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Tom tat:

Hién nay c6 nhiéu phuong phap, phan mém dlng dé phan tich hdi quy, trong bai bdo nay tac gia sir dung R. R 1a
mdt ngdn ngilr théng ké hoc, nhung ciing cd thé xem 1a mét phan mém c¢d thé sir dung cho céc phan tich thdng ké
va db thi. R cd thé sir dung cho nhiéu muc tiéu khac nhau, tir tinh todn dan gian, toan hoc giai tri, tinh todn ma
tran dén cac phan tich thong ké phurc tap.

S dung R trong phan tich cac yéu té anh hudng dén san lugng dién nang clia nha may dién mat trdi c6 cong suat
1195kWp bang phuang phap hoi quy tuyén tinh. TU d6 chi ra y nghia cta cac tham sd trong md hinh, cach danh
gid tdm quan trong cua céc bién tién lugng, quy trinh xdy dung va kiém dinh mé hinh du’ bdo xem xét dén ca cac
van dé da cdng tuyén va hoan chuyén dir liéu. Trong mét tuang lai khdng xa, khi thi trudng dién phat trién, két
qua cla viéc nghién cfu mo hinh du bao hay chao gia san lugng dién nang do cac du an mat trdi tao ra cd y nghia
vO cling quan trong.

T khoa:
Phan tich, thong ké, do thi, R, hoi quy, dién mat trdi.
Abstract:

There are many methods and software used for regression analysis, in this paper the author used R. R is not only
a statistical language but also a software that can be used for statistical analysis and graphs. Additionaly R can be
used for a variety of purposes, from simple calculations, recreational math, matrix calculations to complex statistical
analyses.

Using R in analyzing factors affecting power output of a solar power plant with a capacity of 1195kWp by linear
regression. It shows the meaning of the parameters in the model, how to evaluate the importance of prognostic
variables, and the process of building and testing the predictive model considering both multicollinearity and
transformation problems data. In the not-so-distant future, when the electricity market develops, the results of
studying the forecasting model or the price of electricity generated by solar projects are extremely important.
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I/ PAT VAN PE

Phén tich hoi quy 1a mot tdp hop cac phuong
phap théng ké duge st dung dé wéc tinh cac moi
quan hé giita mot bién phy thuoc va mot hoic
nhiéu bién doc 1ap. N6 o thé duoc st dung dé
danh gia m6i quan hé gitra cac bién va mo hinh
hoa mbi quan hé trong twong lai gitta chung.

Trong cac du an, phan tich h01 quy duoc sir dung
dé xac dinh bién nao trong s6 nhiing bién d6 thuc
su co tac dong. No tra 101 cac cau hoi: Yéu td nao
quan trong nhat? Yéu t nao co6 thé bo qua? Cac

yéu td d6 twong tac v6i nhau nhu thé nao? Ung
dung mo hinh héi quy doi hoi ky ning vé mo
hinh hoa, kién thirc, khong tmg dung sai mé hinh,
khong kiém tra cac gia dinh, va phai xem xét cac
hién tuong da cong tuyén, hoén vi dir liéu ... Xay
dung mo hinh tién luong phai c6 d§ chinh xac
cao dong thoi phai don gian, thuc té va dé ap
dung.

Hién nay c6 nhiéu phuong phap, phin mém dung
dé phan tich hdi quy, trong bai bao nay tac gia sir
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dung R. R 1a m6t ngon ngir thong ké hoc, nhung
cling c6 thé xem 13 mot phan mém c6 thé st dung
cho cac phén tich thong ké va db thi. Phan co ban
ctia R bao gdm mot s6 1énh/ham phd bién c6 thé
su dung cho phéan tich don gian. Cac ham rnorm,
mean, sd, hist, Im, glm... ¢6 san trong Base R.
Tuy nhién, trong thuc té, chung ta phan tich
chuyén biét nhu mé hinh hdi quy phi tuyén tinh
thi Base R khong lam dugc. Trong truong hop
phan tich chuyén biét, chung ta can dung dén cac
package chuyén biét. Trong R c6 rat nhiéu
package (hon 10.000 packages), va mdi package
Str dung R trong phan tich cac yéu t6 anh hudng
dén san lugng dién ndng cua nha may dién mat
troi ¢6 cong suat 1195kWp. C6 rat nhiéu phuong
phap phan tich hdi quy nhu hdi quy logistics, hoi
quy Cox, hoi quy Poisson ... tuy nhién tiry thudc
vao ting ddi twong phan tich, bo dir liéu thu thap
dugce, tac gia lya chon phuong phap héi quy
tuyén tinh dé phan tich cac yeu t6 anh huong den
san luong dién nang do tAm pin mit troi san xuat
ra (Quantity.PV). Qua day tac gia chi ra y nghia
ctia cac tham sb trong mo hinh, cach danh gia
tAm quan trong ctia cac bién tién luong, quy trinh
xdy dyng va klem dinh mo hinh du bao xem xét
dén ca cac van dé da cong tuyén va hoan chuyén
dir licu [3]. Trong mot twong lai khong xa, khi
thi truong dién phat trién, két qua cua viéc
nghién ctru mo hinh dyu béo, dua ra chién luge
chao gid dya trén san luong dién nang do cac du
an mat troi tao ra cd y nghia vo cung quan trong.

I/ CO SO LY THUYET

Dé xay duyng mo hinh dé dinh luong hoa va
du bao, mot trong nhitng md hinh phd bién nhat
1a mo hinh hoi quy tuyén tinh (line regression
model). Goi (xi, i) 1a cp gia tri x va y cua ddi
tuong i (i=1,2,3...n). Mo hinh hdi quy tuyén
tinh: yi = a+pxi

Tuy nhién chung ta ky vong rang mo hinh
duong nay khong thé noi két tat ca cac gia tri
(xi,yi) duoc. S& c6 mot sb gia tri 1éch khoi mo
hinh. Do d6, chiing ta thém mot yéu té khac cua
md hinh 1a &;.

yi=oat BXl +& (1)

Do 1a mo hinh cho tong thé. Chung ta khong
biét gia tri cua 2 tham s6 a va 3, nhung chung ta
c0 mau quan sat dé wéc tinh cho cac tham sb. Mo
hinh cho mau nghién ctru la:

yiza+bxitei (2)

a 1a udc sb cua o va b 1a ude sb cua p. Bién
e la phan du tuc 1a phan con lai cia y ma moé hinh
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chi tap trung 1am mot s phan tich chuyén sau.
Cac package co trén CRAN. Mdi package c6
1énh/ham riéng ma nha thiét ké da cai san. Do do,
dé sir dung package, ching ta cai dit truc tiép
bang install.packages. Trudc khi ding R cho
phan tich dir li€u, dir liéu phai dugc doc vao R.
R c6 thé doc hau hét cac loai dit liéu dang Excel,
Stata, SPSS... Ddi véi céc dit lidu don gian c6
thé nhap tryc tiép vao R ma khong can dung
chuong trinh (package) ndo bang cach ding ham
¢() sau d6 dua vao mot dataset (R goi dataser la
data.frame) dé phan tich [1], [2].

a + bx khong giai thich dugc. Noi cach khac, mo
hinh héi quy tuyén tinh: Gia tri quan sét clia y =
gi4 tri tién luong + phan du hay y=9 + e

Phan du = gi4 tri quan st — gi tri tién luong

e=y-y=y-(a+bx) (3
Phuong phap binh phuong cyc ti€u c6 muc
tidu 1a cuc tiéu hoa tong phan du.

min; y—a- ﬁx) hay myc tiéu la can
tim a va b sao cho tong binh phuong phan du la
nhd nhat.
(xi=20)(¥i=y)
Y (02
Sau khi da co cac gia tri uoc lugng ava b, ta
c6 the ude lugng cac gia tri y cho tirng gia tri x:
¥, = a+ bx; (5)
Hai chi s6 chinh de danh gia sy hitu dung
ctia mot mo hinh hoi quy tuyén tinh 1 hé s6 R?
va MSE (mean square error).
~ Chi s6 don gian dé thé hi¢n d¢ bién thién 1a
tong binh phuong (sum of squares hay SS).
Nhung SS can mét diém tham chiéu. Ching ta
c6 thé thay rang diém tham chiCu cua bién y la
gia tri trung binh va ching ta c6 the tinh SS cho
y (ky hiéu 1a TSS) nhu sau:
TSS=XL, i-y? (6

Téng binh phuong tir gia tri tién lugng va
gia tri trung binh la:

RSS=3L, (i —y)*(7)
Tdng binh phwong ctia phan du:
ESS=XL: Oi—9)? 8
He¢ s0 x4c dinh (R?) cia mé hinh hdi quy 1a
ty s6 cua RSS va TSS:

R? =

h=2 vaazy-bx (4)

RSS
7ss ¢

9)
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R? nam trong khoang 0 va 1. Hé s6 xac dinh
R? 14 phéan trim phwong sai ciia y ¢ thé giai thich
boi mo hinh hdi quy tuyén tinh.

Mot chi sé quan trong khac 1a MSE (mean
squared error la phuong sai cua y sau khi hi¢u
chinh cho x. Trong thuc té, MSE duoc ude tinh
tir phan du, béi vi phan du phan anh phan
phuong sai ma mé hinh khong giai thich duoc.
X Gimw)? X, (e)?

n-2 n-2

MSE =
(10)
Do 1éch chuan caa y sau khi da hiéu chinh

cho x:
2 n
RMSE = J o3 :J =1
n—2

(11)

Dé danh gia mot mé hinh hoi quy tuyén tinh
c¢6 dai dién cho dir liéu, ching ta s dung hé sd
xac dinh R? va MSE. M6 hinh ¢ R? cang cao c6
nghia 1a mé hinh giai thich nhiéu phuong sai va
giam do bat dinh nén MSE s& thip. M6 hinh ¢
R? thép thi tinh bat dinh cta tién luong s€ cao va
diéu nay cling phan 4nh qua gié tri MSE tang [4],
[5].

I/ KET QUA NGHIEN CUU

1. Dy 4n dién mat troi: Dy an dién mat troi
ap mai cé cong sut lap dat 1195kWp_ béng
phuong phap hoéi quy tuyén tinh. Chu dau tu:
Cong ty TNHH NTPM (Viét Nam), don vi téng
thdu: Cong ty TNHH Niang lugng bén viing Viét
Nga.

2. Nhap dir liéu va phan tich

Nhu chung ta biét, lwong dién ning do tim
pin mat troi dugce sinh ra chinh nho anh néng mat
troi. Vi thé chi sb vé anh ning vo cling quan
trong, quyét dinh san luong dién ning duoc sinh
ra nhiéu hay khong. Trong giai doan dy an hi¢n
nay, cac s liéu dugc thu thap, khao sat va ghi lai
theo thoi gian vao file dir liéu Excel. C6 rt nhiéu
d6i twong dugc quan sat trong file thu thap. Sir
dung R vao théng ké mé ta cac d6i twong trong
dir liéu nghién ctu, chiung ta st dung ham
describe trong package psych[9], [10].

>library(psych)

>describe(m)

Trude khi di sau vao phan tich va lya chon
md hinh héi quy tuyén tinh phu hop, tac gia
mudn chi ra d trong quan gitra cac bién doc lap

trong bo sb liéu thu thap cung mét lic bang cach
goi library(psych) trong package: ggplot2.

>pairs. panels(m)
[ | |
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Iﬁh?

Hinh 1. Biéu d6 twong quan giita cdc bién

Biéu d6 trén 1a mot ma tran biéu do cung cap
cho chung ta biéu d twong quan ting bién va
duong biéu dién mot cach tryc quan. Phan phia
trén ciia ma tran 1a hé s6 tuong quan. Cac 6 trong
duong chéo v& phan b cua ting bién. Trong bai
bao nay, tac gia tp trung phan tich cac bién anh
hudng dén san luong dién ning do tim pin mit
troi san xudt ra (Quantity.PV). Két qua tir ham
pairs.panels(m) cho thay bién Quantity.PV c6
mdi lién quan mat thiét véi cac bién: Cuong do
bic xa (Intensity.of.Global.radiation) va thoi
gian c¢6 nang (Sunny.hours) do ¢6 hé twong quan
cao la 0.97 va 0.54.

M6 hinh 1: Quantity.PV~ Intensity.of
Intensity.of.Global.radiation

Chung ta tip trung phén tich sy dnh huong
ctia bién “Intensity.of.Global.radiation" dén bién
"Quantity.PV".

Dé phan tich biéu do twong quan giita 2 bién,
chung ta goi ham ggplot2[5], [6].

>library(ggplot2)

>p=ggplot(data=m,aes(x=Intensity.of.Glob
al.radiation,y=Quantity.PV))

>p=p+geom_point()+geom_smooth()+ggtit
le("Association between Intensity of Global
radiation and Quantity
PV")+theme(plot.title=element_text(lineheight=
0.8,face="bold",hjust=0.5))

> p=p+theme(legend.position="centre")
>p
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Hinh 2. Biéu do tu*ong quan giita hai bién

Nhin vao biéu do twong quan cua hai bién
trén, ta thdy Intensity.of.Global.radiation va
Quantity.PV tuong quan gan nhu mot duong
thang. Phén tich ting bién sau hon, tac gia sir
dung biéu dd phan bd. Pay l1a mot phuong tién
rat c6 ich dé thé hién su phan b6 cia mot bién sd
lién tuc. Dé thé hién phan bd cua bién
Intensity.of.Global.radiation, Quantity.PV ta
dung ham geom_histogram nhu sau:

>g=ggplot(data=m,aes(Intensity.of.Global.r
adiation))
>g=g+geom_histogram(bins=20,aes(y=..de
nsity..),col="white" fill="blue",lwd=0.5)
>g=g+geom_density()
>n=ggplot(data=m,aes(Quantity.PV ))
>n=n+geom_histogram(bins=20,aes(y=..de
nsity..),col="white" fill="blue",lwd=0.5)
>n=n+geom_density()

I |‘H|I nlh

Hlnh 3. Biéu do phan bo

Biéu d6 thanh ciing c6 thé dung dé thé hién
mot bién lién tuc, trinh bay theo dang ngang dé
nhin manh hai d6i tuong dang phén tich. Qua
bleu d6 phan tich mdi twong quan & trén

x=Intensity.of.Global.radiation, y=Quantity.PV,
chung ta thdy c6 mdi tuong quan thuan. Khi
cuong do buc xa tai diém do giam thi san luong
dién ndng tAm pln mat troi san Xuat ra cung giam
va nguoc lai. Van dé dat ra 1a lam thé nao dé dinh
lwong hoa mdi trong quan nay.

Hé sb turong quan Pearson va Spearman cho
ching ta thdy dugc mdi quan hé d6. Theo
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Pearson dé do luong méi twong quan, cAn xac
dinh mot chi s6 do6 1a covariance (hiép phuong
sai).

Trong R, theo phuong phap Pearson ta dung
cor.test(x,y). K&t qua phan tich:

>cor.test(x=m$Intensity.of.Global.radiation
,y=m$Quantity.PV)

Pearson's product-moment correlation

data: m$lIntensity.of.Global.radiation and
m$Quantity.PV

t = 14.954, df = 12, p-value = 4.026e-09

alternative hypothesis: true correlation is
not equal to 0

95 percent confidence interval:

0.9182656 0.9920164

sample estimates:

cor

0.9742015

1=0.97>0 gin bang 1, mdi trong quan giita
Intensity.of.Global.radiation, Quantity.PV la
kha chat ché va tuong quan thudn véi nhau.
Trong truong hop(x,y) khong tuan theo quy luat

phan b chuan dé danh gia moi tuong quan, thay
vi ding hé s6 Pearson, ta dung hé s6 Spearman

(p)-

>cor.test(x=m$Intensity.of.Global.radiation
,y=m$Quantity.PV,method="spearman")

Két qua:

Spearman's rank correlation rho

data: mS$Intensity.of.Global.radiation and
m$Quantity.PV

S =22, p-value < 2.2e-16

alternative hypothesis: true rho is not equal
to 0

sample estimates:

rho
0.9516484

Hé s6 twong quan Spearman 13 0.95, tuy thip
hon hé sé twong quan Pearson, nhung van ¢ ¥
nghia théng ké (P<0.001)

Chung ta da thiy hé sd tuong quan dé dinh
lwong hoa mot mdi lién quan giira bién x =
Quantity.PV va y= Intensity.of.Global.radiation.
Tuy nhién chiing ta mu6n xay dyng mé hinh dé
dinh luong héa va du bao. Mot trong nhitng mo
hinh phd bién nhat 1 m6 hinh hdi quy tuyén tinh
(line regression model)[4].
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>plot(Quantity.PV~Intensity.of.Global.radi
ation,data=m,pch=16,col="blue")

>abline(Im(Quantity.PV~Intensity.of.Globa
I.radiation,data=m))

5000

400
I
"

Quartity PV

4000

Hinh 4. M6 hinh héi quy tuyén tinh giita san
lwong dién nang va cuong do birc xg mdt troi

Phén tich hdi quy tuyén tinh bang R va két
qua nhu sau:

>M1=Im(Quantity.PV~Intensity.of.Global.
radiation,data=m)

>summary(M1)

Call:

Im(formula = Quantity.PV ~
Intensity.of.Global.radiation, data = m)

Residuals:

Min  1Q Median 3Q Max
-213.56 -69.63 27.30 40.50 211.28
Coefficients:

Estimate Std. Error t value Pr(>[t|)

(Intercept)  -314.68 333.81 -0.943
0.364

Intensity.of.Global.radiation 990.89
66.26 14.954 4.03e-09 ***

Signif. codes: 0 “***’ 0.001 “*** 0.01 “*’
0.05°70.1°"1

Residual standard error: 130.7 on 12
degrees of freedom

Multiple R-squared: 0.9491, Adjusted R-
squared: 0.9448

F-statistic: 223.6 on 1 and 12 DF, p-value:
4.026e-09

Trong trudng hop nay R2=0.94 c6 nghia la
bién doc lap Intensity.of.Global.radiation “giai
thich” khoang 94% su bién thién ctia bién phu
thudc Quantity.PV. Phan con lai 6% duoc giai
thich boi cac bién ngoai mé hinh va sai sé ngau
nhién. Cot Estimate cho ta két qua udc tinh hai

tham sd ctia mé hinh hoi quy tuyén tinh. Theo
do, a=-314.68 va b=990.89. Do dd, md hinh bay
gio la:

M1: Quantity.PV = -314.68 + 990.89
Intensity.of.Global.radiation

Trong mo hinh nay, y nghia ciia b=990.89 1a
khi cudng do buc xa ting 1én 1kWh/m? thi san
luong dién ning do tAm pin mat troi sinh ra ting
Ién 990.89 kWh.

Hing s6 a=-314.68 c6 nghia 1a khi cudong do
birc xa = 0 thi san lugng dién nang la -314.68
kWh. Diéu nay hoi v6 1y vi thuc thé san luong
tao ra khong thé 1a s 4m. Tuy nhién chung ta c6
thé hoan dbi bién cuong do buc xa
Intensity.of.Global.radiation sang don vi z:

zIntensity.of.Global.radiation

Intensity.of .Global.radiation—trung binh (Intensity.of .Global.radiation)

Do léch chuin cua Intensity.of .Global.radiation

Gia tri trung binh cua
Intensity.of.Global .radiation la 5.01 kWh/m? va
d6 1€ch chuéan 1a 0.55. Diéu nay c6 nghia la khi
cuong do bure xa co gia tri bang gia tri trung binh
thi zIntensity.of.Global.radiation = 0.

Chung ta c6 thé hoan d6i bang cach ding
ham scale nhu sau:

mS$zintensity.of.Global.radiation=scale(m$
Intensity.of.Global.radiation). Dua bién soO
ZI‘ntensi’ty.of.Global.radiation vao bo dir liéu ban
dau. Bién s6 nay c6 gia tri trung binh la 0 va do
1&ch chuan 1a 1[2].

Phan tich m6  hinh  véi
zIntensity.of.Global.radiation.

>zM1=Im(Quantity.PV~
zIntensity.of.Global.radiation,data=m)

bién

>summary(zM1)

Két qua nhu sau:

Call:

Im(formula = Quantity.PV ~
zIntensity.of.Global.radiation, data = m)

Residuals:

Min  1Q Median 3Q Max
-213.56 -69.63 27.30 40.50 211.28
Coefficients:

Estimate Std. Error t value
Pr(>It))
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(Intercept) 4649.66  34.92 133.15 <

2e-16 ***

zIntensity.of.Global.radiation
36.24 14.95 4.03e-09 ***

541.91

Signif. codes: 0 “***> (0.001 “*** 0.01 “*’
0.05°70.1 "1

Residual standard error: 130.7 on 12 degrees
of freedom

Multiple R-squared: 0.9491,
squared: 0.9448

F-statistic: 223.6 on 1 and 12 DF, p-value:
4.026e-09

Céc chi s6 R-squared = 0.9491 khong thay
d6i so véi md hinh c6 bién la
Intensity.of.Global.radiation. Tuy nhién y nghia
ctia tham s a va b thi khac so v6i mé hinh trude.

- Tham s6 a = 4649.66 c6 nghia khi
zIntensity.of.Global.radiation =0 (toc khi
Intensity.of.Global.radiation = 5.01 kWh/m? =
gia tri trung binh)

- Tham s6 b = 541.91, c6 nghia la khi
Intensity.of.Global.radiation tdng 1 d§ léch
chuan (0.55) san luong dién nang do tAm pin mat
troi san xuét ra ting 541.91 kWh.

Trong truong hop nghién ctru mé hinh hoi
quy tuyén tinh nay, tac gia hoan vi sang don vi z
Vi y nghia thyc té ctia tham sd.

Adjusted R-

Tién hanh kiém tra cac gia dinh bang ham
autoplot() trong goi ggfortify.

>library(ggfortify)

>autop|ot(M1)

aaaaaaaaaaaaaaaaaa Mormal Q-Q

Resifal
Standardized residuet

Fitted values Theoretical Guantiles

andardizedresduad

| n
|

Stendzrdized Resduels

Fitted values

Hinh 5. Biéu d6 phan tich gia dinh
Biéu d6 phan trén va bén trai trinh bay méi
lién quan gitra gia tri du bao voi phan du, cho
thiy cac phan du xoay quanh gia tri 0, tirc 1a ding
v6i gia dinh ring gia tri trung binh ctia phan du
bang 0.
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Biéu dd phia trén va bén phai trinh bay mbi
tuong quan gitra gia tri ly thuyét va thuc té cta
phan du. Néu phan du tuin theo luat phan bd
binh thuong thi cac gia tri nam trén duong ly
thuyet va trong truong hop phan tich nay cac
phan du déu x4p xi xoay quanh duong ly thuyet
Diéu nay c6 nghia 1a gia dinh v€ phén bd binh
thuong ciia mo hinh 1a c6 thé chép nhan duoc.

Biéu d0 phan dudi bén trai chi ra mdi tuong
quan gitra gia tri du bao va can bac hai cua phan
du. Biéu d0 nay cho chung ta biét phuong sai cua
phan du c6 hay khong c6 lién quan véi gia tri ciia
bién x. Biéu d6 cho thiy khong c6 mbi lién quan.

Biéu d6 bén dudi va bén phai trinh bay gia
tri “leverage” va phan du chuan hoa. Biéu d6 nay
cho chiing ta biét co nhiing gié tri c6 anh hudng
cao hay khong. Tét ca déu co gia tri phan du nim
trong khoang -2 dén +2, ching ta chap nhan
khong co gia tri ngoai vi anh hudng dén mé hinh.

Nhu vay, phan phén tich trén cho chung ta
mo hinh héi quy tuyén tinh gian don. Hai chi s6
chinh dé danh gia su hitu dung cia moé hinh hoi
quy tuyén tinh 13 hé s6 R? va phuong sai. M6
hinh c6 R? cao c6 nghia 1a md hinh giai thich
nhiéu phuong sai giam d6 bat dinh nén MSE s&
thip. M6 hinh c6 R? thip thi tinh bat dinh cia
tién luong sé& cao va diéu nay ciing phan anh gia
trt MSE tang [2], [4].

Tiép tuc dung 1énh dé phan tich phuong sai:

> anova(M1)

Analysis of Variance Table

Response: Quantity.PV

Df Sum Sg Mean Sq F value
Pr(>F)
Intensity.of.Global.radiation 1 3817645
3817645 223.61 4.026e-09 ***
Residuals 12 204872 17073

Signif. codes: 0 “***°0.001 “**’ (.01 “*’
0.05°0.1 1
Phuong sai cia mo6 hinh mean squared error

“ (MSE) c6 thé hiéu 1a phuong sai cia y sau khi

hiéu chinh cho x. Trong thuc té, MSE dugc udc
tinh tir phan du boi vi phan du phan anh phuong
sai ma moO hinh khong gidi thich dugc. Trong
phan tich phuong sai ¢ bang trén thi MSE =
17073

Vay m6 hinh 1 dap tng cac gia dinh va c6
hé sb R?rat cao. Mot yéu t6 co thé anh huong
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dén san luong d6 1a thoi gian c6 ning. Tac gia
tiép tuc dua ra mo6 hinh thtr hai, phan tich bién
thoi gian co nang Sunny.hours den san luong
dién nang do tAm pin mat troi san xudt ra.

M6 hinh 2: Quantity.PV~ Sunny.hours
>k=ggplot(data=m,aes(x=Intensity.of.Glob

al.radiation,y=Quantity.PV,col=Sunny.hours))+
geom_point()

mmmmmmm

Quantty P
5o oo
P

z

Hinh 6. Biéu d6 moi twrong quan giita
sdn lwong va thoi gian c6 ndng

Biéu db cho thy giiém c6 mau xanh nhat 1a
thoi gian c6 nang nhi€u, san lugng san xuat ra
cling c6 xu hudng tang.

>
M2=Im(Quantity.P\VV~Sunny.hours,data=m)

> summary(M2)

Call:

Im(formula = Quantity.PV ~ Sunny.hours,
data = m)

Residuals:

Min 1Q Median 3Q Max
-1453.34 -74.06 62.09 223.81 454.06
Coefficients:

Estimate Std. Error t value Pr(>[t])

(Intercept) -1491.9 2750.9 -0.542
0.5975

Sunny.hours 602.4  269.5 2.235
0.0452 *

Signif. codes: 0 “***>0.001 “*** 0.01 “*’
0.05°70.1°71

Residual standard error: 486.5 on 12
degrees of freedom

Multiple R-squared: 0.2939, Adjusted R-
squared: 0.2351

F-statistic: 4.996 on 1 and 12 DF, p-value:
0.04519

Tuong tu tac gia klem tra mbi tuong quan
cia bién sé gid co6 ning Sunny.hours va
Quantity.PV theo phuong phap Pearson qua
ham:

>cor.test(x=m$Sunny.hours,y=m$Quantity.
PV).

Két qua 1a r = 0.54>0, mbi twong quan giita
Sunny.hours va Quantity.PV 1a quan thudn voi
nhau. R* = 0.29 c6 nghia la bicn doc lap
Sunny.hours “giai thich” khoang 29% su bién
thién cua bién phu thuc Quantity.PV. Phan con
lai 71% dugc giai thich boi cac bien ngoai mo
hinh va sai s6 ngau nhién. Cot Estimate cho ta
két qua ude tinh hai tham s6 ciia m6 hinh hoi quy
tuyén tinh. Theo do, a=-1491.9 va b=602.4. Do
d6, mo hinh bay gio la:

M2: Quantity.PV =
Sunny.hours

Phan tich phuong sai:

>anova(M2)

Analysis of Variance Table

Response: Quantity.PV

Df Sum Sg Mean Sq F value

-1491.9 + 602.4

Pr(>F)

Sunny.hours 11182365 1182365 4.9956
0.04519 *

Residuals 12 2840152 236679

Signif. codes: 0 “***°(0.001 “**’ 0.01 “*’
0.05<0.1°1

MSE = 236679

Vy 50 v6i md hinh 1, R? thap hon rat nhiéu,
tinh bat dinh ciia bién du bdo cao va diéu nay
cling phan anh gia tri MSE tang.

Mb hinh 3:

Quantity.PV~Intensity.of.Global.radiatio
n+Sunny.hours

Tac gia thir xem xét dwa bién sunny.hours
vao mo hinh.

>M3=Im(Quantity.PV~Intensity.of.Global.
radiation+Sunny.hours,data=m)

>summary(M3)

Call:

Im(formula = Quantity.PV ~

Intensity.of.Global.radiation + Sunny.hours,
data = m)
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Residuals:

Min  1Q Median 3Q Max
-201.47 -71.88 21.08 46.35 218.90
Coefficients:

Estimate Std. Error t value
Pr(>[t])
(Intercept) 274.77 760.34 0.361
0.725
Intensity.of.Global.radiation 1034.69
83.96 12.323 8.85e-08 ***
Sunny.hours -79.34 91.72 -0.865

0.405

Signif. codes: 0 “***> (0.001 “*** 0.01 “*’

0.05°0.1°"1
Residual standard error: 132.1 on 11 degrees
of freedom

Multiple R-squared: 0.9523,
squared: 0.9436

F-statistic: 109.8 on 2 and 11 DF, p-value:
5.385e-08

Phén tich phuong sai cia m6 hinh trén:
> anova(M3)
Analysis of Variance Table
Response: Quantity.PV
Df Sum Sq Mean Sq F value

Adjusted R-

Pr(>F)
Intensity.of.Global.radiation
3817645 218.9217 1.316e-08 ***

Sunny.hours 1 13050 13050 0.7483
0.4055

Residuals

1 3817645

11 191822 17438

Signif. codes: 0 “***> (0.001 “*** 0.01 “*’

(ISSN: 1859 - 4557)

Xem xet mbi lién quan gitra cudng do burc
xa va sb gid co nang. Hé sd twong quan ¢ mirc
0,603.

>with(data=m,cor(Intensity.of.Global.radia
tion,Sunny.hours))

[1] 0.6031506

>ggplot(data=m,aes(x=Sunny.hours,y=Inte
nsity.of.Global.radiation))+geom_point(col="bl
ue")

Global radation

Hinh 7. Biéu dién twong quan giita cuwong dg
bike xa va s6 gio ¢ ning

Phuong phéap phat hién va dinh luong da
cong tuyén. Trong R ching ra c6 thé tinh VIF
qua ham vif trong chuong trinh car.

>f=Im(Quantity.PV~Intensity.of.Global.rad
iation+Sunny.hours,data=m)

> library(car)

> vif(f)

Intensity.of.Global.radiation
Sunny.hours

157181 1.57181
VIF=1.57<5 nén gitra
Intensity.of.Global.radiation va Sunny.hours
khong xay ra hién tuong da cong tuyén.
3. Lwa chon mé6 hinh

005°0.1°°1 Quantity.PV = -314.68 + 990.89 R%2=0.94
B . o . 1 Intensity.of.Global.radiation

Keét qua phan tich cho ra m6 hinh: MISE = 17073

M_3: Quantity.PV = 2?4.77 + 1034.69 =0.9750
Intensity.of.Global.radiation -79.34 Uy = 14910 + 6024 = 0.29
Sunny.hours 2 Sunny.hours

Xem xét hién twong da cong tuyén:

Kiém tra hién twong da cong tuyén khi udc MSE = 236679
lugng hé so hoi quy cho bién Sunny.hours la -
79.3?1 ‘[I'ICHlé. san lugng dién nang giam khi s6 gio 05450
€O nang tang. Quantity.PV = 27477 + R?=0.9523

3 1034.69 Intensity.of.Global.radiation -
79.34 Sunny.hours
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MSE = 17438

VIF=1.57<5

Mo hinh so voi mo hinh 1 va 2, m6 hinh 3
c6 mot s6 diém chu y:

- Khi s gio ¢6 népg tang 1én 1h thi san
luong dién nang giam xuong 79.34kWh di€u nay
trai voi ly thuyét kinh te.

R?=0.9523 va phuong sai ciia phan du MSE
= 17438 tang hon so v6i mo hinh 1. Nhu vay mé6
hinh du bao khong tot $0 V61 mo hinh 1 dong thot
anh huong cua yeu t6 thoi gian c6 ning
Sunny.hours bay gio khong c6 y nghia thong ké
(P=0.405)

Vay gilra 3 mo hinh dua ra va phan tich trén
ngon ngir R, tac gia lya chon m6 hinh 1. Trong
cac bién bién thu thap, c6 bién cuong do buc xa
Intensity.of.Global radiation c6 anh huéng nhiéu
den san luong dién nang tam pin mat tro1 san
Xudt ra, con bién sb gid c6 nang Sunny.hours c6
mirc 46 anh huong khong dang ké.

Dung mo hinh 1 dé du bao san lugng dién
nang tao ra tir tdm pin mat troi khi burc xa thay
doi.

Chung ta c6 thé dung ham predict voi d6i s6
interval = “prediction” d€ udc tinh gia tri du bao
va khoang tin cdy 95% cua gia tri du bao.

>j=data.frame(Intensity.of.Global.radiation
=c(4.5,5,5.5))

>predict(d,j,interval="prediction")
fit  Iwr upr

1 4144.306 3840.564 4448.047

2 4639.748 4345.064 4934.433

35135.191 4832.137 5438.245

Néu cuong do birc xa tai diém do 1a 4.5
kWh/ m,2 thi san luong dién nang tam pin mat troi
san xudt ra 1a 4144.306 kWh, dao dong trong
khoang 3840.564 dén 4448.047kWh.

KET LUAN

~ Bai bao str dung R trong phan tich cac yéu
to anh huong dén san luong dién ndng cua nha
may dién mat troi cé cong suat 1195kWp. Véi
bo dir liéu khao sat, thu thap duoc, tac gia phan
tich cac yéu t6 anh hudng dén san luong dién
ning do tdm pin mat troi san xuit ra
(Quantity.PV) va lya chon mé hinh hoi quy
tuyén tinh phu hop. Ham pairs.panels cung cip

biéu do twong quan timg bién va duong biéu dién
mdt cach tryc quan, tbe do xur Iy nhanh hon rat
nhiéu so véi Excel, SPSS... Két qua cho thiy
bién Quantity. PV ¢6 mdi lién quan mat thiét véi
cac  bién: Intensity.of Global.radiation va
Sunny.hours do ¢6 hé twong quan cao 1a 0.97 va
0.54.

Bang cach sir dung plot va abline(Im), tac
gia chi ra y nghia ctia cac tham sb trong mé hinh,
cach danh gia tAm quan trong cua céc bién tién
lugng, quy trinh xay dung va kiém dinh mé hinh
du bao xem xét dén ca cac van dé da cong tuyén
va hoan chuyén dir liéu qua ham scale. M6 hinh
duoc lua chon la:

Quantity.PV = -314.68 + 990.89
Intensity.of.Global.radiation, c6 R?= 0.94, MSE
=17073.

Ham predict cho két qua néu cudng do buc
xa tai diém do 13 4.5 kWh/m? thi san luong dién
nang tim pin mat troi san xuat ra 1a 4144.306
kWh, dao dong trong khoang 3840.564 dén
4448.047kWh.

Khi thi truong dién phat trién, cac dy 4n dién
mit troi ndi ludi, van dé du bao hay chao gia san
luong dién nang do cac dy an mat troi tao ra co
¥ nghia rat quan trong. M6 hinh hoi quy tuyén
tinh ma tac gia lya chon chi ra bién cuong do birc
xa mat troi anh huong chi yéu dén san lugng
dién niang ma tim pin mat troi san xuat ra. Dong
thot, thay vi viéc do buc xa mat troi theo thiét bi
do cam tay, viéc cap nhat bic xa mat troi nén
dugc gin véi hé théng thiét bi do quan tric va
dugc tich hop cung véi hé quan 1y nang lugng tur
xa bao gdm cac thong tin theo chudi thoi gian vé
cuong do blirc xa mat troi, san lugng dién nang
dé lién tuc cap nhat s liéu, phuc vu cho cong tac
thu thap s6 liéu, phén tich sb liéu dé dy bao san
lugng dién nang.

50

S6 29



TAP CHi KHOA HOC VA CONG NGHE NANG LUONG - TRUONG PAI HOC BIEN LUC
(ISSN: 1859 - 4557)
TAI LIEU THAM KHAO
_[1]. Nguyén Van Tuan, “M& hinh hoi quy va kham pha khoa hoc”, 323, NXB tong hop thanh
phd H6 Chi Minh, 2020.
[2]. Nguyén Vin Tuin, “Phén tich dit liéu v6i R”, 520, NXB Thanh phd H6 Chi Minh, 2020
[3]. Cole nussbaumer knaflic, dich gia: HO Vii Thanh Phong, “Storytelling with data let practice,
419, Wiley, 2020

[4]. Robert L.Kabacoff, “R in action data analysis and graphics with R”, 608, Manning
publications, 2015.
[5]. Nina Zumel, John Mount, “Practical data science with R”, 519, Manning publications, 2020.

[6]. Peter Bruce, Andrew Bruce, and Peter Gedeck, “Practical Statistics for Data Scientists 50 +
Essential Concepts using R and python, 342, O’Reilly, 2020

[7]. Joseph F.Hair JR, William C.Black, Barry J.Babin, Rolph E. Anderson, ‘“Multivariate data
analysis, 760, Pearson Prentice Hall, 210.

[8]. Peter Dalgaard, “Introductory statistics with R” 200, Springer, 2004.

[9]. Julian Faraway, “Linear Models with R”, 213, Chapman & Hall/CRC, 2004

[10]. Paul Murrell, “R Graphics (Computer Science and Data Analysis)”, 250, Chapman &
Hall/CRC, 2005.

Gidi thi¢u tac gia:

Tac gia Chu Vin Tudn, tot nghiép truong Dai hoc Pién Lyc ndm 2012,
nhén bang thac s nganh H¢ thong dién nam 2014 tai truong Dai hoc Pién
Luc.

Linh vyc nghién ciru: bu tron cong suat phan khang, luoi dién thong
minh, nang lugng tai tao, tinh gon chuoi gié tri, khdi nghiép d61 mai sdng
tao.

Tac gia Nguyén Thay Ninh, tt nghiép truong Pai hoc Pién Lic nim
2012, nhan bang thac si nganh Quan ly Nang lugng ndm 2014 tai truong
bai hoc Bién Luec.

Linh vuc nghién ctru: du bao nhu cau phu tai, thi truong di¢n, nang
lugng tai tao, nhién li¢u than va 16 hoi.

2 .

S6 29 51



