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TOM TAT: Mb hinh kénh chinh xdc ciwc ky quan trong trong viéc thiét ké cdc hé thong thong tin

lién lac. Kién thirc vé cdc tinh nding ciia kénh cung cdp cho nguoi thiét ké kha nang dw dodn hiéu sudt

ciia hé thong dé diéu ché cu thé kénh, ma héa va xir Iy tin hiéu. Trong bai bdo ndy, chiing t6i sé trinh

bay viéc phan tich cdc tinh chdt vt Iy ciia mé hinh kénh UWB dong thoi dé xudt mo hinh kénh truyén

UWB o khodng cdch ngcfn (co su so sdnh véi moé hinh kénh cua IEEE 802.15.3a). Qua viéc phdn tich va

thiét ké mé hinh kénh & trén chiing t6i da riit ra diroc mét sé két ludn lien quan dén kénh truyén UWB

trén khodng cdch ngdn nhw sau: khong cé méo dang xung, cé hién tiwgng phdn xa, nhiéu xa trén kénh

truyén, truyén ddang hiedng, truyén da dwong, c6 su suy hao theo khodng cdch va tan sé.

Tir khéa: Bing siéu réng, khodng cdch ngdn, phan xa, nhiéu xa, truyén da dwong

MO PAU

Cong nghé truyén thong khong day bing siéu
rong Ultra-Wide Band (UWB) duoc Uy ban
truyén thong lién bang (FCC - Federal
Communication Community) cong bd ban hanh
vao nam 2002 [1], cho phép sir dung bang tan
tir 3.1-10.6GHz khong cin diang ky (Hinh 1).
Cic lgi ich tir viéc sir dung bang tan nay d6 la
mién phi va phd cuc rong c6 kha ning truyén
dit liéu téc d9 cao trén khoang cich ngén. Tuy
nhién, viéc phin bd phd tin véi nhitng hé théng
dugc cip phép ddi hoi UWB phai hoat dong
voi cong sut rat thap (du6i -41,3 dBm/MHz
hay 0,5 mW néu sir dung toan bg dai tan 7,5
GHz) dé giam thiéu nhiu véi cac hé théng ton
tai. Do cong suét truyén tai thip, viéc thiét ké
h¢ thong UWB dit ra nhiéu thich thic trong
viéc thuc hién bd thu phét va thiét lap kénh

truyén. Mo hinh kénh chinh xéc 12 cuc ky hiru
ich cho viéc thiét ké hé thdng trong 16p vit ly
[2,3]. Trong bai bdo nay ching tdi trinh bay cic
phén tich vé tinh chat vat 1y ciia kénh truyén
UWB, dic biét 1a d6i véi khoang céch rat ngén
trong truyén théng khong day. Mé hinh kénh
dugc st dung trong truyén théng die-to-die
hodc chip-to-chip tng dung trong mach tich
hop 3-D.
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Hinh 1. Quy dinh ciia FCC vé phd tin UWB
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NHOUNG PAC TINH VAT LY CUA KENH
UWB

Trong giao tiép khong day, tinh chat vat ly
cua kénh déng vai trd quan trong trong viéc
truyén tai thanh cong dir lidu tir b phat dén bo
thu. Céc tinh chét nay anh huéng truc tiép dén
chat lugng va sd lugng cia viéc truyén tai dir
lidu. Céc anh huong vat 1y dén truyén thong
UWB bao gom:

- Suy hao tin hiéu: tin hiéu UWB c6 d¢ suy
hao cao nén chi truyén trong khoang céch ngn,
do d6 ching ta thay rang do suy hao cua tin
hiéu UWB phy thudc vao khoang céch truyén.
- Che t6i: viéc truyén tin hiéu tot nhat déi véi
moi trudng LOS (line of sight), dé truyén &
khoang cich ngin giita cdc chip hoic giita die
trong mot chip, yéu tb nay c6 thé duoc bo qua.

- Fading: hién tuong nay 1a do sy phan xa va
nhiéu xa trén duong truyén. Yéu td nay phu
thudc vao bing théng ciia hé thong, né din dén
thay dbi nhanh cudng d6 tin hiéu va giy ra
nhiéu giao thoa giita cdc ky hiéu (ISI: Inter
Symbol Interference). Trong hé thong truyén
thong UWB c6 thé st dung cdc phuong 4n didu
ché khac nhau nhu BPSK dé giam thiéu hién
tugng nay.

- Nhidu kénh lan cén: trong phd tin cia
UWB né bao gdbm mot bing tdn cua mang
WAN (802.11a) duoc cap phép tai 5.4GHz, do
d6 viéc thiét ké hé thong UWB phai tinh dén
viéc sir dung bing thong thich hop dé tranh loai
can nhiéu.

Trong thiét k& ciia mot hé théng UWB déi

v6i truyén thong khong ddy & khoang céch cuc

ngin thi cdc hién twgng ma ching ta can phai
quan tdm d6 1a: hién tuong da duong, phan xa,
nhidu xa, suy hao do khoang cich truyén.
Trong phan tich nay, tin hiéu UWB dugc
truyén tai théng qua bd phit sit dung xung dudi
dang dao ham béc 2 cta xung Gaussian.

a) Hién twong phan xa: s dung biéu thic hé
sb phan xa voi tan s6 va gdc tdi, h¢ sb phan xa

R(w, s) dugc trinh bay nhu sau:

\s+2a —k\/;
Ry,s)=t ———+ (D
W) Js+2a +k+/s

voi  a=12,k=p - d6i véi phan cuc
theo phwong thing ding
a=12,k= (E,ﬂ)_l

theo phwong nim ngang

. o & —cos®
trong do: T=— Igzriy/
€

£, siny

: d6i v6i phan cuc

Barnes [7] da xac dinh bién ddi ngugc cua

R(l//, S) nhu sau:

r(t)= {Ké'(t) + 1‘_”;( - eXP(t—at) Z(_l)”“ nK"I (at)}
(©))

b) Hién twong nhiéu xa
Két qua cua tic gia Qiu [8] cho thdy dap
xung trong mién thoi gian do nhiéu xa hoan
toan & mot nita mét phing, dwoc cho bdi cong

thirc nhu sau:
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cosL(p+@,)

hy(2) = \2r/c| cosi(p-@,)

2r | T+Lcos(@p—@,) - T+Lcos(@+@,)

1
Uit—r/c) 3
}\/r—r/c (¢=ric)

Trong d6: ¢ 1a téc d6 4nh sdng, 712 d6 tré dudng, ¢ va g, duge dinh nghia trong Hinh 2
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Hinh 2.Nhiéu xa hoan toan & mot nira mat phéng
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Hinh 3. M5 hinh S-V di duoc sta ddi

(a) Sy suy giam tin hidu theo ham mii va cong sudt trung binh.

(b) Bap tng xung cta kénh.

¢) D¢ suy hao

Suy hao ndng luong trong truyén thong
UWB la sy mat mét khi phan bd ding huéng
gitta khoang cach hai anten thu va phit duoc
xéc dinh bang do6 dai d.

Thuc chit né 12 mot ham sé giira géc tbi vu
tir phan xa dén va cling 1a ham s6 cua chiéu dai
séng phan xa. Vi vay hé s6 khuéch dai cua
anten thu va anten phat phu thudc vao tan s6
(f=c/4).

Ta c6 cdng thuc tinh d6 suy hao nhu sau:
2
PL(d)=10log (47/?] =20log (47;1] )

A la chidu dai séng phan xa (tinh theo

m), 2 = c/f (¢=3.10%m/s, f 1a tan sd)

d la d¢ dai khoang cich gilta anten thu
va anten phét tinh theo (m)

PL  1a d6 suy hao cua tin hiéu trén duong
truyén (dB)

Qua d6 ta thiy khoang céch d cang 16n va tin
s6 f cang cao thi suy hao cang cao.
MO HINH KENH UWB

Cau tric ciia mo hinh kénh c6 anh huong
manh mé dén viéc danh gid hiéu nang cua hé
théng. M6 hinh kénh UWB dugc coi la mot
kénh da duong day dac.
M5 hinh kénh UWB cia IEEE

Pé théng nhét viéc dénh gid thiét ké cua
UWRB, t6 chirc IEEE d phit trién cac md hinh
kénh cho hé théng truyén thong UWB [9], ma
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né dugc chép nhan béi mot nhém cac ti€u
chuin day du (IEEE 802.15.3a). M hinh kénh
nay dugc stra d6i tir md hinh kénh cua Saveh-
Valenzuela (S-V) [10] véi muc tiéu nhim dén
la vé cong sudt tiéu thy va do tré, didu nay
duoc thé hién trong Hinh 3.

C6 bén loai md hinh kénh UWB da duoc
dinh nghia béi nhém IEEE 802.15.3a c6 tén goi

|IEEE CM1 Model Impulse Response

nhu sau: CM1, CM2, CM3, va CM4. M&i md
hinh kénh déu c6 nhirng dic tinh vé vat Iy khic
nhau, Hinh 4 trinh bay dédp tmg xung ctia bon
md hinh kénh cua IEEE. Code Matlab md
phong ddp tng xung cta bén mé hinh kénh
tham khao tur [9]. Bang 1 sau day li¢t ké nhiing

dic tinh cua bdn mo hinh kénh cua IEEE.

|EEE CM2 Model Impulse Response
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Hinh 4. Dép mg xung bén md hinh kénh cta IEEE
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Bang 1. Cic dic tinh ctia bén mé hinh kénh IEEE

Dic trung mo hinh kénh CM1 CM2 CM3 CM4
Khoang céch (distance) (m) 0-4 0-4 4-10 4-10
LOS (Line-of-Sight) YES NO NO NO
Tm(ns) tri hodn qud muc trung binh 5 9.9 15.9 30.1
Tems (18) tri hodn binh phuong t6i thiu 5 8 15 25
NP(10dB) 6 cdc dudng dan trong 10dB ciia dudng dan manh nhat 12.5 15.3 24.9 412
NP(85%) s dudng dan chiém 85% ning lugng 20.8 339 64.7 1233
Thong so mé hinh kénh CM1 CM2 CM3 CM4
A (I/nsec) ti 1€ cluser xuat hi¢n 0.023 0.4 0.067 0.067
A (I/nsec) ti 1¢ ray xuat hién 2.5 0.5 2.1 2.1
T hé s0 suy hao ctia cluster 7.1 55 14.00 24.00
v hé so suy hao cua ray 43 6.7 7.9 12
o1 (dB) d6 léch chuan doi voi cluster 34 34 34 34
0, (dB) d6 1éch chuan doi vai ray 34 34 34 34
ox (dB) d6 1éch chuan doi véi su tao bong loga chuan 3 3 3 3

Pé xuit mé hinh kénh truyén & khoang cach
cuc ngin va phwong phép diéu ché UWB
Theo tac gid Sumit Roy va nhém téc gia [11]
da miéu ta dap ung xung kénh da duong roi rac
thoi gian ma nd cé lién hé vdi ham Delta Dirac,
duogc trinh bay trong cong thire 5 [13] nhu sau:

hi(t)ZX'

1

@, 8(t-T -7,,) &

L-1 K-1
1=

0 k=0

Trong d6: a'y; 12 hé s6 d¢ loi da duong, T 1a
dd tré cua cluster thir /7, rik, ; 12 su cham tré cua
thanh phin da duong tht k lién quan téi
khoang thoi gian cua cluster thi / (T)H. X; 1a
ham logarit ciia phan phdi chuan. L 1a s6 lugng
cluster, K 12 sé lwong tin hiéu phan xa trong
mdi cluster, & 13 ham Delta Dirac. Theo md
hinh S-V di dua ra cdc dinh nghia nhu sau: T;
12 khoang thoi gian dén dau tién cua cluster thir
I, 7, su cham tré clia duong din thu k trong

cluster thur [, A: ty 1€ cluster xudt hién, A: ty 1€

ray (tia) xudt hién, ti 18 xuit hién cia tia trong
mdi cluster.

Vién dé vé d6 tré trong qud trinh truyén, cho
thdy céc cluster va ray dugc tao ra bi sy phan
xa va khic xa da tir cdc d6i twong. Thoi gian
dén cua céc cluster duge biéu thi T va thoi gian
dén cua cic ray thir k trong cluster thir [ duoc
biéu thi bai 7, thé hién trong Hinh 5. Ca hai
cluster va ray déu c6 phan bd theo ham mii ciia
thoi gian dén, tuwong tng véi ty 16 thoi gian
dén cua cluster va ray 1a 4 va A, trong d6 ray
dAu tién cua cluster diu tién ludn ludn dén tai
thdi diém ¢ = Ons. Ham mat do xdc suat dbi véi
phan b cluster va ray duoc cho béi:

p(TiTy;) = A exp[-A(T-Ty.)], >0 (6)

Pt tgery) = A exp[-Mtii— tuep)], k>0 (7)
Trong mo hinh kénh dé xuat, ching toi sur
dung hé $6 oy, duoc tao ra tu ba thanh phén

riéng biét va doc 1ap nhu sau:

@ =pk,l§lﬁk,l (®)
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Trong d6, & 1a hé s6 fading 16n (large-scale
fading), B, 1a hé sb fading nh6 (small-scale
fading), va p;, trinh bay giéi han pha c6 xdc
suat bing nhau. H¢ s6 fading 16n 1a phan bd
lognormally v&i d¢ 1éch chudn Gaussian o.
Diéu nay dit ra mot hing sb suy giam lién tuc
trén tat ca cdc tia toi bén trong mdi cluster. Hé
s6 fading nho ciing 1 phén bd lognormally véi
d6 1éch chuin Gaussian o, nhung né duogc lya
chon doc 1ap d6i véi mdi ray dé cung cap bién
d6 dao dong riéng biét. Bai vi hé ) fading 16n
va nho c6 ciing phan b, ching c6 thé duoc
gom lai véi nhau theo cong thurc 9 nhu sau:

My g+ +n,

& B, |=10 2 ©)

Trong d6 g, o N(O,O']Z) and n, o N(O, 0'22)

T T,
101n(90,0)—10?’—10% (

e = n10 - 20

(712 +O'§)1n10 (10)

I va y: twong Gng 1a hé sb suy giam cua
cluster va ray

Hé sb kénh Ui, phu thudc vao d6 loi cong
suat trung binh Q. ciia ray dén dau tién trong
cluster dau tién, Q. dugc trinh bay trong céng
thue 11 [13].

_TI T

2 I, Tk
Q‘k;l =E|:‘§lﬂk,l‘ :|=Qoyoe Fe 7 (11)

———

Ray Decay = e %/Y
\ N ) N
(SN
L T N Pk By

h=0 0 yil i time (ns)

&

Hinh 5. Thoi gian dén cua céc cluster va ray

Nhirng anh hudng cua fading 16n xay ra trén Trong d6 , _10InG) o7 In(10) | X; 1a don vi

: In(10) 20

nhiéu vi tri khdc nhau véi ciing bd thu va phét

(Tx-Rx) tdch biét nhau, duoc mé hinh héa nhu nang lugng dép g xung.

1a mot phan bd lognormally, véi bién ngiu Gid tri trung binh lognormal cua X; twong

nhién Xi dugc trinh bay nhu sau: duong voéi trung binh d6 191 nang lugng kénh G
IOIOgIO(X ) N (,u 0_2) (12) va gid tri trung binh Gaussian y, , trong d6 c6

X

hai tham s6 G va ci.
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G duoc xac dinh béng viéc su dung nhitng
théng sb fading 16n trong bang 2 va dugc cho

boi cong thire sau:

G=G, /D" (13)
Trong d6 G, =10 va D la khoang ciach

gilra by thu va bo phit.

Table 2. Nhiing thong so fading 16n [12].

Channel model parameters LOS NLOS
Ay[dB] (Path loss at reference distance Dy=1m) 47 51
a, (Path loss exponent) 1.7 3.5

Cic thong s dugc dé xuat cho mo hinh kénh
UWB ¢ khoang cdch rat ngin (vai mm) thi
tuong ty nhu thong s0 trong md hinh kénh
CMI1 cua IEEE 802.15.3a. Do CM1 la mdt mo6
hinh kénh c6 dac tinh LOS va khoang cach
gilta by thu va phit nho hon 4m. Déi véi
khoang céch rat ngén, cdc théng s6 A, A, T, y
phai giam dé dam bao ring tin higu truyén di

trong mot khoang thoi gian ngén, diéu nay bao

dam cho cong suat hoat dong ciia b phat la
cao nhat, ton it nang luong nhat. Bang 3 cho
thay su so sanh cdc thong s6 giita mé hinh kénh
dé xuat va mé hinh kénh CM1 cua IEEE. Qua
phan tich & trén va tir két qua mod phong cho
thay ty 1& dén va h¢ s6 suy giam cua cluster da
giam do truyén thong ¢ khoang cdch ngin va
ching t6i da thu dugc gid tri A=0.015 va I" =
5.0.

Bing 3. So sanh md hinh kénh da d& xuat véi mo hinh CM1

Channel model parameters Proposed channel model CM1 IEEES802.15.3a
A [1/nsec] 0.015 0.0233
A [1/nsec] 2.5 2.5
I [nsec] 5.0 7.1
Y [nsec] 4.3 4.3
ol [dB] 3.3941 3.3941
62 [dB] 3.3941 3.3941
ox [dB] 3.0 3.0

Hinh 6 trinh bay ddp ung xung cua tin hiéu
UWRB, trong d6 thoi gian tré ngén hon nhiéu so
véi CM1 (trinh bay trong Hinh 4). M6 hinh
kénh dé xudt da dugc dua vio md phong dé
chirng minh hi¢u qua cuia né. Qua phan tich cic

ddc tinh ciing nhu cdc thong sb ciia md hinh

kénh UWB, chiing t6i da thiét ké va mo phong
mb hinh kénh UWB & khoang céch ngén, nhim
dinh hudng tmg dung trong viéc truyén thong
gitta cdc die trong chip, Hinh 7 trinh bay md

hinh kénh dugc thiét ké bang Matlab.
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Hinh 6. Pdp ung xung cia mé hinh kénh UWB

Hinh 8 trinh bay céc tin hi¢u cua b thu phat
UWB trong mién thoi gian va mién tan so.
Trong mb phéng nay, diéu ché BPSK dugc sir
dung dé tranh cdc hiéu ung fading. Cac tan s6

séng mang dugc thiét 1ap ¢ tan s6 3.0GHz. Dit

(a) Transmitted data

Hinh 7. M6 hinh kénh da dugc thiét ké bing Matlab

liéu ngdu nhién da duoc tao ra voi tan s N =
1,2 GHz. Hinh 8 (f) cho thdy phd cong suat
thap dudi -41,3dB thoa man theo qui dinh cuia
FCC vé phé tan cia UWB.

(b) Unfiltered Received Data
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Hinh 8. Tin hi¢u truyén nhan UWB

Trang 24



TAP CHi PHAT TRIEN KH&CN, TAP 15, S0 13- 2012

KET LUAN hitu ich cho viéc thiét ké hé théng UWB. Tuy

Chiing toi da phan tich chi tiét vé cdc tinh chat nhién, qua phén tich & trén thi cho thay ring
vét 1y coa tin hiéu UWB truyén trong khong céc tin hiéu UWB van con bj dnh hudng boi sy
khi va mot md hinh kénh dugc d& xudt. Mo phan xa va nhiéu xa nhung khong c6 bién dang
hinh nay dugc dp dung ddi voi viée truyén xung v&i mot sur suy hao duong truyén thip. Vi
thong UWB & cic khoang céch cuc ngin va né khoang céch truyén thong trong chip ngén (die-
duoc so sanh véi md hinh CM1 cua tiéu chudn to-die), va mé hinh kénh c6 ty 1¢ dén va hé s6

IEEE 802.15.3a. Céc kénh truyén théng & suy giam cta cluster thip hon so v6i mo hinh

khoang céch ngin c6 dic diém quan trong va kénh CM1.

THE ANALYSIS OF PHYSICAL PROPERTIES OF THE ULTRA-WIDEBAND
CHANNEL MODEL IN COMMUNICATION AT SHORT DISTANCES

Nguyen Chi Nhan"’, Duong Hoai Nghia®, Dinh Van Anh®
(1) University of Science, VNU-HCM; (2) University of Technology, VNU-HCM
(3) University of Saskatchewan, Canada

ABSTRACT: Accurately modeling the channel is extremely important for the design of
communication systems. Knowledge of the key features of the channel provides the designers with the
ability to predict performance of the system for specific modulation, channel coding, and signal
processing. In this paper, we will present the analysis of physical properties of the UWB channel model
and propose an UWB channel model for short distance wireless communications (with a comparison to
the IEEE 802.15.3a channel model). Through the analysis and design, conclusions related to the UWB
channel model were drawn as follows: there are reflection, diffraction, multipath transmission, and

signal attenuation with distance and frequency but there is no pulse distortion.

Key words: Ultra-Wide Band, short distance communications, reflection, diffraction, multipath.
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