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Giéi phap s dung b lgc thich nghi Kalman cho
hé thong wéc lwong kénh truyen WIMAX di dong

Solution of Applying Adaptive Kalman Filter for Channel Estimation in
Mobile WIMAX System

Nguyén Pirc Quang, Plam Hong Lién va Lwu Thanh Tra

Abstract: Mobile WiMAX (Worldwide Interoperability truong théng tin didong ludn thaydoi va khé tim ham
for Microwave Access) system has been recentlyyén cia k&nh trugn mot cach hoan 4o, nhéu mo
applied widely in wireless communication systerjs [1hinh ké&nh trugn dugc dé& xuit theo mdi teong thre ©
WiMAX uses OFDM (Orthogonal Frequency Divisiorva md hinh tinh toan cho ké&nh témyvo tuyén [3], cac
Multiplexing) as a technical platform because ajthi giai thuat wéc hrong kénh trugn duéi sy anh hrong
spectral efficiency [2]. In this paper, the channetua cac lai nhiéu nhr ISI (Inter Symbol Interference -
estimation algorithms were studied for OFDM systemhiéu lién ki 1r), nhiéu Gauss, moi trong da duong
for mobile WiMAX. The comb-pilot structure was useding dugc nghién ¢u trong bai bdo nay. Trong cac
for channel estimation algorithms. We proposetiéu chin WiMAX di dong, ngay & phién n moi
algorithms of channel estimation based on twohit l1a IEEE 802.16mdugc chip thuin vao thang
adaptive filters: Kalman and Extended Kalman, Thest#2011, cAc 4 tién so \6i tiéu chudin IEEE 802.166&
algorithms were compared with popular LS (Leastac du tric MIMO cho bp vat li va cac éu trac trén
Square) estimator. The simulation results showatl thép vat Ii, chi c6 cac thong timethé cho it hé théng
Estimators based on Kalman Filters had performanoec lwong kénh trugn theoddng tiéu chén nhr s
improvement in slow fading condition with lowugng pilot, $ lugng séng mang, chil dai FFT,.. [4],
Doppler shift and limited quality in fast fadingtrong khi cac gii thuit woc luong kénh trugn la not

condition with high Doppler shift. hé thbng my va duoc phat trén tly vao nhan xuit
] ) thiét bi. Hang Altera ¥n ch sir dung b uéc lwong
l. GIOI THI EU kénh trugn dya vao gii thuat LS (Least square)ék

Mot trong $ nhitng cong ngh 4G rbi bat vadang hop v6i noi suy 2 chéu cho thét bi cia tiéu chén
dugc trién khai trén th giéi la mang WiMAX di dong, WIMAX di dong [5]. Twong tr, nha 4n xuit ban dn
mot cdng ngk dugc phét trén theo tiéu chan IEEE  Motorola d@ia My (hdng Freescale Semiconductor)
802.16e -2005. Mt tiéu dia ke théng nay la kic ciing cH st dung gii thuat uéc heong LS Kt hop woi
phuc duoc nhing Vin dé vé da dudng va méi teong  giai thuat ndi suy trung binh 2 chii cho du trac pilot
vo tuyén khé co th usc leong trong 1 thong théng  dang hroc [6]. Vi vy, c6 th nhan thiy cac gii phap
tin di dong, vi \iy ma WiMAX tich hpp nhitng cong  uéc lugng kénh trugn cho céc thit bi theo tiéu chin
nghe tién tén nhe MIMO (Multi Input Multi Output), WIMAX di dong Van dugc nghién é¢u rong rai \6i
OFDMA (Multi-user Orthogonal Frequency Divisionmuc dich tim ra gii phap 6t nhit dé tng ding cho
Multiplexing), AMC (Adaptive Modulation and cac nhaan xuat thiét bi.

Coding). U6c lugng kénh trugn c6 the thuc hign king cach

Pé thuc hién viéc thiét ké mot cach chinh xacéh cheén pilot vao i ky tu OFDM. b6 |a phrong phap
thong vé tuyn thi viec danh gia vardc lwong chinh  uéc lrong kénh pilot dng krgc (comb),duoc dua ra
xac moé hinh kénh trén arc ki quan tong vi moi  dé can ling wi thay déi cia kénh trugn do tacdong

-35 -



Ca4c cong trinh nghiénu, phat trén vaing cung CNTT-TT dmV-1, $ 8 (28), thang 12/2012

cua fading, thm chi thayddi ngay trong mt ki ty  Discrete Fourier Transforndwoc sr dung dé bién doi
OFDM. Uéc legng kénh trugn pilot cang hrgc bao  chudi dit liéu c6 chéu daiN phian tir {X(k)} ra tin héu

gom giai thuat dé wéc lwong kénh trugn tai cac tn &
pilot va roi suy kénh trugn tai cac fin 5 chira dr liéu
[7].

Céac B udc lwong duoc Sr dung prod bién 1a LS

mién thoi gian{x(n)} theo phrong trinh :

(Least Square), MMSE (Minimum Mean Squared

Error), ML (Maximum Likelihood)... Tuy nhién cac
bo wdc hrong tuc tiép nay chra thé cho cac kt qua
t6t nhit do sr tinh toan ¥n ch dwa vao niing théng
tin k&nh trugn va théng tin han luyén (pilot) hién tai
[8]. Vi vay nhitng b can kng c6 tié thay doi thich
nghi dra vaodiéu kién caia ké&nh trugn duoc ung
dung c6 kh ning cho Kt qua tét hon nhiing b woc

luong trc tiép. LMS (Least Mean Square) va RLS

(Recursive Least Square) la cag dc hrong thich
nghi pto bién duoc sr dung [9]. Gia ti dau tiénduogc
xac dinh tec tiép théng qua @i thuat LS, va nliing
gia ti tiép theoduoc tinh toan da vao g uéc lugng
trugc d6 va ngd ra kénh trép hien tai.

Ciing gibng nhr LMS hay RLS, Kalman ladbo
loc thichdwoc nghién @u tng ding trong k¢ théng
wdc luong kénh trugn do gii thuat cho Kt qua tét
trong mdi teong fading [10]. Tr két qua nay, bai bao
phét trén mot phién ban ci tién caa bH loc Kalman 1a
Kalman né rong (EKF- Extended Kalman Filterék
hop V6i phuong phapuéc luong dra trén du tric
pilot dang hrgc dé xay drng b wdc lwong thich nghi
cho ¢ théng woc lugng kénh trugn co ki nang dap
rng Ht trong méi tuong fading, & dung cac thamd
mo phong theo tiéu chin WiMAX di dong dé xay
dung ke théng OFDM.

. MO HINHH E THONG

A. M hinh wéc lwong kénh truyén trong hé théng
OFDM

Hé théng OFDM uéc lwong kénh da vao pilot
duoc biéu dién trong Hinh 1. Tin Bu nh phanduoc
dua qua B didu ch® QAM (Quadrature Amplitude
Modulation). Saud6, tin héu huén luyén pilot duoc
chén vao @ ligu thong tin, kibi IDFT (Inverse

N -1
x(n)=1FFT {X (k)}=> X (k)e ™
k=0
n=0212,..N-1 ()
X(k) x(K
! (] [N |
Binary | pyap (o] gp [] Pt IDFT || Guard
data insertion insertion
SN (| | 1 -
. SN | |
Y(K) y(k)
| |+ —
| -~ —
Channel Guard Q
Output Demap : Pis :estimate DFT : Removal SP
data le—| ] —]

Hinh 1. So d6 hé théng uéc heong kénh trugn dra
vao pilot.

Sau kioi IDFT, khoang hio v (Guard Interval)
dugc chon theo tiéu chin WiMAX di dong, duoc dua
vao dé chong nhéu lién ky tr (ISI). Bing théng Bo
vé nay bao gm thanh phn lap lai mo rong aia ky tr
OFDM dé loai bo nhidu lién ky & (ISI). Két qua
chwi dir liéu cho ndt ky tw OFDM dugc tinh toan :

x(N+n), n=-N ,-N_+1---1
()= I (
x(n), n=041--N-1
Vi Ng : chiéu dai @ia khaing bio .
Tin higu truyén x, (n) sau khi bin ddi tir song

2)

song sang 6i tiép € dugc dwa qua kénh trudn
fading, vadugc odng thém nhiu Gauss. 7 bo thu,
tin hiéu nhan duoc :
Y. (n) = x,(n) O h(n) + w(n) (3)
Vi w(n) : nhidu Gaussh(n) : daping xung kénh
truyén. Tai b thu, sau khi quadbién ddi s6 va b
loc thdng thp, khaing bio vé dugc loai bo, tin hiéu
ngd ra trong ndin thoi giandugc xacdinh:
y(n)= vy (n+ N,), n=01. N-1 (4
Sau d6, y(n) dugc dua dén khéi DFT (Discrete
Fourier Transform) :
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2nkn

V()= FET{y(o)} = 1 2 o

parc
k=012..N-1 (5)
Sau khi qua kbi DFT, tin héu pilot duoc loai bo
va Wi dap ung kénh trugn woc lwong He(k) trong
mién tin £ cédugc sau khi tiee hién udc lugng kénh
truyén thi dr liéu truyen duoc uéc hrong king coéng
thuc sau:
X, = Y (k)
H . (k)
Tiép dén, dr liéu thong tin niy phan 4i ngd radau
thu coduoc bing cach gii diéu cht QAM trong kibi
Demap.

(6)

B. H¢ théng wéc hrgng kénh truyén dwa vao pilot
dang lwgc

U6c lwong kénh trugn st dung chidi huan luyén
dang hroc da dugc ching minh |a 6t hon so 6i pilot
dang khi trong méi twrong fading [7]. Trongudc
lwong kénh trugn cho du trac pilot ding hrgc, Ne tin
hiéu pilot dwoc chén vao tin Bu truyén X(k) theo
phuong trinh sau:

=0

X (k) = X (mL +1) :{Xp(m)' - %
=1...L-1

Data,
Véi L bing $ s6ng mang con chia ci, x,(m) &
gia ti cua tin $ pilot thr m, Data la dr liéu cin
truyén.
binh ngha{ Hp(k) , k=0, 1, ..., Np ladapung
tan $ cia kénh trugn tai vi tri cac &n & pilot. Bo
uoc lwong kénh trugn tai cac én $ pilot theo gai
thuat LS (Least Square)ugc xacdinh :

Y, (k)
X (k)
Vi Yp(K) vaXp(K) 1a tin hu ngd ra va ngd vaait

song mang pilot tin k.

Trong uéc lwong kénh trugn dya vao du trac
pilot dang hrgc, Mot k§ thuat ni suy héu qua 1a cin
thiét dé woc lwong kénh trugn tai nhiitng séng mang
con chira dr liéu bing cach & dung théng tin kénh

Hp(k)= y k:0,1,...,Np—1 (8)

truyén tir nhilng séng mang con pilot. Trong bai bao

nay sr dung ghi thuat noi suy tuyén tinh vi tinh pB
bién vadon gian cia gii thuat. Dap ung én & kénh
truyén He(k) tai song mang  liéu thi k, mL < k <
(m+1)L, bang cach & dung i suy tuyén tinh dugc
xacdinh nhr sau :

H. (k) =H_(mL +1) o<l<lL 9)
- ' 10
= (H,(m+1)=H (M) -+ H  (m) (10)
w1 DFDMsymI:\DI
ocoolkdoococoooococoocooocoo
[afele & alalafeialaielalalalclaiciaiels)
slsle o slolalolotololojolololalsiciole)]
oo DD
alele o alslelelelelelelelalololelalols.
gl OOOQI0COOO0OO0OCOoDO00O0
S lisislal s slelslslaslslolsisisiaistsliclsls]
F| 0OQI0CO0000Q0O000000O00
i o sees 290200000800 ®
[aleie & efaislslsloliciolaieialalsioliale
[alals e clelelalelolalalalalolslelelals
QOOOOCOOOOQOOODoO000000
alele o sleleislololslclsialslslelslials’
e0eSersn PR ReReRRR0
Time

Hinh 2. Pilot cang hroc.

l1l. UNG DUNG BQ LQC KALMAN TRONG H E
THONG UGC LUQNG KENH TRUY EN

B6 loc Kalmanduoc ar dung nhr mot thuat toan
woc lwong nlim myc dich @é tinh toan gia irdaptng
xung kénh trugn & mat tan & cua pilot [12]. Gi
thuat nay dugc sr dung cho K thong uéc lwong sr
dung pilot cang lrgc. Sau khi tinktugc gia ti daptng
kénh trugn tai cAc in $ caa pilot, ching tais dung
mot trong cac thit toan i suydé tinh gia ti daping
xung kénh trugn cia cac in & séng mang afa dr
liéu. Giai thuat uwéc legng cho 1B loc thich nghi
Kalman cho B théng pilot cing hkrgc trong 1 théng
OFDM theo tiéu chin WIMAX di dong dugc mé &
va phén tich trong [13].

Y(w)

Hinh 3. M6 hinhuéc hrong kénh trugn sr dung b
loc thich nghi Kalman
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IV.UNG DUNG BQ LOC KALMAN M O RONG
TRONG HE THONG UOC LUQNG KENH
TRUYEN

A. Giéi thiéu vé b loc Kalman mé réng (Extended
Kalman Filter- EKF)

Véi sy anh hrong aia fadingda duong vadé dich
tan Doppler,dic tinh thayddi caa kénh trugn cé th
khéng con tu§n tinh rira. Do dd, trong ndt sd md
hinh phi tugn, d& van tng ding dugc uu diém acia
thuat toan Kalman, @t phién Bn cii tién giai thuat
Kalman l1a B loc Kalman né rong hay gii thuat

Kalman nt rong ( Extended Kalman Filter - EKF)

[14]. Chang ta c6 thudc hrong dap ting xung kénh

truyén trong mén tan s theo phrong trinh sau:
Hn+1) = F(n,H(n)) +v;(n) (12)
Y(n) = C(n, H(n)) + v,(n) (12)

Véi F(n,H(n)) va C(n,H(n)) & ma tan chuyn tiép
va do lwong phi tugn, 1a ndt ham phi thudc vaodap
ng kénh trugn H(n) véi n la thoi diém tai vi tri
OFDM thi n.

Vi dapung xung kénh trun trong mén tn & la
sb phrc. Khéng nat tinh Hng quat ching ta gisir
ring H(n)=e€™_ Trongdd & (n)={ &1(n), £2(n)....,
enp(N)} 12 Mot ham $ thuc chra bét. Do d6 chung ta
c0 phrong trinh sau:

T
H(n) = [Hl(n)'HZ(n)' ---:HNp(n)] =
[eisl(n)’ eisz(n)’ o, eisz(n)]T (13)

Theo cong thc aia tin héu khi di qua kénh trugn,
ta co plrong trinh sau:

Y(n) = X()H () + v,(n) = X(n)e*™ +v,(n)
Vi v»(n) 1a nhBu odng aia kénh trugn.

Phrong trinh (14) cho ty ring Y(n) c6 quan A
phi tuyén v6i gia tri mong mién &(n). Phrong trinh
(12) trong duong Wi phuong trinh (14), daié ta co
phueong trinh sau:

C(n, H(n)) = C(n, s(n)) = X(n)e™

(14)

(15)

Trong gii thuat nay, (n) cin duoc udc huong,
saud6 sr dung gia ti naydé tinh dap ang xung kénh

dmV-1, $ 8 (28), thang 12/2012

truyén theo cong thc (13).Dé udc lwong (n), thuc
hién xip Xi tuyén tinh king cach & dung khai trén
Taylor bic nhit nhr sau:
Y(n)=Cn,én—1)+ C'(n,é(n — 1))[£(n) —
en—1+w(n) 116
Trong d6 é(n—1) la uoéc lwong aia e(n — 1),
C’(n) 1a dao ham @a C(n). Bé usc lwong théng 6
e(n) sr dung Kalman nd rong trong ndi ki tu
OFDM, phrong trinh chugn déi trang thai gh s
dugc xay drng tir
em+1)=¢e(n)+dmn) (17)
Véi d(n) la mpt vector i cac phn tir 1a & thyuc
dugc thém vao nkm xdp Xi gia ti cua véc & trang
thai phi tugn. Vi két qua chang minh trong [14],
phuong trinh (17)dugc viét lai nhu sau :
em+1) = f(n, s(n)) +d(n) (18)
Trong d6 f(n,e(n)) = e(n). Th d6 ma tén
chuyén tiép F(n+1,n) dugc tinh toan theo cong i
(21). Ngoai ra, cac tinh toan khac trong qua trab
lwong daptng kénh trugn cho & thbng sr dung pilot
dang lroc cia phrong phap Kalman mrong trong tr

vai giai thuat uoc luong Kalman trong [13].

B. P& xuét giai thuat wéc lwong kénh truyén sir
dung b lgc Kalman mé réng:

+ Tai OFDM symbol dau tién: chiing ta & dung gi
thuat uoc lrong LS (least squaredé tinh dap tng
xung kénh trugn tai ki tw OFDM dau tién

Y,
—
H1 -

=2 19)

Y, la tin hiu pilot & phia thuX; la tin hgu pilot phia

phat. Sau khi tinduoc gia ti Hy, ta co

(1)

Pay duoc xem nhr didu kién bandiu cia thuit

_ In(Hy)

(20)

toan Kalman raé rong va cac tinh toan Kalmanom

rong duoc thuc hién tir ki tr OFDM thi hai.

+ Tai cac OFDM symbol khac (n>1) chdng ta chia
lam 4 hroc
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Buwéc 1: Ching ta & tinh ma tan chuyén doi trang
thai F va ma tén do dac C(n) dwa vao plrong trinh
(18) va plrong trinh (15)

d (n)
F(n+1,n) = %le em) = la (21)
aC( ) d(xe™™)
C(n)=—+ - | = g(n-1) = 2—8 e=2(n-1) =
iXet(m—1 (22)

Vi F(n+1,n) va C(n) la cac phn tir dao ham @a
ham phi tugn F va C theo cong thc xip xi Taylor
bac 1 I41& ma tén don vi c6 kich thréc hing kich
thuoc aia Pilot.

Bwéc 2: Tinh todn cac ma an G¢(n) va a(n) theo
phueong trinh sau:

Gr =Kmn—-1C*M[CMKMmn—-1)C"(n) +
Q21 (23)
a(m) = y(n) — C(n,e(n)) (24)
K(n)=[I-G{(n)C(n)]K(n,n-1) (25)

Kn+1,n)=Fn+1L,nKMFI(n+1,n) +
Q:1(n) (26)
Buwéc 3 Chang ta & xacdinh daptng kénh trugn H
tai vi tri cac séng mang pilot theo cacuphg trinh
sau:
Em)=Fn+1,n)én—-1)+Re(K(n)a(n) (27)
H(n) = et™M (28)
Buwéc 4 thuc hién giai thuat ndi suy tuyén tinhdé tinh
dapung kénh trugn tai vi tri séng mangiliéu.
V. MO PHONG HE THONG OFDM THEO TIEU
CHUAN WIMAX DI PONG
A. Cac tham $ trong mé phéng

Bai b4o & dung cac tham&caa tiéu chén IEEE
802.16edé moé ptong. M6 ptong duoc thec hién tai

dmV-1, $ 8 (28), thang 12/2012

4-QAM, 16-QAM, 64 QAM. M6 pkng st dung
théng $ BER (Bit Errror Rate) theoikhuit Monte-
Carlo Wi sb lwong 100,000 bittiu vao i sb lan lip
bang 5.

Bang 1 Tham $ mo plong
Théng 8 WIMAX didéng

S6 sbng mang con| 840
Kich theoc FFT 1024
o 4-QAM, 16-QAM,
bicu chke srdung | 64-QAM
S6 lugng Pilot 210

Indoor va pedestrian

M6 hinh Fading | (Kénh truyn B)

Khoang kio vé 256
Tan & phat 2.5 GHz
Bing théng 20 MHz

B. Md hinh kénh truyén theo tiéu chdin WiMAX
di dong

Cac m6 hinh kénh trép cia duoc phan thanh 2
mo hinh: md hinh tinh toan (mé hinh kénh &)
va mé hinh tkc t (M6 hinh kénh trugn B). M6 hinh
thyc # dya vao nling thong 8 da duoc do dac trong
moi treong thrc € trong khi mé hinh tinh toan b
hién tinh toan cac théngdskénh trugn théng qua
nhitng wéc hrong toan bc.

M6 hinh kénh trugn cho WiMAX theong duogc
dung la mé hinh kénh trdg SUI (Standford
University Interim), md hinkiwgc dingdé mé prong
hé thbng IEEE 802.16-2004 (WIMAX &dinh), va md
hinh ITU-R (International Telecommunications Union
- Radio)dugc phéat trén theo khugn céo éa ITU-R
M.1225 [15]. M& hinh nagugc dingdé mé plong he
théng IEEE 802.16e 2005 (WIMAX didong). H
thdng WiMAX bandéau dugc phat trén cho cong ngh
IMT-2000, mé hinh ITU-Rdugc St dung d¢& mod
phong ke thing WIMAX di dong boi vi WIMAX di

tin $ 2.5 Ghz, vi bing thong 20 MHz, md hinh dong da duoc chip nhin nhr mét trong cac céng ngh

indoor md plng Wi van toc di chuyn 1 km/h va 4
km/h, md hinh pedestrian éivvan toc di chuyn
5km/h va 15 km/h. Cac b diéu ché sir dung gom co

cia IMT-2000 vao thang 10/2007 [16] . Kénh tny
ITU-R duogc chia lam nhiu tap (fadingia duong) wi
o lwong lon nHit |a 6 tap, ni mot tapdugc phan bit
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boi mot do tré va ke sd cdng sat tin hiéu bi suy hao.
Tin hiéu ngd raduoc xem nhr 1& ng aa #t ca cac
tin hiéu mada b suy hao hay ibtré caa tin hgu goc
bandau. Tapdau tién mé 4 cho tin h¢u LOS (Light
of Site) trong tng Wi tin hiéu c6 cong sit lon nhit

vado tré nho nhit, theo [17] thi 3 md hinh khac nhau

dugc sr dung dé mé plong l1a mé hinh trong nha
(indoor), md hinh bén ngoai (outdoordny c6 md
hinh di chugn aia ngroi di by (pedestrian) va md
hinh di chugn cia phrong tién van chuyén (mé hinh
vehicular). Trong bai bado nayr slung md hinh kénh

truyén B aia md hinh indoor va outdoor (pedestrian)

cho mo pléng va tinh toan.

Bang 2 M6 hinh kénh trusn Indoor

Tap Channel A Channel B
Delay(ns) Power Delay Power
(dB) (ns) (dB)
1 0 0 0 0
2 50 -3 100 -3.6
3 110 -10 200 -7.2
4 170 -18 300 -10.8
5 290 -16 500 -18
6 310 -32 700 -25.2

Bang 3. M6 hinh kénh trugn Pedestrian

Tap Channel A Channel B

Delay Power Delay Power
(ns) (dB) (ns) (dB)

1 |0 0 0 0

2 110 -9.7 200 -0.9

3 190 -19.2 800 -4.9

4 410 -22.8 1200 -8

5 - - 2300 -7.8

6 - - 3700 -23.9

VI. KET QUA MO PHONG VA NHAN XET

A. Kénh truy én theo mé hinh Indoor

Trong mdi teong nay, @n toc di chugn duoc ar
dung 1a 1km/h va 4 km/h. Cac thén§ éuroc sr dung
dé md phong Van khong thayddi. Két qua md phong
duoc biéu dién & Hinh 4 va Hinh 5.

Dya vao Kt qui thu dugc, ching ta thy rang
phuong phépuedc lugng sr dung Kalman né rong cho
két qua tét nhat khi so i phuong phapudc heong
Kalman va LS.

dmV-1, $ 8 (28), thang 12/2012

So sanh BER giua cac bo can bang

—6— LS,4-QAM

—— Kalman,4-QAM

| —B— EKF,4-QAM

—6— LS,16-QAM

—— Kalman,16-QAM

—H5— EKF,16-QAM
LS,64-QAM
Kalman,64-QAM
EKF,64-QAM

SNR[dB]

Hinh 4. So sanh BER cho kénh téryindoor i van
téc di chuyn 1 km/h

So sanh BER giua cac bo can bang

—6— LS,4-QAM
—s7— Kalman,4-QAM
—B— EKF,4-QAM
—6— LS,16-QAM
—%— Kalman,16-QAM
—F— EKF,16-QAM
LS,64-QAM
Kalman,64-QAM
EKF,64-QAM

-

SNR[dB]

Hinh 5. So sanh BER cho kénh téryindoor \6i van
téc di chuyén 4km/h

Diéu nay c6 th két luan trong mdi teong indoor,
diéu kién fading i do dich &in Doppler tip (toc do
di chuyén chim) thi b can ing EKF cho kt qua t6t
nhat va @ hai b can king EKF va Kalmantéu cho
két qua tot hon bo can king LS.

B. Kénh truyén theo mé hinh Pedestrian

Trong ké&nh trugn nay, bai baoisdung van toc di
chuyén 1an luot 14 5 km/h va 15 km/hubng tng Wi
do6 dich tin Doppler thp va cao. So santékqua BER
trong 3 kéu diéu ché, vsi van toc 5km/h (hinh 6), &
wdc lwong EKF cho Kt qua t6t nhat véi SNR nhd hon
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20dB trongdiéu ché 4-QAM, i SNR kn hon 20dB
thi EKF khong cho & qua tét bing bb can ting LS va
Kalman. Trongliéu ché 16-QAM va 64-QAM, I can
bing Kalman va EKF an cho Kt qua tot hon LS tuy
nhién lic nay Kalman va EKF chétkgua gan gidng
nhau.

Vi truong hpp van toc di chuygn 15km/h, so sanh
két qua BER (Hinh 7), cac @i thuat woc luong
Kalman va EKF cho & qua tot véi SNR n hon
15dB, con 4i bo can ling LS cho kt qua tot hon b
uéc lrong Kalman va EKFDiéu nay co th giai thich
nhu sau:

So sanh BER giua cac bo can bang

—6—LS,4-QAM
—s7— Kalman,4-QAM
—5— EKF,4-QAM
—6—LS,16-QAM

) —<— Kalman,16-QAM
—5— EKF,16-QAM
LS,64-QAM
Kalman,64-QAM
EKF,64-QAM

s = S

SNR[dB]

Hinh 6. So sanh BER cho kénh tirypedestrian &i
van téc di chugn 5 km/h

—6—LS,4-QAM
—<— Kalman,4-QAM
—B— EKF,4-QAM
—6—LS,16-QAM
—%— Kalman,16-QAM
—H— EKF,16-QAM
LS,64-QAM
Kalman,64-QAM
EKF,64-QAM

So sanh BER giua cac bo can bang

|
|
L —

T T T T T \7: |

I B o Gl \<t*\\*F***

| N -
E-SCcIZ=ZolZzZdzZzzZ3d-zZ-f-sSZf-=--B=-—
s (s i —— —— -

,,,,,,, J- - I---ITS”-”CcC-C”zC

So sanh BER cho kénh ténypedestrian &
van toc di chuyn 15 km/h

dmV-1, $ 8 (28), thang 12/2012

Khi van toc di chug¢n cao thido dich &n Doppler
l¢n trongdiéu kién fadingda duong gay nét truc giao
gita cac dn g séng mang. Gi thuat Kalman va EKF
tinh toan ga vao thoéng tin ting théai tréc d6 dé wéc
lugng trang thai hén tai véi mot mé hinh toan cho
trugc (ma tén chuyén tiép vado leong, nhéu do dac,
nhiéu tién trinh,...). Tuy nhién & diéu kién kénh
truyén thaydoi nhanh i d¢ dich @n Doppler én thi
viéc ttng ding cac gii phap Kalman va EKF khoéng
con 6t nita khi so sanh & bo uéc lwong LS vi md
hinh toan hay céc #gjisr caa Kalman va EKF khbng
condung rira. Treong hop nay, 1 wéc rong Kalman
va EKF & dan dén sai $ va sai 8 nayduoc tich by
dan tr giai thuat co tinh clat dé qui din dén két qua
sai $ cang ing. Két qua cia EKF IGc nay & xau hon
ca Kalman do sai&caa EKF con nguyén nhar sy
tuyén tinh hoéa aa gii thuat Kalman. Trong khié bo
wdc lugng LS hi co két qua cang 6t khi mrc SNR
cang ting hay céng it nhiéu cang gim.

Nhu vay ddi véi méi tredng indoor cédo dich éin
thip, dap tng kénh trugn khdng thayddi nhanh thi
cac I loc thich nghi cho & qua tét vi giai thuat tinh
toan dra vao & so sanh &i thoi diém trudc d6 va sai
sb hién tai. Giai thuat cac 19 loc thich nghidiéu chinh
cho tang thaiugc lwong Bt véi do chinh xac caodn
nhitng b wéc leong truyén thing. Con i méi truong
pedestrian khi cado trai t€ va suy haodn hon so \6i
moi traong indoor, B loc thich nghi nir Kalman hay
EKF vin cho Kt qua tot khi do dich #in thip, tuy
nhién khi mdi teong fading nhanh &i d6 dich @n
cao (bc do di chuyén Isn), lic naydap tng kénh
truyén thaydoi nhanh kin so i thoi diém trude d6
thi giai thuat Kalman khéng co & qua t6t va sai 6
cho gii thuat Kalmanduoc liy tién din dén két qua
khdng Bt so i nhitng bH uéc luong truyén thong.

VIl. K ET LUAN

Bai baoda phan tich cacdudc legng thich nghi
sir dung b loc Kalman va Kalman mrong (EKF).
Cac théng & mo phong dra trén tiéu chin 802.16e
va md plng @i tan $ 2.5GHz i biang thdng
20MHz. Bai bdodd mé ptong tng dung cac b usc
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lwgng thich nghi da vao 6 loc Kalman trong méi [7] SINEM COLERI, MUSTAFA ERGEN, ANUJ PURI,

truong fading i van toc di chugn khac nhau (tong
tng Wi do dich tin Doppler khac nhau). & moi
truong fading i téc do di chuyén thip (méi turong
indoor), B udc lugng EKF cho Kt qua tot nhat. Véi
moi treong pedestrian, caohréc legng Van cho Kt
qua chip nhin dugc voi d6 dich fin thip (toc do di
chuyén chim). Véi @6 dich tin cao thi cacdcan ting
cho Kt qua khdng bt va c6 sai&lon.

Véi nhitng vu diém va han ch caa b loc thich
nghi Kalman va EKF, ngoai ithg vu diém duogc dé
XUit c6 thé nang cao cit lugng e thong, dé khic
phuc nhing nhroc diém cia gii thuat Kalman, bai
bao dé xuit nén han ché sr dung gii thuat bo loc

thich nghi khi phat gn moi trong fading qua nhanh,

co the két hop giira b woc lugng thich nghi va trudn
thdng va & dung linh hat tdy diéu kién kénh trugn.
bay ding la ndt trong ntitng hréng nghién 6u tiép
theo @a bai b4do nkm khic phuc duoc trong méi
truong fading Wi do dich éin Doppler bn.
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