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ABSTRACT

ABSTRACT

With the continuous development of communication technology, people's
requirements for communication are also rising. With its unique advantages, wireless
ultra wideband signal (UWB signal) gradually enters people's field of vision. In order to
overcome the limitation of wireless ultra wideband signal transmission distance and
further reduce the dependence on experimental equipment in signal generation, this
paper uses LiNbOs electro-optic modulator as the main device, and focuses on how to
use the nonlinear region of intensity modulator to make the output signal conform to the
characteristics of typical wireless ultra wideband signal. In this process, this paper
proposes a new method, which can be used in a large class of input signals, thus
reducing the performance requirements of the device and the difficulty of the
experiment. The work and achievements of this paper are as follows:

(1) The research background of UWB signal in all-optical generation and the
advantages and disadvantages of existing methods using optical devices to generate
UWRB signal are summarized.

(2) A scheme is proposed: when some characteristic signals are used as the input of
LiNbOs intensity modulator, the output signal can approximate the second-order
Gaussian signal in time domain by adjusting the bias voltage and amplitude value to
change the waveform, and the feasibility of using this scheme to generate UWB signal
is strictly proved.

(3) Several typical input signals are simulated by the least square formula
according to the above method. The simulation process is given and the simulation
results are explained and discussed. In order to illustrate its correctness, the sine signal
generated by function generator is used as input to adjust the bias voltage and signal
strength, so as to obtain a more ideal second-order Gaussian signal to verify the

correctness of model and simulation.

Keywords: UWB signal, LiNbO3 intensity modulator, nonlinear region, least square

method, second order Gaussian signal
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c0s(+b) ~COSO) o Wi EIA R SRR <R

—1-cos(b) |

InE P EE R g, R S ﬁﬁ%XWLM%A%%Vcw H
AR AE R AH R E AL MM V), FEEEV, ={G,(0)} T 1 FEA R
Qumﬁm,@ﬁﬁﬁﬁm%%VcW,mﬁﬁ@ﬁm%AﬂﬁﬁMﬂwcw,#
HiEEEAS MM V) LG, =g, (s<n), MIFREER P #2 s E0% V, (R .
RERIHE, RSO P AT — AN R g, TWRRREL g, 510 R BTV, RS AE

FEXFES T, *F P HERE R, & SUESBIRBMS s3: K
HORV, FEBE G, ()G <n) . AT Y6, (%) - i () FIEERAD, Hridiig o
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R E VI IR MR, WATDEREERS Vil 4R R N 15
EAGE, FATHBES P H M —A it GRig B PS8, Bt s e T
AR BIAE 2, SR AR EOR, b ERREM AR LT
DR e o — AN BRSO o DRIRFRATIFR BR B F, (X) (i < r) JE LB 55 5 35 S 5500 (a, b) 15
BIPRZEAR A (HRFEMED BRI iR/ —aRE S NEILR LG, (X)(s<n) .

AT BB E XA IR I A ROR e B BRI 32 1, 3% T RVESR U 0 BT
BRMRA . F5h, KBRS R AME i T R SE TR T A1E S R, A A
Ho2.3.4 77, ATRALH R 30 R ERE .

XFARfT—AESL AT L R L IR ARPITAT B B REXT ARG 1 e/ 3R
SCR A, . FATARAIZ A — K s Bk 83— ke B, B EE T
—IRBRBAEREA XIRN, BR T i S B R BUKIE N L i RSB
HAESAEPIIAT S AR BATRARLZ A — A =i s B B A = A I R i —
A TIRBREL R R T = A R A R SN AF AN TR, AR % R — B
FPHUERAR B ILRAE GRIFLPARA RN T WL R =MRfE 5
R, FATEIAEECE, “ILRRAR” XA R TR BARR A I E, H
RETRBREFRATA X A5 5 0BT, 11 IR R AU S AUE R BN PR . 5
TR RS, FAVE BRI A om i 1 s B S n ik, JF HBRATE AR
UESEA SR RETE — A eR BOR T 3EAT B/ ZIRIE I R R AT 2 1), AT 7R
15 B8 B0 TP A R BRI AR A 5 0 I ) B M5 #2230 FL AR i 1) R ) A A
SRR I ) R MR e AT 55

JE B/ NIRRT R SRS 3T A ARFE R BBV, = { £, ()} PR R
Hfican N, 3 9 L R A 2% 0 N i DR AR IR, RES R Y e L FR S AT AR S
T oA B R (A AR R AR SO N IEIE RS B UWB B ? X L
AL RS CA T LA R (1D XA 2R A AN BR K, 819 O B fRL S AR A
5 0 RE 6 45 Fo At pR OZHGE i UWB s 80K ? (20 ££ (1) il E
HUR AT SR B M BR B 26 A2t 4, EARRIR? (RS s BUERIFEA
KED (3) £ (1) FH) “HEE” EAUER?

2.3 HelR R s EEH RS IE L M XA AT T IE AR

2.3.1 {55 RE ik E B ERYE FE R

R X(2-5), RFZERRAHE 7, FHEES R
g(x) =cos(af (xX)+b)(@a>0,0<b< 7) (2-7)



O E PRI R R A AR 2 MR g SR B B

FEEZH a b RALE 5 AR ER W & B CEATZ R R R IULE 1T
HIZPERSE ). {28 b KT 7, &n] Lhiidt = M E SRR Z S R HI
(0,7), RRAEFRIEXFHHRN—METEE AT KPR A2 & 145 Rl
REZm, PUONBIMER I T — Mg, ThRil (spEEi) A KA,
WIREA UWB 15 5 2R IBUSRHE . TR B4R R 2 () HUAFfE: (1D f(x) 1
EICN[0,] « (20 f(x) BE 39 [m,n], H & TRFRE X =X, (M < X, <n) XFR.
(3) f(m)="f(n)=0, H f(x)7ZE[m,x,) "™A&RIEIE, 7E (X,, n] ™4 5 U8 18 5
(4) f(x)fE[m,n]IELE, 7£(m,n) ATl 82T RIEWINT B 77 & X DY RFAE ) R
B, — EATAE N 2R A B R S R AR 5 45 R DL /e B8 RS HH) — i
UWB BR800 HRFIE

Ho, EXIARPEED f(x) e AR

f(2x, —x) = f(X) (2-8)

M: g(2x, —x) =cos(af (2x, —x) +b) =cos(af (x) +b) = g(x) , FrLL&E T [A
FERDARREN R . TS 300 (a,b) RIS 5 B9 AV B i %, PRt Jeiedn
AN S E, fWHE S RRIE— 8RR,

H, Keedg(x) ke, /520

g'(x) =—asin(af (x) +b) f'(x) (2-9)
g"(x) =—a’ cos(af (x) +b)(f'(x))? +sin(af (x) +b) f "(x) (2-10)

RYE E— 2R, BRATREIFREENSET (a,b), FFRE g(x) A=
MAE R FFE 9(%) NIX RN R . BT Z U AR PR, P52 X [A]
[M, X,) o N T AEAF X 18] A A ME— — M/ ME R X 7R 288 2 : 9'(%) =0,9"(x) #0,
T /() TERT 0, e REe:

—asin(af (x,)+b) =0 (2-11)
B 5 FIE W R AT FE R — e A R PRI
af (x)+b=kz(k=12,..) (2-12)

BERATE T v b (M%) pyytiefi o % g g o AT (R HD =7
T RO, TR

af (X)) +0 =27 (%, # X;, X, €[, X;)) (2-13)
WEEP=[m,x), EXELGQ=af(P)+b, N4
sup(Q)=a+b (2-14)
T sup(Q) AEE Q MR A, HIZEAELEAEQWN, KIhMA:
a+b<2r (2-15)

Bl AL RATIER 7 Al XA [m,x,) A ME— R A x 0 &N
r<a+b<2r, EiLMAZESRHAQ-12)LL & RE f(X) BIHEmR (1) FrifiEr.



s AN e e 709

BEIy, FRATIE 75 2 B Je — N 25, BRI g (%) R EAE 8 SN I B KA . FH X
F(2-10), (2-11), (2-12)5@2-15)#F, g"(x) >0, Kt x AXIE[m, x,) FIHNME 5
NN R BN IESE AT iR 2, R 75 ZEARAE

9(%,) > g(m) (2-16)
sitREEs (D M (3, EABER:
cos(a+b) > cos(b) (2-17)
FREXTQ-17)5Q-15)0E 1 b F a+b FTEHIRE], k8055 R:
a+b-z>7-b (2-18)

Zra bl BHES, JATEE) T — DS HOaHE, AR XTEE A, REg(x) A
T B UWB eREU) B AR « Z 8000 ] FH — AN S5 2Bl G At R 1 X3k 4 T
Fik, W ARQ-19)FE 2-2 Fios.
O<b<rx
r<a+b<2r (2-19)
a+2b>2rx

6.2832 1<

2 31416 ‘Illllllll“ ......................... N
L

0 3.1416 6.2832
a

Kl 2-2 ZHO0HE R? B RR 1 X35

SiRERW: ZHO (a,b) A IUETEEI TAEZHRE T RfFE6 = UWB 55
RFAIE B4 HE BR B00E B S O e BT B, 32 R E R K (BRSO R
By UWB eREUGEI LB . B HIR U SEOH R AR R g BA MR
(D KT FFERISFRAIFR. (2) & U AR =ARAE A (3) SRSt
N bR U R s SO R e KA

SR IXANE Bl o T AT R A A5 HE 45 SR eIl (Bl B SUR
BTk & SUATRD — By UWB {3 S 1 FIARE  DUZE RS 2 12 190 BBl P9 i A3 5 v,
1 (X, 9(X)) = (%o T (X)) » Forb fRARFEA B UWB (55, Tl EEH, LR



O E PRI R R A AR 2 MR g SR B B

SRS H S HY, 615
(%0, 9 (%)) = (Xos F (%)) » (%, 9(x)) = (3, (%)) » (%, 90)) = (%, T (X)) (2-20)
CHHA Xg, X, X, AME=IBRAE R0 AT 2 “ AL 152 3o

232 IR “HEE” WEEMIERA

T R EE A AERT & 2.3.2 T B0 IRBE N AN 2800, %0 H
BB ) $EE Ky UWB BBURIVRAE, RATTHEEE S M UWB R3S A,
TG SR AT R B . B, FRATE S IR T 3EARS E M B
UWB (5%, EREREME/MEAN TEENIELEER, K UWB &5
[ B A IR AESEAMELE BT U 5G R o SRR BRATIEZERT, fHE 1) - UWB 3K
A /I AR R Bt 2 160 0 P 88t AR 1) B B UWB A5 5 (R W AR T8 477 e s
FIBER R BURRMNEEWET S E (a,b), AEWESIHET BRALM A EL
i, BT XA S X AMEE R EL I, AL, SR8 B OSSR T AR (7]
HERFR, HR X e A& X AME E e . X BRI B MR,
B ESRSHONAER R IX P TR, AR BRI, A AT AR I
EEBIME SR R R S —AS, T AE A AL . A R X e B REIE R, U
AT Q-20)PAFENERLIER] 1, RIER] 7“8 B UWB BRI ” X AN

AT AT LS SEVE T, FRATRE T U A A R U A R
. (1) i UWB 155 G(X) 11, EXSFREA X, » 73 SN A RAME KT % AT X, 5
M G(x,)/G(x)=const . (2) B UWB {55 G(X) 1, EHXIFREHA X, , FIMFHAK
AME RN X R X, T |x, — x| =const . (3) FALET R AN S A S A4 1 S HOR A R
R READTREL B (a,b) - g(x) / 9(x,) FF RGP, Bl 52
01 (1), —TEAFELLIL|S T = ~cost) BT UWe
BB . (4D 772D AN 45 UL 2% 18 (0 2 B0 4 1 A 4 A 1) REAS 7 42 T oo ok o9
(a,b) —>|x — x| FAF RIS AR, BAE G KRG T HEE T 406 (a,b) »
AT X, — Xo| 50 B REA B UWB BRI EL

iR (1) —Fr UWB {55 A LRI

G(x) = A(l—Z(XT;ZXO)Z) exp(—

_Xo)2 _
?) (2-21)

AT G (%) = A, HA B FHCONZ R DS B AR R 2 18] 0 9¢ R 3K
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/3
=Xy +4[=T
X =X 5

(2-22)
X, = Xo— §T
2
8
1 3
IG(%,)/ G(x)|= EGXP(E) (2-23)
H BT, B UWB BRI B R LA e — AN e fE, iEEE. [

BB (2> H@2-22)%, —Hr UWB BEHIRE AR R O — N EAE, E

m
HEBR (3) Wil EAERFMMISETHR RPFES NV, W—EfFE—
MHEF cV , ZESREH.
A R Q-7) B E BT he (a,0) — g(X,)/ g(x) RSN, Wi eH. X
2 [AE I IR SR IS 1S B &5 BN, BRDTEN: 9(%)/ g(x) ARrIES
NI S ZE L, 5 R R g?::)) :: (k = — cos(b)) LI h(F) R4,
K 8 4 .

HE02-7)s BRECF(X) 10 (1D A1 (3) PR BL & A (2-12) FIBR 1] 21 20(2-19),
PR

9(x,) =cos(a+b),g(x)=-1 (2-24)
HlI.
cos(a +b) —cos(b)| . ]
et | [0, o) (2-25)
(2-25) A LS Oy
g (Xo) -0 (m)
—=——"1¢[0, 2-26
‘g(xi)—g(m) <0 (220

FREW hEESFCRIUETER, W% g(m) GRAE MEMZUREN
FAERAT IO . SR TS VIR REN, AR IRIER(Q2-26) T = — AL
R HCE . T RIOEAN I, TREUES FAES V2R, JATT
PAEEL— R ARG {F L, AT CER 8l DURS IR fr) 1 U ] DAHE D -

V-F —¢ (2-27)

BT h(F) 2R, EXREWH: £E5 hW)FPRGFE—DHTENF), Hok
AR Y0 BB AT LA RY AR A 25 K AT 4

gi5:(2-23), RRZBECEEENMESHF) F, iFE. |



O E PRI R R A AR 2 MR g SR B B

PEE (4 HTFIZUEAFTREE (3) WERHIZMA T, m (3) B R-26)04 It
2T NQ-2)AHPIEUE, MRS 1244 (B2 pkE0e B AT He 5 AH4IE IH 7 28
=EN3.22 %)

b=h(a) (2-28)
TR g BRI X, AR AR
af (x)+b=rx (2-29)
B:
af (x)+h(@)-z=0 (2-30)
FARYE R (X) BIPE (3D, 13
f'(x)>0 (2-31)

2 : RY E 2R A AT 78 7 b 2255 A 2 det[A] = 0 - LR (2-31)
XL R AT N AR, I F(x) AT

AT DR R BT T, R R A F(X) s TE A X, TR AR IR AR CE
Wf(X), 15 x, = f(z—h@))/a) - FATELE AL A (2-28)BRHI ) a 41
FR I IR 3 TR B0 B 2O IS, DT 3R %, — x| LS A5

MR, BRI, B EEEA T % gT bR, . m

TG E R DY SR B F AT — e S U W DU A 1S 4510 5 B Sk X 1iE
B (1 AT (2) f2 8 T HRITHEIE —H UWB B8 50 B8 BT 2 i AR 2614 IEIH (3D
Je N T U R B R A R SO0, B RE S A 15 S S AE G A LU AE
A& B UWB BB S5 AE, SR “ 3™ 1058 SCEESRAMAR R RIRH L ) R B S —
By UWB RS 2A G, BULIERT (4) (575450t bR B0 B s 1m) o0 A0 i 2 54—
B UWB %L

PUAETERA T LA DY AL, SR UEEANT T-45 H B AF S UM RHER NG 5, R E
L NG S R A B R RN, —E R R R E S (e EH TR
fIAF AR, RIS, M5 HEEAR SRR —H UWB R34
FSC 1) BRSO FRREAE

B Ja R IAEAE B BB 2dz HY ) 2.2 735 b o BREUR Y, = { f, ()} 12 HFAE (1) £ (x)
a0, (20 f(x) M gy [m,n], H IS T X FRE X = X (M < X, <n) XTFR.
(3) f(m)="f(n)=0, H f(x) fE[m,x,) Mk FIFLBIY, 75 (X, n] g FL LB IR (4)
f(x) 7E[m, ]S, £ (m,n) ATl BRERY, = {G, (X)} AR EH) —Hr UWB &
AR ES. EFENESV,={RITHE — Pz P HEANHA KK
f OO <r)@idRR (WS s g(x)=cos(af,(x) +b)(a>0,0<b < x) 5 EIf— K5
PRE A . WU o BUIE N — AN e eR B 20K, & T o RAE A i /IMEL T EU AR

11
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T B UWB BB LB JTEEV BIIXTE] (m,n) , 2 & M <V BEAERS (X, X, X, } o

2.3.3 EHsRnSHsl _E RO < 2 ERR

TATC GG, 0 e R i 52 R 1] 25 1 JE 2 X R A8 A i LS 5 O
I HAEB 13X M tH 0T RES IE I RN 56 B —Fr UWB 3. EA2XT UWB {3
S PR AR T 50 4 B TR AR IR, LA g, JRATT 7R ZEIE N T
I AR PR AME T, BT R AT AR . T T U B AT R IR

AR A S T A HL A0 TR ek B A { f, L B ST I S ] TR £
f(x), HAERMRBERRKRBFI{F BT F .

UEBH DR f (X) ELE I T, HHAd B 800 — Bl St B4

Bm> NI, MY x, S, 00— f(X)| <o Hrrs, (x) R f(x) KR
- H5H8 53 A0

DS g e 8 w] i A B RR B 41 { | — B ST i S AT TR B £ (X)), e

0N, i, H—Plx |f,(0-F()|<é,-

Rk, Zm>N,, n>N, K, X—PxH:

1S, () — f, ()] <[, 00— F ()| +|F () = F,(0| < &, + &,

RN f, LR, (AR E A L 2 — S Sl

Bk N B, W=l x, [S,(X)— ()| <& HHS, (x) FRmEf,(x) FE R
-2 B85 43 1

FXm=>N,, n>N,, k>N, X—V)xH:

S (X) = S,y (9] <[S,, (¥) = £, (X)|+[Sp () — £, ()| < &, + &, + &

m—oo, k—oof, B TR, .

=N, B, X—8x A

IFO)-F,(X)|<e,e=¢+¢,+¢&

WK BT AR} — BT R, R u

234 RINZFGEEARAXHFERANSIEN

JEBTE T, FEIE RN R A RBAT SRR, SRR SR %A R
B 5 ek L RN s F I S X R, R IR R A
NI A RAFERR A MRS R, Mo T R, 04z i —
e 2 2R AR I 7 At U O/ — e

B b A /N v, R AR T G, HARR K
R, BN S E — OB TR R 2R . TXREI A 0 B ) T — 2L




O E PRI R R A AR 2 MR g SR B B

SR, SRR S A FR T BT R 40 A R T 2 — Uk
Yorh GRESHOR S T) BATREIE S . WARKA S BRI A SRR e 105 5
ORTT U S TRATT U S AR, AT LI SR AR L P 3L, % T
FEH N SRR A TR (6, %00 %) » DA —AMES P, P RTEE )y N 4T
B, FAVBUAE T T A A T (D, Py ) € P, 152 5 B

(X, Xgoees Yo ) ERIE IR o EH T IV 2R 5028 10 o P 51
d(x, p)=|x—p|,(x, peR") (2-32)

HihZREN AL B, 52, b IREN A AT DARE —
R0 AR B R 1 B T RE RIS PR 73 AT L, 38T USROS NV 4RI 22 )
THEPHEE R E R 'R HRAME. Ao, ATHELE R 26 b FHRPA
T2 EpUNENIEE ¢ s S I R R WS € S T DA O I R A b L e 0 NPV € S B

%wz%ﬁﬁJZmrﬂr%¢%%4@ﬁ%§ﬁ%%g%ﬁoﬁ¢i¢@ﬂ7ﬁ

PR R PR RO R RFALE s XA SR AR RE— D ORAIE T A R EE 2B b N I OR
ghity B3R I3 AT, BATAT AT A i A% A o K230 R BORFALE (03X BR ) 2% F
KA TR M. Tish, EEERES, BATEZ= A Ut — DI EEE I RCR
XA 3.2.2 WA TR AL .

PRl lal 2 2.2 7%, AT AL H A S RO SORATIR 2 Y R B3l ek B0k
FRIRFAE I AN PR 2 A AN 3R B AR A, A P R B A X A U W AR 78 7 2%
Pt TSI o

2.4 REINGE

N TS B S B T I I PR R O R A ) S AR LR E DX AR T UWB B
B, B, ATMYIEDCS I R AR BR B 55 K ) 4SS H SR, K
F T DA O L R 1 1) — DB . N5 IR, AREIERES T AR
Hoorg 3G X BB R, BRBORIEIE — K UWB B8 BUR R RAE 2 I RE — L8 R HUR,
HETXTHAEE IR, B UWB REUR T E8H — D, eI m
RAB AR N R BB AR R . I DAER 7 BEAS BRI O AT S, ROFRAT B BE
FH BR BT R B0 (R AIE XA BRI 2% AR AN N 2R~ 1) w9 e 8 8 o R XA 5%
Mg &, AR R BRI I 8 0 2R AR PTH2 o T 28 AN AR 2 R AL
B IA B AT, DR AR o b B s R i3 —Bir UWB. eR OB AR HE AR v 78 731k
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K= NRIER P2 . 2 JRA R - RSG5 5 2 2 e a6 G
TVERT DRSS = 7 H A =5 5 AT, DARZs i RERS SRAEAS = o B A i B
HL S A S HOM 6 200 A2 IV, DAZRPERRRI I 7 AR K . AEIZIX T, AR
FEEUEM] T — EAFAESHON, A9 5 45 K%L —Fr UWB BREURFIE. BIREA
B 1IN IEGEIL A ARE S ASURAE L H bS5 EEN I, [FIN DY 7 s 3
B/ E Y] 1 R TR ARG B, XSRS 2 = F ) FOA
FELE AR, A EK

B Jm i EANTE R A IR UE W PRUE R 2R 25 R AT OB —Fr UWB (55,
SR, FEARFTE B UWB (5 S EIRER/E N UWB (55 . — et ol 3RA15G ZORIE
HATUER ) WA A% J5 T~ 3.1GHz-10.6GHz Z [8], DAy 1 Rk i 2 x4~ 5,
— RS SRR NS 5 B 58 ORI T E L UWB eR U 58 L, AT 522 4



— & PRIRE R A AR R T R

F=F eBRIEEEATRIELE AT ARNMNE

3.1 MATLAB THI{AEE .
f“*$¢ﬂ%\ﬁiwag%ﬁ IAETRAT R B it —Fi 3L+ MATLAB )
TR, RRXEMHE: CHBAGES, KE—Hm NGS5 EA W E B
FIEUE, JF RS SET ) M UWB R 1/e 562 T,
3.1.1 SHRIZEZ/M UWB R RS RIS R 21
HAEEE 3-1 fros:
Frig

TR A ES

TR R AR HY
ZHT (a, pIFHT
EEE]

S, R
HERER RS2 B H

SSHH A JRLE B
frist
L % ZEH S
TRIER/D TR xins
L P e
=W Eg£§ Eb {51 RS

fiE

Kl 3-1 £2E —F UWB BREURRHIE R 2 T35 &

f£ bidyfEd, EemEmAG 5 IRIER. £R3H, RATKIER: =i
5T R RIIE S sinc (& 007 BRAUE 50 AT 0T R, Hrb R
B EM A ER A M AL, I HROE RRRAGE SBE. X TH=
MES, BT sinc BRI, SAREHPTZ IS BCR AU WIR, AT T
PR R, DRERHZA5 5 005 0 RT A H i A2 DU RS Ik AR 4 B2
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P s 1 PR 2 A D 3(2-19), i R PR R o VR ) 8 ) A A\ i DR AR O
(2-5), PR B B AT = A0 SRARER 2.2 5 R s
XA T RIS DA P B, AR PE(2-23)R W R B UWB eR 22 A LU
A e/ —SRVARE S A B B — S Hons, A5 4 a5 RO W] RE L LU AR, Xt
7 2.2 AT WL 520 BT S ok, R HR R URE AT R Y
min({jr, ~R[}). & = 9(f, () (3-1)

Hrp, RACKRTH UWB s 8 i KA 5 S/ MEAR T E A EE, n AR
ot () PR ME S RAMEMX TEEM L, g AR REEFRIRH X RS,
min(P) (P &S AAERES P e i/ ME. FATHR AL IEG- D ML R
ﬁ fk(X) °©

70(2-26) 1 H L& RO HR IR PR X A A\ B HH R R TP AFAE ELL 0 &, I RATTA S
CNRIEIIAAL, ARG 2254 B 7> B A —pr UWB e EUREAT ELB. £ S PrAb
H AR, % T MATLAB R GEAC 1B B Bdls AT AR e #8 R BEAL 2R I Btk Bodi )
111 % B e R 1 5 SR FLAE R ANRE S 4255 T - UWB pR B HU AR - JX A Sl
13520R_ EAFERES 1S B — BB (2 AL, TATHEL —Hr UWB BB R,
172 R A B A — AR CRANIUR, "EHEE B UWB bR BUR IHRFAE .

3.1.2 EXm/P_FE X THIBILR L
AR 3-2 fros:
Frit

TR — MR E

ool =

Fetn— ML
EBERER

HeHSEE—

i
FIF = Tk rE B[R-S
iy HE h S EY AR En et
ERE R £ | 2
=ity BHZES
#R

K 3-2 @I K UWB R S35 R



O =5 PRI R T A AR ZR MR R K

TR B 12— D BRI 3.1 15 2 — ML B UWB BRSO B 4
N T KB UWB B8O Bir A Te 3 1038 D 35 R8s 1/e 21 T IS8 b, 3K
A1 75 R eR EORAN R B BEAT 04k, T A% R SR R AT

_ () ]
)= T F o) G2
S = PRSI B TRV R S G- RS SR, B T
nm{zmam4mﬁbmewd (3-3)

HA min(P) (P NES) W& XS E—1ME, g RRH UWB RExEH 1)
FEANTE PN B BRAL, fFRm— AN EIE W UWB REUERI R AL Tabs ¢ RonEEG 1V
CE S E AT F—HIFESN M, el IERAEES V H—41R
FEri. RORRFESZ, 18IS
EARHKE, RIOTERG-DMRE-3) RN k2 S, KAA
LSRN T — N HisZ 2N — NS, NESTIEN— M oRERHESEFSE
Mz RN GB-1)FR 1 4ERR A ] R B B/ 20(3-3)K B sup({t})4ERR
A ) R B AN

32 fRE4ZAR

3.2.1 SHETERBEAA
e 0 R B R A X R R IE TR 3K

£ () = exp(—E )’

T?

] LIS UE AT A B TP AT IR DUANRRAE (FRATEE TRAOMES T2, Xk
PrRZER /N, ATLLZBEA ). T AR SR A R Ve s TR E .
ZAERQ-5MR02-7), S

), xe[m,n] (3-4)

A= Ve pigg = DV (3-5)
T T
A FRMNE S, bias T LR B B E,
P(x)=¢’ [Q(XT)”} ,g(x) = cos(af (x) +b) (3-6)

WS S Y B AR B A (RN UWB B0 i v w2 A AL, 1531
P, =¢ [M} ,g(x) = cos(af (x) +b) (3-7)
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PR IR, FEATFS UWB 5 5 I ER . SR 2 H—E o, SLhs B34
¥ GPS (1.61-1.99 GHz)#iE HIE AR HATHIH], HiME T (LR ThE
ik BTG R I B B SEBR EORESCRRIAE R — P8 B UWB sR3UE N 5
&I HAR, HFEEFERET IR BA WG RES, 7 HIhZ R KE R 1
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¥ bR K035 e DR UEAR 2 i 0] FEABEAR PR 1) T (1) Th 26

SR (1) B B BB T H, DRI T ARAIE SC 3 B A ) 8
BAPHEAE 3.3 FTHMMULH MATLAB (UL AT SERRATE A OGB4 R0 R 15
5 M Sk 81 A ) s A B PR A

3.2.2 RZFHHIEBEBAREEAN
%P7 I B W R SR X R R A T

cos’[w(x—t,)], (xe Z = (¢, —%,to +%))

f(x)= (3-9)

0,(xeZ° xe[m,n])
EIRZ PR BT PR B B, (H R %

T
m:t0—4—
@ (3-10)

/4
n=t,+—
do

WU A2 B0 s g R DUANARRAE, BRI B K 5 U3 BBl AN 2 52 i
PRHURIE i UWB BREUR AR . 0 ARERAR5E V7 B A . R PRTT i[RI RE
#ZEA3E-5) , KGE-6) » KRG DR WLFRBEEN 2V, MAGESHE (BE
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P=CnD (3-18)
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XTAEREIAE S, #Hie EIRATEA R TR, R 250 3.2 g3
DIZABIT YIS o AW ORISR RIN AR E S f[n]0<n<N-1), H
N FRORTERME R DN N ASKEE S BN 9 B PR % B S = U8 e 4,
BRI FMES f[n], BP:
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Hrh amodb s a BRUL b BRI R E. LERTRATAT LUK £ [n] /B B2

£
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. Z—Hn . Z—En
finl= > akejk(N) ,a, :ﬁ > fnke W (3-16)

k=<N> n=<N>
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BEUE S, ARG S R TR R A R DURAE & 1 A A A A 5 e B
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EES B HUE 5 B AR B T RSSO, T I ARG B B S OR R .
R 15 PR S AR RME S8 £ (X)), BB E S 20 FER G S
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Flod=~ 3 fne W
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Rlod | &
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BRUALE N -
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Flo]
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EBRATH NG T 5 R IZIFJ7 B O EEAEAL AR S, SRR A B B2 A B
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Mmmmm-‘mm
issue_concerns. the regulator by the passibiity of
i also

of o iy, Ukrevidsbend ANWE)
technology i an interesting subject for this matter
aad Dere e lpic o the peper b decowed threvgh
a case study of UWB.

1. Introduction

Unlicensed  reuse of already i m o

today's regulation. The regulator has significant interest
in this fiekd, since its task it to make sure the existing
allocated radio systems arc nol interfered by new
allocations. On the other hand, the regulator i infcrcsicd
in the increase of social welfare, and thercfore also the
increase of spectrum efficiency.

e regulatory
actions 1o consider, mﬂ:tw\:-umnnnc

marnwmamdﬂwﬁmmmn(m
e s et i 40 i it
withou a_licensing cost or control. Therefore, it is
cosnla i th custing services i not. Itetord
while implementing new sysiems.

m:—mmofl!wnmhmsynauhmm

2. Overview of UWB

UWE i 8 pescan e nctwk (PAY) s ikcnded

for short range radio transmission as

UNE o4 gt oo commicily ht mmm
reless technalogies in terms of link ranges, s shown

Pty

[— Shon-Range —

developed
started already in the 1960's. Traditionally UWB (or
impulse: transimiller perates by \ransmitting
billions of palses across 3 very wide spectrum of

cquipment
manfacturing costs arc low cnough 1o support it 1o
become

translates the pulscs into data by listcning for 2 famliar

pencral.
running all over the house has become frustrating and
people are anxious (o use wircless systems for this
reason also. In many promotion lexis of UWB,
Sommihing ke this s 440 o mctivee pooplc “In the
digital home of the not-soo-distant future, peaple will be
shoreg phots, sl e dasi ind wice: amomy
networked PCs and mobile
vk tronghon e e, and evom romont, For
ol e Al b sl i ik e
PC or consumer electronics (CE) devie - such as a
mm:m, l)VI)phyerMpﬂmniwdmmnirr o
screen Hi igh-definition television) display
»'Mu-ubcm-lwmm [il]

hoen successfully spplied 1o several ather  high-
performance populr  commereial | communications
sysicmss_including. WLAN 802.110/g amd WiMAX
802,164 [7]
Dividing the available spectrum into several smaller
bands allows the selective implomentation of bands 31
ranges whilk leaving other parts of the
spectrum unsed. The dynasmic abilily of the radio is
i \ because it can constrsints

MuluBand OFDM Alliance’s propasal, bands 13 are for

5) are optional There are up to four time-froquency
codes per channel, thus allowing for a fotal of 20
piconets with the current MBOA proposal [1].

ﬂhM-lﬁn-lunmr._mgt-m.n
Based on exising comesries, use of
uuq»ummmnnnruzmurmhnm
gmina for inal deployment. Linking the oopsx

avoids inlerference with the U-NI1 hand
(msm»;mmu.m-wdn =
simplifics the design of the radio and analog front ead
cireuitry. The freqoency hand from 3.1 GHZ 10 4. Gz
is suficient for three subbands of 528 Mz, as
illustrated i Figure 5 (7]

- —
Figure § Froquency allocation of sub-hands

3. Current regulation state
The ey bads il UWH opeais were
menticned abow to consist of 528 Mikr bands in
froquency range of 3.1 10 10.6 Gl However, an
obvicus problem for UWR usage can be identified here;
ths trequencisarc sty m e, o et prly in
every of the warkd It is wellknown that
ey pcrum i e e, i . s bt
efficientdy in use. Figure 6 illustrates (he simation of
frequency allocations in the USA in freguencies from 3

palse sequence scat by the transmitier. UWB is defined
s any having accupies
a bandwidth greater than 20 percent of the conter
froguency, or a bandwidih of at least 500 Mitz.

Thc doclopmest of W o e comitc o Gy

3

Kiiz 1o 300 GHz [9]. 1t can be clearly secn, even though
that the figure is from 1996, that e spectrum is rather
il

Figure 6 Frequency allocation in USA,
3 kiz- 300 GHz
“The close-up from Figure 6 on froguencies from 3.1 1o
48 Gl which s preseniod s the obligior Iroqoency
‘band for UWH is shown in Figure

GHz

Figure 7 Frequency allocation in USA, 1.1 - 48 GHz

“The situation is hasically the same in ather coomiries 2
allocaicd radio

31 Regulationis USA
et i of UM by e FOC e s
debate over how iﬂm

45

The latter ahemative is beavily supporicd by the

formed in June 2003 [6].

21 Motivation for UWB
The concept of 3 UWB radio spans many diffcrent

pictare functionslity or viewing of the same or different
coatent on multiple viewing devices.

22 Technical characteristics

spocirum from 3.1 Gz 10 10.6 GHz. which is allocaicd
byw:l“‘ in 2002. Regulation issoes are dealt in more:
in following chapter.

However, UW does not use the entire 7.5 Gz band, o

Figure 2 Visian of UWB s common platform under
“comvergence layer”

An cxampic application for UWB would be o use it for

perform balk data wransfer of video files. Within the
b ek ik, ek 6 deit A
ke comceg v dorecs mch 84 DTN
IITV;. st Eomeitos, e s

Al s iiean, U o pplctl
TV display where users

Somple s e Mty 1o soam contot o il
simukancoasly. This woukd allow picture-in-

onding, a5 the UWR front kept on stating that the

o o
]

Figare 8 Spectrum mask of UWE for indoor
emvironments

o -
]

Figure'd Spectrum mask of UWB for outdoor
emvironments

The FOC approvod the deployment of UWHE oa

500 Mz defined by the OC. This FCC regulation

u-mpw.-vm:ym-—gm:un

mmh—nmug peinciple of
W comparod with GSM and UTMS [8].

== reieacnt o mre

‘BanOwCHn (GSM - WCDMA - UWB) ~ 1 10 10000

Figare 3 Operation principles of GSM, UMTS, UWB

of a very marrow puisc. Advantage of this method is 2
o st S ek Y U W cie

several disdvantages, e.2. 10 collect encugh signal
cocrgy in 3 typical ussge enviroament (with many
surfaces); swit

mcs kot o+ 19 Rt d 7S bnd
213 Gile i the USA). Bocmse of e shpe o s
spoctral mask, it is needed 10 use
omnamwh»m»mmdm
emission spectra.

Since the UWR spectrum his the unlicensed mature all

characteristics an: mot standardized yei

-—u;mmu-ym 50 im other words the
repulation is taking place while writing this papar.
W (121 2 spectrum mask of UWR for indoor and
outdour sage s proposed and it is shown in Table |
Toble 1 Mouiewon UV bt ek
for average power demity

: ] ! Freagaency. Iz
indoos and outdoos cavircamenss, respectively [111 " p<Al M<T<l0s  [>106
Ihe sk, U - > Type L 13487 413dBm 513 I:.?"
o - Sise
';.mtm meﬂm — e o e
jacea N Type I 613 + 87% 413 dBmv 61.3 4 7%
nm..- Radiaied Power cmr:m o (Ol g v Pty

7jmkmmwumym
becn placad bl

Fgure 10 and Figore 11 illusiraics the diffcsences
berween the
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Figure 10 FCC and ECC spectrum mask.
for indoor UWE

l‘..nnvﬁ‘-.iuﬂ‘.pur—
outdoor/portable UWB

nwmpuﬁrlh:dmmhﬂmd:l(‘( and

mclu mask when the first as published in 2002
peu\mmc h|n|ns.nmd.un-m
from '3 a8 030 4B more protection 3t specific

frequencics i nceded over the FCC in-band limit for n-

forecast for UWB usage in Farope was sated by a single

‘manufacturer in [13]: “UWB may become a US only
technology for 3 10 5 years.
deployment in the US, :bgn—;-huuumum,du

mmauwuapa-m‘puyun/e and follow
strict European ules)

‘matter, (c.g. [14]), and i scems thal manufacturers are
convinced o iry (o overcome the difficultics.

4. Conclusions

T iocon of et & 1y gl of e o
unlicensed use, s in the case with UWB, indicates.

significant shift away from a regalaiory viewpoint that
dominated;

bupﬁnmhua the licensod spectrum
. ‘This action has becn significant
Smnth 10 e ssmy comcons rom sovre detion,

particularly reganding UWB's ability lo cocxist with
existing g

During the commentary period of the Notice of Proposed
R Making (NPRUD. e K rcsiod e s
of responses 1o the dockel, many from conccrmod
that UWH has gencratod (3.

Howers, 3 wider

perspoctive basod
mmmmmm
memmmmmma

ood obtained by introducing such new overlay-friendly
such a5 UWB). Stwdics of liccascd hands
have shown thal a significant percentage of spocirum
remains unused, averaped over time, contribating 1 this
spectral inefliciency [3]. The commercial success of
WI. 1

for increasing of
unlicensed Howeve, it s worth poiniing out
ﬁlllhelmdw for sure can have its.
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