HOQC VIEN CONG NGHE BUU CHINH VIEN THONG

NGUYEN PUC TRONG

GIAI PHAP MO RONG DUNG LUQNG MANG WLAN
TREN CHUAN IEEE 802.11

LUAN VAN THAC SI KY THUAT
(Theo dinh huong vrng dung)

HA NOI - 2019




HQC VIEN CONG NGHE BUU CHINH VIEN THONG

NGUYEN PUC TRONG

GIAI PHAP MO RONG DUNG LUQNG MANG WLAN
TREN CHUAN IEEE 802.11

Chuyén nganh: K§ thuit Vién thong
Ma s6: 8.52.02.08

LUAN VAN THAC ST KY THUAT
(Theo dinh huong wng dung)

NGUOI HUONG DAN KHOA HOC:
TS. HOANG TRONG MINH




HA NOI - 2019

LOT CAM DOAN
T61 xin cam doan day la cong trinh nghién clru cta riéng t61 va dudi su

huéng dan cta TS. Hoang Trong Minh. Cac sé liéu, két qua néu trong luan

van 1a trung thyc va chua timg duoc ai cong bd trong bat ky cong trinh nao

khac.

Téac gid luén van
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LOI CAM ON

Dau tién, hoc vién xin giri 101 cam on chan thanh dén tit ca cac thay co
trong khoa Quéc té va Sau dai hoc - Hoc vién Cong nghé Buu chinh Vién
thong da luon nhiét tinh hudng dan, truyén dat kién thic trong sudt thoi gian
hoc tap tai truong, la nén tang giup hoc vién co thé thyc hién luan vin tot
nghiép nay.

Hoc vién xin chan thanh cam on TS. Hoang Trong Minh, cong tac tai
Khoa vién thong 1 - Hoc vién Cong nghé Buu chinh Vién thong, da tan tinh
huéng dan hoc vién hoan thanh luan vin nay.

Hoc vién xin chan thanh cdm on cac ban b¢ da sat canh giup hoc vién
c¢6 duoc nhitng két qua nhu ngay hom nay.

Pé tai nghién ciru cua ludn van ¢ ndi dung bao phu rong. Tuy nhién,
thoi gian nghién ctru con han hep. Vi vy, luan vin c6 thé c6 nhimng thiéu sot.
Hoc vién rat mong nhan duoc su dong gop y kién cua cac thay co va cac ban.

Xin chan thanh cdm on!

Tac gia luan van

NGUYEN PUC TRONG
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MO DAU

Tinh cip thiét cia dé tai

Mang khong ddy cuc b6 WLAN la mot kiéu mang truy nhap Internet
truyén théng co tinh phé) bién cao. WLAN dem lai mét s6 loi diém d3 dugc
khang dinh trong cac img dung hién nay. Tuy nhién, van dé chit lugng mang
ludn dugce coi 1a van dé thiét yéu dbi v6i cac nha thiét ké va trién khai mang.
Trong d6, van dé md rong dung luong 1a mot trong cac van dé trung tam cia
cac cac nha trién khai mang. Ludn van nay nghién ctru va dé xuat giai phap
mo rong dung luong cac mang WLAN dua trén chuan 802.11 nham tiép can
t6t nhat t&i myc tiéu tng dung mang.

Tong quan vé van dé nghién ctru:

Ké tir khi ra doi cta chuan 802.11 vao nam 1997, sb luong thiét bi
Mang ndi bo khong day (WLAN) di ting 1én dang ké va nam trong rat nhiéu
cac thiét bi cong nghé. Voi su gia tang manh mé trién khai mang WLAN, chi
phi cho cac hé thong WLAN di giam va s& tiép tuc giam. Véi viéc giam gia
nay, nguoi dung cé trién khai trén quy mé 16n, nhu doanh nghiép, khudn vién
va thi truong ludi d6 thi ¢ co hoi st dung nhiéu mang khong day hon c6 day
két ndi trén mdi khu vuc nhét dinh va 1an luot, ting thong lugng chuyén dung
trung binh cho mdi ngudi dung.

Trong cac hé thong truyén thong cd dién, thiét bi khong diy co thé
nhan va giai ma tin hiéu néu thiét bi c6 Ty 1é tin hiéu/nhidu (SNR) va Ty 1&
song mang/nhiéu (CIR) phu hop. Déi véi kién trac té bao, nhidu chi yéu 1a tir
cac giao thoa dong kénh hodc xuyén nhidu khac kénh. Ly do ndy dem dén giai
phap md rong mot mang IEEE 802.11 khong anh hudng téi thong lugng Khi
dam bao dugc tham s6 CIR cia mdi mdi thiét bi. Tuy nhién, diéu nay khong
phai 13 luon ludén dung nhu vay néu tinh t6i co ché danh gia kénh. Vi vay, van
dé nay can tiép tuc nghién ctru.

Viéc nghién clru mang WLAN theo chuan TEEE 802.11 da duoc thuc

hién nhiéu ¢ trén thé gidi cling nhu ¢ Viét Nam, tap trung nhiéu vao cac giai



phap trién khai dam bao chat lugng mang. Céc giai phap mo rong dung luong
dua trén k¥ thuat Squelch trong cac may thu vo tuyén co thé dem lai hiéu qua
nhat dinh. Vi vay, luin van nay tdp trung nghién ctru k§ thuat nay va thuc
hién mé phong céc kich ban dé danh gia phan tich anh huéng nham dua dén
cac két luan khoa hoc va hitu ich.

Muc dich nghién ciru:

Nghién ctru giai phap cai thién dung luong hé thong WLAN bang giai
phap k¥ thuat danh gia kénh va udc lugng kha nang kénh. Cic ndi dung
nghién ctru chinh gom:

+ Kién trac va ing dung cia WLAN

+ Céc giao thirc 16p truy nhap va tiéu chuan IEEE 802.11

+ Giai phap mo rong dung lugng mang WLAN

Poi twong va pham vi nghién ctru:

Lu4n vin tap trung vao nghién ctru cac van dé gdm: kién tric mang
khéng day cuc b, tiéu chuan truy nhap IEEE 802.11 va giai phap k¥ thuit mo
rong dung luong.

Phuwong phap nghién ctru:

Trong qua trinh nghién ctru dé tai, tac gia dua vao cac phuong phap
Sau:

+ Phuong phap 1y thuyét: Luan van st dung cac 1y thuyét vé truyén
thong di dong, cong nghé vién thong, k¥ thuat xir 1y tin hiéu va co so toan
hoc.

+ Phuong phap mo phong: Sir dung céng cu md phong Matlab dé mo
phong, tir két qua mo phong s& dua ra nhan xét, danh gia vé cac phuong an da
néu.

B6 cuc luan vin:

Luan van gém cac ndi dung duogc t6 chtrc nhu sau:

Chuong 1: Tong quan hé théng mang cuc bd khong diy WLAN



Chuong nay trinh bay tong quan vé hé thong WLAN. Céc ndi dung du
kién gém:

G161 thiéu téng quan mang cuc bo

Céc tiéu chuan k¥ thudt cia WLAN

Cac vrng dung ciia WLAN

Céc thach thuc va giai phap

Két luan chuong

Chuong 2: Cac tiéu chuan k¥ thuat 16p MAC cia WLAN

Chuong ndy trinh bay vé van dé kién trac phan 16p MAC ciia hé thong
WLAN, bao gom khdi chitrc nang phdi hop phan tan DCF va khéi chiic ning
phéi hop diém PCF.

Céc ky thuat 16p MAC

Chtic nang phéi hop phan tan

Chtrc nang phdi hop diém

Céc kiéu khung dit liéu giao thice MAC

Pic trung ho tiéu chuan IEEE 802.11

Két luan chuong

Chwong 3: Gidi phap mé rong dung lwugng WLAN

Phan tich vao danh gia cac tham s anh hudng toi chat luong dich vu
va tap trung vao sy suy giam dung luong ciia hé théng WLAN, dong thoi dua
ra giai phap dé cai thién van dé nay. Cac noi dung chinh bao gom:

Céc yéu té han ché thong lugng mang WLAN

Giai phép cai thién dung luong mang WLAN

M6 phdong danh gia cai thién dung luong khi img dung giai phap

Két luan chuong



CHUONG 1: TONG QUAN HE THONG MANG CUC BQ KHONG DAY
WLAN
1.1. Giéi thig¢u téng quan mang cuc b

Mang cuc bd (Local Area Network - LAN) 1a hé truyén thong tdc do
cao dugc thiét ké dé két ndi cac may tinh va cac thiét bi xir Iy dit liéu khac
cung hoat dong voi nhau trong mot khu vuc dia Iy nho nhu & mét téng cua toa
nha, hoac trong mot toa nha.... Mot s6 mang LAN co thé két ndi lai véi nhau
trong mot khu lam viéc. Cac mang LAN tr&d nén thong dung vi nd cho phép
nhitng nguoi st dung (users) dung chung nhiing tai nguyén quan trong nhu
may in mau, 6 dia CD-ROM, cac phan mém mg dung va nhiing thong tin can
thiét khac. Trudc khi phat trién cong nghé LAN cac may tinh 1a doc 1ap voi
nhau, bi han ché boi sd luong cac chuong trinh ti¢n ich, sau khi két ndi mang
rd rang hiéu qua cua chung ting 1én gip boi. Dé tan dung hét nhitng vu diém
cia mang LAN nguoi ta da két noi cac LAN riéng biét vao mang chinh yéu
dién rong (WAN).

Céc kiéu (Topology) ciia mang LAN:

Topology ctia mang 1 cu tric hinh hoc khong gian ma thuc chat 1a
cach bb tri phan tir ciia mang ciing nhu cach ndi gitta chiing véi nhau. Thong
thuong mang c6 3 dang cdu tric 1a: Mang dang hinh sao (Star Topology),
mang dang vong (Ring Topology) va mang dang tuyén (Linear Bus
Topology). Ngoai 3 dang ciu hinh ké trén con c6 mot s dang khac bién
tudng tr 3 dang nay nhu mang dang cay, mang dang hinh sao - vong, mang
hon hop, v.v...

* Mang dang hinh sao (Star topology)

Mang dang hinh sao duwgc md ta nhu hinh 1.1, bao gdom mdt trung tim
va cac nit thong tin. Cac nit thong tin 13 cac tram dau cudi, cac may tinh va
cac thiét bi khac cua mang. Trung tdm clla mang diéu phéi moi hoat dong
trong mang véi cac chlic ndng co ban la:

- X4c dinh cdp dia chi gui va nhin dugc phép chiém tuyén thong tin va
lién lac véi nhau.
- Cho phép theo ddi va xir Iy sai trong qué trinh trao d6i thong tin.

- Thong bao cac trang thai cia mang...



Star Topology

9 Hinh 1. 1. Mang hinh sao
Cac vwu diéem ciia mang hinh sao:

- Hoat dong theo nguyén 1y ndi song song nén néu c6 mot thiét bi nao
d6 & mot nut thong tin bi hong thi mang van hoat dong binh thuong.

- Céu trac mang don gian va cac thuét toan diéu khién 6n dinh.

- Mang c6 thé mé rong hodc thu hep tuy theo yéu cau ctia ngudi su
dung.

Nhuege diém ciia mang hinh sao:

- Khé ndng m¢ rong mang hoan toan phu thudc vao kha nang cua trung
tam. Khi trung tAm c6 sy ¢ thi toan mang ngimg hoat dong.

- Mang yéu cau ndi doc 1ap riéng 1& timg thiét bi ¢ cac nat thong tin dén

trung tim. Khoang cach tir may dén trung tim rat han ché (100m).
Nhin chung, mang dang hinh sao cho phép ndi cac may tinh vao mot bo tap
trung (HUB) bang cap xoan, giai phap nay cho phép ndi truc tiép mdy tinh
v6i HUB khong can thong qua truc BUS, tranh duoc cac yéu to giy ngung tré
mang. Gan day, cing véi sy phat trién switching hub, moé hinh nay ngay cang
tré nén pho bién va chiém da sb cac mang méi lip.

* Mang hinh tuyén (Bus Topology)

Mang hinh tuyén duoc m6 ta nhu hinh 1.2. Theo cach b tri hanh lang
cac dudng nhu hinh v& thi may chu (host) ciing nhu tit ca cac may tinh khac
(workstation) hoac cac nut (node) déu duoc ndi vé voi nhau trén mot truc
duong day cap chinh dé chuyén tai tin hiéu. Tat ca cac nat déu sir dung chung
duong day cap chinh nay. Phia hai dau day cap duoc bit boi mot thiét bi goi 1a
terminator. Céc tin hiéu va géi dir liéu (packet) khi di chuyén 1én hodc xuéng
trong day cap déu mang theo dia chi cta noi dén. Loai hinh mang nay dung
day cap it nhat, d& lap dat. Tuy vay ciling c6 nhitng bat loi d6 13 s& c6 su un tic

giao thong khi di chuyén dit lidu vé6i luu lugng 16n va khi ¢6 su hong hoc &



doan nao d6 thi rat kho phat hién, mot sy ngimg trén dudng diy dé sira chita

s& ngung toan bo hé thong.

I 11
i 14

Bus Topology

Hinh 1. 2. Mang hinh tuyén
* Mang dang vong (Ring Topology)

Mang dang vong dugc mé ta nhu hinh 1.3. Mang dang nay, bd tri theo
dang xoay vong, dudng day cap duoc thiét ké lam thanh mot vong khép kin,
tin hiéu chay quanh theo mot chiéu nao d6. Cac nit truyén tin hiéu cho nhau
mdi thoi diém chi duwoc mét nat ma thoi. Dit lidu truyén di phai ¢ kém theo
dia chi cy thé ctia mdi tram tiép nhan. Mang dang vong ¢ thuan loi 1a ¢6 thé
néi rong ra xa, tong dudng day can thiét it hon so véi hai kiéu trén. Nhuoc
diém 1a duong day phi khép kin, néu bi ngat & mdt noi ndo d6 thi toan bo hé

théng ciing bi ngimg.

Hinh 1. 3. Mgng dang vong
* Mang dang luoi - Mesh topology

Mang dang ludi duge mo ta nhu hinh 1.4. Cau tric dang ludi duge str
dung trong cac mang c6 do quan trong cao ma khong thé nging hoat dong,
chang han trong cac nha mdy dién nguyén tir hodc cic mang cla an ninh,
qudc phong. Trong mang dang nay, mdi may tinh dugc ndi véi toan bo cac

may con lai. Pay cling 1a cau truc ciia mang Internet.



Mesh
Topology

Hinh 1. 4. Mang dang [udi
* Mang hinh sao mo rong
Mang hinh sao m¢ rong dugc mé ta nhu hinh 1.5. Cdu hinh mang dang
nay két hop cac mang hinh sao lai v6i nhau bang cach két ndi cac HUB hay
Switch. Loi diém cta cau hinh mang dang nay 1a ¢ thé mé rong duoc khoang

cach cling nhu d6 16n ctia mang hinh sao.

Extended Star
Topology

~Hinh 1. 5. Mang hinh sao mo réng

* Mang co cau truc cdy - Hierachical topology

Mang dang nay tuong tuy nhu mang hinh sao mé rong nhung thay vi
lién két cac switch/hub lai v6i nhau thi hé théng két ndi véi mot may tinh 1lam
nhiém vy kiém tra luu thong trén mang.

1.2. Céc tiéu chuan ky thuat cia WLAN

WLAN la tir viét tit caa wireless LAN cd nghia 1a Mang cuc b0 khong
day, né 1a phuong thirc phan phdi khong day cho hai hodc nhiéu thiét bi sir
dung séng radio tan s6 cao va thuong bao gom mot diém truy cip vao
Internet.

Nhin chung, mang cuc bo khong day (WLAN) cung cap lién lac mang
khong day trong khoang cach ngan bang cach sir dung tin hiéu radio hoic
hdng ngoai thay vi cip mang truyén théng. Mang WLAN 13 m6t loai mang
cuc bd (LAN). Mang WLAN cho phép ngudi ding di chuyén xung quanh khu
vuc phu song, thuong 14 nha hodc vin phong nhd, trong khi van duy tri két

noi mang.



Nam 1997, vién k¥ su dién va dién tir IEEE dua ra chuin mang cuc bd
khong day (WLAN) dau tién - duoc goi 1a 802.11 theo tén ctia nhom giam st
su phat trién cua chudn nay. Lic nay, 802.11 sir dung tan sb 2,4 GHz va dung
k¥ thuat trai pho truc tiép (Direct — Sequence Spread Spectrum-DSSS ) nhung
chi hd tro bang thong tdi da 1a 2 Mbps - toc do kha cham cho hau hét cac tng
dung. Vi 1y do d6, cac san pham chudn khong day nay khong con dugc san
xudt nira.

- Trai phd: Pa sb cac hé théng mang WLAN sir dung cong nghé trai
phd, mot k¥ thuat tin sb vo tuyén bang rong ma trude day duoc phat trién boi
quan doi trong cac hé théng truyén thong tin cdy, an toan, trong yéu. Su trai
pho duoc thiét ké hidu qua véi sy danh doi dai thong 1ay do tin cay, kha nang
tich hop, va bao mat. Noi cach khac, sir dung nhiéu bang thong hon truong
hop truyén bang hep, nhung di lai tao ra tin hiéu manh hon nén dé dugc phat
hién hon, mién 12 may thu biét cac tham s cua tin hiéu trai phd ctia may phat.
Néu mot may thu khong chinh dung tan sd, thi tin hiéu trai phd giéng nhu
nhiéu nén.

- C6 hai kiéu trai pho truyén di bang vo tuyén :

+ Nhay tan
+ Chudi truc tiép.

Chuan giao thic mang WLAN - IEEE 802.11 - cho phép nhiing ngudi
sir dung truy cdp vao mang LAN va mang Internet ma khong can két ndi day
cap v4i co sé ha ting mang. Trude khi giao thic 802.11b dugc 4p dung rong
rdi vao dau nhitng nam 2000, viéc truy cip mang ndi bd LAN doi hoi két ndi
vat ly thong qua day cap. Cac giao thirc IEEE 802.11 dugc tao thanh tur su
xép dat cua cac ki thuat didu ché truyén din khac nhau trén méi trudng khong
khi (over-the-air) véi cung cac nguyén tic co ban nhu nhau. Céc giao thirc
duoc st dung rong rai trong dai tan 2,4GHz 1a 802.11b, 802.1 lg, 802.11n va
trong dai tin 5GHz 1a 802.11a, 802.11n va gan day la 802.1lac.

1.2.1. Cdc ché dp hoat dpng mang WiFi chuin 802.11

- Ché d6 Infrastructure: duoc sir dung khi c6 it nhat mot diém truy

cap (AP - Access Point) két nbi vao mang LAN hay mang Internet va cé it

nhat mot tram khach hang (client). Tram khach hang (laptop, may tinh bang,



dién thoai thong minh) két ndi vo tuyén vao mang LAN hay mang Internet
thong qua diém truy cap (AP).

- Ché do Ad-Hoc: dugc stir dung khi cac tram khach hang (clients) truc
tiép két ndi vo tuyén voi nhau ma khong can phai thong qua mot diém truy
cap (AP). Piéu nay ciing dugc goi 1a ché do chia sé ngang hang (peer-to-
peer).

Phan 16n cac mang WiFi1 theo chuan 802.11 hoat dong trong ché o
Infrastructure.

Thong tin thém vé phwong phap tmg dung cho cic mang vo tuyén
802.11 ¢o thé duoc tim thay trong phan gidi thiéu Cong nghé 2,4 GHz va
Cong nghé 5 GHz.

1.2.2. Cdc chudn mang 802.11 phé bién

- 802.11a

Chuan giao thirc 802.11a str dung cung giao thirc 16p lién két dir liu
(Data Link Layer) va dinh dang frame nhu cic chuan ban dau 802.11-1997,
nhung dung k¥ thuat OFDM cho truyén dan 16p vat 1y. Dai tan hoat dong cta
n6 1a bang tan 5GHz va co toc do truyén din téi da 54Mbps. Do dii tan
2.4GHz d3 tré nén qua tai (nhiéu thiét bi dan dung ciing str dung chung dai
tan nay) nén viéc str dung chuan 802.11a mang lai mot loi thé dang ké. Tuy
nhién, pham vi phi1 song hiéu qua cta 802.11a trong dai tan SGHz la thap hon
so v6i cac chudn giao thuc 802.11b/g/n trong dai tan 2,4GHz, do boi tin hiéu
hoat dong & dai tan cao hon s& d& dang bi hép thu bai cac vat thé ran hon nhu
tuong, thép, cay cbi... . Tuy nhién, chuan 802.11a va 802.11n lai it chju anh
huong ctia nhidu trong dai tin SGHz, do d6 nhiéu luc chung lai ¢6 pham vi
phu song tuong tu hodc tham chi 16n hon 802.11b/g/n.

- 802.11b

La chuin mang khong day 802.11 dau tién duoc ap dung rong rai. N6
c6 toc d6 truyén din t6i da 11Mbps va st dung phuong thirc truyén théng
gidng nhu cta cac chuan cua 802.11-1997. 802.11b hoat dong trén dai tan sb
2.4GHz, n6 chiu anh hudng rat nhiéu tir nhiéu do hoat dong cung tan sd véi
nhing thiét bi dan dung khac nhu cac thiét bj Bluetooth, dién thoai khong day
DECT va VolP, 10 vi séng, ...
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- 802.11g

802.11g 1a budc cai tién ké tiép tir 802.11b va van hoat dong trén dai
tan 2.4GHz nhung str dung k¥ thuat truyén dan OFDM. N6 c¢6 tdc do truyén
dan téi da 54Mbps va tuwong thich nguoc voi phan cimg cua chuan 802.11b.
Pay la chuan cong nghiép tiép theo va mot 1an nita duoc ap dung rong rai cho
cac ung dung mang WLAN do toc do truyén tai dir liéu tang 1én. Tuong tu
nhu 802.11b, cac thiét bi 802.11g déu co thé bji anh hudéng xuyén nhidu tir
nhimg thiét bi dan dung khac hoat dong trén dai tin 2.4GHz. K§ thuat OFDM
dugc cho phép tai nhiing toc do trén 20Mbps 1am ting déang ké kha ning
NLoS (Non-Line-of-Sight).

- 802.11n

Chuén 802.11n 1a mot phién ban dé nham cai thién cac chuan trude do
bang cach thém vao anten cong nghé MIMO (Multiple Input-Multiple
Output) va hoat dong trén ca dii tan 2.4GHz va 5GHz véi do rong kénh 1a
40 MHz (tuy chon). Chuan 802.11n twong thich ngugc véi chuan 802.11a, b
va g. Khac v6i chuan 802.11g, k§ thuat OFDM trong 802.11n dugc cho phép
hoat dong trén toan bd dai cac tbe do truyén dan, nho dénang cao dang ké
kha nang NLoS (Non-Line-of-Sight).

MIMO st dung nhiéu anten thong minh dé xur 1y moét luong dir ligu 16n
hon so véi xit Iy bang mot anten duy nhat. Bang cach sir dung k¥ thuat ghép
kénh phan chia theo khéng gian SDM (Spatial Division Multiplexing), may
tram (client) c6 thé truyén nhiéu luong dit liéu doc 1ap cting mot lic trén mot
kénh va nhd d6 1am ting téc do truyén dan dir liéu thuc té (data rate) giira
may tram (client) va diém truy cap (AP).

Kha ning ting gip hai d6 rong kénh (channel size) - tir 20MHz dén
40MHz - trén céc thiét bi twong thich v&i chuan 802.11n ciing cho phép ting
gap hai 1an toc do truyén dan dir liéu trén 16p vat 1y.

Viéc hai tinh nang trén duoc két hop mang lai cho chuan 802.11n kha
nang nang cao téc do truyén din dir liéu t6i da khi so sanh voi 802.11g ¢
2.4GHz va 802.11a & 5GHz . N6 ¢6 thé 1én dén 600Mbps (trén 1y thuyét) khi
truyén dong thoi trén 4 ludng dir lieu va do rong kénh 40MHz. Vi vay
802.11n dang tré thanh tiéu chuan pho bién hién nay.

- 802.11ac
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802.11ac hoat dong & tan s6 5GHz st dung OFDM dua vao su diéu
ché. Cac dic diém k¥ thuét cho thiy téc do bing thong WLAN it nhat 1Gbps
va mot lién két don 1é ¢o téc do bang thong it nhat 1a 500Mbps. Diéu nay dat
duoc boi khai niém mé rong tur chuan 802.11n cho céac kénh véi bang thong
rong RF( 1én dén 160MHz, 80Mhz bat budc), hon thé nita lu?)ng dir liéu duoc
truyén di v6i cong nghé da Anten 1én dén 8 ludng dir liéu (Spatial streams),
nhiéu ngudi ding MIMO (multi-user MIMO) va dung cho noi ¢ mat do
nguoi dung cao(lén dén 256-QAM) .

1.3. Cac wng dung caa WLAN

- Cung cép kha niing truy cip mang mét cach linh hoat

Cho phép ngudi ding co thé sir dung céc thiét bi truy cap mang khong
day, dé truy cap mang tai moi vi tri co phi song WLAN.

Vi duy, 1a 1 nhan vién quan tr1 mang, ban c6 nhiém vu ddm bao cho hé
théng mang hoat dong lién tuc. Pé 1am viéc nay, ban s€ cai dat chuong trinh
giam sat mang trén hé théng may server, néu ¢ su cb vé hé théng mang,
chuong trinh s& giri thong bao qua email cta ban. Ban s& khong can thiét phai
ngéi truc bén chiéc may tinh tai ban Iam viéc, dé kiém tra email thuong
xuyén, ma c6 thé st dung cac thiét bi di dong (PDA, laptop,
smartphone...v.v) dé kiém tra email trong khi di chuyén, hoc tap, hoi
hop...v.v. va co thé 1ap tire xir Iy su cd.

- M6 rong mang

Cho phép mé rong mang tai cac khu vuc dac biét, vi du: cac khu vuc
khong thé di day cap, khong duoc thay doi két cau cua toa nha, dia hinh hiém
tro...v.v.

- Noi mang giira cc tda nha cich xa nhau

Pé két ndi mang gitta cac toa nha cach xa nhau, ¢ thé két ndi bang cap
(chon dudi long dat, hodc treo trén cac cot tru), giai phap nay chi phi cao, kho
thi cong vi dudng di clia cap co thé lién quan t6i nhiéu cha thé khac nhau; co
giai phap khac 1a thué dudng truyén riéng tir cac cong ty dién thoai, giai phap
nay chi phi cao, do phai tra phi hang thang.

Giai phép thr 3 cho truong hop ndy 1a st dung WLAN, bang cach cai

dit cau ndi khong day (wireless bridge) tai mdi toa nha. C6 thé sir dung mo
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hinh két néi diém t6i diém (point — to — point) hogc diém téi da diém (point —
to — multipoint).

- Cung cép dich vu truy cip mang khong day

Nha cung cdp dich vy internet khong day (WISP — wireless internet
service provider) 1a 1 nha cung céap dich vu internet dya trén cong nghé khong
day. Véi nguoi st dung & nhitng khu vuc dac biét, viéc trién khai lép dat
duong day két ndi internet kho khan, chi phi cao, hoic khong thé thuc hién,
thi giai phap mang khong day 13 lya chon tt nhét cho ho.

WISP ¢6 thé hoan toan sir dung cong nghé IEEE 802.11 hoic WiMAX
(IEEE 802.16) hoic két hop giita WiMAX va IEEE 802.11

- St dung cho van phong quy mé nhé (SOHO - small office/home
office)

Péi voi cac van phong nho, v6i khoang 10 dén 15 may tinh, vi du: van
phong luat su, mot trung tim tu van xay dyng, cira hang in 4n,...v.v. c6 thé
chi can st dung 1 wireless router dé thiét 1ap hé thong mang cho toan vin
phong véi chi phi thap, trién khai nhanh.

Néu sir dung wireless router c6 kém chirc nang ctua 1 modem ADSL (vi
du Linksys WRT54G) c6 thé cung cip 2 dich vu cung 1 luc: két ndi cac may
trong mang ndi bd v6i nhau va cung cip dudng truy cdp internet cho ca van
phong.

- Str dung trong tinh hudng can thiét 1ip mang trong théi gian ngin

Trong cac tinh hudng dic biét, can hé thong mang dé lam viéc trong
thoi gian ngan, thiét 1ap don gian, nhanh chéng, vi du: vin phong clia cong
truong xay dung, vin phong diéu hanh khic phuc hau qua trong ving bi thién
tai ...v.v. Mang khong day 1a 1 lya chon tét.

C6 thé str dung thiét bj vira co chimg ning cua 1 access point vira hd
tro két ndi WAN, giup két ndi cac may tinh ndéi by vdoi nhau va két ndi
internet, vi du dong thiét bi SonicWALL.

- Str dung trong truwong hoc

Véi hé thong WLAN céc gido vién c6 thé lam viéc & moi vi tri, khong
bi bo budc vao ban lam viéc cb dinh, gido vién c6 thé khai thac cac tai nguyén

tir internet tr may labtop ma khong can phai st dung dén cap két ndi. Sinh
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vién ¢6 thé truy cdp mang internet va intranet dé tham khéo céc tai liéu, hoc
tap, nop bai va thuc hién kiém tra qua mang.

- Str dung trong cac nha may, nha kho

Véi moi trudng nay, khi trién khai WLAN can khao sat ki, dé tranh van
dé vé nhidu song, do cac thiét bi trong nha kho hodc nha may gay ra.

- St dung trong bénh vién

Str dung WLAN gitip céc bac si c6 thé nhanh chong xac dinh duoc
thong tin vé cac bénh nhén ciling nhu cac thong tin vé y hoc thong qua két ndi
mang intranet va internet bang cac thiét bi truy cdp WLAN. Véan dé quan
trong hang dau trong hé thong WLAN tai bénh vién 1 phai dam bao thong tin
duoc bao mat.

- Cung cép kha niing truy cip mang & noi cong cong

O noi cong cong nhu quan ca phé, san bay, bén xe, ...co thé thiét lap
cac diém phat song WLAN (goi 1a cac Wi-Fi hotspot) cho moi nguoi truy cap
internet ¢ thu phi hodic mién phi.

1.4. Cac thach thac va giai phap

- Mang khong diy c6 nhirng wu diém vwot trdi riéng:

+ Do tin tudng cao trong ndi mang cua cic doanh nghiép va su ting
trudng manh me€ ciia mang Internet va cac dich vu truc tuyén la bé‘mg chirng
manh mé& ddi véi loi ich cia dir lidu va tai nguyén dung chung. Vi mang
Wireless, nguoi dung truy cap thong tin diung chung ma khong tim kiém chd
dé cam vao, va cac nha quan 1y mang thiét 1ap hodc bo sung mang ma khong
lap dit hodc di chuyén day noi.

+ Mang khong ddy c6 kha nang phuc vu tot hon, tién nghi va c6 loi thé
vé chi phi hon han céc két ndi c6 day truyén thong.

+ Kha niang luu dong hd tro cac co hoi vé hiéu suat va dich vu ma
mang c6 day khong thé thuc hién duoc.

+ Cai dat hé thong mang khong day kha nhanh va dé dang, giam bét
viéc phai kéo day qua cac vi tri kho khan. Cong nghé khong day cho phép
mang di dén cac noi ma mang c6 day khong thé.

+ Phan cing mang khong day ban dau c6 chi phi cao hon so v6i mang
c6 day nhung chi phi cai dit toan bd va gia thanh tinh theo tudi tho thap hon
dang ké.
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+ Cau hinh mang cua hé théng mang khong diy dé thay doi tir cac
mang doc 1ap phi hop véi s6 nho ngudi dung dén cic mang co s ha tang véi
hang nghin nguodi st dung trong mot vung rong 16n.

+ Mang khong day con thé hién wu diém ctua minh & tinh mé rong dé
dang c6 thé dap ung tirc thi khi c6 su gia ting 16n vé sd luong truy cap.

- Tuy c¢6 nhiéu wu diém song mang khéng diy ciing c6 nhirng
nhuoc diém nhit dinh:

+ Bao mat c6 thé ndi chinh 13 nhuge diém 1én nhét cia mang khong
day, bai phuong tién truyén tin hiéu 1 séng va moi truong truyén tin hiéu 1a
khong khi nén kha ning bi tdn cong 1a kha 16n.

+ Pham vi hoat dong con han ché, ngay ca cong ngh¢ mang day hi¢n
dai nhat hién nay ciing chi c6 thé hoat dong & pham vi t6i da 150m nén mang
khong day chi phu hgp véi khong gian hep.

+ Do truyén tin hiéu bang song vo tuyén nén viéc bi nhiéu hay suy
giam 13 diéu tat yéu. Pay 1a van dé giy anh huéng 16n dén hiéu qua cua céac
mang.

+ Tc @6 mang ciing 1a mot van dé ching ta can quan tam. Tuy toc do
cao nhit ciia mang khong diy co6 thé 1én téi 600Mbps nhung con sd d6 van
cham hon nhiéu so vdi cac mang cap thong thuong.

+ Hon thé nita mang khong dy bi tac dong rat 16n boi yéu t6 thoi tiét
hay cac vat chian, mang khong ddy con bi tac dong boi anh hudng cua cac
thiét bi khac.

Mot s6 giai phap cho mang khong day ciing tap trung khic phuc cac
nhuge diém trén. Bao mat 1a van dé duoc quan tam hang dau hién nay. Khi
nhac dén bao mat mang khong day co hai van dé thudng xuyén dugc nhac dén
do6 la: ching thuc va ma hoa.

Chung thyc: 1 qué trinh ma trong d6 cac thiét bi két n6i véi nhau thong
qua céac kénh két ndi s& duoc chimg thuc, dé chic rang khong co thiét bi nao
khac ngoai mong mudn két ndi vao. Chig thuc c6 thé duge thuc hién thong
qua nhiéu cach: trao d6i key, bang dia chi MAC, hodc bang mot tool ctia hing
tha 3 EAP, LEAP ....

Ma hdéa: 1a qua trinh ma trong d6 dir liéu dugc ma hoa véi nhitng key
dic biét duoc tao ra boi ngudi dung hay chinh thiét bi diung dé mi hoa. C6
nhitng phuong phdp ma hdéa nhu: ma hoa véi 64, 128, 256 bit, hay dung
TKIP, AES...
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1.5. Két luan chuwong

Chuong 1 di vao giéi thiéu tong quan vé mang cuc bd, cac kiéu to po,
ciu tric va cac ché do hoat dong cia mang WLAN. Déng thoi tim hiéu céac
tiéu chuan k¥ thuat, uu diém va han ché cta mang WLAN, lam tién dé di vao

nghién ctru cac ky thuat bén trong.
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CHUONG 2: CAC TIEU CHUAN KY THUAT LOP MAC CUA WLAN

2.1. Cac ky thuat lop MAC

Phén 16p MAC nam trong 16p lién két dit liéu cia mé hinh OSI, dugc
mo ta trong hinh 2.1. Phan 16p MAC xéc dinh cach thtc truyén cac khung dix
liéu trén mdi trudng truyén dan bang cach két hop mot dia chi vat 1y cho mdi
thiét bi, xac dinh topd mang va tham do duong truyén.

Kién triic phan 16p MAC bao gém hai khéi chic nang: Khéi chic ning
DCF (Distributed Coordination Function 14 chitrc ning phdi hop phan tan) va
khéi chitc nang PCF (Point Coordination Function 1a chirc niang phdi hop

diém).

Application
Presentation

Session

.
Transport
P
p
."-
.{"

Kigén trac lgp MAC

Mé hinh OSI 7 |dp

Hinh 2. 1. M8 hinh OSI va kién tric phan lop MAC 9
Céc phuong thuc di€u khién truy cap téi cac hé thong WLAN c6 thé 1a

ngau nhién hodc duoc sip xép. Hoat dong cua hé théng WLAN c6 thé tap
trung, phan tan hodc 1a két hop ca hai. Khi hoat dong cua hé thong 1a ngau
nhién, n6 dugc goi 1a DCF. Khi hoat dong cua mang dugc diéu khién, nd
dugc goi la PCF.

2.2. Chire niing phéi hgp phan tan (DCF)

DCF 1a phuong phap truy nhap theo chuan 802.11 cho phép tat ca cac
tram trong mot WLAN tranh chdp nhau nham danh quyén truy nhap vao moi
truong truyén dan khong day cé tinh chit chia sé nhd st dung giao thirc
CSMA/CA. DCF s¢€ dugc thuc hién trong tat ca cac tram, thay cho viéc su
dung ca IBSS va cdu hinh mang co s¢ ha tang. DCF cho phép hoat dong doc
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1ap cua cac thiét bi dir liéu vo tuyén. Trong mot hé théng dua trén su tranh
chap DCF, cac thiét bi trao doi thong tin yéu cdu mot cach ngau nhién céc
dich vu tir cac kénh bén trong mot hé théng trao doi thong tin. Boi vi cac yéu
cau trao doi thong tin xay ra mot cach ngau nhién, nén hai hay nhiéu thiét b
o thé yéu cau cac dich vu mot cach déng thoi. Piéu khién truy cap cua mot
phién DCF thudng bao gém viéc yéu cau céac thiét bi phan doan cac hoat dong
trwde khi truyén va ling nghe cac dich vu nd yéu cau cé bi xung dot. Néu
thiét bi yéu cau khong nhan dugc mdt phan hdi cho yéu cau cua nd, no sé tri
hodn trong mot khoang thoi gian ngau nhién trude khi truy cap lai.

Mot cai tién ciia phuong thirc ¢6 thé sir dung trong nhiéu truong hop
khac nhau dé gitp 1am giam toi thiéu cac xung dot ¢ tram truyén va nhén trao
d6i cac khung diéu khién ngan (yéu cau giri (RTS) va san sang dé nhan (CTS)
cac khung) sau khi xac dinh moi trudng dang rdi va sau moi su tri hodn hoic
back-off (thoi gian chd doi trong mot khoang thoi gian nhat dinh), trude khi
truyén dir liéu. Cac mo hinh mang BSS (trong mé hinh nay chi c6 duy nhat
mot AP va cac mdy tram), ESS (day 1a m6 hinh m¢ rdng cua BSS cho phép
c6 nhiéu AP va cac may tram), IBSS (mé hinh nay khong c6 AP ma chi co
cac may tram két ndi truc tiép vO1 nhau) déu co thé st dung duogc ché o
DCF.

2.3. Chirc niing phoi hop diém (PCF)

PCF 1a ché do hoat dong cua cac thiét bi vo tuyén duoc diéu khién
trong ché d6 co s& ha t::?mg. Trong mot h¢ théng duge diéu khién, cac thiét bi
trao d6i thong tin doi cho dén khi nhan dugc mot thong tin phan hdi trude khi
chung truyén bt ky mot thong tin ndo. Boi vi viée trao dbi thong tin giita cac
thiét bi duoc diéu khién bdi mot thiét bi trung tdm nén it c6 xung dot xay ra.
Pé xac nhan dit liéu truyén da dugc nhan thanh cong, thong tin tham do s€ co
chtra thong tin vé trang thai clia cac géi tin ma di duoc nhan. Néu thiét bi gui
khong nhan m{t sy xac nhan cua viéc truyén trong gobi tin tham do, nd s€
truyén lai di liéu.

Uu diém cua PCF 13 dam bao duoc mot khoang thoi gian tré xac dinh
vi vy cac ing dung yéu cau vé QoS (nhu cac ung dung thoai hay truyén hinh

thoi gian thyc,...) c6 thé st dung trén nén ché do truyén dan nay. Khi st dung
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PCF, AP s€ ddm nhiém chuc nang thyc hién thuat todn tham do do do cac
mang Ad Hoc khong thé sir dung ché d6 nay. PCF phai dugc str dung két hop
v6i DCF. C6 thé dé két hop céc loi ich cia DCF va PCF thanh mot hé thong
t6t hon. Su két hop dua trén cac khoang thoi gian dic trung dugc chi dinh
trong DCF va PCF. Bing viéc két hop cac qua trinh nay, c6 thé dam bao viéc
truyén dit liéu dich vu thoi gian thuc va cho phép truy cap ngau nhién.

DCF va PCF sé& cung ton tai theo mot cach ma cho phép ca hai hoat
dong dong thoi trong pham vi cung BSS. Khi mdt PC dang hoat dong trong
mot BSS, hai phuong thirc truy cap luan phién, vd1 mot chu ky khong xung
dot (CFP - Contension Free Period) di theo sau bdi mét chu ky xung dot (CP -
Contension Period).

2.4. Cac kiéu khung dir ligu giao thirc 16p MAC

- Giao thirc MAC cho mang WLAN theo chuin 802.11

Cac mang WLAN theo tiéu chuan IEEE 802.11, ddy 1a mét tap hop cac
dic ta quan 1y 16p diéu khién truy cap méi truong truyén (MAC) va 16p vt ly
(PHY) cho viéc trién khai mang khong diy cuc bd WLAN trén cac dai tan
900 MHz; 2,4GHz; 3,5 GHz; 5 GHz va 60 GHz. Cac dic ta ctia chuan 802.11
tap trung vao 2 16p thap nhit trong mé hinh OSI 1a 16p vat 1y (PHY) va lién
két dir liéu Data Link. Muc tiéu chinh ctia chuan 802.11 1a phat trién 16p con
MAC va 16p PHY cho céc thiét bi di dong. Lép LLC 1a 16p con trong 16p
Data Link duoc dinh nghia trong chuan 802.2, LLC c6 trach nhiém chinh
trong viéc cung cap giao tiép giita 16p MAC va céc 16p cao hon. LLC thuc
hién nhiéu chirc ning trong viéc hd trg cho nhiéu 16p & tang cao hon. Va hon
thé nita 16p con LLC con c6 chitc nang kiém soat ludng va kiém soat 13i.

~

Application
Presentation
Session | cacldp ding chung che
~ LAN va WAN
Transport
Network
L __uc__ )
MAC L cac ldp khac nhau tay
theo LAN (802.3) hoac
PLCP .
———————— | WAN (802.11)
PMD ),

Hinh 2. 2. Chudn 802.11 WLAN trén I6p PHY va lép con MAC
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Lop con MAC nhan dir liéu tir 16p con LLC va cé trach nhi€ém thuc
hién cac chirc ning lién quan dén viée truyén goi tin vao méi truong truyén.
Cau tric ciia mt frame MAC dugc md ta theo hinh 2.3:

3 3 & & L} Dor2 ] Der2 Dord wariable length 4
e — ey e

Frame | Durstios Address Address Address Soquence Address i1 HT e FS
Control b | 2 3 Conbrol & Control Contrel Baody
protocol maore power |more |protected
: type | subtype| to DS |from DS retry other
version frag mgmt |data |frame

2 2 4 1 1 1 1 1 1 i 1
— e e e % 3 T T —F e —>

Hinh 2. 3. Cau tric khung tin MAC

- Frame control: Truong frame control chira mdt so truong con bao
gom:

+ Protocol version: Truong nay dai 2 bits va xac dinh phién ban cua
MAC. Hién tai chi c¢6 1 tiéu chuin va n6 dugc gan gia trj 13 0.

+ Type: Trudng nay dai 2 bits phan loai khung thudc vé quan 1y, diéu
khién hay la dit liéu (management, control, data).

+ Subtype: Truong con subtype dai 4 bits, gia tri truong nay phu thudc
vao gia tri cua truong “Type” (management, control, data).

+ To DS from DS: 2 truong nay danh cho frame thudc hé phan tan co
cac cap gia tri khac nhau tuy thudc vao kién trac mang. Néu gia tr1 “To DS” =
0 va “from DS” = 0 ¢ nghia 1a khung data truyén gitta cac tram trong cung 1
IBSS khong qua AP. Néu gia tri “To DS” = 1 va “from DS” = 0 c6 nghia 1a
khung data truyén c6 thong qua AP. Néu gia tri “To DS” = 0 va “from DS” =
1 tirc 1a khung data truyén giira cac BSS chung AP va 3 truong address duoc
str dung. Néu gia tri “To DS” = 0 va “from DS” = 1 ¢6 nghia 13 khung data
truyén gitta cac AP khac nhau trong ESS va lic nay ca 4 truong address dugc
su dung

+ More frag: Truong nay cé chiéu dai 1bit, néu frame bi phan manh thi
tat ca cac frame 13 manh cua frame ban dau bi phan manh c6 gia tri truong
More frag 1a 1, trir frame cudi. Hinh 1-6 Cau trac khung tin MAC 10
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+ Retry: Truong con ndy dai 1 bit, néu frame nay can duoc gui lai thi
gid tri nay duoc gan la 1 (nguoc lai 1a 0).

+ Power mgmt: Trudng nay co chiéu dai 1 bit duoc dung dé quy dinh
ché d6 ning luong cia may tram. Néu thiét bi giri goi tin di dang & trong
trang thai tiét kiém niang luong (powesave) thi gia tri dugc gan 1a 1 (va nguoc
lai 1a 0).

+ More data; Khi thiét bi nhan & ché do powersave thi AP c6 thé luu
trit tam mot s6 frame guri cho nd. Bit nay dwoc dat 1a 1 bao hiéu 1a AP ¢6 1
vai frame cho thiét bi dang & ché d6 sleeping.

+ Protected Frame: C6 gia tri 1a 1 khi co ché mé hoa dugc dung dé ma
hoa frame. Cac co ché mi hoa co thé 13 WEP (Wired Equivalent Privacy),
WPA (Wi-Fi Protected Access), hoac WPA2 (Wi-Fi Protected Access II).

+ Other: Puoc dat 1a 1 néu tht tu frame duogc dat vu tién tire 1a cac
frame bat budc phai dugc guri theo thur tu.

- Duration/ID: Truong nay c6 chiéu dai 16 bits miéu ta thoi gian truyén
frame va nhan goi tin ACK. Viéc nay dung dé thiét 1ap NAV (network
allocation vector) cho cac thiét bi 1an cin. Truong nay co6 thé nhan 1 trong 3
dang: Duration, Contention-Free Period (CFP), and Association ID (AID).

- Address: Frame 802.11 c6 thé ghi nhan 4 dia chi MAC.

+ Address 1: Dia chi cua thiét bi nhan.

+ Address 2: Pia chi cta thiét bi gui.

+ Address 3: Dung cho thiét bi nhan loc géi tin.

+ Address 4: Phan 16n truong hop khong str dung chi sir dung khi
frame truyén giita cac AP trong EES, hoic gitta cac niit trung gian trong mang
hon hop.

- Sequence Control: Trudng nay ding dé loai bo géi tin trung lap.

- QoS Control: Truong nay 1a truong lya chon, chi xuat hién véi goi tin
ctia img dung co yéu cau QoS.

- HT Control: Puoc bd sung vao tir phién ban 802.11 lién quan dén
QoS.

- Frame Body: Truong nay chtra dit liéu can truyén, c6 do dai thay doi

tuy vao loai khung va cac truong subtypes.
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- FCS: Truong nay dung dé kiém tra tinh toan ven ctia goi tin & bén
nhan.

Trong mang khong day cac thiét bi truyén tin hiéu cho nhau thong qua
song dién tlr, chia s¢ méi truong truyén. Dé dam bao tin hiéu truyén thong
sudt va st dung hiéu qua moi trudng truyén can co giao thire quan ly. Do 1a
giao thie diéu khién truy cdp moéi trudng truyén - MAC dugc thuc hién qua
cac chirc ndng cOng tac (coordination function). Cac chirc nang cong tac nay
quyét dinh khi ndo thi thiét bi c6 thé truyén qua song khong day. Trong mang
WLAN c6 mdt s6 phuong thirc diéu khién méi trudng truy cp chinh 1a: Chirc
nang cong tac phan tan DCF. Chirc nang cdng tac phan tan DCF st dung 2
goi tin RTS/CTS. Chuc ning cong tac diém PCF. DCF la thanh phan chinh
trong chuan 802.11 con PCF 14 thanh phan bo sung nam phia trén DCF hd trg
cho céc luu luong thoi gian thuc. Sau nay dé hd tro cho viéc ting chét luong
dich vu QoS thi mot chirc ndng lai dugc thém vao do6 1a HCF dugce gidi thi¢u
trong chuan 802.11e
2.5. Pic trung ho tiéu chuan IEEE 802.11
2.5.1. M6 hinh mang

Mang khong day bao gdm 3 mo hinh co ban: mé hinh mang doc lap
IBSSs (hay con goi 1a mang Ad-hoc), m6 hinh mang co s& (BSSs), m6 hinh
mang mo rong (ESSs).

- M6 hinh mang dgc lap (Ad-hoc)

—
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Hinh 2. 4. M6 hinh mang déc ldp
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Mang IBSSs (Independent Basic Service Set) dugc mo ta nhu hinh 2.4,
hay con goi la mang ad-hoc, trong m6 hinh mang ad-hoc cac client lién lac
truc tiép voi nhau ma khong can théng qua AP nhung phai ¢ trong pham vi
cho phép.

Céc nat di dong (mdy tinh c6 hd trg card mang khong day) tap trung lai
trong mot khong gian nho dé hinh thanh nén két ndi ngang cp (peer-to-peer)
giita chung. Cac nut di dong c6 card mang wireless 1a chung c6 thé trao doi
thong tin tryc tiép voi nhau , khong can phai quan tri mang. M6 hinh mang
nho nhit trong chuan 802.11 14 2 may client lién lac truc tiép véi nhau.

Mo hinh mang Ad-hoc nay c¢6 nhugc diém 16n vé viing phii song bi giGi
han, moi nguoi st dung déu phai nghe duoc 1an nhau.

- M6 hinh mang co sé:

AP
I

T

¥ ok Y

Vivian Martha George

Hinh 2. 5. M6 hinh mang co so
The Basic Service Sets (BSS) dugc md ta nhu hinh 2.5, 1a mét

topology nén tang ctia mang 802.11. Cac thiét bi giao tiép tao nén mot BSS
vo1 mot AP duy nhét vi mot hodc nhiéu client.

BSS bao gdm cac diém truy nhap AP (Access Point) gin v6i mang
duong truc hitu tuyén va giao tiép vdi cac thiét bi di dong trong ving phu
song cua mot cell. AP dong vai tro diéu khién cell va diéu khién luu luong t&i
mang. Cac thiét bi di dong khong giao tiép truc tiép véi nhau ma giao tiép véi
cac AP. Cac cell c6 thé chong lan 1én nhau khoang 10-15 % cho phép cac
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tram di dong c6 thé di chuyén ma khong bi mat két ndi vo tuyén va cung cap
vung phu séng voi chi phi thip nhat. Cac tram di dong s& chon AP tot nhat dé
két ndi. Mot diém truy nhap nam ¢ trung tdm c6 thé diéu khién va phan phdi
truy nhap cho cac ndt tranh chép, cung cdp truy nhap phu hop v6i mang
duong truc, 4n dinh cac dia chi va cidc muc wu tién, giam sat luu luong mang,
quan 1y chuyén di cac goi va duy tri theo ddi ciu hinh mang.

- M6 hinh mang mé rong:

Wired
Network

(DS)

| |

.

A AP N
o~ A ~

> [ R
e v e
g\ g( a

Vivian Martha George

Hinh 2. 6. M6 hinh mgng mo rong
M6 hinh mang mé rng dugc mo ta trong hinh 2.6. Mang 802.11 m&

rong pham vi di dong t&1 mgt pham vi bat ki thong qua ESS.Trong khi mot
BSS dugc coi 1a nén tang ctia mang 802.11, mot mo hinh mang mé rong ESS
(extended service set) cua mang 802.11 s€ tuong ty nhu 1a mot tdéa nha dugc
xay dung bang d4. Mot ESS 1a mot tap hop cac BSS noi ma cac Access Point
giao tiép v6i nhau dé chuyén luu luong tir mot BSS nay dén mot BSS khac dé
1am cho viéc di chuyén d& dang cta céc tram giita cac BSS. Access Point thuc
hién viéc giao tiép thong qua hé thong phan phdi. Hé théng phan phdi 1a mot
16p méng trong mdi Access Point ma né xac dinh dich dén cho mét luu lugng
duoc nhan tir mot BSS. Hé théng phan phéi duoc tiép song tr¢ lai mot dich
trong cung mot BSS, chuyén tiép trén hé théng phan phdi téi mot Access

Point khac, hodc goi téi mot mang c6 day toi dich khong ndm trong ESS. Céc
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thong tin nhan bai Access Point tir hé thong phan phdi dugc truyén t6i BSS sé
duoc nhan boi tram dich.

2.5.2. Phan chia kénh va tan so

Tai Hoa Ky va Canada, cac trién khai WLAN 802.11 802.11 hién tai
hoat dong trong hai dai tan s6: 2,412 GHz dén 2,462 GHz (nghia la, IEEE
802.11b va IEEE 802.11g ) va 5,180 GHz dén 5,820 GHz (nghia 13, IEEE
802.11a va IEEE 802.11d ). Phan 16n trong sb cic hé thong hién tai duoc trién
khai thudc vé bang tan thap hon do thuc té 1a bing nay ra thi truong nhanh
hon véi sy ra doi ciia cong nghé WLAN. Tin hiéu chuan IEEE 802.11g va b
c6 mot dai thong xap xi 20 MHz, twong (mg v&i 3 kénh hoat dong dong thoi
trong bang tan thip (mic du c6 sin 11 kénh chdng nhau). Cac kénh nay c6 tan
s6 trung tam 13 2,412; 2,437; 2,462 GHz.

Bdng 2. 1. Phan bé kénh cho cac thiét b WLAN 802.11 802.11b va IEEE 802.11g

Channel | Center Frequency (MHz) | US | Canada | Europe | Spain | France | Japan
2412 X
2417
2422
2427
2432
2437
2442
2447
2452
2457
2462
2467
2472
2484 X

=l 2l =l = =) e sof =) o) v ] ) b =

Trong bang tan 5 GHz, hién c6 12 kénh doc 1ap thudc ba phﬁn khac
nhau cua bang tin Co s¢ ha tang thong tin qudc gia khong duoc cip phép
(UNII): UNII-1, UNII-2 va UNII-3. Phan chia kénh va tan sd tai cac khu vuc
dugc mo ta trong bang 2.1 va 2.2.

Bdng 2. 2. Phan bé kénh cho cac thiét b WLAN 802.11a
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Band | Channel Number | Center Frequency (MHz)
UNII-1 36 5180
UNII-1 40 5200
UNII-1 + 5220
UNII-1 48 5240
UNII-2 52 5260
UNII-2 56 5280
UNII-2 60 5300
UNII-2 64 5320
Europe 100 5500
Europe 104 5520
Europe 108 5540
Europe 112 5560
Europe 116 5580
Europe 120 5600
Europe 124 5620
Europe 128 5640
Europe 132 5660
Europe 136 5680
Europe 140 5700
UNII-3 149 5745
UNII-3 154 5765
UNII-3 158 5785
UNII-3 162 5805

2.5.3. Kiéu diéu ché va toc dp div liéu

Ban dau tién clia chuan 802.11 chi xac dinh hai toc d¢ bit dir ligu : 1
Mbps va 2 Mbps. Tin hiéu 1 Mbps dugc tao bang Diéu ché khoa Dich pha nhj
phan (BPSK) don gian va téc do ky hiéu 1a 1 Mbps. Tin hiéu 2 Mbps dat
duogc hai 1an téc do bit bang cach sir dung tin hiéu dong pha (I) va truc giao
(Q), str dung diéu ché khoa dich pha truc giao (QPSK).

Pic diém gbc cho 1 MHz va 2 MHz bao gom 3 16p vat Iy: Hong ngoai
(IR), Nhay tan (FH), Trai phd chudi truc tiép (DSSS). Boi vi han ché vé tam
nhin thing cua IR va khong thé dé dang ting tdc do dir liéu cho FH nén khong
thé sir dung cac k¥ thuét thong thudng cho hé théng IEEE 802.11. Téc do
DSSS 1a toc d6 16p vat 1y van duoc ding trong cac hé thong ngiy nay theo
chuan goc. IEEE sau d6 dd mé rong chuan 802.11b, thém vao 2 tdc do bit 1a
5,5 va 11 Mbps. Hai toc do nay sir dung diéu ché khoa ma bu (CCK).

Vi tbe d6 1 va 2 Mbps, ma trdi Barker dugc sir dung dé giam nhiéu
bang hep.
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Ca 2 chuan 802.11 va 802.11b déu xac dinh dai tan ISM 2,4 GHz. Bing
tan nay dung trong 10 vi séng, dién thoai khong day, Bluetooth. Dé tranh
nghén mang va ting tan sd cap phat, 802.11a xac dinh bang tan 5 GHz. Pé
tang khoang tin moi va ting cac kénh c6 san déng kénh (tir 3 kénh trong bing
2,4 GHz 1én 12 kénh trong bang 5 GHz), chuan méi bd sung tdc do dit licu tir
6 dén 54 Mbps, st dung diéu ché ghép kénh phan chia theo tan sb truc giao.
802.11a str dung OFDM cung cép cac tdc do dir liéu: 6, 9, 12, 18, 24, 36, 48,
54 MHz. Véi tong cong 52 song mang phu (4 tone do duong va 48 sdng mang
dir li¢u), tdc d6 dir liéu khac nhau 14 do ma stra 13i hudng di khac nhau (FEC).

Kiéu diéu ché va ma hoa cua ting loai toc do duoc mo ta trong bang
2.3 duoi day:

Bdng 2. 3. M& hda va diéu ché toc dg dit lieu OFDM

Data Rate | Coding Rate | Modulation
6 Mbps 1/2 BPSK
9 Mbps 3/4 BPSK
12 Mbps 1/2 QPSK
18 Mbps 3/4 QPSK
24 Mbps 1/2 16-QAM
36 Mbps 3/4 16-QAM
48 Mbps 23 64-QAM
54 Mbps 3/4 64-QAM

2.5.4. Phwong phap truy nhap kénh

Qua trinh diéu khién truy cap theo DCF bao gém 2 giai doan: cam nhan
song mang va truyén tranh dung d6. Trudc khi khoi tao qua trinh truyén dir
liéu thi thiét bi can cam nhan song mang trén kénh truyén. Chuan 802.11 dinh
nghia 2 phuong thitc cam nhan song: cam nhan song mang vat 1y — PCS
(Physical Carrier Sensing) va cam nhan song mang ao — VCS (Virtual Carrier
Sensing).

Cam nhén séng mang vt 1y yéu cau thiét bi phai & ché do thu. Néu co
tin hiéu dén, thiét bi kich hoat chi thi danh gia kénh r6i (CCA). Chi thi CCA
¢6 thé dugc cau hinh dé kich hoat ché d6 do tim nang luong (ED), cam nhan
so sanh song mang (CS), hodc ca 2 ché do trén. Ché do do tim ning lugng
duoc kich hoat néu nang luong tin hiéu dén 16n hon mét murc cong suét tin
hiéu x4c dinh nao dé, goi 12 ngudng CCA. Diéu nay rat hiru dung néu thiét bi
hoat dong trong cac vung c6 nhidu tin hiéu khong phai chuan IEEE 802.11,
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nhu vi ba, Bluetooth, dién thoai cam tay. Con ché do so sanh song mang dugc
kich hoat khi mét tin hi¢u IEEE 802.11 dugc do ra trong moi trudong truyén.
Ché d6 nay doc lap v6i do mire tin hiéu trong may thu. Phan 16n cac thiét bi
v6 tuyén duoc cau hinh gém ca 2 ché do ED va CS bang kich kich hoat CCA
néu mot tin hiéu chuan IEEE 802.11 duoc do thdy véi murc trén ngudng CCA.

Cam nhan séng mang 4o bang cach thiét 1ap véc to phan bd mang
NAV. NAV dugc thiét 1ap mém cho phép thiét bi biét phai chd bao 1au trude
khi kiém tra kénh rdi. Khi bat dau cac goi IEEE 802.11, mot truong d6 dai &
trung doan mao dau (header) biéu thi mot g01 s& tdn tai bao l1au. Poan nay cua
g6i ludn ludn duogc truyén di véi tbe do c6 san thap nhat (6 Mbps véi goi
OFDM va 1 hoic 2 Mbps véi goi DSSS), do d6 tat ca cac thiét bi trong viing
phu séng cua thiét bj d6 déu giai ma duoc. Cac thiét bi nay sau khi giai ma
doan mao dau nay sé biét dugc kénh dugc st dung trong bao lau va s¢ thiét
1ap NAV cuta n6 dé khong truy nhap kénh trong khoang thoi gian d6. Trudc
khi mot thiét bj c6 thé truyén, dau tién no kiém tra NAV dé chic chan ring
khéng c6 goi ndo dang truyén trén kénh. Néu NAV bing 0, thiét bi s& kiém tra
kénh bang cach st dung co ché CCA vt 1y dé biét dugce néu co thiét bi khac
sir dung kénh. Néu kénh dang rdi, n6 sé& bat dau truyén goi ciia minh.

Chu y rang thiét bi chuan IEEE 802.11 phai kiém tra ca 2 co ché cam
nhan séng mang vat Iy va cam nhan séng mang ao trude khi duoc phép truyén
goi.

Ciing nhu mang c6 diay, mang WLAN st dung méi truong truyén
chung cho nén ciing cin c6 co ché ngin chin dung do xay ra. CSMA/CA
(Carriersense multiple access with collision avoidance) 1a mdt phuong thuc
quan 1y da truy cap véi phuong thire tranh dung dd st dung trong mang khong
day duya trén co ché CSMA. C6 nghia 1a tram sé& chi truyén khi cam nhan moi
truong truyén 1a réi, va khi truyén sé truyén toan bo dir liéu.

Co ché hoat dong cua giao thic CSMA/CA nhu sau: Khi mot tram
mudn truy cap mdi trudng truyén, tram do s& nghe xem moi trudng truyén co
ban hay khong (day 1a co ché CS). Néu méi truong truyén rdi thi tram d6 doi
mot khoang thoi gian it nhat 1a DIFS dé truy cap mdi trudng truyén (ddy 1a co
ché MA). Néu moi truong truyén ban, tram mudn truyén d6 s& doi mot

khoang thoi gian DIFS cong voi thoi gian hodn truyén back-off dugc chon
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ngau nhién trong ctra s6 tranh chip (Contention Window). Sau mdi khoang
thoi gian DIFS, néu moi trudng truyén rdi, thoi gian back-off ndy dugc giam
di 1, nguoc lai duoc giit nguyén cho khoang thoi gian DIFS tiép theo. Tuy
nhién, néu mot tram bat ky khac da truy cap méi trudng truyén trude khi thoi
gian back-off ctia tram nay giam dén 0 thi bd dém back-off s& tam ding cho
dén lan truy cap tiép theo (day 1a co ché CA). Mic du vay khi thoi gian back-
off két thiic, tram truyén bit dau truyén goi tin, tai giai doan nay kha ning
dung d6 co thé tai xay ra. Nhung nhin chung co ché back-off gitp giam thiéu
xé4c sudt xay ra dung do.

{’ \ Contention window
; d ) (randomized back-of f
! ) mechanism)
DIFS DIFS

- e

Medium busy ] ”” I“ Mext frame

-

Tray cip kénh truyen neu — =lot time

thin gaan >= DIFS

DIFS: DCF IFS — Distnbuled Coordination Function Inter Frame Spacing
Contention Window: cia ed tranh chap

Hinh 2. 7. Giao thuc truy cgp CSMA/CA
Giao thuc CSMA/CA dugc mo ta trong hinh 2.7. N6 con st dung goi

tin ACK dé gitip phat hién dung d6. Viéc stt dung ACK kha don gian, khi mot
thiét bi khong ddy giri goi tin, tram nhan s& dap lai bang ACK néu nhu goi tin
d6 dugc nhan dang va diy du. Néu tram giri khong nhan duoc ACK thi nd
xem nhu 13 di c6 xung dot xay ra va truyén lai gbi tin. CSMA/CA giam nguy
co dung d6 xay ra tuy nhién khong thé loai bé hoan toan cac van dé tiém an.
Mot cai tién duogc ap dung la bd sung vi¢c su dung cdp goi tin diéu khién
RTS/CTS.
2.5.5. Yéu cau ti sé6 SNR va dp nhay thu

Trong cac hé théng thong tin, xac sudt 15i tin hiéu ti 1& v&i ti sb tin/tap
SNR dugc yéu cau dé giai ma tin hiéu. Tin hiéu cang kho giai diéu ché, SNR
cang phai 16n dé giai ma dugc. Trong diéu ché khoa dich pha PSK, viéc st

dung céc trang thai pha bd sung gy ra 15i, do d6 yéu cau SNR 16n hon dé giai
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ma. Néu mot tin hiéu c6 do du, nhu trong truong hop ma chap, SNR yéu cau
nhé hon.

Trén thyc té, SNR yéu cau thuong 16n hon gia tri Iy thuyét do cac diéu
kién anh hudng. Gia tri SNR thuong 14y tai diém 10 % tdc d6 18i goi (PER).

Ti s6 song mang/nhidu CIR gan gidng vi SNR yéu cau cta mot téc do
dir lidu. Do 1a lwong cong sut tin hiéu mot song mang phai 16n hon mot tin
hiéu nhiéu truéc khi PER cta nd gidm téi mot mirc nhit dinh. Piém khéc
nhau co ban giita CIR va SNR 1a nhiéu tap trong CIR thudng la tir mdt ngudn
v6 tuyén khac, voi giéi han PER cua thiét bi 16n hon nhiéu nén tap AWGN.

D6 nhay ciia mot duong két ndi vo tuyén 1a tin hiéu nho nhat ma mot
thiét bi vo tuyén c6 thé nhan duoc ma vin bao dam duoc mot ti s6 PER
(thong thuong 1a 10%). N6 ti 1& truc tiép voi SNR yéu cau ciia mot toc do dir
ligu trong mot dai thong nao do6. Trong dai thong 20 MHz, AWGN khoéang -
99 dBm. Trong trudng hop mot tin hiéu BPSK yéu cau khoang 1 dB SNR véi
PER 10 %, d6 nhay cia may vo tuyén 1a -99 + 1 = -98 dBm. Thuong cac thiét
bi chuan IEEE 802.11 c6 d6 nhay thuc té t6t hon so voi d6 nhay yéu cau cia
chuan IEEE 802.11, cac gié tri ndy dugc md ta trong bang 2.4.

Bdng 2. 4. BJ nhay Yéu cdu va dé nhay théng thwong thiét bi IEEE 802.11

Rate (Mbps) | Required Sensitivity (dBm) | Typical Sensitivity (dBm)
54 -63 -75
48 -66 -76
36 -70 -82
24 -74 -84
18 -77 -87
12 -79 -89
9 -81 -90
6 -82 -91
11 -76 -89
55 -74 -92
2 -80 -05

1 -84 -97

2.5.6. Thong lugng

Thong luong ciia mot duong két ndi thong tin 13 lwong dit licu thuc tai,
duong goi 1a tai dir liéu. dugc chuyén trong hé thong trong mét don vi thoi
gian. Thong lugng phu thudc vao nhiéu thong sé khac nhu téc do dir lidu, sb
luong thiét bi, thoi gian truy nhap kénh, kich thudc tai, cac bit phu... Trong

truyén thong sd, thuong giri dit liéu qua cac géi, thong luong mot duong két
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ndi thuong nho hon tdc do dir lidu, do trong mdi goi co doan mao dau, tuy
khong phai tai dit liéu nhung giup nang cao hiéu suét truyén.

Néu ¢6 nhiéu hon mot may khach canh tranh truy nhdp kénh vao mot
diém truy nhap AP, thong luong danh riéng 13 thong lwong duoc chia diéu
cho tat ca cac may khach, v6i gia dinh tat ca cac may nay dang cho dé truyén
g6i. Vi du 5 may khach canh tranh truy nhap vao 1 AP tdc d6 54 Mbps, thong
luong 1a 30,8 Mbps khi cac géi 1518 byte duogc st dung, thi thong luong danh
riéng cho mdi dudng két ndi 1a 6,16 Mbps.

Mot danh sach SNR yéu cdu thong thudng va thong luong cho mot
duong két ndi 1 chidu tir may khach dén AP dugc dua ra trong bang 2.5. Gia
tr1 thong luong gia kich thude cac goi la 1518 byte.

Bang 2. 5. SNR cdn thiét, 10% PER va théng lurong cho téc dé dit liéu da cho

Rate (Mbps) | Required SNR (dB) | Throughput (Mbps)
54 24.5 30.8
48 21 28.5
36 18 238
24 15 17.7
18 12 14.2
12 9 10.1
9 7 78
6 5 54
11 8.5 8
55 45 3
2 4 1

1 1 0.5

2.6. Két luan chwong

Chuong 2 di vao trinh bay van dé vé kién triic phan 16p MAC cua hé
théng WLAN, chirc nang phdi hop phan tan DCF, chirc ning phdi hop diém
PCF, cau trac khung tin dit liéu giao thirc 16p MAC.

Noi dung trong tdm cta chuwong di vao dic trung cua ho tiéu chuin
802.11 ap dung cho cac h¢ théng WLAN. Tir md hinh td chirc mang, phan
chia kénh va tan sd, kiéu diéu ché va toc do dir liéu, phuong phép truy nhap
kénh dén ty s6 SNR, d6 nhay thu, thong luong... déu duogc gidi thiéu chi tiét,
lam tién dé cho viéc nghién ctru su suy giam thong luong lién quan dén cac
dac trung nay & chuong sau.

CHUONG 3: GIAI PHAP MO RONG DUNG LUQNG WLAN
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3.1. Mot so ly thuyét lién quan vé cell mang WLAN

Khai niém cell ban dau duoc hinh thanh nhu mot phuong phap cung
cip quyén truy cdp cho dién thoai di dong trén mot khu vuc dia Iy. Mdi dién
thoai s& két ndi véi nhiéu tram ¢d dinh duoc trién khai dé bao phi mot khu
vuc vat 1y 16n. Moi ving dat tram dwa trén cung cap ving pha séng cia riéng
né hoic té bao di dong, két ndi cac thiét bi bén trong nd dén hé théng dién
thoai c6 day. Néu mdi tram géc duoc dat dung cach, nguoi dung s€ di chuyén
tor mot 6 tiép theo s€ trai nghiém pham vi bdo dam khong bi gian doan vi mot
0 s€ x6a tay goi cho ngudi khac. Thu tuc bat tay nay con duoc goi la dich vu
chuyén ving truc tuyén (roaming).

Mot hé thdng twong tu nhu kién triic di dong cho dién thoai ngay nay
dugc str dung trong thiét ké mang WLAN, nhung trén mdt ving phu séng nho
hon. Thay vi di¢én thoai di dong két ndi véi tram cb dinh, may tinh xach tay
khong day, PDA, dién thoai va cac may khach khac két ndi voi AP. Cac AP
c6 dién tich vang phti séng nho hon nhiéu so véi tram di dong do do nhay cia
tbc d6 mang WLAN va giéi han cong sudt may phat, nhung van ton tai cdu
tric té bao twong tu. Trong trién khai mang WLAN quy mé 16n, nhiéu AP can
dugc dat mot cach hop 1y dé bao quat ding tat ca cac khu vuc can két ndi
thong qua kénh khong day. Khi nguoi dung di chuyén qua méi truong mdi
AP can két n6i voi AP 1an can dé cung cap chuyén ving lién mach, giong nhu
trong cac h¢ théng dién thoai di dong.

3.1.1. M6 hinh céc cell

Pé tao diéu kién dé dang mo6 hinh héa mdt h¢ théng té bao, mdi té bao
duoc thé hién béng mot hinh dang hinh hoc, dién hinh 12 mét hinh luc giac.
Trung tdm cua té bao 1a noi dat tram gdc duoc dat va nd co thé giao tiép véi
bat ky thiét bi di dong nao trong pham vi cia né, gidi han bai duong vién cua
hinh lyc gidc. Néu anh hudng t6n hao duong truyén la nghiém trong do vat
can va che khuat tin hiéu mo hinh nay c6 thé khong chinh xac, nhung né luén
1a diém khoi dau 1y thuyét co ban tét. Cac té bao dugc nhom lai v6i nhau
thanh cac sép xép cu thé duge goi la cum. Mbi cum phai duogc tao ra theo

cach s€ cung cap kha ndng moé rdng va ngan ngua cac khoang trong trong
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vung pht séng. Dé duy tri yéu cau nay, mot cum phai chtra N 6 duoc xac dinh
bdi cong thire sau (theo tai liéu [9]:
N=i%+ij+j° (3.1)

Véi i, j 1a cac sb nguyén khong am.

Pé tim mot 6 hoat dong trén cing mot kénh duoc cung cip mot cum 6
N, hay di chuyén s i ciia cac 6 theo chiéu ngang va sau d6 xoay 60 do ngugc
chiéu kim ddng hd va di chuyén céc 6 j. Diéu nay dan dén kich thudc cum 6
c6thé 14 3,4, 7,9, 12, 13 hodc bat ky gia tri ndo caa N theo (3.1). Tat ca cac 6
khac trong cum da cho s hoat dong & tan s6 khac nhau.

3.1.2. Nhiéu va ding lai tin sé

O cap do hé thong, nhiu c6 thé dugc chia thanh hai loai: dong kénh va
khac kénh. Xay ra nhidu dong kénh néu tin hiéu gay nhiéu dang dugc truyén
trén clng tan s6 voi tin hiéu mong mudn. Nhiu séng ngoai kénh xdy ra khi
¢ bat ky tin hiéu nao bat mdt tan s6 khac nhau chdy vao kénh mong muén,
thuong 1a do han ché thuc té cua cac bd loc ciia mach phat va thu.

Nhiéu kénh 1an cin la mot loai nhiéu ngoai kénh lién quan dén nhiu
gay ra boi cac kénh 1an can 1an can theo tan sd. Su 1an can xen k& dé cap dén
nhidu gy ra tir cac kénh ngoai tin sé khong lién ké véi tin hiéu mong mudn
(nghia 13, 2 hodc nhiéu hon cac kénh di). Nhiéu lan c4n xen ké& thudng it hon
so voi nhiéu lién ké do cac kénh duge dit cach nhau vé tan sé.

Thong s6 k¥ thuat ctia chuan 802.11 dit giéi han cho phép loai bo kénh
lién ké va xen ké tbi thiéu duoc phép cho radio. i voi hé thong DSSS, tit ca
cac thong $6 ky thuat kénh lién ké duoc dit thanh 35 dB. Piéu nay c6 nghia la
rang mot kénh 1an can s& c6 thé ting cong suét tin hiéu ciia nd xudng dudi 35
dB so v6i kénh tin hi¢u lan cén va van c6 thé hoat dong ma khong c6 161 goi
dang ké. Pdi vé6i OFDM hé théng, gid1 han tur chdi nay phu thudc vao tde do
dir liéu. Mot danh sach cac thong ) k¥ thuat dugc dua ra trong Bang 3.1 duoi

day.
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Bdng 3. 1. Y&u cau logi bé nhiéu lan cdn va nhiéu 1an cdn xen ké cho hé théng

IEEE 802.11 OFDM
Rate (Mbps) | Adjacent Ch. Rejection (dB) | Alternate Adjacent Ch. Rejection (dB)
6 16 32
9 15 31
12 13 29
18 I 27
24 8 24
36 4 20
48 0 16
54 -1 15

Khi xem xét ki hon vé Bang 2.6, c6 thé thay rang su khéac biét giita yéu
cau SNR tir Bang 2.5 va yéu cau loai b ciua Bang 2.6 cung céap gia tri khong
d6i twong ddi cua loai bo kénh lién ké doc 1ap véi toc do dir lieu. Céac loai bo
duogc hién thi trong Bang 2.6 thém SNR dugc yéu cau trong Bang 2.5 cho mot
ty 16 nhat dinh mang lai khoang loai bo 25 dB cho cac kénh 1an can va loai bo
42 dB cho céc kénh lién ké thay thé. Cac gia tri ndy s& dugc sir dung dé mé
phong luong loai bo ¢6 san cho cac thiét bi, mic du chung 1a nhitng truong
hop x4u nhat. Hau hét céc thiét bi cung cép dd loai bo tot hon so véi diéu nay,
d6 loai bo tuy thudc vao thiét ké may thu va thay doi tuy theo nha cung cép.
N6 ciing sé& gia dinh rang dic diém k¥ thuat 1an can xen k& 1a truong hop xau
nhat cho tat ca khong lién ké céc té bao ngoai kénh.

Tat ca cac loai nhidu c6 thé giy suy giam hé théng néu mirc do du 16n
dé anh huong dén CIR cua tin hiéu thu duoc. Mot cach gitp giam thiéu anh
huong cua nhidu déng kénh 13 dit cac 6 co cung tan sb ¢ khoang cach ma
cong suat nhan duoc cua ching s& 1a thap nhat co thé & cac 6 co cung tan s6
khac. Khoang cach nay la duoc goi 1a khoang cach tai sir dung tan s6 thich
hop. Khoang cach tai st dung phu hop sau do c6 thé dugc tinh bang ty 1¢
khoang cach gifta cac cell dong kénh D va ban kinh cell theo ké hoach R. Ty
1€ D/R thich hgp, con dugc goi 1a ty 1€ tai sir dung déng kénh hoac Q, phu
thudc vao sb lugng kénh c6 san N: (theo [9])

2-0-3N (3.2)
Néu chi xem xét ban kinh dong tdm déu tién cua cac 6 dong kénh, thi

két qua CIR cho mot may khach trong cell c6 thé duge tinh xap xi theo [9]:
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(eN) (33)

CIR=

Trong d6 i 14 sb luong 6 dong kénh 1an cén va n 1a sé mil trung binh
yéu t6 ton hao duong truyén cho méi trudng nhét dinh. Trong truong hop may
khach Client ndm & ria cta thiét bi té bao, mot trudng hop xdu nhat CIR duogc
tinh boi: (theo [9])

R= _ (3.4)
2Q-)"+2(Q+D) " +2Q™"

3.1.3. Mé hinh ton hao dwong truyén va cwong dé tin higu

Tat ca cac thiét bi khong day hoat dong bang cach truyén song vo tuyén
qua mot moi truong mé. Khi song vo tuyén lan truyén, cuong do tin hiéu
giam dan trong mot ban chat theo cp sé nhan. Sy giam bién d6 tin hiéu nay

¢6 thé duoc mo hinh héa trong mot dai lwong trung binh theo [8]:
PL(d) =10l0g,, (-2’ (3.5)
4rzd

Trong d6 A 1a bude song tin hiéu va PL(d) 1a ton hao duong truyén &
khoang céch d.

Trong mot lién két vo tuyén, tin hiéu truyén trong khong gian ba chiéu
tir ang ten. Ang ten s& khuéch dai hodc suy hao tin hiéu tiiy theo hudng buc xa
va tinh dinh hudng cta anten. Mot dng ten truyén niang luong theo moi huéng
nhu nhau 13 goi 14 bd phat xa dang hudng. Mot ang ten ldy ning lugng va tap
trung tin hiéu theo hudng khong gian nhét dinh , tao ra huéng anten. Khi xem
xét anh huong ciia cong suat may phat va mirc ting anten, cong suat tin hiéu
nhan dugc ¢ khoang cach d 1a dugc cho bai: (theo [8])

2
PL(d)=10log,, (%) (3.6)

Trong d6 Pt 1a cong suat phat, Pr 1a cong suat nhan duoc, Gt 1a do ting
ich ctia anten phat va Gr la d§ tang ich cua anten thu.

Ta s& gia dinh rang tat ca cac ang-ten hoat dong v4i mic tang ich 0 dB
theo kiéu da huéng. Noi cach khac, khong c6 muc tang ich hodc dinh huéng
ang-ten s€ dugc xem xét.

Cong suat nhan duoc ciing c6 thé dugc tinh tuong dbi véi mot diém

khac trong khong gian. Néu ching ta do ton that duong truyén & khoang cach
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d3 biét dy tir thiét bi truyén, cong suit thu tai diém bat ky nao khac d, duoc
cho boi: (theo [8])
Pr(d) = Pt—PL(d,) 10 n|og(di) (3.7)
0

Hau hét cac mo phong va dan xuit trong nghién ctru ndy sé& 1ay don vi
d6 dai 1a Foot (ft). Bién n trong (3.7) s& ludn duoc gia dinh, d c6 don vi ft, dg
lubn ludn 1a 1 ft va P_ (do) 1 ton hao dudng truyén ¢ 1 feet. G mic 5 GHz,
day la khoang 30 dB theo (3.5).
3.1.4. Kich thuoc cell

a. Cell quy hoach

Cell quy hoach trong trién khai mang WLAN 1a khu vuc vat Iy ma AP
duogc thiét ké dé phu song. Khu vuc nay c6 thé 1on néu st dung hudng trién
khai vi myc dich phu séng, hoic nhé hon néu c6é muc dich nang cao dung
luong. Pé minh hoa 6 dugc 1én ké hoach, hay xem xét mdt trién khai 2.4
GHz trong mot khu vuc hinh chit nhat 220 ft x 320 ft. Trong bang tan 2,4
GHz hién tai, ba kénh cung ton tai la: kénh 1 (2,412 GHz), kénh 6 (2,437
GHz) va kénh 11 (2,462 GHz). Néu can trién khai theo hudng phi séng, bén
AP véi ban kinh 100 ft ¢6 thé dugc dinh vi dé bao phu toan bd khu vuc nhu
trong Hinh 3.1 dudi:

J6E8

Planned Cell
~
Coverage Area

[2437 Mz

(24120012 2412 M2

Distance [feed)
w
20N

[2462 MRz

12461

320nm
4052

[ 8192 19286 26638 34632 42046 510

Distance [feet]
Hinh 3. 1. Kich thuée cell quy hoach thiét Idp dé bao phii khu vec 220 x 320 ft
Trong hinh, cac vong tron la kich thudc cell dugc quy hoach véi ban
kinh 100 ft, duoc dit sao cho dé bao quat toan b khu vuec. Bt ky khach hang
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nao trong ban kinh cell quy hoach dugc gia dinh déu co thé 1a giao tiép véi
AP tai trung tdm ctia nd. Céac vi tri X 14 vi tri cia mdi AP, véi tan s cia AP
dé dugc ghi bén canh n6. Khu vuc bén trong hinh chit nhat dai dién cho ving
phu séng mong mudn, 13 tong khong gian dia 1y dugc cac AP bao phu thong
qua kénh vo tuyén. Vi bén AP duogc sir dung dé pha song khu vuce nay va chi
co ba kénh kha dung, mot tan sb (2,412 MHz) duoc 1ap lai tai khoang cach
300 ft (theo cong thirc theo (2.2)) tir cell dong kénh ciia nd. Cell quy hoach 14
khu vuc trong d6 mot AP s& bao phu bat ky khach hang ndo bén trong né.
Kich thudc cell khong dugc thiét 1ap boi bat ky cip nao, nhung duoc chi dinh
boi cac nha thiét ké ctia mang dua trén dung luong yéu cau cua viée trién
khai.
b. Cell tranh chap vt Iy

Kich thude cell dugce tao bo1 mic ngudng CCA vat 1y duoc goi 1a kich
thude cell tranh chap vat 1y. Cell tranh chap vat 1y 1a khu vuc ma cac thiét bi
s€ canh tranh hoac tranh chép két ndi vai thiét bi tai trung tam cua no theo co
ché danh gia kénh rdi vat 1y. Do do, tat ca cac thiét bi trong mot cell tranh
chap vat 1y chia sé kénh theo cac khoang thoi gian khac nhau, dan dén thong
luong suy giam ty 1 thuan véi sb luong thiét bi bén trong vat 1y té bao tranh
chap.

Nhu d3 néu trong phan trudc, ngudng CCA bi giéi han trong IEEE
802.11a 1a tbi da -82 dBm. Bién ddi cong thire (3.7) , kich thudc cell co thé
dugc tinh tir cong suat tin hiéu thu. Néu cong suat thu dugc dit bang voi

ngudng CCA, mét cell tranh chp ban kinh c6 thé dugc tinh nhu sau:

Thresh—Pt+PL(dg)

r(thresh)=d,10  -on (3.8)

Trong d6 Thresh 1a gia tri ngudng tinh theo dB, Pt 13 cong suit may
phét, P_ (do) 14 ton hao duong truyén & khoang cach da biét do va n 1a hé sb
t6n hao dudng truyén theo ham mil.

Kich thudc 6 vat ly phu thudc vao nguong CCA cua may thu, n, va Pt.
Chung ta gia dinh rang Pt bang nhau cho tat ca cac thiét bi (may khach va
AP), do d6, kich thuéc cell tranh chap vat 1y s& giébng nhau cho toan bo trién

khai v6i 1 ngudng ngudng CCA va N cho trude. Gia st mot may vo tuyén
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dang hoat dong ¢ mtrc Pt 1a 11 dBm véi n 1a 3, ngudng CCA la -82 dBm thi
ban kinh cell tranh chap vat Iy s& 1a:

—82-11+30

r(-82) =1x10 13 =125ft (3.9)

Ban kinh cell quy hoach va cell tranh chap vat Iy ¢ tan sb 2,4 Ghz véi
ngudng CCA 1a -82 dBm duoc thé hién nhu trong hinh 3.2 dudi day:

42248 T

Physical

Planned Cell ontention Cell

31749

2125

Distance [feet]

10756

0 163.056 32284 48263
Distance [feet)

Hinh 3. 2. Cell quy hoach va cell tranh chdp vat ly véi ngwéng CCA la -82 dBm
Cac vong tron bén ngoai cua Hinh trén 1a kich thudc cell tranh chap vat

Iy cia mdi AP cho ngudng CCA 14 -82 dBm ¢ mdi tan sd AP (c6 cing tan sb
v6i Hinh 3.1). Khi cac AP cung kénh khong nam trong cell tranh chap cua
nhau, nén ca hai s& khong tranh chdp CCA vit 1y v6i nhau va sé khong hoan
truyén do nguyén nhén tir d6i phuong.
c. Cell tranh chdp do

Cell tranh chép 4o 12 pham vi ma mot thiét bi & trung tdm cia cell co
thé nhan cac tin hiéu IEEE 802.11 khac va giai ma ching. Pham vi ndy duoc
dit theo d nhay cua toc d6 dir liéu thap nhét c6 thé co trén thiét bi. Vai radio
DSSS, n6 dugc dat boi d§ nhay cua tbc do dit licu 1 hodc 2 Mb/giay va voi
cac thiét bi chi c6 kha nang tin hiéu OFDM, la d§ nhay cua tbc do dix liéu 6
Mbps. Cell tranh chép a0 khong duoc dat theo do nhay tai tdc do dit liéu hién
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tai ma thiét bj vo tuyén dang hoat dong, ma la voi tbe d6 dir licu thép nhat
thiét bi c6 thé hoat dong.

Cell tranh chap 4o khién céac cell trong ban kinh ctia n6 phai chd giri
mot gbi tin “canh tranh 40” dé truy cap vao kénh thoi gian. “Canh tranh 40”
nay dugc hiéu 1a  céc thiét bi mudn truyén géi phai cho, do co ché CCA ao
(dat gia tri NAV thanh gia tri cta truong do dai gbi dugc tim thay trong cac
thiét bi khac), khong phai do theo co ché CCA vat 1y (do vat 1y viéc st dung
kénh). Cell tranh chip a0 gy ra su suy giam thong luong theo cach twong tur
nhu su cell tranh chap vat 1y. Vi tit ca céc thiét bi trong cell tranh chip 4o s&
ngimg truyén cac thiét bi khac, tit ca cac thiét bi trong cell s& chia sé thong
lugng trong thoi gian chia sé.

Lay vi du, trudng hop gia dinh nhu trong hai phan a, b trudc. Gia s
mot may vo tuyén c6 kha ning tdc d6 1 Mbps dang hoat dong & mirc Pt 1 11
dBm va n 1a 3, 6 nhay -98 dBm (d9 nhay théng thuong & téc d6 1 Mbps) dan
dén ban kinh té bao tranh chap 4o la:

—98-11+30

r(-98) =1x10 ¢ =430ft (3.10)

Mo ta truong hop nay nhu trong hinh 3.3.

Virtual
Contention Cell

624.06

31684

Distance [feet]

297 .59 ' .
-298.27 9133 1166 32253 629.47 7364

Distance [feet]

Hinh 3. 3. Kich thuéc cell quy hoach, cell tranh chép vat ly vacell tranh chdp do
Voi do nhay -98 dBm



39

Bdn vong tron 16n hon hién thi kich thuéc cell tranh chip 4o cia bon
AP trong hé thdng. Boi vi hai AP cung kénh (hai AP bén ngoai hoat dong &
2,412 MHz) nam trong cac té bao tranh chap ao khac, ca hai s& dit NAV cua
n6 dé gilr truyén trong thoi gian cua bat ky géi tin nao ndé nghe duge tir 6
khac. Ca hai cell nay, mac du hoat dong vdi cac AP riéng biét, s€ chia sé
kénh, dan dén suy giam thong luong ty 1& thuin véi sé luong thiét bi bén
trong 6 tranh chép ao.

Trong céc hinh 3.2 va 3.3, kich thudc cell vat 1y va ao caa céc thiét bi
hoat dong tai cung mot kénh (céc cell tranh chép déng kénh) duoc quan tam.
Nhitng té bao nay chi anh hudng 16n cho cac thiét bi hoat dong trén cing tan
s6. Piéu quan trong can luu ¥ 1 kich thudc cell tranh chip ciing ton tai cho
cac cell ngoai kénh, tuy nhién chiing thudng nhé hon nhiéu. Kich thudc cia
chiung tuy thudc vao do loai bo nhiéu ngoai kénh boi cac b loc va cac
phuong thitc CCA (Phéat hién nang lugng (ED) hodc Cam nhén so sanh song
mang (CS)) cta cac may thu trong trién khai. Hau hét cac tham chiéu dén kich
thudc 6 tranh chap sé& duoc coi 1a kich thudc dong kénh trir khi ¢6 quy dinh
khac.

3.2. Céc yéu t6 han ché théng lwong mang WLAN
3.2.1. Mt han ché ciia cdc hé thong WLAN theo chudn IEEE 802.11
a. Han ché ciia co ché danh gid kénh réi vit Iy

Viéc thu nhé kich thudc ving phu séng vé mit 1y thuyét co thé giap
thong luwong tot hon cho mdi ngudi dung. Tuy nhién, trong giao thirc IEEE
802.11, do giao thirc truy cap kénh CSMA/CA, mdi tram c6 mdt co ché vat Iy
va co ché 4o dé phat hién néu c6 bat ky may khach nao khac dang str dung
kénh va tri hodn truyén néu kénh dang duoc sir dung. Ngudng céng suat ma
trén ngudng ndy mot tram s& hodn truyén vat 1y bi giéi han ¢ mirc t6i da -82
dBm béi giao thuc IEEE 802.11a. Muc nay la dugc chon do d§ nhay yéu cau
tbi thiéu ctia téc do thap nhat trong 802.11a, 1a 6 Mb/giay.

Pé thé hién moét khia canh sy kém hi¢u qua cua giao thic IEEE 802.11,
hiy xem xét mot cdu hinh c6 thé c¢6 2 AP (m6t 13 AP mong mudn va mot cai
khac 13 nhidu dong kénh) va 1 may khach. Gia sir ca 3 thiét bi déu hoat dong

& cong suat may phat 11 dBm, cong suit mo phong cau hinh véi khoang cach
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may khach 13 5 ft va khoang cach tai sir dung dong kénh 1a 30 ft, dugc hién
thi trong Hinh 3.4 duoi:

40

cong suat cua AP1, AP2, CL1

20

ol
(=]

Cong suat thu (dBm)

i ] 5 0 5 10 15 20 25 30 35 40
Khoang cach (fi)

Hinh 3. 4. M6 hinh cong sudt tai cac khodng cach gom 2 AP dong kénh va 1 may
khach
May khach (CL1) dang lién lac v6i API, va AP2 1a mot nhidu dong

kénh. Néu ban kinh cell R 1a 10 ft, khoang cach st dung lai tan s6 D s& 1 30
ft theo cong thirc (3.2) va CL1 ndm cach AP1 5 ft, ndm trong ban kinh ving
phu tét cua nd. Cong suét tai mdi khoang cach dugc mo hinh héa boi cong
thire (3.7). R& rang Client c6 du CIR dé giai ma va cé thé giao tiép véi API.
Nhung vi cong suat tin hiéu CL1 thu tir AP2 & trén ngudng CCA cua CLI1,
CL1 s& hoan truyén vi phat hién dudng truyén tir AP2.

Mic du CL1 khong & cing 6 véi AP2, nhung nd van khong truyén
duoc do co ché CCA vat Iy cua nd va vé co ban chia sé kénh theo kiéu
TDMA véi AP2. Néu gia dinh rang ca lién két AP1 va AP2 déu hoat dong toi
da dung luong, thong lugng danh riéng co thé duoc cung cap cho CL1 s&
dugc chia mot nira va dugc chia sé gitra lién két AP1-CL1 va lién két AP2
(khong hién thi), dan dén khong hiéu qua trong bang théng. Viéc chia sé kénh
nay xay ra do Co ché CCA vit 1y cua thiét bi, mac du thyc té 1a CL1 ¢6 du
CIR dé giai ma tin hiéu tir AP1.
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b. Han ché ciia co ché danh gid kénh réi do

Mot tinh hudng tuong tu nhu mé ta trén ton tai do co ché danh gia kénh
40. Vi CL1 trong phan trén s& giai ma bat ky tin hiéu ndo trong hodc ngoai
cell hoat dong cua nod (bat ¢ tin hiéu gi -92 dBm hodc cao hon véi gia sir 6
Mb/gidy 1a téc d dir liéu thap nhat co thé hoat dong tai), nd s& ngimg truyén
khi nhan duogc goi tour AP2. Néu mot gb1 dén mot tram 16n hon d6 nhay cua
may thu, né s& duoc giai mi ngay ca khi goi d6 1a khong phai dé gui cu thé
cho Client do.

Boi vi may khach c6 thé giai ma trudong d6 dai trong gbi nay, né s& dat
NAV cua nd dé hoan truyén trong sudt thoi gian cta gbi nhan duoc. Pidu nay
cling dan dén su khong hiéu qua ctia kénh, vi CL1 dang danh thoi gian cho
doi cac goi khong nam trong cell hoat dong riéng ciia né sé& khong anh huong
dén kha ning nhéan cac goi tir AP1 tir mot quan diém CIR.

3.2.2. Yéu to anh hwong théng lwong mang WLAN

Tu quan diém nang luong buc xa, thong lugng co thé bi gi61 han bdi
cac muc cong suét tin hiéu theo 4 cach: Ty s6 CIR khong du, nat 19, nlt an va
su hodn truyén khong can thiét. Sy suy giam thong lugng nhu CIR khong du
khong thé dugc khic phuc bang phuong phap trinh bay trong luan vian, tuy
nhién ba phuong phap khac c6 thé.

a. CIR khong du

Dé giai ma tin hiéu nhat dinh, thiét bi phai nhan duoc cong suat tin hiéu
mong mudn ¢ mirc 16n hon cong suit nhiu. Su chénh léch cong suat nay la
CIR can thiét dé giai ma mot tin hiéu. Nhu di néu trong Chuong II, CIR yéu
cau phu thudc vao tdc do dir liéu van hanh. Cac CIR va SNR dién hinh cho
tbc do dir liéu cua IEEE 802.11 duoc hién thi trong Bang 2.5.

Pé chimg minh gidi han cia CIR khong hiéu qua, hdy xem xét cAu hinh
hai AP cung kénh va mot may khach dugc hién thi trong Hinh duéi day. Hinh
biéu dién mot tinh hudng co thé xay ra véi 3 cum cell (N), trong d6 kich
thudc cell quy hoach R 14 100 ft, dan dén khoang cach sur dung lai D 1a 300 ft.
Trong tinh hudng nay, may khach nam & ria cua cell quy hoach AP1. AP2
dugc coi 1a mot nhifu déng kénh tir quan diém CL1 (hinh 3.5).
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Trong tinh hudng ndy, may khach dang & ria cia AP1 té bao theo ké
hoach. AP2 duoc coi 1a mot giao thoa dong kénh tir quan diém CLI.

Tai CL1, muc tin hi€u mong mudn cao hon 9 dB so v6i mirc nhidu. Véi
CIR nay, CLI chi co thé 1a dugc dam bao giao tiép & toe d6 dit liéu can it hon
9 dB CIR dé giai ma. Néu n6 cb gang truyén & téc do yéu cau CIR cao hon,
né c6 nguy co va cham v6i AP2, néu AP2 xay ra dé truyén di cing mot lic.
CL1 c6 thé cai thién thong luong danh riéng ctia n6 bang cach tién gan hon
dén AP mong mudn, diéu nay s& khién CIR ting 1én, va lan luot nang cao tdc
do dit liéu t6i da ma no c6 thé hoat dong tai. Mot céch khac 1a Client tranh
hoat dong vd1 CIR khong du lam giam tdc do dit liéu cua nd, nén hoat dong &

toc do du véi CIR tai vi tri hién tai cta no.

AP1 cu1 AP2

Cong suat (dBm)
T
>
-~
v
N\
~ -
=
1 B et

=536
N \ /
‘\ \\\\ /
\\\ o = =
-%8 Tr— ——— -
3 CRR = 9dB r _::,:-'-':'.,:-:’:'f .
-100 1 | 1 | 1 1
0 352286 10429 15571 20714 25857 310

Khoing cach (ft)
Hinh 3. 5. Minh hoa cang sudt thiét bj v tuyén véi ti s6 CIR tai cac v; tri

Céc yéu t6 lam CIR khong du 1a Pt, n va vi tri twong doéi cua tin hiéu
mong mudn va tin hiéu gy nhidu. Cac thiét bi khong du CIR chiu cac hiéu
g suy giam thong luong khong thé cai thién bang cac diéu chinh cell tranh
chap vat Iy va a0, nhung co thé duoc giam thiéu bang cach 1ap cell quy hoach
thich hop.
b. Nut lp
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Nut 16 xay ra khi may khach c6 thé giai ma cac goi tir cac thiét bi khac
hoat dong bén ngoai cell quy hoach cia nd, nhung AP quy hoach cho né lai
khong thé. Néu AP mong mudn truyén mot goi cho mot khach hang trong cell
ctia nd, c6 thé bi mat goi vi Client d6 dang giai ma tin hiéu tir mot thiét bi
trong mot té bao khac va khong thé giai ma tin hiéu tir thiét bj d6 té bao riéng.
Viéc mat goi c¢6 thé 1a do CIR khong di & may khach. Néu mot thiét bj khach
c¢6 du CIR khi AP lién két ctia n6 truyén qua goéi ma né hién dang nhén tir mot
cell khac, Client c6 thé bo 15 goi vi né khong thé phan ing da nhanh dé dong
bo lai trén tin hi€u mong mudn. Mét tinh huéng tdn tai mot nat tiép xuc duoc
hién thi trong Hinh 3.6 dudi:

Physicsl and Virtual
Contention Cedl

33316

Planned Cell

Distance [Teet]
i
&

£6.96 11623 aTM 5§39.58
Distance [feet]

Hinh 3. 6. Vi du minh hoa nut 19
Trong hinh, CL1 nam trong 6 tranh chip 4o va vat ly cua ca AP2 va

CL2 cua cell bén phai. Trong tinh huéng nay, CL1 sé& giai ma cac goi tir AP2
va CL2. Néu AP1 thir truyén goéi dén CL1 trong khi CL1 dang giai ma goi tir
CL2 hodac AP2, géi tin dugc gui tir AP1 s bi bo 16. Do do AP2, CL2 1a nut 1o
ctia CL1. Van dé nut 16 duoc tao ra béi kich thude cell tranh chép qua 16n.
Mot thiét bi s& giai ma bat ky goéi ndo ma né c6 thé, ngay ca khi goi do 1a tir

mot AP khac. Ngin chin cac thiét bi giai mi cac goi khong duoc giri dén
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chung c6 thé giam cac goi bi bo 15 duoc giri dén ching va ting théng luong

ctia hé thong.

?
r A
c. Nut an
X304 Pannec Ce
Ployscs sne Vvt
Contervdcn Coln
i
.
a
e -
e
i i i 4 i i
» ©0 " 0 o
Ountance [Yeet]

, Hinh 3.7. Vi du minh hoa nit én
Tinh huoéng nut an xdy ra khi hai may khach dang tranh nhau st dung

cung AP va cac goi cua ching va cham tai AP. Hinh 3.7 trén cho thiy tinh
huéng nay, ca hai tram (CL1 va CL2) trong pham vi ban kinh cell tranh chap
vat Iy va 4o cta AP1, mic du ching khong tranh chap pham vi ciia nhau. Néu
mot khach hang c6 gang giri mot goi trong khi ngudi kia dang truyén, nod sé
khong phat hién tram khac do pham vi caa cac cell tranh chap va cac goi dugce
gui s& va cham tai AP. Nt an 13 do cac may khach khong co du kich thudce
cell tranh chap vat 1y va o dé cam nhan tat ca cac thiét bi trong té bao, giy ra
va cham goi va suy giam thong luong co thé xay ra.
d. Sw hodn truyén khéng can thiét

Mdt han ché khac ton tai trong IEEE 802.11 xay ra khi thiét bi co g0i
dé giri, nhung hoan truyén mot cach khong can thiét vi Iy do tranh chap. Khi
kich thudc cell quy hoach nhé hon duoc st dung so voi ca cell tranh chap vat
Iy va 4o kich thuéc, may khach va AP thuong giir cac gbi truyén, ngay ca khi
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c6 CIR thich hop c6 san ¢ ca hai dau cua lién két dé giai ma tin hi¢u. Mgt vi

du vé diéu nay dugc minh hoa trong hinh 3.8 dudi.

426

Distance [foeq)

J
645 "1re st 49263

Hinh 3. 8. Minh hoa su hoan truyen khang can thiét
Trong Hinh, hai cell dong kénh riéng bi¢t ndm trong pham vi cell tranh

chap vat Iy va ao cua nhau. Trong tinh hudng ndy, moi thiét bi trong mot
trong hai cell s& hodn truyén mdt goi do 1 thiét bi & cell khac dang truyén.
Trong cac hé théng hién tai, viéc hoan truyén nay co thé xay ra khi cac thiét bi
c¢6 da CIR dé giai ma chinh xac mot goi. Cac diéu kién hoan truyén khong can
thiét dugc gy ra bai cac thiét bi c¢6 kich thudc cell vat 1y va ao qua 16n. Néu
cell tranh chap cta 1 thiét bi qué 16n, phu ludn 1 cell quy hoach khac, no s&
tao ra mot tinh huéng trong d6 mot thiét bi hoan truyén. Gitt cho cac thiét bi
trong cac cell khac trong trudng hop thiét bi hién tai c6 du CIR dé giai ma gay
ra su suy giam thong luong khong can thiét.
3.3. Giai phép cai thién dung lwong mang WLAN

Bdn han ché duge mo ta ¢ trén gi6i han thong luong cia mot trién khai
IEEE 802.11 do mtrc cong suét tin hiéu cua céc thiét bi 1an can. Han ché vé
CIR khong dii 1a mot van dé khong thé khic phuc bang phuong phap duoc
mo ta trong luan van. Tuy nhién, néu mot thiét bi c6 kha nang diéu chinh kich
thudc cell tranh chép vat 1y va 4o, cac han ché ma nut 10, nat 4n va hodn
khong can thiét ap dat cho cac hé théng IEEE 802.11, c6 thé dugc cai thién.
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Su thiéu hiéu qua tdn tai do thuc té 1a su tranh chép va kich thudc cell
tranh chép vat Iy va do hién dugc dat (va dugc chi dinh 1a) qué 16n so vai kich
thude 6 duge 1én ké hoach dé trién khai cac hé théng vo1 muc dich nang cao
thong luong. Khi mat d6 ciia cac AP tang lén khi trién khai IEEE 802.11 va
kich thudc cell theo ké hoach dugc giam xudng, kich thudc cell tranh chap s&
can phai thu nho lai dé tao cac mang c6 thé md rong thong luong. Néu diéu
nay khong xay ra, cac thiét bi s& hodn truyén khong can thiét cho cac thiét bi
& xa khong nam trong 6 di cho.

Phuong phép giam céc kich thudc 6 tranh chip nay twong tu nhu khai
niém “Triét rao may thu” hay “SQUELCH?” nhu trong cic mdy vo tuyén dién
truyén thong. “Squelch” 1a mot k¥ thuat cho phép mot thiét bi vo tuyén bo
qua tin hiéu dudi ngudng cong suat da dat. K§ thuat nay duoc sir dung boi cac
may thu dé ngan chdn nhan cac tin hi¢u nhiéu, tap ¢6 muc tin hiéu nho. Va
diéu nay tuong ty nhu mot phuong phap dé xuat dé cai thién nang cao thong
luong trong ti€u chuan IEEE 802.11 hién tai. Mot danh sach vé cic han ché,
nguyén nhan cua chung va liéu chiung c6 thé duoc khic phuc bang cac
phuong phap “Squelch” hay khong 1a tém tat trong Bang 3.2 dudi.

Bdng 3. 2. Su co hé théng va bién phap cd thé khdc phuc

Han ché thong lugng Nguyén nhan Giam thiéu bang Squelch?
Nut 16 Cell tranh chap qué lon Co
Nt 4n Cell tranh chap qué nho Co
Hodn truyén khong can . o )
. Cell tranh chap qué lén Co
thiét
A . Lién quan dén vi tri ciia .
CIR khong du . Khong
thiét bi

Cac phuong phap dé diéu chinh kich thudc cac cell tranh chap nay

duoc thuc hién nhu cac phén dudi day.
3.3.1. Piéu chinh ngwéng CCA
Mot cach dé diéu chinh kich thudc cell tranh chap vat 1y 1a diéu chinh

ngudng CCA cua may thu va cong suat may phat. Ngudng CCA (duoc dinh
lugng theo muc cong suét tin hi€u) s€ dat pham vi cong suat nhan duoc khién
may phat bi tat. Néu mot AP hodc Client dang mubn truyén ma nhan duoc 1

tin hi€u trén muc nay, né s€ hoan truyén va thir tai mgt thoi diém khac. Hoan
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truyén do CCA vat 1y ¢o thé 1a do so sanh séng mang (CS) hodc phat hién
nang luong (ED). Khi mic CCA duoc ning 1én, ban kinh cell tranh chip vat
Iy gidm véi mot Pt ¢ dinh. Néu n6 duoc ha xuéng, ban kinh cell tranh chép
duogc ting 1én. Néu Pt duoc tang 18n, ban kinh cell tranh chip sé& ting véi mic
CCA khong d6i. Néu Pt bi giam, ban kinh cell tranh chap s& giam theo cong
thace (3.7).

3.3.2. Piéu chinh mirc Start of Package (SOP)

Mot phuong phap twong tir dé diéu chinh kich thude cell tranh chap a0
c6 thé dugc thuc hién bang cach diéu chinh mic Bat dau gbi (SOP) ctia may
thu dé dat do nhay tdi thiéu cua thiét bi. Cap do SOP thiét 1ap pham vi cong
suit trong d6 bén nhin s& quyét dinh tham gia trong viéc giai ma goi tin. Néu
mot goi dugc nhan & mirc cong suat thap hon murc ndy, thiét bi s& bo qua cac
g061. Trong thuyc té, mirc SOP thiét 1ap do nhay cua thiét bj. Khi mc SOP
dugc nang 1én, ban kinh cell tranh chap 40 giam cho mot Pt cd dinh. Néu no
duoc ha xuéng, ban kinh té bao tranh chép ao duogc tang 1én. Néu Pt tang, ban
kinh cell tranh chap 4o s& tang véi mac SOP khong doi. Néu Pt giam, ban
kinh cell tranh chép 4o s& giam.

Piéu chinh cac cip d6 CCA va SOP 1a cac phuong phap cua k¥ thuat
“Squelch”, trong d6 mirc squelch dat mic tin hiéu t6i thiéu ma may vo tuyén
s& nhan hodc giai ma. Mot danh sach tom tit nhitng diéu chinh nay dugc dua
ra trong Bang 3.3 sau:

Bang 3. 3. Hiéu qua cuia viée diéu chinh CCA, SOP va cdng suat may phat trén
cac 0 tranh chap

Diéu Cell tranh chap vat .
Mirc , Cell tranh chap 4o
chinh ly
CCA | Tang Thu hep Khong doi
CCA | Giam M6 rong Khéng doi
SOP | Tang Khéng doi Thu hep
SOP Giam Khong doi Mo rong
Pt Tang M6 rong Mo rong
Pt Giam Thu hep Thu hep

Mot nhugc dieém cua viéc st dung ngudng SOP dé diéu chinh 6 tranh
chap 4o la rui ro cua cat cac khu vyc cua mot t€ bao theo ké hoach. Vi moi

truong truyén, tin hiéu nhan dugc & mdt khoang céach nhét dinh c6 thé thay
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ddi 1on tuy thudc vao loai moi truong che khuét tin hiéu. Khi thiét lap céc
mirc SOP hitu han, ngudi ta can tinh dén sy thay doi nay dé tranh “cét bo”cac
thiét bi bén trong cell duoc quy hoach.

Ngoai ra con mot sé phuong phap dé cai thién théng luong hé thong
WLAN nhu nang cao churc nang dé)ng bo lai dé tranh bi mat g61, hodc diéu
chinh nén tap ctia may thu dé ting giam kich thude cell tranh chap vat 1y va 4o.
3.4. M6 phéng danh gia cai thién dung lwong khi &ng dung giai phap

Nhu di dé cap trong cac phan trude, ¢ hai yéu té phu thudc mic tin
hi¢u hién tai gi6i han thong lugng trong cac hé théng IEEE 802.11: Anh
huéng cua tranh chip va anh huong ciia CIR. Tranh chap 1a két qua cia kich
thude cell tranh chép quéd mirc hodc khong du, co thé giy suy giam thong
luong khong mong mudn. CIR gidi han thong luong 13 do céc thiét bi khong
du CIR dé hoat dong tai mot vi tri nhét dinh. Véi hiéu ung tranh chép, cac
thiét bi trong cac BSS khac nhau sé& tranh chap voi nhau va chia sé kénh vo
tuyén. Piéu nay dan dén sy suy giam thong lugng danh riéng ty 1& nghich véi
s6 luong kénh chia sé kénh.

Trong luan vin, ta di vao cai thién thong luong bang cach thay doi kich
thude cac cell tranh chap vat Iy va ao. Néu cac cell tranh chap dugc thay doi
kich thuéc hop 1y (tirc thay d6i mirc CCA va SOP hop 1y) dé tranh viéc chia
s¢ kénh. Chung ta s€ tap trung vao cai thién su suy gidm thong luong do chia
sé dong kénh. Nhidu dong kénh 1a mot ngudn gy tranh chap chinh va suy
giam thong lugng trong céc trién khai cta 802.11. Phan tich cac hiéu tng
dong kénh vé suy giam thong luong do CIR va tranh chap duoc thuc hién, dé
xem ca hai anh huéng dén thong lugng danh riéng cua céc thiét bi trong mot
hé thong nhu thé nao.

3.4.1. Cdc yéu té anh hwéng dén chia sé dong kénh

Kich thudc cell tranh chip vat Iy va 4o phu thudc vao cong suit may
phat, CCA hodc mirc SOP va ton hao duong truyén trung binh gitra cac thiét
bi trong hé thdng theo cong thirc (3.8). Ton hao dudng truyén ctia hé théng
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phu thudc vao vi tri cta thiét bi cling nhu ban chit moi truong truyén. Tuy
thudc vao sb luong thiét bi va vi tri tuong ddi cua chung, su suy giam thong
luong ctia mot hé théng do su tranh chép ¢ thé khac nhau. Vi tri tuong dbi
cua cac AP phu thudc vao kich thudc 6 dugc quy hoach va sb lugng tan sb co
san trong hé théng. Bén canh Pt, mitc CCA va mac SOP, c4c bién sb anh
hudng dén sd luong viéc thiét bi hoan truyén phu thuéc vao n, N va kich
thudce cell quy hoach.

Pé du doan chinh xac murc d6 suy giam thong luong do nhiing tac dong
nay, can trién khai mot sb luong 16n AP xung quanh mot AP cho trude. S6
luong AP dugce xem xét nén duge dua vao ria cua cell tranh chép vat 1y hodc
ao dé tao truong hop chia s¢ dong kénh xau nhat. Panh gia nay cho thiy co
bao nhiéu AP ddong kénh trong cac cell tranh chip cia mot AP cu thé. Diéu
nay dugc thuc hién véi cac gia tri khac nhau cua hé s6 ton hao duong truyén
theo ham mii (n), kich thudc cell quy hoach R va s6 luong kénh c6 sin N, dé
xem mdi bién anh huong dén sd luong thiét bi chia sé kénh. S luong céc
thiét bi chia sé kénh gy ra suy giam thong luong. Céc gi tri clia cac bién nay
duoc xem xét duogc thé hién trong Bang 3.4.

Bdng 3. 4. Cac bién sir dung md phong trong cell tranh chdp

Ban kinh cell quy
n N
hoach
2.2 15 ft 3
2.8 50 ft 7
3.4 100 ft 19

Céc hang s6 dugc gia dinh trong ndy nay 1a Pt =17 dBm, tan so trung
tam 1 5,180 MHz, mirc d6 nhay ti thiéu -92 dBm (d6 nhay dién hinh cua tdc
d6 dir liéu thap nhat ctua IEEE 802.11a) va ngudng CCA 14 -82 dBm (muc tdi
da duoc dat boi chuan IEEE 802.11a). Tat ca cac bién va hang sb 1a cac gia tri

phé bién trong cac trién khai IEEE 802.11 hién tai. Ta tinh toan vi tri cia moi
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AP dong kénh véi mot cell quy hoach cho trude va khoang cach tai sir dung
dong kénh. Vi biét trudc sd luong tan s va ban kinh cell quy hoach, khoang
cach tai st dung dong kénh duoc tim thiy theo dén (3.2).

Khi da biét khoang cach tai st dung dong kénh, vi tri cia AP dong
kénh c6 thé duoc tim thiy theo (3.1). Ban kinh cell tranh chap 4o va vat Iy c6
thé 1a dugc tim thiy theo (3.8) va mot vong tron c6 ban kinh nay s& dai dién
cho cell tranh chap. Bat ky AP nao trong mot hodc ca hai cell tranh chap vat
1y, 40 s& chia sé kénh nhu da mé ta trong cac phan trude. Két qua thong luong
danh riéng cua céac thiét bi trong tinh hudng nay 1a ty 18 nghich véi s6 luong
thiét bi chia sé kénh. Vi du: néu 10 AP duoc dat trong cac cell tranh chép cua
mot AP quan tam, 10 AP d6 sé chia sé kénh va thong luong danh riéng s€
dugc giam xudng mirc nghich dao cta sb lugng AP chia sé (trong trudng hop
nay, thong lugng s€ 1a 1/10 hoac 10%).

Pau tién, ta xét dén anh hudng cua viéc thay dbi kich thude cell quy
hoach. Biéu d6 so sanh kich thude cell 1a 15, 50, 100 ft véi hﬁng s6n=2_8va

c6 7 kénh c6 san duoc chi ra trong 3 hinh dudi day:

1600
1400
1200, . -
1[100;-'

800F

600 |

Khoang cach (ft)

400} -

2[][}:-.!.- L]

D 1 L L L L 1 L
0 200 400 600 800 1000 1200 1400 1600
Khoéng cach (ft)

Hinh 3. 9. Vi tri dit AP dong kénh va kich thuée cell tranh chdp cua cell quy
hoach 15 ft
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400 -
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Hinh 3. 10. Vi tri ddt AP dong kénh va kich thuéc cell tranh chdp cia cell quy

hoach 50 ft
16[}0 T T T T T T T
1400 F Cell tranh chép o |
1200 4
Cell tranh chip vat ly
£ 1000} |
=
=
:1) 800 - Cell quy hoach T
=
g
S s00f i
-
400 i
200 4

[] | 1 1 1 1 1 |
0 200 400 600 800 1000 1200 1400 1600
Khoang cach (ft)

Hinh 3. 11. Vi tri dit AP dong kénh va kich thuéc cell tranh chap cia cell quy
i ,hoach 100 ft ,
Trong moi trudong hgp, so6 luong AP chia sé kénh 1a s6 lugng X bén

trong cell tranh chap vat 1y hodc 4o cia AP quan tam. Bang cach sir dung N =
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7 va cai dat kich thudc cell quy hoach dén 15, 50 va 100 ft, khoang cach su
dung lai tré thanh 69, 230 va 458 ft twong tng, theo (3.2). bdi véi cac cell
quy hoach 15, 50 va 100 ft, cdc danh gia hién thj 337, 31 va 7 AP chia sé
kénh. Piéu nay din dén suy giam thong lugng danh riéng boi mot hé sb
1/337. Khi cac cell quy hoach c¢o6 kich thudc 16n hon duogc st dung, cac kénh
ddéng dugc dat cach xa hon 13n nhau va suy giam thong luong it hon duoc
nhin thdy nhu trong hinh b, c¢. Panh gia cho thdy 31 va 7 thiét bi chia sé kénh
cho cac cell quy hoach kich thudc 1a 50 va 100 ft twong tmg. No6i chung, khi
kich thuéc té bao theo ké hoach ting 1én, co hoi ciia cac kénh cung tan sb co
kha nang chia s¢ kénh giam. Trong cac trién khai theo dinh hudng dung
luong, yéu cau ting sd luong AP, tirc giam kich thude cell quy hoach, dan
dén giam thong luong.

Ngoai ra, viéc ting, giam n, N ciing anh huong dén sé luong AP dong
kénh chia sé kénh (cting nam trong ban kinh cell tranh chép vat Iy hodc 4o cta
mot AP quan tam). S6 lidu duoc tinh todn nhu trong bang 3.5.

Bdng 3. 5. So luwong cac AP chia sé dong kénh theo n, N va ban kinh cell quy

hoach
Ban kinh cell quy . , )
N N S6 lugng AP chia sé dong kénh
hoach (ft)

2.8 15 7 69

28 50 7 230

28 100 7 458

28 50 3 150

28 50 7 230

28 50 19 378

2.2 50 253

28 0

34 0
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3.4.2. Pdinh gid chia sé dong kénh mé rong

Hinh 3. 12. Vi du vé md hinh vong ring dong tam dong kénh trong thong tin di
e : dong
Co0 thé lay xap xi so lugng thiét bi chia sé kénh trong moéi truong di

dong néu mot sd gia dinh vé mang duoc thuc hi¢n. Khao sat vi tri cac cell
déng kénh, mdt mo6 hinh doc 1ap vdi kich thudce cell hodc khoang cach s
dung lai tan s6 nhu hinh 3.12. Lép tht nhat cia cac cell dong kénh chia 6 cell
nhu trong hinh trén. Lép th hai chira 12 6. Mdi 16p lién tiép s& c6 sé luong
cell gap doi s6 vong trude, két qua 1a mdi cell cé 6n cell dong kénh, trong do
n 1a sd thi ty 16p. Céc 16p duogc tao co6 dang hinh luc giac, nhung s€ xép X1
bang mot vong tron.

Néu biét Pt, n, SOP va CCA, ban kinh cell tranh chép o thé duoc tinh
nhu trong (3.1) Néu biét N va kich thudc cell quy hoach, khoang cach sir
dung lai tan s6 co thé duoc tinh tir (2.2). S6 lwong cac 16p dong kénh dong
tam s& duoc wdc tinh boi 1dy phan nguyén cia ty s gitra ban kinh cta cell

tranh chap va khoang cach sir dung lai tan so:
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Pt—PL(d, )+Mmin(CCA,SOP)

10 10n

CoChTiers =[ R\/3_N
V6i min(CCA, SOP) 1 gia tri nho hon trong sb 2 ngudng CCA va SOP

f ] (3.11)

duoc cai dit. Do mo hinh lip lai cta 6n cell cho moi khoang cach st dung lai,

tong so cell chia sé dong kénh c6 thé duoc tinh:

CoChTiers
Feocmal= D, 61 +6a+1 (3.12)
=)

Véi i 1a phan nguyén va a 1 phan 1é ctia biéu thirc (3.11), phan [.] 13 lay
phan nguyén cia (3.12).

Dua trén (3.12) s6 luong AP dong kénh chia sé kénh c6 thé duoc tinh
trén pham vi ngudng CCA va SOP cho céac gia tr1 khac nhau cua n, Pt, N va
ban kinh cell quy hoach. Vi hang s6 n 1a 2,2, Pt 1a 17 dBm, kich thudc cell
quy hoach 1a 10 ft va N 1a 3 ta co thé tinh toan dugc sb luong chia sé déng
kénh.

Viéc chia sé kénh thap hon hon khi ¢ sir dung cell quy hoach c6 ban
kinh nho hon, pht hop véi danh gia trude d6. Pay 1a nhu ciu chinh dé diéu
chinh SOP va CCA. Khi kich thudc cell quy hoach giam khi trién khai mang
theo huéng ting dung luong, CCA va SOP ciing phai diéu chinh. S6 luong
cac cell cung kénh chia sé kénh ting dang ké cho nhiing thay d6i nho trong
ngudng cua SOP va CCA.

Viéc chia s¢ dong kénh té hon khi trién khai v6i n thap hon, ching han
nhu mot moi truong truyén thoang. Trong mdi trudng c6 nhiéu vt can hon
nhu méi trudng vin phong, tin hiéu tir cac thiét bi & xa suy giam nhanh hon
dan dén tin hiéu dén AP thap hon ngudng CCA va SOP.

Mt cong suat truyén cao hon giy ra viéc chia sé kénh 16n hon. Khi Pt
giam trén tat ca cac AP trong mot hé théng, ) lugng thiét bi & xa c6 thé nhan
duogc tin hiéu muc trén mot ngudng nhat dinh s& giam. Khi ¢6 N 16n hon tao

ra chia sé cung kénh it hon cho mot ngudng CCA va SOP nhat dinh. Khi c6
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nhiéu kénh hon c6 sin, cac thiét bi déng kénh co thé dugce dit xa nhau hon,
dan dén muc tin hiéu & cac AP xa thap hon.

Céc phan tich trén cho thiy rang c6 gia tri n va N 16n hon, Pt thap hon
va ban kinh cell quy hoach 16n hon cé thé 1am giam sé lugng cell dong kénh
chia sé¢ kénh, véi mot mic CCA va SOP nhét dinh. No ciing cho thiy sb
luong cac cell dong kénh chia sé kénh ting nhanh khi ngudng CCA va SOP
dugc ha xubng. V&i mot thay ddi nho muc ngudng, sb luong chia sé¢ dong
kénh c6 thé thay doi dang ké. Bang 3.6 trinh by anh huong cia n, N, Pt va
ban kinh cell quy hoach dén s6 luong chia s¢ dong kénh.

Bdng 3. 6. Anh hurong ciia Cac yéu to dén so luwong chia sé dong kénh

Tang gié tri S6 lugng AP chia sé dong kénh
n Giam
N Giam
Kich thude cell .
Giam
quy hoach
Pt Tang

3.4.3. Giam thiéu chia sé dong kénh sir dung ky thudt “Squelch”

Pé mo phong sy cai thién thong luong cia mang WLAN, ta xét trudng
hop giam thiéu tinh hubng chia sé dong kénh. Sy thay dbi sd lugng chia sé
dong kénh trong mang lién quan dén khoang cach sir dung lai tan s6 va béan
kinh cell tranh chép (hay lién quan dén ngudng CCA va SOP nhu da néi & cac
phan trude.

Trong phan nay gia sir CCA va SOP sé& duoc giit bang nhau, va s& duoc
phép thay d6i dé cai thién hiéu suét cua hé théng. Két qua phan tich nay sé& 13
mot cau trac lién két ban dd cho thay c6 bao nhiéu AP ddng kénh bén trong
cac cell tranh chap. Cac thong so cai dat mo phong duoc dua ra trong Béang

3.7.
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Bdng 3. 7. Cai dat cac thdng so dé phan tich chia sé dong kénh

Tan s6 5,220 GHz
Pt 17 dBm
N 19
N 2,8
Ban kinh cell quy
hoach 151t

Khi ngudng CCA va SOP dugc cai dat 1a -85 dBm, dya vao cong thirc
(3.8) tinh ban kinh cell tranh chap, va cong thirc (3.11) va (3.12) dé tinh s6
luong cac AP dong kénh trong vong tron cell tranh chip, ta c6 dugc md hinh
trién khai nhu hinh 3.13 dudi:

T T T T T hl T

Cell tranh chép

Cell quy hoach

Khoang cach (ft)
o
=]
(=]

% 0 200 300 ‘a0 500
Khoang cach (ft)

Hinh 3. 13. M6 hinh trién khai mang ¢ nguong tin hi¢u -85 dBm
MO0 hinh trong Hinh 3.13 cho thay vi tri cia cac AP dong kénh (ky hiéu

| |
600 700

1a X), kich thuéc cua céac cell tranh chap (cac ngudng bang nhau dé cac 6 co
cung kich thudc) va kich thuée cta cell quy hoach. Biéu do trong hinh thir hai

cho thay sy phan bd cong suét cta cac AP dong kénh tai AP trung tam. CCA,
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SOP va mirc cong suat ¢ ria cell quy hoach ciing dugc bao gdm trong biéu d6
biéu d6, thé hién béi cac duong thang dung.

Khoang cach sur dung lai, dugc tinh tir ban kinh cell quy hoach 15 ft va
cum 19 cell, 1 113 ft theo (3.2). Trong tinh hudng nay, c6 37 AP dong kénh
dang tranh chap dé s dung kénh. Ban kinh cell tranh chép 1a khoang 373 ft.
Diéu ndy c6 nghia 1a rang 37 té bao cing kénh chia sé kénh vo tuyén va
quyén truy cap ciing nhu thong luong danh riéng s& dugc chia cho tat ca 37
thiét bi. Tang mac d0 SOP va CCA 1én -75 dBm s€ thu nhé cac 6 tranh chép

va dan dén viéc it AP chia sé kénh nhu duoc hién thi trong hinh 3.14 duéi:

T T T T T T T

700 .

[=p]
=]
=
T
|

Cell tranh chip

- n

=] [

= =
T T

Khoang cach (ft)
(]
=

200+

1DD_ L] L] L] L] L] L] T

[} 1 | | | | | |
0 100 200 300 400 500 600 700
Khoang cach (ft)

Hinh 3. 14. M6 hinh trién khai mang ¢ ngung tin hiéu -75 dBm
bat ngudng ciia SOP va CCA thanh -75 dBm dan dén ban kinh cac cell

tranh chép la 164 ft. Do ¢6 7 AP trong cac 6 tranh ch?ip, nén hién tai chi c6 7
AP dong kénh chia sé kénh. Bang cach ting mic SOP va CCA tir -85 dBm
lén -75 dBm, s6 AP dong kénh chia sé kénh giam tir 37 xubng 7. Bang cach
ting cac ngudng nay hon nita, chung ta c6 thé loai bo viéc chia sé dong kénh

ctia tat ca cac AP nhu thé hién trong hinh dudi 3.15:
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Hinh 3. 15. M6 hinh trién khai mang kki dé hoa hop (tuned) 7
Trong hinh, mic SOP va CCA cua AP trung tdm dugc dat dé loai bd

bat ky chia sé kénh vé6i cac AP cung kénh khac (khéng c6 X nidm trong cc
cell tranh chap) va cung cp thong luong tdi da nhu bén trong cell quy hoach.
Trung tam AP c6 thé duoc coi 1a “hoa hop” boi vi nd khong chia sé kénh véi
bat ky AP dong kénh nao khac va toan bo cell quy hoach ctia nd van con che.
Tai vi tri hoa hop, thong luong danh riéng cua cac AP trong hé thong sé& 1a
hoan toan do CIR tai vi tri c4c thiét bi d6 khi trién khai chir khong phai do
chia sé ctia cac AP dong kénh.

Trong Hinh 3.16, ngudng SOP va CCA dugc nang lén diing diém ma
pham vi tranh chdp du nho dé khong bao gém cac AP dong kénh khac, nhung
da 16n dé bao gdm tat ca cac ving phu song trong 6 dugc 1én ké hoach. Néu
SOP va CCA cai dat dugc nang lén qué cao, canh ngoai cua cell quy hoach co
thé bi cat do cell tranh chip nam lot han bén trong cell quy hoach nhu hinh

duoi:
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Hinh 3. 16. M6 hinh trién khi bj cat o
Khu vyc khong dugc phu nay 1a do thuc t€ 1a cell tranh chap thiét 1ap

d6 nhay t6i thiéu cta radio, nhé hon cong suit nhan duoc & ria cua cell quy
hoach. Nhu d3 chi ra truéc do, mot thiét bi s& bo qua moi tin hi¢u nhan duoc
bén dudi ngudng SOP. AP trung tdm sé& khong thé nhan duogc bat ky tin hiéu
nao tir khach hang trong khu vuc chua dugc phil song nay. C6 diém chét
trong khong gian phii song cia AP 1a mot diéu rat khong mong mudn c6 thé
xay ra néu kich thudc té bao tranh chap 4o giam qua nhiéu.

Phan tich ndy cho thy rang viéc diéu chinh SOP va CCA c6 thé lam
giam sd luong AP dang chia s¢é mot kénh nhat dinh. Piéu ndy c6 kha ning
tang thong lugng danh riéng, vi cdc AP s€ khong phai chia sé kénh va dugc
truyén tai ty do néu mudn. Néu mirc CCA va SOP ting qué cao, may khach
trong khu vuc cell quy hoach c6 thé bi cit khoi AP du dinh cta ho. Diéu nay
cho thay rang phai trong viéc diéu chinh ngudng CCA va dé khong c6 tranh

chép va céc thiét bi trong cell khong mat két ndi véi AP.
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3.5. Két luan chwong

Chuong 3 di tap trung vao van dé chinh 1a nghién ctu su suy giam
thong luong ctia mang WLAN va giai phap can thién diéu nay. Mudn lam
dugc diéu d6 trude hét phai hiéu dugc cac 1y thuyét lién quan dén co ché truy
nhap kénh ctia mang WLAN theo chuan 802.11, do d6 dau tién chuong trinh
bay 1y thuyét lién quan dén cell, kich thuéc cua cell quy hoach, cell tranh
chap vat 1y va ao. Pay 1a co s 1y thuyét chi yéu cho viéc phan tich su suy
giam thong lugng, do thay doi cac mirc ngudng tin hiéu dan dén thay doi kich
thude cac cell nay. Viéc thay doi cac ngudng nay chinh 1a giai phap k¥ thuat

“Squelch:.
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KET LUAN

Luan van da thyc hién nghién ctru giai phap cai thién dung luong cua
hé théng mang WLAN theo chuan 802.11 véi cac két qua dat dugc nhu sau:

- Nghién ctru han ché cta chuan 802.11, cac yéu té anh hudng dén su
suy giam thong luong hé thong mang WLAN 802.11

- Tinh to4n phan tich sy suy giam thong luong ddi véi timg yéu td anh
hudéng

- M6 phong so sanh danh gia sy cai thién thong lugong mang khi ap
dung k¥ thuat Squelch dé diéu chinh cac ngudng CCA va SOP.

Noi dung luan van cung cAp mot s kién thirc co ban vé mang WLAN
theo chuan 802.11. Thong qua luan vin, ching ta d3 c6 dugc cai nhin tong
quan vé cach thtrc truy nhap, cac han ché giy suy giam thong luong ddi véi
hé théng WLAN 802.11 nhu nat an, nat 16, hodn truyén khong can thiét; déng
thoi qua cac md phong cling danh gid dugc sy cai thién dung luong khi ap
dung giai phap Squelch (thay d6i mirc SOP va CCA). Tuy nhién pham vi
nghién ctru méi chi gbi gon trong truong hop truyén song khong bi ché khuit,
va mo phong danh gida mdi chi khi anh huong cta nhidu dong kénh, chua

nghién ctru dén cac van dé vé nhicu khac kénh, che khuat...



62

TAI LIEU THAM KHAO

[1] John Halkin (Nov 1986), “Squelch”, Critics Choice
Paperbacks/Lorevan Publishing.

[2] Pejman Roshan, Jonathan Leary (Jan 2004), “802.11 Wireless Lan
Fundamentals”, Cisco Press.

[3] Trong-Minh Hoang, Minh Hoang (2012), “A Novel Analytical
Model to Identify Link Quality in 802.11 Mesh Networks”, 2012 Fourth
International Conference on Computational Intelligence, Communication
Systems and Networks , 129-136.

[4] Trong-Minh Hoang, Van-Kien Bui, Thi Nguyen (2015), “Analyzing
impacts of physical interference on a transmission in IEEE 802.11 mesh
networks”, 2015 9th International Conference on Telecommunication Systems
Services and Applications (TSSA), 1-6.

[5] John Blosco (2006), “Using receiver squelch techniques to create
scalable cellular networks in capacity oriented IEEE 802.11 deployments ™,
The University of Akron.

[6] R. Madan, A. Sampath, and N. Khude (2012), “Enhancing 802.11
Carrier Sense for High Throughput and QoS in Dense User Settings” Proc.
Of IEEE PIMRC.

[7] Trin Van Khan, D4 Qudc Trinh, Pinh Thé Cuong (2016), “Co sé ky
thudt thong tin vo tuyén ”, Hoc vién K¥ thuat quan su.

[8] Hoang Dinh Thuyén, Ta Chi Hiéu (2010), “Ky thudt anten va truyén
song”, Hoc vién K¥ thuat quan su.

[9] John Blosco (2006), “Using Receiver Squelch Techniques to Creat
Scalable Cellular Networks in Capacity Oriented IEEE 802.11 Deployments”, The
University of Akron.


https://ieeexplore.ieee.org/abstract/document/6274329/
https://ieeexplore.ieee.org/abstract/document/6274329/
https://ieeexplore.ieee.org/abstract/document/7440420/
https://ieeexplore.ieee.org/abstract/document/7440420/
https://ieeexplore.ieee.org/abstract/document/7440420/

63

PHU LUC

Lu4n vin st dung cong cu Matlab thuc hién mé phong méo phi tuyén
trong may thu s truc tiép bang rong. Chuong trinh mé phong str dung trong
luan vin duge trinh bay ¢ phan dudi day.

1. M6 phéng cong suét tin hiéu thu tai cac vi tri khoang cach cia AP1,
AP2, CL1

clear all;
close all;
clc;

d = -10:0.1:40;

Pr = 11-30-10*2.2*1log(d);
PhyCCA = -85;

VirCCA = -92;

Pcll = 11-30-10*2.2*1log(d-5);
Pap2 11-30-10*2.2*1og (d-30) ;

% hien thi PhyCCA
subplot (1,1,1);
hold on;
subplot(1,1,1),
semilogy (d, PhyCCA, 'r');

o\©

hien thi VirCCA

hold on;
subplot(1,1,1),
semilogy(d,VirCCA, 'g');

hold on;
subplot(1,1,1),
semilogy (d,Pr, 'b');

% hien thi
hold on;
subplot(1l,1,1),
semilogy (d, Pcll, 'b.");

% hien thi
hold on;
subplot(1,1,1),
semilogy (d, Pap2, 'b—-");

grid on;
title('cong suat cua APl, AP2, CL1'");
xlabel ('Khoang cach (ft)");
ylabel ('Cong suat thu (dBm) ") ;
% legend ('CCA vat 1ly','CCA ao','AP1l','CL1l','AP2");
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2. Mé phéng Vi tri dit AP dong kénh va kich thwéc cell tranh chip cia
cell quy hoach 15 ft

clear all;
close all;

clc;

d = 69;
xmin = 0;
xmax = 1600;
ymin = 0;

ymax = 1600;

xdraw_min = 0;
xdraw _max = 1600;
ydraw min = 0;
ydraw max = 1600;
x0 = 700;

y0 = 700;

list x = zeros (100000, 1);
list y = zeros (100000, 1);
num_points = 0;

o°

Xet cac toa do x cach x0 tu -1000 * d den 1000 * d
% Xet cac toa do y cach y0 tu -1000 * d * sqrt(3) /2 den 1000 * d *

sgrt (3)
o / 2
for i = -1000:1000
for 3 = -1000:1000
% Tinh ra diem (x,yVy)
if mod(j, 2) == 0 % Neu j la so chan => x cach x0 chan d
x = x0 + 1 * d;
else
x=x0+1*d+d/ 2;
end
y =vy0 + 3 *d * sqrt(3) / 2;
% Dieu khien la x nam trong khoang (xmin, xmax) va y nam trong
% khoang (ymin, ymax)
if (x >= xmin) && (x <= xmax) && (y >= ymin) && (y <= ymax)
% Nhu vay la co them mot diem
num_points = num _points + 1;
list x(num points) = x;
list y(num points) = y;
end
end
end

[o)

% Ve ra cac diem

figure ('Name', 'Tam giac');

plot (list x(l:num points), list y(l:num points),...
'--gs', ...

'LineWidth',1, ...

'LineStyle', 'none',...

'MarkerSize',2, ...

'MarkerEdgeColor', 'm', ...
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'MarkerFaceColor', [0.5,0.5,0.5])
hold on

plot (x0, yO0,...
'--gs', ...
'LineWidth',1, ...
'LineStyle', 'none',...
'MarkerSize',1, ...
'MarkerEdgeColor', 'r
'MarkerFaceColor', [0.5,0.5,0.5])

] ]
4

axis([xdraw min xdraw max ydraw min ydraw max]);

t= 0:pi/50:2*pi
x = 700+15*cos (t);
y = 700+15*sin (t);
plot(x,y,'-+g');
hold on;

x2 = 700+371*cos (t);
y2 = 700+371*sin(t);
plot(x2,y2,'-+b");
hold on;

x3 = 700 +662*cos(t);
y3 = 700 +662*sin(t);
plot (x3,y3,"'-+r'");
hold on;

3. Mé phéng vi tri dit AP dong kénh va Kich thwée cell tranh chap ciia
cell quy hoach 50 ft

clear all;
close all;

clc;

d = 230;
xmin = 0;
xmax = 1600;
ymin = 0;

ymax = 1600;

xdraw_min = 0;
xdraw_max = 1600;
ydraw min = 0;

ydraw max = 1600;

x0 = 700;
yO0 700;

list x = zeros (100000, 1);
list y zeros (100000, 1);
num_points = 0;

% Xet cac toa do x cach x0 tu -1000 * d den 1000 * d
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&& (y <= ymax)

% Xet cac toa do y cach y0 tu -1000 * d * sqrt(3) /2 den 1000 * d *
sqrt (3)
s / 2
for i = -1000:1000
for 3 = -1000:1000
% Tinh ra diem (x,vVy)
if mod(j, 2) == 0 % Neu j la so chan => x cach x0 chan d
x = x0 + 1 * d;
else
x =x0+1*d+d/ 2;
end
y =vy0 + j *d * sqgrt(3) / 2;
% Dieu khien la x nam trong khoang (xmin, xmax) va y nam trong
% khoang (ymin, ymax)
if (x >= xmin) && (x <= xmax) && (y >= ymin)
% Nhu vay la co them mot diem
num_points = num points + 1;
list x(num points) = x;
list y(num points) = y;
end
end
end

% Ve ra cac diem
figure ('Name', 'Tam giac');
plot (list x(l:num points), list y(l:num points),...
'-—gs', ...
'LineWidth',1, ...
'LineStyle', 'none', ...
'MarkerSize',2, ...
'MarkerEdgeColor', 'm',
'MarkerFaceColor', [0.5,0.5,0.57)

hold on

plot (x0, yO0,...
'-—gs', ...
'LineWidth',1, ...
'LineStyle', 'none',...
'MarkerSize',1, ...
'MarkerEdgeColor','r"',
'MarkerFaceColor', [0.5,0.5,0.57)

axis([xdraw min xdraw max ydraw min ydraw max]);

t= 0:p1/50:2*pi
x = 7004+15*cos (t);
% 700+15*sin(t) ;
plot(x,y,"'-+g");
hold on;

x2 = 700+371*cos (t);
y2 700+371*sin(t) ;
plot (x2,y2,"'-+t+b");
hold on;

x3 = 700 4+662*cos (t) ;
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y3 = 700 +662*sin(t);
plot (x3,y3,"'-+r");
hold on;

4. M6 phéng vi tri dit AP dong kénh va kich thuéc cell tranh chap ciia
cell quy hoach 100 ft

clear all;
close all;

clc;

d = 458;
xmin = 0;
xmax = 1600;
ymin = 0;

ymax = 1600;

xdraw_min = 0;
xdraw_max = 1600;
ydraw min = 0;

ydraw max = 1600;

x0
y0

700;
700;

list x = zeros (100000, 1);
list y zeros (100000, 1);
num_points = 0;

o

Xet cac toa do x cach x0 tu -1000 * d den 1000 * d
Xet cac toa do y cach y0 tu -1000 * d * sqgrt(3) /2 den 1000 * d *

o

sqrt (3)
s / 2
for i = -1000:1000
for 3 = -1000:1000
% Tinh ra diem (x,Vy)
if mod(j, 2) == % Neu j la so chan => x cach x0 chan d
x =x0 + 1 * d;
else
x =x0+1*d+d/ 2;
end
y =y0 + 3 *d * sqrt(3) / 2;
% Dieu khien la x nam trong khoang (xmin, xmax) va y nam trong
% khoang (ymin, ymax)
if (x >= xmin) && (x <= xmax) && (y >= ymin) && (y <= ymax)
% Nhu vay la co them mot diem
num points = num points + 1;
list x(num points) = x;
list y(num points) = y;
end
end
end

% Ve ra cac diem

figure ('Name', 'Tam giac');

plot (list x(l:num points), list y(l:num points),...
'--gs', ...
'LineWidth',1, ...
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'LineStyle', 'none',...
'MarkerSize',2, ...
'MarkerEdgeColor', 'm',
'MarkerFaceColor', [0.5,0.5,0.5])

hold on

plot (x0, yO0,...
'--gs', ...
'LineWidth',1, ...
'LineStyle', 'none',...
'MarkerSize',1, ...
'MarkerEdgeColor','r',
'MarkerFaceColor', [0.5,0.5,0.5])

axis([xdraw min xdraw max ydraw min ydraw max]);

t= 0:pi/50:2*pi
x = 700+15*cos (t);
y = 700+15*sin(t);
plot(x,y,'-+tg');
hold on;

x2 = 700+371*cos (t);
y2 = 700+371*sin(t);
plot(x2,y2,'-+b');

hold on;
x3 = 700 +662*cos (t) ;
y3 = 700 +662*sin(t);
plot (x3,y3,'-+r'");
hold on;
5. M6 phéng mo hinh trién khai mang 6 ngwéng tin hi¢u -85 dBm
d = 113;
xmin = 0;
xmax = 765;
ymin = 0;

ymax = 765;

xdraw_min = 0;
xdraw _max = 765;
ydraw min = 0;
ydraw max = 765;
x0 = 373;

y0 = 373;

list x = zeros (100000, 1);
list y = zeros (100000, 1);

num_points = 0;

o\

Xet cac toa do x cach x0 tu -1000 * d den 1000 * d

% Xet cac toa do y cach y0 tu -1000 * d * sgrt(3) /2 den 1000 * d *
sgrt (3)

s / 2
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for i = -1000:1000
for j = -1000:1000
% Tinh ra diem (x,yVy)
if mod(j, 2) == %
x = x0 + 1 * d;
else
x=x0+1*d+d/ 2;
end
y = y0 + 3 *d* sqrt(3) / 2;

Neu j la so chan => x cach x0 chan d

% Dieu khien la x nam trong khoang (xmin, xmax) va y nam trong
% khoang (ymin, ymax)
if (x >= xmin) && (x <= xmax) && (y >= ymin) && (y <= ymax)

% Nhu vay la co them mot diem

num_points = num points + 1;
list x(num points) = x;
list y(num points) = y;

end
end
end

[}

% Ve ra cac diem

figure ('Name', 'Tam giac');

plot (list x(l:num points), list y(l:num points),...
'--gs', ...

'LineWidth',1, ...

'LineStyle', 'none',...

'MarkerSize',2, ...

'MarkerEdgeColor', 'm',

'MarkerFaceColor', [0.5,0.5,0.5])

hold on

plot (x0, yO0,...
'-—gs', ...
'LineWidth',1, ...
'LineStyle', 'none',...
'MarkerSize',1, ...
'MarkerEdgeColor', 'r .
'MarkerFaceColor', [0.5,0.5,0.5])

axis([xdraw min xdraw max ydraw min ydraw max]);

t= 0:p1/50:2*pi
X = 373 4+15*cos(t);
y = 373 +15*sin(t);
plot(x,y,"'-+g");
hold on;

X2 373 +373*cos (t);
y2 = 373 +373*sin(t);
plot (x2,y2,"'-+b");
hold on;



xlabel ('Khoang cach (ft)”");
ylabel ('Khoang cach (ft)");
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6. M6 phong mé hinh trién khai mang & ngudng tin hiéu -75 dBm

clear all;
close all;

clc;

d = 113;
xmin = 0;
xmax = 765;
ymin = 0;

ymax = 765;

xdraw_min = 0;

xdraw_max = 765;

ydraw min = 0;

ydraw max = 765;

x0 = 373;

y0 = 373;

list x = zeros (100000, 1);
list y = zeros (100000, 1);
num_points = 0;

o

Xet cac toa do x cach x0 tu -1000 * d den 1000 * d

% Xet cac toa do y cach y0 tu -1000 * d * sqrt(3) /2 den 1000 * d *

sqrt (3)
s/ 2
for 1 = -1000:1000
for 3 = -1000:1000
% Tinh ra diem (x,yVy)
if mod(j, 2) == %
x = x0 + 1 * d;
else
x=x0+1*d+d/ 2;
end
y = y0 + 3 *d * sqrt(3) / 2;
% Dieu khien la x nam trong khoang
% khoang (ymin, ymax)
if (x >= xmin) && (x <= xmax) &&
% Nhu vay la co them mot diem
num points = num points + 1;
list x(num points) = Xx;
list y(num points) = y;
end
end
end

[

% Ve ra cac diem
figure ('Name', 'Tam giac');

Neu j la so chan => x cach x0 chan d

(xmin, xmax) va y nam trong

ymin) && (y <= ymax)

plot (list x(l:num points), list y(l:num points),...

'--gs', ...
'LineWidth',1, ...
'LineStyle', 'none',...
'MarkerSize',2, ...



'MarkerEdgeColor', 'm',

'MarkerFaceColor', [0.5,0.5,0.5])

hold on

plot (x0, yO0,...

'-=-gs', ...
'LineWidth', 1, .

'LineStyle', 'none',...

'MarkerSize',1, ...
'MarkerEdgeColor','r',

'MarkerFaceColor', [0.5,0.5,0.5])
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axis([xdraw min xdraw max ydraw min ydraw max]);

t= 0:p1/50:2*pi
x = 373 +15*cos (t);
y = 373 +15*sin(t);
plot(x,y,"'+g");
hold on;

X2 373 +164*cos (t);
y2 373 +164*sin(t);
plot (x2,y2, '-+b");
hold on;

xlabel ('Khoang cach (ft)”");
ylabel ('Khoang cach (ft)");

7. M6 phong mé hinh trién khi di hoa hop (tuned)

clear all;
close all;

clc;

d = 113;
xmin = 0;
xmax = 765;
ymin = 0;

ymax = 765;

xdraw min = 0;

xdraw _max = 765;

ydraw min = 0;

ydraw max = 765;

x0 = 373;

y0 = 373;

list x = zeros (100000, 1);
list y = zeros (100000, 1);
num_points = 0;

°

% Xet cac toa do x cach x0 tu -1000 * d den

1000 * 4
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&& (y <= ymax)

% Xet cac toa do y cach y0 tu -1000 * d * sqrt(3) /2 den 1000 * d *
sqrt (3)
s / 2
for i = -1000:1000
for 3 = -1000:1000
% Tinh ra diem (x,vVy)
if mod(j, 2) == 0 % Neu j la so chan => x cach x0 chan d
x = x0 + 1 * d;
else
x =x0+1*d+d/ 2;
end
y =vy0 + j *d * sqgrt(3) / 2;
% Dieu khien la x nam trong khoang (xmin, xmax) va y nam trong
% khoang (ymin, ymax)
if (x >= xmin) && (x <= xmax) && (y >= ymin)
% Nhu vay la co them mot diem
num_points = num points + 1;
list x(num points) = x;
list y(num points) = y;
end
end
end

% Ve ra cac diem
figure ('Name', 'Tam giac');
plot (list x(l:num points), list y(l:num points),...
'-—gs', ...
'LineWidth',1, ...
'LineStyle', 'none', ...
'MarkerSize',2, ...
'MarkerEdgeColor', 'm',
'MarkerFaceColor', [0.5,0.5,0.57)

hold on

plot (x0, yO0,...
'-—gs', ...
'LineWidth',1, ...
'LineStyle', 'none',...
'MarkerSize',1, ...
'MarkerEdgeColor','r"',
'MarkerFaceColor', [0.5,0.5,0.57)

axis([xdraw min xdraw max ydraw min ydraw max]);

t= 0:pi/50:2*pi
x = 373 +15*cos (t);
y = 373 +15*sin(t);
plot(x,y,"'+g");
hold on;

x2 = 373 4+70*cos (t) ;
y2 = 373 +70*sin(t);
plot (x2,y2,"'-+t+b");
hold on;
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xlabel ('Khoang cach (ft)”");
ylabel ('Khoang cach (ft)");

8. M6 phong mé hinh trién khai mang khi bi cat
t= 0:pi/50:2*pi
x = 373 +120*cos (t) ;
y = 373 +120*sin(t);

plot(x,y,"'+g");
hold on;

X2 373 +80*cos(t);
y2 = 373 +80*sin(t);
plot(x2,y2,'-+b");
hold on;

xlabel ('Khoang cach (ft)”");
ylabel ('Khoang cach (ft)");



