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TOM TAT

Kéo dai thoi lwong pin va tang cuong chat lwong théng tin thu thdp cua mang cam bién
khong day siur dung nguon nang lwong tdi tao la mot trong nhitng van dé ciia hé thong Intenet
of Things (IoT5). Dé cdi thién vin dé trén, ching téi dé xudt mét thudt todn sir dung mang
Neural véi muc dich dw dodn va chon lwa tdc vu ciia nit cam bién. Thudt todn cé thé img
dung trén vi dleu khién véi kha nang xw ly va lheu triv han ché. Khdc véi cac phwong phdp
truoc day chu yeu tap trung vdo ché dé ngu sau hay lap ra lich trinh cho cac tdac vu, thudt
todn chung t6i dé xudt givip mit cam bién c6 tinh thich nghi cao hon voi moi truong dua trén
cac so ligu thoi gian thuc tai méi nit. Khi c6 sy chénh léch sé liéu 16m, lwong thong tin thu
thdp vé sé tang 1én va khi khong cé sw thay doi dang ké, mit cam bién dwoc dia vé tdc vu tiéu
ton nang lwong thap dé dam bao dwoc thoi lu"O’ng pin. Cdc két qua tir nghlen cueu cho thdy

thuqt toan thu thdp dwoc 56 lwong thong tin co ich nhiéu hon, thoi luwong va tuéi tho cia pin
ciing dwoc cai thién.

Tir khéa: Mang neural; IoTs; Mang cam bién khong day; Tudi tho pin; Chat lwong théong tin.
ABSTRACT

Extending the lifespan and improving the quality of information collected by wireless
sensor networks using renewable energy is one of the problems of the Internet of Things (loT)
system. To improve the above problem, we propose an algorithm using a Neural network for the
purpose of predicting and selecting sensor nodes and can be applied on microcontrollers with
low processing and storage capacity. Unlike previous methods that mainly focus on scheduled
or deep sleep tasks, the algorithm we recommend makes the sensor node more adaptable to the
environment based on the metrics. Real-time at each node. When there is a large data
discrepancy, the amount of collected information is increased and when there is no significant
change, the sensor node is put into low power duty to ensure battery life. Results from the study
show that the algorithm gathers more useful information and battery life is also improved.

Keywords: Neural Network; loTs; Wireless Sensor Network; battery-life; quality of service.

dong cia mot nut cam bién trong mang dugc
chia 1am 3 phan: cam bién, xir 1y va truyén
dit li¢u. Trong ba nhiém vu trén, truyén dir
liéu 1a hoat dong tiéu tén nhiéu niang luong
nhit (khoang 80% ning lugng cua nit) [3].
Viée kéo dai tudi tho hoat dong cua mang
cam bién nhung van nang cao chat luong cia
thong tin ma nat cam bién thu thap duoc la

1. GIOI THIEU

Trong cac ung dung cua Internet of
Things (IoTs), viéc cung cap céac thiét bj thu
thap dir li¢u st dung mang cam bién khong
day dong vai trd quan trong dé phuc vu cho
quan sat, phan tich va xt ly thong tin. Da
phan cac thiét bi cua mang cam bién khong

day ung dung trén vi diéu khién co6 kha ning
tinh toan, luu trir han ché va ning luong sir
dung cta cac thiét bi nay phan 16n tir nguén
nang lugng tai tao mat troi [1], [2]. Hoat

Doi: https://doi.org/10.54644/jte.63.2021.60

van dé quan trong can duoc tap trung nang
cao. Trong cac nghién ctru gan day, mot s6
thudt toan da dé xuat nham t4i vu ning luong
st dung thuat toan lap lich trinh, quan ly
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nang luong tiéu thy hay t6i vu dinh tuyén cta
mang cam bién [4]. Trong bai bao nay, chung
tdi dé xuit mot thudt toan sir dung mang
neural c6 thé thuc hién trén vi diéu khién dé
phan loai va dy dodn nhim nang cao chit
lugng cuia thong tin nhung van kéo dai duoc
thoi gian sdng cua nut.

Trong nghién ctru cua tac gia A. Sinha
va Chandrakasan [5], Wang va Xiao [6], tac
gia dé xut phuong phap quan ly dién nang
nhung hau hét cac co ché trén déu tan dung
ché d6 ngi sau dé tiét kiém ning luong. Tuy
nhién, khi nit dang trong ché d6 nga sau thi
mot luong thong tin s& bj mat va giy ra do
tré cho mang. Trong bai bao [6], tac gia L.
Wang dé xuat thuat toan quan ly cong sut
dong cho mang cam bién v6i nam ché do.
Céc ché d6 nay duoc thay d6i lap lai dua trén
muc ndng lugng cua pin. Trén thuc té, viée
chuyén d6i cac trang thai tir ngi sdu sang
thirc hay tir cac ché d6 ngudn nay gay ra hao
phi vé mit ning luong 16n hon va co do tré.
Trong nghién clru cua tac gia X. Fan [7],
thuat toan tac gia dé xuat nang cao viéc tinh
toan cic ngudng dé quyét dinh nit co ngu
sau hay khong duogc st dung trong bai bao
[5] chinh x4c hon bang cach xem xét giira
nang luong tiéu thu va ning lugng bd sung
khi danh thirc nat cam bién tré lai trang thai
hoat dong. Trong bai bao [8], tac gia Sujesha
Sudevalayam t6i wu thoi gian song cla pin
trén nat cam bién dya trén ngudn nang lugng
nap dugc cho pin. Tac gia thay ddi cc thong
sb cua nut dua trén du doan murc nang luong
cta pin va mirc nang lugng hién tai trong pin
nham tdi vu thoi gian caa pin dugc sac.

Mot s nghién ciru khac duge cong bd
nhim t6i wu thoi luong cua pin tai nat dién
hinh la phuong phap giam tan s hoat dong
ctia vi diéu khién [9] va giam cong sut trén
cam bién. Cac cam bién c6 d6 chinh xac cao
dugc giam hodc thay thé voi cam bién c6 do
phan giai, d6 chinh xac thip hon. Phuong
phap trén c6 nhugc diém lam anh huong
khong t6t dén chat luong cia thong tin thu
thap. Ngoai ra ha thip cong suit truyén tin
hi€u cua mang cam bién duoc tac gia G.
Amato dé cap trong [10] va thay ddi chu ky
1ay s6 liéu cua X.Chen trong nghién ctru [11].

Véi nhitng mang cam bién c6 khoang cach
ngin va vt can thép thi phuong phap nay t6i
wu. Tuy nhién, dbi véi nhimg dia diém c6
mang cam bién rong va nhiéu vat can viéc
mét thong tin ciing nhu chit lugng bj giam
mot cach rd rét. Cac van dé néu trén dugc
nhic dén trong bai bao nham khao sat vé k¥
thudt quan 1y dién ning ciia mang cam bién
thu thap nang luong[12].

Ngoai cac phuong phap trén, thuat toan
lIén lich trinh cho cac tac vu cling duogc dé
cap trong [13]-[18]. Trong bai bao [13], tac
gia Soledad Escolar dé xuit thuat toan lap
trinh nham t6i wu muc tong dién ning tiéu
thu dua trén tinh ¢6 ich cling nhu nang lugong
tiéu thy trén tirng tac vu. Thuat todn nay 1én
lich cho cac tac vu, n6 str dung thong tin du
béo thoi tiét co san vao dau moi khoang thoi
gian lap lich (thuong la mdt ngay) va muc
pin hién cé luc 1ap lich, tor d6 xac dinh mot
lich trinh t6i wu. Myc tiéu chinh cua phuong
phap [13] 1a tim mét lich trinh trung binh vé
nang lugng, trong mot khoang thoi gian dai.
Trong bai bdo [14], M.Severini cling trinh
bay mot thuat toan thuc hién thu thép céc )
li¢u mdt céach trinh tu, 1ap lich trinh nhu bai
bdo [13] nhung st dung mo6 hinh LSA (Lazy
Scheduling Algorithm). M6 hinh LSA (Lazy
Scheduling Algorithm) 1a mot thuat toan 1ap
trinh dé 1ap lich trinh hoat dong cho nut cam
bién c6 thé sac lai va gidi han nhiém vu cua
mot nut cam bién dugc nhic dén trong bai
bao [14] va [15]. LSA tao ra mdt lich trinh
chay cho cac tic vu chay song song va s€
chay ) dinh theo lich trinh ctia tic gia Moser
duogc thuc hi¢n trong bai bao [16].
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Hinh 1. Thudt toan LSA

Hinh 1 mo6 ta chi tiét vé thuat toan LSA
1ap lich trinh thyc hién tac vy, khoi Task
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scheduler s€ lap ra lich trinh thyc hién cua
cac tac vu J1, J2 dua trén thong sé energy
Storage (C). Ngd ra cua thuat toan la mot
danh sach cac tac vu sé thuc hién tudn tu va
s& khong thay doi duoc trong qué trinh nut
cam bién chay. Pay 1a mét diém chua téi uu
cua thuat toan nay. Tuy nhién, vi LSA giam
thiéu cac yéu to ngd vao dé ting hiéu suit
cua thuat toan va la mot thuat toan tinh nén
trong qua trinh chay tac vy da duoc 1én lich
trinh thi né khong thém céac trang thai bd
sung & ngd vao tir d6 khong thé hiy ngang
lich trinh da 1én san cling nhu thém tac vu
trong lac thuc hién duge dé cap trong bai bao
[14], [15], [17]. Trong bai bao [18], tac gia
Caruso dé xuat mot thuat toan dong nham lap
trinh 1én lich trinh c6 thé thay ddi dua trén
thong sd ngd vao 1 pin va dong sac cua pin.
Vi thuat toan dong nay c6 thé thay doi lich
trinh nén no cd tinh thich nghi cao hon so véi
LSA. Tuy nhién v4i mét thuat todn dong viée
quan 1y ving nhé cia thudt toan dong rat
quan trong. Nhiam giam thiéu viéc tinh toan
1ap lai khi stt dung dé quy thi cac gia tri tinh
toan trudc do cua thudt toan dong s€ duoc
dua vao mot mang. Khi cac nit cam bién
thuc hién tinh toan nhiéu, bd nhd cang tang
lén tr d6 khong quan ly dugc trong qua trinh
thudt toan tinh toan. Tir d6 c6 thé phat sinh
hién twong treo hodc khoi dong lai khién vi
diéu khién phai tinh toan lai tir dau.

Céc phuong phap da néu ¢ trén chua xét
dén do bién thién cua dir lidu. Day 1a mot
trong nhitng yéu t6 quan trong cho viéc dua ra
du doan, quyét dinh chinh xac. Trong mot sd
ing dung thyc tién, dién hinh nhu viéc nudi
trong thily hai san, cac so liéu thay d01 dot
ngdt ¢ nguy co gay hai rat 1én dén kinh té. Vi
du nhu trong mé hinh nuéi tom thé [19], nén
nhi¢t do va pH cua nudc can dat su on dinh.
Khi dit liéu c6 sy thay dbi dot bién cua cac gia
tri trén, nguoi chan nuodi can nhiéu thong tin
hon nham dy doan va dua ra quyét dinh nhanh
chong va chinh xéc. Trong Ung dung thu thap
dir liéu trong rimg, chung ta xét dén su bién
thién cta nhiét do c6 thé du doan cac van dé
vé chay rimg va i lut. Vi vdy, do bién thién
ctia dit lidu 1a thanh phan diu vao quan trong
trong mo hinh thu thap dir liéu.

Dé cai thién nhitng bét cép & trén, ching
t6i d& xudt mot thuat toan sir dung mang
neural phan loai va du doan tur cac dir liéu
dau vao bao gdm lugng pin, dong sac va do
bién thién cua dit liéu, tir d6 lua chon cac tac
vu ¢6 muc do suy hao vé mit nang lugng
khac nhau. M6 hinh nay phu hop véi nhiing
dé bai 1ap trinh véi thoi gian thuc theo chu
ky hoat dong va c6 thé thyc hién trén vi diéu
khién. Chung toi thiét ké thuat toan hoat
dong linh hoat hon voi cac tac vu thay ddi.
Thay vi 1dy mau lién tuc va giri theo mot chu
ky, m6 hinh nay phu thudc vao dir liéu ngd
vao clia nit dé xac dinh tac vu tir d6 ¢6 tinh
thich nghi cao hon so v&i nghién cuu [13].
Dé quyét dinh nhitng diéu trén, chung t6i dwa
trén mot mo hinh ctia mang neural [20], [21].
Thut toan ¢6 thé thyc hién viéc tinh toan lan
truyén thuat trén phan cimg co toc do xur 1y
va bd nhé han ché nhu cic dong vi diéu
khién 32 bit arm-cortex, ma khong can thuc
hién trén phan mém ciia mdy tinh co toc do
xur 1y cao, phuong an tinh toan khong bi 1ap
lai nhu khi st dung dé quy va quan 1y duogc
vung nh¢ khi st dung cac bai toan dong [18].
Bai bao nghién ctru xem xét nhiéu hon trong
md hinh va tap trung vao véan dé lap trinh Iya
chon tac vu toi uu & tung nit cam bién tai
thoi diém do. Ngoai ra, thuat todn co thé
dugc thuc hién hi€u qua trong cac nut cong
suat thap tai diéu kién thyc té.

Bai bao nghién ciru duoc t6 chirc theo 4
muc. Muc 1 gidi thiéu va tong quan vé cac
nghién cuu trude day. Muc 2 md ta qua trinh
thiét ké cac bo diéu khién neural network
trén mo hinh hé théng Simulink. Muc 3 trinh
bay va thao luan két qua dat dugc khi sir
dung bo neural network. Cudi cung, két luan
va dinh hudng trong tuong lai s€ dugc dua ra
trong muc 4.

2. THIET KE HE THONG
2.1 Mb hinh h¢ théng

MB& hinh thuét toan cta nit cam bién st
dung duogc thé hién trén hinh 2, cac thong sb
ngd vao cho bo neural network bao gom
dung luong pin (energy), dong sac tim pin
nang lugng mat troi (current) va do bién
thién ctua dir li€u thu thap (delta). Trong mo
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hinh, dung luong pin 13 phin trim ning
luong con lai trong pin, d6 bién thién cua dir
li¢u 1a do 1éch cua dir liéu trong mdt khoang
thoi gian. Khi s6 liéu thay doi dot ngot thi do
1éch s& cao va nguoc lai. Cubi cung 1a dong
sac cua pin nang luong mat troi. Cac dir ligu
nay sau khi qua b neural, gia tri du doan
ngd ra dugc lam tron. Ngd ra cubi cing s&
cho kha nang du doan va can ddi tac vu thich
hop nhat tir d6 hé thong s& thuc hién tac vu
tiép theo da duoc chon tir bd neural trén.

Calculator_data TASK

NEURAL
CONTROLLER

Hinh 2. Thudt todn hé thong

Trong cac thong s6 ngd vao, nang luong
pin la khoang gid tri cua dung lugng pin
duoc gidi han trong [0, 100], dugc doc thong
qua bd ADC cua vi diéu khién. V&i mirc pin
t6i da khi day la Vbat_full = 4,3V va khi can
1a Vbat_low = 3,7V. Tir d6 c6 thé tinh gia tri
cua pin dua trén cong thure sau day:

Viow — VBat_low

* 100%

VBat_full - VBat_low (1)

Dong sac cua tim pin [0, 250] mA duoc

lay tir cam bién INA-219 dua trén dién ap roi

trén dign tré shunt Rgenging €06 gid tri 0.01Q

sai sO thap. V, vaV, 1a dién ap trén 2 dau

dién tr shunt, G 1a hé s6 khuéch dai (module
INA-219 thuc nghiém gié tri nay =1).

(V,-V1)
Icharge = G *x———=

(2)

Sai 1&ch dir li€u Delta dugc xac dinh la
d6 1éch chuan cua 1 chu ky Iy dir liéu. Trong
mot chu ky ¢6 N mau duoc lay trong thoi
gian T. D6 1éch chuan cta dit liéu trong 1 chu
ky duoc biéu dién nhu sau:

Niy._y)2
Delta = /ZJ;;;_IX) 3)

H¢ s6 p 1a hé so lya chon va h¢ s nay
dugc hi¢u chinh voi tung loai méi truong

Rsensing

khac nhau (noi c6 do bién thién nhiét d6 khac
nhau).

Két qua mong mudn & ngd ra gdm 4 tac
vu tuong ung voi 4 gia tri [1, 2, 3, 4] duoc
thiét ké phu hop voi thong sb ngd vao. Chirc
ning cac tac vy, cong sudt tiéu hao va gia tri
ngd ra cla cac tac vu dugc biéu dién thong
qua bang sau:

Bing 1. Cdc tdc vu dé xudt

S6 TT L Cong Suit
tac vu Chire Niing Task Trung Binh
1 Khoéng giri dir liéu Rét Thap
) Keét thic clgu Ey ngay gui Thép
dir liéu
3 Gui dir 1}?“ theg chu ky Trung Binh
vO1 N mau
Guri dir liéu lién tuc theo
4 x Cao
2N mau

2.2 Phwong 4n ly so liéu

Cac tap s6 lidu duogc 14y truc tiép ¢ quan
Thu Puc, TP. HO Chi Minh. Chiing t6i thiét
ké mot thiét bi nhu hinh 3 str dung Arduino
Pro Mini, pin Lithium 3V7 2000mAh, pin
mat troi 4.5W va mach sac dong tdi da
250mA. Cac sb liéu thu thap vé duge tinh
toan theo cong thuc (1), (2) va (3).

b5 e A e ;
Hinh 3. Bo thu thap dir liéu
2.3 Ning lwong tiéu hao thue té

Cac tac vu duoc néu trén tiéu hao mot
lugng nang lugng khac nhau véi 4 muc khac
nhau tir rat thép dén cao. Céc tac vu nay dugc
tinh toan va do ludng bing phuong phap lay
trung binh. V&i ngudn pin dat 100%, ching
t6i tién hanh cho chay duy nhét 1 tac vu véi
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dong sac bang 0 cho dén khi pin dat con 80%.

Vé&i ngudn pin su dung cho hé théng la
2000mAh thi khi con 80% pin da tiéu thu
khoang 400mAh. Sau d6 ldy 400mAh chia
cho sb chu ky ma tac vu chay dugc. Cac con
s6 duoc théng ké & bang sau:

Bdng 2. Nang luong tiéu hao

| Mge | s§ | Nangluong | Ning
Tac o tiéu hao 1 | lwgng tiéu
tieu lwgng X : o
Vu hao miu chu ky hao 1 giv
(mAh) (mAh)
Rét
1 Thép >5000 ~0 ~0
2 Thép 435 0.9195402 3.678160
30| TWg o5 | 38095238 | 15.23809
Binh
4 Cao 188 2.1276595 42.55319

2.4 B{ Neural Network dé xuét

Khac véi thuét toan 1ap trinh lich trinh
tac vu nhu thuat toan LSA da dé cap 6 muc 2,
bd phan loai sir dung neural network dap tng
duoc kha nang thay ddi tac vu lam viée cua
n6 tir s6 liéu thay doi tir ngd vao. LSA s&
chay lién tuc theo lich trinh da dugc lap san
ma khong thay ddi duoc tic vu mong mudn.
Véi cac ung dung don gian nhung yéu ciu sy
chinh xac cao ma khong cén tinh toan qua
nhiéu thi mang neural véi sé 16p an va sé
luong neural nho thé hién duoc sy wu diém
ctia n6 vé tinh toan hay bo nhd.
Neural Network

Layer

5 TS

Hinh 4. M6 hinh mang neural dé xudt

Mo hinh mang dé xuit ¢ hinh 4. Chung
t61 lya chon mang c6 3 16p chinh bao gém 1
16p ngd vao, 1 16p an va 1 16p ngd ra. Cac
neural & 16p ngd vao lan luot 1a dung luong
ctia pin, hiéu s gitra dong sac, dong tai trung
binh cua task dang chay va cudi cung la gia
tri d6 1éch chuén cua dir liéu méi nhat véi
trung binh cua cac dir li¢u. Lép ngd ra co 1
neural twong ing véi gia tri ma task tiép theo
s€ thuc hién cho Node Sensor. Cac gia tri ngd
ra cho viéc huan luyén tuong tng voi cac tac

vul,ticvu2,tdcvu3 vataicvu 4 sélafl 2

3 4]. Sau khi thu thap s6 liéu, ching t6i tién

hanh dé huidn luyén cho mé hinh bang

Matlab v6i phuong an hoc c6 giam sat.
Algerithms

Teainirg: RProp [trains
Performance  Mesn Squaned Emor [«
Calculations:  MEX

Progress

Epoche 0| 5257 iterations | 1000000
Tirme: Q0020

Pedormance: 172 Q.0500 0UDS00

Gradient: 606 | 0.0491 [ ] 1.00e-05

Hinh 5. Qud trinh hudn luyén

Trong hinh 5, thuat toan sir dung dé huén
luyén mang 1 lan truyén nguoc dan hoi
(resilient backpropagation). Thudt toan nay
nhdm muc dich chinh 13 loai bo nhitng tac
dong c6 hai cua do 16n cac dao ham riéng.
Chi dau cua dao ham dugc st dung dé xac
dinh hudng cap nhat trong s6 va do 16n cua
dao ham khong anh huong dén viéc cap nhat
trong s6.

2.5 Panh gia két qua vé mit ning hrong

BAT DAU

KHOI TAO
Battery
(2000mah)

¥

LAY GIA
TRI CAM
BIEN

I

NEURAL
NETWORK

Battery- E
(task1)

Battery- E
(task2)

Battery- E
(task3)

Battery- E
(taskd)

Luweu do 1. Thudt todn kiém chirng két qua vé
mat nang luong
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Luu do 1 bao gdbm cac gid tri khoi tao
pin 100%, gia tri nhiét do lay thyc té o phan
3.2. Tién trinh s& chay lién tuc khi ngudn pin
van con. Khi ngudn pin hét, cdc gia tri nhén
duoc s& dugc thdng ké bao gdm s6 luong tac
vu va kha ning tiét kiém pin cling nhu chat
luong thong tin thu duoc.

3. KET QUA
3.1 Panh gia chét lwong ciia mang neural

Best Training Performance is 0.0049999 at epoch 15611

—Train| :

Mean Squared Error (mse)
> >
> o

i
o
T

L Lo

I
0 5000 10000 15000

15611 Epochs
Hinh 6. Sai s6 véi 1 16p dn — 20 neural

Véi mot mang neural co ban 1 16p an ¢o
20 neural nhu hinh 6 thi két qua cho chung ta
thdy rang gia tri sai s6 hoi tu vé gia tri 0.05
sau 15611 vong 1dp. Gia tri hoi tu theo mot
duong tuyén tinh.

Best Training Performance is 0.0049999 at epoch 21299
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= = 8Goal

Mean Squared Error (mse)
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Hinh 7. Sai s6 véi 1 16p dan — 25 neural

Best Training Performance is 0.005 at epoch 22020

—Train|*

Mean Squared Error (mse)
3 =5
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B
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Hinh 8. Sai s vdi 1 16p dn — 50 neural

Trong hinh 7 va 8, céc gia tri hdi tu vé
0.005 véi trén 20.000 vong lap. Nhu vay, ta
c6 thé xac dinh 20 neural ¢ 16p an thu 1 1a
moét lya chon t6t cho viéc huan luyén mang
do d6 véi sb luong neural va s6 16p an cang
it thi & nat cam bién s& cang giam thiéu dugc
su cong kénh vé tinh toan ciing nhu bo nhd.
Tl d6, ¢ cac nit cam bién c6 the i wu vé
mat nang luong hon.

3.2 D¢ chinh xac ciia mang neural

Sau khi da thyc hién cac cong viéc dua
ra nhu trén, chung t61 da ra mdt model su
dung mot mang neural t6i wu (1 16p an chira
20 neural) trong viéc lya chon tac vu ma
chung t6i da dé xuét dugc thé hién & hinh 9.

Energy \_:I

Current »§—»| Input  NNET Qutpu
Custom Neural Network

Delta

Hinh 9. M6 hinh Simulink trén Matlab

Pé c6 goc nhin tong quan nhat vé viéc
model lga chon chinh xé4c cac tac vy, chiing
t6i tiép tuc thu thap thém 10 va 100 mau dir
liéu ngiu nhién dé dua vao model Simulink
nham xac nhén lai kha nang chinh xac nhat
cua md hinh.

data_test_out

Neural network output Scape

oTaskNNet

Neural network

Tir mo hinh hé théng trén, khi thuc hién
chung t61 thu dugc két qua:
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Test 10 samples

4P

3_

2,

1t — ]
- - “Neural Network

ot J

0 2 4 6 8 10

Hinh 10. Két qua ciia bg phan loai véi 10
madu ngau nhién
Két qua thu duoc dat 10/10 so voi két
qua mong mubn duoc thé hién & hinh 10. Véi
nhing két qua dat dugc & trén, chiing toi tiép
tuc tang sb lwong dit liéu ngd vao (100 mau
nham danh gia xac suat xay ra 15i).

Test 100 samples
4.5 T T T

n N N alies

sbwn R

™1 TR e
as5h dii
3 he H

2.5

——

DataTest Out
----- Neural Network

0 1‘0 2‘0 3‘0 4‘0 5‘0 éO 7‘0 8‘0 9‘0 100
Hinh 11. Ngo ra bo neural voi 100 mau

Véi 2 két qua thu duge (hinh 10 va hinh
11), ta thdy rang véi bo neural network co do
chinh xac kha cao va dir liéu du doan & ngd
ra bam tuong dbi sat voi gia tri mong muén
khi huan luyén mang.

.5 Test 100 samples - Round

4 —— —

3.5r

3

25+

-05

0 1‘0 éD 3‘0 4‘0 5‘0 E;O 7‘0 B‘D 5;0 100
Hinh 12. Ngo ra bo neural véi 100 mdu sau
khi dwoc lam tron

Tt hinh 12, céc gia tri sau khi lam tron
tir ngd ra cua mang neural c6 4/100 tac vu sai
nhung gia tri van chdp nhan dugc. Céac sb
liéu danh gié dya lya chon tir bang sau:

Bdng 3. Ti I¢ du dodn cia mé hinh

S6 neural 6 16p Tilé lya chon chinh xac tir
an mau ngau nhién
20 96%
25 93%
50 97%

3.3 Gia tri d9 1éch ciia s6 liéu

Gid tri delta thu dugc sau day dugc léy
sO liéu tir thyc té trong 3 ngay ngau nhién tai
mot vi tri. Sau do, gia tri nay dugc tinh toan
dua theo cong thirc (3) v6i N slot 1an luot 1a
10 va 20. Tu s6 liéu trén ta thay ddi hé sb 1
dé twong Ung v&i nhiéu mdi truong khac
nhau (¢ day chung t6i thuc hién véi gid tri
n=1).

3 Delta data slot time =10

First
i —o6— Second
251 i Third

0 5 10 15 20 25
Time(hour)

Hinh 13. Gia tri cua delta voi N = 10

Véi gia tri cua N slot bing 10. Gié tri
delta roi tur 0 dén gan 3. Gia tri dao dong
manh vao tir 10h dén 13h.

4 Delta data slot time =20
T T

First
35 —&— Second | |
——— Third

Time(hour)

Hinh 14. Gia tri cua delta voi N = 20



Tap Chi Khoa Hoc Gido Duc Ky Thudt So 6.? (04/2021) 53
Truwong Dai Hoc Sw Pham Ky Thudt TP. Ho Chi Minh

Céac gia tri delta dao dong nhiéu trong
khoang giira trua tir 11h dén 14h. Cac thuét
toan thuong chi tinh hé sé delta khong xéc
dinh dugc rang trong khoang thoi gian niy s&
thudng xuyén c6 bién dong dot bién nén gia
tri thuong khong dugc 1y nhiéu hon cac thoi
diém khac. Ddi véi cac khoang thoi gian tir
7h dén 9h cac gia trj khong can ldy nhiéu
nguyén nhan cac gia tri do I¢ch delta khong
sai 1éch nhidu. Cac giit liéu dwoc ddi chiéu
v6i phuong phap quan tric theo thong tu cta
bd tai nguyén mdi trudng ngay 26/12/2018
quy dinh k¥ thuit vé quan tric va cung cip
thong tin, dir liéu khi twong thuy vin dbi véi
tram khi twong thuy van chuyén dung [22] va
dua trén nghién ctru [11]. Cac sb liéu ciia méi
truong nay duogc 1y theo chu ky nho nhit 1
dén 10 phat. Trung binh moét mau duoc thu
thap véi chu ky 5 phut, trong mét gio ta co
duoc 20 mau duoc thu thap dua theo thong
tu trén. Cac thong sd dugc thé hién & bang 4
sau day:

Bing 4. S6 lwong mdu thu thap duoc

Thoi gian Ch1’1 ky 1 Ch1’1 ky 5 Thl:zflt t?zin
phut[11] | phuit[22] de xuat
7h — 9h 120 60 31
11Th—13h 120 60 92
17h — 19h 120 60 57
21h—3h 360 180 120

Tir cac thong s & bang 4, voi chu ky
lay mau 1a 1 phut, s6 luong thong tin thu
thap nhiéu hon rat nhiéu, nhung trong d6 ¢
rat nhiéu thong tin tring lap, khong co ich
va nang lugng hao phi s& nhiéu. Pbi véi
phuong phép ldy mau theo chu ky lién tuc
trong v6i 5 phut, sé luong miu thu vé dat
mirc kha, nhung khoang thoi gian co nén
nhiét bién thién khong c6 su thich nghi khi
ma trong khoang thoi gian d6 ching ta can
thém nhiéu théng tin hon. Con véi thuat
toan dé xuét trong khoang thot gian ¢6 bién
dong 16n vé sd lidu thi cac gid tri thu théap
dugc nhiéu hon. Thoi gian trong ngay nén
nhiét do thay d6i it thi sd liéu duoc lay it
hon nhim dam bao dugc tinh ning luong
clia niit cam bién.

3.4 Nang lwgng thu dwoc cia pin mat troi

bién ap cua pin dugc thu thap thong qua
bd ADC ndi cta vi diéu khién va dong dién
tir pin qua mot b loc thong thip (LPF) thu
dong RC dé giam thiéu nhiu ctua ngudn, giir
lai thanh phan chinh DC.

Voltage solar sample

7

Time(hour)

Hinh 15. Diép ap trung binh cua pin gitra
ngay ram va ndng

Pién 4p cua pin dao dong khong déu
dugc thé hién nhu hinh 15 vi nhiéu Iy do
khéach quan vi dy nhu may che phi mat troi.
Cong suat cua pin dat duogc tdi da trong
khoang thoi gian gitra trua. Nhitng ngay mua,
pin s& khong dat dugc dién ap 6V.

Weather Comparison

. . \\\

Hinh 16. Nang lwong thu thdp duwoc cua pin
gitta ngay ram va nang (Wh)

V6i lugng pin dé xudt 1a 2000 mAh, kha
ning sac day pin trong mot ngay véi diéu
kién nang 1y twong dat 100%. Vi cac ngay
d6 phu ning thap (2h- 4h/ngay) thi pin dugc
nap tdi thiéu 80%.

W Produced

3.5 Panh gia két qua vé mit ning luwong
Tién hanh thuc hién thuat toan dé xuét

voi dieu kién dong sac vao cua pin bang 0,

dién ap cua pin dugc thu thdp dong thoi dé
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chting minh kha ning dap Gng vé mit ning
luong cua thuat toan. Ngoai ra, ching toi ddi
chiéu vé6i phuong phap 1y mau theo chu ky
5 phut [22].

Voltage pin
4 T T T

O

T T T
—6— old algorithm
***** Neural Algorithm

¢
9
!
|
I

1

I

N
.
g@ff
/,
,/’
/
7/
L 1

Voltage (V)
o r

o

05 . . . . . . . .
0 5 10 15 20 25 30 35 40 45 50
Time(hour)

Hinh 17. So sanh dién dp cua pin

Trong khoang thoi gian dau, lugng pin
dang nhiéu nén khi st dung thuat toan dé
xudt thi luong pin hao hon vi luc nay nut cam
bién dang st dung voi tac vu so 4 dat voi
mong mudn ban dau trong hinh 17. Luong
pin hao hut nhiéu hon nhung s6 lrgng mau
thu vé 1a t6i uu. Ve lau dai, khi luong pin
cang thap ta c6 thé t6i uu 1 phan vé mat nang
luong cua nut vi khi d6 tdc vu bi thay doi
xubng tac vu it tén ning luong hon va kéo
dai dugc thoi lugng va tudi tho cua pin.

Hinh 18. B thu thdp s6 liéu

Hinh 18 1a phan cting dé duoc thuc hién
2 phuong phap trén bao gdm mot vi didu
khién STM32F103, lora SX1278 433Mhz,
pin 2000mah, MCU quan ly sac CN3065, pin
mit trdi 6V 4.5W, cam bién nhigt do
DS18B20. Sau khi bién dich chuong trinh,
thuat toan dé xuat chiém 12% dung luong
cua bo nho flash.

4. KET LUAN

Bai bao cdo trinh bay tong quan phuong
phap phan loai sir dung mang neural va thiét
ké bo diéu khién neural cho viéc phéan loai.
Két qua mo phong duoc trinh bay va phan
tich thong qua Matlab bao gdm:

Mang neural v6i 1 mang nhé bao gém 1
16p ngd vao, 1 16p an va 1 16p ngd ra co két
qua ra rat kha quan va tuong ddi chinh xac.
Tuy nhién, v6i lugng neural & 16p 4n cang
nhiéu thi hé thong tinh toan cang ning hon,
kéo theo d6 ning luwong tiéu tén trén nut
nhiéu hon. Vi 20 neural nhu da chon rat gon
duoc nhiéu tai nguyén tir bd nhé dén ning
luong dé tinh toan & cac nit cam bién. Khi
tién hanh huén luyén, viéc Iya chon hé s toc
do hoc (Learning rate) kha quan trong cho
mo hinh dugc huan luyén dén diém hoi tu
thap va nhanh nhat.

Mit khac, thuat toan c6 tinh can ddi toi
wu hon gitra 2 yéu t6 quan trong ctia hé thong
thu thap dit litu ning luong thip la chét
luong ciia théng tin va tudi tho pin. Lugng
pin mit di tvong duong véi thudt toan cil
nhung bu lai cac s6 liéu ¢ nhimg thoi diém
c¢6 sy thay ddi 1on duoc 1ay nhiéu mau hon
va it hon khi cac s6 lidu thay d6i khong dang
ké. Ngoai ra, thuat toan cé tinh thich nghi tét
v6i timg méi trudng vi cac hé sd cia mang
neural c6 thé duogc thay doi dua trén céc
thong tin thu thap dugc.
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