16 |EEE 802.15.4a IR-UWB System Design for Indoor Ranging and Communications

= 2009-04-03

A BMES/SAS 28

e

IEEE 802.15.4a IR-UWB A|AE] MA|

(IEEE 802.15.4a IR-UWB System Design
for Indoor Ranging and Communications)

QO F, & F35, 223 g, 2o 2N
(Mi-Kyung Oh, Joo-Ho Park, Jung-Yeol Oh, Min-Su Kil, Jae=Young Kim)

Abstract @ This paper aims at designing an impulse-radio ultra-wideband (IR-UWB) transceiver,
especially targeting the IEEE 802.15.4a indoor ranging and communication systems. We first
investigate the IEEE 802.15.4a IR-UWB signals and suggest the full-digital transceiver
architecture accordingly. Since the wireless systems equipped with the impulse signal have the
property of low-duty cycle, i.e., discontinuity in time, while the conventional systems takes the
continuous signals, it is required to reconfigure the system design, including link budget.
Following brief introduction to our IEEE 802.15.4a IR-UWB system hardware, we finally examine
the ranging performance in indoor environments to verify our system design.

Keywords : Impulse radio, IR-UWB, IEEE 802.15.4a, Ranging, Positioning.

1. A&

—

il

A A cmy ool AHEE XQ1A/FH
S # 4 Jt dF2=Umpulse-Radio: IR)7]4E
Z3 9 (Ultra-wideband: UWB) 7]<0] Zb3gka
Atk olel XY WPAN  %¥F<¢ IEEE
802.15.4a%14 = IR-UWB 7]&S EEAS(PHY)
ZleZ AYste] 20073 3¥ EF ARYE 3

O

Agol, doly FAWE ohe Hult e
|

T

=

yul

S|
%S AAFAY °oF 500MHz ool A
AES AA s JE2E AEIE VEs o
o 71 JAdY Al="ely Fdle CDMA

% 1Al A ZH(Corresponding Author)

=S 0 2008, 120 26., 4L ¢ 2009. 03. 04

IR-UWB 712 24 3959 20% °1d9 &

A

=
PS

>

[2006-S070-03, FUESA

Cognitive -4 A| 28 7]

ol sl WS- We Fukg el A AvHe
2 ge ~9EY AY UEE

A Az FYE 5 dtks el 1 5ol

we] Al=EL AAY 25, A AA7INE A
H2 S A9 4 Vle® A4 Ha 3g(5]

X J1
OFE A TT 0

a9 1. 97N g E s

Fig. 1. Location—-based ubiquitous home



171 9l 42 M2 E

ARE3CH[3][4]. webd WA IEEE 802.15.4a ¥

oA ARgSHA e s AsE A¥Ea, A

A FA59 R doly F418 9% PHY A~8
=) o

TZo thsjA Lot} e]la IEEE 802.15.4a
Link budget ¥X& %3l A|xgle] 48 &9l
gk Ao w stEde]l 7d 2 AU dsAE
AR AFH s HIHE Fste] AAHE
Al ='E AEs

| AAR =29 3 EA MS SM

[EEE 802.15.4a 9d~ A|AHE w3
Rangings 91§ AlZ=¥lo] ofet EAlel 4 Kbps
oA 4 Mbpsél HlelE E4& Addte= Al="e]
t}. o]& 9%t IEEE 802.15.4a2 5417 32+
< 2>3) P
PHR |secoep 7

Encoder
Conv. 4‘Symbol_“F‘rearnbleA‘ Pulse
Payload| g Encoder | | Mapper Insertion | | Shaper

| Encoder
PHR RS

“| Decoder A%

Conv. l Data ._Syncro-4_ Pulse RF
Decoder | |Detection | | nization | | Shaper
Payload| secpEp
“| Decoder

29 2. IEEE 802.15.4a PHY &%
Fig. 2. IEEE 802.15.4a PHY flow diagram

F A tro] A= Reed-Solomon (RS) 37, A4
(Convolutional) #3.7], A& v (Mapper), >~z
HE A4, F2 Shaper, RF&, FHUE AA A
92 YrtA Heol vk FAldeA = RFE
S0l 2EE HA Shaper, 715, tlolH
W, A% 537, RF 53715 714 As5E
th <28 2>9] Transceiver® E38) %4
IR-UWB PHY #|%& <& 3>3 o] =
A& SFD(Start Frame Delimiter) 4%, PHY
H, dol2=2 45 3l

L)

I

o2 H oo gz o

we fr o N

i

M 42 M 1= 2009¢ 3 17

}17 IEEE 802.15.4a UNB Frame ——

16, 64, 1024,4096 | 8 SFD | PHY Header
Preamble symbol | symbol | 19 symbols

Payload
0-1209 symbols

19 3. IEEE 802.15.4a IR-UWB %! &2]
Fig. 3. IEEE 802.15.4a IR-UWB packet format

<ag 2> 9 <a¥ 3>& FI A uieh #

o] IEEE 802.15.4a ¢4d= /\]i Ho yjEo A
FAAA 2 A ZEFolof e A AES BT 2T
i U Ve AsEY g2 a4 gEs T
Ao WEZ FEI A7rg oA o 2nsecoll 3
Fel= JdHx22 H2 ShapingS 3z, ol E3)

2 dx
Rangings & & Sdvhes Aol
2 #He ¥R 99
YPE 2B} HojRE NS
Gtk el B mpep ol
< AlZed ol Al B

#2271

% 4. IR-UWB #1719 Zejqis A5 (d) 3
Hol2= 25 (8h)
Fig. 4. IR-UWB Packet preamble signal (up) anc
payload signal (down)

<a¥ 4> AMEstal = JdE 2= IEEE

802.15.4a014 Aeleta ¥ 7|FH2E o4z}
o] 500MHz W9, Roll-off factor (=0.6, Tp

= 2nsec?®! Root-raised-cosine (RRC) Hzo|t},



18 |EEE 802.15.4a IR-UWB System Design for Indoor Ranging and Communications

sin| (1-p)wt /T,
cos[(l+[)’)m/7ﬂ+[4ﬂt/];}

@p/T) -1

_4p
r(t)= ﬁ\/i

T3 7hA] A E AR <O 2>9] RF B
Fo|t}. [EEE 802.15.4a Zwolrs <23 5>9
o]l A¥S& AA Sub-GHz band, Low-band,
High-band 3709 Wl¥ge=z 5, ZF 16719
AdS deedel. 28l Ad 0¥, 3¥, 9WS
7z 9] Mandatory @@= At WLEA o] F

Sibe FERES sha Qi ol FF U9
7

o o
X
o

A
AsHA

a1, Mandatory 2=
S U] Fo] goma s)Ro] ¥ £4 @ 94

9484.8 [MHz]
3993.6 6988.8 7987.2 8985.6 9984.0

499.2 34944 4492.8 6489.6 7488.0 8486.4

29 5. IEEE 802.15.4a 34 & 3%
Fig. 5. IEEE 802.15.4a frequency band plan

A &74A IEEE 802.15.4a Y2 Alzwlo] o
T st dEx Az 54, AddEel A
Solmokth olF Zlwtow thg AolAi IEEE
802.15.4a A8 AAl tis)r] Lopir}

. A28 AA

B o] x

i

&= <23 2>9] IEEE 802.15.4a 9=
2 7|HE BAF9)/ A Alzvls FEE] 91 Al
28 A7) tfaiA A Erh WA Ranging 4%
9 FA A S 98l AEE Full-Digital Al

1. Full-Digital 7|4 AEA A|AH
I[EEE 802.15.4a ¥ PHY 2 S
(Coherent) ¥ H]%7](Noncoherent) H21¢] 4241

NE BE AT & YRS Wx

£
O
>

. 2¢]al IEEE 802.15.4a %%9 7|& &7

=

= Festth o] $A4l Jds Alseh 9
128 o] Correlationg TXE oA 3
A meS fasld, <29 5>9)A9 RF F
=
T

shgel Hlal EPHoz 54w Aol 7}

NoOb pE O 1 M ¥ 2 N fob o2

=
c}
il
4e e ZeQE A B4 A
]ﬂ_
2
Al
A=)
=

p
g
=2
2

% 6. Full-Digital A28 -3

Fig. 6. Full-Digital system structure

S i tAEel A 7ANY dE
25 AN & <9 5>9] Y Fa giYg o
2 4gAs dFe e Adet. gxd 9"
2 AA 7= 7]1¥2] Passband oldE1 JdH~ A
A7lel ws) Aol -k, BRE FI WE
of ti3l Uk dFAE AL F Ut

meba Fukg Adsksr WA 7= RE9F 93~
A4 9 Correlations ¥3H3 RE md dugS
& UARR 3L 5 QU sk <ad 6>9 7

21 Full-Digital A]2=¥l FxE AZo] 943},



SHAUHICI =353

o~
s

>
2
oldh
S
ol r
J‘

o= e

2. Link Budget &4
IEEE 802.15.4a 982~ Al&=gle =
o 1—1”4 o] 2= -41.3dBm/MHz ©]3s}
Abg-3teofF gt} wheba] o] 9}
AHEES o A el

Link Budget #4& AlxH

pS| 7;” oﬂ

Link BudgetS ARk Aoz,
-80.1dBme®] 2 Link Margin®| 5.8dB°]t}.

9 i:%
e AE
£ Path Loss&
1)

T )\)\E]' <,1_|_ 1>o AWGN E}\]7131 30m

S A1 7H

==Xl

7 RS FoBA AlAES
%oﬂ IEEE 802.15.4a% F3}
At

L l-w

£ M o® o o

|

o~
I =

lo,

l-ﬂ).:_“,i}:lw'

s

<E 1>oA] AEE uhe} o] -41.3dBm/MHz

e

Fwa7] 9= =AY RF
Ao Hzarb HE= A s ok

%

o

w—ovL
d
g_&

‘?L
g

o
tlo

:L

Aeid= Atd 5714

oiloiﬁ,mﬁﬂ—ulﬂﬁ\“)’

of Tr of o &

tlo 0% o
oy

B

N

S

ol
==
ﬂ.‘
22

1)
[o
O

d
il

/\ oh;]_

12

r_

AHg-ste] 307 E 9] FAlA
o A)Z=ol

e o 5= 9l

T

<¥ 1>9 Link Budget& AWGN {2
74]*J6‘L Aolng HAAl A 54z A
gL o FdaEAS S8 & A
. U‘—}-i}/ﬂ Link Budget ¥4& F3t AlxH
21 Full-Digital
IEEE 802.15.4a 7459 9 &4

¥ 1. IEEE 802.15.4a Link Budget %4
Table 1. IEEE 802.15.4a link budget analysis

M 42 M 1= 2009¢ 3

IV, AlAE 718 2 A

—
40
=

FPGAd] v“-ﬂ-c‘s} 1th. ADC/DACE]
A8k, 7t
olt}. ADC/DAC W3}

=
S

% IEEE 802.15.4a
AA 725 g R

2NE I A ~E A

A Heas
ADC08D1000% MAX19692

3715 AA ETRIZF 20079 7

qe

el [EEE 802.15.4a IR-UWB RFH 3} A3 o
W, MAC % Ranging ZTEEZ Fd& 3
MSP430 vlola =z AEEZHE A F

RF chip

Micro-controller
» Baseband modem
ADC/DAC

A

SN A28 SR

Fig. 7. System platform for ranging and

Parameters Unit Value communication
Throughput [Rb] Mbps 1
Distance [d] m 30 I 2. /\]Z:E,ﬂ ‘I—-ILE‘
Bandwidth [BW] MHz 500 Table 2. System specification
Avg. TX Power[Pt=-41.3dBm/MHz+10log(BW)] | dBm -14.3
Duty Gain(Dg) dB 15.1 o 2 IEEE 802.15.4a
TX Peak Power [Ptp = Pt + 10log10(Dg)] | dBm 0.7 ALg-Fub4= 3494 .4, 3993.6, 4492MHz
Center freugney [fc] Hz 4.49E+09 iH = EH g‘d =z 499.9MHz
Path loss 1 meter [L1=20log(4pi*fc/c)] dB 45.5 @iﬂc}&, BPM-+ BPSK
Path loss d meter [L2=20log(d)] dB 29.5
RX power [Pr=Pt-L1-L2] dBm -74.3 UWB %'}: 499.2MHz BWQ] RRC
RX AWGN noise floor[N=-174+10log(BW)] | dBm ~87.0 TYPE 16, 64, 1024, 4096
RX noise figure [Nf] dB 8.0 e :E 0.85Mbps
Average noise power [Pn=N+Nf-Dng] dBm -79.0 Chip Rate 499.2MHz
Pulses per symbol [Np] 16 iﬂ%—j BT RS ZC. 7‘4@_ =
Processing gain [PG=10log(Np)] dB 12.0 —
Minimum Eb/No [S] dB 8.0 Qﬁ' O]—‘;' 12dB
Implementation loss [l] dB 3.0 X]% SOP ‘}l: 6
Link Margin [LM=Pr-Pn-S-1+PG] dB 5.8 FA7] B Coherent/Noncoherent
Proposed Min. Rx Sensitivity Level [Pmin] dBm -80.1
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