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GIAI PHAP KET HQOP GIUA THUGC PO PINH TUYEN CHAT
LUQNG LIEN KET VA NANG LUQONG TRONG GIAO THUC IRPL

Vil Chién Thing'", Nguyén Van Tao', Vil Van San?, Lé Nhat Thing?

Tom tit: Cdc thiét bi Internet of Things sé duwoc trién khai véi mét SO lwong lon
cdc nut mang hoat dong bang pin. Trong cdc mang khong ddy cong sudt thap, van
dé tiét kiém ndng lwong nham néng cao thoi gian song ciia mang la mot yéu cau
quan trong. Trong bai bdo nay, ching t6i de xuat mét gidi phdp két hop gitra thuéc
do dinh tuyén chdt heong lién két va chi sé nang luong con lai trong giao thirc
IRPL. Chiing téi két hop hai thuée do dinh tuyén ndy dia theo mot trong so a. Tir
do, ching téi da thwce thi va danh gid mé phong giai phap méi dé xuat. Két qua
danh gid mé phong cho thdy, gidi phdp méi do chiing téi dé xudt cho phép tang thoi
gian song ctia mang va tang ty 1é chuyén phat ban tin dir liéu trong mang.

T khoa: Mang cam bién khong day, Panh gia hiéu nang mang, H¢ diéu hanh Contiki, Giao thtrc dinh tuyén
RPL cai tién.
1. GIOI THIEU

Mang Internet két ndi van vat (IoT — Internet of Things) 1a mot kich ban trong
d6 hang ty thiét bi duoc két ndi véi nhau, mdi thiét bi c6 mot dia chi duy nhat toan
cau. Cac ung dung cua mang cam blen khong day nhu ty dong hoa toa nha, ngoi
nha thong minh... véi md hinh két ndi da chang chay trén nén chuan truyén thong
khong day IEEE 802.15.4 ciing sé& 1a mt thanh phan cua IoT.

Giao thtc dinh tuyen RPL (IPv6 Routing Protocol for Low-Power and Lossy
Networks) dugc dé xuat cho mang t6n hao cong suét thap néi chung va cam bién
khong day noi riéng [1]. RPL la mét giao thirc vecto khoang cach. Giao thirc nay
xdy dung cdu tric mang gom mot/nhiéu do thi khong c¢6 chu trinh dugce dinh
huéng t6i moét/nhiéu dich dén - DODAG (Destination Oriented Direct Acyclic
Graph) [2]. Giao thic RPL hién tai sir dung thudc do dinh tuyén chat luong lién
két ETX (Expected Transmission) dé Iya chon tuyén duong t6i vu trong mang.
Tuy nhién, thudc do dinh tuyén ETX khong dam bao dugc vin dé can bang ning
luong gilta cac nut trong mang. Vi vay, mot nhuoc diém cua giao thire RPL hién
tai do la su mét can bang nang luong gilta cac nit mang. Cac nut mang thude
nhing tuyen duong co chit lugng lién két tot duoc su dung nhiéu trong qué trinh
chuyén tiép ban tin dir liéu dén nat gdc. Cac nut nay s& het nang lugng nhanh hon
va tao thanh cac 16 hong trong mang, 1am giam thoi gian séng cua mang [3].

Trong thot gian qua, nhleu giao thirc dinh tuyén c6 sy nhan thic vé nang lugng
da dugc d& xuat nham tdi thiéu nang lugng ti€u thu va tang thoi gian sdng cia cac
nit mang. Giao thuc dinh tuyen c¢6 sy nhan thic vé ning lugng EAR (Energy
Aware Routing) [4] dugc dé xut boi Rahul C. Shah va cac cong sy duy tri mot tap
cac tuyén dudng t6t thay vi chi lua chon mét tuyén duong tbi uu. Giao thirc EAR
sir dung thuéc do ning luong dé xac dinh cac tuyén dudng t6t. Thude do ning
luong nay duge xac dinh boi ca chi phi chuyén phat mot ban tin va nang luong con
lai cta cac nut chuyén tiép. Giao thirc EAR ton tai hai nhugc diém chinh d6 la:
Thir nhit, giao thirc EAR dwa vao ning luong con lai cia ca tuyén dudng ma bo
qua sy khac nhau vé nang lugng cua timg nut riéng 1¢ trén tuyén duong. Mot tuyén
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duong con nhiéu ning lugng khong c6 nghia 1a tat ca cac nut trén tuyén dudng do
con nhiéu ning lugng. Thir hai, giao thitc EAR xac dinh thudc do chi phi ning
luong dua trén sy hd trg vé phan cimg trén cac nit cam bién. Tuy nhién, khong
phai moi phan cimg déu hd tro kha ning nay.

Trong bai bdo [5], Kamgueu va cong su da dé xuét viéc sir dung thudc do dinh
tuyén ning luong con lai cho giao thirc RPL. Tuy nhién, cac tac gia lai bo qua
thude do dinh tuyen chat lugng lién két. Trong bai bao [6], cac tac gia dd dé xuat
thude do dinh tuyen thoi gian song ky vong (ELT - Expected LifeTime) dé udc
lwong thoi gian sdng clia cac nut that cd chai. Cac tac gia da sir dung ca luu luong
ban tin va do tin cdy cua lién két dé udc lugng ning luong tiéu thy trung binh cta
clia mot nut thét cd chai.

Trong bai bao [7], chung t6i da dé xuat mot giai phap két hop giita hai thudc do
dinh tuyén 1a chat luong lién két va trang thai ning luong con lai ctia nit chuyén
tiép dé lua chon tuyén dudng tdi vu. Mdi nat mang s& wdc luong duoc chi sb ning
luong con lai. Chi sb ning lugng con lai nay duoc so sanh voi mot ngudng cho
trude. Khi chi s6 niang lugng con lai ciia mot nat mang thép hon mét ngudng cho
trude thi nat mang do s€ khong tham gia vao qua trinh chuyén tiép ban tin dir liu.
Giai phap nay c6 uu diém d6 1a thudce do vé chi sb ning luong con lai duge udce
luong bang phin mém va co thé thyc hién duoc trén nhiéu kién trac phan cliing
khac nhau ma khong lam phat sinh thém bat ky mét chi phi méi nao vé phan cung.
Két qua mo phong cho thay, giai phap dé xuét trong bai bao [7] cho phep tang thoi
gian song cia mang nhung lai lam glam ty 1& chuyén phat ban tin dit liéu.

Trong bai bao nay, chung t6i d& xuat mot giai phap két hop méi giita thudc do
dinh tuyén ETX va EI nham cai thién ty 1& chuyén phét ban tin di liéu trong mang
dbi vai giao thuc IRPL. Phan con lai cua bai bao duoc bd cuc nhu sau: Pau tién,
chung t6i trinh bay dé xuit méi vé giai phap két hop giira hai thudc do dinh tuyén
ETX va EI trong giao thire IRPL; Tiép theo, chung toi danh gia hi¢u ndng cua giao
thirc dinh tuyen IRPL theo giai phap dé xuat moi va so sanh véi giai phap két hop
ban dau; Cubi cung, chung to1 dua ra mot s6 két luan cho bai béo.

2. GIAO THUC IRPL VA GIAI PHAP DE XUAT
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Hinh 1. Thyec thi giao thurc IRPL trén Contiki.
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tiéu thu c6 nhiém vu xac dinh chi sb nang lugng con lai ctia nit mang.
Trong bai bao nay, ching toi dé xuit giai phap két hop gitta hai thudc do dinh
tuyén chat lugng lién két (ETX) va chi s6 nang luong con lai (EI) theo cong thire sau:

ETX
tri %)= 100+ (1-)(100— EI (1)
metricy, (%) =a ETX +(1-a)( )

Trong do: « la trong s6 cho phép diéu chinh hai thong sb ETX, EI dé tinh toan
thudc do dinh tuyén két hop, gia tri a nam trong khoang tur 0 dén 1; ETX,. 12 gia
tri chat luong lién két 16n nhat cia tuyén I
du’ong trong mang. Thuiit todn 1: Lyra chon mit cha tot nhat

. . £ J4 . Péu vao: Bdng dinh tuyén ciia mit N
Th inh tuyén két hop metric o
uée do d uye ct hop me ETX_EI Output: Niit cha tot nhét cia mit N

dugc mang di boi truong duy trir trong ban tin .~ vy
dléu khlén DIO [8]. Hinh 2 tl‘inh béy thué.t max_me[rchD{iE‘y:]OO;
toan lya chon nut cha tot nhat dudi dang ma for n = RoutingTable/i]
gia. Nut cha tot nhat phai thoa man dong thoi i (n.metriczx g1 < max_metricry_z) then
hai yéu cau: Thir nhat, niit d6 phai c6 chi so MHX_MELTICETY g1 = 1L IMELTICETY 213
nang luong con lai (EI) & mirc cao d€ dam bao end if
su can bang nang luong trong mang; Thir hai, enafor
chat lugng lién két cua tuyen duong (ETX) di  if best /= NULL then
qua nat d6 & muc thap dé tiét kiém ning retun best;
lugng (do so lan truyén ban tin dén nit goc 1la B¢
e . 1 A 5 A A A send(DIS);
thap). Khi két hop ca hai yéu cau trén trong .
cong thic (1), nut cha tot nhat dugc lya chon
phai 1a nat c6 thuéc do dinh tuyén két hop Hinh 2. Thudt todn lira chon niit
mel‘l"l'CET)(iE] nho nhat. cha tot nhat.

3. DPANH GIA GIAI PHAP DPE XUAT VOI GIAO THUC IRPL

best = n;

3.1. Cac tham s6 danh gia
3.1.1. Ty 1é chuyén phat ban tin dir liéu
Ty 1€ chuyen phat ban tin dir liéu DDR (Data Delivery Ratio) dugc xac dinh

bang ty s giita s0 ban tin dir li¢u nhan dugce tai nit goc va tong s6 ban tin dir liéu
dugc giri di boi tat ca cac nat trong mang.

DDR(%) = MJOO% (2)
data
Trong d6: Nyeceived 12 téng $b bén tin dir liéu nhan duogc tai nut géc Ndm la téng
s6 ban tin dir liéu dugc guri di boi tat ca cac nut trong mang. Ty 1¢ chuyen phat ban
tin dir liéu DDR cang cao thi hiéu qua truyén théng trong mang cang tot.
3.1.2. Su cdn bang nang lwong giita cdc niit mang
Dé d4nh gia sy can bang ning luong giita cac nit mang, ching t6i dua vao chi
s0 nang lugng con lai EI trén cac nit mang. Thudc do danh gia sy can bang nang
luong EBI (Energy Balance Indicator) gitra cac nit trong mang dugc xac dinh theo

N o
cong thire sau: EBI = |> (EI-EIL)’ A3)

i=1
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Trong d6: EI 14 chi s6 nang lwong con lai trung binh trén cac nit mang, N 14 sd
nit mang.

3.1.3. Thoi gian séng ciia mang

Thoi gian séng cua mang co thé dugc dinh nghia 1a khoang thoi gian bit dau
moét truyén dan dau tién ¢ trong mang va ket thuc khi ty 1¢ phan tram cac nat heét
ndng lugng dudi mot ngudng cho trude. Gia tri ngudng duoc thiét 1dp tuy thudc
vao tung g dung.

Dinh nghia nay c6 lién quan dén thoi gian song cia mot nat mang va khong xét
dén vai tro cu thé cua cac nit mang bi hét ning lwong. Néu ty 1& phan trim dugc
th1qet lap 1a 100% thi thoi diém nuat dau tién trong mang hét nang luong ciing 1a thoi
diém két thuc thoi gian song ciia mang.

3.2. Két qua danh gia

Chung t6i xét mot DODAG bao gdm 26 nit mang dugc phan bd ngau nhién
trong truong cam bien co kich thude (100m x 100m). Bang 1 tom tat kich ban danh
gid mo phong véi hai giao thie IRPL va RPL. Chiing t6i thay doi trong so a dé
danh gia anh huong cua trong s6 nay dén hiéu nang mang. Gia tri trong s6 a lan
luot bang 0.8, 0.85, 0.9, 0.95.

Hinh 3 1a m6 hinh trién khai mang gdm 26 niit. Cac nat mang dinh ky giri ban
tin dir liéu vé nit goc (DODAG root) 1a nut s6 1. Hinh 4, 5, 6 1an luot la két qua
danh gid mo phdéng so sanh ty 1€ cac nut con song trong mang (ANR), ty 1€ chuyén
phat ban tin dir liéu (DDR), su can bang nang lugng (EBI) gitra giao thirc IRPL v6i
cac gia tri trong so a khac nhau va giao thirc RPL.

Bdng 1. Kich ban danh gia mo phong.

Cac tham so Gia tri

Mo hinh truyn thong vo tuyén UDI (Unit Disk Graph with Distance
Interference)

S6 nut mang 26

Kich thu¢c mang 100m x 100m

Pham vi truyén hiéu qua: 30m

Pham vi phu song cua nat Pham vi anh hudéng ctia nhiéu: 50m

Ning lugng ban dau 10J

Chu ky gtri ban tin dir li¢u 15s

Nguon giri ban tin dir lidu T4t ca cac nit trong mang
Giao thirc 16p MAC CSMA/ContikiMAC

Két qua danh gia m6 phong cho thay, giao thirc IRPL v6i gia tri trong s6 =09
dat duoc hi€u qua t6t nhat khi xét vé ty 1é cac niit con song trong mang (hinh 4).
Thoi gian séng cia mang tang 46% so voi giao thirc RPL ban dau. Két qua mo
phong hinh 5 cho thy giao thirc IRPL véi gia tri trong s6 o = 0.9 dat duoc hi¢u
qua ve ty 1¢ chuyen phat ban tin dit liéu (DDR) cao hon so v6i giao thirc RPL ban
dau Tdong hop két qua hinh 4, 5 cho chung ta thay giao thure IRPL voi gia tri trong
s6 a = 0.9 dam bao duoc sy can bang tot nhat vé thoi gian song cia mang ciing
nhu ty 1¢ chuyén phét ban tin dit liéu trong mang.
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Chung t6i so sanh két qua md phong trong bai béo nay véi két qua mo phong da
dugc dé xuat trong bai bao [7]. Hinh 7, 8, 9 lan luot 14 két qua danh gia mo phong
so sanh gitra giao thirc IRPL theo giai phap ngudng EI = 25% [7] va giao thic
IRPL theo giai phép trong s6 o = 0.9 v&i giao thirc RPL ban dau.

Két qua danh gia m6 phong ¢ hinh 7 cho thay giao thire IRPL theo giai phap
trong s6 o= 0.9 (IRPL_0.9) cho hiéu qua vé thoi gian séng ctua mang trong duong
so voi giai phap chon ngudng EI = 25% (IRPL_25). Ca hai giai phap déu cho phép
tang thoi gian sdng ctia mang 1én dén 46% so vai giao thirc RPL ban dau.

Két qua mo phong ¢ hinh 8 cho thiy giai phap cai tién theo trong sé o = 0.9
dem lai hiéu qua vé ty 1& chuyén phat ban tin dit liéu DDR cao hon so véi giai phap
chon ngudng EI = 25%. Hinh 8 ciing cho thay, cang vé cudi qua trinh mé phong
thi sy khac biét vé ty 1¢ DDR cang ting lén. Tai phit thi 19, ty 16 DDR cia giao
thizc IRPL_0.9 bang 82,4% trong khi ty 1¢ DDR cua giao thirc IRPL_25 chi bang
74,9%. Pay 1a wu diém cua giai phap méi duoc dé xuat trong bai bao nay. Két qua
mo phong nay hoan toan phu hop véi phan tich Iy thuyét. O giai phap chon ngudng
EI = 25%, mac du trong khoang thoi gian cubi clia qué trinh md phong, giao thirc
IRPL 25 co so lugng cac nut con song trong mang cao hon so véi giao thic RPL
nhung mot s6 nit mang co chi sb nang lugng con lai < 25% s& khong tham gia vao
qua trinh dinh tuyén ban tin dir liéu trong mang. Trong khi do, voi giao thirc
IRPL_0.9 thi tat ca cAc nit van tham gia vao qua trinh dinh tuyén trong mang. Do
véy, s6 luong ban tin dir liéu nhan duoc tai nat gbc ng voi giao thic IRPL 25
thap hon so véi giao thirc RPL ban dau va thap hon so véi giao thirc IRPL_0.9.
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Hinh 9 ciing cho thay giai phap ma _chung t61 dé xuat dam bao dugc sy can bang
ning lugng gitta cac nut trong mang tot hon so véi giao thire RPL ban dau.

4. KET LUAN

Trong bai bao nay, chung t61 da dé xuét giai phap két hop gitra thuéc do dinh
tuyén chat luong lién két va chi sb nang luong con lai trong giao thic IRPL.
Chung t6i két hop hai thude do dinh tuyén nay theo mét trong s a. Chung t6i da
thyc thi giai phap dé xudt trén hé diéu hanh Contiki. Tir 46, ching toi danh gia giai
phap dé xuét dua trén mé phong trong mot mo hinh mang cam bién khong day da
chang. Két qua danh gia mo phong cho thiy giai phap méi do chiing t6i dé xuét dat
duoc hiéu qua cao hon so voi giao thirc RPL ban dau vé ca thoi gian sdng cua
mang va ty 1& chuyén phat ban tin dir liéu. Thoi gian séng cia mang ting 46% so
vé6i giao thirc RPL ban dau khi trong sb o= 0.9.

Trong thoi gian t6i, ching t6i s& tiép tuc thuc hién mot sé danh gia thuc nghiém
v6i giao thire IRPL nham kiém chung lai cac két qua md phong da thuc hién.

Léi cdm on: Chiing 6i xin chén thanh cam on Dé tai ma s6 DH 2015-TN07-05 da tdi tro kinh
phi cho cong trinh nay.
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ABSTRACT

A SOLUTION FOR COMBINATION OF LINK QUALITY AND
RESIDUAL ENERGY IN IRPL PROTOCOL

Internet of Things devices will be deployed with a large number of nodes
which are battery-operated. In a low-power wireless network, power-efficiency
issue in order to improve the network lifetime is an important requirement. In
this paper, we propose a solution for combination of two routing metrics that
are the link quality and the residual energy indicator in IRPL protocol. We
combine two routing metrics based on an alpha weight. Then, we implement and
evaluate IRPL protocol. The simulation results show that our solution provides
a longer network lifetime and a higher data delivery ratio.

Keywords: Performance evaluation of network, Wireless sensor networks, Contiki operating system,
Improved RPL protocol.
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