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Three important issues in sending bursty data from a multimedia node
(MN) in a wireless sensor network (WSN) are high reliability in data
transmission, low delay in image transmission, and low energy
consumption. This paper proposes a smart routing-transmission
protocol (SRTP) for fast and reliable image delivery. In this approach, a
data path that includes a path node and a collaborative node at each tree
level is established. Then, the nodes collaborate to forward packets
reliably to nodes one level lower. Packets can be transmitted in a
pipelined manner using multiple channels and a spatial slot reuse
technique. Simulation results and analysis showed that the proposed
protocol far outperforms the recent approach in terms of end-to-end
delay and packet delivery rate while achieving low energy
consumption.
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Dix liéu bung nd

Ba van dé quan trong trong viéc gui dir lidu lién tuc bung nd tir mot nit
da phuong tién (MN) trong mang cam bién khong day (WSN) 1a dé tin
cdy cao trong truyén dir lidu, do tré truyén hinh anh thap, va muc tiéu
thu ning luong thap. Bai bao nay dé xuit mot giao thie dinh tuyén-
truyén dan thong minh (SRTP) dé phan phdi hinh anh nhanh chong va
dang tin cdy. Trong giao thirc nay, mot duong truyén dir liéu bao gom
nat duong dan va nit cong tac & mbi cap do cdy dugc thiét lap. Sau do,
cac nut nay hop tac dé chuyen tiép cac goi tin dén cac nut & cap do thap
mot cap. Cac goi tin ¢6 thé dugc truyén song song khi sir dung két hop
nhiéu kénh truyén va ky thuat tai sir dung khe thoi gian. Cac két qua md
phong va phén tich chi ra rang giao thirc de Xuét tot hon céc giao thirc
truyén da phuong tién gan day vé chi tiéu tré truyen nhan va dé tin cay,
trong khi van dam bao sy tiéu hao nang lwong thap cua mang.
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1. Giéi thiéu chung
1.1. Nghién ciru tong quan

The internet

Control
system

User
.Nl’]t chu ONl'Jt cam bién @ Nut da phwong tién — Lignkétciy ~ — Lién két thong thuong
Hinh 1. Mgng cam bién da phuong tién cé cau tric cdy

Mang cam bién da phuong tién (WMSN) bao gom cac nit cam bién (SN) va mét sb nat da

phuong tién (MN) sir dung ngudn nang lugng pin c6 kha nang thu thap dong thoi dix liéu vo huéng,
da phuong tién (anh, am thanh, hodc video), va xur ly truyén dir liéu d6 theo duong truyén vo tuyén
& nang luong thap vé nut cha [1]. V6i kha ning thu thip va truyén di liéu da phuong tién, WMSNSs
dugc ung dung ngay cang pho bién. Tuy nhién, dir liéu da phuong tién s& vuot qua gidi han cua
don vi dit liéu truyén dan téi da (MAC protocol data Unit, MPDU) theo chuan IEEE.802.15.4
(MPDU t6i da 14 127 bytes)
[2]. Do d6, dit liéu da phwong tién phai dugc chia thanh cc goi tin dé truyén va yéu cau cac goi tin
dugc guri dén nat chu voi mot gioi han vé do tré, dé dam bao tinh kip thoi cua quyét dinh. Hon nira,
cac goi tin phai dugc phan phdi tin ciy dén nat cha dé né co thé khoi phyc lai ban tin da phuong
tién. Mot yéu cau quan trong khac cia WMSN 1a hiéu qua niang lwong vi dé dam bao thoi gian hoat
dong cua mang khi da duoc trién khai.

Nhiéu giao thirc di dugc dé xuat ¢& dam bao cac yéu cau truyén cac goi tin lién tiép, bung nb
gqua mang cam bién (WSN). C6 thé chia cac giao thirc thanh hai loai: giao thuc truyen truc tuyen va
giao thuc truyén theo su kién, theo yéu cau. Cac giao thirc truyen truc tuyén yéu cau ty 18 truyén goi
thanh cong cao, dong thoi dam bao truyen dir liéu bung nd on dinh [3], [4]. Chung thudng mé héa
dit liéu phat truc tuyén thanh cac goi va xem xét cdc giai thuat dé tranh tic ngén trong dudng truyén
[5] - [7]. Céc giao thirc truyén theo sy kién yéu cau cao vé tinh kip thoi, va théng lwong mang do dé
chiing quan tim phuong phap phat hién sy kién, va giai phap woc lugng, diéu chinh toc do truyen
theo diéu kién kénh truyén [8] - [10]. Cac giao thirc dé truyén dit liéu bung nd cua anh theo su kién
qua mang WSN 1a méi quan tdm & day.

1.2. Phén tich vin dé nghién ciru

Do tin cay ciia viéc truyén dir lieu anh huong truc tiép dén chat luong cta anh duge khoi phuc

tai may chi. Cac phuong phap dugc dé xuét giam ty 1¢ mat goi la: truyen lai tirng budc (EEIT)

[11], va truyén du phong trén nhiéu duong truyén két hop truyen lai toan tuyén (EMP) [12]. Tuy
nhién, nhiing cach tiép can nay c6 xu hudng lam ting mirc tiéu thy ning luong cua cac nat. Do tré
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cta anh phai dugc gisi han trong mot thoi gian nhat dinh. D& giam do tré ky thuat tai sir dung khe
thoi gian véi sy hd trg kénh truyén [13] thuong dugc su dung. Tuy nhién, can c6 giai phap dé cac
nat xac dinh duoc tan sb va thoi gian truyén nhan Cua no. Sy tiéu thu nang luong it cua cac nut va
su can bang mirc tiéu thu nang luong gitra cac nut can dam bao dé ting thoi gian hoat dong cua
mang. Dac bi¢t voi ung dung giam sat yéu cau guri hinh anh thuong xuyén, vi€C quan ly muc tiéu
thy ning lugng trong qua trinh truyén hinh anh 14 v6 ciing quan trong. Diéu nay dat ra mot van dé la
cac nut phai danh gia xem né c6 tham gia qué trinh truyén anh hay khong va khi nao sé& thic day
néu chiing vé ché do ngu.

1.3. Phwong phdp dé xuit

Vi nhitng ly do nay, chung t0i dé xuat mot giao thirc dinh tuyén-truyén dit liéu thong minh dé
giai quyét ba van dé trén mot cach hidu qua, viét tit 1a SRTP (Smart Routing-Transmission
Protocol). Pau tién, qué trinh dinh tuyén duoc thuc hién dé hinh thanh duong truyén dit liéu c6 tinh
linh dong va phéi hop cao giira cac niit. Sau d6, cac nut trén duong truyén s& tu dong xac dinh khe
thoi gian-kénh truyén nhan va truyén nhan dua vao ban tin nghe 1én, thir ty wu tién ciia cac nit ciing
cép d6. Nho vay co thé cai thién do tin cay va lam cho cac goi tin duoc chuyén tiép mot cach nhanh
chong. Ngoai ra chi cac niit trén dudng truyén hop tac duy tri hoat dong trong thoi gian buing n6 cua
ban tin da phuong tién, dé dam bao muc tiéu thy nang lugng thap. Giai phap dé xuét cho qua trinh
truyén anh trong mang cam bién di dugc danh gia bang phan tich va mé phong,

1.4. Mé hinh mang cho nghién ciru

Mo hinh mang ¢6 céu trac ciy duge sir dung lam co s& cho nghién ciru va danh gia. Trong mo
hinh nay, cac nit trong mang hinh thanh mét cay truyén dit liéu bit ngudn tir nat chi-cap do 1, sau
d6 cap do tang dan. Cac nut dugc goi 1a nut cay néu né thude ciy truyén va két ndi gitta nut cay va
nuat cha ctia n6 & trén mot cap do duoc goi 1a két ndi cay. Khi mot nat khong thude cdy truyén hay
khong tim dugc cha cta n6 khi thiét 1ap cdy thi nit do dwoc goi 13 “mit mé ¢éi”. Hinh 1 minh hoa
md hinh mang gdom 01 nat cha, 20 nat MN, va 59 nat SN hinh thanh cdu tric ciy c6 nim cap do,
cac duong nét 1ién va cac duong nét dirt tuong Gmg 1 két ndi cay va két ndi thong thuong. Nt chir
s& thu thap dit liéu tir cac SNs va né ¢6 thé yéu cau hinh anh tir mot MN tai mot thoi diém bat ky.

Noi dung tiép theo ctia bai bao nhu sau. Phan 2 mo ta chi tiét giao thirc dugc dé xuat. Phan 3 1a
1a d4nh gi4, so sanh giao thirc da dé xuat v6i cac giao thirc khac. Phan 4 dua ra nhan xét va két luan.

2. Giao thic RSTP

2.1. Céu triic giao thirc

Truyén ban tin diéu khién i Truyén dir lidu t&i it cha
Bao dudng cay truyen | Dong bo thai gian trong mang

ICP CTP DTP CTP DTP

Déng bo théi gian toan cuc va thiét 1ap cay truycu Truycn dir lidu t&1 nut c]:Lu
Khéi tao phén khe théi gian - kénh truyén Pong bo thoi gian trong mang

Hinh 2. Cdu tric cua giao thic

Giao thirc dé xuat SRTP ¢6 cu trac nhu Hinh 2, né bao gdbm: thoi gian khoi tao ban dau va sy
|ap lai cac khung truyén dir ligu. Trong thoi gian khei tao ICP, giao thic thuc hién dong bo thoi
gian toan cuc, thiét lap cay truyén, va phan chia khe thoi gian- kénh truyén. Moi khung truyen dir
liéu duoc chia thanh hai giai doan: truyén dit liéu xudng, CTP (truyén lénh, duy tri cdu tric cay) va
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truyén dit liéu 1én, DTP (dir liéu da phuong tién hoic dit liéu vo ‘huong). Trong CTP, nit chu co thé
gui thong bao 1énh t6i mot nut hodc mét nhom cac nut va co thé thyc hién bao tri cAu trac cdy. Khi
bat ¢au CTP, céc nit hoat dong dé nhan lénh tir ntt chu va sau mot thoi gian ngan s& chuyén sang
ché do ngu néu khong nhan duoc bat ky Iénh nao. Trong DTP, céc nut duoc yeu cau gui dir lieu
cam bién dén nat chi. Trong qua trinh truyén dit liéu nay, viéc dong bo thoi gian duoc thuc hién
cuc bo bang cach sir dung cac ban tin diéu khién & 16p MAC, nhu RTS/CTS/ACK. Nt chu ¢6 thé
bat dau qua trinh truyén dir liéu bung nd khi c6 nhu cdu vé ban tin da phuong tién. Néu nut cha
nhan thay rang mot tinh hudng bat thuong c6 thé da xay ra trong khu vyc giam sat dya trén phan
tich dir liéu vo hudng, nd co thé yéu ciu mot hinh anh tir nut da phwong tién duoc trién khai tai thuc
dia d& ¢am bao tinh hudng bat thuong da thuc sy xay ra. Nut chii phat mot ban tin yéu cau hinh anh
trong CTP dé thiét 1ap mot duong truyen dit lidu. Khi nhan dugc thong bao nay, cac nut s& bit dau
hoat dong trong ché d6 truyén dit liéu bung nd.

2.2. Thiét l@p cdu tric cdy ciia SRTP

Dé thiét lap cay truyén dir liéu c6 d tin cdy cao, chung t6i sir dung phuong phap ude tinh chét
lwong két ndi bang cach trao doi cac ban tin. Nut cha s& khoi tao qué trinh thiét 1ap cay truyén bang
cach phat di ban tin TCR. Khi nhan dugc TCR, nit md c6i u s& két ndi vao cay bang cach gui thong
bao yéu cau tham gia, J-REQ. Khi nhan dugc J-REQ tir nat u, niit chi s& gui phan hdi J-RES va
nhin nat u lam nat con cta nd. Khi nat u nhan dugc J-RES, nd s& nhan nit chu 1a cha dé cta nd va
gan cap do cua n6 1a 2. Mot nat md cdi | khac nhan dugc J-REQ lan dau tir nat u s& gan cap do d(i)
clia nd thanh d(u)+1 va khoi tao mot timer (wait_timer) dé nhan thém J-REQ tir cac nut khac.
Trong thoi gian cho, khi nat | nhian dugc J-REQ nd sé cip nhat danh sach ung cir vién cha PCL(i).
Sau do6, nut i chon nut cdy trong danh sach PCL(i) 1am cha va gti J-REQ. Qua trinh nay 1ap lai dé
cac nuat trong mang tim dugc cha ctia n6 nhu trinh bay trong Thuat toan 1.

Thuét toan 1. Thiét ldp cdu tric cdy truyén

/1 d(i): Cap d6 cua nut i /I CL(i): Céc nut con cua nut i

/I P(i): Nut cha dé cta nut i /I PCL(i): Ung vién nut cha cua nat i

Event: nat i nhan TCR tir ndt chu (sink) Event: khi timer wait_timer két thuc tai nut i
1:d(i) « 2; 1: goi jdelay_timer(jdelay);

1: delay < generateRandomDelay(); Event: nut i nghe dugc J-RES tur u

2: send J-REQ(sink, delay, d(i)); 1:if ((u € PCL(i) == true) then

Event: nut i nghe dugc J-REQ tur ntit u: 2: child_counter(u) < child_counter(u) + 1,
1:if (d(i) == 0) then 3:end if

2. d@) =dw)+1; Event: khi jdelay_timer két thuc tai nut i

3: CL() « u; 1: P(i) «

4:  goi timer: wait_timer; 2: minNoChild = 255

5:end if 2: for (v € PCL(1))

Event: ntt i nghe dugc J-REQ tr nut u trong thoi | 3: if (minNoChild > child_counter(v)) then
gian wait_timer; 4: P(i) = v,

1:if (d(u) < d(@) — 2) then 5: minNoChild = child_counter(v);
2: d@)=du)+1, 6: end if

3 CL({i)« 0 7: end for

4: CLQQ) < u; 8: if (P(i) # 0) then

6: else if (d(u) == d(i) — 1) then 9:  send J-REQ(P(i), d(i));

7:CL(Q) « u; 10: end if

8: end if
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2.3. Thiét ldp dwong truyén diz liéu

Khi mang WSN dugc trién khai va céu trac céy duoc thiét lap, nat chu c6 cac thong tin vé dia
chi, cap do cdy ctia nat da phuong tién dugc chon dé gui anh. Dé thiét 1ap mot duong truyén di liéu
¢6 tinh két hop, linh dong cao va thong tin viéc truyén dir liéu bung nd, nut chii s& gui toi cac nit
trong mang ban tin IRQ. Khi nhan duoc IRQ, niit da phuong tién dugc chon s& giri hoi dap IRP =
(0, SPS) cho nut cha cta nd. Khi nhan dugc IRP, niit duong truyen (PT) s& chon mot nat dé hop tac
VGi nd trong qua trinh truyén cac géi tin bung né goi 1a nuit “hop tac (HT), nat - nay la nut chung cua
SPS dugc dinh trong IRP va tap lan can cua no, Nbrs. Piéu nay dam bao rang nut hop tac dugc
chon c6 két néi véi niit dudng truyén & cing cip do va nat duong truyén & mot cip do cao hon. Vi
nat dudng truyén giri ban tin IRP chira nit hop tac ctia no, ht, nén cac nat nghe dugc IRP ¢o thé xac
dinh n6 dugc chon 1am nut hop tac hay khong. Qua trinh thiét 1ap duong truyén duogc trinh bay
trong Thuat toan 2.

Thudt toan 2. Thiét lgp dwong truyén dit liéu bing né

/I x.SPS: The SPS of node x;
/I x.Nbrs: The Nbrs of node x;
1: Khi nat MN x nhan duoc IRQ:
send IRP = (0, x.SPS);
Khi nat X nhan dugc IRP = (z, y.SPS):
nut x biét dwge no 1a nat duong truyén
if y.SPS = ¢then // no secondary parent
send IRP = (0, x.SPS);
else
select ht € y.SPS n x.Nbrs;
send IRP = (ht, x.SPS);
10:  endif
11: Khi nit X nghe dugc IRP = (z, y.SPS):
12:  ifx =z and level (x) = level (y) then
13: nut x biét rang n6 1a nat hop tac;
Pudng truyén hop tac cho dir liéu bung né (DTDL) s& bao gom cac nut tham gia vao qua trinh
truyén hinh anh. N6 c6 thé duoc biéu didn nhu sau:
PTHT = (DT null), (BT*, HT*™), .., (BT, HT), ..., (BT?, HT?)) (1)
& @6 DT 1a nat MN ngudn & cip do L va DT, HT? 1a nut dudng truyén, nat hop tac & cap do i.
Pudng truyén hop tac c6 hai wu diém ndi bat: (1) khi nat dudng truyén, AT, giri mot goi tin ca
nat duong truyén BT va nat hop tac HT™, déu c¢6 thé nhan dwoc goi tin. Vi HT™ chic chin két
ndi véi BT theo thuat toan thiét lap dudng truyén dir liéu, nén no c6 thé xac dinh BT da nhan
g6i thanh cong hay chua bang cach kiém tra goi ma BT tra 10i (ACK) hoac gui di. Néu HT™ danh
gia DT khong nhan dugc goi, n6 c6 thé ciu goi bi mat bang cach gui goi da luu trude do. piéu
nay gitp cai thién do tin cay cua duong truyén. (2) nut hop tac HT" truyén goi bi mét ngay trong
khe thoi gian chi dinh thay vi dua vao viéc truyén lai cia AT, giup cho goi di chuyén nhanh hon
vé phia nut chu.

2.4. Tw dpng xdc dinh khe thoi gian va kénh truyén nhin
Trong qué trinh thiét lap duong truyén, sau khi nhan duoc IRQ cac nut sét thoi gian ch dé nhan
ban tin IRP va xac dinh n6 thudc duong truyén hay khong, thoi gian cho dugc xac dinh nhu sau:
T 0 if I>L )
e (L_I)X(TIRP +TIRQ)+TIRP if 1<L 2)

0d0 T va Tipq tuong timg 14 thoi gian truyén cac ban tin IRP va IRQ.
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Céc nut khong thude duong truyén s& di vao ché do nga dé tiét kiém ning luong. Cac nit
thuoc duong truyen dir lieu (BT, HT) xéac dinh s6 khe thoi gian truyén (nSlots), thoi gian truyén
nhan (ITP), thoi gian nhan goi dir liéu dau tién RxTime(x, 1), thoi gian truyén goi dir ligu
TxTime(x, 1), va thoi gian két thic qua trinh truyén dir liéu bung nd6 EndTime(x) nhu sau:

nslots =2 x nPcakets + L —3 (3)

ITP = nslots x slotLen 4)
RxTime(x,l) = StartITP + (L —1 —1) x slotLen

TxTime(x,l) = StartITP + (L —1) x slotLen (5)

EndTime(x,k) = StartITP + (L — I —1) x slotLen + (2 x nPackets) x slotLen
& do StartITP 1a thoi diém bat dau qua trinh truyén bung nd, duoc tinh nhu sau:

StartlTP = (L —1) x (T g +T,RQ) (6)
: Tﬂlis
Niit khéng thuse | ¥ ,
duong truyén  |IRQ X/IRP | R
RxTime(x.I) TxTime(x.I) EndTime(x)
Nt thus , E o ; ~ LS A A A A |
N oC. I IRP kY 4 \
duwdng truyén . - ’_ ’_l y L >
A rx stor [ 7x stot |
iét ldp o é ITP = nslotxsiotL |
| Tmictigp duomg tgén . HP=wlotxsiotlen . »
Niit MN nguon | )+ ik A A A 4 i
irRQ PATlIRP ! -~ 5 | dme
StartiTP EndTime

Hinh 3. Tinh todn khe thoi gian cua cdc nit

Hinh 3 m6 ta mot qua trinh tinh toan khe thoi gian truyén, trong do ITP dugc chia thanh nSlots
tuong ung Vi s6 khe can thiét dé truyén nPackets tir mot nut da phuong tién & cip do L. Vi pham
vi gay nhiéu cua tin hiéu xap Xi gap doi pham vi truyén [14], khi 4p dung ky thuat tai str dung khe
thoi gian theo khong gian chi can sir dung hai kénh 1a du dé cac nat & hai cap do khac nhau sir dung
cac kénh khac nhau cho truyén nhan va cac & bdn cap do khac nhau nut sir dung cting mot kénh.
Céc cong thirc sau dugc riit ra dé xac dinh kénh truyén ChT* va kénh nhan ChR* & cép do |:

Ch™ =((Q() +R(1)) mod 2) +1
Ch™ =((Q(U-)+R(1-1)) mod 2) +1, 1 =1 Q)

& d6 QU)=1div2, R(I)=I mod 2, va gi4 trj 2 biéu thi sir dung hai kénh truyén khac nhau.
Nhu vy khi cu trac cdy duoc thiét 1ap cac nut xac dinh dwoc cip do cua no va co thé xac dinh
kénh truyén nhan dit liéu cia minh.

2.5. Nguyén tic truyén nhan

Nut x bat dau khe thoi gian nhan (Rx slot) thir k tai RxTime(x, k) va khe thi gian truyen (Txslot)
thtr k tai TxTime(x, k). Trong khe nhan, Rx slot, khi nhan dugc goi tin, nat dwong truyén s& phan hoi
v6i ACK, trong khi d6 nit hop tac chi luu goi tin da nhan. Trong khe giri, Tx slot, nat duong truyén
s& duoc uu tién truyén so véi nit hop tac, do d6 no truyén goi tin da nhan ngay 1ap tic. Nguoc lai,
nat hop tac s& truyén goi tin da luu trit khi né khong nghe duge goi tin phan hdi ACK hozc khong
nghe dugc goi tin ma nat duong truyén da chon no 14 nit hop tac giri di voi mot khoang thoi gian
cham (delayslot), dé tranh va cham.

Theo nguyén tic ndy xung dot truyén khong bao gid xdy ra va mot niit dudng truyén khong bao
gio phaét lai goi tin. Hon nita, thoi gian xir 1y hinh anh ¢6 thé duoc tinh dya trén sé lugng goi tin va
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mirc do cua nit da phuong tién ngudn, nhw duoc biéu thi trong cong thirc (4). Do do, thoi gian tré
toi da cho viéc truyén hinh anh c6 thé duoc du doan trudc.

2.6. Tinh todn khe thoi gian truyén nhgn

Thoi gian truyén, nhan goi tin x ki hiéu TimeMsg(x), duge tinh nhu sau [15]:
TimeMsg (X) =t (X) + tymon +teca +tppa +In () +1,,(X) +1,,(X) (8)
Trong do, tyr la thoi gian. dé truyén £0i tin tr b vi diéu khién (MCU) dén by dém cua radio
ch1p, twmon 12 thoi glan tré dé bat bo diéu khién radio chip, teca 1a thoi glan danh gia kénh truyen
roi, tppd 1 thoi gian tré xtr 1y & 16p vat 1y, tr, 14 thoi gian dé truyen Mot goi tin ra khoi ang ten, t,, 1a
thoi gian b xa goi tin trong khong gian, va ty, 1a thoi gian dé truyén mot thong diép tir chip radio
dén MCU ¢ phia nhan. Trong tinh toan nay thoi gian buc xa goi tin véi tc d6 anh sang qua khong
gian 1a khong dang ké so vai thoi gian truyén géi tin.
Do dai cia mot khe thoi gian Len(slot) 1a thoi gian du dé truyén, nhan goi tin x va ACK. Do do,
bat dang thirc sau duoc sir dung dé xac dinh gioi han dudi caa mot khe thoi gian:
Len(slot) > delayslot +TimeMsg (x) + TimeMsg (ACK) 9)
¢ do delayslot trong ung voi thoi gian truyen cua 20 symbols va thoi gian CCA time twong (g
VGi Véi thoi gian truyén cta 8 symbols. Vi toc do truyen dur liéu caa mang cam bién sir dung chuan
vat Iy IEEE 802.15.4 1a 250 kbps, (1 symbol gém 4 bits), do d6 tgcs = 0.128 ms, tppd =
0.192 ms, va delayslot = 0.32 ms. Mot goi tin khi truyén di s& dugc cong thém 11 byte gom
SHR (synchronization header) 5 byte, PHR (physical header) 1 byte, MHR (MAC header) 3 byte,
va MFR (MAC footer) 2 byte. Do d6, thoi gian truyén ty, (x) ciia goi tin X dugc tinh toan nhu sau:
t;, (X) =0.032 x (11+ payload(x)) (ms) (10)
véi payload(x) 1a d6 16n di liéu ctia gobi tin X.
3. Két qua d4nh gia giao thirc

Trong phan nay, giao thirc SRTP dugc danh gia voi hai giao thirc da phuong tién: EEIT [11]
giao thirc str dung mot dudng truyén don, truyén lai timg budc, va EMP [12] giao thuc sir dung
nhiéu duong truyén khong co nat chung, truyén lai trén toan tuyén. Pau tién, thoi gian dé truyén
(E2ED) mét hinh anh duoc chia nho thanh 220 goi tin tir nat da phwong tién ngudn dén nat chi
dugc phan tich. Sau do, ty I€ giri cac goi tin thanh cong va sy tiéu thu nang lugng trung binh cua
cac giao thirc dugc danh gia véi nhau.

3.1. Tré truyén nhgn

4
6210
sk
4l
-6 - EEIT
- EMP (n = 2)
£ —% - EMP (n = 3)
Q3 —*— SRTP
I
~N
w
2 -
”—v“”‘r
g
o—‘o'/()f —x
" =" .*_w—r—*""’
a
NP NS
o o oy
2 4 6 8 10 12 14 16 18 20

Hinh 4. Thoi gian truyén cia cdc giao thirc
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E2ED cta mét hinh anh véi sy ting khoang cach ciia nat da phuong tién ngudn khi sir dung
cac giao thic truyén anh khac nhau duoc thé hién trong Hinh 4. Trong d6, n 1a s6 1an cho phép dé
truyén mot géi tin trong mdi budc truyén cua giao thiac EMP. Ta thay, khi s6 budc truyén ting
thoi gian truyén mot anh cua cac giao thirc EEIT va EMP ting nhanh, trong khi tré truyén cua
giao thirc SRTP 6n dinh, thap hon, va gin nhu khong doi. Thoi gian truyén mot anh cua SRTP
trung binh it hon ba gidy. Diéu nay cho thay giao thue dé xuat cho tré truyén anh tir MN t6i nut
chu 6n dinh, phi hop voi khoang cach can truyén xa ciia nut da phuong tién.

3.2. Dé tin cdy
3.2.1. Cong cu, kich ban moé phong

QualNet phién ban 5.0.2 véi cac thong sd mo phong va gia tri cia chiing dugc thé hién trong
Bang 1. Trong d6, mé hinh nén tang MicaZ c6 mét radio tuan thu tiéu chuan IEEE 802.15.4 va
dugc diéu khién boi mot bo vi didu khién duoc st dung dé mé phong va phan tich hoat dong cua
mang cam bién khong day. SRTP di duoc so sanh véi EEIT- giao thirc tidu biéu cho muc tiét
kiém vé niang luong, da duoc trién khai trén thuc nghiém va EMP- giao thic dic trung cho d9 tin
ciy cao cua cac goi tin khi truyén sir dung kich ban mang gém mét nat cha va 30 nat cam bién
duogc sip xép trong khu vuc hinh chit nhat kich thudc 15 x 150 m? M6 hinh pha dinh da dwong
Ricean duoc sir dung dé danh gia anh huong ciia mé hinh.

Bang 1. Tham s6 cho mé phong va gid tri ciia né

Tham s Gia tri
S6 lwong goi tin (ng vai 1 anh 220
Pham vi truyén ~10 m (-30dBm)
Tan s6 2,4 va 2,43 GHz
MBS hinh suy hao Two-ray
M5 hinh Shadowing Constant (Mean = 4dB)
Cuong d6 nhiéu 10 dB
Mé hinh ning lugng cua nit cam bién Micaz
Mé hinh ngudn pin Linear

Pé danh gia do tin cay cua cac giao thirc khi truyén tin bung nd chung ta str dung tiéu chi ty I1¢
phén ph01 goi tin thanh cong (PDR) duge xdc dinh la ty so gitra s6 goi tin nhan dugc tai nat chu
S0 Vi tdng sb goi tin dwogc truyén di tir nut da phuong tién ngudn khi ma thay d6i s6 budce truyén
va mirc d¢ tac dong cia pha dinh da duong.

3.2.2. Pdnh gid theo cdp do ciia it da phiong tién

——EEIT EMP (n=2) ——EMP (n=3) —e—SRIP
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Cdp ap ciia niit da phwong tign nguon

Hinh 5. Ty |é phdn phoi géi tin theo cap dé
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Nhu duoc thé hién trong Hinh 5, giao thic SRTP va EMP (n=3) déu cho ty 18 PDR cao,
nhung SRTP duy tri ty 1¢ 6n dinh va it nhay cam dbi véi viéc tang khoang cach hay s6 budc
truyén gitta MN va nut chu. Giao thirc SRTP cho phép truyén cic goi tin ciia mot anh qua 15
buéc truyén dén dich voi ty 1€ mét dit liéu it hon 1,5%. Trong khi EEIT c6 d¢ nhay cam cao véi
khodng cach truyén. Luu ¥ rang v6i khoang cach gitra MN va nit chu twong tng voi 15 bude
truyén, thi khoang cach PDR cua SRTP va EEIT dat khoang 10%. Khoang cach nay gan nhu gip
ddi khoang cach PDR cua giao thirc nay ing voi 10 bude truyén. Ngoai ra, EMP nhay cam hon
SRTP mot chit vi viée guri lai trén toan duong truyén sé trd nén it hiéu qua voi sb bude truyén
I6n tir MN dén nut chu.

3.2.3. Panh gia theo tac dong pha dinh da duong

——FEFEIT EMP (n=2) —<EMP (n=3) —+—SRTP
100 %F’ —
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= 80
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g
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70
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60
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H¢ 58 Ricean, K
Hinh 6. Ty |é phdn phéi géi tin khi chiu tac dong cia pha dinh da dwong

Mo hinh pha dinh da dudng Ricean duogc sir dung voi hé sé Ricean K duoc xac dinh 1a ty 18
clia cong sut thu trong dudng truc tiép so véi cong suat trong cac duong khac. Mire do tac dong
clia pha dinh da duong duoc diéu chinh bang cach thay dbi gia tri cua hé s Ricean, K.

Hinh 6 cho thay, giao thac SRTP va EMP déu cho thdy PDR rat tdt, vi SRTP sir dung dudng
truyén dan hop tac va EMP sir dung cac kiéu truyén lai dé dam bao d6 tin cdy, trong khi SRTP dat
dugc PDR cao hon mét chut so voi EMP. Véi cung ly do d6, ca SRTP va EMP déu it nhay cam
V6i sy tang tdc dong cua pha dinh (gidm gia tri K). Tuy nhién, PDR trong EEIT giam dang ké khi
gid tri K giam vi giao thirc nay chi sur dung mot duong truyen duy nhit va chi truyén lai theo tirng
budc. Pidu nay ciing ching to, viéc truyén lai trén toan tuyén cua EMP cai thién duoc PDR.

3.3. Nang lwong tiéu thu

Dé danh gia su hiéu qua vé ning lugng cia cac giao thuc khi truyén tin bung nd ching ta sir
dung tiéu chi mirc tiéu thy nang lugng trung binh (AEC), 1a nang lugng trung binh ti€u thu boi
mot nut dé truyen tai mot hinh anh tir nat da phuong tién nguodn dén nat cha.

Hinh 7 cho thiy giao thic SRTP tiéu thuy it ning lugng hon EMP, vi né khong cho phép gui
lai. Hon nita, EMP cho thdy mét su ting ning luong tiéu thy lién tyc khi tang budc truyen Diéu
nay 1a do EMP st dung guri lai trén toan duong truyén. Nguoc lai, EEIT ludn cho thay AEC thap
nhat va AEC giam nhe khi ting khoang cach truyén. Piéu nay 1a do cac goi tin bi mét chi duoc
truyén lai timg budc, va khong anh huéng t6i viée tiéu thu ning lwong cac nat cip do thap. Tuy
nhién, luu y rang EEIT mat nhiéu goi tin hon khi ting sé budc truyén, nhu dugc thé hién Hinh 5.
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Cdp ap ciia niit da phicong tién ngudn

Hinh 7. Mic tiéu thu nang lwong trung binh

4. Két luan

Trong bai bao nay, ching tdi dé xuat mot giao thure dinh tuyén- truyen thong minh (SRTP) dé
dép tmg céc gisi han vé do tré va ty 1é mat géi tin trong viéc truyén dit liéu bung nd qua mang
cam bién khong ddy. Giao thirc SRTP duoc dic trung boi viéc sir dung mot duong truyén dir liu
¢6 tinh linh dong, hop tac cao dé cai thién do tin cdy trong truyén cac goi tin ciing nhu sir dung
k§ thuat tai sir dung khe thoi gian theo khong gian dé rat ngan thoi gian truyén anh. Két qua mo
phong cho thdy, giao thirc cho phép truyén anh qua khoang cach 1on dén dich vai ty 1&é mat dir
liéu it hon 1,5% va thoi gian truyén hinh anh it chua téi ba gidy. Chung toi tin rang nhiing két
qua nay c6 thé dap tmg duoc hau hét cac yéu cau giam sat bang mang WSN. Hon nita, giao thic
SRTP di cho thay hiéu qua cao trong tiéu thu nang lugng so Vi cac giao thirc gan day.
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