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UNG DUNG GIAI THUAT THONG MINH
VAO GIAM SAT VA PIEU KHIEN NGUON CHO TRAM BTS

Nguyén Quang Duy*’, Nguyé&n Pinh Luyén®, Nguyén Vin Tuin?
YTrwong Pai hoc Quy Nhon,
2Trwong Pai hoc Bach Khoa Pa Ning

TOM TAT

Quan ly nguon cho cac tram BTS nhim néng cao hiu qua sir dung nang luong va bao dam tinh lién tyc
clia nguon cung cap 1a mot bai toan mang tinh cap thiét va phirc tap; hién co the dugc thye hién theo
phuong phép truc tiép hodc gian tiép. Tuy nhién phwong phép tryc tiép yéu cau can cb cac cong nghé
16i nén kho c6 thé sir dung va khai thac dugc cac cong nghé nay. Do vay, véi d1eu kién thuc té cta nudc
ta hién nay, bai bao tiép can phuong phap gian tiép, theo d6, nhom tac gia de xuét giai thuat thong minh
dé giam sat va diéu khién ngudn cho cac tram BTS trén co s& phén tich sé lidu thu duoc vé cong sudt
ti€u thu va Iuu luong st dung ctia mang 2G, 3G va 4G tai cac tram nay.
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APPLICATION OF SMART ALGORITHM TO MONITOR AND
CONTROL THE SOURCE OF BASE TRANSCEIVER STATION

Nguyen Quang Duy"", Nguyen Dinh Luyen®, Nguyen Van Tuan?
'Quy Nhon University,
%Danang University of Science and Technology

ABSTRACT

Power management for Base Transceiver Station (BTS) to improve energy efficiency and ensure
source supplying continuity is an urgent and complex problem. It can be done by directly or
indirectly methods. Direct method requires core technologies, making it difficult to use and exploit
them in Vietnam. Therefore, with the current conditions in our country, indirect method is the
better one to approach power management in which a smart algorithm was proposed to monitor
and control the source based on collected data about power consumption and used information
flow of 2G, 3G and 4G networks at these BTS.
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1. Pit van dé

Hién nay cac nghién ctru vé viéc téi wu ning
luong str dung ctia cac tram thu phat géc BTS
trong thong tin di dong co thé theo 2 huédng.
Hudng thtr nhat duge nghién ciru tai cac nude
phat trién, thuong tip trung vido cac cong
nghé 16i nhu st dung cong nghé vat liéu ban
dan méi, nham ché tao c4c linh kién c6 hiéu
sudt cao va tiét kiém niang luong trong bd
khuéch dai cong suat vo tuyén, cai thién higu
sut bic xa ciia Anten, Anten thong minh,
giam suy hao cap dan séng... [1].

Trong bai b&o nay ching tdi thuc hién nghién
ctru theo hudng thir hai dé t6i wu nang luong
st dung cho cac tram BTS. Co sé toan hoc
duoc dua ra trong phuong phap nay la luu
lwong thong tin ¢ mbi quan hé tuyén tinh véi
su tiéu thu ngudn ctia tram phét song. Bai bao
s& chimg minh mdi quan hé tuyén tinh nay,
qua d6 dé xuat mot giai thuat quan 1y ngudn
thong minh cho tram BTS.

2. Phén tich dir liéu va chirng minh

S6 liéu thue hién trong bai bdo dugc thu thép
tor cac tram BTS cia Cong ty Vién thong
Viettel [2].
Muc tiéu dau tién ctia bai bao 1a ching minh
su phu thudc tuyen tinh cua luu lugng (goi tat
la Erl) voi cong suat ti€u thu (goi tat 1a Py) tai
tram BTS, dong thoi tim ra mdt phuong trinh
¢0 the bi€u dién dugc moi quan hé¢ do.
Trude hét, can phai kiém tra xem giira cong
suat tiéu thu va luu lugng c6 quan hé gi voi
nhau khong? Pé thuc hién diéu nay, can xac
dinh hé s0 tuong quan Pearson.
2.1. Xdc dinh hé sé twong quan Pearson
Dé c6 thé tinh dugc hé sb twong quan nay dir
liéu can phai thoa di€u kién hai nhoém dir liéu
tuén theo phan phdi chuan.
Hé sb twong quan duoc tinh theo cong thirc:

n

£ (4-5)(5-)

r=——1= (1)
18,655 (-9
iz i=1 !
va két qua thu duoc khi tinh toan hé sb tuong
quan bang R [3] trén 2 nhom dit liéu nhu sau:

> cor.test(mydata.CS2,mydata.ERLVT?2)
Pearson's product-moment correlation

data: mydata.CS2 and mydata.ERLVT2

t = 15.613, df = 22, p-value = 2.18%-13

alternative hypothesis: true correlation is not equal to 0

95 percent confidence interval:
0.9032983 0.9818031
sample estimates:

cor

0.9577154

Tur két qua thu dugc, co thé di dén cac két luan sau:

- Mbi lién hé giita Py va Erl c6 ¥ nghia thong ké - Hé s6 cor = 0,9577154 ~ 1(cor > O) chung to
giita Py va Erl ¢6 quan hé tuyén tinh ti 1¢ thun rat cao.

Hé sb tuong quan Pearson cho biét mirc d6 tuong quan giita hai bién sé Py va Erl, nhung khong
dua ra dugc mot phuong trinh dé noi hai bién s6 d6 lai voi nhau. Do d6 van de dit ra ti€p theo la
phai tim mdt phuong trinh tuyén tinh dé md ta moi quan hé do, d¢ lam duogc di€u nay mo hinh
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tich hoi quy tuyén tinh s& dugc sir dung.
2.2. Phan tich héi quy tuyén tinh
Phan tich hdi quy tuyén tinh 13 mot trong
nhitng phuong phap phan tich dir liéu thong
dung nhét trong théng ké hoc. Muc dich cia
phuong phap nay 1a udc lugng hé sé hdi quy
tuyén tinh v6i gia thuyét X, Y 1a cac bién
ngau nhién doc 1ap, giita chiing c¢6 tuong quan
tuyén tinh:

EY|X)=aX +p,(ax#0) 2
a, B dugc goi la cac hé s6 hdi quy 1y thuyét.

T cac mﬁu di héu (Xl, yl), ceey (X24, y24) vOi
24 mau cua (X, Y) ta co:
EQy; [ %) =ax+8 3)

hay (3) ¢ thé duoc viét lai:

Yj =aX + B +¢ 4
vOi & 1a sai s6 ngdu nhién va dé c6 thé don
gian trong budc xac dinh cac hé so cua
phuong trinh (4), sai’ 50 & s€ tam duge bo
qua. Sau khi cac h¢ so da dugc xac dinh, budc
tiép theo s& quay tro lai kiém dinh ¢ dé
nham lam r0 va tang do tin cdy cua két luan.
Trong bai bao, ky hiéu Y 1a cong suét tiéu thy
(ky hi¢u la Py) va X 1a luu lugng st dung (ky
hiéu 1a Erl) tai tram BTS. Véan dé dit ra la tir
cac mau dir liéu (X1, Y1)» ++vr (X24, Y21) can ude
lugng cac hé s «a, S sao cho sai léch gitra
cac gié’ tri quan sét‘ yieYva §. =ax+p la
nho nhat. € 1am dicu nay, phuong phap binh
phuong tbi thiéu s& duoc sir dung:

DatF(a, pB) = g (yj —ax —,8)2 , hai s6 a,p

s€ duogc chon lwoc lugng tim ra:

minF (a, B) ()
Dé tim cuctiéu cia F (a, 8) can phai gidi hé sau:
oF(a, ) n
7661 =—2I§1(y| —O.’Xi —ﬁ)xi =0
oF(a, n
FB)_ 23 (yy - - p) =0
op i=1

6
(8 )+ 2 )
=R A ﬁ_i=1x'y'

n n

[ )eno= E

Pay 1a phuong trinh tuyén tinh bac nhat dbi véi
a, B . Giai phuong trinh dugc két qua nhu sau:

n n n
L =R _(iélxi)(glyi)
n 2 n
" _(iglxi) (7)
S yi-ad
PR EMENEY
n

a, f duoc goi la hé sb hoi quy ctia Y theo X,
duong thing co phuong trinh y=ax+p
duogc goi 1a duong thang hdi quy.
Trong bai bao nay, khi sit dung phuong phap
hdi quy tuyén tinh ching t6i da tinh ra duoc:
a=10,8534 va B=1167,3609 tir cong thirc
(7) voin = 24.

y =10,8534x +1167,3609 (8)
Ngoai ra khi phén tich bang ngon ngir R cho
két qua nhu sau:

Call:
Im(formula = CS2 ~ ERLVT2)

Residuals:
Min 1Q Median 3Q Max
-40.537 -8.482 0.535 7.417 29.223
Coefficients:

Estimate Std. Error  tvalue

Pr(>|tl)
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(Intercept) 1167.3609
ERLVT2  10.8534

5.7793 201.99
0.6952

< 2e-16
15.61 2.19e-13

Signif. codes: 0 “***70.001 “***0.01 *’0.05 " 0.1 1

Residual standard error: 15.95 on 22 degrees of freedom

Multiple R-squared: 0.9172, Adjusted R-squared: 0.9135

F-statistic: 243.8 on 1 and 22 DF, p-value: 2.189e-13

Giai thich cac két qua trén:

1. S6 trung vi thu dugc 1a 0,535 khong xa 0
bao nhiéu (truong hop bang 0 1a 1y tudng
trong phan phdi chuan chuin tic). Cac s
quantiles 25% (1Q) va 75% (3Q) cling kha
can d6i xung quanh sd trung vi, cho thdy phan
du ctia phuong trinh nay tuong dbi can ddi.

2. Tri s6 R* (hé s6 xac dinh bdi) = 0,9172, cho
thdy rang c6 mot mdi lién hé chat ché giira Py
va Erl tai tram BTS.

§ - 108N ¢ TI6TA
R'=ann

Hinh 1. D6 thi ciia phirong trinh (8)

Vi két qua nay, hoan toan c6 du diéu kién dé
khing dinh rang giita Py va Erl c¢6 quan hé
phu thudc tuyén tinh véi nhau [4][5]. Tuy
nhién, khi st dung phuong phap nay dé dé
tim ra cac he s6 a,, nhom tac gia da gia sir
bo qua hé sb &j trong pthO’ng trinh (4). Cac
hé s0 o,p la cac hé sé hoi quy ly thuyet
nghia 13 giita cac diém (x;, y;) thuc té bicu
dién trén do thi, véi duong thing y = ax+ S
ly thuyét ¢6 mdt su sai 1éch, d6 1a Iy do xuét
hién hé sb ;.

& =Y Y

v6i: y; €Y theo dir liéu thu thip duoc

y la gla trj 1y thuyét tinh tir phuong
trinh (8) cho méi X € X
Theo 1y thuyét vé hdi quy tuyén tinh, hé s6 &
phai théa man cac diéu kién cua gia thuyét
Gauss-Markov, cu thé ¢; phdi thoa cac diéu
kién sau:
) & phén phéi theo luat phan phdi chuan
i) &; c6 gia tri trung binh (mean) la 0
iii) & co phuong sai c6 dinh
iv) cac gia tri lién tuc cia & khong co6 lién hé
tuong quan véi nhau
Pé kiém dinh ¢j thoa cac diéu kién trén ngon

ngit R duogc su dung va thu dugc cac do thi
nhu hinh 2.

Céc d6 thi trén hinh 2 duoc phén tich nhu sau:

1. P6 thi 2(a) v& phan du & va gia tri tién
doan cong suit tiéu thy 7. Do th1 nay cho thiy
c4c gia tri phan du tap trung quanh dudng y =
0, cho nén gia dinhﬁ (ii),, hay & co gia tri
trung binh 0, 1a c6 thé chap nhan dugc.

2. D6 thi 2(b) v& gia tri phan du va gia tri ky
vong dya vao phan phdi chuan. Co thé thay
cic sd phan du tap trung rit gan cac gia tri
trén dudng chuén, va do dé gia dinh (i) tuc la
& phan phéi theo luat phan phéi chuén, ciing
co thé dap ung.

3. Do thi 2(c) v& cin sb phan du chuan va gia
tri ciia ¥. DO thi nay cho thiy khong c6 gi
khac nhau giira cac s6 phan du chuan cho cac
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gia tri ctia ¥ va do do, gia dinh (iii), tirc & co
phuong sai 6 ¢6 dinh cho tit ca x, ciing
duoc dap tng.

(8 Rgadums v Fited »)

PO

Scafe-Loce {9) Resvasab e Levoragn

Hinh 2. Két qua phan tich phan dw
Qua phan tich phan du, c6 thé két ludn ring
mo hinh hdi quy tuyén tinh mo ta lién hé giita
cong suét tiéu thyu va luu luong sir dung mot
céch kha day da va hop 1y.
Tur phuong trinh (8) di dén két luan rang,
cong suét‘ tiéu thu tai mot tram BTS kh()r}g
bao gi¢ bang 0, hay noi cach khac la ludn ton
tai mot mirc cong suat ngudng dudi cho cac
tram BTS va trong truong hgp nay
P iy =1167,3609(W), dy chinh 14 co s& dé
xdy dung nén luu do thuat toan diéu khién
hoa dién.
Khi da tim ra dugc gia tri cong sut nho nhat
tai tram, viéc tiép theo cén lam la dua ra dugc
mot giai thuat sir dung ngudn hop 1y v6i muc
tiéu cudi cung 1a han ché tdi da viéc sir dung
ngudn dién ludi qudc gia, ma thay vao biang
cac ngudn ning luong tai tao du phong, hodc
cling ¢ thé st dung chung 2 ngudn nay hoa
v6i nhau.Vay dé lam duogc diéu nay, budc tiép
theo 1a phai giai quyét bai toan hoa dong bo.
3. Co sé 1y thuyét hoa dong bd
Trong mot hé théng dién, cac may phat dién
ddng bo co thé 1am viée song song dé nang cao
cong suét ludi dién, diéu nay doi hoi cac may
phét phai hoi di mot s6 yéu ciu co ban sau:

+ Tan sb dong dién phat ra ctia cac may phat
phai bang nhau

+ Goc léch pha twong dbi giira cac roto khong
dugc vuot qua mdt gidi han cho phép.

+ Pién ap & dau cuc cac may phat phai gan
bang nhau

Hién nay, trong k¥ thuét hoa dién c6 2 céch:
Hoa dién chinh xac va ty hoa dién. Trong
thuc t& van hanh ddi voi cac ngudn phat dién
nhd, thuong st dung phuong phép hoa dién
chinh xac. Trong bai bao chl'mg toi cling s€ s
dung phuong phap nay dé thuc hién hoa di¢n
dong bo gitra cac ngudn cung cp véi nhau.

Pé co6 thé thuc hién hoa dién, can phai thoa
man 3 diéu kién vé: tan sb, dién ap va goc
léch pha. Co rat nhiéu phuong phap dé xac
dinh cac dai luong nay, nhung bang k¥ thuat
vi xir 1y ¢6 thé thuc hién cac phép do sau:

Do tan sd: phuong phap nay co thé thuc hién
bang cach dém sb chu ky cua tin hidu can do
trong mot thoi gian xac dinh (dém tan sd).
Hoic ciing c¢6 thé dém sb chu ky cua mot tin
hiéu chuan da biét trong 1 chu ky tin hiéu can
do (do chu ky). [6]

Tx - Toa o cla o
RO o | - Kt qui bd o
T - Tha o8 chusn

Kt qud bo Wm

Hinh 3. Nguyén Iy thwc hién phuong phdp do chu ky
D6i voi vi xir Iy ¢o thé st dung céu tric
Counter/Timer dé thuc hién hai phuong phap
dém tan sb va do chu ky. Dai tan sb dong dién
cong nghi€p hién nay la tor 0 — 50 Hz, lya
chon phuong phap do chu ky s& cho két qua
chinh xac va thoi gian do luong ngén hon.

Do dién ap: Phuong phap do dién ap dugc s
dung 14 dua trén su sé hoa gia tri can do bang
mach ADC. S6 doc dugce tai ngd ra cua bo
ADC dugc coi 1a tuyén tinh dbi voi dién ap
vao, diéu nay cho phép sir dung vi xur ly dé
tinh gié tri dién ap [6].
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Do goc léch pha: Dé so sanh pha cua tin hiéu,
cu thé 1a pha cua hai dién ap, théng thuong
phuong phép tach diém “0” s& dugc sir dung.
Mach tach diém “0” thong thudng 1a mach so
sénh vdi dién ap “0” von, mach nay cd nhiém
vu thay doi dién ap ngd ra khi dién 4p ngd
vao bién ddi qua gia trj “0”. [6]

4. Xay dung giai thuét va phan cimg diéu khién

4. 1 Phin cirng diing dé do dat cic thong sé
can thiét

Véi cac didu kién dé thuc hién hoa dong bod
va cac phuong phap do dugc néu trén, sé la
khong phu hop dé thuc hién cac mach do
riéng 1é. Vi cac mach nay cho d6 chinh xac
khong that sy tot va do tré 16n khi vi xir ly
nhan duoc cac gia tri mong mudn.

Hién nay, véi su tién bd cua Khoa hoc Ky
thuat, cac hé thong dugc thiét ké tich hop trén
chip (SoC) da tré nén pho bién va dugc tng
dung rat rong rai trong tt ca cac linh vuc ciia
doi sdng, ADE7753 1a mot chip nhu vay.

ADE7753 1a san phdm cua hing Analog
Devices, sai sd trong phép do 1a 0,1% [7].
Chitrc néng cua nd la doc cac tin hi¢u xoay
chiéu dau vao (dién ap, dong dién) va tinh
toan ra cac gia tr1 nhu: tan sd, dién ap cua
ngudn dién cung cip; dong tiéu thy, cong suit
cuia cac thiét bi tiéu thu dién [8].

ADE7753 1a su lya chon hop 1y de c6 thé t1nh
toan dugc cac gia tri cua cac nguon cung cap,
can thiét cho viéc hoa dién. V& ciu tao
ADE7753 c6 2 kénh dong va ap riéng biét:

Hinh 4. So d6 khéi ciia ADE7753 véi kénh dong
va ap riéng biét
Céc mach do céc thong s can thiét cia nguon
dién s€ duoc xdy dung dua trén chip
ADE7753 nay [9]. Trén mach st dung mdt

chip vi diéu khién ctua hang Microchip la
PIC18F4620, d¢ nhan cac gia tri tu
ADE7753, tinh toan va g v€ cho “Trung
tam dicu khién”.

Céac mach do nay dugc xdy dung theo mot
khuén mau chung ngay tir dau, nhung sé phai
thuc hién hai nhiém vu khac nhau:

+ Po cong suét tiéu thu cua cac thiét bi co
trong tram BTS.

+ Do cac gia tri can thiét cho viéc thyc hién hoa
dién dong bd tir cac nguon cung cap khac nhau.

|

Hinh 5. So' d6 khoi mach do dién dp, dong dién,
tan so, dién nang

4.2. Gidi thudt trén mdy tinh xir ly cdac thong
s6 di co
Tat ca cac thong tin can thiét sau khi do s&
dugc giri v& “Trung tim diéu khién” 13 mot
phin mém dugc lap trinh chay trén mot
computer. Phan mém dugc 1ap trinh c6 chirc
ning ghi nhan cac gia tri duogc gui vé tir cac
mach do, sir dung giai thuat duoc cai dat sin
dé ra quyét dinh c6 nén hoa/hodc khong hoa
dién tir cac ngudn cung cip khac nhau.
Muc dich ciia viéc quyét dinh hoa/hodc khong
hoa dién 13 nham giam sy ti€u thu dién to
ngudn dién ludi qudc gia, nhung van phai
dam bao dd 6n dinh cho céac thiét bi trong
tram BTS hoat dong tbt.

' ® > - ° s
3 2 - °
L X .
S = v [ 100w
e 100 ]
|
- = - ==
- B =
- = — =
- - -l hie W o =
. v = - —— Q- =
.l B o
Vo (A P =
e [T
it « W - >
o (10 =
WRLSONE OU IR & W

Hinh 6. Giao dién phan mém diéu khién trung tim
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Céc tram BTS hién nay khong bao gid hoat
dong 100% cong suat 24/24 gio, vi ¢6 nhiing
khoang thoi gian luu lugng sit dung cua
ngudi dung giam xudng (vi du vao khoang
thoi gian dém khuya téi rang sang hom sau).
Trong khoang thoi gian nay khong can thiét
phai tiéu thy nhiéu ning luong cho cac thiét
bi trong tram BTS, vdy “Trung tim diéu
khién” s& tu dong nhan biét duoc lugng cong
suat tiéu thy giam trong khoang thoi gian d6
qua cac gia tri nhan dugc tir cac mach do, tu
d6 ra quyét dinh cit giam bot ngudn dién ludi
qudc gia ddng thoi hoa cac nguén dién tai chd
vao (goi chung la céac nguon cung cap khac)
Nguoc lai khi nhan thdy ring cong suét tiéu
thu cua thiét bi trong tram BTS dang tang lén
trd lai (ching han bat dau tir budi sang trg di
hay thoi diém bat ky nao trong ngay), “Trung
tam dleu khién” s& ra quyet dinh tang nguon
cung cap tir ludi dlen qudc gia va glam ngudn
dién tai chd vi nguon dién ludi qudc gia cung
cép dién 6n dinh hon cho tram BTS khi cong
suét tiéu thu cua tram nay lon.

1 START ’

>

Y

Doc cac gid tr v cong suit
tidu thy cus thiét bj

A

Doc cie thdng 5 din dp, thn 83
cla cic ngudn cung cip

D4 diku kign tid Hou céc ngudn cung

gidm ngudn lwét chp khic vieo
Tiet glbm LU
ngudn lueéi
Khél phuc ngudn

dign luwed

\

CAt cde ngudn cung
khic

Hinh 7. Gidi thudt quan 1y nguon tai cdc tram BTS

5. Két luan

Bai bdo dd chimg minh duwoc mbi quan hé
tuyén tinh giita cong suat ngudn tiéu thy va
luu luong sir dung tai tram BTS (bao gdm ca
kiém dinh gia tri & ) dua ra dugc gidi thuat
diéu khién phan ph01 ngudn hop 1y cho tram
BTS trong thoi gian luu lugng cao thip khac
nhau. Véi viéc ap dung cic phan cing va
phan mém mét cach phu hop, bai bao di dua
ra hudng xir Iy cho viée giam sat, diéu khién
ngudn ty dong cho cac tram BTS. Ngoai tinh
ning ty dong thay ddi ngudn cung cép, phan
mém con c¢d chirc ning chay méd phong véi
cac muc ngudng cong suit khac nhau trudc
khi ra quyét dinh c6 hoa dién hay khong. Viéc
tmg dung phwong phap quan 1y ngudn nay
vao thuc té s& giup giam dwoc chi phi tién
dién va chi phi quan 1y bang nhan cong nhu
hién nay.
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