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Abstract

Recently, sensor networks have been studied, applied and deployed widely in industrial as well as civil systems.
Simulation software is an important tool to support researchers in the design, development and application of
sensor networks. However, there is currently not many software solutions that allow the simulation that takes
energy-related activities into consideration. This paper introduces a simulation platform that helps users to
simulate the energy transformation process of the components as well as the nodes and the entire network,
thereby allowing definition, investigation of the energy transformation in each node, hence laying the foundation

of energy solutions for the entire network.
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Tém tat'

Hién nay, mang cam bién dang dwoc nghién ciru, ing
dung va trién khai rong rai trong cac mg dung cong
nghiép va dan dung. Cc phan mém moé phong 13 cong
cu quan trong hd trg cho cic nha nghién ctru dé thiét
ké, phat trién, img dung cic mang cam bién. Tuy
nhién, hi¢n chua c6 cong cu nao cho phép moé phong
mang voi viéc tinh toan cac hoat dong lién quan toi
ning luong. Bai bao nay gi6i thiéu nén tang mo
phong mang cam bién cho phép nguoi ding mo
phong duge qua trinh bién ddi nang lugng cla timg
thanh phan cua nat cling nhu ciia cdc nat va cia toan
mang, tir d6 cho phép dinh nghia, khdo sat qua trinh
st dung va chuyén hod nang lugng cua timg nat mang
va dat nén tang v& giai phap ning luong cho toan
mang.

1. Giéi thiéu

Trong nhitng nim gan ddy, mang cam bién khong day
(Wireless Sensor Networks - WSN) dugc dic biét
quan tdm, nghién ctru va img dung rat manh mé trong
nhiéu linh vuc nhu giam sat méi truong [1], sirc khoé
[2], kiém soat san xudt cong nghiép, néng nghiép,
nang lugng [3], giao thong, an ninh, quan sy [4] va
trong cac Gmg dung dan dung. Nhitng wu diém vuot
troi so voi hé thong cam bién c6 day nhu khong can
day cap ngudn va day tin hiéu, kha ning tuy bién cao,
¢6 tinh mém déo linh hoat, dé trién khai trén dién
rong va trong cac moi truong phic tap, mang lai hiéu
qué cao vé kinh té. Tuy nhién, mot van dé thuong gip
phai d6i vai WSN 1a viéc cung cp va dam bao duy tri
nang lugng hoat dong cua mang trong thoi gian dai.

' Ngay nhdn bai: 29/03/2019; Ngdy nhdn ban sira lan
1: 24/04/2019; Ngay nhdn ban sira ldn 2: 15/07/2019;
Ngay chcfp nhan: 21/07/2019; Phadn bién: Truong
Dinh Chau, Nguyén Chi Ngon.
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Trong nghién ctru, phét trién va tmg dung WSN,
viéc mo phong mang cam bién thuc s quan trong va
rat can thiét. Mo phong trong giai doan thiét ké cho
phép du doan hiu nang mang va so sanh duoc cac hé
thong khac nhau, cau hinh khac nhau cua mang khi
cac yeu t6 trong mang thay d6i nhu moi truong cai dét
hé thong cam bién, giao thirc dinh tuyén dé qua d6 co
thé dua ra céac lya chon phu hop muc dich, tng dung.
Hién c¢6 nhiéu phan mém chuyén mé phong mang
cam bién. Mot sb phan mém chuyén dung nhu NS
(Network Simulator) [5], OMNeT++ (Optical Micro-
Networks Plus Plus) [6], OPNET (Optimized Network
Engineering Tools) [7], JSIM (Java-based simulation)
[8]. Mot s6 phan mém ky thuat c6 hd trg cac cong cu
md phong mang cam blen nhu Matlab & Simulink.
Tuy nhién, cac phan mem trén tap trung chu yéu vao
viéc mo6 phdng cac Van dé lién quan cau trac mang,
giao thuc dinh tuyen [9] va cac kich ban ma chua
quan tdm dén van d& ning luong ciing nhu thoi gian
con sdng cia cac nit trong mang [10]. M6 phong
nang luong cua timg nut trong mang khi trang thai
nang lugng ciia moi nit can duoc giam sat, quan 1y va
diéu phdi theo kich ban chung cta toan mang s& hd
tro rat tot cho cac nha thiét ké. Pay ciing 1a diéu kién
tién quyét cta bai toan t6i wu hoa diéu phdi ning
luong trong mang cam bién.

Vi huéng nghién ctru vé t01 uu hoa sir dung nang
luong cho mang cam bién, yéu t6 quan trong can dic
biét quan tdm la trang thai nang luong cua timg nit
mang cling nhu hiéu ndng mang. Vi véy, can mot nén
tang mo phong khong chi quan tim dén ciu trac mang
hay giao thirc dinh tuyén, truyén théng ma con hd tro
ngudi ding trong viéc md phong cac nat cam bién
trong mang voi cac thudc tinh va phuong thuc co ban
lién quan dén van d& ning lugng nhu thu thip ning
luong tir moi trudng, trang thai nang lugng timg nut,
quan 1y va diéu phbi ti uu nang lugng trong mang. .
Bai bao nay trinh bay viéc thiét ké va xay dung nén
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tang moé phong mang cam bién hdn tap co tinh dén
nang luong cua timg thanh phin nut, cla timg nit va
toan mang. Twr d6 lam co s& thyc hién bai toan giam
sat, quan 1y va diéu phdi toi uu ning lugng trong toan
mang cho giai doan nghién ctru tiép theo.

2. Phan tich va thiét ké nén ting mé
phong

2.1 Phén tich chirc nang

Theo muc tiéu da dat ra, nén ting md phong duoc xay
dung can cho phép nguoi dung thiét 1ap mang voi kha
nang tuy bién cao dong thoi thlet lap mdi truong hoat
dong ctia mang véi cac thong sé moi truong tac dong
1én mang va thyc hién md phong theo kich ban ma
ngudi ding mong mudn. Nén tang m6 phong phai co
tinh mg: bén canh viéc cung cap thu vién cac phan tr
dugc xdy dung san, cho phép nguoi dung thiét 1ap hé
thong can mo phong, nén ting mo phong ciing can
cho phép nguoi ding b sung thém céc phan tir mang
moi theo myc dich ngudi dung thong qua ty xay dung
moi hodce ké thira, mo rong tir cac phén tir sin co. Vi
nén ting md phong nay, cac chirc ning c6 thé dugc
thuc hién thong qua giao dién ngudi ding, hodc bang
cach sir dung ngon ngit 14p trinh C++ dé thiét lap cac
kich ban m6 phong. Can clr vao hoat dong cua mang
cam blen cac yeu t6 can ban cua nén tang mo phong
la céc yeu t6 ctia cac nut cam bién, moi truong dat
cam bién, kich ban mo phong mang, khong gian, thoi
gian ciing nhu cic chiic ning trich xuat dir liéu va
tuong tac voi nguoi dung.

2.1.1 Phan tich cac chirc ning ciia nén ting méd
phéng

Tuong tu cac phin mém mo phong khac, nén ting mo
phong trong bai bdo nay dugc phat trién v6i 3 nhoém
chic nang chinh bao gém thiét 1ap mang, thiét lap
mdi truong dat mang va chay mo phong. Trong viée
thiét 1ap mang (xem H. 1), nguoi dung c6 thé 1dy mot
nut ¢6 san tir thu vién va cau hinh cho nut theo nhimg
thong s6 da duogc cai dat sin, hodc ty dinh nghia mot
nat méi bang cach lya chon va két hop cac thanh phan
cua nut mot cach tuy y, lya chon cac thong s6 va ché
d6 hoat dong phui hop cho timg thanh phan nay thong
qua st dung ngdn ngir 1ap trinh C/C++. Bén canh do,
ngudi dung cing co thé phat trién thém cac thanh
phéan chtc nang mai cho nuit dé bd sung vao thu vién.
Viéc phat trién cac thanh phan méi nay c6 thé duoc
thuc hién méi hoan toan hodc bang cach ké thira va
moé rong nhitng thanh phan da c6 tir trude.

Nhém chirc nang thiét 1ap moi truong dit mang
cung cap cho ngudi ding kha niang Iya chon méi
truong vat Iy cho hoat dong cua mang, bao goém
nhing yéu té moi truong nhu khong gian, nhiét do, d6
am, 4nh sang... Vé kha niang tuy bién va mo rong,
ngudi ding cling ¢6 thé ty minh phat trién cac yéu t6
mdi truong theo cac nhu ciu riéng biét.

Nhoém chire nang chay mo phdng gitip ngudi dung
thuc hién cac thao tac chay chuong trinh mé phéng
sau khi da thiét lap mang, mdi truong dat mang va
kich ban md phong. Hoat dong va cac két qua mod
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phong ciia mang cam bién phai mang tinh qua trinh.
Vi vdy, moi hoat dong ctia mang dugc déng b6 theo
tham sb thoi gian dwoc cai dat boi ngudi dung. Két
qua md phong c6 thé dugc hién thi hodc luu lai theo
nhu ciu nguoi ding.

Biéu dd ca str dung chirc ndng thiét 14p mang
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H.1 Biéu do ca sit dung chirc ndng thiét lgp mang

2.1.2 Phén tich va lya chon mé hinh nit cim bién
Nt 14 thanh phan co ban ctia mang. Cac nghién ctru
trude ddy ciing dd co nhitng nhin nhan vé ciu tric cta
mot nit cam bién co ban bao gdbm cac thanh phan
chinh nhu khdi pin, khdi cam bién, khoi xir 1y, khéi
thu nang luong, khdi truyen thong [11]. Cac phan
mém mo phong hién nay thiét ké cac nut khong mo-
dun hoéa theo cac thanh phan trén, ma cac nut dugc
dinh san cau trac chu yéu chi cho phép nguoi dung
céu hinh cac thong s6 lién quan t6i truyén thong nén
han ché trong van d& mo phong niit va mang cam bién
theo cac bai toan da dang trong thuc té. Vi vay, voi
cac phan mém mo phong hién nay, ngudi dung gip
nhidu kho khin trong bai toAn mé phong mang cam
bién ¢ yéu t6 lién quan dén nang lugng.

Tir nhan dinh trén, nén tang mo phong dugc phat
trién trong nghién ciru ndy mé hinh hoa chu tric cac
nut bang 5 thanh phan chinh nhu trong H. 2, bao gdm
cac khdi: nguon (Power) c6 nhiém vu thu nhan ning
luong tir mOi trudng, pin (Battery) la noi luu va dy trir
nang luong ma nit thu duoc tur khéi ngudn, cam bién
(Sensor) dé do cac dai lugng vat Iy ciia moi truong,
truyen thong (Comm) chiu trach nhi¢m glao tlep trao
d6i thong tin va dir liéu voi bén ngoai, diéu khién
(Control) ¢6 nhiém vu xir 1y va diéu phdi chung tat ca
cac hoat dong cta nut theo yéu clu cu thé cua kich
ban ma nguoi dung cai dat. Viéc xay dung nut trong
phin mém mé phong véi 5 thanh phan doc 1ap s& gitp
viéc phén tich va thiét ké bo cong cu ro rang hon, linh
hoat hon. Bén canh viéc st dung cac niit c6 ciu truc
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dinh sin nguoi dung c6 thé d& dang xay dung nut méi
pht hop muc dich sir dung bang cach phdi ghép 5
thanh phan nay dé c6 mot nit ciia minh. Mot nut dugce
tao ra khong nhat thiét phai day du 5 thanh phan dugc
cai dat, ma phu thudc vao viéc thanh phé"m d6 c6 can
thiét hay khong d6i véi yéu cau va didu kién hoat
ddng cu thé cua nut. Pay ciing 14 diém khac biét va wu
viét cia nén tang md phong so véi cac phan mém mo
phéng mang cam bién hién tai.

Control

Sensor

H.2 Cdc thanh phin cdu thanh mét niit cam bién

2.2 Thiét ké nén ting mé phéng
Tur phan tich tong quat dén cu thé vé cac chirc nang &
trén, nén tang md phdéng dugc thict ké voi md hinh
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16p téng quat dugc thé hién nhu H. 3, véi cac nhom

giao dién (interface) va 16p (class) cho:

e Céc thanh phan cta nut, trong dé
node_component la giao di¢n co sd.

e (Cac nut cam bién, v6i basic_node la giao dién

co 0.

e Mang cam bién, véi basic_network la giao dién
co s0.

e MOoi truong dat mang, vdi basic_world la giao
dién co s0.

e Yéu té moi truong, voi basic_ambient la giao
dién co so.

Ngoai ra, nén ting md phong nay con cung cap
cac giao dién va 16p phu trg, nhu 16p clock cho hé
quy chiéu thoi gian, reference_frame cho hé quy
chiéu khong gian, sun cho céc tinh toan lién quan t6i
hoat ddng ctiia mat trdi. Thoi gian co thé duogc chuyén
dbi qua lai giita cac hé quy chiéu cua dong hd khac
nhau, bao gom thoi gian thyc cua may tinh, thoi gian
toan cuc cia hé mé phdng, thoi gian cuc bd cua ting
thuc thé. Hoan toan tuong ty, toa do duoc su dung
trong md phong ciing c6 thé duoc chuyén dbi qua lai
giita cac hé quy chiéu mot cach dé dang, bao gom toa
do thyc, toa do toan cuc cua hé moé phong, toa d6 cuc
b ciia timg nut. Cac ham chuyén déi nay duoc cung
cap trong cic 16p clock, reference_frame va
trong giao dién entity.
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H. 3 So dé Iop téng qudt ciia nén tang mé phong
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Giao dién wsn _type 1a kiéu co sé chung nhét cua
toan bo cac l6p cua nén tang mod phong, nhim cung
cap nhitng phuong thirc co ban cho tit ca cac thuc
thé, vi du hai phuong thirc co ban to _J son() va
from _j son() nham ‘muc dich chuyen ddi céu truc dir
lidu gdm céc tham s6 hay trang thai cua cac thuc thé
thanh chudi ky tu theo dinh dang JSON phuc vu céc
muc dich nhu luu trit hay truyén thong.

T giao dién co sO nay, giao dién entity dugc Kké
thira va dai dién cho c4c thuc thé c6 thé hoat dong véi
cac yéu td khong gian, thoi gian va co ché sy kién,
nhu c4c nut, cic thanh phan nat, mang, moi truong. ..
Céc yéu t6 chinh cia entity bao gém ID 1a mi dinh
danh riéng biét cho mdi thuc thé cua giao dién nay,
tham chiéu t6i thyc thé me (parent entity), dong ho
(clock) ddc 1ap ma thoi gian c6 thé duge chuyén dbi
qua lai v6i quy chiéu thoi gian chung cia toan hé
thong, hé toa do (frame) doc 1ap ma toa do ciing c6
thé dugc chuyén ddi qua lai voi quy chiéu chung ctia
toan hé. Giao dién entity ciing cung cip cic phuong
thirc start() va stop() cho phép kich hoat hay
dirmg hoat dong cac thyuc thé nay mot cach riéng ré.

B6 cong cu mé phong dugce thiét ké véi tat ca cac
thuc thé déu co phuong thire hoat dong theo hudng sy
kién (event driven). Mbi thuc thé ¢6 thé cung cip mot
s6 su kién, va cho phép cac thuc thé khac dang ky
nhan thong bao mdi khi cac sy kién niy xay ra. Céc
su kién cua giao dién hay 16p co s¢ s€ dugc bao gdm
trong céc 16p dan xuét thong qua ké thira. Bé dam bao
cac thuc thé cta hé mo phong hoat dong doc lap, nén
tang mo phong dugc thiét ké hoat dong theo co ché da
ludng (multithreaded). Mbi thuc thé entiity khi duoc
kich hoat s& dwoc cép phat mot luéng (thread) riéng
dé thyc thi cac xir Iy cua thyc thé d6 ma khong anh
huéng t6i cac thuc thé khac. Didu nay twong tu co ché
hoat dong cua cac cam bién trong thuc té, doc lap
trong cac hé da tac t& (multi-agent systems).

Céc sy kién trong nén tang mo phong nay dugc
cung ca?ip theo co ché lan truyén. Mot sy kién xay ra
tai mot thuc thé cling dugc lan truyén 1én cac thuc thé
s¢ hitu n6, gitp cho cac su kién co thé duoc cac thuc
the khéc dang ky tai chinh thyc thé d6, nhung ciing c6
thé duoc dang ky ¢ thyuc thé cap cao hon. Vi du, mot
mang c6 nhiéu nat cam bién, va mdi nat cé nhiéu
thanh phan. Khi can xir 1y su kién dugc kich hoat cta
mot thanh phan cua mot nut nhét dinh, ta c6 thé ding
ky su kién nay ngay tai thanh phan d6. Nhung néu can
xur 1y su kién dugc kich hoat cta tAt ca céac thanh ph?m
ctia mot nut, ta ¢ thé dang ky su kién do o cép do
nut; hodc néu can xir 1y cho tit ca cac thanh phan ciia
céc niit trong mang, ta c6 thé ding ky & cap d6 mang.

Bén canh co ché sy kién, nén ting mo phong nay
con duoc thiét ké v6i co ché dinh thoi (timer). Mbi
thuc thé entity déu c6 thé thiét 1ap tuy y sé dinh
thoi theo nhu cau xir ly. Céac bo dinh thoi hoat dong
theo thoi gian cuc b cua thuc thé.

Vi mdi nit déu c6 5 thanh phan, dé cho phan trién
khai xay dung bd cong cu dugc thuan tién va 13 rang
hon nén giao dién thanh phén nut node_component
dugc dua ra nhdm cung cip cac chirc ning chung cta
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c4c thanh phin ndy, trong d6 c6 tham chiéu téi nut.
Mdi thanh phan nit co ban néi trén twong tng véi 5
giao dién thanh phan co s& la basic_battery,
basic_power, basic_sensor, basic_comm,
basic_controller, vi mdi giao dién thanh phan
nay s€ dam nhiém vi¢c dinh nghia cac phuong thic co
s& ctia 5 thanh phan cam bién.

Céc nat dugce dai dién bai giao dién basic_node,
c6 thong tin co ban v& vi tri, dinh danh, tén va dugc
thiét 1ap dua trén co ché td hop cac 16p thanh phan
nat. Mang cam bién duoc dai dién boi giao dién
basic_network, bao gdm cac chirc ning lién quan
téi quan ly cac nut. Giao di¢n basic_world dai di¢n
cho thé gidi thuc, gdm cac hé quy chiéu thoi gian va
khong gian toan cuc, mang dugc mo phong, va cac
yéu t6 modi truong dit cam bién, dai dién boi giao dién
co sé basic_ambient.

Trong mdt thuc thé basic_world, nguoi dung cod
thé thiét l1ap tuy y sd luong yéu t& moi truong nhu
nhiét do, d6 4m, anh sang... Vai tro cia cac yéu to
nay la mé phong moi truong dat mang voi nhirng dai
luong vat li giong nhu moi trudng thyc té. Vi duy, ta
6 thé thiét 1ap trudng anh sang phu thude vao vi tri
dat cam bién va vi tri cua mit troi theo thoi gian thyc;
hay truong nhiét d¢ phu thudc vao thoi gian theo gio,
ngay, thang nhu trong thyc té dua vao dir lidu thyc...
Ngoai ra, co ché nay cho phép nguoi ding co thé két
hop mo phong giita mot 1a phan mang 4o trén may va
phﬁn mang thue dugc cai dat bén ngoai.

Tir cac giao dién co sd, cac 16p tong quat duoc
dan xuét voi nhiém vu dam bao cdu thanh hé thdng
mang hoan chinh mdt cach co ban cho mét ing dung
ma ngudi ding can dé md phong, bao gdm
generic_node, generic_network,
generic_world, generic_ambient.

3. Trién khai xiy dung nén ting md
phong
Dua trén phan tich va thiét ké nén ting mé phong nhu
¢ trén, thu vién cac phan tir d3 dugc xay dung, chu
yéu bao gom dinh nghia cac nat, thanh phan nat, va
cac yéu tb mdi truong dat cam blen Tru6e hét cac
thanh phan cdu thanh nat dugc trién khai xay dung
theo 5 loai da néu. Tir cc thanh phan d6, 16p nit tong
quat generic_node dugc xdy duyng voi muc dich
dua ra cac khudén mau cho cac 16p dan xuét dé tir do
s& trién khai ra cac 16p cu thé hon va dén timg d6i
tugng. Vi dy, vdi viée trién khai xay dung thanh ph?m
pin, hai 16p da duoc xdy dung l1a linear_battery
va chemical_battery nhu H. 4. Trong do,
linear_battery dai dién cho loai pin tuyén tinh 1y
thuyét nhim phuc vu muc dich mé phong bo pin 1y
tuong ma dung luong hién tai ctiia pin phu thudc vao
cong suat tiéu thy dinh mirc va thoi gian st dung,
cing nhu qué trinh sac chi phy thuge thoi gian sac,
trong khi toc do sac ning luong duogc coi 1a hiang sd.
L6p chemical_battery dai dién cho 16p cac dbi
tugng pin hoda, voi cac qua trinh sac, xa nang lugng
clia pin phu thudc nhiéu thong s6, tham sb khac nhau
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tuy theo loai pin. Lép nay tiép tuc dugc thira ké boi
cac 16p cu thé hon, gdm cic mo hinh pin hoa phd bién
1a axit chi, Li-ion, Ni-Cd va Ni-MH.

Mo hinh phong - nap cta céac loai pin nay dugc
mo ta bang cac phuong trinh dudi day [12].

e Pin axit chi

M0 hinh phong:
V,,=E,—Ri—-K Q_ (i" +it)+e (1)
—it
MO hinh nap:
Viw =E,—Ri— © ; k-2 ise ()
it+0.10 Q—it
e Pin Li-ion
M0 hinh phong:
v, =E,~Ri-K—2(i' +i o
o = Eo — Ri ” (l +lt)+ Ae 3)
—1i
MO hinh nap:
Vi = Ey —Ri— A
it+0.10 Q-it
“4)
e Pin Ni-MH va Ni-Cd
M0 hinh phong:
V,,=E —Ri-K Q (i" +it)+e (5)
O—it
M06 hinh nap:
Vie =E,—Ri—K 0 i - 0 it+eé'
lif] +0.10 O-it
(6)
Trong do, V,,, 1a dién ap pin (V), K, 1a dién ap

ngudn trong (khong déi) cua pin (V), K 14 hing sb
phan cuc (V/Ah) hodc dién tré phan cuc (), Q la
dung luong 16n nhat cia pin (Ah), it 1a dung luong
chiét xuat cua pin (Ah), i l1a dong cua pin (A), i
dong loc thong thip (A), R 1a dién tro trong cuia pin
(Q), A la dién 4p mii (V), B 1a dung lugng mi
(A/h). Céc khdi pin dwgc mo phong dua trén cac mod
hinh pin va céac thong s6 trén, trong do ché dd hoat
ddng va cac tham sd dugc céu hinh hodc cai dat boi
nguoi dung.

Viéc thu nang lugng tir moi truong do khdi ngudn
dam nhiém va can xét toi cac yéu t6 lién quan dén mat
do nang luong, hi¢u suat thu va chuyén doi nang
luong. Cac ngudn nang lugng chinh dugc cai dat gom
nang lugng dién ludi, nang luong mat trdi, nang
luong nhiét, nang luvgng rung dong, nang lugng RF.

Tuong tu, so dd trién khai thiét ké cac 16p cam
bién dwoc thé hién trén H. 5. Tir giao dién co s&
basic_sensor, cac 16p cam bién dai dién cho mdi
loai cam bién do céac dai lugng vat 1y nhu nhiét do,
anh sang, do 4m, ndng do chat khi, cam bién bao
chay... duogc xay dung. Tir mdi 16p cam bién tng véi
mdi dai lwong vat 1y trén, cac 16p con mg véi timg
loai cam bién do dai lugng do theo cic nguyén ly
khéac nhau trong thuc té tiép tuc dugc cai dat. Véi
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cach trién khai nhu vay, thu vién cac dbi tuong cho
cac 16p duoc xdy dung va két qua s& c6 thu vién dbi
tugng cua cac thanh phin ma nguoi dung co thé sir
dung dé thiét 1ap ra mot ntit méi hoan chinh va dit cac
thong s6 cho timg ddi tugng phi hop muc dich nguoi
dung, cho phép kha ning tuy bién va tinh thuan tién

Ccao.
O

basic_battery

+charge()

+consume()

+get_soc()
+get_norminal_voltage()
+get_capacity()
+get_max_capacity()

7

linear_battery chemical_battery
#minl: double #battery type
#maxl: double #R_load
#level #U_battnorm
#charge_rate #Q_rated
#consume_rate #dt

#Qdt
+Ubatt()
+Ibatt() #Qmax
+SOC() +get_soc()
+Charge() +charge(doubleT)
+Discharge() +consume(doubleT)
lithium nike_cadminum nikel_mh
+ithium_type +nicd_type +nimh_type

H. 4 So do I6p cdc logi pin

O

_ basic_sensor

+get_last_value()
Iigth_sensor/v +measure() \

vibration_sensor

humidity_sensor tempt_sensor|

+sensor_type
+mahieu_type

+out()

ari_sensor| fire_sensor

thermistor_sensoe¢ semi_sensor| thermocouple_sensor

+mh_thermistor +mh_simi +mh_thermocouple
pt_sensor cu_sensor| nikel_sensor
+mh_pt +mh_cu +mh_nikel

H.5 So do I6p cho thanh phén sensor

4. Mot so ket qua m6 phéng
4.1 Nang lwgng cia cac nit
Dé thir nghiém viée theo doi hoat dong cta qua trinh
do va thay ddi nang luong, mot kich ban mé phong
v6i cac nut cam bién anh sang (light sensor), nhiét o
(temperature sensor), 0 am (humidity sensor) dugc



CONG TRINH KHOA HQOC

thiét 1ap. H. 6 thé hién cac thong bao duoc in ra theo
thoi gian mo phong, gdm céac thong tin thoi gian, tén
nat, ma dinh danh nut, cac sy kién xay ra kém theo
thong tin cua sy kién.

2018-85-22 12:808:0.007: Node light (118) started
2018-95-22 12

:08:0.809: Node temperature (96) started
2018-85-22 12:00:0.010: Node humidity (187) started
>> 1018-85-22

12:00:8.219: Node light (118) consumed, level = 9.98

2018-05-22 12:80:8.236: Node light (118) measurement updated: 99645.9
2818-85-22 12:808:08.457: Node light (118) consumed, level = 8.96
2818-85-22 12:88:8.474: Node light (118) measurement updated: 108361
2018-085-22 12:80:8.519: Node humidity (107) consumed, level = 8.96
2818-05-22 12:00:08.534: Node humidity (107) measurement updated: 75.447
2818-05-22 12:80:08.703: Node light (118) consumed, level = 8.94
2018-85-22 12:00:0.728: Node temperature (96) consumed, level = 0.86
2@18-85-22 12:8@8:9.736: Node light (118) measurement updated: 99970.4
2818-85-22 12:88:08.75@: Node temperature (96) measurement updated: 22.1
2018-95-22 12:80:9.963: Node light (118) consumed, level = 9,92
2818-85-22 12:808:0.988: Node light (118) measurement updated: 99519.2
2018-85-22 12:00:1.057: Node humidity (107) consumed, level = 0.92
2818-85-22 12:88:1.074: Node humidity (107) measurement updated: 81.622
2818-85-22 12:808:1.207: Node light (118) consumed, level = 8.9
2@18-85-22 12:8@:1.221: Node light (118) measurement updated: 98731.9

H. 6 Két qui mé phong qud trinh do va mitc nang lwong
con cua nut cam bién

Dién bién vé ning lugng ciia timg nut dugc thé
hién trén H. 7. Trong kich ban mé phong vi du nay,
ngudng chuyén sang ché d6 thu ning lugng ciia moi
cam bién dugc thiét 1ap & 20%, nghia 1a khi ~dung
luong con lai nho hon 20% dung lugng 16n nhét cia
pin thi nat s& chuyén sang ché do thu ning lwong mat
troi, va khi ddy pin s& dimg ché do sac. Tuy nhién,
viéc thu nang lugng mat troi & day con phu thude vao
thoi gian thu 1a ngay hay dém, va cong suét thu ning
luong ciing phu thudc vao vi tri trong ddi v6i mat troi
theo thoi diém va thoi tiét trong ngay. Trén hinh, cac
dai mau tring thé hién thoi gian ban ngay, khoing
mau xam thé hién thoi gian ban dém. Cac thoi gian
chuyén ngay/dém va vi tri ciia mit troi dugc tinh toan
bang cac cong thirc thién vin hoc.

Dung lugng pin ciia cam bién do nhiét do (duong
nét lién) cho thay dung luong 16n nhét 1a 3500mAh,
khi con dudi 20% chuyén sang ché d6 sac tir ning
lwong mit troi, nhung vi thoi diém nay da sép chuyén
sang ban dém nén mirc ning luong sac nho dan va
khong du dé pin sac ddy, trong khi d6 cam bién van
lién tuc tiéu thy nang luong dan dén pin s& bi hét
truéc khi troi sang va cam bién d6 nhanh chéng
ngung hoat dong. Hién tuong tuong tu cling xdy ra
v6i cam bién do am (dwong nét dirr). Con cam bién
anh sang (dwong chdm cham) thi thoi diém chuyén
sang ché do sac 1a bat dau ban ngay nén pin dugc sac
trong thoi gian dai va pin day nén song dugc nhiéu
ngay, tat nhién trong truong hop nay ngiu nhién s& c6
lac trang thai con 20% pin cling dang vao lic bét dau
ban dém va cam bién ciing bi hét pin trudc khi troi
sang. Tuy nhién, day chi 1a m¢t truong hgp mang tinh
minh hoa, con nhiéu trudng hop khac nita dé mo
phéng qua trinh ti€u thy va thu nap nang lugng tir mat
troi noi riéng va tor moi truong ndi chung.

3!

7
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temperature
= = =humidity

---------- light

temperature threshold
— — —humidity threshold
light threshold

3500

3000
2500,

2000

Capacity (mAh)

1500

1000

I
80 100
Time (hours)

H.7 Qua trinh tiéu thu nang lwong va thu nap nang luong
mat troi

Qua truong hop mé phong nay, ching ta clng
thdy rang dii cac cam bién co thé thu thap dwoc ning
luong tir moi trudng vao ban ngay dé du dung vao ban
dém nhung khong c6 nghia rang cam bién d6 sé song
mai, boi viéc thu nang lugng cho cam bién con phu
thudc thoi gian va nhiéu yéu té cia méi truong. Chinh
vi vay, can thlet phai c6 nhimg nghién ciru phat trién
cac giai phap t6i uu ning lwong nhim duy tri hoat
dong mang on dinh 1au dai.

4.2 Truyén thong

Pé thir nghiém qua trinh truyén thong, mot kich ban
md phong dugce thiét lap v6i mot mang gém 50 nut
cam bién véi kich ban don gian 13 cho mot nit dinh
trude s& do gia tri va giri két qua do dén nut chii. Cac
nit mang c6 vi tri 1a toa d6 dugc gan ngau nhién trong
mot vung quy dinh. Cac sy kién va thong tin kém theo
trong qua trinh mo phong dugce thé hién trén H. 8.

Kich ban tuong tu v4i 150 nit mang trong pham
vi 30mx*30m, trong d6 niit 1 & toa d6 (0, 0) 1a nit chu.
Qua trinh truyén théng duoc thyc hién bang co ché
quang ba (broadcast) voi rang bude goi tin chi gui di
trong 5 buéc (TTL — time to live) va khoang cach
truyén thong mdi budc 1a 5m. Ban tin dugc phat di tir
nit do va quang ba tdi cac nit xung quanh, mdi nut
khi nhan dugc mot ban tin sé tiép tuc chuyén tiép cho
tat ca cac nut xung quanh no, cho dén khi nut chu
nhéan duoc hodc hét 5 bude quang ba ban tin, va mdi
nut chi quang ba ban tin nay téi da mot lan. H. 9 cho
thdy voi cau hinh nay, ban tin khong thé truyén dugc
té1 nut chu.

Bing cach ting khoang cach truyén thong 1én 10m
va TTL 1én 10 budc, két qua mo phong thé hién trén
H. 10 cho thay trong truong hop nay ban tin truyén tir
nat 148 co thé dén dwoc nit chi s6 1. Két qua mot
kich ban m6 phong khac twong tw nhung voi co ché
truyén thong theo mot céu trac c6 két nbi giira cac nut
cam bién duoc thiét 1ap tir lac khoi tao dugce the hién
trén H. 11. Co ché truyen thong nay giap tiét kiém
s0 ban tin dugc truyén, nhung s6 budc trung gian t6i
nut chu sé 16n hon, va khién do tré ciing 16n hon.



CONG TRINH KHOA HOC

Chuyén san Po lwong, Diéu khién va Tuw dong héa, quyén 22, s6 1, 4/2019

[2818-84-38 12:98:1.651: Node tempdd (622) started: 19, @, @ 7 T ;
(2818-84-38 12:80:1.681: Node temp5@ (633) started: 29, 24, @ 30 - 53 8 . 13
55 measure? .. () & 148
[2818-84-38 12:18:55.411: Node temp2 (105) measurement updated: 19.5665 | o ol . 9 [
»>> 2818-84-38 12:18:56.397: Node temp23 (336) forwarded 56 bytes for temp2 (1@5) 112 N ° 7@
2018-84-38 12:10:57.245: Node tempS@ (633) forwarded 56 bytes for templ (185) [0) 71 6, 69 54 95 96 ' 133
2018-84-30 12:10:57.481: Node temp33 (446) forwarded 56 bytes for templ (185) 40 o © [ ] 5 o0 0@
1818-84-38 12:18:57.514: Node temp3@ (413) forwarded 56 bytes for templ (185) %F Q@ 22 o ° @ 4
2018-084-30 12:10:57.547: Node temp2? (38@) forwarded 56 bytes for templ (185) 65 .. & 20 57 86 .
2018-84-38 12:19:57.577: Node tempd3 (556) forwarded 56 bytes for temp2 (185) 0 20‘ 10 5 @ °
2018-84-30 12:18:57.632: Nede templ5 (358) forwarded 56 bytes for temp2 (185) O 47 . . . .
2818-84-30 12:19:57.673: Node tempd2 (545) forwarded 56 bytes for temp2 (185) S ) 39’ 123 g
[2018-84-30 12:18:57.711: Node templl (204) forwarded 56 bytes for temp2 (185) L (@) 56 72 1029, ( [ ] °
l818-84-30 12:18:57.745; Node temp2d (347) forwarded 56 bytes for temp2 (185) 2 7 @ A ‘ 2 2
[:918-84-38 12:18:57.778: Node temp8 (171) forwarded 56 bytes for temp2 (185) (CRAgi ) @ o) °
[2618-84-30 12:18:57.516: Node tempdd (611) forwarded 56 bytes for templ (185) 23 85/ 1@ ) 137
2618-84-38 12:18:57.859: Node temp37? (438) forwarded 56 bytes for temp2 (185) 15) 000 o
2618-84-30 12:10:57.932: Node templ (253) forwarded 56 bytes for temp2 (185) _ b 126 o8 143 3 g
2018-84-39 12:10:58.203: Node temp2@ (303) forwarded 56 bytes for temp2 (185) E 51122 ’ ” 19 [ & ]
2018-84-30 12:10:58.164: Node tempdd (567) forwarded 56 bytes for temp2 (185) > O % (] 5 14280 [ ]
2018-84-30 12:10:58.204; Node temp2 (482) forwarded 56 bytes for temp2 (185) 0 9} ° o P\ 68
2018-84-30 12:19:58.275: Node temp? (168) forwarded 56 bytes for temp2 (105) P 36 °
2018-84-30 12:19:58.325: Node temp39 (512) forwarded 56 bytes for temp37 (498) Ono @ 61 141 b
2018-84-39 12:19:58.560: Node tempdd (523) forwarded 56 bytes for templs (259) O 12055 | @ 150 ® ® @
2018-84-39 12:19:58.623: Wode tempS (138) forwarded 56 bytes for temp2e (383) 10 Ocy w @ 6 2@ 107
2018-84-30 12:10:59.031: Node templ (34) received from templ3 (226): node 185 value 19.5 197 O M 145 2@ w @
1818-84-38 12:18:59.271: Node temp3 (116) forwarded 56 bytes for temp27 (388) 94 7149 v/ @ o0 .
2818-84-30 12:19:59.389: Node tempdS (578) forwarded 56 bytes for temp2d (482) O 0O 0 . 0 0
2018-84-30 12:18:59.733: Node temoS (182) forwarded S6 bvtes for temo2d (347) w2 7 ° ) s
5F o © @ %9 151 ®
£ P, . ) ) ) ) ° " @ 118 136
H.8 Ket quda mé phong kich bdn truyén thong trong 55 6 4 @ 115 )
111144 66 103 83
5 10, 81 b Q
mang ,0F C\% 19 g o ¢ oo
0O (©)e) B
! ! . . | . . .
s 1 0 5 10 15 20 25 30
99 ) X (m)
5 o 198 . s 2 ) LN ~ ,
[ N ) g @ H. 10 Kich ban truyén thong voi rang buéc 10 buoc,
14 4 . ,
o ° khoang cach 10m
[ J
123 4y
o 30 i
25
[
187
; ‘C?\“ i ol |
1
® 20t 1
e
% @
o @
(] s E st 1
126 =
oy A
‘71\5 ‘\,’.33
O 115 20
99 [Ora
%, O:b 10 1
] , , , , , ,
0 5 10 15 20 25 30
X (m)
sk . 1
. 7 1
: Oub \% oo
. , P ;N Ly ;N . , 13 o
H.9 Kijch ban truyén théng véi rang bugc 5 budc, khodng I . S &
. 7
cdch 5m SCD %% 6 B
o H 1
; h . | , , ,
r 0 5 10 15 20 25 30
A A
X (m)
5. Két luan L PR o y .
. < H. 11 Mo phong truyén thong khong gioi han so budc va
Trong nghién ctru ndy, nhém tac gia da phan tich va ’
g ng Ys g p 10m/bucc

thiét ké mot nén tang mo phong mang cam bién co
tinh dén yéu té nang lugng. Budc dau trién khai xay
dung nén tang mo phong da mang lai mot s6 két qua
kha quan, cho phép thiét 1ap mang cam bién voi mdi
nat gdm 5 thanh phan, thiét 1ap moi trudng vat 1i dat
mang, cho phép mé phong dugc trang thai ndng luong
cta cac nat, qua trinh ti€u thu cling nhu qua trinh thu
ning lugng va sac pin tir cic ngudn ning lugng xung
quanh theo cac tham s thiét 1ap boi nguoi ding, kém
theo cac co ché truyén thong va diéu phdi hoat dong
trong mang giita cac nat cam bién. Nén tiang md
phong hoat dong theo huéng su kién, thé hién qua
viéc cho phép danh gia vé nang luong cua nit, va tur
d6 c6 thé dua ra cic quyét dinh lién quan dén hoat
dong cua tirng nut va toan mang.
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Hién tai, nén tang mo phong nay chua co giao dién
cho nguoi dung cudi, ma doi hoi sir dung ngon ngir
C/C++ dé thiét 1ap bai toan mo phong ciia minh. Nén
tang md phong 1a tién dé cho cac nghién ctru, ung
dung tiép theo vé t&i wu thiét ké va hoat dong cua
mang, dic biét 1a giai quyét cac van d& lién quan toi
nang lugng.

Loi cam on

Nhom tac gia xin chan thanh cam on truong DH Bach
khoa Ha N¢i da tai trg thuc hién nghién ctru nay trong
khuon khd dé tai cap co s& mé sé T2017-PC-124.
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