ..., (n)).

- (S) la mét tap hop con cua (N) khdng chira dac trung (i).

-S| 1a s6 lwong phan tir trong tap hop (S).

Mit khac, LIME thudng nhanh hon SHAP vi khong can xét tt ca cac to hop dic trung,
nén chi phi tinh toan thip hon. Pay 1a mot phuong phap giai thich cuc bo, giup 1am rd du
doan ctia md hinh bang cach phén tich quanh timg diém di liéu cu thé. Cach hoat dong cua
LIME 14 tao thém céc miu gan diém can giai thich, réi huan luyén mot mé hinh don gian dé
xap xi hanh vi ciia mé hinh gbc. Tir 6, n6 dung cac hé sd cia mo hinh nay dé giai thich két
qua. Tuy nhién, chat luong giai thich phu thudc nhiéu vao cach ldy mau. Pay 1a cong thirc
chinh ciia LIME, nhdm tim mé hinh giai thich g t6i wu, bang cach can bing giita do trung
thanh cuc bo (L) va do phuec tap (Q):

{(x) = argmin L(f,g,11;) + Q(g)
geG

- g € G 1a m6 hinh giai thich, duoc chon tir tdp G - tip cdc mo hinh c6 thé dién giai
duoc, nhu mo hinh tuyén tinh, cay quyét dinh, hoac falling rule lists. Chung ta s€ tim mot
mo6 hinh g tir cac mé hinh c6 thé dién giai duoc.

- Q(g) 1a ham do d6 phirc tap cia mo hinh giai thich g. Chung ta mubn tim mét g c¢6 do
phtec tap du thap dé con ngudi c6 thé hiéu dugc.

- f1a mo6 hinh gdc can duoc giai thich. Trong phan loai, f(x) cho biét xac suat (hoic chi
s6 nhi phan) rang x thudc vé mot 16p nhat dinh.

- 7ax(z) 1a ham do khoang céach (proximity) gitta z va x. Ham nay dinh nghia “tinh cuc
bd” xung quanh x can duoc giai thich.

- L, g, mx) 1a ham do d6 khong trung thanh (unfaithfulness) cua moé hinh giai thich g
so vo1 mo hinh géc f, trong pham vi cuc bd xac dinh bdi nx.
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2.2. Dir li¢u va phan tich

Do dé tai tap trung vao du doan muec tiéu thu dién nang tr nang luong mat troi, cac
yéu t6 anh huong dén san luong dién dugc xem xét mot cach cin trong. Theo nghién ctru
ctia Bhuiyan va cong su (2022), birc xa mit troi, nhiét do va cac yéu t thoi tiét khac co anh
huong dang ké dén san lugng dién mat troi. Phan tich dit li¢u cho théy su khac biét rd rét vé
tan suat va mic do tiéu thu hodc san xuét dién gitra cac khoang thoi gian trong ngay, dac biét
la theo chu ki ngay (daily) va chu ki 12 gio (hourly). Cu thé, san lugng dién mat troi co xu
hudng tang cao hon vao ban ngay do cuong do birc xa mat troi 1on, trong khi mure ti€u thu
dién thuong ting vao budi chiéu tdi, phan anh nhu cau sinh hoat ctia ngudi ding. Ngoai ra,
trong cac ngay mua hé véi diéu kién nang nong, ngudi dan c6 xu hudng gia ting san xuat dién
tor nang luong mat troi. Bén canh yéu td burc xa, cc yéu td gian tiép nhu diéu kién thoi tiét,
nhiét 46 va do am cling gop phﬁn tao nén su bién dong trong san lugng va muc ti€u thu di¢n.

Dua trén bo dir liéu Enefit dd cung cap, c6 thé thiy rang cac yéu t6 kinh té vi mé bao
gdm gia dién, gia nhién liéu va cac bién s anh huong dén ning luong mit troi nhu diéu kién
thoi tiét va dic diém nhan khau hoc dong vai tro quan trong trong viéc xac dinh gia tri du
doan cta chu dé nghién ctu hién tai. Tuy nhién, két qua phan tich kham pha dir liéu
(Exploratory Data Analysis — EDA) d6i v&i tap dir liéu trong giai doan tir ngay 01/09/2021
dén ngay 29/05/2023 cho thiy mirc d6 bién dong cao cung véi quy mé dir liéu 16n. Piéu nay
c6 thé can tré kha ning ctia mé hinh du doan trong viée giai thich day du mic d6 bién dong
ctia dir liéu, qua d6 anh huong dang ké dén do chinh xac ctia du doan (Enefit, 2023).

[ —— 3% Price and Taiget Ve auer Time
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Hinh 1. Hinh dnh so sanh si phin bé cdc yéu té gida dién, gia gas véi lwong dién nang troi tiéu thy

Do d6, nhom nghién ctru quyét dinh cai thién dic diém cua bo dir liéu ban dau bang
cach tao ra cac dic trung méi (feature engineering). Cu thé, cac dic trung do tré theo chudi
thoi gian (time-lag features) cua cac bién lién quan duoc bd sung nham lam phong pht thong
tin dau vao cho mo hinh. Qua trinh hop nhét cac bang dir liéu ban dau dugc thue hién chu
yéu duya trén trudng datetime, dong vai tro 13 khoa lién két chinh trong viéc xdy dung tap dir
liéu phuc vu hudn luyén. Dong thoi, bién datetime ciing duoc phan rd thanh cac thanh phan
riéng biét nhu ngdy, thang, nim va cac dic trung thoi gian khac, nham dap tng yéu cau cua
cac mo hinh hoc may. Bén canh do, ddi véi cac bién co tinh bién dong theo thoi gian, bao
gém: gia di¢n, gia nhién li¢u, dir liéu thoi tiét... da duoc tao ra dé nim bat xu hudng va tinh
phu thudc theo cac khoang tré tir 1 dén 7 ngay. Ngoai ra, nhom nghién ctru ciing nhan thay
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rang hanh vi tiéu thu dién chiu anh hudng dang ké tir cac gia trj tiéu thu trong quéa khir. Do
d6, bién muc tiéu ciing dugc mé rong thong qua viée bd sung cac do tré twong tng, nham
nang cao kha nang du bao ciia mo hinh.

2.3. Phwong phdp dé xuit

Phuong phap dé xuit ciia nhom nghién ciru 1a téng hop cac dic trung quan trong va
can thiét nhit cho cac van dé lién quan bang cach giai thich mé hinh trong qua trinh huan
luyén thong qua ki thuat LIME va SHAP trong linh vuc XAL Tir d6 c6 thé tom tét va trinh
bay quy trinh xi I dit liéu cu thé trong linh vuc nghién ctru ndy. Ngoai cac dic trung do bd
dir liéu Enefit cung cép, chiing t6i con tao ra cac dic trung mdi dya trén do tré thoi gian
(time-lag), nhdm mo rong thong tin va lam phong phu dit liéu. Chung t6i tin ring, bén canh
cac dic trung co ban c6 san trong bo dit liéu, cac dic trung duoc tao ra tir do tré thoi gian
cling dong vai tro quan trong va anh huéng dang ké dén két qua du bao ctia mé hinh.

Sau khi trai qua budc kham phé dir liéu, va tao ra dugc nhitng dac trung méi dya vao
nhimg phan tich tir bd dit liéu, nhom nghién ctru quyét dinh s& tién xu Ii dit liéu theo nhiéu cach
khac nhau. Vi bo dit liéu ny c6 sd luong quan sat rat 16n, nhém quyét dinh chi chon nhimg
quan sat tir ngm 2022 tr& di nham ting d6 chinh xac va it 13i trong qué trinh du doan. Bén canh
d6, dé khong 1am mat di s phan phdi von c6 cta cac dic trung, chiing toi s& loai bo di nhimg
quan sét c6 gié trj khuyét thiéu dé khong gdy anh huong dén mé hinh dy doan.

Nhom str dung hai phwong phap XAI chinh dé b tro 1an nhau: SHAP cho phan tich
toan cuc dua trén gia tri Shapley, gitip danh gid mic d6 dong gop trung binh cua cac dac
trung trén toan by dir li€u; trong khi do, LIME duogc ap dung cho vi¢c phan tich cuc bg, tao
mo hinh don gian xung quanh 3 “ban ghi dac trung” — 3 trung tdm cta 3 cum duogc sinh ra
tur thuat toan gom cum K-Means, tir do giai thich chi tiét cach céac thuoc tinh anh huong dén
ting du doan riéng 1¢. Cubi cung, két hop ca 2 phuwong phap nhim c6 cai nhin tong quan vé
tam quan trong cua timg bién ciing nhu hiéu cach mé hinh hoat dong trén tirng nhom dit lidu
cu thé, ddm bao tinh minh bach, chinh xé4c va hiéu qua trong viéc giai thich moé hinh.

2.4. Thiét ldp thwe nghiém

bé dat duoc két qua chinh xac nhét trong vi¢c gidi thich cac mo hinh da néu, nhom
nghién ctru quyét dinh thuc hién céc thi nghiém toan dién trén nhiéu md hinh hoc may khac
nhau va giai thich chung bang céac ki thuat XAI pho bién. Quy trinh ma ching t6i tién hanh
thuc nghiém dugc trinh bay rd trong Hinh 2 dudi day:

- Traditional Models
Pre-processing Build traditional models & select 2

best rraditional models 10 explain

Improving

Conclusion

Hinh 2. Tong quan cdc bude thiee hién quy trinh thuc nghiém
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Tién xir |i dir liéu: Dir liéu duoc chia ti 1 pho bién 1a 66.7/33,3. Ching t6i s& tién
hanh huin luyén mé hinh dya trén tap training va dung tap validation dé so sanh va danh gia
giita cac mo hinh voi nhau. Chung t6i di loai bo cac quan sat thiéu dir liéu vi nhan thiy viéc
nay khong 1am thay ddi phan phdi tong thé cua dit liéu, sau d6 chuan héa dé mé hinh hoc
hiéu qua hon.

Panh gia m6 hinh: Dya vao nhirng nghién ctru trudce, nhom lya chon dugc nhirng mé
hinh hoc may dugc cho 1a dat duoc hi¢u suét cao voi tham sb duge tinh chinh co ban sao
cho pht hop ma van dam bao dat dugc két qua tét trén tap kiém dinh. Tiép dén nhom tién
hanh danh gia bang ki thuat kiém chimg chéo trén chi s6 R? va MAE va truc quan hoa nham
tong quat kha ning du doan cung véi dd pht hop ctia cac mé hinh.

X4y dung mé hinh va diéu chinh tham s6: Cac m6 hinh duogc xay dung v6i tham sb
t61 wu, dong thoi nhom ciing ap dung cac ki thuat tinh chinh dé phén tich dic trung anh
huong dén bai toan ning luong di duge dé xuit trude do.

2.5. K&t qud thuwe nghiém

Két qua trong Bang 1 duéi dy cho thdy LightGBM 1a mé hinh c6 hiéu suit t6t nhat

trong tat ca cac tap dit lidu:

Bdng 1. So sanh hié¢u sudt cac mo hinh hoi quy trén cac tap dir liéu huan luyén, xac thuc va kiém tra

Train Validation Test
MAE R? MAE R? MAE R?
| LightGBM I 31.18 | 0.99 | 58.48 I 0.95 | 85.75 | 0.91 I
XGBoost 154.75 0.81 173.55 0.81 192.70 0.77
Decision Tree 44.36 0.97 72.50 0.93 94.48 0.89

Diéu nay chimg t6 LightGBM c6 kha nang hoc t6t tir dit liéu huan luyén dong thoi van
giit duge kha niang khai quat hoa khi ap dung 1én dir lidu chua timg thy. Trong khi do,
Decision Tree mic du thé hién tuong ddi 6n dinh voi R? dao dong tu 0.97 dén 0.89, song
MAE ctia n6 trén tap Test (94.48) van cao hon dang ké so v&i LightGBM (85.75), cho thiy
nguy co hién tugng overfitting nhe hon va kha ning tong quét kém hon. Ngugc lai, XGBoost
thé hién hiéu suat kém nhét voi MAE lan lugt 154.75, 173.55 va 192.70 cing R chi khoang
0.77-0.81. Su chénh 1éch lon gitta MAE trén tap Train va Test cia md hinh XGBoost cho
thdy qua trinh t6i vu hoa tham s c6 thé chua dat dugc su cin bang giira do phirc tap ciia mod
hinh va kha ning khéi quat, din dén hiéu qua du doan chua cao nhu mong doi. Ngoai ra,
hiéu suit chua t6t cia XGBoost trong trudng hop nay co thé bat ngudn tir dic thu cua dit
liu, chéng han nhu mirc d6 nhiéu cao, tinh phi tuyén manh hodc sy mét can bﬁng trong phan
bd dic trung 1a nhimg yéu t6 ma LightGBM c6 vé xit Ii tt hon, gitip t6i wu ca tde d6 hoc va
dd chinh x4ac trong dy doan (Ke et al., 2017). Do d6, viéc lya chon LightGBM va Decision
Tree cho céc phan tich tiép theo 1a hop i, boi chung dai dién cho hai mirc hidu suat va dic
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tinh mo hinh khac biét, giap chung ta so sanh sau hon vé uu nhuge diém va co ché van hanh
cua tirng thuat toan.

Dua vao Hinh 3, ta c6 thé théy cach cac mo hinh xac dinh dac trung dé dua ra du doan
cudi cung cho bai toan la da dang véi cach thuc dé tao ra mé hinh 1a dua vao chi s6 Gini
Impurity. Nhin chung c6 thé thiy cac yéu t6 lién quan dén do tré ciia ngdy ciing nhu cac yéu
t lién quan dén thoi gian va ning luong birc xa anh huéng manh nhat dén két qua cua hai
mo hinh.

Featilrle Imporrance e " Featul:lv: Imaorttnce o
Hinh 3. Top 10 ddc trung quan trong giita 2 mé hinh dwoc chon
Bén trai thé hién cho mé hinh LGBM. Bén phai thé hién cho moé hinh Decision Tree

2.6. K&t qua thuwe nghiém véi phwong phdp SHAP

target_mean I |
target_7
> ion

direct_solar_radiz

installed_capacity

weekday

SHAP value (impact on model output)
SHAP value (impact on model output)

target_std

0 200 400 600 800 i o 200 400 600 800
Instances Instances

Hinh 4. Top 10 ddc trung quan trong gitta 2 mé hinh dwoc chon (theo SHAP).
Bén trdi thé hién cho mé hinh LGBM. Bén phdai thé hién cho mé hinh Decision Tree

Két qua thyc nghiém cho thiy két qua hdi quy ctia ca LightGBM (LGBM) va Decision
Tree déu rat phu thudc vao cac bién tré cta bién muc tiéu. Trong do:

Bién “target_mean” 1a bién dong gop nhidu nhat vao két qua du doan ctia md hinh.
Gi4 tri ctia bién cang cao kéo gia tri SHAP ctia mé hinh 18n cao (mau do), gia trj bién cang
thip cang kéo gia tri SHAP cia mé hinh xudng (mau xanh). Cac bién “target 6”,
“target_7” ciing cho thay hanh vi twong tu nhu bién “target mean” nhung v6i mirc 6 anh
huéng dén du ra cia mo hinh nhé hon déng ké.

Mot s bién lién quan dén yéu t6 birc xa mat troi nhu “direct_solar_radiation_fl”,
“installed_capacity” va bién lién quan dén loai hinh doanh nghiép nhu “is_consumption”
cling nam trong nhém 10 bién anh hudng nhiéu nhat dén két qua dy doan ctia mo hinh. Tuy
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nhién, mirc 46 déng godp ciia cac bién nay chit yéu chi mang tinh diéu chinh nhe so véi nhom
céc bién tré.

Két luén lai, so sanh gitta hai m6 hinh LGBM va Decision Tree cho thz?iy r0 su khac
biét. Vi Decision Tree, SHAP values tip trung chu yéu vao bién “target mean”, phan anh
dic diém dic trung cua mo hinh, cho thz?iy nhitng cay don thuong uu tién mot thudc tinh “dac
biét” dé chia nhanh. Nguoc lai, mé hinh LGBM cho thiy su phan phdi anh huéng cua cac
bién da dang hon. Du “target mean” van 13 yéu t6 quan trong nhat nhung nhiéu bién phy trg
khac ciing dong gop dang ké vao qua trinh du doan, gitp mo hinh it bj “qua phu thudc” vao
mot bién duy nhat.

2.7. K&t qua thuwe nghiém véi phwong phdp LIME
Explainer for exp Cluster @ using LGBM:

negative positive Feature Value
37.05 < target mean ...

Predicted value

-441.99 [ ] 3182.94 susss

(min) 69,73 (max)

target mean 77.55

is consumption 0.00

ear > 2022.00 year 2023.00
target 6 45.09
target 7 66.14
direct solar radiation hd 7d 86.83

32.76 < target 6<=1..
76.18]
32.64 <target 7<=1...
58.49|
7.38 < direct_solar ra...
44.40
4.49 < dewpoint <= 9.74
4192
cos(dayofyear) <= -0.74]
4132

dewpoint 6.61
cos(dayofyear) -0.82
cloudcover low hl 2d 0.50
cloudcover total hd 7d 25.05

cloudeover low hl 2d...
3026l
cloudcover_total hd ...

3405

Explainer for exp Cluster 1 using LGBM:

negative positive Feature Value
target mean > 180.78

Predicted value

-506.26 [ ] 335557

(min) 434.16 (max) year > 2022.00)
441311

209.62 target mean 42598
year 2023.00
target 22;251 68.34 target 6  406.69
target 7> 167.03 target 7 484.83
target_1 > 169.34 target 1  412.47
0.50 < is_consumption ... is_consumption 1.00

126.00
target 4 > 168.80) target 4  461.27
3743

10_metre v_wind component 021
target 3  460.39
cloudcover high fl 0.87

-1.58 < 10_metre v_w...
36.48
target 3 > 168.98

cloudcover_high fl>..,
30.80

Hinh 5. Phdn tich LIME trén 3 ban ghi dai dién sir dung LGBM

Trong cum 0 (cac ban ghi c6 gia tri dy doan thép), khi do tré cta bién muc tiéu (vidu
bién “target_mean”), cac bién thoi tiét (vi du bién “direct solar radiation f1”, “dewpoint”)
hodc bién loai hinh doanh nghiép (is_consumption) c6 gia tri thap, LIME cho thay ching
déu c6 xu hudng kéo gia tri du doan xudng.

Thuc nghiém cho thiy két qua tir viéc tng dung phuong phap LIME cho céc ban ghi
cuc bd hoan toan khép voi két qua tir viéc tng dung phuong phap SHAP cho toan bo dit
ligu. Trong do, cac bién lién quan dén do tré luon 1a quan trong nhét, dic biét la bién
“target_ mean”, trong khi d6 cac bién con lai chi dong vai tro tinh chinh cho du doan cia
mo hinh.
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explainer for exp_Cluster @ using Decision Tree:

Predicted value neganve positive Feature Value
37.05 < target mean ..
010 [ ] ssam s ] largel_mean
min max, 0,00 < cloudeover_high... : ,_
(min) 45.14 ot o cloudcover_high bl 7d
> 202200
Lo .‘s():; = bt
10_metee_u_v “'Jf:m- - 10_metre u_wind component fl
snowdfall_fl_7d <= 0.00 snowfall_fl 7d
333 L
0,00 < is_business <=... is_business
o
cloudcover_total <= 0.36 W_W
1562 = s
9.12 < diffise_radiati..] diffuse_radiation

43600

hours_ahead
total precipitation fl

36.00 < hours_alead <_..
12 81

total_precipitation_f .|
il

Explainer for exp Cluster 1 using Decision Tree:

Predicted value negative positive Feature Value
target_mean > 180.78
010 [ ] a4ss2s0 e — - target_mean
min max; year > 202200
(min} 44751 (maz) 4055 I year
target 7> 167.03
s target 7
637.55 < installed m‘p‘ll installed_capacity
snowfall fd 7d == f).(KJI snowfall fd 7d
47000
036 < cloudeover_tora.. cloudcover_total
lowest_price_per_miwly., lowest_price_per_mwh
3579 it
7.67 < diffuse radiati. diffuse_radiation_hl_7d
FEYH
cloudeover_high fi=..
%32
0.50 = 15_consumption ...

Hinh 6. Phdn tich LIME trén 3 ban ghi dai dién sir dung Decision Tree

Str dung phuong phap LIME cho mé hinh Decision Tree ciing cho ra két qua khong
qua khac so v6i nhimng gi quan sat duoc tir mo hinh LGBM, cu thé hon:

Trong cum 0 va cum 1, mot gia tri “target mean” thip s& kéo hoan toan két qua dau
ra ciia mo hinh xuéng trong khi mot gia trj “target _mean” cao sé& kéo gia tri du doan ctia méd
hinh 18n cao, va twong tr nhu LGBM, cac bién con lai chi mang ¥ nghia tinh chinh két qua
du doan. Tuy c6 su thong tri ciia mot bién duy nhét, song cac bién con lai tuy dong gop it
vao két qua mo hinh hon nhung lai da dang hon 13 LGBM.

Thuc nghiém véi phuwong phap LIME cho mé hinh Decision Tree cho thdy c¢6 su théng
nhit vé& tinh quan trong, trong d6 cic bién “target mean”, “target 67, “target 77,
“installed_capacity”, “is_consumption”, “direct_solar radiation_fI” van la nhém anh hudng
nhit. Bén canh d6, mé hinh van gitr duoc hudng tac dong nhit quan nhu nhimg gi quan sat
duoc khi st dung phuong phap SHAP (gié tri cia dac trung cang cao thi gia tri dg doan ctua
m6 hinh cang cao). Nhin chung, Decision Tree linh hoat hon LGBM ¢ diém c6 thé két hop
nhiéu dic trung, tuy nhién gia tri dg doan ctia mo6 hinh nay lai qua phu thudc vao mot bién
“target_mean” — diéu nay dong thoi cung cb lai quan sat cia ching ta ¢ Hinh 3.

2.8. Nguyén nhdn tiém in

Két qua thi nghi¢ém cho théy lich st tiéu thu dién, dung lugng pin nang luong mat troi,
va thoi tiét 1a nhimg yéu t6 quan trong trong du doan tiéu thu va san xuat dién cta khach
hang Enefit. Cac gia tri lich sir nhu trung binh tiéu thu (“target_mean”) va gia tri tai do tré
6-7 ngay (“target_6”, “target_7”) déng vai trd 16n trong dy doan, giup khach hang diéu
chinh hanh vi st dung dién phu hop véi thuc té. Dic biét, “target mean” c6 anh huong manh
nhét trong cdc mo hinh thir nghiém, khang dinh tim quan trong ctia dir lidu lich str.
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Gia dinh rit ra 1a néu khach hang can béng tiéu thu hodc san xuit dién trong 7 tuan, ho s&
duy tri hanh vi on dinh, v6i mirc tiéu thu cao dau tuan thuong duoc can b?mg véo cubi tuan. O
budc phan tich dir li¢u kham phé va giai thich m6 hinh da xac nhan d9 tin cay cua gia dinh nay.

SHAP va LIME déu 1a cac phuong phap giai thich mé hinh phd bién nhung co dic
diém khéac nhau. SHAP duya trén |i thuyét tro choi nén dam béo tinh nhéat quan va co thé giai
thich ca & muc toan cuc 1an cuc b, tuy nhién chi phi tinh todn cao va dé gap van dé khi cac
dac trung co6 tuong quan. Trong khi d6, LIME xay dung m6 hinh don gian quanh ting du
doan dé giai thich nén nhanh va d& hiéu hon, nhung d6 6n dinh thap do phu thudc vao lay
mau va chi cung cip goc nhin cuc bg, khong phan anh toan bo hanh vi ciia mé hinh.
3. Kétluan

Bai nghién ctru tap trung vao viéc giai quyét cac van dé lién quan dén dy doan luong
dién san xuét va tiéu thu ctia ning luong mit troi théng qua viée ap dung XAI két hop véi
cac mo hinh hoc may truyén thong. Bing cach cai thién dit liéu thong qua viée tich hop cac
yéu t6 moi va do tré trong chudi thoi gian, nghién ciru di nang cao d6 chinh xéac cua cac dy
doan, ddng thoi dam bao tinh phu hop véi cac nguyén tic kinh té thuc tién. Két qua thuc
nghiém cho thiy rang viéc bd sung cac yéu té tir dit liéu ban dau di giup giam thiéu dang ké
sai sO, nang cao hiéu qua va giam thiéu tac dong dén moi truong trong quan I ning luong.
Tuy nhién, nhém nghién ctru nhan thay van con ton tai nhiing thach thirc lién quan dén tai
nguyén tinh toan va kha ning thich tmg véi su bién dong ctia dit lidu thoi gian thuc.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.
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ABSTRACT

This study addresses the challenge of predicting solar power generation for Enefit by utilizing
Explainable Al (XAl) in conjunction with traditional machine learning models to identify key factors.
Accurate prediction is essential for the seamless integration of photovoltaic (PV) systems into the
national grid. The research also proposes various machine learning methodologies to improve
forecasting accuracy. By combining historical weather data, gas and electricity prices, and projected
weather attributes, we developed a range of traditional models, such as linear, nonlinear, and
LightGBM (LGBM) models. Experiments were carried out to determine the most effective models,
allowing us to elucidate and investigate the factors influencing the issue across different models. The
findings contribute to reducing power grid imbalance and improving the efficiency and reliability of
renewable energy integration. Future research should focus on integrating real-time data and deep
learning techniques to further refine the accuracy and effectiveness of predictions.

Keywords: Photovoltaic system (PV); renewable energy; traditional method; XAl
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