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Abstract

In this paper, an ultra-wideband transceiver antenna system consisting of a TEM horn antenna for receiver and a triangle mon-
opole antenna for transiver, has been studied and fabricated. These antennas are intergrated in circuit of a UWB sensor net-
works, applicable to wireless communication systems using ultra-wideband technology in industrial environments with special
operating conditions. Simulation and measurement results have shown that the designs meet the requirements of the system.
The antenna system has a wide operating bandwidth between 1GHz and 8 GHz and offers high efficiency and great gain over

the entire frequency band.
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Ki hiéu Don vi Mo ta
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UWB Ultra Wideband

TEM Transverse Electromagnetic

PC Personal Computer

FCC Federal Communications Commission

FPGA Field Programmable Gate Array
Tém tit

Trong bai bao nay, mot hé ang ten thu phat bang siéu rong bao
gbém mot ang ten thu, la mét cau trac thiét ké dé xuat méi Gmg
dung cau triic dng ten loa TEM, va ang ten phat dang chan tur
don tam gidc, da dugc nghién ctu ché tao thu nghiém. Cac
ang ten nay dong vai tro 1a ang ten thu va phat cua mang cam
bién UWB, 4p dung cho hé thdng truyén tin khong day sir
dung cong nghé bang siéu rong trong cac mdi trudng cong
nghiép véi diéu kién hoat dong déc biét. Két qua md phong va
do ludng da cho thiy cac thiét ké dap g cac yéu cau cua hé
thong. Hé ang ten dam bao yéu cau vé kich thudc nho gon,

kha nang hoat ddng trong mdi truong dac biét, co bang thong
hoat dong rong trong khoang tir 1GHz dén 8 GHz va c6 hiéu
sudt cao va gia tri ting ich 16n (7-12 dBi véi dng ten thu va
~4dBi véi dng ten phat) trén toan bo dai tan.

1. Mé dau

Giao tiép tim ngan sir dung cac cam bién khong day tng dung
cong nghé truyen thong bang siéu rong (UWB) dang 1a van de
néng dugc nhiéu nha khoa hoc nghién ctru phat trién trong
nhitng nam gan day [1], [3]. V&i cac ung dung thuong mai
dang xuat hién ngay cang nhiéu, cong nghé nay ciing chimng
t6 dugc kha ning tng dung trong truyén tin cong nghiép.
Trong moi trudng cong nghiép, dac biét tai nhiing noi chat
hep, nhiéu vat can, nhiét d6 cao, khong gian truyén c6 sy hién
dién cua nhleu phan xa, nhidu da dudng va su giao thoa gay
phading rat manh, khién cho viéc st dung h¢ thong truyén
thong st dung song mang bang hep truyén thong 1a khong
hiéu qua. Do d, giai phap sir dung tin hiéu bang si€u rong
(UWB) da dugc dé xuat. Mang cam bién sir dung tin hiéu
UWB dugc trinh bay trong [2], [4], [5] chimg minh rang hé
thong nhu vy c6 nhiéu wu diém hon so voi hé théng bing
hep.

Trong bai bao nay, nhom tac gia trinh bay viéc thiét ké thir
nghiém mot hé ang ten thu phat tin hiéu bang siéu rdng cho
hé thdng cam bién khong day cong nghiép. Cu thé, ddi vai
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ang ten thu, nhom tac gia su dung thiét ké loa TEM (Trans-
verse Electromagnetic) dac biét. Cac ang ten loa TEM da duoc
st dung lam ang ten thu phat bang siéu rdng cho cac ing dung
khac nhau va rat thich hop v6i muc tiéu nghién ciru dit ra.
Ang ten thu duoc dit tai bo thu trung tim, thu nhan tat ca cac
tin hiéu giri v& ctia cac bd cam bién khong day. Pdi v6i dng
ten phat, nhom tac gia st dung thiét ké ang ten don cuc dang
tam giac dugc cap dién bang day dan séng vi dai. Uu diém
cua loai ang ten nay la thiét ké nho gon ma van dam bao bang
thong cting nhu hiéu suét hoat dong, do véy no6 duoc sir dung
dé tich hop vao mach cam bién gan tai cac diém can giam sat.
Céc loai ang ten nay déu c6 wu diém la bang rong, khong phan
tan, d6 dinh huéng cao va dé dang ché tao.

Véi muyc dich dé cap o trén, bai bao nay s& dugc trinh bay
trong cAu triic sau: M6 ta chung vé h¢ thong cam bién khong
day dugc trinh bay trong phan 2. Céc thiét ké ang ten thu, phat
cho hé thdng 1a trong tim chinh ctia bai bao nay cing voi cac
két qua md phong va thir nghiém s& dugc trinh bay trong phin
3. Phén cubi cing 14 cac ¥ kién thao luan.

2. Mb ta chung vé hé thong cam bién khong
day

Céu tric ciia mang cam bién khong day bang thong siéu rong
cho hé thdng giam sat dong co dau may xe lra dugc thé hién
trong Hinh 1. Viéc két hop cic cam bién thanh nhiéu nhém
dua trén vi tri cua chiung duoc tinh toan cho phu hop voi thuce
te.

Khdi thiét bi diéu khién (Control Unit) bao gdm ang ten thu,
bo thu UWB va PC.

B6 cam BS cam
bién 1 T o bién 3

Bo cam B§ cam
bién 2 bién 4

Hinh 1: Kién tric hé théng cam bién khong giay sir dung cong nghé UWB

Trong trién khai thuc té, bo thu trung tdm s€ duoc dat ¢ phia
dau cua budng may va hudng vé phia dong co. Cac bo cam
bién s& dugc dat tai cac vi tri thich hop trén bé mat ddng co.

2.1. By cam bién

He¢ thdng thir nghiém bao gom 4 by cam bién nham thu thap
céc dir lidu can thiét nhu nhiét 46, d6 am, ap sudt va cc thong
s6 cong nghiép khac. Vi diu khién xir 1y dir liéu thanh cac
khung lién két dir liéu biéu miu va cac goi 16p vat ly. Sau do
cac gbi 16p vat 1y nay s& duoc truyén t6i bo tao xung UWB va
phat tin hiu t6i bd thu boi ang ten phat.

2.2. B0 thu trung tim

Bo thu bao gom bd khuéch dai tap am thap (Low-Noise Am-
plifier - LNA), khéi phat hién nang luong (Energy Detector -
ED), D-trigger va FPGA. Tin hi¢u nhan dugc tur ang ten thu
sau khi duoc khuéch dai s€ duogc so sanh v&i mirc tham chiéu

ngudng bing cach sir dung bd so sanh tuong tu téc do cao
trong khdi «ED». Khdi D-trigger sau d6 tao thanh cac xung
hinh chir nhat cho FPGA xu ly. B thu va ang ten thu thuong
c6 kich thudc 16n so voi bo phat va ang ten phat. Kich thudc
ang ten 16n cho phép ang ten thu tang dugc do loi va bang
thong 1én déng ké.

2.3. Yéu cau ky thuat doi véi cac ing ten thiét ké

Theo cac yéu céu phan tich cua h¢ thong, hé ang ten cho cac

thiét bi thu va phat ciia hé thong can dat mot so chi tiéu nham

dam bao hi¢u suit chung cua hé thong trong méi trudng cong

nghiép voi diéu kién kénh truyén phirc tap.

Cu thé ang ten phat can dat duoc céc chi tiéu k¥ thuét nhu sau:

e Bing tan hoat dong tir 1GHz dén 8GHz.

e Mong nhe véi kich thudc tong thé khong qua Scm.

e (6 kha nang chiu nhiét cao (1én dén 100°C).

e Biic xa dang huéng.

e Hé s6 khuéch dai va hiéu suét birc xa tuong ddi cao trén
toan bang.

e Phéi hop tré khang tdt trén toan bo dai tin hoat dong.

e Khong yéu cau sir dung thiét bi can bang va phdi hop riéng
biét.

Ang ten thu can dat duoc cac chi tiéu k¥ thuat nhu sau:

e Bing tan hoat dong tir 1GHz dén 8GHz.

e Kich thudc tong thé (dudng kinh ciia dudng cau ngoai tiép
ang ten) khong qua 10-15 cm.

e Dinh hudng vai d6 lgi cao.

e Khong bi phan tan pha.

e Phdi hop tré khang tdt trén toan bo dai tan hoat dong.

e Khong yéu cau sir dung thiét bi can bang va phdi hop riéng
biét.

Tir cac yéu cau k§ thuat nay, cac dé xudt thiét ké ang ten thu

va phat s& duoc trinh bay trong phan tiép theo.

3. Thiét ké ché tao hé dng ten
3.1. Thiét ké ché tao hé dng ten
3.1.1. Ang ten thu

Dé thiét ké ang ten thu cho hé thong, nhom tac gia di tiép can
va tham khao mAau thiét ké dya trén mot phién ban ang ten loa
TEM c6 dién duoc trinh bay tai [6], [7] theo két qua trong tai
liéu, cho théy ang ten cd bang thong cuc 16n va do loi cao mac
du kich thu6e kha nho cua n6 (Hinh 2a). Trong [6] trinh bay
mét phuong phap thiét ké moi cho mot ang ten TEM dugc e
xudt trén co sé 1y thuyét dng dan song song song. Ang ten
TEM c6 hinh dang tam giac nay c6 cau trac gidm dan tuyen
tinh dé tang bang thong phu hop. Mot ang ten bang rong mo
rong theo cap s6 mil theo chiéu doc va c6 mot balun dugc thiét
Kké trong [8]. Balun dugc su dung dé cai thién dic tinh tro
khang cuia dng ten TEM. Ang ten duogc thiét ké c6 thé dugc sir
dung khong chi cho cac phép do EMC, ma con cho cac h¢
thong truyén thong bang thong rong. Cac cong thirc phan tich
va thiét ké duoc trinh bay trong [9], dwa trén anh xa bao giac
(Conformal Mapping), tinh toan tré khang ddc trung cua ang
ten loa TEM. Ngoai ra mot s6 thiét ké cai tién khéc ciing dwoc
d@ xuit trong cac cong trinh [10-13].

Trong [10], Boryssenko va cac cong su dé xuit mot thiét ké
dua trén mot loai ang ten c6 d6 phan tan thép c6 mat phat xa
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xung UWB khac biét so v6i cac bg phat xa UWB da biét. Ang
ten nay duoc hinh thanh béi hai tim kim loai song song dan
dan tach ra theo hai huéng nguoc nhau dong vai tro 1a mat
phan xa (Reflector), mit phat xung nam & gitra dugc goi 1a
“Lu6i” dong vai tro 1a mat phat xa, (Hinh 2b).

A

Tém phan xa /

Lu&i

a) b)
Hinh 2: Ang ten loa TEM cb dién a) va Ang ten loa “Ludi” TEM b).

Thiét ké ang ten nay sur dung nguyén ly cua mot mat birc xa
bang rong, n6 hoat nhu mot bo chuyén ddi duoc ph01 hop tro
khang tdt trén bang rong, dé dong kich thich tai cong chuyén
thanh truong burc xa tai mat mo cua ang ten va tao ra nang
luong bure xa trong khong gian theo mot mét d6 mong mudn.
Bo chuyén d6i nay duoc tao ra boi hai tam phang dang tam
giac ¢6 ddy mo rong dan, c¢6 ciu tric hinh hoc thich hop. Cu
thé, tAm thir nhét, kich thudc 16n hon, duoc goi 13 "tdm phan
xa". TAm tht hai, kich thude nho hon, duge goi la "lugi", va
la bo phan birc xa song dién tir.

==Lk
Hinh 3: M6 hinh mé phong a) va hinh anh ché tao thuc té b)

Trong bai bao nay, thiét ké nhom tac gia dé xuit ndi ngin
mach tam ludi Xuong mat dé, day 1a giai phap dé thu nho kich
thudc ang ten ma van dam bao dugc cac yéu té hidu nang nhu
bing thong va do loi. Ngoai ra thiét ké nay ciing gitp két cau
ang ten virng chic hon do tAm ludi duoc giit ¢b dinh. Viéc cip
dién cho ang ten duoc thé hién trong Hinh 3 trong d6 dAu nbi
cap déng truc UHF 50-Q duoc gén tr mat sau cta nd, mat dé
duoc han véi thm phan xa, va dau truc cua cap duoc ndi voi
tAm birc xa.

Kich thudc tong thé ciia ang ten 1a 140 x 80 x 100mm (Dai x

Rong x Cao). Ang ten dugc ché tao tir vat liéu dong thau co

d6 day 1mm. Kich thuéc duong cong tdi uu duge thé hién

trong Hinh 4. Mot s6 luu ¥ trong qué trinh thiét ké ang ten thu
nhu sau:

e Tim phan xa tdm phat xa dugc gan ¢d dinh & bén ngoai
vao mat dé bang cac vit va dai ¢ M3 (8 chiéc).

e Diu day ndi trung tim duoc dua vao 16 & cudi cia tém
phat xa va dong kin ¢ phia bén kia. Khoang cach gitra tam
phat xa va tim phan xa trong khu vuc két ni cua dau nbi
nén 14 2 - 3 mm va dugc diéu chinh ti wu trong qua trinh
md phong va do dac thuc thé.

Hinh dang cua cac dudng cong ciia tim phan xa va tim phat
xa dugc chon dua trén cac két qua kinh nghiém.
¢

X
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Hinh 4: Kich thudc tbi wu ciia cac tham sé dudng cong cua tim phan xa va
phat xa

3.1.2. Ang ten phdt

Do yéu cau vé kich thudc nho gon, cu trac don gian va co
kha ning tich hop v6i mach ciia cac bo cam bién, cong nghé
vi dai duoc lya chon dé ché tao ang ten phat. Moéi truong hoat
dong cong nghiép c6 tinh khic nghiét cao véi nhié d co thé
1én t&i trén 100 d6 C. Bé ang ten hoat dong on dinh trong diéu
kién nhiét d6 cao, vat liéu ché tao mach in cho hé théng noi
chung va dng ten nodi riéng can phai lya chon loai riéng biét.
Tiéu biéu ¢ thé ké dén vat lieu TMM4 do Rogers san Xuét,
day 1a vat liéu chuyén dung cho cac ung dung song dién tir
hoat dong trong diéu kién nhiét do khéc nghiét (Thermoset
Microwave Materials — TMM) [14]. Chi tiét cac gi tri tham
sO cua vat lieu TMM4 duoc trinh bay trong Bang 1.

Bing 1: Chi tiét cac tham sb cia vat liéu Rogers TMM4

Tham s6 Gia tri
Do dan nhiét (Thermal Conductivity) 0.70 W/m/K
Hing s6 dién méi &, 4.50
Hé s6 nhiét ctia &, (Trong dai -55 dén 125°C) 14 ppm/K

Heé s6 no nhiét (Trong dai 0 dén 140°C) 16 (Theo truc X,
Y),21 (Theo truc Z)

1.524mm

bo day

Fl i oao0] »0
oSietetetatenst
s

32

Hinh 5: Kich thudc thiét k& ciia dng ten phat
Thiét ké duoc sir dung cho dng ten phat 1a mot dng ten don
cuc dang tam giac dugc in trén mot dé dién moi. Phan tir birc
xa cua ang ten dugc in trén mot mat cuia dé dién moi va dugce
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tiép dién boi mot duong tiép dién vi dai 50 Q. Khong gidng
nhu ng ten vi dai thong thudng, phan mit dé khong duge che
phit hoan toan bai 16p kim loai ma duoc sira d6i dé mé rong
bang thong. Qua qua trinh hiéu chinh cac kich thudce cua dng
ten trén phan mém th1et ké va md phong nham dat duoc cac
yéu cau di dat ra, mau dng ten cudi cung co kich thudce duoc
mo ta trong Hinh 5.

a)  Mat trén b) Mat dudi

Hinh 6: Miu ché tao thir nghiém ang ten phat

3.2. Két qua md phong va do thwc nghiém cic miu ing
ten

Trong bai bao nay, viéc mé phong va tinh chinh thong s6 dng
ten thu duoc thyuc hién trén phﬁn mém CST, viéc do kiém chét
luong ang ten dugc thuc hién trén may PNA-L— Network
Analayer N5234 A—10 Mhz- 43.5 GHz cua hang KeySight va
phong cam (budng khong phan xa Anechoic Chamber).

3.2.1. Ang ten thu

Két qua mé phong va do luong duoc trinh bay trong Hinh 7,
Hinh 8 va Hinh 9 cho thiy sy twong tmg tdt gitta md phong
va ché tao thyc thé. Ang ten c6 biang tan hoat dong siéu rong
v6i hé s6 S11 do duge nho hon -10dB trong dai tir 1GHz dén
7.5 GHz. Trong bang tan gan 8GHz, S11 dat x4p xi -8dB, gia
tri nay c6 thé coi 14 van chip nhan duoc dbi vai cac thiét b
hoat dong trong moi trudng cong nghiép.

M6 phing
P Bo lwomg

2 3 4 5 6 7 8
Tansd (GHz)

Hinh 7: Két qui md phong va do thuc té tham s6 S11 cua ang ten thu

Két qua mo phong trong Hinh 8 cho thy, trong mat ph'fmg
dung, hudng cua cyc dai ciia bup song chinh thay dbi theo tin
s0. Tuy nhién, trong khoang 3-6 GHz nhung thay ddi nay la
khong dang ké va toi da khong vuot qua gidi han cua khu vue
tir 10 dén 15 do theo goc ¢ (dd thi hoi nghiéng xuong dudi).
Mb phong birc xa cua dng ten ciing cho thiy hiéu suat rat t6t
1a 97% va dat dugc d6 lgi cao (tir 7-12 dBi & tan sb 3GHz va
céc tan s6 cao hon). Céc gia tri thuc té do kiém thap hon mot
chut so véi két qua mo phong nhu trong Hinh 9. Tuy nhién,

van dat dugc yéu cAu thiét ké trong thuc té voi hé sb khuéch
dai trong khoang tir 3-8GHz luén dat trén 7dBi. Véi thiét ké
hé thong dit bo thu cach vi tri dat cua cac khdi cam bién trén
10m, d6 rong bup song cia dng ten (20°), va hé sb khuéch dai
nhan duoc dam bao bd thu ¢o thé thu dugc tat ca tin hiéu tir
céc khdi bo cam bién.

Mpprecimalian  ensbled (kR == 1)
fartiek (=45 [1]
A

Culput Gain
Frecusncy 45

Tok, it o31m
Gan a2

Hinh 8: Dd thi btc xa cta ang ten thu tai tan s 3,5 GHz
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m—
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] —1 -
A

m 7
=
o5 —+— Mo phéng

—#— Do luong

Ny
J

f. Ghz

Hinh 9: D¢ lgi ctia ang ten thu

Hinh 10: Do hé sb phan xa S11 cua ang ten thu

Két qua do kiém ciia dng ten thu dugc so sanh véi cac két qua
cong bo trong Bang 2

Bang 2: So sanh két qua v6i cac nghién ciru twong dwong

Tham sb [10] [13] (7] D& xuét
Kich thuée
(mm) 74x74 80x100
30x80x70 24(2(63060
(rong x cao x x60 X x140
dai)
< R 2-14 0.28 -
Bang thong 2 -8 GHz GHz 175 GHz 1-8GHz
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D6 loi tai thn sb

trung tam (dB1) 0 10 10 ?
Do loi toan
bang (dBi) 2-0 4-12 3-12 1-13

Két qua thé hién trong bang 2 cho thay, mau ing ten thu dé
xuét c6 kich thudc nho gon va thu dugc bang thong twong ddi
va d loi tdt, trong duong voi cac nghién ctru lién quan. Véi
bing théng twong dbi ~ 200% va d6 loi xung quanh tan sb
trung tim ~ 9dBi. So sanh v&i miu dng ten trong [10], thiét ké
gbc ma thiét ké bai bao nay dé xuat dya vao dé phat trién. Kich
thudc cua ang ten dé xudt nhé hon (0.46) so vai 0.53A tai tan
sO thap nhét). Bén canh d6, do loi ctia dng ten dé xuét trong
bai bao ting dang ké so véi thiét ké goc (9 dBi so véi 0 dBi).
Bén canh d6 cac két qua nay hoan toan co thé c¢6 thé duoc cai
thién thong qua viéc thuc hi¢n tdi wu cac kich thudce cua ang
ten ciing nhu ap dung céc k§ thuat cai thién hiéu suét.

3.2.2. Ang ten phit

Két qua md phong va mau do thyc té bang tan lam viéc cua
ang ten duoc thé hién trong Hinh 11.

0

—— 511 M6 phéng
v - —-- S11Pomau thyc té

Tan s6 (GHz)
Hinh 11: Két qua md phong va do thuc té tham s S11 ciia dng ten phat

Két qua mod phong va mau thir nghiém c6 két qua tan sé cong
huéng dau tién 13 tring nhau, & khoang 1 GHz. O céc tan s6
cao hon, c6 su sai khac vé gia tri cuia hé s6 S11. Piéu nay cé
thé 1y giai bai cong nghé ché tao con gip nhidu sai s6. Ngoai
ra do kich thudc ctia ang ten 1a twong d6i nho nén cap do ciing
lam anh huéng dén birc xa cua ng ten. Tuy nhién, nhin chung,
bang té‘ln hoat dong cua ang ten trong mé phong va mau do
thuc té déu cho thay ang ten c6 dai tan hoat dong rat rong (Tu
1GHz dén trén 10 GHz), do d6 dap ing duoc yéu ciu 1am dng
ten phat cho hé thdng.

Hinh 12: D0 thi birc xa cua ang ten phat tai tan 6 3,5 GHz

Hinh 13: Do hé s6 phan xa cia dng ten phat

Do thi bire xa cua ang ten dugc thé hién trong Hinh 12. Ang
ten thé hién blrc xa dang hudng ding voi yéu cau thiét ké
nham dam bao viéc phat song theo moi huong khong phu
thudc vao vi tri 1ap dat va huéng cia cam blen He s6 khuéch
dai clia ang ten xéac dinh trong md phong tai tan sé dién hinh
3,5GHz 1a tuong d6i tot voi gia tri dat 3,6 dBi véi hiéu xuit
birc xa dat 82%. Thong thuong voi dng ten chén ttr don, hé sb
khuéch dai c6 thé dat dén khoang 4 dBi. MAu ang ten thiét ké
v6i kich thude nho gon va bang thong siéu rong, nén gia tri hé
s6 khuéch dai dat duge 3,6 dBi 1a hoan toan chép nhin duoc
va déap mg duoc yéu cau dé sir dung 1am dng ten phat cho hé
thong.

Két qua do xung UWB tir ang ten phat thé hién trong Hinh 14
cho thiy thoi gian xung nho hon 10ns. Két qua do phé ciing
cho thiy tan s6 trung tdm cua tin hiéu ¢ khoang 4,2 GHz va
mat do phd trén toan bang khong vuot qua -41,3 dBm/MHz,
thoa man céac yéu cu ciia FCC vé tin hiéu UWB.

Hinh 14: Xung phat va phd ciia tin hi¢u UWB
4. Ketluan

Trong bai bao nay, nhom tac gia da trinh bay viéc thiét ké, ché
tao va thir nghiém hé ang ten thu phat ing dung cho viéc
truyén tin cia hé thong cam bién khong day trong méi truong
cong nghiép. Cac mau ang ten dé xuat da dam bao duoc cac
yéu cau vé kich thudc nho gon, ¢6 kha nang hoat dong trong
moi truong khic nghiét. Cac tham sb vé bang thong va hiéu
suét ciing nhu hé s6 khuéch dai ciing thoa man duoc cac yéu
cau dit ra. Tir cac dit liéu mod phong va do kiém mau thir, cac
mau ché tao thir nghiém cua hé ang ten thu phat da dugc trién
khai thir nghiém v&i hé thong truyén tin khong day trong moi
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truong thyc té. Hé thdng giam sat dwoc trién khai trén dau
may D19E- 921 trong buéng may diesel Caterpillar 3512B.
Cac mo-dun va cam bién duge dit cd dinh truc tiép trén bé
mat dong co. May thu c6 ing ten dugc 1ap ¢d dinh & vi tri phu
hop. Cac thanh phan hé thong dugc cung cp boi pin 24V.
Khoang cach tr B cam bién s 1 va Bo cam bién sb 2 t6i bd
thu 1a 1.5m, khoang cach tir B§ cam bién sb 3 va Bo cam bién
sO 4 t6i bo thu 1 4.5m. Thi nghiém 1 bao gdm kiém tra hoat
dong ciia hé thong véi dong co dau may diesel chay khong tai
trong 1,5 gio, thi nghiém 2 duoc thyc hién khi ddu may
chuyén dong trong vong 40 phut. Két qua hoat dong cua hé
thdng duge dam bao véi chu ky truyén ky higu 5 goi tin/s, mdi
g6i chira 28480 bit, cho toc do truyén tong ~ 142 Kbit/s. Ty 18
truyén thanh cong dugc thé hién trong Bang 3. Tir Bang 3 ¢o
thé thy viéc thu phét tin hiéu tir cic bo cam bién 1 va 2 (dat
gan bo thu hon) 14 rat tt. Tuy nhién ty 1¢ thu chinh xac tir Bo
cam bién s6 3 va Bo cam bién sb 4 chua cao, diéu nay cé thé
la do ngudng ctia bd so sanh tai mach x 1y tin hi€u trén bd
thu chua dwoc diéu chinh tdi wu, ngudng nay can dugc diéu
chinh theo tin hiéu cia méay phat & vi tri xa nhét trong céc
truong hop cu thé. Tuy nhién van dé nay khong nim trong
pham vi nghién ctru cta bai bao. Mot két qua quan trong khac
¢c6 thé duoc rat ra tur Béng 3 1a hé théng hoat dong on dinh
trong ca 2 truong hop thir nghiém.

Két qua thuc nghiém d chimg minh hé ang ten thu dugc thiét
ké da dap ing day du cac yéu cau ky thuat cho hé thong truyén
tin khong day cta hé cam bién trong méi truong cong nhiép
v6i kénh truyén c6 do phic tap cao. Hon nita, cac thiét ké nay
¢6 thé duoc coi 1a hoan toan doc lap, phu hop véi nhiéu ting
dung UWB khac nhau.

Bing 3: Két qua hoat dong truyén tin ctia hé théng thir nghiém

Tén thanh phan| Phén trim géi tin dwgce phan phdi chinh xac

Thi nghiém 1 Thi nghiém 2
B6 cambién-1 | 99.97% 92.60%
Bo6 cam bién-2 | 99.99% 96.35%
B6 cam bién-3 | 65.29% 63.04%
B cam bién-4 | 63.88% 61.36%
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