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LOI CAM ON

Pé c6 thé hoan thanh dugc dd an tot nghiép nay, em da dugc hoc hoi
nhing kién thirc qui bau tir cac thay, cb gido ciia Truong Pai Hoc Dan Lap Hai
Phong trong subt bdn nam dai hoc, dic biét trong thoi gian lam dd an nay.

Em xin bay t6 long biét on t4i thdy Nguyén Trong Thé - Khoa cong nghé thong
tin — Truong Pai Hoc Dan Lap Hai Phong da tan tinh chi bao va dinh hudng cho em
nghién ctru dé tai ndy. Thay di cho em nhiing 10i khuyén quan trong trong suét qua
trinh hoan thanh d6 an. Cudi cung, em xin cam on gia dinh va ban b¢ luén tao diéu kién
thuan loi, dong vién va gitp d& em trong sudt thoi gian hoc tip, cling nhur qua trinh
nghién ctru, hoan thanh d 4n nay.

Do han ché vé thoi gian thuc tap, tai liu va trinh d6 ban than, bai dd an ctia em
khdng thé tranh khoi nhitng thiéu sot, rit mong cac thiy c6 gop ¥ va stra chira dé bai do

an tot nghiép cta em duoc hoan thién hon. Em xin chan thanh cam on!
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MO DAU

Trong nhiéu thap ky qua, da hinh thanh mot co s& ha tang thong tin lién lac
& khip noi - Internet. Sy thanh cong to 16n cua co ché end-to-end va nguyén tic
thiét ké kién tric IP d3 gitp cho Internet ¢d duogc vi tri nhu ngay nay. Co ché
end-to-end don gian, dong thdi kha ning nhan rong tét. Con 16p kién tric 1P sir
dung phén ting vé&i kha ning cung cép boi 16p dudi. Uu diém cua kién tric
mang phan tang: quan 1y don gian, thiic diy sy d6i méi va tién héa nhanh chong.
Véi su phat trién manh mé ctia nhiéu cong nghé méi, dan dan kién trac nay da
c6 quy mo rong khip => minh chimg cho sy thanh coéng cua kién tric.

Va méi day, mang cam nhan khdng day (sensornet) ndi 1én nhu mot lan
s6ng nghién ctru manh mé trong sy phat trién cta thé giéi vat 1y va k¥ thuat so.
Nhung dic diém caa n6 rat khac v6i céc thiét bi IP truyén thong, d3 ddy van dé
két néi mang dén mot nac thang méi. Khi gan sensornet vao khong gian vat 1y
thi N6 mang nhiéu thach thuc: bd nhé, kha nang tinh toan va giao tiép, ngudn
nang luong han ché.

Nhiéu nghién ctru trong linh vuc nay lap luan rang: "nhiéu bai hoc kinh
nghiém tir Internet va thiét ké mang di dong s& dugc ap dung cho cac thiét ké
g dung sensornet... mang ludi cam nhan ¢6 du nhiing thi tuc dé xem xét lai co
ciu tong thé ctia cac Gmg dung va dich vu". Kién trac Internet duoc tranh vi
nhiéu 1y do nhu sau:

« Ngudn Iuc kho khin 1am anh hudng dén viée cho ra kién trac nhiéu 16p.

« Mot s6 luong 16n cac thiét bi, dong thoi ching khong can giam sat trong

viéc trién khai, s& ngin can su phu thudc vao giao tiép quang ba hodc ciu

hinh hién thoi can thiét dé trién khai va van hanh cac thiét bj mang.

« Thuat toan dinh vi va xtr Iy bén trong mang yéu cau phai linh hoat va c6

tinh m& rong.

« Khong giong nhu cac mang truyén thong, mot node cam bién c6 thé khong

can mot danh tinh (vi du, mot dia chi).

« Mang ludi truyén théng duogc thiét ké dé chira mot loat cac tng dung.

Trong khi, sensornet sé dugc dic dung v6i nhiém vu cam bién.
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Hién nay di c6 nhiing tién bd dang ké trong nhiéu linh vuc, bao gém: giao
thire lién két véi nang luong thap dya trén lang nghe hodc truyén thong voi thoi
gian dong bo, c4c giao thirc mang cung cip truyén thong n-1, 1-n va n-n; kiém
soat tic nghén Hop-by-Hop va kiém soat dong; giao thtrc van chuyén lién quan
dén chuyén giao dang tin cdy cho ca dit liéu nho va 16n.

Trong d6 an ndy, sé& trién khai IPv6 dua trén kién tric mang sensornet. Can
ctr vao nhiing phén tich trong do an ndy, em tin rang mot kién tric truyén thong
cho sensornet nén gitt “co hep” tai 16p mang. IPv6 cung cip mot kién trac: phan
16p, danh dia chi, dinh dang Header, ciu hinh, quan 1y, chuyén tiép, va dinh
tuyén cung cip cac cau trac can thiét cho viéc thiét ké va thuc hién O tat ca cac
layer dang ngan xép. Trong do &n nay, em sé& cho thay lam thé nao dé trién khai
IPv6 vé6i kién trac mang sensornet va st dung hiéu qua trong hiéu Suét, nang
luong, va do tin cay cao voi kién trac nay.

Db 4n bao gom cac chuong sau:

+ Chuong I: Cho ta céi nhin tong quan vé sensornet, cling nhu nhitng wu,
nhuge diém cia no. Déng thot, gidgi thi€u cac mé hinh OSI, TCP/IP; va khung
giao thic IPv4, IPv6. Tu do cho ta biét 1y do tai sao nén trién khai IPv6 duya trén
kién triic sensornet.

+ Chuong II: M6 ta cac thanh phan vat 1y cia mang, d6 13 cac thiét bi bién
va dinh tuyén, cling nhu thiét bi dinh tuyén bién gidi trong két ndi IP. Béng thot,
cling trinh bay tong quan vé IPv6 dua trén kién tric sensornet, ma van duy tri
giao thirc 16p va phan tach chic ning cua kién tric Internet, néu rd 1y do tai sao
canh tranh LAN kém phu hgp vdi cac kho khan va thach thic cua sensornet.
Chuong nay, cling mo ta danh dia chi IPv6 va cau trac tién t6, tin dung khong
gian 16n cua dja chi IPv6 dé giam luu luong thong tin va yéu cau bd nhé trong
viéc gan dia chi.

+ Chuong III: Phat trién 16p mang IPv6 hoan chinh cho sensornet bao gom
cau hinh va quan 1y, chuyén tiép va dinh tuyén. Str dung kién trac ndy va cac co
ché thuc hién, 16p mang c6 thé cung cap cach tiép can phan phat datagram véi

“nd lic cao nhat” gitta mot node sensornet va bat ky thiét bi IP khac.
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CHUONG I: MANG CAM NHAN KHONG DAY VA
CAC KHUNG GIAO THUC

I. TONG QUAN VE MANG CAM NHAN KHONG DAY (WSN)
1. Dinh nghia

WSN c¢6 thé hiéu don gian 1a mang lién két cac node véi nhau bang song
radio, trong d6 cic node mang thuong 1a cac thiét bi don gian, nhd gon, gia
thanh thép... va ¢6 86 luong 16n, dugc phan bd mét cach khong c6 hé théng trén
mot dién tich rdng (pham vi hoat dong rdng), st dung ngué)n nang luong han ché
va ¢6 thé hoat dong trong moi trudong khéc nghiét (chét doc, 6 nhiém, nhiét do
cao...).

2. Cau triic cia WSN

2.1. Node cam bién: duoc cAu tao bsi 3 thanh phan: vi diéu khién, sensor, b
phét radio. Ngoai ra, con c6 cac cong két ndi véi may tinh.

a. Vi diéu khién: bao gdm: CPU; bd nhé ROM, RAM; bd phéan chuyén déi tin
hi¢u tuong tu thanh tin hiéu s6 va nguoc lai.

b. Sensor: dé cam nhan thé gidi bén ngoai, sau d6 chuyén dit liéu qua bo phan
chuyén doi dé xu 1y.

c. B§ phat radio: boi vi node cam bién 1a thanh phan quan trong nhét trong
WSN, do vay viéc thiét ké cac node cam bién sao cho ¢ thé tiét kiém duoc toi
da ngudn niang luong 1a van dé quan trong hang dau.

2.2. Sensornet

2 e

Towdag chon Lidan :\"nv Cann Lidn

Hinh 1.1.1. Phan bé node cam bién trong truong cam bién
Nhu hinh 1.1.1, sensornet bao gom rat nhiéu cac node cam bién dugc phan
bd trong mdt trudng cam bién. Cac node nay c6 kha niang thu thap dit liéu thyuc

té, sau d6 chon duong (thudng 1a theo phuong phap da budc nhay) dé chuyén
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nhimg dit lidu thu thap ndy vé node goc. Node goc lién lac voi node quan Iy
nhiém vu thong qua Internet hodc vé tinh. Viéc thiét ké sensornet nhu Hinh 1.1.1

phu thudc vao nhiéu yéu t6 nhu:

Kha ning chiu 16i M&éi truong hoat dong

Kha ning mé rong Cic phwong tién truyén din
Gi4 thanh sin xuit Ciu hinh sensornet

Tich hop phin cirng Su tiéu thu nang luwgng

3. Nhirng thach thirc cia WSN

Pé WSN thuc su tré nén rong khép trong cac irng dung, mot sb thach thirc

va trd ngai chinh can vuot qua:

e Van dé vé nang lugng

e Nang luc xu ly, tinh toan

e B nhé luu trir

e Su thich trng v61 moi truong

e Ngoai ra, con c6 mot sd thach thic va tré ngai thir yéu nhu: van dé mo

rong mang, gid thanh cac node,...

4. Ung dung WSN

- Trong linh vuc an ninh
- Trong linh vuc méi truong
- Trong linh vuc gia dinh
- Trong linh vuc y té
11. MO HINH OSI
M6 hinh OSI gém c6 7 16p: Application, Presentation, Session,
Transport, Network, Data Link va Physical.

TRIAMSMMT

4 o Lo LR S Vg
g A oot e vy o T s
o b ] || 9w sreated oy Sy e | | = e ]
8] ! i i " m
Q } ‘ I e sn g el beanzany 1 =1
B " | i Phnits vt Ty e 0 T = a
eesmpee—— ] o ek Sy =‘ [ e
i

—— N -

FRIVRICAL Linnc

Hinh 1.2.1. M6 hinh OSI
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111. MO HINH TCP/IP

TCP/IP dugc xem 1a gian luoc cia md hinh OSI véi bdn 16p sau:
Application, Transport, Internet, Network Interface. M6 hinh OSI 1a mdt mo
hinh trén 1y thuyét, trong khi &6 TCP/IP xem nhu 1a mot mé hinh bién thé cua
OSI va phu hop véi thuc té hon.

-
6
D Session
4 Transport Transport
3 Network Internet
-
1

M8 hinh OSI TCP/IP

Hinh 1.3.1. Méi quan hé giita mé hinh OSI va tiéu chuan TCP/IP
IV. KHUNG GIAO THUC IPv4

Version I 1HL = i Totel Length
- Fragment
Identification Fiags I Offset
Time to Live | Protocol Header Checksum

Source Address
Destination Addrgss
Options I Padding

Hinh 1.4.1. Header cua IPv4
V. KHUNG GIAO THUTC IPv6

Version Tramo Class =

o Noxt Hop
yiead: Langtiy Headar Lirmit

Source Addross

Deaestinaton Addross

Hinh 1.5.1. C4u trac Header cta Ipv6
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+ Version (4 bit): chirc ning cta truong nay giéng nhu IPv4. N6 chira gia tri 6
cho Ipv6 thay vi 4 cho Ipv4.
+ Traffic Class (8 bit): truong nay thay thé cho truong Type of Service (ToS)
trong Header 1Pv4. N6 dugc sir dung dé biéu dién mirc vu tién ctia goi tin.
+ Flow Label (20 bit): khi cac Router nhin dugc goi tin dau tién cia mot dong
m&i, Flow Label s& xir Iy thong tin trén Header IPv6, dinh tuyén Header va luu
trir két qua trong mot bo nhd cache.
+ Payload Length (16 bit): trudng nay thay thé truong Total Length cuia Header
IPv4. NG chi chira sb byte tai trong cta géi dit liéu.
+ Next Header (8 bit): chi rd Header theo sau Ipv6 Header va ndm & vi tri du
cua truong Data. Truong nay tuong tu nhu truong Protocol trong IPvA4.
+ Hop Limit (8 bit): Chi rd sé Hop tdi da ma goi tin c6 thé di qua, nd tuong tu
treong TTL (Time To Live) cua Ipv4.
+ Source Address (128 bit): chta dia chi IP cua thiét bi khoi tao datagram.
+ Destination Address (128 bit): chira dia chi dich ctia node nhéan goi tin IPv6.
VI. TAI SAO PHAI KET HQP SENSORNET VA IPv6
+ Sensornet di co nhimg thay d6i dang ké trong thap ky qua.
+ Su ra doi ctia IEEE 802.15.4 thiét ké dic biét cho mang ning lugng thap.
+ IPv6 ciing ¢6 nhiéu chic ning hd tro mang ning luong thap.
Do nhiing tién bd dang ké trong ba linh vyc, day chinh 1 thoi diém dé &p
dung IPv6 dua trén kién tric sensornet.
C6 thé noéi rang viée trién khai IPv6 trong sensornet hiéu qua hon khi so
sanh vo1 IPv4
Mic du, IPv6 nhitng nhiéu chitc ning bo sung nhung van con nhiéu van dé

quan trong van can duoc hd trg IPV6 trong sensornet.
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CHUONG II: IPv6 TREN KIEN TRUC WSN

|. KIEN TRUC INTERNET MO RONG
Trong hinh 2.1.1, mang Internet mé rong két ndi véi Sensornet gidng nhu

bat ky mot mang IP nao khac, bang cach st dung Router,

ST L- _I; m\.m.....,., . : ”.'-M;\ ST oy
R < ‘

Hinh 2.1.1. Kién tric Internet mo rong

1. Cac thanh phin mang
Mot mang IEEE 802.15.4 (thuong duogc goi la mot PAN - Personal Area

Network), bao gom: cdc giao dién giong nhu mot PAN ID; sau d6 sir dung cac
co ché truy cdp méi triong nhu CSMA; tiép dén, 1a duy tri co ché lién két mot
cach linh hoat & 16p lién két.

Mot subnet IEEE 802.15.4 gdm CAC thiét bi cudi, cdc thiét bi chuyén tiép
(c6 thé c6 hoic khong).

Giao tiép vdi cac thiét bi IP bén ngoai sensornet thong qua mot hodc nhiéu
Router bién gioi.

2. Kién tric nhiéu l6p

Mo hinh giao thtc 16p IP ¢6 nghia 1a giao tiép ngang nhau trong co ché duoc
cung cap boi cac 16p dudi. Hudng di “hep” cua kién trac nay 1a 16p mang IPv6.
L&p mang gom c6 ba thanh phan: (i) Cau hinh va phét hién, (ii) Chuyén tiép, va
(iii) Pinh tuyén.

|A"‘l" | R | tetnac | | =rirar || o0 el = | = = = |[rHarvel| I

|TnN Lo ] | T |

|
=
- | b= =]
: = i e T STV L Lol
L":‘-; ll = Y Jrpepiyuirias Il[ﬁ l ——— I lﬁl ] S e b e 5
g rlaighbhor Thtsla
‘- e | & .g‘ I*::’ i Aﬂ..’.j’.',"'l-'.':.'::;‘.: l'",.'._“- r;:.' .‘i o }"' i i|
]

|f'."|‘l' l e 3021 5.4

Hinh 2.1.2: Kién tric phan mém IPv6 cho Sensornet.
Cac kzen triic cho sensornet bdo ton giao thire I6p va cdu triic phan I6p cia kién tric IPv6
truyén thong. Lép mang dai dién cho cdc "eo hep" cia kién triic nay.
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3. Sw két hop lién mang

Pé dap tmg cac han ché va thach thic cta sensornet, cac thanh phan trong
kién trac phai 1am viéc cing nhau, st dung cac co ché duoc cung cip boi cac
thanh phan khac.

4. Trién khai IPv6 trong Sensornet

Pay 1a su nd lyc dau tién trong viéc ap dung IPV6 trong kién tric mang
sensornet. IPv6 cung cap nhiéu co ché cho sensornet ngudn dién thap: sir dung
phan hdi Hop-by-Hop dé ting do tin cdy va co ché nén voi muc tiéu lam giam
dang ké Header overhead va bo nhé cho viéc chuyén tiép va dinh tuyén.. .

Il. TRANH LIEN KET CANH TRANH

1. Céac gia dinh truyén thong

IP di thanh cong trong diéu chinh mot sé cong nghé nhu kién trac mang,
IP va giao thirc, cc lién két IP thuong gia dinh rang 16p lién két cung cap 3 dic
tinh co ban sau: + Ludn ludn thic
+ NO§ luc dang tin cdy nhat
+ Mién phat song don

2. Nhirng thach thirc canh tranh LAN trong Sensornet

Céc tinh chat ctia Sensornet:

+ sensornet thuong 1a mang da Hop.

+ sensornet khong nhat thiét phai giao tiép dua trén két ndi voi cac node
sensornet khac.

+ moi trudng truyén thong 1a khdng day.
=> Cac tinh chat nay 1am cho ta nhdm tudng rang: canh tranh LAN c6 thé duoc
giai quyét mot cach c6 hiéu qua trong sensornet.

Tuy nhién, sensornet khac lién két IP truyén thong mot cach ro rét. Ethernet
va WiFi cung cap mang luéi phat song rong véi ngudn tai nguyén 1on. Tuy
nhién, sensornet hoat dong voi nhitng ngudn tai nguyén han ché. Piéu nay lam

giam dg tin c@y cua cac goi tin khi truyén.
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3. Lién két IP <=> Pham vi song radio

MG hinh lién két IP tuong duong v6i pham Vi lién két cuc b trong cac mién
phat s6ng, két qua 1a trong mot mang khong day da Hop duoc két ndi boi nhiéu

pham vi lién két cuc bo chong chéo nhu trong hinh 2.2.1.

Fham vilen het cyuc o chong cheo

Hinh 2.2.1. Pham vi s6ng radio <=> Pham vi lién két cuc bo
111. PANH PIA CHI IPv6 VA MO HINH TIEN TO
Giao dién dugc cau hinh véi mét hodc nhiéu dija chi, tién té IPv6. Panh dia
chi IPv6 phai tuan thu:

+ Mot pham vi danh dia chi IPv6 mé1 duoc goi 1a pham vi sensornet, dia chi
lién két va cuc bo cho cac node 1a duy nhét trong pham vi sensornet.

+ Kién triic IPv6 phai thiét 1ap duoc mé hinh giita dinh danh giao dién va dia
chi lién két dé dia chi 16p mang va 16p lién két khong can cache phan giai dia
chi.

+ Céc dia chi IPv6 duogc cau hinh st dung tién td toan cau cho sensornet, hd
tro co ché nén dé lam giam dang ké tiéu dé overhead.

1. Dinh danh giao dién (11D).
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Hinh 2.3.1. M6 hinh tong quan giita Giao dién dinh danh va Dia chi lién két
Céc kién trac IPv6 yéu cau cac IID dua vao dinh dang Modified EUI-64,
khac voi IEEE EUI-64 1a sy trai nguoc bit toan nhém/cuc bg. Két qua 1a:

+ Mot 1ID xac dinh tir mot dia chi ngin 16-bit lién, thiét 1ap 16-bit duéi la
dia chi ngan, 16-bit trén 1a cia PAN ID hodc bat ky dinh danh nao xac dinh duy
nhat cac PAN.

+ Mot IID duoc xac dinh dia chi lién két IEEE EUI-64 yéu cau trai nguoc bit
toan nhom/cuc bo v6i Modified EUI-6.
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2. Tién t0 dinh tuyén toan cau

Trong kién triic IPv6 ctia sensornet, tién t6 dinh tuyén toan cau dé xac dinh
pham vi mot sensornet. Cac node c6 thé tur do di chuyén trong mang hodc thay
d6i topo dinh tuyén ma khong ban tAm sy thay d6i dia chi IPve6.

IV. TONG KET

Chuong nay, md ta cac thanh phan vat Iy ciia mang. Pong thoi, ciing trinh
bay tong quan vé IPv6 dya trén kién tric mang, ma van duy tri giao thirc 16p va
phan tach chiic ning cua kién trac Internet. Sau d6, cling trinh bay vé cic co so
ctia IPv6 dua trén kién tric mang, bat dau véi mo hinh lién két IP twong duong
lién két IP trong pham vi phat song, néu rd 1y do tai sao canh tranh LAN kém
phu hop v61 cac kho khan va thach thirc cua sensornet. Chuong nay, cling mo ta
danh dia chi IPv6 va ciu tric tién t6, tin dung khong gian 16n cia dia chi IPv6

dé giam luu lugng thdng tin va yéu cau bd nhé trong viéce gan dia chi.
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CHUONG III: NEN HEADER VA PHAT TRIEN LOP
MANG IPv6 AP DUNG CHO SENSORNET

|. PIEU CHINH
1. P6i pho voi datagram IPv6 16m

MTU-géi truyén 16n nhat theo IEEE 802.15.4 1a 127 byte. Trong khi do, 16p
physical ap dit overhead t6i da 1a 25 byte, bao mat 16p link trong trudng hop tdi
da 1a 21 byte, Header IPv6 dai 40 byte, ca hai giao thic UDP va TCP trén 16p

véan chuyén co kich thuéc Header twong tng 1a 8 va 20 byte => chi con 13 byte
cho dir liéu tng dung (qua it).

Trong phan nay, s& dé cap toi mot 16p c6 thé hd tro co ché nén Header dé
giam chi phi Overhead va tan sb phan manh datagram IPv6. L6p thich (mg nay
hd trg cac co ché sau: Phan manh, Lop 2 - Chuyén tiép, Nén Header.

2. Chuyén phat datagram IPv6

Pé chuyén phat datagram IPv6 c6 hiéu qua, dic biét 1a trong sensornet thi
dinh dang Header phai don gian.
2.1. Header dang ngiin xép

Dinh dang Header 6LoWPAN st dung mot Header dang ngin xép bit
nguon tir IPV6, chung thé hién cac co ché hd trg cho 10p tuong tmg. Header
dang ngin xép 6LOWPAN c6 tir 2 trudng trd 1én. Khi du tit ca cac truong, cac
truong ndy phai xuat hién theo trinh tu sau: Mesh Addressing, Fragment va IPv6

Header Compression.

I C'P"" H"":" | 6 Payload l

Pvé Heand
[ Fragment Header I chnpr:d::-: ] Pvé Payload l

vt Header

Fragment Header ] c STy I IPv6 Payload ]

Maosh Addressing
Header

Hinh 3.1.1.Cac Header dang ngan xép 6LoOWAN
a. Fragment: duoc st dung khi dit liéu qua 16n khéng phu hop véi mot khung
don IEEE 802.15.4. N6 bao gom ba truong nhé Datagram Size, Datagram Tag,

va Datagram Offset.
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b. Mesh Addressing: duoc str dung khi khung 6LOWPAN dugc phan phat qua
nhiéu Hop phat song radio, n6 bao gém ba trudng nho: Hop Limit, Source
Address, va Destination Address.
c. IPv6 Header Compression: dugc st dung dé nén mot Header 1Pv6. Pinh
dang nén Header sé& duoc trinh bay trong phan 3.
2.2. Chuyén tiép tai 16p 2 va l6p 3

Lép thich tmg 6LoWPAN cung cap co ché Chuyén tiép tai 16p 2. Céc to chirc
sensornet va IETF, chua xéac dinh duoc Chuyén tiép tai 16p nao hiéu qua hon.

* Néu chuyén tiép ¢ 16p 2, mang lu6i hoat dong gidbng nhu chuyén tiép da
giao thirc. C4c loi ich khi 16p 2 chuyén tiép la:

+ C4c manh c6 thé duoc gui qua da Hop ma khong can phan manh hodc ghép
manh tai méi Hop.

+ Cé&c manh trong mot datagram c6 thé di theo nhiéu duong.

+ Cho phép céac 16p dich vu va diéu tiét luu luong hoat dong gidng nhu

chuyén tiép da giao thic.
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Hinh 3.1.2. Chuyén tiép tai 16p 3 va 16p 2

* Chuyén tiép 16p 3 hoat dong vi mot Hop phét séng duy nhat.

- Han ché duy nhét ctia Chuyén tiép tai 16p 3 1a n6 doi hoi phan manh va xéac
nhén lai 6LOWPAN tai mdi Hop phat song.

- Chuyén tiép tai 16p 3 “ép” phan phat manh trén mot duong duy nhét, loi
ich trong viéc str dung duong di duy nhat:

+ Cac manh duogc gui theo thi tu, don gian hoa viéc truyén lai tai diém dich.

+ Chuyén tiép doc theo mot duong duy nhat cho phép ti uu hoa 16p lién két,
giam chi phi truyén dan va ting thong luong.

+ Loi dung céc tinh tam thoi cua lién két khong ddy, chuyén tit ca cac manh

doc theo mot duong dan.
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3. Nén datagram IPv6

Trong khi 16p thich tmg cho phép giao tiép voi datagram IPv6 str dung khung
IEEE 802.15.4. Nén Header 16p mang va 16p giao van 1a can thiét dé hoat dong
hiéu qua. Mot chuan Header UDP/IPV6 1 48 byte nhu hinh dudi:

[ B B Y |

[ = =
2|i |Z|r|4|S|a|Fla|F|lo|i|lZ|F|4|S|a|Fia|#||i|ZT|F]|4|S|a|F|a|+|]0
et ey

Faplomad Lamguis I Fdmn Bl ol e I o Lisvsie

el S il . .

e

s whas s whoers ol e -

I I I I L I I I L I I I L I I L XL I I L ' » I I I ' v I I I I I
s Poee T Chammiewm whoes Foer e

upp

[T | e R
rrrrrrrirrrrr T T T T T T rrrrT T T oTrTorura

Hinh 3.1.3. Header UDP/IPv6
3.1. Tong quat mét so loai nén
* Nen Flow-based

Nén flow-based, dua trén nén du thira trong mét va co thé dat duge 1 byte
duy nhét cho ca hai Header trong trudng hop tot nhat.

Nhuoc diém cua nén flow-based: Thir nhit, co ché flow-based khéng thich
hop cho cac dong toc do thap trong sensornet. Thir hai, flow-based thuong ganh
chiu déng ké overhead.

*Dong doc 1ap, Nén Stateless

Nén Header Staless khong duy tri trang thai mdi dong va do dé dong doc
lap. RFC 4944 nén datagram bang cach khai thac du thira lién 16p, bao gém ca
16p lién két, mang, va giao van. Trong trudng hop tot nhat, RFC 4944 co thé nén
mot tiéu d& UDP/IPv6 xubng 6 byte.
* Nén shared-context

Nén shared-context doi hoi tat ca cac node thiét 1ap mot bdi canh dugce chia
sé. Vi duy, tit ca cac giao dién trong mot mang duogc gén véi cac dia chi IP cung
chia sé mot tién t6 dinh tuyén toan cau phd bién. Két qua 1a, cac node trong
sensornet c¢6 thé khai thac bdi canh dugc chia sé ndy dé nén tién té pho bién
thuong xuét hién trong Header.
* Nén két hop
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Nén stateless va nén shared-context hoat dong tot tai 16p mang. Nén két hop
la nén stateful cho Header 16p giao van két hop véi nén stateless va shared-
context tai 16p mang.

3.2. Nén Header IPv6

Muc nay s€ trinh bay mét chuong trinh nén Header LOWPAN HC, cho mét
mang IPv6 trén s6ng radio IEEE 802.15.4. LOWPAN HC sir dung nén két hop,
nhung mo rong dé hd tro ca 2 co ché stateless va stateful tai 16p mang va 16p
giao van.

Dbi voi IPv6, truong Version ludn ludn 1a 6 va trong LOWPAN HC thi
treong nay bi Iugc di. LOWPAN HC gia dinh truong Traffic Class va Flow
Label mang gia tri 0; truong Payload Length duoc Iugc di; LOWPAN HC gia
dinh tién t6 dinh tuyén toan cau cho Source Address va Destination Address két
hop véi tién t6 duoc giao cho sensornet ndy. LOWPAN HC hd trg nén tly y
treong Next Header (nhu UDP hoac Header mé rong IPv6).

O 1 2 = =+ 5 =1 ra
W TE et Hop Scurce Chesc
Hidr Lirmnitc Address HAddress

Hinh 3.1.4. Két qua nén Header lpv6

Nhu vy, mot Header IPv6 dai 40 byte, nhung c6 thé dugc nén xudng chi
con 1 byte duy nhét cho cac truong Version, Traffic Class, Flow Label, Next
Header, Hop Limit, Source Address va Destination Address.
3.3. Nén Next Header

LOWPAN HC cho phép nén trudng Next Header. Nén Next Header rat phu
hop cho cac tng dung sensornet. Ciing giéng nhu 16p mang, nén UDP c6 thé
ding co ché stateless hoic stateful. Header UDP c6 8 byte bao gém céc trudng:
Source Port, Destination Port, Length, va Checksum. Ca 2 co ché nén stateless

va stateful ludn lugc di truong Length vi duoc xac dinh tir Header 16p thap hon.

Stateless Compression Stateful Compression

|l o | v | 2| 3| 4|5 | & 7 | |l o | v | 2| 3| 4 |5 | 6|7
|| |In F!;::PT:: nl UDP Flow Tag

A o

Hinh 3.1.5. Nén Header UDP
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Nén Next Header phai c6 mot dinh danh (xac dinh & cac bit dau tién). Co ché
stateless va stateful déu dung dé nén cho Header UDP. Co ché Stateless nén cac
cong vao tap hop pham vi cong ciia mot subnet. Co ché Stateful nén tat ca cac
cong xudng mot nhan duy nhat. Ca hai phién ban déu nén d6 dai UDP, nhung
khong nén UDP Checksum.

4. Tong két
Trong phan ndy, di trinh bay mot 16p thich tng dé truyén thong céc

datagram IPv6 st dung khung IEEE 802.15.4. Lép thich tmg hd trg ba chirc
nang: (i) nén header IPv6 (LOWPAN HC) dé giam tiéu dé overhead, (ii) phan
manh datagram dé hd trg MTU t6i thiéu IPv6, va (iii) hd tro cho 16p 2- Chuyén
tiép. Céac co ché duoc thé hién bang cach st dung mot dinh dang Header dang
ngan xép. LOWPAN HC nén Header str dung ca hai co ché nén két hop.

Tuy nhién, dau tién phai xac dinh mot co ché ty dong ciu hinh dia chi
IPv6 bang cach sir dung tién t6 dinh tuyén toan cau va dinh danh giao dién bat
ngudn tir dia chi lién két. Giai quyét van dé ty dong cau hinh trong phan sau.
II. CAU HINH VA QUAN LY

L6p mang IPv6 gom co ba thanh phan: (i) cau hinh va quan 1y, (ii) chuyén
tiép, va (iii) dinh tuyén. Phan ndy s& gi6i thiéu thanh phan dau tién, no rit can
thiét trong viéc hinh thanh va duy tri mot mang IPv6.

1. Cau hinh sd lwong 16n cic node

Céac node phai cAu hinh mot dia chi IPv6 cuc bd dé lién lac vdi cac node
lang giéng trén cuing mot lién két IP va mot dia chi unicast toan cau véi mot tién
t6 dinh tuyén toan cau dé giao tiép voi cac node khong nam trong lién két IP &
cung mot sensornet hodc duoc két ndi voi céc mang [P khac. TAt ca céc dia chi
IP phai 1a duy nhat trong pham vi twong mg ctia chung.

2. Phiat hién lang giéng (Neighbor Discovery - ND)
2.1. Bbi canh

IP6-ND cung cdp co ché can thiét cho cac node dé lién lac véi cac node

lang giéng va cac thiét bi IPv6 khac. IP6-ND duoc hd trg boi 5 loai thong diép:
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Qudng bé Router, Trung cdu Router, Qudng b& Lang giéng, Trung cau Lang
giéng, va Chuyén huéng.

IP6-ND dat ning luong thip <=> LP6-ND (déy 1a giao thirc phat hién lang
giéng dugc thiét ké cho sensornet). Vi LP6-ND, chi st dung 3 thong diép
Qudng ba Router, Trung cau Ling giéng VA Qudng ba Lang giéng. So voi IP6-
ND, LP6-ND chi cung cép cac co ché co ban, giam IP6-ND dén mirc téi thiéu
dé hd trg ngué)n luc han ché cua sensornet.

2.2. Tim kiém Router
a. Quang ba Router

LP6-ND sir dung thong diép Qudng bd Router dé thong bao sy hién dién
ctia bo dinh tuyén va thong tin cau hinh mang. Cac node lang giéng nghe thong
diép Quang ba Router dé tim kiém Router cau hinh céc tuyén dudng mic dinh,

va tim céc thong sb cAu hinh. N6 gém 4 trudng nhu hinh dudi day:

Cur Hop Limit  |[M|O|  Reserved Router Lifetime

Hinh 3.2.1.Dinh dang thong diép Quang ba Router
b. MultiHop Information Option -Tuy chon thong tin da Hop
LP6-ND st dung thdng diép Qudng ba Router dé truyén thong tin tir Router
bién gidi cho tat ca cac node trong sensornet. Cac node truyén dinh ky thong
diép Qudng bd Router bao gom I tiy chon v6i s6 tht tu chi thi théng tin. Sau
d6, Router phat tan lai thong tin dé tuyén truyén ra xa hon. LP6-ND st dung
Trickle dé quan 1y truyén thong diép Qudng ba Router.
Pé hd tro Trickle, xac dinh mot tiy chon cho thong diép Qudng ba Router

d6 1a MultiHop Information Option, gdm 2 truong nhu hinh dudi day:

Network Identifier Sequence Number

Hinh 3.2.2. Binh dang MultiHop Information Option
c. Time Information Option
Pé hd tro dong bd hoa thoi gian, ching ta xac dinh mot Time Information
Option cho thong diép Qudng bé Router. Lua chon dai dién cho “gidy” sir dung
mot truong 4 byte va “phan nghin gidy” sir dung mot truong 2 byte.
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Hinh 3.2.3. Binh dang Time Information Option
Router chira Time Information Option trong thong diép Qudng cdo Router
dé thiét 1ap can ctr thoi gian trén toan mang. Trong nhiéu img dung sensornet,
d6ng bo hoa thoi gian 1a mot dich vu can thiét.
d. Trung cau Router
Cac node c6 thé gui thong diép Trung cau Router yéu cau Router lang giéng
ngay lap tirc tao ra va truyén thong diép Qudng bé Router.

Reserved...

Hinh 3.2.4. Pinh dang thdng diép Trung cau Router

2.3. Tim kiém lang giéng

LP6-ND sir dung thong diép Trung cdu Router va Qudng ba Router dé hd
tro phat hién lang giéng vo can va lang giéng tiép can duoc. LP6-ND loai bo cac
thong tin lang giéng v6 can do tai nguyén han ché. Cac giao thirc sensornet
thuong duy tri kha ning tiép can cho mot subnet lang giéng.
3. Tw dong ciu hinh dia chi
3.1. B6i canh

Pé giao tiép voi cac node lang giéng trén cung mot lién két, dau tién cac
node phai cau hinh mét dia chi lién két cuc bo. Dé giao tiép véi cac node & cac
Hop khéc, va node phai cau hinh mot dja chi toan cau.

Co ché SLAAC cho phép c4c node hinh thanh mot dia chi IPv6 ma khéng
can mot server trung tim, nhung lai khong cé kha ning ciu hinh tap trung hoac
quan 1y dia chi. Ngoai SLAAC, DHCPv6 dugc phét trién dé hd tro cau hinh tap
trung va quan ly dia chi [Pv6.

3.2. Staless (SLAAC)
SLAAC la stateless vi n6 cho phép cac node céu hinh dia chi cua riéng
ching ma khdng can mot thuc thé trung tam duy tri danh sach dia chi IPv6.

Thiét 1ap tinh duy nhét cua tat ca cac dia chi, bao gém: dia chi lién két cuc

bo + dia chi pham vi sensornet.
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Co ché Phar hién dia chi tring Idp st dung multicast dé duy tri tinh duy nhat
ciia dia chi ma khong can mot server trung tdm. Tuy nhién, truyén thong
multicast qua nhiéu budc rat ton kém véi sensornet ngudn tai nguyén han ché.

Trong khi DHCPV6 dai dién cho tiép can co ché stateful, n cho phép cac
node tranh giao tiép multicast khi thiét 14p tinh duy nhét.

3.3. Stateful (DHCPvV6)
DHCPv6 dai dién cho phuong phap tiép can stateful v6i dia chi tu dong cau
hinh. Céc node yéu cau dia chi IPv6 tir mot server DHCPV6 trung tam.

Mot node chi ¢ thé st dung duy nhat mét DHCP (mic du trong mang cé
nhiéu DHCP) diéu nay tranh dia chi bi tring lap.
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Hinh 3.2.5. DHCPv6 phan phdi dia chi trong sensornet
4. Théng diép Thong tin va Thong diép L6i ICMPV6

Ngoai viéc cung cap cac quy dinh cdu hinh 16p mang va cac giao thirc quan
ly, ICMPV6 (Internet Control Message Protocol — Giao thtic thong diép kiém
soat mang) cung cap thong tin chung vé tinh trang cia mang thong qua Thong
diép Thong tin va Thong diép Lai.

Thong diép L6i ICMPV6 chira nhitng 16i gay ra boi datagram IPv6 dé noi
phét datagram c6 thé xac dinh tot hon nguyén nhan gay ra 15i.

VD: Théng diép Ldi = 0 : khong ¢ tuyén dudng dén diém dich
= 3 : dia chi khong thé truy cap
= 4 : Port khong thé truy cap
5. Tong két

Trong phan nay, tap trung vao cac dich vu thiét yéu dé hinh thanh va duy tri
mot mang IPv6. Phan ndy da cho thiy lam thé nao dé kham pha lang giéng dé hd
tro sensornet. Phan ndy ciing trinh bay phuong phéap ty dong cau hinh dia chi

cho ca dia chi IPv6 lién két cuc b va toan cau, dé cac node IPV6 c6 thé giao tiép
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v6i Host lang giéng IPV6 va cac thiét bi IPv6 co thé két ndi v6i cac mang IP
khac. Muc 3 ctia phan nay, bao gdm co ché SLAAC va DHCPV6, 1am cho ching
kha thi trong sensornet.

III. CHUYEN TIEP

1. Chuyén tiép Datagram véi Ning lwong-hiéu qua

Kién tric IP truyén thong tach biét bo chuyén tiép va bo dinh tuyén. Co ché
nay nguoc lai véi co ché trong sensornet - thuong tich hop chuyén tiép va dinh

tuyén v6i nhau, IPv6 dua trén kién triic sensornet duy tri sy tach biét.

Forwarder Router
Queus Forwarding Table Reuting Table WM Pyb
NET Send ne - Discovery

Managor Auroconf

Hinh 3.3.1. Tach biét gitta bo chuyén tiép va bo dinh tuyén
2. Chuyén tiép Unicast
2.1. B6i canh

Mo rong hd tro cho mang 13 can thiét dé nang cao hiéu suét tong thé mang,
d6 1a viéc hd tro end-to-end bang cach phat hién va thdng bao tic nghén trong

hé thong mang.

Co ché kiém soat Hop-by-Hop, ngoai viéc phat hién va thong bao tic
nghén né con kiém soat mang. Co ché Hop-by-Hop rit thich hop trong mang

khong day da Hop véi pham vi rong, ngudn tai nguyén han ché.
2.2. Phuc hoi Hop-by-Hop

Céc datagram ma khong di duogc t6i dich dong nghia vai viée lang phi ning
luong. BO chuyén tiép thuc hién phuc hoi Hop-by-Hop dé tang tdc do truyén dan
end-to-end khi phan chia datagram. So voi truyén lai End-to-end, truyén lai
Hop-by-Hop chi xay ra tai cic node va noi xay ra su c6 truyén dan, dong thoi né
cling thich nghi nhanh chéng véi pham vi cuc bo. Tuy nhién, truyén lai end-to-
end lai xay ra cho tat ca cac node tir pham vi xay ra sy cd t6i node ngudn, diéu

nay lam tang d6 tré phuc hdi va chi phi ning lugng.
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a. Truyén lai

Pé giam gobi tin “drop”, bd chuyén tiép ap dung phuong phap truyén tin cay
cac thong diép ra khoi hang doi, sau d6 viéc nhan sé dugc Xac nhan dugc boi
dich cudi cung.

Dé dam bao cac 16i xuat hién bat ngd s& ngin can viéc phan phat gai tin, thi
bo chuyén tiép 14y thong diép tir hang doi sau dé truyén lai dudi mot ngudng sb

g61 tin nao do.

Hinh 3.3.2 Phuc hdi Hop by Hop
b. HO tro tai dinh tuyén

Véi truyén thong khong day, thi chat lugng lién két 1a rat khac nhau va co
tinh cuc bd tam thoi do tac dong méi trudng va node di dong. Khi lién két that
bai xay ra thi tai dinh tuyén 12 phuong phap giai quyét toi uu.

Tai dinh tuyén c6 thé nhan ban cac datagram trong khi chuyén tiép. Dé ngin
chin cac ban sao, node ngudn danh dau mdi géi tin duogc tao ra voi mot s thir tu
duy nhat. St dung dia chi ngudn va sb thtr tr, dam bao bo chuyén tiép co thé

phat hién va ngan chin cac thong diép trung 1ip trong hang doi chuyén tiép.
2.3. Streaming

Bo chuyén tiép thuc hién ludng dir liéu dé giam chi phi ning lugng truyén
thong diép. Viéc tdi wu hoa ludng dit liéu ¢ 16p lién két s& giam viée truyén
overhead, tang thong lugng va tang tinh hiéu qua.

Pé tang co hoi cho ludng dit lidu, b chuyén tiép 1am tré viée truyén thong
diép ma bi danh dau 1a chiu tré. Trong khi luu giit thong diép chiu tré trong hang
doi thi viéc t6i uu ludng 16p lién két cho phép bd chuyén tiép truyén da goi mot
cach nhanh chong. Sau d6 bo chuyén tiép s& rdi dé nhan ludng chuyén tiép tir

cac node lang giéng.

Do dn tot nghiép - Nguyén Thi Thity Ngoc - CT1002 23/38



2.4. Kiém soat tic nghén
Nguyén nhan tac nghén mang do: chiém linh hanh doi chuyén tiép hodc canh
tranh kénh truyén. Phat hién tic nghén theo 2 cach:

+ Bo chuyén tiép phat hién tic nghén khi n6 khong nhan duoc su X4¢ nhén tir
cac Hop dich tiép theo hodc tén hao lién két khong day. Trong ca 2 trudng hop
bd chuyén tiép phai giam lan truyén dé tranh canh tranh va va cham mé rong.

+ B6 chuyén tiép phat hién tic nghén bang cach giam sat sy chiém dung hang

doi, chi ra tic nghén khi hang doi day.

3. Chuyén tiép multicast

3.1. Truyén thong Multicast

Cac phuong phap truyén thng tao ra cay phan phdi Multicast, nd lam viéc
t6t nhat khi topo mang tuong d6i tinh. Node di dong trong lién két khong day
thuong 1am viéc duy tri cay phan phdi multicast ton kém va kho khan.

Pé hd tro IP multicast trong cac mang ad-hoc 1a co ché loang. O dang co
ban, tat ca cac node trong pham vi nhan tat ca cac datagram multicast. Node
chuyén tiép nhan duoc mot datagram rdi tiép tuc chuyén tiép datagram nay va
cac datagram ¢ cac 16p bén trén néu l1a thanh vién véi nhom multicast. Do vy,
Router khong can phai duy tri cay phan phdi hodc thanh vién nhém multicast.
3.2. Trickle dya trén Multicast

Trickle cung cdp bd chuyén tiép hiéu qua, cling nhu phan phaét tin cay thong
qua cac thudc tinh cua nd. Chuyén tiép thdng diép multicast ¢ thé duoc xem
nhu 12 van dé thdng nhat trang thai, noi ma tit ca cac node ¢ dugc nhiing thong
di€p multicast m&i nhéat. Mot node tiép nhén s6 tha ty cii hon chi ra réng mot
lang giéng khong c6 thong diép multicast mdi nhét, bo chuyén tiép s& sap xép
viéc truyén lai thong diép multicast sau dot quang ba tiép theo. Thong diép
multicast méi hon ghi dé 1én cac thong diép multicast cii. Bang cach thyc thi
mot kénh chuyén tiép duy nhat, su chuyén tiép multicast hd trg nang luong hiéu

qua va dang tin cay voi trang thai chuyén tiép tdi thiéu.
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4. Tong két

Trong phan nay, trinh bay viéc thiét ké bd chuyén tiép véi nang luong hiéu
qua cho ca datagram unicast va multicast. Bo chuyén tiép unicast st dung truyén
lai Hop-by-Hop, Streaming, kiém soat tic nghén dé chuyén tiép nang luong hiéu
qua v6i end-to-end ti 1¢ thanh cong cao. B chuyén tiép multicast st dung céac
thuat toan Trickle dé dat duogc hiéu qua ning luong va nhan biét dugc mat do
loang.

Su twong tac gitra bo chuyén tiép va bo dinh tuyén c6 thé hd tro dé nang cao
thue hién giao thte dinh tuyén trong khi van tiét kiém ning luong. Phan sau, s&
no6i vé mot giao thirc dinh tuyén hiéu qua cho sensornet.

IV. PINH TUYEN
1. Bdi cdnh

Giao thirc dinh tuyén c6 trach nhiém phat hién cac tuyén duong t6i diém
dich. Giao thtrc dinh tuyén thudng roi vao 2 loai: Vector khodng cdch Va trang
thai lién két.

2. Cac tuyén dwong mic dinh

Phan ndy, md ta cach thic giao thirc dinh tuyén lwa chon va duy tri cac
tuyén duong mic dinh.
2.1. Kham phé cac tuyén dwong tiém ning

Router st dung thong diép Qudng bé Router dé thong bao sy hién dién cia
Router va cho phép cac node kham pha cac Router lang giéng.

Pé phat hién ra cac node nhanh chéng, Router cé thé truyén tai thong diép
Trung cdu Router dé yéu cau thong diép Qudng ba Router tir cac node lang
giéng.

2.2. Quan ly Bang dinh tuyén

Gom 3thaotdc:  + Chén vao bang dinh tuyén.

+ Thuc day trong bang dinh tuyén.
+ Loai bo khoi bang dinh tuyén.
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Hinh 3.4.1. Quan ly bang dinh tuyén
2.3. Lwa chon mét tuyén dwong mic dinh
Router thuong lwa chon muc ddu trong bang dinh tuyén dé st dung nhu 1a

tuyén duong mic dinh. Tuy nhién, Router c6 thé chon cac muc khac vi hai ly do:

+ Pé hd tro tai dinh tuyén khi cd ging truyén lién tuc muc dau khdng thanh
cong.

+ Pé tham do cac ung cr vién khac, 1am ting sy tin cay ty 1¢ lién két thanh
cong, va tim kiém tmg ctr vién dé thiic day bang dinh.

Trong mét sd truong hop, vong lap dinh tuyén (s6 Hop hién hanh < s6 Hop
trong muc) cé thé xay ra. Vigc ngﬁu nhién lya chon cac muc trong khi tai dinh
tuyén sé& gitip giam thiéu sy xuat hién ctia vong lap dinh tuyén.

e 00 adee e

e
i PSS,
S <l i

Hinh 3.4.2. T4i dinh tuyén
Thinh thoang, Router cau hinh cic tuyén duong mic dinh voi cac muc
khac dé tiép tuc tim kiém céc tuyén duong voi chi phi tuong tu hodc thap hon,
ngay ca khi cic ung cir vién hang dau van hoat dong tot. Vi liy ngiu nhién
thong diép dé s dung 1a tuyén duong mic dinh, bo dinh tuyén cdu hinh mic

dinh céc tuyén co cac Hop it hon hodc bang toan bd cac Hop nhu trong hinh v&:

-afnae adew -
: _abem <> P
- ! 2 enrwlonr Massivme
ate - -y ae

Hinh 3.4.3. Cap nhat udc tinh lién két chat luong

Router (a) trong hinh trén chuyén tiép datagram theo hai lién két khdc nhau.

2.4. Duy tri nhit quan tuyén dwong
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Thong tin dinh tuyén tr& nén khong phu hop khi cac thay d6i nay chua
dugc truyén dén cac node khac trong mang.

(1) Router c6 thé phat hién cac vong lip dinh tuyén bang cach st dung
thong tin s6 Hop cua Router bién gii. Chuyén tiép thong diép véi s Hop > sb
Hop hién hanh cua node cho ta biét sy khong théng nhit va kha ning xay ra mot

vong lap dinh tuyén, nhu trong hinh 3.4.4.

- > 4
/ 2 ) 't.' -
e =
- =3
b‘ = - ---‘.-:’*f?
el - — -
- — i S—

Hinh 3.4.4. Phat hién vong lap dinh tuyén
(2) Cac Router c6 thé phét hién duong dan khong hiéu qua va cai thién
duong bang din nay bang cach quan sat su khac biét dang ké trong chi phi
quang cdo dudng dan.

Trong ca hai truong hop, Router phan tng bang cach dit lai thoi diém
Qudng bd Router dé nhanh chong cip nhat théng tin dinh tuyén cho cac node
lang giéng.

3. Tuyén dwong Host

Cac tuyén duong mic dinh cung cdp kha ning tiép can giira node
sensornet dén Router bién gidi va bat ky thiét bi IP khac két ndi voi mang IP.
Cac node sensornet bao cdo tuyén duong mic dinh cua ching ti cac Router
bién gidi gan nhat. Router bién giéi sau d6 dao nguoc nhing tuyén dudng dé
hinh thanh fuyén dwong Host cho mdi node sensornet. Cac node sensornet déu
khong phai duy tri bat ky trang thai ndo cho cac tuyén dwong host, ma nd duogc
thuc hién béi Router.

3.1. Kién thirc tuyén dwong Host
Cac node sensornet cung cép thong tin tuyén dudng mic dinh cta ching
bang cach gui dinh ky thdng diép ghi-fuyén duong téi Router bién gidi st dung

cac tuyén dudng mic dinh cua chang.
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Thong diép ghi-tuyén dwong chtra danh sach cac node chuyén tiép thong
diép d6. Mdi node chuyén tiép théng diép déu gan dia chi ctia minh vao danh
sach.

3.2. Pinh tuyén bién giéi

St dung thong tin tuyén dudng mic dinh dugc cung cip boi mdi node
sensornet, Router bién gioi co thé tao ra mot cay bao trum cho toan by mang va
str dung n6 dé tao ra cdc tuyén dwong Host trd lai cho mdi node. Khi Router
bién gidi nhan dugc mot datagram, no sé tra ciru trong ciy bao trum dé xac dinh
mot tuyén dudng dén dich. Néu khong co tuyén dudng hop 18 ¢6 sin cho node
d6, Router bién gidi tao ra mot “18i khong tiép can Host ICMP”. Néu dich dén
trong pham vi s6ng radio, Router bién gidi s& chuyén tiép datagram d6 nhu binh
thuong. Néu dich dén phai qua nhiéu Hop, Router bién gidi s& chén mot tiéu dé
dinh tuyén c6 chira mot danh sach céc dia chi trong géi tin dé di dén dich cudi
cung. Céc node chuyén tiép géi tin bang cach xir 1y tiéu dé dinh tuyén dé xéc
dinh dich dén Hop tiép theo cho goi tin.

4. Tong két

Trong phan nay, da trinh bay mot giao thirc dinh tuyén duong co so dugc
thiét ké cho nhimg kho khan dién hinh vé tai nguyén va khdi luong cong viée
cua sensornet. Giao thirc dinh duong co sd tap trung trang thai tai Router bién
gidi dé giam thiéu yéu cau tai nguyén gita cac node sensornet.

V. TONG KET

Nhu vay, trong chuong 111 ndy da phat trién 16p mang IPv6 hoan chinh cho
sensornet bao gom cau hinh va quéan 1y, chuyén tiép va dinh tuyén. St dung kién
tric va cac co ché thyc hién, 16p mang c6 thé cung cap cach tiép can phan phét
datagram v&i “nd luc cao nhat” giita mot node sensornet va bat ky thiét bi IP
khéc.
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CHUONG 1V: NEN HEADER CUA IPV6 AP DUNG
CHO WSN

|. GIOI THIEU

Véi quy mé hién tai va sy ting truong nhanh chéng 1a déu hiéu cho thay
kha niang WSN c6 thé dugc két ndi voi mot hay nhiéu mang ludi toan cau. Néu
diéu nay xdy ra, thi viéc huong loi tir nén IP ¢ san 1a rat nhiéu, noi su can thiép
tat ca cac node phai lién quan dén céc dja chi IP. Khi IPv4 ra khoi cac tmg dung
va khong gian toan cau ciia minh, thi dia chi IP ndy khong thé coi la hitu hiéu
d6i voi mang cam bién. Trong bdi canh d6, 6LOWPAN (Mang cd nhén khéng
ddy ndang lwong thap) 13 c6 ¥ nghia.

Phan tmg dung ndy dwa ra mot co ché nén header 1am cho overhead 12 tbi
thiéu nhat bang cé4c gia dinh phu hop dé tiét kiém tinh toan va ning luong, cung
cap nhiéu hon céc byte cho dir liéu.

I1. BOI CANH CUA VAN DE

Giao thirc IEEE 802.15.4 quy dinh kich thudc mot goi tin toi da 1a 127 byte.
Lép Physical ap dat overhead téi da 1a 25 byte, con lai 102 byte cho 16p kiém
soat truy cip phuong tién truyén thong (media). Bao mat 10p link trong trudng
hop t6i da 1a 21 byte, chi con lai 81 byte. Hon nita, Header IPv6 la 40 byte, nhu
vay con lai 41 byte cho cac giao thirc 16p trén. Tiép sau, st dung 8 byte cho
UDP, nhu vay chi con 33 byte cho dir liéu trng dung. Tinh hinh nay, r0 rang phai
nhan manh nhu cau nén Header va phan manh.

Str dung phan manh va két hop manh s& dan dén lang phi khong can thiét vé
nang luc tinh toan va nang luong.

Vi vay, dé tranh st dung phan manh va két hop manh do tiéu ton ning
luong. Nén Header dua ra nhu mot cach giai quyét hop 1y dé giam tiéu tén ning

lugng bﬁng cach lugc bo hodc giam thiéu mot s tinh nang nhét dinh cua IPv6.

Do dn tot nghiép - Nguyén Thi Thity Ngoc - CT1002 29/38



111. PINH DANG HEADER IPv6 PUQC NEN XUONG 6 BYTE
L
| UnR ITI SOI N |L| HL | sa |
bbb bbb b bbb b bbb b bbb
D] DA |
Fobm bbb b bbbt
Trong do:
* UnR: UnReserved : 7 bit: Hién tai, khong st dung cac bit ndy ma dé st
dung trong tuong lai va c6 thé dugc chi dinh cho gia tri ngdu nhién nao do.
*T: Traffic Class: 1 bit T=0: Khong uu tién
T=1: D06 uu tién cao
* SO: Security Option: 2 bit SO=00: Khong bao mat
SO=01: Chung thuc
SO=10: Mat ma
SO=11: Dé danh
* N: Next Header: 2 bit N=00: Khong c6 Header tiép theo
N=01: Header UDP
N=10: Header Pinh tuyén
N=11: Str dung trong tuong lai
* |: Loose Source Routing: 1 bit: thiét 1ap dé xac dinh géi tin dugc gt boi
Header Dinh tuyén mé rong.
* HL: Hop Limit: 8 bit : ¢6 toi da 255 Hop duoc thuc hién. Néu con sb nay
khong du trong tuong lai, cac bit UnReserved c6 thé duogc st dung.
* SA: Source Address: 13 bit: Dja chi nguén dugc nén xudng 13 bit.
* D: Destination Address Type: 1 bit D=0: Unicast
D=1: Multicast
N6 xac dinh xem dia chi dich 1a Anycast hay Multicast.
* DA: Destination Address: 13 bit: Dia chi dich duoc nén xubng 13 bit.
IV. PANH PIA CHI

Phan nay xac dinh mo hinh danh dia chi cta dia chi nén IPV6.
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1. Pia chi Unicast toan cau

+-+++++++++++++++++++—+++—+—+—+—+—+—+—+—+—+—+
| Tién td toan cdu va SID
+—+—+—+—+—+—+—+—+—+—+—t—t—F—F—t—+— -+ttt F—F—F—F+—+—+—+-+
chroc dhira ra bhdi nha cung cap wa kY oSw mang (64 hit) |
+-+—-+—+-+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+—+

|P(5 kbits=) | O::0 (26 hit)
R s T S S B e e e T s e T e L B B B e s a  al et &
O::0 [ Sh (13 kit [

P: 5 bit tién t6 6LoWPAN. Truong ndy chi ra rang dia chi nay 1a mot dia chi
6LOWPAN, va dugc thiét 1ap 1a 11111b.

SA: 13-bit dia chi ngin

2. 13-bit dia chi ngin

Céac node trong cung mang sé c6 mdt dia chi 13-bit. Ngoai ra, 256 dia chi
dugc danh riéng cho cic may ngoai mang 6LoWPAN. Cac dia chi ngin nay
duogc chi dinh boi mot tién td 5-bit 12 11111b.

VI. NEN HEADER VA THUAT TOAN MO RONG

Phén nay sé trinh bay lam thé nao dé nén Header IPv6 co kich thudc 40 byte
thanh dinh dang 6 byte nén va 1am thé nao dé dinh dang 6 byte nén thanh Header
40 byte ddy du. Thuat toan sé& luoc bé mot sé truong, d6 1a gia dinh van con phd
bién cho truyén thong 6LoWPAN: Version I1a 6; Flow Label 1a 0; Payload
Length c6 thé duogc suy ra tir cac 16p thdp hon tir Header IEEE 802.15.4; Hop
Limit s& duoc dat mot gia tri tot boi node ngudn; 128 bit dia chi IPv6 duoc giam

xudng 13-bit dia chi. M6 hinh danh dia chi dugc giai quyét trong Phan IV;
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1. So' dd nén 40 byte thanh 6 byte
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2. Md nén 40 byte thanh 6 byte
{

V =40 octets Header[1-4];
iIf(V ==0100b)  6_octets Header[1-7] = 0x00h;
if (traffic class != 0000 0000)
6_octets Header[8] =0x01h;
else
6_octets Header[8] =0x00h;
// Bé qua Flow Label
P =40 _octets Header[32-47];
if(P< 0x0080h && P> 0x00h) Tiép tuc;
else Loai bo dir liéu;
H =40 _octets_Header[48-55];

while (t6n tai mot next Header)

{
if(H==17)
6octet[10-11] = 0x01h;
else if (H ==59)
6octet[10-11] = 0x00h;
else if (H==51)
6octet[8-9] = Ox0h;
else if (H==50)
6octet[8-9] = 0x10h;
else if (H==43)
6_octets Header[12] = 0x01h;
Else
Di dén Next Header néu co;
¥

if (6octet[8-9] '= 10 && 60ctet[8-9] '= 0x01h)
6octet[8-9] = 0x00h;
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if (6octet[12] != 0x01h)
6octet[12] = 0;

L = 40_octets_Header[56-63];

if( L < 0x00ffh && L > 0x0001h)
6_octets Header[13-20] = L;

Else Loai bo goi tin;

6_octets Header[21-32] = SA;

6_octets Header[33] =0 or 1;

6_octet Header[34-46] = DA;

Do dn tot nghiép - Nguyén Thi Thity Ngoc - CT1002 34/38



3. So' d6 gii nén 6 byte thanh 40 byte
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4. Ma giai nén 6 byte thanh 40 byte

Expansion6to40 (Header 6 initial[48], Header_40 final[320])

{

}

Header 40 final[1-4] <- Ox6h;
if(Header_6 _initial[8]==0)

Header 40 final[5-12] <- 0x00h;
else

Header 40 final[5-12] <- 0x3Fh;
iIf Header_6_initial [9-10]==0x0h)

Khong bao mat;
else if(Header_6 _initial [9-10]==0x0h)

Thuc hién ching thuc;
else if(Header_6_initial [9-10]==0x0h)

Thuc hién ma hoa;
else

Khong lam gi ca;
Header 40 final [13-32] <- Ox00h;
Header_40 final [33-48] <- tai trong dl xac dinh tir IEEE 802.15.4 Header;
if(Header_6 initial [13] ==0)

Khong dinh tuyén nguén;
else

Thuc hién Loose Source Routing;
Header_40 final [49-56] <- Dat gia tri thich hgp cua Next Header;
Header 40 final [57-64] <- Header_6 _initial [14-21];
Header_ 40 final [65-192] <- Source Address;
if(Header_6 _initial [35]==0)

Header 40 final [193-320] <- Destination Address; //Unicast
else
Header 40 final [193-320] <- Destination Address; //Muticast
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VII. NHAN XET VA HUONG PHAT TRIEN
1. Nhan xét
- Két qua thu dugc: Header 6 byte thay cho 40 byte nhu thiét ké ban dau.

- Thudt toan nén va giai nén don gian va d& hiéu va dé dang trién khai.
- Lam giam déng ké mot s tinh nang nhat dinh cia IPv6 khong can thiét cho
WSN.
- Dic biét, tiét kiém nguén nang luong han ché cia WSN.

=> tinh ning IPv6 + nén Hader IPv6 <=> thanh cong trong viéc trién khai
IPV6 trén kién tric WSN
2. Hwéng phat trién

- Phan trén, em da trinh by mé hinh nén thanh cong trén phan mém ung dung.

- Trong twong lai, hi vong rang day khong phai 1a mot hudng nghién ctru, ma nd
s& duoc tich hop thuc té trong phan ctng. Dé tir 6, c6 thé trién khai tng dung
nay trong thyc té. Va day ciing chinh 14 nén moéng cho nhimg phuong phap nén

hiéu qud hon sau nay.
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