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Tom tat —PDiéu khién truy nhap moi truong (MAC) 1a
mdt trong nhitng chirc ning chinh cta 16p lién két di licu,
duoc sir dung dé diéu khién tuong tac giita phan ctng véi
mdi trudng truyén tin. Trong mang cam bién khong day,
viée truyén thong dugc thyc hién ma khong can day dan,
c4c ndt cam bién s& 6 thé truyén thong truc tiép v6i nhau
va chuyén dir lidu t6i nit thu trude khi c6 thé chuyén tiép
dir liéu ra mang ngoai nhu mang Internet. Cac thiét bi cam
bién thuong lay nang luong tur ngudn pin nén rat can tiét
kiém nang luong dé duy tri thoi gian ton tai dugc 1au, vi
véy xir Iy linh hoat va hop 1y & phan MAC dé dat dugc diéu
nay vira 1a thach thirc nhung cling mang lai nhleu htra hen
khién rat nhiéu nha nghién ctru quan tim cai tién. Cac giao
thae MAC ¢6 thé phan thanh ba loai: Khong xung d6t, dua
trén xung dot va lai ghép. Véi mang cam bién co luu luong
nhoé nhung trong d6 ¢6 mot sé thanh phan luu lwong can
yéu cau tré thap thi MAC dya trén xung dot phi hop hon.
Trong bai b4o nay, ching toi dé xuét giai thuat backoff dé
tranh xung dot gitra cac nut, dong thoi sir dung tiéu chi uu
tién dir liéu dé diéu chinh cira s6 backoff tuong tmg, tir d6
¢6 thé vira giai quyét bai toan uu tién dit liéu, vira hidu qua
trong viéc giam xung dot tir d6 c6 thé tiét kiém ning luong
cho cam bién. Giai phap sir dung thuat toan dé xuat duoc
danh gia théng qua mo phong. Két qua dat dugc cho thiy
giai phap sir dung MAC uu tién gitp cai thién dang ké hiéu
nang cuia mang cam bién , cu thé 13 dam bao tinh wu tién
cling nhu giam ty 18 mat goi cho cac dir lidu wu tién so véi
giai phap c6 xét uu tién gan day 1a TMPQ-MAC.

Tir khéa — Mang cam bién khong day, diéu khién truy
nhap moi truong, vu tién dir liéu, cira s6 backoff.

l. GIOITHIEU

Truyén thong trong thé gidi thuc thiic ddy nhu cu theo
ddi va thu thap thong tin da dugc thuc hién hiéu qua thong
qua cic mang cam bién. Cic mang ndy thudng tao nén tir
céc nut cam bién nho tu van hanh va duogc dit & nhitng noi
mdi trudng cach biét, bt budc phai diéu khién tir xa, dic
biét nhu cac (g dung lién quan t&i theo doi chay [1-4], du
bao thoi tiét [5-7], giam sat chién truong [8-10]. Nhiing
mg dung ngay cang da dang va c¢6 su td hop nhidu cam
bién trong thé gidi IoT dang dat ra mot s thach thire vé do
tré va tiéu thy nang luong trong khi cac thiét bi cam bién
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théng minh no6i chung lai bi han ché vé nang Iyc tinh toan,
luwu trir va nang lugng [11]. Khi c6 nhiéu sy kién xay ra
trong mang, cac cam bién s& danh gia va giri thong tin vé
su kién vé nut thu, mirc 6 wu tién cua cac su kién khac
nhau dan t6i yéu cau truyén thong khac nhau vé 46 tré, o
tin cdy cling khac nhau. Cac dir liéu quan trong bt buoc
phal duoc uu tlen truyén trudc va dam bao t6t yéu cau vé
tré do tinh khan cép nhu canh bao chay, dong dat, song than
hay c6 dot nhap. Cac dir liéu it quan trong hon s€ dugc
truyén sau nhu cac thong tin do dac moéi truong thong
thuong nhu nhiét do, ¢ am, stc gio va anh sang. V&i cam
bién, giao thirc diéu khién truy cip phwong tién (MAC) c6
thé dwoc xir Iy dé dam bao yéu cau nay [12, 13]. Cac giao
thirc MAC trong mang khong day cé thé phan thanh ba
loai: Khong xung dot, dua trén xung dot va lai ghép [14].
V6i mang cam bién ¢6 luu luong nhé nhung trong d6 c6
mot s6 thanh phéan luu lugng can yéu cau tré thap thi MAC
dwa trén xung dot pht hop hon do dic tinh don gian dé trién
khai ctia n6. Tuy nhién, dé giao thirce MAC nay hoat dong
hiéu qua va dap ing da mirc uu tién, han ché xung dot thi
can ¢ thém nhiing nghién ciru sao cho phu hop.

C6 nhiéu d& xuét khac nhau duoc trinh bay dé cai thién
giao thirc MAC [13-16]. Nghién ctru SMAC danh cho cam
bién 12 nghién ctru tiéu chuan da dwoc don gian tir chuan
802.11 dé dat dugc hiéu qua vé ning lugng va tré, tuy nhién
lai chua phan loai vu tién dir liéu [16]. Dya trén SMAC,
giao thie TMPQ-MAC di xem xét QoS va bén mire do uu
tién goi khac nhau dé giam do tré trung binh dau cudi va
kéo dai tudi tho mang [13]. Tuy nhién, TMPQ-MAC khéng
st dung backoff tu dong ma sir dung co ché p-persistent
VGi gid tri p c¢b dinh truge dé tranh xung dot nén kha cimg
nhéc va d6 tré chi dugc cai thién véi dit lidu ¢ d6 wu tién
cao nhat. Trong ECM-MAC va RPM-MAC [14,15], cira s6
backoff da dugc sir dung dé phéan loai uu tién dya trén nang
lugng con lai cua nuat, song chua xét dén mirc d wu tién
cua dir liéu.

Dé giai quyét van dé tranh xung dot va uu tién dir lidu,
trong nghién ctru nay ching t6i dé xuat giai thuat wu tién
dit liéu st dung co ché backoff c6 tén la DPbA dé khong
nhitng giai quyét dong khi ¢6 tranh chép truy nhap moi
truong ma con dam bao viéc uu tién hon cho cac goi dir
lidu c6 mirc quan trong cao hon. Bang cach nay, giai thuat
backoff wu tién dugc dé xuat cho giao thic MAC dé cai
thién do tré toan mang va ting ty 1¢ truyén thanh cong so
v6i giai phap wu tién dit liéu gan day nhat 1a TMPQ-MAC.
Bang I phan tich mot s6 diém khac biét cia mot sd giao
thirc MAC tién nhiém véi giao thirce DPbA-MAC dé xuat.
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BANG I: SO SANH MOT SO GIAO THUC MAC CHO MANG CAM BIEN KHONG DAY THEO UU TIEN VA BACKOFF

STT| Giao thirc Phén loai wu tién dir

liéu

Sir dung baclgoff va tham s diéu
khién backoff

Thich nghi luu lwgng

1 |QAEE[17] | e Cé2micuutien | * Khong ¢ C6 nhung khong ty dong
(p-persistent theo s6 nat)
2 SMAC [16] e Khong e (0, backoff cb dinh. . Khéng
3 |TMPQ-MAC | e Cé4micuutien | ¢ KhONg * €6 nhung khong tr dong
[13] (p-persistent theo s6 nat)
4 |ECM[14] o Khéng e C0, backoff theo ham mii. Strdung | e Khong
muc ndng lwong con lai dé dieu
khién cura so.
5 |RPM-MAC e Khong e CO backoff, s dung 3 mirc nang| e Khong
[15] lugng con lai dé phén chia cira so.

6 | DPbA-MAC e C6 4 muc uu tién

e Co, backoff theo ham mii. Str dung | o
mtee wu tién dit liéu dé diéu khién

Co, ty dong do duing chinh
cta s backoff

Mot phan ¥ twong cia giai phap dé xuat da dugc ching
t6i dua ra trong mot hoi thao gan day [18]. Trong bai béo
nay, chling t6i cu thé héa y tudng thay ddi co ché hoat dong
clia cira sd backoff theo sb 1an xung d6t lién tiép thdng qua
giai thuat, bo sung md hinh phan 16p mé phong va thuc
hién mé phong dé dbi sanh hiéu ning mang st dung giai
phap MAC dung giai thuat dé xudt DPbA-MAC so véi giai
phap TMPQ-MAC trong diéu kién c6 xung dot.

Phan con lai cua bai bao duge t6 chire nhu sau. Phan
11 gi6i thidu noi dung giai phap dé xudt va giai thuat twong
mg. Phan III xdy dung mo hinh twong Umng voi gii phap
wu tién va Phan IV 1a wéc luong toan hoc dé so sanh hleu
nang cua giai phap dé xuat véi giai phap MAC uu tién gan
day. Cubi cung 1a két luan cta bai béo.

Il. GIAI PHAP DE XUAT

Giai phap dé xuét dua ra giao thirc DPbA-MAC lay dic
diém cua giao thie SMAC [16] dé linh hoat trong viéc
nhan RTS (viét tit cia Request-To-Send 1a khung yéu ciu
dugc phép g dit liéu) t6i sém nhit cing véi giri phan hoi
CTS (viét tat cua Clear-To-Send la khung x4c nhan nut gui
duogc phép gui dir heu) va TMPQ-MAC [13] voi y tu’o‘ng
vu tién dir lidu két hop voi k§ thuat diéu chinh ctra sb
backoff theo mirc uwu tién cta giao thic ECM-MAC va
RPM-MAC [14,15].

Trong d6 co ché truyén RTS/CTS (véi TMPQ-MAC
dugce goi 1a Tx-Beacon/Rx-Beacon) dugc mg dung dé
tranh xung dot, nghe thira va cac van dé an (xay ra khi niit
gtri két ni trao ddi thong tin voi nat dich nhung khong thé
két ndi v6i nit gui khic — nit cling dang két ndi véi nit
dlch) dong thoi cung tranh dugc Xung dot kéo dai néu
truyén dir liéu truc tlep thay vi co ché RTS/CTS. Uu diém
nay c6 duoc 1a do néu sir dung co ché RTS/CTS, do kich
thudc ciia RTS/CTS nho hon nhiéu so véi DATA/ACK nén
néu c6 xung dot thi chi xung dot trong thoi gian cira s6 nho
va nhu vay s€ tiét kiém dugc nang lugng tiéu hao trong thoi
gian nay ciing nhu thoi gian chd doi 1an truyén tiép theo.
Véi co ché SMAC ¢6 st dung RTS/CTS, néu mot nat cam
bién c6 dit liéu can giri cam nhan dugc 14 kénh truyén dang
r0i, n6 s& giri mot cach ngau nhién khung RTS trong cira
s6 canh tranh c6 kich thudc c6 dinh CW t6i nut dich;
TMPQ-MAC thi sir dung Tx-Beacon/Rx-Beacon va gui
RTS duya trén co ché p-persistent cing cira sb T, ¢b dinh
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(T,,= CW), cira sb nay s& dong linh hoat khi niit nhan nhan
dugc Tx-Beacon co mirc uu tién cao nhat, con néu khong
¢6 RTS c6 mirc uu tién cao nhat t6i thi no s& cho cho téi
hét thoi gian T, thi m&i dong lai va chon nut giri co RTS
mirc uu tién cao nhat dé phan hdi théng qua khung Rx-
Beacon. Khung RTS/Tx-Beacon mang thong tin yéu ciu
truyén dit liéu va truong NAV mang thong tin vé khoang
thoi gian can gui dir liéu sau d6. Khi nat dich nhan dugc
RTS dau tién t6i, nd s& phan hoi cac nut giri bang cach gui
khung CTS/Rx-Beacon dé x4c nhan trong d6 c6 dia chi nut
gui khung RTS nay va truong NAV. Khi d6 chi mgt nit
gti RTS thanh cong duoc phép guri dit liéu. Cac nit mudn
gui dir lidu khac s& dua trén truong NAV dé xac dinh
khoang thoi gian ngii sau d6 didu nay s& gitp tiét kiém nang
luong clia cac niit cling nhu niang luong trén toan hé thong
mang n6i chung. Néu dit liéu truyén thanh cong, nat nhan
s& phan hoi lai ACK cho niit giri dé xac thue viée da nhan
duogc dir liéu va cac nat gii con lai s€ thuc day dé tiép tuc
gl yéu cau RTS.

Trong trudng hop nhidu RTS giri cing luc va gdy xung
dot, co ché backoff s& duge kich hoat véi kich thude cira
s6 backoff duoc didu chinh theo 04 mirc do wu tién dit lidu:
khan cép, wu tién cao, wru tién va khong wu tién.

Hinh 1 mé ta qua trinh truyén-nhan cta cac nit sir dung
giao thuc dé xuit. Sau khi thirc day, nit nhan cam nhéan
song mang trong khoang thoi gian Ty va thong béo trang
thadi mudn nhan dit liéu ciia n6 cho cac nut trong mang
thong qua viéc giri quang bé ban tin thirc day. Tai 16p diéu
khién truy nhap phwong tién, kich thudc cira s6 canh tranh
ban dau dugc diéu chinh theo murc wu tién dir lidu, trong
khi d6 ntit nhan thyc hién nhu giao thirc SMAC [16] nghia
la nat gri nao c¢6 RTS nao tdi sém nhét s& duoc gui dir liu.
Ctra s6 canh tranh cua nut giri s& dong lai ngay sau khi
khung RTS t6i nat nhan. Nut nhan sau d6 truyén lai CTS
dé xac nhan va doi dé nhan dix liéu tir nat giri dwoc chon.
Vi dy, trong hé théng mang cam bién c6 N nut giri va tai
thoi diém ¢ c6 nat gui thir 1, i va N ¢6 dir ligu dé gui di.
Néu nat gui thir i ¢6 d6 uu tién cao nhit (p4) thi nit i s&
duoc truyén dir liéu truge. NGt thir i vi o d6 wu tién cao
hon nén duoc truyén khung RTS sém hon trong cira sb
CW,. Khi khung dix liéu RTS tir nat thtr i duoc truyén t6i
nut dich, nat dich s& phan hoi t6i nat giri bang cach gii
quang ba khung CTS tdi tit ca cac nit giri trong mang.
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Cira so cho tirng loai RTS theo thir tw wu tién va linh hoat déng khi nat thu nhan
dwrr'c RTS du tign, kich thwéc clra 56 theo mivc wu tién cha dif ligu cin gl
Sau khi co xung dot, cira s0 nay sé tang kich thudc

— Lang nghe -
£

™,
Ciba 6 thichnghi,

" Gii CTS, nhin dit ligu
va gwixdc nhin

~—* Phithiénxung ddt Gwi CTS,
vating kichthwdc nhin dit liéu
ciea 58 backoff vi g xac nhin

..-’f choRTS 4~
f T W ,'\
| Cho SYNGZ™ “Co RTS “y/Cho CTS N\ ™ -
Niit thu —— — I )
T CWaCWs---CW1 TxCTS| rpprmiizrzrsy v/ T CWz CW:
g TR FEEE M i ST e | I3 4B e —p
ploe g | 7PV ack .
Thiree .:z’m . t Ciia 56 cho RTS R. Bong ngay khinhin dwgc RTS/CTS Nhin CTS,
Cira 56 cho RIS n oy A K, Giri di lig
wu tién caomhdd 1 HEN théip nhal__- Gari di ligu
o Tx SYNC A Tl Ngil (VAV) khinhin T khi nhin dwoc
Nit girikl _ REUES T CTS ca nit i khic RS CTS cjja mink
bl s i — | P
C6 goi tin (py) Nhin CTS,Gii die ugikhj nhan duge CTS cia minh
Nt givi #1 Tx SYNC Tz RTS 3 Ngi (khing co di liéu gixi)

FRx CTS!

E E
Al
B
= U

‘ csﬂ csl

Tx: DU LIEU

Cé géi tin ()

Niit gwi#N Tx SYNC

f Ecsﬂ ‘o8 E
Cé goitin (p3) .

ACK : Phin héi C5 Cam nhan songmang
SYN :Bong bé RTS : Yéu caungn

! Rx CTS: Ngit (NAV) khinhin

SIFS : Khoanglhén khung

Ngii (NAV) khinhin
© CTS cijanotgdi khéc I CTS ciia nit giri khdc
E CS -------

CTS:Chophépmnn  CV:Cia shcanh tranh  Rx : Nhin

Tx : Phat

Hinh 1. M6 ta hoat déng ciia giao thirc MAC dé xudt sir dung gidi thudt DPbA.

Trong khung CTS nay chua thdng tin quan trong nhu dia
chi nat dich dugc chon va gia tri NAV. Sau d6, nut gui thu
i truyén dir liéu con cac nit gui khac s& ngl va cam nhan
lai khi hét khoang thoi gian chd NAV.

Tiép do, nut guri 1 va N sé thirc day va gui yéu cau RTS,
du RTS ctandt 1 va N ¢6 cung murc uu tién (p3) song cling
chi mot phan x4c suét 13 ca hai RTS gri cung thoi diém va
gay ra xung dot. Trong truong hop xung dot nhu minh hoa
trong Hinh 1, ntt cam bién s& khong phat hién ra ngay ma
chi biét sau khoang thoi gian timeout nhat dinh. Khi d6, hai
nut s€ tinh lai gia tri cua s6 backoff méi theo sb 1an xung
dot (gian ra dé tranh xung dot) va giri RTS ngau nhién trong
ctra s6 nay khi cam nhan méi truong 1a rdi. Do kich thudce
ctra s6 backoff méi da tang 1én nén x4c suat xung dot RTS
& lan giri nay s& giam di va RTS nao t6i nit thu trude s&
duoc phuc vy trudc (trong trudng hop nay nat 1 s€ gui
truée).Hinh 2 13 giai thuat DPbA chi tiét cho viéc gui dit
lidu ctia nit giri bang cach diéu chinh kich thude ctra s6
backoff theo murc uvu tién. Cac khdi vién dam 1a cac khoi
bd sung/ thay ddi cho phit hop véi dé xuit. Khi mot nit c6
di liéu va guri RTS, n6 sé& xac dinh mue d6 vu tién dir li¢u
né can guri va mic d§ xung d6t ma ndé cam nhan dugce dé
diéu chinh kich thudc ctra s6 backoff va vi tri cia cira s6
backoff twong tmg. Dir liéu cang wu tién thi vi tri ctra s6
cang xudt hién sém va céc cira s6 s& sap xép lan luot theo
thir ty wu tién. Thoi gian bat ddu giri RTS 14 ngiu nhién
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trong cira sd tranh chip vira dugc x4c dinh dé tranh xung
dot cua cac RTS cung muc vu tién va cung muc do xung
dot tir nhiéu nat giri. Cira s6 khoi dau 6 gia tri 1a CW,.
Kich thudc cira sd backoff sé ting theo s6 1an xung dot lién
tiép, thé hién & viéc sau khi gti RTS mot thoi gian timeout,
nuat giri RTS khong nhan duoc CTS cta minh. Néu nut gui
RTS nhén dugc CTS thi niit s& giri dit liéu ngau nhién trong
ctra sO da duoc xac dinh theo murc wu tién va sb 1an xung
dot.

. MO HINH MARKOV CHO BACKOFF

A. M®b hinh Markov véi backoff thuong

Gia st ¢6 sb nut gui la ¢ dinh. Khi c6 xung dot, ctra s6 &
nat giri s& dwoc nhan doi kich thudce & 1an giri ké tiép, diéu
nay khién cho xac suit xung dot 1an sau s& giam. M6 hinh
nay khéng phan biét mirc wu tién ctia géi tin nén moi goi
tin s& dugc ddi xir binh déng nhu nhau [19]. Trang thai
(i, W;_,) 1a trang thai ma nut giri giri RTS & lan xung dot
thar i va & vi tri khe thoi gian W;_; (Hinh 3). Vi gia tri b
dém backoff ctia mdi niit giri phu thudc vao ca trang thai
truyén trude d6 nén qua trinh ngau nhién s& khong tuan
theo Markov. Coi W = CW,,;,, va CWy, = 2™W v6i m
1a sb giai doan backoff lién tiép. Nhu vay W; = 2!W véi
i € (0,m). Xac suét p 1a xac sudt xung dot c6 didu kién
trén kénh va dugc gia sir 1a hing sd, gia sir nay s& cang
chinh xéc khi W van 16n. Trong Hinh 3, véi chudi Markov
thi cac xac sudt chuyén dich c6 thé dugc tinh nhu sau:
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Xac dinh murc vu tién dit ligu pi
Tao khung RTSi
S 1an xung dot = 0
S6 1an giri lai = S6 lan guri lai MAX
Kich thudc cira s6 CWi=CWy/i

v

Cam nhan moi truong |«

Phuong trinh (1) giai thich cho thyc té 14, & ddu mdi khe
thoi gian, thoi gian backoff (Iui lai) giam dan. Phuong trinh
(2) giai thich cho thyc té 1a mot goi méi sau khi truyén goi
thanh cong bat dau voi giai doan backoff 0, va do do,
backoff ban dau dugc chon thong nhit trong gidi han
o,w,-1).

CWi:CWi*ZS(S ln xung dot ¢

Mbi trudng i
No

Xéc dinh vi trf ctra s6 CWi theo mite wu tién
Giri RTSi ngau nhién trong CWi

S6 1an xung dot=0

Yes

86 lan xung dgt = S6 lan xung dot MAX?

Nhan duogc
CTS ctia minh?

S6 lan giti lgi - -
S6 lan xung dot ++

S6 lan giti lai =07

——»| Giri goi dit licu

Nhan dugc ACK?

No

Sleep

Hinh 2. Gidi thudt diéu khién cira s6 backoff wu tién trong DPbA-MAC

(PUklik+13=1 ke@W,-2) i€(©Om) (1)

IP{O,in,0}=(1M;p) ke W,—1) i€ Om) (2)
0

P{i,kli—1,0}=% ke©W, —1) ie(1,m)
P{m,k|m,o}=Wi k€ (0,W,, — 1). (4)
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Hinh 3. M6 hinh chubi Markov cho kich thude cira s6 backoff théng thuong.

86 lan Vi tri cira 56 dua trén Kich thuéc cira sb
xung d6t mirc wru tién dir lidu nhén déi khi s6 lan
lién tiép ) xung dot lién tiép ting lén
“— Mirc vu tién cao
ng cwg CWOZ cwg
1

i E;EE/// 233

m B 27 2 NN

Ctra sb xung ddt khac biét theo mitc wu tién p; trong DPbA-MAC

Hinh 4. Vi tri va kich thude cira s6 backoff wu
tién trong DPbA-MAC

Céc phuong trinh (3) va (4) la xac suat chuyén
dichtrang théi sau khi truyén khdng thanh cong.
Cu thé, nhu dugc xem xét trong phuong trinh
(3), khi viéc truyén khong thanh céng xay ra &
giai doan backoff i — 1, giai doan backoff sé
tang 1én va gia tri backoff ban dau méi duoc
chon thong nhat trong khoang (0, W; — 1). Cudi
cuing, phuong trinh (4) mé hinh héa thyc té 1a
mot khi giai doan backoff dat dén gia tri m, nd
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s& khong tang 1én trong céc lan truyén goi tiép
theo.

B. M0 hinh Markov cdi tién cho backoff wu tién

Xét véi s6 1an backoff hitu han va luu lugng giri hitu han
(mdi nut chi giri 1 goi trong mot chu ky giri). Viée xac dinh
vi tri va kich thugc cua cira sé theo mirc wu tién dit liéu
dugc minh hoa trong Hinh 4. Co thé thay khi sb lan Xung
dot tang 1én thi kich thudc cira sé s& ting theo va VO‘l moi
mirc wu tién s& c6 su dich chuyén vi tri ctia cira so tuong
tmg. Trong mé hinh Markov cho kich thudc cira s6 backoff

uu tién twong tng, gia tri Wij tuong ung voi giai doan i va
Mirc wu tién j véi W tuong tmg bang CW,,,;,, /4.

1IV. MO PHONG VA PANH GIA

Pé danh gia va ddi sanh hiéu nang mang cam bién khong
day da sy kién sir dung giai thuat didu khién truy nhap
phuong tién dé xuit DPbA-MAC vé6i giai phap tiéu biéu
TMPQ-MAC, ching t6i sit dung phdn mém mé phéng
Castalia 3.3 [20] véi thong s 16p vat 1y twong tu chip tan
s6 vo tuyén CC2420 [21] hoat dong trong dai 2,4 GHz va
hd tro tde d6 truyén dit liéu 250 kb/s cho cam bién.

A. Tham sé va kich ban mé hinh mang mé phong

Hinh 5 cho thiy mo hinh phan 16p mo phong véi cac
tham s6 chinh. Céc nut cam bién dugc rai ngiu nhién trong
vung cam bién kich thugc xac dinh va két ndi duoc truc
tiép t6i nit thu (sink) & trung tam ving cam bién. Dé danh
gid mirc d6 canh tranh, xét s lugng nit giri dong thoi trong
khoang tir 4 nut téi 10 nat véi ty 18 dit lidu vu tién ngau
nhién bang nhau, nghia 1a ty 1¢ dit liéu wu tién 1 25% voi
mdi mirc & tirng nat. M3i md phong dugc chay 20 1an véi
thoi gian chay 1a 1000 gidy va cac thong sb hiéu ning
dugc tinh bang gia tri trung binh.
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Téc d6 dit lidu: 1 goifs

Tiéu dé ing dung: 5 byte

Kich thudc goi DATA: 28 byte
Eich thude go1 ACK: 11 byte
S8 mitc wu tién: 4

LGP UNG
DUNG

LGP PINH

Khéng sir dung (bypass routing)
TUYEN

Giao thitc MAC: DPbA-MAC/MPQ-MAC
S6 1an g lai téi da: 4-10

Kich thudc RTS/TxBeacon: 14 byte

Lich thirde CTS/Ex-Beacon: 13 byte

Tiéu dé khung MAC: 11 byte

Théi gian dé cam nhin kénh CCA: 0,128ms
Tiéu dé khung vitly: 6 byte

Thai gian thic ddy Tg: 6,7ms

CWy - Ol ;. 4-16ms/ Ty

LGP
MAC

10ms

LOPVATLY Chip CC2420
Téc 46 truyén dit idu 250kb/s

Daitin : 2 4GHz

Hinh 5. M6 hinh phén I6p v tham s6 mé phéng chinh

Hai thong s6 hiéu ning dugc dénh gia trong mo phong
la:

. Tré goz trung binh: La ty s6 giita tong tré cac goi
nhan dugc véi tong s6 goi nhan duoc tai nut thu. Do tré cia
6i tin 1a khoang thoi gian ma tir khi ¢6 dir liéu cho dén khi
n6 dén nit thu.

. Ty 1é truyén goi thanh cong: La ty 18 giita tong sb
g6i truyén thanh cong (khong tinh goi gu1 lai) nhén duoc
tai nut nhén trén tong ) goi gui di tu tat ca cac nit cam
bién.

B. Phdn tich két qud mé phong

1) Tré géi trung binh
Phan nay phan tich tré goi tin trung binh cia tt ca cac loai
goi tin khi mo phong v6i giao thire DPbA-MAC va TMPQ-
MAC véi sb luong nat canh tranh dong thoi tang dan tu 4
dén 10. Trong phan tich & phan nay, sb lan gii lai toi da
RTS/TxBeacon duoc ¢ dinh bang 7.

a) Tré géi ciia tat cd cdc logi wu tién

Hinh 6 cho thay d¢ tré trung binh ctia khi truyén géi dua
trén DPhA-MAC va TMPQ-MAC. Két qua mé phong cho
thdy do6 tré goi trung binh tuong tng tang dan tir DPbA-
MAC la tir khoang 15,4 dén 21,8 mili gidy va véi TMPQ-
MAC la tir khoang 57,1 dén 114,4 mili gidy. Cac goi dir
liéu DPbA-MAC ¢ do tré trung binh nhé hon TMPQ-
MAC vi RTS cua chiing dugc chap nhan ngay sau khi gt
chir khong phai chd doi nhu phan 16n géi tin (ngoai trir goi
p4) trong TMPQ-MAC. Ngoai ra, DPbA-MAC sur dung
ctra s6 backoff linh hoat theo xung dot, nghia Ia chi khi c6
xung dot thi kich thude cira s6 méi gidn ra dé tranh xung
dot lién tiép, vi thé da phan trudng hop kich thude cira sb
s& dugc dat nho va gay tré nho, chi khi xung dot méi gy
tré 16n va cira s6 nay lap tirc co lai khi c6 goi chuyén thanh
cong (khi mirc d xung dot gidm di). Trong khi d6, TMPQ-
MAC tuy khong st dung backoff linh hoat nhung bu lai lai
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sir dung co ché guri RTS theo p-persistent nén ciing han
ché dugc phan nao xung dot do nhidu nat cung giri RTS
(khi sb nut cang tang thi gia tri p cang nho dan téi gia tri
tich cua s6 nlit*p gan nhu khong ddi trong chu ky giri dau
tién); song su két hop voi cira s6 T, lai gy bat lgi véi cac
chu ky gui sau vi du it hay nhleu nut tiép tuc gm sau do th1
cua sO nay van gitr gid tri ¢d dinh va xac suat gieo van
khong d6i khi da co nut giri duoc dir ligu. C6 thé néi tinh
thich ung cia TMPQ-MAC kha bi ddng vi bi gan thu cong
theo s6 nut giri dong thoi ban dau.

Nhin chung trong ca hai truong hop giao thirc MAC, sb
nat giri tang 1én thi nhiéu RTS duoc gui dong thoi gay ra
murc d6 xung dot gia ting, dan t&i viée 6 RTS bi xung dot
va phai gui lai nén s& 1am ting tré.

140

== TMPQ-MAC
120
- LN
==g==DPbA-MAC -~ =
100 -
-_
— Y - -
%) 80 -
3 -
1=
ttg 60 - -
40
20 e
0
4 5 6 7 8 9 10

S& nit glvi dong thoi

Hinh 6. So sdnh dé té géi dit liéu trung binh ciia tit cd cdc goi
voi giao thirc DPbA-MAC va TMPQ-MAC.

b) Tré gbi ciia ting mikc wu tién khac nhau

Do tré goi theo mirc wu tién goi cia DPbA-MAC  duoc
thé hién trong Hinh 7. C6 thé thy 1a giao thirc nay da dap
{ng dang yéu cau wu tién 13 goi tin cang wu tién thi do tré
cang nhé. Do tré cac goi dir lisu DPhA-MAC duoc ky higu
tuong ng theo murc uvu tién la p4, p3, p2 va pl co gia tri
tré twong tmg nam trong khoang tir 13,0 - 16,9 mili giay;
14,6-20,8 mili gidy; 16,2-23,7 mili gidy va 17,3 - 25,8 mili
gidy. Khi sb niit canh tranh con twong dbi nho (4-6 nit) thi
do chénh léch vé tré cua ting loai uu tién, déc biét 1a p4
chua rd rang, song khi s§ nut canh tranh ting cao hon thi
c6 thé thiy tré timg loai uu tién sé tang dan. Ly giai cho
hién tuong nay 1a do ty 16 tranh chap ngay cang ting khi sb
nut giri ddng thoi ting s& kéo theo do tré goi tin ting l1én,
hon nita, d6 khac biét vé tré ctia cac mirc wu tién ciing ting
theo do cac goi c6 mic uu tién cao nhat duge gui trude, téi
chu ky sau thi cac goi c6 mirc vu tién thip hon s& dugc gui
1an Iuot, do @0, chénh 1éch d6 tré mé rong theo mirc d6 wu

tién.
40

DPbA-MAC-p1
mDPbA-MAC-p2
30 | @DPbA-MAC-p3
25 | BDPbA-MAC-p4

35

Tré (ms)

20

15

10

4 5 6 7 8 9 10
S8 nut glti dong thori

Hinh 7. So sanh do tré cac loai goi dir liéu vu tién ciia DPbA-
MAC.
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2) Ty Ié truyén géi thanh cong
Phan nay phén tich ty 1& truyén goi thanh cong cua tat ca
cac loai gdi tin khi mo6 phong véi giao thuc DPbA-MAC
va TMPQ-MAC véi s6 lwong nut canh tranh dong thoi ting
dan tir 4 dén 10. Trong phan tich & phan nay, sb 1an gui lai
tdi da RTS/TxBeacon dugc thay doi tir 4 dén 10.

Hinh 8 thé hién nh huong cua s6 lan truyén lai t6i da
1én ty 1¢ truyén goi thanh cong kh1 ¢d dinh s nut giri dong
thoi 1a 10 ndt. Thuyc té cho thay, s6 lan truyén lai cang ting
thi ty 1¢ truyén goi thanh cong cang cao. Tuy nhién vai
DPbA-MAC c6 thé dam bao truyén tin ciy & ngudng bon
sO chin voi ca bon loai goi wu tién (bdn dudng gan nhu
chap lai & ty 1¢ truyén goi 100%) con véi TMPQ-MAC thi
chi riéng g01 dir liéu co mirc wu tién cao nhat méi dat
ngudng truyén tin cdy gan nhu tuyet dbi, con véi ba loai
g6i wru tién con lai thi s 1an truyén lai phai 16n toi ngudng
10 thi ty 1& truyén g6i thanh cong trung binh cua ting loai
uu tién tir méi tang duoc tGi trén 80% va dang theo thur ty
wru tién: mure uu tién cao hon co ty 1¢ truyén goi thanh cong
cao hon.

100
TMPQ-MAC-p1
& TMPQ-MAC-p2
I TMPQ-MAC-p3
3 TMPQ-MAC-p4
m DPbA-MAC-p1
= DPbA-MAC-p2
1 DPbA-MAC-p3
= DPbA-MAC-p4

95

90

85

80

75

Ty 1& truyén géi(%)

70 LAkt

S lan giri lai toi da

Hinh 8. T3 I¢ truyén thanh cong géi trung binh véi giao
thitc DPbA-MAC va TMPQ-MAC theo s6 lan truyén lai
RTS.

Két qua mo phong nay pht hop véi phan tich 1y thuyét:
viéc chap nhan RTS téi dau tién trong DPbA-MAC gilip
tranh xung dot khong can thiét trong khoang thoi gian con
lai, cac nat chua dugce phép gui s€ ngu ngay va khong canh
tranh giri cho téi chu ky tiép theo. Diéu nay gitp DPbA-
MAC tranh dugc mét g6i do xung dot, tiét kiém duoc sd
lan giri lai. Trong khi d6, TMPQ-MAC chi uu tién dong
cira s6 sém khi nhan duoc g0i tin ¢c6 murc uvu tién p4, con
truge d6 cira s6 van mé va co thé gy xung dot; con néu
khong co g6i uu tién p4 dén thi cira s6 vin mo t6i cing,
cac nl'lt giri van tiép tuc gui RTS trong thoi gian C(‘)n lai ctia
clra s6 va c6 thé gay xung dot cling nhu 1ang ph1 s6 lan gm
RTS. Dén khi can phai gui lai, v6i su han ché cua s lan
guri lai, co nhidu RTS s& khong con quyén giri nita, diéu d6
cang tram trong khi s6 luong nut giri ddng thoi ting 1én dan
tGi tan sudt xung dot ting 1én, hau qua 1a ty 16 mat RTS cao
hon dan t6i can phai truyén lai nhiéu hon dé dam bao ty 1¢
truyén thanh cong dit liéu. TMPQ-MAC c6 ty 1& truyén g01
tin thanh cong cang thip véi cac g01 tin c6 mirc wu tién thap
vi ctra s0 xung dot s&€ mo tdi hét gia tri mac dinh trong
truong hop nut giri khong c6 mure wu tién cao nhat. Khi cira
$6 dong thi nit nhén maéi lya chon RTS cé muc uu tién cao
nhat va dén sém nhét di nhan dugc dé phan héi. Cac nit
¢6 dit liéu mirc wu tién thap du da gui RTS t6i nat nhan
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thanh cong nhung s& khong dugc phan hoi nén s& phai chd
t6i cac chu ky ké tiép, diéu nay gay thém tré va ling phi ca
nang lugng 1an thoi gian ton tai ctia nat néu nut khong dugce
nap thém nang luong.

V. KET LUAN

Bai bao dé xuat giai thuat backoff uru tién DPbA cho giao
thire 16p MAC la dya trén muc d wu tién dé cai thién hiéu
ning mang cam bién khong day da su kién bang cach xir Iy
phan tach vi tri va kich thude cira s6 backoff cho timg loai
dir liéu uu tién dya trén s6 lan xung dot lién tiép. Giai phap
diéu khién truy nhap phuong tién DPbA-MAC két hop hai
co ché cua giao thirx SMAC va TMPQ-MAC dé cai
thién hiéu ning mang cam bién khong ddy ciung véi s
dung ¥ tudng backoff wu tién cta giao thitc ECM-MAC va
RPM-MAC: 1) CSMA/CA véi co ché chip nhan RTS sém
nhét cia SMAC va 2) co ché wu tién trén ctra s tranh chép
ctia TMPQ va cai tién bang cach sir dung giai thuat backoff
wu tién dé diéu chinh ctra sé theo mire do xung dot cua cac
loai dit liéu wu tién khac nhau. Cac két qua cho thiy giai
phép d¢ xuat c6 kha nang cai thién dang ké hiéu ning hé
thdng thong qua do tré géi trung binh cho tat ca cac loai gbi
va phan biét d6 tré goéi theo cic mirc yu tién: mirc wu tién
cang cao thi d¢ tré goi cang thap. Tré dat dugc véi goi uu
tién ca cao va thap cia DPbA-MAC c6 thé dam bao tiéu
chi thoi gian thuc véi cac tng dung cam bién thoi gian thuce
va mg dung khan cip so véi TMPQ-MAC. Bén canh
d6, DPbA-MAC dat ty 1¢ truyén goi thanh cong tét hon so
voi TMPQ-MAC.
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MULTI-EVENT WIRELESS SENSE NETWORK
PERFORMANCE ANALYSIS USING PRIORITY
BACKOFF MECHANISM AT MAC LAYER

Abstract— Medium access control (MAC) is one of the
main functions of the data link layer, used to control the
interaction between hardware and the communication
medium. In wireless sensor networks, communication is
done without wires, sensor nodes will be able to
communicate directly with each other and transfer data to
the receiver before it can forward the data to the external
network link the Internet. Sensor devices often use battery
power with limited amount, so it is very important to save
energy to maintain a long life. It is a challenge, but also a
chance for many researchers to make improvement. MAC
protocols can be classified into three categories: collision-
free, collision-based, and hybrid. For sensor networks with
small traffic but in which some traffic components require
low latency and higher quality, collision-based MAC is
more suitable. In this paper, we propose a backoff
algorithm to avoid collisions between nodes, and at the
same time use data priority criteria to adjust the
corresponding backoff window, thereby solving the
priority problem. The solution using the proposed
algorithm is evaluated through simulation. The obtained
results show that the solution using the priority MAC
significantly improves the performance of the sensor
network, specifically ensuring the priority as well as
reducing the packet loss rate for the priority data compared
to the recent priority solution TMPQ-MAC.

Keywords— backoff window, data prioritization,
medium access control, wireless sensor networks.
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