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[Abstract]

UWB(ultra wide band) communication systems employ short pulses to transmit information which spreads the signal energy over a very
wide frequency spectrum. Received signal-to-noise power ratio of UWB signals is an important factor in determining the accuracy of a
positioning system. As the signal to noise power ratio gets higher, positioning errors decrease since noise becomes less effective.
Calculation of signal to noise power ratio as a function of communication distance provides important guidelines for the system design.
And the performance of a positioning system also depends heavily on the channel model. As a result of the analysis, it was found that the
performance of the received signal to noise power ratio according to the communication distance was better in the LOS channel
environment than in the Non LOS(line of sight) channel environment. And as the symbol interval of the preamble signal increases at a

specific communication distance, the channel capacity of the UWB system increases.

Key word : Channel capacity, Indoor channel model, Positioning system, Preamble signal, UWB signal.

https://doi.org/10.12673/jant.2021.25.5.357 Received 1 October 2021; Revised 3 October 2021

Accepted (Publication) 26 October 2021 (30 October 2021
This is an Open Access article distributed under the pted ( ) ( )
terms of the Creative Commons Attribution o . -

LA Non-CommercialLicense(http://creativecommons.or Corresponding Author; Jae-sung Roh
g/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, )
distribution, and reproduction in any medium, provided the original Tel: +82-2-490-7206
work is properly cited. E-mail:jsroh@seoil.ac.kr

Copyright (©) 2021 The Korea Navigation Institute 357 www.koni.or.kr pISSN: 1226-9026  elSSN: 2288-842X



J. Adv. Navig. Technol. 25(5): 357-362, Oct. 2021

.M 8

BN 7)) uF
o] FopAaL glom ¢
T7F = A g
7|E2 HHT
B Sk 5
e Flojw] 9%
CH1J-[4]. sHAIWE 91% =
o] $1A] 4 7= B 2AdshA] &
shaL drk o]fgt A 8o IEEE(institute of
electrical and electronics engmeers) ’%ZQ] dXE= gekst A =
4 2 9] 372 $ISHEEE 802.15.4a % IEEE 802.15.4z %5
= Agskiti5],[6].

IEEE 802.15.4a =0l 4] %4 2] 3l UWB(ultra wide band) T4
£40 425 SO0MHZOV ] Tl 58 AL 3415
G 22 o] rpga et 20 o1
BAN2BE oju|git), A A4S UWB W22 QlE 2~
NEE o830l Ao Fjelshe e, 152 Fo o)
T H2 Ao BHOR USH R 257 ol gt 52 3
R 15i0) A elr} Fsd 54 AR, ol el %
o] FAEA AR T2 3~10[GHz] T35 tiel] -
41 3[dBmyMHZ] & AT E HAlels AdE iy Whajo=w
a7 1S A AYE UWB AlZERS 913 FCC(federal
communications commission) Z~#E& vlAHE UERAT] o]
23t UWB A=l A] 541 21 & 5= Ternary 3815 ©]-8-35}
o] NTE tﬂ}_é}tq 9 2= HA ukE 71Ao0] Tfi?l

)
ﬁ
O_|.4

HRE o &3 Au| el 7]
A EA] }\]/\Eﬂoﬂ 73 o c‘)j
ARE A7) A% 91K &
2

o N FUE
o gor N it
=

il
oy ek
oé":‘

i

Jﬁﬂim

01r[

o,
N

xS

—

Fo z
e 10

ok N
flo r

% 1y
1o
of
o

Ol oy ok M

LJ&

o
1o
i)

rE =
~ B A

1o o2 i)

-
= el

g
Ko
ﬂlﬁ
of

3

_4

Ranging A1 &2 UERJITE UWB 21 53= o} &8 AJ7ke] Hx
= A}%o}ﬂ% ol g E*é S &g3ste] 2A7F 4 [em]Ql AU
A7} 7Fs st el = A4S X5 AuE A s}

L HTH% Q"ﬂﬂﬂ SAE 98l FA m=olA Bl Mokl s

7 A o) EAbeE A)7Eo 7 AEE S48 TOA(time
of arrival) 7]WF2] TWR(two way ranging) 7]&S -83}aL Q)
=2

40—

45

=50

-60

65

UWB EIRP (dBm)

70 Indoar

— = - Outdoor

=15

10° 10'

Frequency (GHz)
O3 1. &8 UNB A[ARIS 9|8 FCC A ER njAT
Fig. 1. FCC spectrum masks for commercial UWB
systems.

https://doi.org/10.12673/jant.2021.25.5.357

—T—
1 h |
I V I
T
a8 2. B2 g5 2H40| 7,%2l Ranging 412
Fig. 2. Ranging signal W|th a pulse repetition interval of
T, seconds.

E3], FAad 7 Foll 4 Non LOS (line of sight) g2
TOA 7]“}4 AAFA AN A S8k A0 a1, T84 A28
o) A 54 He H ]'Oﬂ N7k S 713 4= ek whEbA
cheFeh e g A 9 Al 2wlol| A Ar] 4 v Tkt
Elof| tjgk A7} X138 ] ‘jr 71,[8]

UWB 219] A9 7152 ‘ﬂr% —?d%’d IERE :rL
o] ofg7] wioll 2rEE A2 ]

AUES] 75 Fojsta glom Haw g ] 7%, A7k
ol ZdE oL glvk 3 7k XM% IEEE 802.15.4z i
| eJate] Age A] 54, ¥ %2 dlolelE, % T4
, A0l digk 7 d | A1, ol 54 A o] AR S @
&FaL ATk IEEE 802.15.4zv= UWB 7|%9] 45 &89S &

AA| 2= A|o] A|2~E1E Q) gk BT} Qb gk o ‘ﬂ U3
E3xE skl dtk 7]E F7ol A2 7)e
LRP(low rate pulse) 2 HRP(high rate pulse) UWB
N At B AISS AhaEh] f1gh miAd Aol A
WA ARRS I3t vk 712 4 UWB 719 34l
™ UWB 59 A28 TOA SA4S 7I9ko. 2 ahaL vk 4]
el ArlE BEetA SA43h] fleiAE g A ela 4
=91 ERRI=R2Z S Algsfof st LRPell= #2] 54
171wl Al S919] IS = HRP 2] A|150l
o] ATk TOA A< &l miA A 2A o] ATl 4
SS-TWR(single sided two way ranging) AF-8-2 #|<}5]
o] W12 G| AclA GX] BE ZH Y-S Hulal §HES T
AL AXA o] FofiTh

i Tromi i

Device AT time
[l ] RX]

| I
} | ‘\}
- ! “ﬂ‘k
T
|
|

mﬁ:\gi

o

al
KN
=

N

|
Tpmv | prop

RX X

|
il >

Ty :
O3 3. CHH ks 59| A

Fig. 3. Single sided two way ranging method.

358



2% 304 AA] AETOA A4S 7|5ko 2 42| BEY-E| 9]
A E F78HH G| A ol ulE AIRE

1, % A 8
o} oleist Pz 27he] WA mksy] uhel i
e sl e} Wl ek W) TOA 37 ARke Béesta 4 2ok
oleld A2 A gyl W $41 Zag] Algko] Fol5o]
HYEl2] $30] Aeps| L Ao FABA Al2Ee] AY §2

o] ZojubAl FrH9].

ol A= B Al Aol e 912 54 Al
g9 A9 R e 91 A X138k g
A g4 0] Ad Bl thE UWB A|2=He] 215 off 35 79
HlE 2480tk B3 A =71 % AR A1 @704 UWB

Al2Blo] 912] 4L §)gk e Eo] 4l kAT B4l A
of wh& UWB A 2=5e) Ajd 8- Alo] o] el S 43tk

. SO A|AE 2 X =2
2-1 9YX| £ =2 |HE MS

IEEE 802.15.4a Y EY 0ol EA48l= AR E5& 9|7 TS
AREEt] TS sk $1A] 4 TREFZLS 57)/M]E 7]
FRI7Ne F2, AlaEle] Ad 29 4 WY g8 58 183
o] AAET) A A TREZ A FE Ty IS AR
EFoouA] 388 AT 4 o), A5 o 3 Agn| S
NAsl7] f1g T A o] 58 A7 5] Xtk g
A F4 Az o] F71E A hd Ad Af-&ol #olR= 4

O

2 glovt 93] FAe] FAekste] deEiatol] trade-off ¥
A7} EAFHC) [EEE 802.15.4a 7ol A= A= Zo] [, =31
2o, =1219] 7] T Ee] F7141 2
7] 3 523 7 AL Sk o] AlElell A A2 o] 55
5317 laiA] ZEUE AEL v ¥ HkE o] ARE-E T
ZoiEe] dol= Ao v F= 2aad, Aad s
A A=), S7ImlE7] A7) a9 s sl whebA
et} 719 4% [EEE 802.15.4a 9] ZE|E 725 Y
BRIt} ol A Zejd e v, Hel AEE AN 1=

i AT
A% 2HA0) 3, 7,3 A4 B Ao o] A7k Aol

1 2 Nejin
(s s [ s |
T —Tg—
—T—
w | |
V W W
1 2 3 Le-1 L
1% 4. IEEE 802.154a Z2|Y = 7=
Fig. 4. IEEE 802.15.4a Preamble Structure.

359

rie
o
L2
x
C
=
W
i)
>
i
02
>
[>
o
1o
0x
or
08
N

Aol L, 7 2 Al 9

I=
EEPEES EREREEEERE

>
(g o
Ly
1% o
z o
I
ol
2

¢

>,
[
it}
1o
in)
°
a
b
b
il
n\l
B
>,
L
O
=
5

q°
I 4o
N
-0,
>,
fo
-
~
>
o
=2

A
PR

S

oo 4

il )

ko
-4
_0|L
N
T
o
u}
12
of
>
>
[
@
9
S~
s
) r1§
o W
o,
)
|1 ol
b gk

=2

x 8
o 0 rlo Mo i

ik
o
A
il
ne
N
N
N

R

g 2

>,

o
=
¢

o
tlo

ol 912 F4< 9F N, e ABR TAE s Al
% P ()= ohet 2t
Ny — 1
P(t)= w, (t—nTy) €))
n =0
71N, Tz AR A0 w () Ze U A o)
3] Thg A3k o] 4lEe] ouix], BT o] 5, Wl
W72 g ek
EVL’ 1
w;(t)= Vi jzus;[j]w(taﬂ}) 2
A7, Eg= Aee] oA, N A dae] ) 7
UWB F2=9] ¥k5527], 5[] &= 2= Zo)7} £, %] Ternary -
ol

2-2 oy A2 2 ! mi2iolg

IEEE 802.15.4a X504 UWB 4l55 $13 Al mde
A 279 Bl whet 971 2 ER-skar 9o i Al
g g2rlElE AAISEL UTHS]. olFellA] Al A4 E AN
A 2d 273904 LOS 2 Non LOS EAS 7HA = Ajd 9
CM1~CM4¢] FehnE= & 13 2ok Fo9 Qg mde o
&gt AgtokllA] 7171E50] A E g Q= ol dig Ald
R o] &3 = Qi) ofelgh A FS 7l A|2H9
e H7ksH] Al BoldollA arelsfofdt Ald REls
ot Al A 2 AN A9 e Ald B v
AU A 3L v F& el Al 218 B4 Al
gkl A &2 T2 7HAAIFES AAA77] $1% & vl
ol Aghet Ad Bdolt), Ad] A FA A2 AE T
= ATRIE A E ] lom i Blo] T3] Ttk &
UL} 28] a AR A9 34 HE ) 22 AAE
32 ARFA ] Aeb 7h, #2o] 1] al BHE| A o)

25 771 540 qltk

3 ol
A

S
=

2o
o2

g

o

oo

> 30 oX N
fotr r|r
o &5
o rlo

E 1. IEEE 802.15.4a A'd ujzjo|g
Table 1. |IEEE 802.15.4a channel parameters.

Channel Model P k n
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Office Non LOS (CM4) -59.9 0.71 3.07
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