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Tom tat

Trong bai bao nay, chung t6i dé xuit giao thic dinh
tuyén IRPL cai tién. Giao thirc IRPL str dung két hop
hai thudc do dinh tuyén 1a chit lugng lién két va trang
thai nang luong con lai cua nat chuyén tiép dé lya
chon tuyén dwong t6i wu. Trong giao thirc IRPL,
nhitng nat c¢6 chi $6 nang luong con lai dudi mot
ngudng cho trude s€ khong tham gia vao qua trinh
chuyén tiép ban tin dir liéu. Chung toi thay do6i
ngudng chi sd ning lwong con lai nay dé danh gia
nhitng anh huong cua viéc lya chon ngudng chi sé
nang luong con lai dén hiéu nang cua toan mang. Két
qua danh gia md phong cho thiy, giao thic IRPL véi
ngudng chi sb nang luong con lai bang 25% cho phep
tang thoi gian song cua mang 1én dén 38% so vai giao
thitc RPL ban déu.

Tir khéa: Giao thirc dinh tuyén RPL cai tién, mang
cam bién khong day, hé diéu hanh Contiki, danh gia
hiéu nang mang.

Abstract: In this paper, we propose IRPL protocol.
IRPL protocol uses a combination of two routing
metrics that are link quality and remaining energy
state of prefered parent to select the optimal route. In
IRPL, nodes with remaining energy index below a
given threshold will not forward the data packet. We
change this threshold to evaluate the impact of
threshold to network performance. The results of
simulation show that IRPL protocol with threshold is
equal to 25 percentage enables increasing the lifetime
of network up to 38 percentage compared with
original RPL protocol.

Keywords: Improved IPv6 routing protocol, wireless
sensor networks, contiki operating system, network
performance evaluation.

1. Giéi thigu
Hién nay, IoT (Internet of Things) dang 1a mét chu dé
néng thu hiat dugc nhiéu sy quan tdm cua cac nha
khoa hoc trén thé gii. Nhiéu chuén giao thic khac
nhau da duoc dé xuét cho md hinh mang [oT. Mot
trong nhirng chuan d6 chinh 1a viéc st dung giao thirc
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IPv6 trén moi truong lién két vo tuyén theo chuin
IEEE 802.15.4.

Pé chudn hoéa vé mit giao thirc, to chirc chuin hoa
qudc té IETF da hinh thanh hai nhém cong tac do6 la
nhom 6LoWPAN va nhém RoLL. Nhém 6LoWPAN
thuc hién chudn hoéa 16p thich tng can thiét voi giao
thitc IPv6 trén cac mang st dung 16p vét ly IEEE
802.15.4. Nhém RoLL thyc hién nhiém vu chuén hoa
giao thic dinh tuyén IPv6 cho cac thiét bi c6 tai
nguyén han ché trén moi truong lién két vo tuyén co
ton hao va cong sudt thip. Nhom RoLL da d& xuit
giao thirc dinh tuyén RPL (IPv6 Routing Protocol for
Low-Power and Lossy Networks) nhim xay dung mot
cAu trac lién két ‘mang bén ving qua cdc lién két ton
hao cong suét thap véi cac yéu cau trang thai lién két
t6i thiéu.

Trong bai bao nay, chung toi dé xuat va thiét ké mot
giao thirc dinh tuyén IRPL (Improved RPL) cai tién.
Giao thirc IRPL sir dung két hop hai thuéc do dinh
tuyén 1a chit luong lién két ETX (Expected
Transmission) va trang thai niang lugng con lai cua
nat chuyén tiép dé lya chon tuyén duong ti wu. Mdi
niat mang s€ udc luong dugce chi $6 nang luong con lai
(El — Energy Indicator). Chi s6 nang lwong con lai
nay dugc so sanh véi mot ngudng chi sé ning lugng
con lai cho trude. Khi chi s6 ning lugng con lai cia
mot nit mang dudi mot ngudng cho trude tuong Gng
v6i trang thai gan hét ning luong, nat mang do sé
khong tham gia vao qua trinh chuyén tiép ban tin dir
lidu. Cac nut mang str dung ban tin DIO dé giri thong
tin vé trang thai nang luong con lai dén cac nut lan
can. Do vay, cac nit lan can co thé nhan thirc duoc
nhitng nit gin hét ning lwong va khong lwa chon
nhitng nat d6 dé chuyén tiép ban tin dit liéu. Ching
t6i thay ddi ngudng cho trudc dé danh gia nhirng anh
huong cua viéc lya chon ngudng chi sé ning lwong
con lai dén hidu ning ctia toan mang.

Phén con lai cua bai bao duoc bd cuc nhu sau: Pau
tién, ching t6i gidi thiéu vé mot s6 nghién ctru c6 lién
quan; Tiép theo, chung t6i dé xuat giai phap thiét ké
giao thirc IRPL; Mot s6 két qua danh gia higu ning
clia giao thuc dinh tuyén IRPL duoc trinh bay trong
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muc 4 cua bai bao; Cudi cung, ching t6i dua ra mot
s0 két ludn cho bai bao.

2. CA&c nghién ciru c6 lién quan
Nam 2008, t6 chirc IETF da hinh thanh nhém cong
tac RoLL nham dua ra nhitng quy dinh cu thé vé cac
giai phap dinh tuyén cho cdc mang ton hao cong suat
thdp. Nhom RoLL da xac dinh pham vi gii han cong
viée tap trung vao bbn tmg dung: Cac mang do thi [1],
tu dong hoa toa nha [2], tu ddng hoa cong nghiép [3]
va ngdi nha ty dong [4]. Dua vao yéu cau dinh tuyén
duoc quy dinh trong céac tai liéu ung dung, giao thuc
dinh tuyén RPL di dugc thiét ké dé c6 tinh modun
hoéa rat cao. Trong do, phan cbt 161 cua giao thirc s€
thyc hién nhing phan gidng nhau gilta cac yéu cau
dinh tuyén cia ting tmg dung cu thé va cac médun bo
sung s& duoc thém vao khi can thiét phai giai quyét
c4c yéu ciu riéng.
Giao thirc dinh tuyén RPL da duoc thuc thi trén nhiéu
hé didu hanh khac nhau nhu Contiki [5], TinyOS [6]...
Trong bai béo [5], cac tac gia da gidi thiéu nhimg két
qua danh gia m6 phéng va thuc nghiém véi giao thuc
RPL trén hé diéu hanh Contiki. Giao thirc RPL hién
tai chi sir dung thudc do dinh tuyén chét lugng lién
két (ETX — Expected Transmission) v&i ham muc tiéu
MRHOF (Minimum Rank Objective Function with
Hysteresis) dé xay dung ciu tric lién két mang. Két
quéa danh gia thuc nghiém cho thdy cac nit cam bién
Tmote Sky c6 thdi gian séng kéo dai dén vai nam khi
hoat dong véi giao thirc dinh tuyén RPL.
Trong bai béo [7], chung t6i d3 dua ra mot sé két qua
danh gia m6 phong va thyc nghiém véi giao thirc RPL
cho mang cam bién khong day. Cac két qua danh gia
cho théy mot nhuge diém cua giao thirc RPL hién tai
d6 1a sy mét can bang ning lugng gitra cdc nit mang.
Cac nat mang thugc nhirng tuyen dudng c6 chét luong
lién két tét dugc sir dung nhiéu trong qua trinh chuyen
tiép ban tin dir liéu dén nut gbc. Cac nit ndy s& hét
nang lugng nhanh hon va tao thanh céc 15 hong trong
mang, 1am giam thoi gian sdng ciia mang.
Trong bai bao nay, ching t6i dé xuat giai phap thiét
ké giao thirc dinh tuyén IRPL cai tién c6 sy nhan thirc
vé nang luong nham khéc phuc diém yéu nay cua giao
thirc RPL hién tai.

3. Thiét ké giao thirc IRPL
3.1 Muc tiéu thiét ké va nhirng thach thire
Muc tiéu chinh khi thiét ké giao thirc IRPL 1 nhim
dam bdo su can béng nang luong gitra cac nit mang
thudc nhing tuyén duong c6 chit luong lién két tot va
ning cao thoi gian song cua cac nut mang. Mot sO
thach thirc dat ra khi thiét ké giao thirc IRPL d6 la:
Thir nhét, can phai xac dinh dugc chi s6 nang lugng
con lai trén mdi nut mang. Cach xac dinh chi s6 ning
lugng con lai trén mdi nat mang can thyc hién dugc
trén nhiéu kién tric phan cting khac nhau va khong
lam phat sinh thém bat ky mot chi phi nao vé phan
ctng. Chi sb niang luong con lai nay duoc so sanh véi
mdt ngudng cho trude dé xac dinh trang thai ning
lwong ctia mot nat mang.
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Thir hai, cin phai dé& xudt mot thuat toan lwa chon
tuyén dudng méi dua trén hai thude dinh tuyén 1a chat
Iuong lién két ETX va trang thai nang lugng cua nit
chuyén tiép. Tuyén dudng chuyén tlep ban tin dir liu
duoc lya chon phai ddm bao cod chét lugng lién Kkét tot
dong thoi tranh dugc nhing nit mang gan hét ning
lugng.

3.2 Gidi phap thiétké ,
Nang lugng con lai trén moi nit cam bién dugc xac
dinh theo cong thirc:

E,q = Eo—E

residual consumption (1)

Trong d6: Eresiqual, Eo, Econsumpgion lan luot 12 nidng
lugng con lai, nang lwgng ban dau va nang lugng tiéu
thu trén ndt cam bién.

Ning luong tiéu thu trén nut cam bién duoc tinh toan
nhu sau [8]:

Econsumption :U(Iata + IItl + Ittt +1 t +z ICI CI) (2)

Trong d6: U la dién ap ngudn cung cép; |, t, 1 dong
tiéu thu va thoi gian ma bg vi xtr Iy hoat dong & ché
do tich cuc (active mode); |y, t; 1a dong tiéu thu va thoi
gian ma bo vi xtr Iy hoat dong & ché d6 cong suat thap
(low power mode); I, t 1a dong ti€u thu va thoi gian
bd thu phat vo tuyén & ché do truyén (transmit); I, te
la dong tiéu thy va thoi gian bo thu phat vo tuyén &
ché d6 nhan (receive); lg, te 1a dong ti€u thy va thoi
gian hoat dong cua cac by phan khac nhu cam bién,
LED...

Trong bai b4o nay, chlng téi danh gia giao thirc IRPL
sir dung phan ctimg TUmote [9]. Bang 1 trinh bay mo
hinh néng luong cho TUmote. Cac sO liéu vé dong
tiéu thu duoc lay tu tai liéu ky thuat cia cac nha san
xuét linh kién.

Bang 1. M6 hinh nang luong cia TUmote

Thanh phin Trang thai | DOng tiéu thu
MSP430 Tich cuc 1,95 mA
F1611[10] Cong suat thap| 0,0026 mA

Truyén (0dBm)| 17,4 mA
CC2420 [10] Nhin 197 mA
SHT11[11] Tich cuc 0,55 mA

Trong mé hinh nang lugng ciia TUmote, chung t6i chi
quan tim dén cac thanh phan tiéu thu ning lugng
chinh va bo qua cac thanh phén tiéu thu niang luong
nho khac.

Chi s6 nang luong con lai EI (Energy Indicator) trén
mdi nit cam bién c6 thé duoc xéc dinh theo cong thuc
sau:

El (%) = Evwiniar 1000, 3
EO

Chi sb nang luong con lai nay dugc so sdnh vdi mot
ngudng cho trude. Néu chi s6 ning luong con lai thap
hon ngudng cho trudc twong Ung véi trang thai gan
hét ning lugng thi nit cam bién s& khong tham gia
vao qua trinh chuyén tiép ban tin dit liéu trong mang.
Trang thai ning luong ctia nut cam bién duge mi hoa
bang 1 bit va dugc mang di boi trudng co (Flags)



trong ban tin diéu khién DIO. Hinh 1 mo ta cau tric
ban tin diéu khién DIO [12].
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H.1  Céu tric ban tin diéu khién DIO

3.3 Thue thi thiét ké

Chung t6i thyc thi giao thirc IRPL trén hé diéu hanh
Contiki. Contiki 1a mot trong nhitng hé diéu hanh cho
mang cam bién khong diy phd bién hién nay [13].
Giao thirc IRPL dugc xay dung trén ngin xép truyén
thong ulPv6 trong h¢ diéu hanh Contiki. Hinh 2 minh
hoa cdc thanh phan chinh cua giao thirc IRPL.

Ngin xép truyén thong ulPv6 goi dén module
ContikiRPL khi nhan dugc ban tin ICMPv6 (DIO,
DIS, DAO) hoic khi cin tim kiém cac nut lan can.
Module ContikiRPL goi dén ngan xép truyén thong
ulPv6 dé thiét lap tuyén duong trong cac bang dinh
tuyén. Chiang t6i mo rong ciu tric bang dinh tuyén
trong ContikiRPL dé luu thong tin vé trang thai ning
lugng con lai cua cac nat lan can. Module
ContikiRPL sir dung thudc do dinh tuyén chat luong
lién két ETX va trang thai nang lwong con lai ciia cac
nat lan can dé thiét lap tuyén duong trong mang.
Thong tin phan hdi vé chat lugng lién két duoc thuc
hién boi khdi ude lugng chit lugng lién két. Khdi udce
Iuong nang luong ti€u thu c6 nhiém vu xac dinh chi
s6 niang luong con lai cua nat cam bién. Chi s ning
lugng con lai dugce so sanh v4i mdt ngudng cho trudce
dé xéc dinh trang thai nang luwong con lai cia nut cam
bién. Thong tin vé chat luong lién két va trang thai
nang lugng con lai nay dugc gui toi cac nat lan can
thong qua ban tin DIO.
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H.2  Thuec thi giao thize IRPL trén Contiki

4. Panh gia giao thirc dinh tuyén IRPL
Trong bai bao nay, ching t6i trinh bay mot sé két qua
danh gia mo phong vai giao thirc IRPL. Chiing t61 so
sanh hi¢u nang gitra giao thiic IRPL véi giao thuc
RPL.
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4.1 Céc tham s6 danh gia

Chung t6i danh gid va so sanh hi¢u nang giita giao
thirc IRPL va giao thirc RPL thong qua mot sd thude
do déanh gia sau.

4117Tylé Chuyen phat ban tin dir liéu
Ty 1& chuyén phat ban tin dit liéu DDR (Data Delivery
Ratio) dugc xac dinh bang ty so gilta s6 ban tin dir
liéu nhén dugc tai nit goc va tong sb ban tin dir liéu
duoc giri di boi tat ca cac nut trong mang.

DDR (%) = —eeeived 100% 4)
data
Trong do Nreceiveq 18 tong so ban tin dir liéu nhan duoc
tai nut goc Ngata 12 tong s6 ban tin dit lidu duge gui
boi tit ca cac nut trong mang. Ty 1¢ chuyén phat ban
tin dir liéu DDR cang cao thi hiéu qua truyén thong
trong mang cang tot.

4.1.2 Sw can bang ning lwgng giira cac nut mang
Pé danh gia sy cén bang nang lugng gitra cac nit
mang, ching toi dua vao chi s6 nang luong con lai EI
trén cac nmut mang. Thudc do danh gia sy can bang
nang luong EIB (Energy Indicator Balance) gitra cac
nut trong mang dugc xac dinh theo cong thire sau:

N

EIB= Z(El —Eli)2 (5)

i=1
Trong do: El lachisé nang luong con lai trung binh
trén cac nit mang.

4.1.3 Thoi gian sbng ciia mang

Thoi gian sdng cua mang ¢ thé dwoc dinh nghia 1a
khoang thoi gian bit ddu mot truyén din dau tién &
trong mang va két thuc khi ty 18 phan trim cac nut hét
nang luong dudéi mot ngudng cho trudc. Gia tri
ngudng duoc thiét 1ap ty thudc vao timg ng dung
Dinh nghia nay c6 lién quan dén thoi gian song cua
mot nut mang va khong xét dén vai trd cu thé cua cac
nat mang bi hét ning lwong. Néu ty 1 phan tram dugc
thiét 1ap 1a 100% thi thoi diém nat dau tién trong
mang hét ning luong ciing 13 thoi diém két thac thoi
gian séng cliia mang.

4.2 Két qua danh gia

Pé danh gia giao thirc IRPL dya trén md phong,
chung t6i su dung cong cy md phong Cooja [14].
Chung t6i xét mot DODAG bao gdbm 26 nit mang
dugce phan bd nglu nhién trong trudng cam bién cd
kich thude (100m x 100m). Bang 2 tom tit kich ban
danh gia mo6 phong véi hai giao thirc IRPL va RPL.
Hinh 3 1 mé hinh trién khai mang gdm 26 nut. Cac
nat mang dinh ky gii ban tin dir liu vé nat gbc
(DODAG root) 1a niit s6 1.

Hinh 4, 5, 6 lan luot 1a két qua danh gia mé phong so
sanh ty 1¢ cac nut con song trong mang (ANR), ty 1¢
chuyén phat ban tin dit liéu (DDR), su cn béng nang
luong (EIB) gitra giao thurc IRPL va giao thirc RPL.
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Bang 2. Kich ban danh gia mé phong

Céc tham so Gia tri

M0 hinh truyén thong UDI (Unit Disk Graph with
v0 tuyén Distance Interference)

S6 nut mang 26

Kich thuéc mang 100m x 100m

Pham vi truyén: 30m

Pham vi pht song ciia nat| Pham vi dnh hudng cta

nhiéu: 50m
Nang lugng ban dau 10J
C_Elu ky gui ban tin dit 155
liéu

Nguon gui ban tin dit li¢u | Tat ca cac nit trong mang

Giao thirc 16p MAC [15] | CSMA/ContikiMAC
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H.3 M0 hinh trién khai mang gom 26 nut

V6i gia su ngudng dé xac dinh thoi gian séng cua
mang bang 100% thi ket qué danh giad mé phong hinh
4 cho thay thoi gian séng cua cac nat mang khi ‘mang
hoat dong theo giao thuc IRPL duogc cai thién tdt hon
s0 voi giao thitc RPL ban dau. Hinh 4 ciing cho thiy
v6i ngudng chi s6 nang luong con lai bang 25% thi
thoi gian sdng cia mang duoc cai thién tot nhat (ting
38% so véi giao thiic RPL).

Két qua md phong & hinh 5 cho thiy ty 16 chuyén phat
ban tin di lidu cia giao thirc IRPL thip hon so véi
giao thirc RPL. Giao thitc IRPL v&i ngudng chi sd
nang luong con lai bang 20% va 25% dam bao ty 18
chuyén phat ban tin dit liéu DDR & mirc chap nhan
dugc so v6i giao thirc RPL ban dau. Giao thire IRPL
v6i ngudng chi s6 ning lugng con lai & mirc 30% co
ty 1& chuyén phét ban tin dit liéu DDR thap hon so véi
giao thic IRPL & ngudng 20%, 25% va thap hon
nhiéu so voi giao thirc RPL. Trong khoang thoi gian
cu01 cua qua trinh m6 phong, do ty 1 cac nit con
song trong mang giam nén ty 1& chuyén phat ban tin
dir liéu DDR ciing giam theo. Chung t6i chi v& dd thi
& phut thir 19 boi vi ing voi thoi diém nay, cac nat
lan can cua nat goc s6 1 da hét niang luong. Vi vay,
cac nut con lai trong mang khong tim dugc tuyén
duong nao dé guri ban tin dir liéu vé nat gdc.
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H.4  Sosénh ty I¢ cac nit con séng trong mang
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H.5  So séanh ty I chuyén phét ban tin di liéu
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H.6  So sanh si can bang ndng lhrong giita cac nit mang

Két qua md phong & hinh 6 cho thiy giao thirc IRPL
dam bao dugc sy can bang ning luong gitta cac nut
mang tot hon so v&i giao thirc RPL ban dau. Diéu nay
dugc thé hién boi dudng cong EIB cua giao thic
IRPL trong ca ba truong hgp tuong Ung véi cac
ngudng 20%, 25%, 30% déu thap hon so véi duong
cong EIB giao thre RPL.

Tong hop cac két qua md phong & hinh 4, 5 cting cho
thy giao thirc IRPL v6i ngudng chi so nang luong
con lai bang 25% dat dugc hidu qua tot nhat vé thoi
gian song cliia mang ddng thoi cling dam bao dugce ty
16 chuyén phat ban tin dit liéu DDR & muc chip nhin
duogc so véi giao thirc RPL ban dau.

5. Két luan
Trong bai bao nay, chung t6i da dé xudt va thuc thi
giao thirc dinh tuyén IRPL c6 sy nhdn thirc vé ning
lugng cho mang cam bién khong day. Chiing toi thay
d6i ngudng chi s6 nang lwong con lai dé danh gia anh
huong ctia ngudng nay dén higu ning cia toan mang.
Két qua danh gia mo phong cho thy, giao thirc IRPL



v6i ngudng chi s6 niang luong con lai biang 25% dat
duoc mot sb tiéu chi quan trong do la: Tang dugc thoi
gian sdng ciia mang (tang 38% so véi giao thirc RPL);
Pam bao dugc su can bang ning lugng giira cac nit
mang; Pat dugc ty 1¢ chuyén phat ban tin dir ligu
trong mang & mic chap nhan duoc so véi giao thirc
RPL ban dau.

Trong thoi gian téi, chiung ti sé tiép tuc thuc hién
mot s6 danh gia thyc nghiém véi giao thirc IRPL
nham kiém ching lai cac két qua mo phong da thuc
hién.
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