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Acronyms

UWB : Ultra—Wideband

IR-UWB : Impulse Radio-Ultra Wideband
FCC: Federal Communications Commission
RSSI : Received signal strength Indication
AOA : Angle of arrival

TOA : Time of arrival

TDOA : Time difference of arrival

AP : Access Point

DAA : Detection and Avoid

LO : Local Oscillator

OCR : Direct Conversion Receiver

CFAR : Constant False Alarm Rate

CA-CFAR : Cell Averaging Constant False Alarm Rate
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ABSTRACT

Implementation of Object Detection and Ranging system
Using IR-UWB

Kim, Ha-Jun
Advisor : Prof. Pyun, Jae—Young, Ph.D.
Department of Information and Communication Engineering

Graduate School of Chosun University

Nowadays, people spend most of their life indoor. Therefore, the detection
and ranging of people in a small range indoor surveillance are very important
applications. The existing positioning systems such as Global Positioning System
(GPS) and conventional Radar are limited at the indoor applications high errors.
In recent years, the UWB has become a possible solution for object detection
and ranging because it has many advantages such as high spatial resolution,
simple transceiver, and low cost.

This paper proposes the improved real time object detection and distance
measurement system using IR-UWB radar. Firstly, the IR-UWB signal is applied
for clutter reduction to reduce unwanted signals. After that, the Constant False
Alarm Rate (CFAR) is used for detection of objects. Finally, the object distance
is computed based on time of arrival (TOA). In order to evaluate the
performance of proposed method, several experiments are made with a real
IR-UWB test equipment. The experimental results validate that the implemented
IR-UWB Object tracking system finds the moving object with tolerable ranging

errors of 30cm in 6m distance.

_Vi_

Collection @ chosun



5% E SR A
533 O 2 T Z =5 oF S5 R
_||,|_ o) 2 <I X » K |_ .W m ! —
EQOSMH&OWPMOadewEMmel
uﬁwo%m_%gomo,aMmliﬁgo oW o
ol o M < = & E W =< = T = TS e
- m S W2 - OF = T N K e} F < m o0 o s}
%) o = mw X = — ok OF Ki = o O < s W oF
o P F S g = 5 3 K I = i 0 - F =2 JJ K4 040 ok
w5 & WA___sﬁrEszéaom.adﬁomg_
. W i (U 2 = w3y Mo oo o) O oo ol =
Mm%anthgor019£+¢3L0a5§$
mmAEOTHOMmmoo&mo_&?m#motE___Fmﬁ_:
2 2 =0 9 2y gmWo L MJ m MK m A _m_m L - _ﬁ_w -
E_m@;mswmgﬁswAao_yas By Fop
s = 2 0l =@ W8 W e g W0 X I o W o1 O W il
oS o= g < o X o L X X 5 K = 0 - <+ oo K g J ol ol
5 S o W = + 8w X Ed = I ok T
5 23 uw R U< g=x S = O 0 ]l d A 2 KO
mul,numool_w.,uﬂ@mw xolﬂgml_zw_axo
o < o K = 2 0 Rr 2 I ® = o 5 ol S = _Jn_
o & gy B moNEE|__Ho_Dna R uLH]AM_:I__d
> © H W 3 Mago_oniu++&|BEoﬁm+
Q o] 1l - o 3 g KO = o o~ [}
t o zr R0 <0 760 @._._“ < < o =< © ) Dl ol vl ™ ) i i — <
- hi = o T4 o0 = — =1
&« 2 o M %0 nR = m £ o w = 3 m w s o o o X
m_ﬂutnaTOT xlfxﬁoSmrﬁ.ueAaamo@Hﬂg_
H ORI o = H K KF — > x O = oA = = S = o o R
&r KU o = T 9 o oF R © 0% = 2 = o] ) = Ol RO
mangowHTm[ma Eo__g_xrgo9mo_gm+H
or 100 Ol o - i = B 4 O g o= = O K= RO gy
r 9 o5 X - Z 5" = O n = m © m W | < I
5 X0 =< of ooy < = @ 9 = W T gl = — " = & = _
ok %ﬂwaoMangoaHoamozo |900T£
W oy O U OF B ool g m R a = T o1 o) ol o < RO 00
T <| Hoor O ) grf&ﬂﬁlgﬁaélu
A Mo_UH___ ﬂ#g_mﬂ@_em__gj H%&WNENW o
= =~ m 0 o ol n ws o o o T gy KA < 1 K- & A
- _mﬁzmwggﬂgm___ﬂAwoggzwueaomeOAm
| - = p— =Z fung d — — —_ — —
= TOAoor_rumEAcEEumuoneEfom_.mwgoA
K = D < n = S om < rr 8 L S T = A oA X< N ° R R0
&l m_. = X S OF W mOA = = = ol o Mﬁw y @ % mm o KIr
. o W WR 35 = 3T M = o v = Mo
: zerwr,a%:z_oOTHumo_moHoam_%JOTaj.m
< n_u_oMmOTGSQJH_ODmWoEgAExo%AGo
oo - o 3r 5 @ 0 U q o2 nom o=
o 3 P - S
I = - B &= W D3 T T
W o - B = D 0 < < g
= T @ ~ RO< G4 L5
YW R oo °

o
29l ThEtDr e )|

Collection @ chosun

20ICI T} (Hoto 2 Bty
g ) /U2
M_D;‘y



OF AT D ACH IR-UWB dI0IH= TX CHHILIUIA ZALE FI1FQl B A AlS I}
SHS0 BFAIZI0f RX CHHILIOI =&1E Al2F X0l (time of arrival, TOA)E H&HSHN H el
E SHEIL. Y2 AHINEC R WXl 20| 2400, S2 AHES AN Z2HUN
Ct=3 = HOIZ0l ZotCt. EAJF 1 &OF == MEIDIH E3E2 HLEZ JHelE S
2 A0 AXDIB SO 222X =0 [7]. £&8F 23C2IE HOIL LR ME S 8H8 &
oter == QUCH OIE 0180t XIXO0IL 3t S 243 At =2 Qs o1 X0 AL=EE =+
UCH [6]. Olefst uwBel &F ol HUsH Hel =SS 888 IR-UWB dloIGE B0 2

2 =20AM= IR-UWB dI0IHE =206l S&0ls SHe AAlE EX & Hel
=3 ANAHZ PSS SR0ls M €A Y )2l ESEEE ot =48E JMs9
228 (clutter)E HMHotI| |l =2 ZEl (adaptive filter)& AFZS8HLE IR-UWB &l
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II. IR-UWB Jl= HR

UWBE 20IH = 2AIE 2XO
AAE S0 X%
4 FCCOIM &YX
N BES} ARG
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B, §Z=2 500MHz 014 JIZE JH2I0f X JIEE UWBZ E2I6tULCH UWBE

£02 HOIEE M
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UWB Spectrum
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. IR-UWB dioIt e =X Xl € Hel 5E

JIES dIA D18t SX Al & Hel S8 AMA-E RSSI, ACA, TOA, TDOASS
HAZS ALZSIACH RSSIE 0188 Hel 58 YA2 AP (access point)HA RAEE
X2l &5 MDIE 0185t HelE sJEL [9]. ACAE Ols =& DE L E2t9
gar2t2 0/20l0f Hels +ote YAOICH 2&&2ds8 Fote ¢ale N3 SolM
Shlots A2 015 “S0A 28 21A0] D58t SHHILIE 0180t &4alE jISE
BIECz D& LEo 018 LE2o A& E & [10]. TDOAE &4 AISIH 24l
2 WMOLXS XIHAIZES] XH0IE 0I8otH fIXIE FH6t= JIHO0ICH IR-UWB dlolH
= TOAZ AIESIH =2 HelE sFsStCh IR-UWB di0OIHE LEA AMSE YA
otod Xl SHZ2H BIAIEIN DS0t2= &SS9 AIZIXE 0|80t 22 X &
Helg sE6tD 1O |IXNE FHEH. Al dseE =8 20 2o 28 A5 2

S (noise)dt M ==A&IECH O 32 TX ¢HUZ SalE

2HE (clutten)2t &2 &l
UEA AMSII RX SHILIZ =& = WE2 HESoIRL 0|2 =4Al0F HE6IH A

(3.1)2t 2Lt

IR-UAB ((&.clutter / P /
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(3.1)

R(t)= R,(t)+ R.(t)+n(t)
OJIM Rt)2 Z2E2 S0IX AlSIH 8 #4lE AISO0ICH R ()2 EX 22
ASO0I0, R()2 2 , n(t)2 LOol= AS0ICt EYUS 2 EXE AtHM=E 2
HE S LO|X ASE SUHEOZ HHGHOF ST
M EX 2 Hel 53 A80 AFE2E IR-UWB dI0IG = novelda AF2l NVAB000
2oz H&= NVA620 2=0ICH O 4= IR-UWB dI0IS = AME0 et
AHYOICH g ZY Y2 5122 ME=Z 0IFH XD, M2 dtUe & Hel g2 =4
(3.2)2 LIEt £ UCH
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Yix
frameoffset
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_ CXtimedelay
sampler — 2

299792458 [m/s] X 27> 10" "

2
= 0.00404719813[m)]

HIIM C = 371 & dII2 =555 LIEHHG, M52t9l time delay 0l= 27psO0l
3

3) 20l ME StLel &= 4mmIb LIRLCH 512019
=5

_ ——2m frameoffset = 0
:/ Ny l l

\ 1 1 :
Om 2m ~=-7 4m 6m 8m 10
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V. IR-UWB dIOId &l=Xxel &

IR-UWB dioIHe dlsHdel &2 08 710 2

= 22 U= Sote I EX 2 A
el SH=S oA €U RX HIUZ 48 22 oIz 20 S ZE(high
pass filter, HPF) &2 S5t0! DC offset AISE HH StAH ECH =41 A5l 22
BEHE MOotD| <o BHZXIEE St BHEXE 01F Jelol e 41 AS2 242
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Raw Data »  Hgh Pass Filter > B;é%;g"g —» Received Signal
Attenation
Qutput Data - Error Correction - CA-CFAR
g 7. AAIZ2E 22X X Hel S8 AMAE NS Hel S
= T —
A, A=10 S4d 2H
IR-UWB dI0Id2 £4lE Raw Datas DI S 2H UHES HXAH =0 DF
I St ZEeE AlE2dl= 0l dioid AIAEUHA AFE6tD JAes =401 UWBS
AMAES EM4A ZS2UFM4H0| g &Y HE YAl £AD| (direct conversion
receiver, DCR) EEIE F ot UJ| MS0ICH HHE HE Al KAD|= =2 MEL
et H2 MEARO HEO| UCH HE BE Al fAMIIE Soff =8E AS= LNA

et MixerS ol 20~30dB =9 AlSJF =Z=ICt. 2L LO (local oscillator) 4l
= (@] =

50| =4 20| INAQE &

2t Mixing ©EI0f DC A25 CE0 We XDF &8 8422 DC offset0] AisH]
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M2 LHNAM=E X AS en|2 FASGH] QA X AS en]o BZ M3 2
Xt (mean square error) eS ZAJ T2 £=HEHL 018 $£AC2 LIEHHE Al

(4.3)2 LIEHY = AUCH [12].

[u—

€= E{62 [n]} (4.3)
O 9= 228 S ZEEH 4AlE ASe B3 HHE AIESHH HHEXNES
st ZO0ICt Ol™ME SHIt &E ol HHA=Z0l ULCH 2H

Helgt HHAI 2201 MASS
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= A
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Before filter
54 T T T T T
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(0]
©
2 )
= 50 1
S
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100 200 300 400 500 600
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Atter filter
6 T T T T T
41 -
S 2 .
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E—
<z 0 ]
2+ -
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0 100 200 300 400 500 600
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Jg 9. X
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ZHE M2 228 ds A 2
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C. =t s 2 B4

IR-UWB dI0It Jl=2 =0l B2 FBA HSE
CS0tE Al2ZtS AHbt
0
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=Q8t 212 FHE

ot =M< Helg =4 stih

NIle ZM=Ch L&t

cl & BN X SHa As AJle ML 012
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Ol == k2 422 U=0h 08 102 s 2
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M Helg =EE o It
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Xe 2ENO NSNS YV +F 04 RXAHFE
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D. CFAR(Constant false alarm rate) &1

IR-UWB dIoOIdZ =4l Al
S0l JUCH Oldst St
(

XISte 242 CFAROI2HSHCH [16][18]
Guard Cell Test Cell
Reference Cdll [~y Reference Cdll
o Y [ Xnea] | [

Conparator

— output

T (Threshold) .

J8 12. CFAR 25&

8 125 CFARS EE%0|CE CFARY =4l MSE $4AIO TS ot
2 C}.
_ [n(t)
x“>‘{s<t>+n<t>
OIIM z(t)2 £AAS0ICH nt)2 LO0IX A5 00, st)2 X 2
LOlE2E HH0| 00 BHA DA 0| R0 =4I ASIF X &2
MNS=E XNE==2ZE M2H S0 AMs ZODIE HE SHEdT e Al
Ct [17].
1 T
fo@)=5xem\ = 5y
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HIOIM A= BEXS ZMHR0 Mmet & (4.7)2 201 =HALCH

under H,
A= 0 (4.7)

u(1+S) under H,
OIIM Hy2 <O0lX8t EXcte ER0I0, Hj2 =022 X SHIt 25 EMot
= dR0ICH pE S0/X2 B dME0IH, S X SHME EMAIS MEH &2

bl (signal to noise ratio, SNR)OIC} [18].
CA-CFARE <2tHtet X% A
SOl MIIDH 2& 30
A

ror
]

>
I

CA-CFAR2 BHIAE #Z JIZCZ YZo| X 49 AT BRS 2ol0 28 3
£ 23 sttt [15][16][19][20]. CA-CFARS & 139 =& 22 2*xE It
Ct.
Guard Cell Test Cell
Reference Cdll ~, Reference Cdll
Bt o2 [| ¥ [ Xoza) | [ xa] |
lll | L 1] ] compmaor— anps
SUM T
> SUM
lz
‘T(Thrsholoj‘
8 18. CA-CFAR EE8%
EX Mol Wpgh ZE £AI0Z LIEHHH A (4.8)2F 20 [17].
7= Y X, (4.8)
i=1
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1]

X M XY= = N2 PAC0 UCH HIAE A yE J|EOR %JHE LIH A QU

O, ALY & T= =4 (49)2 0185t +& = AL+ [17].

1

CA-CFARS| EXIZE P,= =41 (4.10)010, REEE P,= =4 (411)2 B3
&= UCH [17].

TCA o
Pd:(1+ T4 g (4.10)
Pr=00+Tg) " (4.11)
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V. IR-UWB dI0It AlAE 4

A. X Al € Hel FF AAE 24

=0l AFEE IR-UWB dIOIH= novelda A2l NVAG000 L2 M= Z2F0IC.
NVA620 252 MCU tetOlEl gt 2o &

A SHO BALEO =8l dSE

HU
il
m
nix
0x
i
00 t:l
0x
gy
E—I
ogr
o
>
(z
o
a
m

ot CtAl MCUZ GIOIHE M&S8HCH NVAG202| 8 Z el M= =+
=3 "8<f= 2moOIth. IR-UWB di0itieE Zdlg A HH
cl SE=S € = ULt O8 156= &8l AE= IR-UWB dio

I
l
1
rir
o
N
=
=)
2

Sofl 10m 2 A
Ci0ICt

= ﬂJIO

1_'"

NVAG20

™ 15. NVA620 IR-UWB &0l
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H 1. IR-UwB dioId 1tetolE

Parameter Unit
Operation frequency 6.0 - 8.5GHz
Pulse width 0.5 ns
Nominal output power -53 dBm/MHz
Instantaneous output amplitude 500 mv
Number of sample in a frame 512
Sensitivity -95 dBm
Frame range Approximately 2m
Pulse repetition frequency(PRF) 48 MHz

Voltage (dBm/MHz)
Voltage (V)

15 20 0.0 0.5 1 15 2.0

5 10 )
Frequency (GHz) Time (ns)

(a) Typical frequency spectrum, (b) Example time domain output
nominal delay line

8 16. NVAB000 &4 A5 MHE [21]
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=461 SOl LNA (low noise amplifier)& =06l A2 E=E SIOHAIZCH 8 17

2 Ag0l AF=2=E LNACH

& 17. LNA (low noise amplifier)

X 2. HMC311SC70 LNA specification

Gain 11.0 - 13.0 GHz

Gain Variation Over Temperature 0.018 — 0.022 dB/ °C
Return Loss Input / Output 15 dB
Reverse Isolation 18 dB

Output Power for 1 dB Compression _
Output Third Order Intercept (IP3) 24 dBm
Noise Figure 5 dB
— 19 —
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g 182 A& 0 AF=2E novelda AFSl sinuous antenna O|Ct.

i

18 18. novelda sinuous antenna

X 3. novelda sinuous antenna specification

Frequency Range 6.0 - 8.5 GHz
Opening angle without lens Typ. 65° (V) x 85° (H)
Opening angle with lens Typ. 40° (V) x 35° (H)
Gain Without lens Typ. 6.0 dBi
Gain with lens Typ. 6.7 dBi
Polarization Linear
Max. Power 1W EIRP
~ 20 -
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4 R-UWB Tracking Test

(]
1000

900

Parameter Setting

Gain [6 Setting | comection abha [0.03  setting CFAR guardSae [2 Settng BlockAVG Size [25 Setting
comport [coms  + Disconnect 446.900000

‘Stnp getting radar data

Operating Freq. |SEIIE ~| Setting corraction Size |64 Setting CFAR WindowSize |32 Setting |  BlockAVG Window |64 Setting EMA alpha |0.95 Setting

a8 19. A2t 22X 8K Hel =8 AIAE

X 4. novelda IR-UWB radar system parameter

i

IH

Parameter Number
Gain 6
AveraingFactor 100
PulseClkPrescaler 48 MHz
FrameOffset 67
FrameStitch 5
o1 -

Collection @ chosun




A_ iK
3 _., X o) ™
> 5 RN s
= |
Q o) i O ~ T_M__M O _-
O —_ = K T U
— W 5 & 2 I ilo]
= R ___L_Eo__=4
i) Lo L o i
- _x—a oy u = o M 3n KF
m%&%u&. mzl_______
o3 _ 10 U D_n B3 T I K K
5T O g 2Dz Hw
m =3 = 00 _._.I :m@ o "
e o A0 10 ) G A ol
R = 30 mg_? 2 5 R R
m &r 1) 2 70 ol_e @@ i n0 o m__ﬂ. MM}
S hown X o 28 s ] 55 V| g
s . ° B3 3 w S 3 a @5,
S = ) < + [N e} Zo
- - . h|
%m_éépfé w@%% \
= ot 5 W i 40 S 70 =< -
ey e _ - - iy
B Y o 2 W g un 5 57
= = N 0 o1 M ES J 2
o =z =" p oo K ® 53
20 w1 1© o0y oK e} xS 5w
- = I = = Qo oo
wAmLxﬁNI Ag%éﬂ 23 o
<0 o 0 = o B wo =
80 W o a7 w0 =7
Col Tk o ol ® o S m °
ol T o <0 0 = %0 o RAI m
@l S0 s 2
o) < mn = < _ o < 22
= = = K s mz N i 3
> = = "= > K ® s o = ﬁw% w_mmmhro A
5L 5 0o R o RO 7 o Trnle( N30
S g OV R o ROR W o < ToaE e
T 0w D ol &K K kB0 H RS
o] % T % oo F i Il ) mox% w_uw
% = oF & S 20 = = A0 D
~ o oo ™ o g o 0 = 2
30 &M oT Wo ﬂ . 20 T [}
0= — B @ O W
(1) i
oW Rr
o) Ik

- 22 -

Collection @ chosu
N



2. NAE 24

SH0l= HH EX € AHelE 53 AAE=2 IR-UWB dioIE 2t
MFC JIgt22 NAGHALH. da 2 8X= openCVE ALE
IR-UWB cllOILIE AtSotATt & XM EX2 3 o4 A
ot JIE0 ==& EZ = Hluol RAGHOHD BHEHEAS [
Chogiat 23 sts DS ool S DRIIEES ME5s 20082
ot HiE &S 0lE6tH A E BHEEHCE.

USB I/O Port
Carrera IR-UVB
Input signal Radar_oneShot
v v
Foreground High Pass Filter
Segrrentation
¢ Badkground
Oject Subtraction
dassification +
¢ Compensation of
Verification Received Signal
Refinerent Attenation
v
08 21, SH0lE 2H X L Jel BF AAY IEE
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Operting Freq. [48MHz v| Setting |  correction Sze [16 Settng |  CFAR Windowsize [32 Setting
Gan [6 settng | comectonapha [0.009 CFAR guardsie [2 setting
BodAVG Window 64 atting EMA@Dha [0.95  setting _Gmsettng || swar |
BockaVG Sze [25  setting 5064.400000
Comport [comz  v] Disconnect stop

|17

a8 22. X80 2 X & Hel SE AAE

o

H 5. A0l HM X & Hel =8 AIAY Ttet0lH

LtetolE &3 gt

s 5 48MHz

&S MIDI 6

ts 2 28 &2 30| 16
ds 2 B JisSX 0.009

CA-CFAR &= & 37| 32

ds 21 28 &2 30| 64

ds 21 28 28 & 25
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10000

Distance (nm)

Red Target Position
T T T
250

rig
0

6. &l EX
Distance (m)
2

RMSE (mm)

H

RMSE (mm)
102
165
309
440
690

57
4
6
8

Distance (m)
1
108
206

o

335

619

O | N | O W
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F

1

10000
8000
E 6000
G T 9% @0
2000
Red Target Position
o Measured Raosition by Radar
O I I I I I I I
(0] 50 100 1850 200 250 300
Tinme
g 29, Al 294l &3 =X A
7. AU 294 8F 37 Has2 22X 21
Distance (m) RMSE (mm) Distance (m) RMSE (mm)
111 2 160
3 178 4 226
5 276 6 351
7 378 8 471
9 672 10 788
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10000

Distance (nm)

4000
2000 s
Red Target Position
_ °  Measured Position by Radar
O I I I I I T I I
(0] 0 100 1850 200 250 300
Tinme
02 30, &al9 §2 22t 33 =3 Zz1
¥ 8 A W2 22 BEF Msz2 23 2
Distance (m) RMSE (mm) Distance (m) RMSE (mm)
1 79 2 127
3 161 4 193
5 261 6 313
7 350 8 447
9 614 10 786
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900_ —— Hallway
1 —— Lecture Room
a0 |—— Qutdoor

Eror Range (mm)
;

Distance (M)
J8 31, Helol e 82 MsS2 2R 23 Hlw

[=3]
=2 [m=]
S 2 4+ UACHL YA YL BEES IIEOR 15% X LM FA2H Aelo
2 de 2 ol =T
=
=

B OtEl AlS MIDIS ZE 2t
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10000

Distance (nm)
:

H 9 AU =Z0M 20l 2M EX

W =Z0A X0

o™
.
00 =
o
)
0w
“om
I
! T !

Nuner of Frame

= =M 84X &

1z

H=2 @ 2

Distance (m) Distance (m) RMSE (mm)
1 2 105
3 4 158
5 6 194
7 8 325
9 10 596
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Red Target Position
10000
8000 WOL»O\
E/ 6000 ﬂ oo
g V o8,
G i @< OJ
2000 @Lr .
@L;O (:756®
O I I I I I I I T I
(0] 10 2 30 40 50 60 70 80
Nuner of Frame
12 33. AlLf ZoaiMd S&0lse =M X & =& 20
I 10. ALY 2oAaod S&0lsE 2M X € =8 BE de82 @I 2
Distance (m) RMSE (mm) Distance (m) RMSE (mm)
1 121 2 154
3 158 4 216
5 218 6 320
7 341 8 458
9 654 10 792
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*  Red Target Position
10000 > Measured Position by Radar
8000
: ;‘:)5
| OO C‘Sﬁ
g =
SSU Eﬁ
2000- .
@‘55 5@9
O I T I T I T I I T I I I I
(0] 10 2 30 40 50 60 70 80
Nuner of Frame
8 34, A2 2 S2tHA &0l 2d XA ¥ =& 21
T 11, 22 2 Z2HAM 2X0l= 2H EX 2 = B2 H32 2% 2
Distance (m) RMSE (mm) Distance (m) RMSE (mm)
1 70 2 111
3 139 4 197
5 212 6 269
7 300 8 425
9 454 10 799
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