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Combining Wireless UWB and Camera Image Analysis
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Tokai National Higher Education and Research System

(Received April 8, 2024)

The Collaborative Laboratories for Advanced Decommissioning Science (CLADS), Japan Atomic Energy
Agency (JAEA), had been conducting the Nuclear Energy Science & Technology and Human Resource
Development Project (hereafter referred to “the Project”) in FY2022.

The Project aims to contribute to solving problems in the nuclear energy field represented by the
decommissioning of the Fukushima Daiichi Nuclear Power Station, Tokyo Electric Power Company
Holdings, Inc. (TEPCO). For this purpose, intelligence was collected from all over the world, and basic
research and human resource development were promoted by closely integrating/collaborating knowledge
and experiences in various fields beyond the barrier of conventional organizations and research fields.

The sponsor of the Project was moved from the Ministry of Education, Culture, Sports, Science and
Technology to JAEA since the newly adopted proposals in FY2018. On this occasion, JAEA constructed a
new research system where JAEA-academia collaboration is reinforced and medium-to-long term
research/development and human resource development contributing to the decommissioning are stably and
consecutively implemented.

Among the adopted proposals in FY2022, this report summarizes the research results of the “Development
and evaluation of a real-time 3D positioning embedded system combining wireless UWB and camera image
analysis ” conducted in FY2022.

The present study aims to realize an embedded system that combines two of the latest popular technologies,
"wireless UWB (Ultra Width Band)" and "multi-camera object recognition,”" with the goal of simple real-
time 3D positioning with less than 10 cm accuracy by a human or robot for measuring air doses in nuclear
reactor buildings. In this research, Gifu Univ. and National Institute of Technology, Fukushima College group
have developed an embedded system with camera shooting function, camera analysis function, and wireless
communication function, in order to realize real-time 3D positioning based on the analysis of camera images
by using these multiple devices. The Univ. of Tokyo and LocationMind Inc. group will apply UWB real-time
positioning technology to the inside of nuclear reactor buildings and attempt to develop technology to
improve stability. Nagoya Univ. group will be in charge of verifying wireless UWB stability from the
hardware side by using electromagnetic wave absorbing materials. The radiation resistance evaluation will
be conducted in cooperation with the JAEA and National Institute of Technology, Fukushima College group.

Keywords: 3D Positioning, UWB, Object Recognition, Camera Image Analysis, Embedded Device

This work was performed by Tokai National Higher Education and Research System under contract with
Japan Atomic Energy Agency.
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WsEE—a
Ch : Channel
CIR :Cumulative Impulse Response
CSIS : Center for Spatial Information Science
Ccw * Continuous Wave
DK : Developer Kit
El or
Elv *Elevation
EVB * Evaluation Board
FW * Firmware
GNSS 1 Global Navigation Satellite System
GPS : Global Positioning System
H *Horizontal
Ht : Height
HW : Hardware
LM * LocationMind
LoRa : Low Power Long Range
LOS *Line of Sight
NLOS :Non Line of Sight
ns or nS :Nano Second
PDoA : Phase Difference of Arrival
PRF :Pulse Repetition Frequency
PSD : Power Spectrum Density
QZSS Quasi Zenith Satellite System (MERTEMTET AT L)
Rx * Receiver
STD : Standard Deviation
SW : Software
TDoA :Time Difference of Arrival
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ToF :Time of Flight
TWR : Two Way Ranging
Tx ! Transmitter

UNOOSA :United National Office for Outer Space Affairs (EEEATHEHE)
UWB :Ultra Wide Band

Vv *Vertical

WAN :Wide Area Network
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s BHXSOUE- BRI
AR E AN ENAS O EOUBRE
\ Eifg L{18(320. 200) /

3D AN

O

h % R ABLLE EREE
#hiA% @ Spresense ‘1 (Wifi ) |

HAS [ (TyIDUE1—T1 0T HASERDHT)
(=T - E—FEFULEHE- BB EMAR)

EFE(IREIRY 1T, REhOMRATiR
{EREHERBIX1E ‘

FTEith
(2 AT ATHE SR - 1 X)

MigRE
#HAEHE Spresense (Wifi)
HAS (IwI D —T+ 7  hASER )
(SHLA SR OWHRICE < Al

~‘ TWt }
(1 BRI RTA IS - 1K)

\ D |

3.1-1 AT LRI

J1 A T B HTIZ IS < W IARGRE

Y = —F R F A B A E AR COMIRRERIC RS BORRM T a 77 NEER L, HEET
DHeFEF L OFHAxE: 60 mm OERMRIZ 6H - 5 B ARG - TR - B 0SB 3 2 EMGE %
Tole, MR, MREER - T A AT VLAHTHATHEHBS ﬁﬁ@{ﬁ%’v%ﬁ X 0.78 W
(4.951V0.158A) LIl L7z, £72. & 3. 1-1 [ZREINDLIHIT, WIKREMMEREE LT
Spresense (X 3.1-2) TiX 1 BEIOFRIZEAK 0. 28 3mBd L9 _k 60 mm DOERET 158 cm
if?ﬁ)@%«ﬁw)ﬁﬁﬁkﬁﬁmﬂu Lize 5% "— R =TIV AL, EREHAET 52
L CHIHEEEE - MIPHOWE LTI FPETH D, £7-. MOHIALEE Raspberry Pi X0 Vimd & Of
{%ré’a?fbﬁ_i EQOHEZHATO TETH D,

F 3.1-1 FHIAZERE Spresense [T L A W IRERGRIE B 4G R

EFR A% FE 53 M rh A% Oy BT e A FE Sy BT
PSEJETES 224x224 (J£:1/16) 112X 112 (Effi1/4) 56X 56 (EffE:1/1)
A3 HT IS 0.28 0.28 F 0.28 B
e KM HH B 88cm 140cm 158cm
3.1-1
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HEEND
4.951V, 0.158A

(BAE R & B B (B R
3.1-2 FHiAZE[E Spresense |Z & 2 WIRFERR & LR O T

WAREER Yy b7 —2 (Wi-Fi)

HLAZEE Spresense MO @A HAE LT, Wi-Fi F v 7 (ESP-WROOM-02) Z1{#H L 7=
WERY NI — 7 OWRZIT 72, SO AT A TIE, Brlo, BEOMIALERE 2 MBIl E
L. B TOF =2 @BEMEOFEBENFHEL 25720, FHIAME I, HICT — & BERERERE
TR, MOMAEBN ST — X 2 ZIE5 LT, TOMOHAERBICHETDH L) Lo e
WEROEE 2 FEB+ 5 Z L b EERE TH -T2,

ZTORER, MEHLATERE T 1 %4 OMAEMT — X BENARETHL Z EEMRIEL, Tk m s
T ADOEFIZEH LTz, ZHUC X0, SEHRE(E nTaerEEE X » bR AT E X klc K 57
— ZEEEINTTREIC A o T2, 7238, FIMEMEM L o7, FHLASERE 23R 2 MHLASERE (3D ArEM T
YY) FTOALOMEZTEL T, KE/R7T —XFHETH72D0T L TY XA A5 %REET
LTETHD, £o, Wi-Fi #EHGAZE L, EHREER - 74 AT L AETO0.73 W (4.919 V,
0.149 A) LHEEBENZMHEBLTCNDIN, RICHBEDINEWESbhLTnh), KIEEE
715 Zigbee 52 TWE-Lite ®E ADR[EEME L A5 K% MRFTT 25 (K 3.1-3)

» STATION 1h5NE(E
F—5
— STATION 2h\5NS{E
F—5

-

% s
00> [AP+STAMODE ||r.-.
w a Clamang=n O 5L oens

> SSID: o000

_ Password:

XXHXKXX i e
STATION 2 IP Address: e
HXAHAX
Port: xxxx

3.1-3 Wi-Fi ##ifliA%E R Spresense |2 X A ARIEGIZEET 5 v AT AMEEX & AR

) I

BELDHLALEE Spresense & HVTZERIED 3D AL Iz AT L DEBL & FREE
WA T AT RTREREERE L ERLRIE X MU — VR A A D BRI Y AT A& 5E
pSH, BRI (BEfa) Zxfgrl Uiz 3D LRI O RERGEZ 1T o 70, 728, MDD T
B, A - BRIAIE 3.1 2 TH BV OB LR 25 mm O A, HHEIAEEREIAKFEE LT, 300
mn f§ DT X7 L= BT L7 ESTG O BB 5 b0k LCHRE L, JERHEE - RiE
EBREITo T,

3.1-2
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h#3 (Al
{spresense+Wi-Fij

#
% __________ T4 MHNE
_______ [spresense+Wi-Fi)
“““““ =
.

fd #

-
"’
-

- #
'f
-,
"”J #
&L
h25 [B) his [c]
(spresense+WI-Fi) (spresense+WI-Fi}

3.1-4 HEOMIALE (BERL - 7 A T WG HT) (2K D 3D MLEHINLD > R T LR

60 -3 +IPD.0,13:CAMI 5 20,14
205 -> +IPD.3.12:CH : 3,14
306 ->
05 > +IPD.1.13:CAE : 17,14
06 ->
306 -> +IPD.013:CAM1 : 19,15
54 -> +1PD,3,12:02 : 2,15
54 ->
4 -> +1PD,1,13:CH8 : 15,15
S

> +1FD,0,16:CAMI : 18,16
301 -> +IPD.3.12:CM ¢ 1,15 | SEARKEISH
20 2 0113048 ¢ 16.15] FRENBRLABOEEEME
301 -> +19D,0,13:C4M1 : 19,15
301 -> +1PD,3.12:C4 : 215
301 -> +1P0,0.13:CAMI : 19,16
201 -> +1PD,3,12:C0€ : 3,18
0! -5 +1FD,1,13:0M0 1 16,16

(a) 4181 | () IR T —
% 3.1-5 MLAYEE (S - 7 A T ELHT) 3 AT L 5 3D MR BINRAL ORET

NN NN N S N S NSNS NS0 0 0 S O ¢
b 4

3.1-7 MLAMEE (HER - U A BB 5 BICKD 3D ALERFRFEDORRF-

3.1-3
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%% 3.1-2 3D AN RS 5

X REIE: A (%, y, 2) FHE (x, v, 2)
RHIAZERE 3 & (X 3.1-4) 18l H (38, 170, 0) (31.8,183.9,0)
(4 3.1-5) PAGINE (27, 140, 0) (21.7,143.7,0)
RYEIE (39, 113, 0) (35.1,72.1,0)
HLAZERE 4/ (X 3.1-6) 1A H (57,172, 0) (73.4,173.9,0)
2 FH (32,190, 0) (40. 3, 200. 0, 0)
3[EH (7,222,0) (12.5,239.2,0)
MIAZEE b5 & (X 3.1-7) 1alH (34, 153, 0) (74.5,179.5, 0)
2 [alH (18, 142, 0) (86.6,171.8,0)
3 [alH (27, 175, 0) (48,181.1,0)

FEFRE LT, B AT 3 RIS HBAEE L BHEORZEITN 30 m, 7 A7 4 BIZBIT 2H4EE
FHEORZEITFR 20 mm, 7 A T 5 BB HFVEE & & mﬁ®wiiﬁﬂnm&&oto% . 5B
DEFEIL, AN—2ADHE B 1 A ZEROINETMLE Th 7o 7ed, BT Aﬁ%ﬁkﬁi
b, BLIR, VVXWE@@E%EELTPRC&#%\VVX@%&@E%ﬁOT%&mkw\
LU DAL TS, 5%, LV ARE EELMETORBE/KRZET TETHD,

22D (B KOV 7 U — A3 Al REZR & — A%

TR A5 FTREZRMDASERE 7 — 2 L LT, @BHORY T Z2BE LT, $4 VY LAz N
I = ARG AT o 1o, BURETIS, PO REIA L TIIRNLIRY (1) & 705 2 & 2fGE L
7z kT IRFHOEIE :I'ob\“C%)’F"Ei BT end x4y a~w T3y hi— MR LT,

Flo, Ny T V=M HEBERFPETH L7, ZHLHLHEXRATV T LAY T Ry MR Lo AT
=ALwPF L (¥ 3.1-8 ~ 3.1-11)

3.1°8 2 FREOMEIRY HIF XA Y hv 7%y ho— k

F2WA

EEAIBOMIEIRGE
TOE FELE RUEED

fbyices

BEAE

F1WA
JEGABEAHAR

319 NyTV—ERAT=ZL @EIE1: 274 FH)

3.1-4
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3.1-11 BUEOMUARERE 7 — 2 (SRR NoF U —EMiA B =2 L% )

#HIAZEE Spresense DIfi HUH HREER

BREE I N—TBLOEEM 7 V—7 % LT, #EAKEE Spresense DIl it #itER %
1To7z, 15 DS (240) % 2 &, 30 /rEOMH (480) % 2 &, 45 rRIOMEH (720) % 2
BATV, HEEOBMEMRZIT o712, fE. &TO SD I — RIIREEL o723, T DO DOREREIX
MR <EfETHZ L &mERLEZ (X 3.1-12, K 3.1-13) ,

3. 1712 [Mifi g ERER I W 72 A 2E & Spresensel &

X 3. 1-13 M RaRERIZ V- 6 B & iiRiE D 7= D 2 &

3.1-5
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3.2 MEHRUWB Z N2 U LA A 2 3D I TFE O B

UWB Z W= > AT A EREET 5121, T 27 3 ARFHAIGE 2 M35 K5 1cT
HUENRHD, ZO7, BE LT A ADMHRREN S MLERE SO SR P e et L,
77 =AU T DRBEETSC, BT —FEZRERTEL LI LT,

W, G FFEZ I E & 2O EZRGT L, EEORE L RRICY VT RSANEET L7
4=V R CESRMEEFHI Lz, U X0, IR 2 m) 92 72 9 Ok <o FH 5 1k,
FHEGER EORRBEERIET S Z N TE T,

ZO—HOBREE IM LHEL TITo7-2 80nb, KR TIEHOHEHEZUTO LIS LT
wET5 (X 3.2-1) .

" UWBT /i AOHH |

WRAF,

UWBT/(f ADRE LM - HENES

UWB Device Type 1:DWML001EY2—)L
UWB Device Type 2: DWM 1000EVBES/ 2~
UWB Device Type 3: DWM 3001EVBE S 2 =)L

[FrFzE0ERBEEEDTH 1Y

i )
J{:/,/’ ‘\\\i4~msunorzhv4haac

WA f LocationMind!

CIRF— 5 i

BERRGORR
BET -5 ¥R LA ERY

Poh-okBERE

X 3.2-1 BA%E L ORERDSHE

3.2-1
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UWB 773 A 2 DIIE & HERE - MERERERS

UWB [ B DOREZHIR, 70 N A TV AT ABFEOIT=DIZ, LLFO 3 FEOT /A AREHE -
PERE A~ BRI L7z,
1. A AHZ AT 1: Qorvo® DWM 1001EVB (X 3.2-2)
2. TNA AH AT 2: Qorvoe DWM 1000EVB
3. FTA ZH A7 3t Qorvo® DWM 3000EVB
?N42&470lk?ﬂ4x547’Zﬁ\WB%Vz—%/wmm®wam)%ﬁ%bf%
D ERESCHERBIC B AN S, TN AKX AT 11X, RTLS (Real Time Location System) @
T 4=V RTARRLT U r—va VERAHICERFH SN TWD Z 2D, EETcHWD =9
@ CIR (Cumulative Impulse Response:BFgHA 7L AGE) O X H 74 ) D NEHNAT—4 %
ek, HOT a2 enTERWy (K 3.2-2) , TNAAREAT 20, AV UFH AT —% %250
gL, UNB (55 OKME, 7 o7 FHEREIIE, EEEE, v /VTFRSAMREEIT 5 ToOITRE S
NTWD, TNHEDOTF A ATV b 4 GHz £7213 6.5 GHz O FREH 2RI 2 (F 3.2-
1) o T/AZREA T 31F, UNBEY 2 —/LOFNA— g > GREREHHFES) T, DWM3000 2 U —
REV a—)VERXR—AZLTWD, TXAAXAT 1, 2 OBBEICINZ., v %/ 5 (6.5 GHz
JERED) F7213 9 (8 GHz JAWE) BEARRETH Y, MITH =R EEN W< DB E T
%o T 9 (8 GHz OEME) 1. BN THATE 5 UWB & LCHADERMANZHES
LTW% CBEREEZSR)

DWh1001 Module

Resel

GPID headad Blustooth Wake Lip
Current measurement
Feader Madule 10 heacder
[Raspberry P1
compatilzle)

fattery

ConnNeCtions -

Battery
charger

&

Sk UsSH
Serm

3.2-2 UWB Device Type 1, DWM10O1EVB

J-Link On-Board

UWB Device Type 1: DWM1001 £ =—/)L

Qorvo® DWM1001 &< = —/Li%, IEEE 802. 15.4-2011 UWB % 3£% L 7~ Decawave ¢ DW1000 Ultra
Wideband (UWB) F T3 —N1IC Z_X—R L L TWA, ZiE. UWB & BluetootheZ#:a L7
Ja— LT, T, &2TORF A, Nordic Semiconductor £ nRF52832, &—> 3 L&
P—ZEEH LD (® 3.2-3) , MERA LV H—T x—AR— FNEICEESNLTWA D,
T7 =AU xT DT v TT—R eV T RNT2T DAL ARN—NABILOT Ny T #{TH LT, &
T—HE CIR T =207 HZWDHZENTE S, DIMI000 U — XD EHKHIL, BATOEMIC
DFHFFI L TN D
10 cm LAPN O BRS
UWB F v x5 7Y NEWRT 7 F (6.5 GHz)

6.8 Mbps & —# L— [ IEEE 802.15.4-2011 UWB ¥E#L
JIVTF 4 v 7' a K7 H— nRF52832

3.2-2
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Bluetooth®fEf:

Bluetooth®eF v 77 L7

ET—va ot 3EEEE o —

RIHEEN A Y —7F— NTREL SN HEER © <15 pA

EIREL : 2.8 V~3.6 V

P A X :19.1 mmX26.2 mmX2.6 mm

DWM1001C DFKIRM & HF Y = —/Vid, ETSI, FCC, ISED Oz &
FCC ID: 2Aq33-DWM1001, IC: 23794-DWM1001

BLE Antenna UWB Antenna
RESET BLE
BT_WAKE_UP Microprocessor Pl 4
P —p  GPIO
WDy % Nordic
UART [1:0] < NRF52832
12
SPI[3:0) < 64 MHz ARM » GPIO
12C[1:0] p|  CortexM4 » SWD[1:0]
A
IRQ
3-Axis Motion 1va DC-DC vee
Detector Converter 28V-3.6V
STM o e
LIS2DH12TR
r— GND

3.2-3 UWB 534 ZD A& X, DWM1001EVB

3.2-3
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% 3.2-1 DWM101 OFEffif4E 1

Parameter Description Notes
RTLS System Performance
X-Y location accuracy <10 cm (typical) Line-of-Sight (LOS)

750 tags @ 0.2 Hz

System capacity / 150 tags @ 1 Hz

cluster 150 Hz 15 tags @ 10 Iz
etc.
Max. Location Rate / 10 Hg
Tag
Min. Location Rate / 0.0167 Hz Every 1 minute
Tag
Max. 4 Agchors Area Dependent See section 5.1.1
(theoretical)
@ min. rate of
Max. # Tags / cluster g0, 0.0167 Hz (every 1
(theoretical) i
minute)
Available Memory
Flash Memory available
to user ' 40kB
RAM available to user 5kB
Data Throughput
Tags to gateway Uplink or Downlink: Each tag
(sensor data) 340 Bytes per second
Anchors to gateway Uplink:34 Bytes per 12 s Fach anchor
(sensor data) Downlink:34 Bytes per 12 s
System Latency 100 ms From tag to gateway
UWB Parameters
UWB Channel Channel 5 (6.5 GHz) Fixed
Data Rate 6. 81 Mbps Fixed
PRF 64 MHz Fixed
Preamble Length 128 Fixed
Preamble Code 9 Fixed

UWB Device Type 2: DWM 1000EVB E ¥ = —/L

Qorvo® EVK1000 (4 3.2-4) I%. 28 1#1® EVB1000 R— KT, £AR— RFiZ. Ho60 07
7T LSINTEEOBEE— R (¥ 3.2-5) THHFMERETE AN L—ya 77U r—v
3 > [DecaRanging] % EITTH LIk TS, Z® [DecaRanging] . DW1000 IC
(F 3.2-2) ZHIL TA v E—UERH L, ERBEREZHAE L TR — RO EZHEE L.,
FOREREA VR —RT A AT VAIZERRT D, £, ZOFY 2—/uE, G mAEOREEH
WZINZ., DW1000 D LA T OREZ T35 Z & N TX 5,

o LUV UITHEE
EEARRT R L
CSWAVAIEE- &-h7
~ L F X AT
TRyXTTIyay
TUTF A a v

3.2-4
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| Front Side @ ! Back Side
3.2-4 UWB Device Type 2, DWM1000EVB

Channel Setup X Channel Setup b3
Channel Selection Preamble Code Channel Selection Preamble Code
3 - Centre 4.5 GHz (500 MH2) |9 -l [3-centre 4.5 Gz (s00 M) | [ ~]
2 - Centre 4.0 GHz (500 MHz) &
Preamble Length (Symbol Repetitions) Puise Repetition Frequency M 3 - Centre 4.5 GHz (500 MHz) Puise Repetition Frequency
Wf - o & 4 - Centre 4.0 GHz (900 MHz) il
&4 128 16 MHz ¥ 64MHz 5 - Centre 6.5 GHz (500 MHz) 16 MHz * 64MHz
o C os12 1024 7 -Centre 6.5 GHz (500 MHz) ¥
Data Rate Data Rate
153 22048 % 409 C (o &
110 kbits/s 850 kbitsfs | e i e & 110 kbits/s (" 850 kbitsfs
" 6.81Mbitsfs | " 6.81Mbits/s
¥ Non Std SFD W MNon Std SFD

X 3.2-5 UWB##s (DW1000) < AF—H L CIR Zildx T AT ODOREAN L X —T 2 — A

% 3.2-2 DW1000 O ftftis

Bl Decawave DW1000 UWB transceiver
ik IEEE802. 15. 4-2011 compliant

e UWB PCB 77 (Hl A%k 6.5G Hz)

e 6.8Mbps 7L —ALTF—H L a—F 47

o WAL« by HRAFOFM: HKRK60m (FA2 A7 - HAF)

o JNT 4w EIaL KT Z— nRF52832 SoC

e ARM Cortex M4F, 512K 77 v /=

e BluetootheF v 77 7

o 3 HILEE Y Y— : STM LIS2DHI2TR

o KE)H - AV—TF—F: <5 pA

o HEIFEL :2.8V~3.6V

e 19,125 mmX26.125 mmX2.6 mm

o MUXI mvBYyTFDOYV A KREATT

o VUTNUAXT /Ny (SWD)

[ ]

WA v H—T =2 — A
- SPI AL —7_ 12C. UART
- 12SA—F 4 4
- NFC %t
- GPIO
- Bluetooth V= A 77 v/

3.2-5
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e PANS 77 —AW=T
- SERMRRNS E Xy NT—TRAZ v - TUoh—, X7, TV yTPD% /) —KRIiZ
1 % T RE
- WO ERIREEMNRY 7Ty aDdOa—F—FT g
- T OMNEEFHRT T
- BLEBXOUWB ZEH 77 —20 =7 D7 v 77—k
o Tl —vgra—K;
- MG (TWR) %Y RTLS
- NAZLa—FRHT IV r—ral A€V T
Bluetooth®eF 721 SPI/UART =< > Ric L bhar 74 7 L— gy
MAC J&
Vy—2x7uk—gy, JL—0&Aay NEA I
TAFX LAYy NU—7
- FEAE, BN, B, 25—V 7
- T RMNLOHERE - B
o EXx=VUT g4
- UWB /N4 v k% AES THE 51k
o J7—ALUxT~DAPIT VLR
— Nordic nRF52832 XY 7 = Z /L (GPI0, 12C)
# 3.2-3 DWM10OOEVB O#:ffFE— K

Model @ Channel @ Frequency @ Band Data PRF Preamble @ Preamble ' Non

GHz width | Rate Code standard
MHz SFD
1 2 4 500 110 16 1024 3 Yes
kbps
2 2 4 500 6.8 16 128 3 No
Mbps
3 2 4 500 110 64 1024 9 Yes
kbps
4 2 4 500 6.8 64 128 9 No
Mbps
5 5 6.5 500 110 16 1024 3 Yes
kbps
6 5 6.5 500 6.8 16 128 3 No
Mbps
7 5 6.5 500 110 64 1024 9 Yes
kbps
8 5 6.5 500 6.8 64 128 9 No
Mbps

UWB Device Type 3: DWM 3001EVB £ =—/L

Qorvo® DWM3001EVB i%. Qorvo® DW3110 IC Z~X—RA & L7 aRUBAH (UWB) ~7 v
=RNEVa—)V T, TUT7, &ATO RF IR, BEREH, JeyJEKRE 1 OOFT 2 —L
IZHE L, A EEFMLLTWS, 27 =AL 2P 7R TDoA(Time Difference of Arrival) &
= a AT LATHEHATE, 10 cm OFFE CTEEDNLEZFFE L, K 6.8 Mbps DT —H L
— h&¥R— 3%, F7-. DWM3000 |, FiRa™ PHY 35 L UNMAC AARICHERL L TV . fod FiRa™
HEPLEERR & OFEAERNAIEETH D (X 3.2-6)

3.2-6
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wu LS
oo EEESNINE |,y
P70 3 1§ 1T AR ™
* it 2l £xr x0
> L .
"8‘; oi
q\m.‘. -] '81 x1
MM ciall ,
P60 2382 1pO frd CONt
FEE e
LEGI WED2 1sable
4] LO |
1 P50 { TCXO0_EN
Plo )
I _Aroul ncﬁ?m 92 13 oo
U3_DCOC sp1cLk BB
LED] SPINISO
g, se1nos! 58
Uz $PICSn
WAKELS
1RO
CONY
CON2 RSTn
6P100
EXTON Go101
69107 6P102/RXLED
@/D‘-‘“‘“’“"" P9 6103, TXLED
OuS1000 e
5 6N GP105.5PIPOL
CONJ GP106 -5 PvA

3.2-6 UWB Device Type 3, DWM3001EVB

e IEEE 802.15.4-2015 33 X OY IEEE 802. 15. 4z BPRF |Z H#EHL
- FiRa™® PHY, MAC. FEFAFICFERICHA
o BHZE
- UWBF ¥ kN5 (6.5 GHz) BL9 (8 GHz) (Zxt)ix
- Tur I~ VR EKE TN —
- T)ab—L v NREHETRRBOREE CHEE 2 IR
- FCC & ETSI UNB Z-XJ kL~ A 7 |ZUEHLERET
- ¥EJFRFEJE VDD3V3: 2.5V - 3.6 V
e VDDI: 1.62V - 3.6V
- KVHEES
- F—%1—] 850 kbps. 6.8 Mbps
- AT =HREORRKAT > MR 1023 byte
o AN—Ty "NTTFVr—a v
- MAC ¥R — MEREE A
- AANTeEBYHLEDOSPI A L H—T 2 —R
- DWMI000 £ DY - B FHEMESD Y
o WHMBEAZFMLEEHEY 7ALE A Lalr— 9327 A (RILS)
o NERMBERYE YV —xy hTU—2 (WSNs)

UWB /34 A DW3000 3 U — X DOEMIZLL F D@ Y Th 5,

o (XENEMEITKIIEL LI2ikGEE

X v &R SPT 1%

TS [E D UWB I B~ Dt

UWB F % > /L 9 OEWMEICxHIS (TELEC/ H AT CHEE)
AES-256 DI HALIZ LD B H A LAX TP A[hE
IEEE Std 802. 15. 4z2™-2020 (Z YEHL,

3.2-7
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O AT RREFEORERWTIEOT VA
UWB 734 A& 72 IBRICRBWC, @EIE [#7 (tag) | & T7> 71— (anchor) | &£\9
2 OOBRENEFRFOTNA ZAZERT D, X7 L1, BEIAEERA TV =7 MR AMIZEERE S
NWH/INHD UWB T34 ZADZ LT, B fEEEEEL, AEOT U I1—0b0IEE2%E LT,
HYBEE O EZFET 5, MEFRIE, BES AT Ak CetHET 2, —FH, [Toh—)
Elx. ERINICEE SN OB T3 ADZ ETY, T h—id, ZITMOEEEINDEEFE%Z
FL. BEONEFREOLENS ¥ 7Ol iR T 5,
< IVFRABREE T CONEREZ I LS L7012, UTORBRIERA2E 27,
1. CIR T — X fi#hr
2. TUH—DEE L RE
3. EEMWIA D fE A
4. FPRT — & OV b & SRR
CIR 7 — X fif kit
UWB {5 =& OFFEZ BE T 5 7212, LOS: Il LEREE & NLOS (Non Line of Sight): il L7 LER
BIZET D CIR 77— X O BRMETH D, T /3 AROIE LW EREEHE 2 553 2 7201,
LOS ER &I 5, Lol G SICITEHOWE S OGO EEY IC X D IR
L7~V FRA(E50, LOS & NLOS DM ST DEREE T THAT 5,
CIR 7 — X 35 & DBIERF & B OIRIE 2 FEI12, (5 5 BUSICBEE3 5 i 2 $e it o iz,
[First Path] v"™—2 . [First Reflection] B'—Z7 B I OREFDOMOEBEEY —7 257 EMNT
x5, MAIOEBREEN, L0S HIEITE LTZT A AR OB OHERERE % /liEIlcT 5 D Th
%o LinL, AT ANREENE | REOEFIRIBZERET 5, BEEET L KHES., okt
J&T 5 CIR 7T —% O &ZEK 3. 2-TIZmn7, ¥ 7MICEEDNH D720, FH1REOEFITH 1
KEHMEBE L VKL< 72D, B 1 BREOEEN /A AFEU ETHIIE, Br¥—Foor—7%
LOS B'—27 & LTHRH L, R EY—2 03 -7- & LTHIE LWIEREERZ T 5, LrL, &5
1 BN RELSFE LRSS, ZOEEIL A XEEZ TR, 2o —I138 1 K25 1 RK
OE—7 L L THRIBL, BEEIEICRREEZE LD, 20X D% 1| BREORREHRIT, /1 XAHE
EEFOTVT U ITNEEZRLSTHIETR/METHZENTEDLN, /A4 XOBEEZ LT 5
2. /A RO —7 BHRAIOKREE L TiE> GERLAAWEIICHEETAIVNERD D,

IS IALIS SIS SIS SIS,

‘E:IReﬂemm -t
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Increase off First Path by - “Zh / \ N
increasing Preamble Length " / \ AN

It [ _
7AX / \ O ¥
(a) T L 1
Foath St —— Il | i)

_DTre_&pa Y —

(d)
NODE 2 - Moise Threshold 1
T —First Path (B)First
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AN
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R ORI A TR D T ORBRF AT 9 2, SRBREHANC N BT N A D CIR T — 4 & H
NSHREET D7D, TAADT 7 =LV T %27 v 7T — N LUBERERZITo T,
DWM1001 & ¥ = —/LiX, RTLS 77U 7r—v a VEAICHG SN TWDHRED, 77— 0 =T O
HENRTEX72WOTCIR 7 — X OFREkIZIE M L d> 72, DWM1001 & ¥ = —/L{X DW 1000EVB &
AL UWBEY 2— LEEH LWL Z LD, PEREL KM DWM 1000EVB L [RI%THDL EE XD
iz,

CIRF—Z %M1 T& 5 X512 L7=DWM 1000EVB & DWM 3000EVB ZH\WT 7 4 —/L KT R &
BRREFETITo72 (K 3.2-8, X 3.2-9) ., BHKEFETORE TR BT FTOEB IZOWTHE
BERAE

o [EHDEHHELE

o BEHOIS L —

e CIRT—%#
e | vt ST o == S
i | ,...l-l"' =
7 1 —t—1T"
e
e | 1
K : |1
Nny i3 —— =1 i | 5 -1
i +4 B -t
~ 1 -1 11
T L ] g |
4.1 - T EEE
] - = De T EEEE
— 1 1 1] gEEEE
- B B De

'u.il; | [ Juln]y ) :
1

i
-
1 I
- 4
¥
1]
-
T
—— L
11

4 e

3.2-8 [ZEOKI AT —2 BBE U KM L. A ﬁxg@;ﬂmm

Span 2.000
ESweep ~50.0 ma (1001 pha)

.20

X 3.2-9 f£: 7 T Lr—TLOREORE. A UBEZED U —0HIE

T o= B2 TORICIE, TAAIWRERERE L CHEALCREEY S L (K 3.2-10) , =
ORBRZFHTIZ UB SN YD X 912 First Path BE— 27 2RI, oE—27 0N ED L HITH
N5 NEFH~R,
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B ENTRIHD RV TOE 7T o — CIR F—4 %X 3.2-10 F 75712, 7
V=B T ORICEEYPIFIET DR E G T T 7 I NEIRT, BEEMICL D EEO E—
T RERRE ., ERORAT —RNMETFTT52 2R LT,

. - - - - - -
Obstructions: Aluminum Board, ww

‘. ..ih ?nd Human Body' .| Tag CIR Data, No Obstruction | : Tag CIR Data, With Obstruction
¥ = 00 o BO00
i i g Sarngie: 73, Vikes Abaciibe | 531 | g
", v." Tag T 2w | 00
LS i ! { o
i B w0 { B %0 Sample. 75, Yk Aot | X230
! | i | f:- ,E
{ % o 1t | [ THI;}'
| & : Paan, H [ '?‘L.Mwm-
> -y . = s Relalve detay corrasponding o time(ns) ™ “Rotsive oy comosponting o me ()
il soosa [ =T 77 s —r—— m— —— —
nnchor CIR Data, No Ohstructmn Anchor CIR Data, With Dbstructmn
g = E ey
.\'. §°"W; ]sm-ua Wk Aschis | SIS g“"”
B oo H oy
H i > S5 1% o e
H )
| -
| T 8 ,.__;' ‘JU"MM——_—-‘
T TH ™0 TED TED M0 R0 M0 MO0 M) W0 N800 T0 T T NG Te0 80 B0 MO M0 S0 W0
Rakative dslay Fasrsenandinn in time inel Raﬂam mvm‘ﬂ time ins)

% 3.2-10 FEEIFETOCIR T —X T A b (EEMAHED )

T IKF 28 D PRIZ BRI WA 2 B & RO SR D 72 R & B RO &2 W TR R D & %
WHTO CIR 7 —Z Dl L TH 5 &, [First Path] OB — 27 |3IEFITHMR T/ A XHEE K
=< EMEY . TFirst Path] & [Peak Value| 1T—%9 5, ZOIRM T T~V F AL AK
FRHoTHE—7 RHITIZREN W L amR Lz (K 3.2-11)

}Sl“‘bi! 489 Value Absolute - 163342

000 | ‘ri‘v-'woa 131, Value Absolute - 5089

Correlator output power (dB)
Bhptaisona it il g
Correlator output power (dB)

=
-
—

y & o o 2 B
-—

Relative delay corresponding to time  (ns) Relative delay ponding to time  (ns)

X 3.2-11 CIR 7 — ¥ KHZhROLES « /2 IRICERWIAS (R L)
Fo ISR CE SR eH 0 )

LU, BERESLOMIRIZ L ARSI Lo T AT RADEBR KX VENEE TIEX,. [First
Path] & [Peak Value] N—HL2RWZ E0nHY ., ZDEAE. [First Path) OIEEEIISAT
— X TdD [Peak Value] LV H/WhEL D2 nHD (K 3.2-12) , ZOZEIFTEY 22—/
SR TTOFNERHC LB . A XAOBRELL ETHE., [First Path] ZBIRTAHKEITR -
TWH7H, ELWL YT —ZORENARETH Y, [First Path] BNHHTEX 2[R0,
MLV T—HDRENTEDEEZILIL, 2O EE5H%MERL TN,
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X, sSample 185 Value Al 20595

8 Path 8

B ample: 50, Value Absolute 1544 H Pat

g 15 § .

: PO

3 3

5 ! 5 1 i

! : I

g o

3 45 8s) }

05 e t 4
¥ I}Mm

740 760 B0 800 820 8B40 860 880 900 TO0 720 740 TE0 TB 800 20 840 60
Rel. delay f g lo time  (ns) Relative delay corresponding to ime  (ns)

3.2-12 <~ /)LF RR|Z L B First Path & Peak Value @ BEf%

UWB T34 2B IE, <~/ F R AEICB W T LOS (E 5 A2 IE LB+ a7-0ic, LvEWS
V7T NEERTHZEEHERL TS, 3.2-13 (2. DWM30O1EVB o7V 7 v 7L (PL)
23128 & 4096 DGFED CIR 7 —# Zx-T, Kb bbb o, VT VT AEREL D
WFERBMENARE S 8d, ZHUL, FEFIC ) ARXDZVWERETOE | NAOE—7 ZRETHZ
L EFRRRIZT D,

] .
3 00| .1, H |
g 3000 | El: g 8 | I‘
.l Y& ' 3. 4, |
DT 'L TN ] 1 [k g |
“' Jativ de;ay ol r“‘ :In ur:e {r::} =0 "~ Relaliv d;';!"-‘:'} r!::""";;o lirn’::. (n:; .
3.2-13 CIR 7 —X ORElgE, /& : PL=128, A : PL=4096
T U — Dl E L RE

BRlE : 7o —EBET OHT A RIRT ARICIE, D Eb 3007 U —73 L0S Z iR T
HEICTHHVERD D, 12720, =V THMEWVWGERIAWGS, ERIEEEYNGFET 58
AT, ATHEZRIR Y LOS ZHEfRT D722, LV EL DT v h—%RETIVLERNDH D, L)
27T, 3.2-14 DX HIIRW#EIHZ I X—F 272012, BINOT » I—Z2 B ET D LENH D,
T =9 L 10 N THY AT AFENET D A[EEMERH DN, T —6 LT H—3 InH D
BENE T 2I2L > TEBIMTREINDTD, MEMICL DRI REEBICLY B frEERE
UL CE R RDFREER S D, ZONA, MERBEZR EIE 57012, BIIEOT A —I12
2T, Trh—9 L 10 Z:BMEET 52 ENH#fERIND,
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Reflection

.ﬂmchnr:0 Q
| 6} 5}

@ | * NLOS Signal
" Reflection

Tag .
"2?‘ NLOS Signal

~ Obstruction

— SV Ve - ) Initiator Anchor
3 = —— 9
g

3.27-14 T UAN—DRELVAT U B

O Lossignal

RE  NMNEHEZESOLTOIE, Ty —%HETDHIENEETHD, UNB RILS TiE, f0E
T—=2 M ITHEDICRKIE S DOT U H—NRETHY, T, AA—=H—T4O5DT I —
EHEATLEEHERL NS, ZORBRTIE, 1 2OXy NU—ZI124 DOT U I—%EREL,
T 4=V RTANEER LT, SHICEL DT U I—%RETIHHEEIX. %y NI —VHIC 4
ODT =B B TOEND I LIl D, BTCDOT VI — DRI EMWIZG 2D 0ERH 5,
TN —JEREOBEITIL 2 DO FERH D -

L. 72— RO BB E

2. T VI — AR TEELE
T U H— RO QEEREIL. Android TFH T =—7 D RTLS (FNAAL ZARA—H—) Fual I L%k
FRLT, 7oh—X, YEEZRETDHZENTES (K 3.2-15) , 7=77L 7 FEA=IXFEHTA
T DVERDD, Toh—%FAULESICTHIET, MU ZEEFERTSZE2HEL WD,
TUH—DRRRLEICHDIGEIL. T LEO HEERZICIE LW Z EE AT 5 BN
HoD, ZOFHEF, 45OT =N L0S NIZH Y, JIEFIZEEDNRRNGE . K em OFSE %
5, 7o —EEO AEFN TE RWEAIE., FECEE T AVNERS D,
TN —HRETHHOFEELE LT, REHEBT o — T 4 v Y — I EWE L, DY —
LNTIE, A= —FT o hH— D 3 >OT7 v —%2FETRERETALERH S, BT v
=X, Toh—%2 7L LTHREL, ZOMELZHETHZ L TRESND, ¥ 7 DMMENE
LLBIEENAE, ZTMLT U H—IAT—XANERINS (X 3.2-16) ,
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15190 0 mw - Bt @ ol =98 15190 FM - ® all = 93, 15190 FH ™ - @ Lall = 98,
Details Details v Details v €
DW197A DW19BB DW2549
] 30001974 D D

15180 b W -

@ all E= 98

@

Auto positioning

positions successfully saved

BLE ] ; LE BLE E1CF
Anchor Setting :
NODE TYPE i NODE TYPE NODE TYPE — Tag Setting
anchor v / \. anchor A tag v /
L ~— / 5
NETWORK -— NETWORK NETWORK v
DW198B
CcsIso1 L 2 CsIS01 v CSIS01 v B e
DA:CE97:04:557E
uws uwe uwe position: x = 679,y = 0.00,2 = 1.75
active v active v active v —
NORMAL UPDATE RATE i D1:92:47:20:20:60
[J UWB FIRMWARE UPDATE [J  uwB FIRMWARE UPDATE position: x = 7,03,y = 6.71, 2= 1.75
100 ms/10Hz *
DW2003
LED Anchor set LED STATIONARY UPDATE RATE 3 CBBDAZSCOAF
~~ as Initiator 100 ms/10 Hz v Geitio 000,y=7.07,2=175
™  GiE / ™ e position: x =0.00,y = 7.07,2= 1.7
= [ @ s
INITIATOR & O mmator [0 uwB FIRMWARE UPDATE
POSITION (M) POSITION (M) ® o
= Automatic Anchor Coordinate Setting
0.00 0.00 1.75 679 0.00 1.75 i
RESPONSIVE MODE
LOCATION ENGINE
O 00:11 @ 00:20 @ 00:34
STATIONARY DETECTION
MEASURE
o ® 4 ] @ | ] ® ] ] @ 4
v _ N i Ty — P = { J
X 3.2-16 7 A —EEOBBERE T 7 ST LR
Manual Setup of Manual Setup of other Deploy Another Measure Range Data S thing and Outlier

Initiator Anchor Anchors (3 devices) Device as Tag | between the Anchors

-

Removal of Range Data

1

Repeat Process to Deploy
Additional Anchors

Change from Tag
to Anchor

Compute Position
of Tag

3.2-16

FRI A D fii

TUA—RNERBEOE ICREINTVALA, 7 —%E
WBﬁ%@%@%*&%WMﬂTE

ZOMEFT, TR ADBEMN GG SN D ERE S AR5,

B 2R L, 55 OKKIZE 2 58I
3.2-17) . UWB 7> H—DHEMNZT IV IR AEE N5

YL 7/ﬁ~vﬂ4z®%wi@&&ﬂﬁf%bhfw&m
A ANEL D, WRIT, T H—T 34 ZADHEMAC
— 2D A RFDRL D, AEL W ONOT A EEH LT,
R E T DITIEE L R o T2,
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Correlator output power (dB)
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« 10 « 104

.
Tag CIR Data with Reflector behind the Anchor - TagCIR ?;“Iuﬂﬁ."lﬂl:r Absorption Material between the
Anchor and t or

TSamgle J8T, Value Abschue 159143
4

a &
i =z

=
=

TSamgle 255, Vialue Absolute - 138332

increase in Power

o
o

3

Correlator output power (dB)

] ]

L] (]

4 4

] } mm 2—M

0 ‘ L y

To0 T® T40 60 TS0 80 &0 80 B8O B80 OO ™0 T T4 TEO TO 800 820 840 B8O 880 90O
Relative delay ponding to time  (ns) Relative delay corresponding to time  (ns)

Aluminum T Aluminum
Ti‘_ Anchor ﬂ I_ erisor i'. - Hl_ Reflector
Radio Signal

absorption material

4 3.2-18 CIR 7—%, fo: BWEWIN— 7L, AR — o0

#iPH T — & Ok & AR

FUPHT — 2 AT U, iPHT — % 2 b L, SMUEZBRET 28872 HikEzE-7, 2ok
EE, 77— 02T DT v 7T — MPRLERED, TICEVATLCEET I LixTalh
WS, T —Z 2 b L, B L L E AT — 2 o E AR E T A Z LT, ALERBE W
EFTENEINEGHT A ENARETH D, UIB HEEMND 3 RICONET —H LT o h—E X
JHIOBBET — 2 BN End, £2T, @7 —F 2 FEb L., R kSN #iAT — 200
FrimlefrEAEEE L (K 3.2-19)

Range Data

Smooth Range Data and " Position Computation from _| Computed Position from
Remove Outlier Smoothed Range Data i Filtered Range

v

k.

h

Anchor Position

X4 3.2-19 HPHT — & FiR{LOFIE
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FHT =207 4N Z ) T EANEDREIX, U KUY A X 10 TBEEEZEHT
LTI 2Ty T—HIE~VNTFRAREOSH DA T 4 A—AT, 10 Hz O L— h Ttk iz,
ZTNET—TNDETHEE Lz, 7 h—ID 8406 O#iPHT — X2 /) A ANHDHDIL, T v i1—
X T ORINCEEMN G D=0 L Bbhi-,

TANEY) T LUTHA LERHT — 2 %X 3.2-20 (TR, 274 AZ )7Ly, 4
NEbERESNTZ (K 3.2-20 5F) , VoPT—2DT74NEY U TIXAEETHY, VT LA
AL TOEET, WBO 77— LT =T LYV TITHLERD D,

E0)

Correlator output power (dB)

File: 41_01.csv, Range Data between Anchor ID(0) 848A and Tag File: 4t_01.csv. Range Dala between Anchor ID(1) 47AF and Tag

32

29

28

Correlator output power (dB)
Correlator cutput power (dB)

500 1000 1500 2000 2500 :mm 3500 500 1000 1500 2000 2500 MM 3500
Relative delay corresponding to time  (ns) Relative delay corresponding to time  (ns)
= File: 41_01 csv. Range Data between Anchor ID(2); D1A9 and Tag File: 41_01.csv. Range Data between Anchor ID(3) B406 and Tag
—&— Range Data
17 p < Fiftered Range Data

Correlator output power (dB)

= . I i { |
L . | |
500 1000 1500 2000 2500 3000 3500 500 1000 1500 2000 2500 3000 3500
Relative delay corresponding o time  (ns) Relative delay corresponding to time  (ns)

X 3.2-20 74 NHE VT LIFET— X3

RARFOEMAANEZELDD, )

AR UWB & o —ai@E L, JBREH RIS R B O a2 A L, = b D
ZWR L TLUFORFERRZ1T -7,

TNA AL A T RNCRBEFH FEI B )7 — 2 OB OB ARG RIC N E 2T —
2 OFEKE A AR L. 3B UWB & o Y — O oM FE R B 7 O E TN T,
BN RS\ B % KT T~ VT R A DB E R T 2R BRG]« ~ TS 2 03 JINRS B
WZED X IITBET L ETMEIC L, BIERHETIEST A A DR E T IEORGFHIAZSL
T7=.

VI TFRADEBEWRR S5 FiEE2BRGS 7o T oA ER A, £/2. &
WIS O DR Z T2, T ADRBEFIEIZOWTHRE L, 77 T ONLE
K|S, T A—ORE, BEWINA O S esE A A RETH LT, M
FRFH R CHINLKE FE D 1) Bic o721 5,

HIEE— RN —F R TIEE B WEZITWV., 207 — X 2RI 21TV, BEIIThL
EBIERERTTHI AR L, O7a0—CEEREFRIFEI X —T = —
A H BT D,
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TS AEEOFE E LT, CIR T =X Offfr 2D, LT ORE 2179 TETH S.
o EIWINM LEAGE G 2 D

o TUTUTNENT7—RA P2 OBRINTE 2 5 RE

o H~V/LF NREMTPH [First Peak] DOt

Flo. ThoDataED, ERA2ENQ T, KAFEOUGENREZHR L, v VT RXARE T T
DONLENREFE D LIRS TH T ETH D, 74—V FT A FTiE, HEHEZEMOERN 5 n
BRETH, BHEOERET—FO UWBEZEZAXT T AT T IA P THIETDZ ENTERNE
W, CIR T—XDOEFHEIZRESND, £/, Ly IOT—FDT 4 NZ VU TIZEoT, ED
BREMEREZR LSEL2 2R TELINEMFTLTETCHDL, ZOHEX 77— 0=T
LoV TCORENRARER GG, BAEE— REMRFd 5,
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3.3 HERLUWB Z W= U TALZ A A 3D BRI S AT AOBR% L R - B
Raw & — # B L ONCIR B X2 7Y — L OB%

UWB 734 ADIGERHEZ MR T 2121, ATD 2 0DX A7 BUETH 5,
. RawT—H ECIRT—XOulZZRET52 L 0 BT /N4 AOFHMEEEE L, (& L& bk
DG LTI LRIz, ﬁ%%f%vw%ﬂx®%%\%ﬁ@mﬁﬁk%ﬁmbf
NI D121, UWB OAET — X 2T T 20 ERH D, ZOET —XIZiE, CIR 75K
T—H EETEWRNEEND,

2. HEEND OBEGEE  BREEOEEEN EHE Y = B RET D 72DITiE, ARY
NIZLTFITA Y CEMICHETED LD, BEEEIL OB 71— A%ﬁﬁbf%@?
DMLEND D,

INBDX AT ZZFITT DX, T8N AERER AL —v g vE— RCTEMES®, UWB 7

NA AT A —T 2 —AR— NZ— KL EEANER D S,

% Z T, DWM30O1EVB /34 & & Nordic #Hflof > % —7 = — AR — 1 (nRF52840DK) Z# 4 L
(B 3.3-1) . WWB JIEDET—H & CIR HhzEu 73527 A%l L7 (K 3.3-2, X
3.3-3) o EARMIZIE DW3000 THRIFHAIRE/R 7 7 — AU = 7 OfEk, A > A h—, By N7 v 7,
TNy T AT 0,

B L7y AT D, FEARMICLL T ORE TR 21T o7, T35 2D EREIT 9
GHz, #HEhE% 500 Mz I[ZE%E L7=F v 3 9 2 (X 3.3-4(/8)) ZOBAEHEITAARD (8
Wikl OBHNZ IV UWB Of A wEMTwé(%X%ﬂ%%)o_mﬁ/b7/7/—wf\
TIVT U TNE, SOV ABY IR LA, T L — hOBREDLARETH D, Wit A — B —I%,
< IVTFSREREE CTT N A X%fﬁﬁﬁ"“é%ﬁ\ FOEWT U T T AEEMBRHL, L0 BV LER
EEGEHZ EEHELREL WD, 22T, fKL—F (128) . &L — b (1024, 4096) TRBRZ1T
ST, KW 3.3-20) 1k, AT N T AT F T A YV CHIET DGRBS FH Of5 5 E &
ETAH7-H® Continuous Frame Mode %Hjjj‘ﬁ‘é RETH D, UIB »ILADLEFREITH CW
(Continuous Wave) {§5 D/ T —ZHET 5 7=k E— FEHEH L7,

5 '-'.:.
- b el
Sttt B

DWM3001EVB

NORDIC nrf52840-DK

X 3.3-1 WBF A ARLA LA —T2—AR—KDIVAT LA VT L — 39
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[Q mmmwm — o = '0 Tag Ranging - o x
Ele Configuration Yiew [Debug Help Eile Configuration Yiew [Debug Help
T=545  R=1071 Ci=0 REE=D HE=D ST0=0 FFE=D TO=0 L=10 TH=1203 RX=548  CE=D R3E=D HE=D 3T0=1 FFE=D To=10 =3
Instant: ToF: 2.394 ns Dist: 0718 m PDoA: 0.00- Instant: ToF: 2.457 ns Dist: 0.736 m FDoA: 0,00~
Mean(f): Dist: 0.73 m STDEV(SD): 3.25cm  PDoA: 0.00- STDEV: 0.00- Mean(8): Dist: 0.73 m STDEV(S0): 3.15 em PDoa: 0.00- STDEV: 0.00-
Long Term Average = 0.699671 m (over 540)  Clock Offset: device 0.37 (TwR: 0L45) ppm Long Term Average = 0.699988 m (over 538)  Clock Offset: device =0.31 ppm
(39) 1CCIFCADEZS 18020 1000000009 783F290000000002915840BABCZDDSALEICAISCADDOCTIASS | |(32) 41CC22CADEITAIF2900000000025160201000000001002000092000000006430
(28) 41CCADCADE251B0201000000009783F 290000000002 16436961 FEOGT |I321 41CCZ3CADE 783F 2900000000025 1E02D1 000000001 00200009E 000000004484
(39) 41CCAICADE2S1B0201000000009783F 2900000000029 15520FASDIC42246E00G 159211 DADSBSAF (32) 41CC24CADESTEIFZ9000000000251BO20100000000100200009E000000006606
(28) 41CCAZCADE251BOZD1000000009783F 290000000002 1C 43696 1F0593 |I32] A41CCZSCADESTEIFZF000000000251E02 D 1000000001 00200005E 000000002C30
(39) 41CCASCADE251B02D1000000009783F200000000002915309403F 1 7D01CBIEES 15H0943BESEEDA. (32) 41CC26CADESTAIF2900000000025 1802 01000000001 0020000.4700000000AAEF
(26) 41CCA4CADE2S1B0201000000009783F 2900000000021243C9B1FO378 1(32) 41CCZTCADESTEIF2900000000025 1602 0100000000 100200009900000000DD74
(39) 41CCASCADE2S1B0201000000007 763F2900000000029151 42C6TFOPBE462AZF2 1S5 LEYCFSBTES | |132) 41CCZBCADEYTESF29000000000251B02 01000000001 0020000950000000003 0%
(28) 41CCAGCADE2S1B02010000000097E3F20000000002 1BA3CIB1FBEEC (32) A1CC2ICADESTESF 2900000000025 1 B0201 000000001 00200009 400000000591 C
(39) 41CCATCADE2S1B02D1000000009783F 2900000000029 156668B6FFCASTOFC 101 15A66ABB04D732 | | (32) 41CC2ZACADESTEIF29000000000251B02010000000010020000A000000000ABEF
(28) 41CCABCADE251B0201000000009783F 290000000002 IE43CIBIFDIEC |132) 41CCZBCADEYTB3F290000000002518020100000000100200009C0000000054D2
(39) 41CCASCADE251B0201000000009783F 2900000000029 158E62610E205FEEC 101SCEBAES136CTC (32) 41CC2CCADESTE3F290000000002516020100000000100200009 0000000006843
| Roke | Aeberra Delay ] - | | o= | Antenna Delay [ra] -
T | n30m YL | | TR n3m Bl
b | (| | [ ]
ol eS| S et | Bickicaiin S [SEE maicn|

X 3.32 Trh—l¥7OMTHESNIAET 4

* ¢ - g x
e fde Sewch jww fgcodng Lenguege Seingn Tooh beow B Puge fedes | ¥ x
sdEBsLE JaRiociana x| BEESIH T FIRDAu | ENEEB

File:20230316-171303_DecaWaveAllAccum.log, created by DecaRanging DW3xxx 5.02 (bulld:Aug 24 2021, 13:20:47)
Mode: 1, Chan 9, Code 9, PRF 64, Plength 128, DataRate €810, PAC 0, ic:i5104%aBe, ciareélebf30, antdl:4015

TX Frame TimeStamp Raw = 2B ASA29415
Adding Antenna Delay = 0028 ASA29415

1
2
3
4 |Tag ToF: 6.€20 na» Dist: 1.984021 m DiatRaw: 1.984021 m DistScal: 0.000000 m ClockOffset: 0.000 ppm
&
7
B |76 Tx time = 2.933795485072241e+00

4

l'-L'- 0 3A RBx time = 3.0B377598 00 adj = - -
1L i v 1 i Header Data

13 |txdly 4015 rxdly 4015

13 |RX DATA: 41 SO0311EEELLLE£100. 13

14 |0x44: 0000E£01

15 WD 0

17 J§RX OK CP(0), HMLP(0741.7031), CPHLP(0000.0000), PSC(0093), RC(2D EOD9S58F), T(B%31), RSL(-074.5297),
L8 | FSL{-07&.2416), PD(0.0000), DGC(13880428)
L% [Accum Len 1024 N

2059, -53
21 38, -18
22 86, -4

23 47, -6
24 -20, -112

25 -2, =79
26 3o, -7
271 32, 15
28 -16, =10
23 89, 5 + CIR Data, Real and Imaginary Components
30 3z, -29
a1 -57, -37
32 =40, =23
33 4, -22
3§ -8, 9
35 11, -4
36 135, 40
37 128, -2&
g, -5
Pl vt i -pn.uwu Baet PARM LnoM Colil Mo M) WedewsfCRLA UTEE |
3.3-3 CIRF—#MH7 7 A L4
Channel Setup s¢ | [ @ Anchor ranging with 0000000090 26397 - o x
Channel Selection | 1o/ Contlgiuntor Vel [Dethig “'"
e N ik e L mear R $T0=0  FFE<0  TO=0 LS
| ’V Ig ;I Instant: Tof: 2,410 ns Log Channel Respenses
© Mean(B): Dist: 0.70 M Log Only Timestamps 00- STDEV: 0.00-
| Length (Symbol Repetitions) 1 [ Pulse F y 1 | Long Term Average = Log SP activity set: device 0.40 (TwR: 0.35) ppm
I’HZ"M"R“W“-[’WM“MH”W ] ..... I SeltReset 4o Rstar)
Co2% Cos Oz | Tort T
C1s% C 48 409 ] | | (39) AICCDECADEZS) \ Ceontnuous Wave mode 1SEZACDDACTITDES1B4FISFRAE12524C09
[ c |
. ol e S (28) 4ICCOFCADEZST  Atow angingonBadsTs 048098 1F965
Casm Gsow C oW C & { i el (e | || {28) AICCEICADERSTE At dtoXLumon g 64BOYBIFCEIY
| (39) A1CCE2CADERSIE nUSEZSP 157CHCAT68E94903826D1SBCIEICTODBAF

| (28) JICCESC»ADEZSIBU:UWW:W;W: 1C4B09B1F708D

PAC size ‘ (39 AICCEDCADEESIE 1SFB31115C94C4664C5E1538344661AT6F

S
7 o (39) 41CCE4CADE51B02D1000000009783F290000000002915C206797AA08F3DBATC 150209AE 7FF397
QTS i DRSS ot | EIIES (28) 41CCESCADERS1802D1000000009783F29000000000212481981FA2E0
B (39) 41CCEACADE251B02D1000000009783F29000000000291530C 485895 1FEFACOBE1570CEBABEATST
PHR Made | [PDOA Mode (28) A1CCEPCADEZS1E02D1000000009783F290000000002 1845 198 1F17A4
Gsp Cor C e 8o ‘ [r: OFF C M1 M3 (39) 41CCEBCADE251602D1000000009783F2900000000029151872A 7982 7ESABE29A155874DCIDTAFS

Eiabaas Envabibd — Rl At DTt i
Equskser Enabled 1 I

Yes & No Cancel [ Configure | f | i
__Ream_|

_ CeaCariws | [ Conigue |

X 3.3-4 UWB &% (DW3000) k&> b7 > 7L, A&7 —# & CIR 1% v ¥ Vi

3.3-2
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BES EE St T o — L - 3R E AR

T A — D el b S R E T EE BT A0, BERNICT =T, R, Ty 2E
DFEEYBENIZ R NA—T 2R ZEM T, UB PN ERBREIT o7, 4 DOT A RA%ET U —¢
LCEHZf - CHUBICRE L, 1| 2O 7 &2 REICEY A1 B2 N O & 2 5 L7z,
BHIIHRE R TR LTI > TEN L, &7 —00X JETOEMT —%, &I
LEtREND XV ONET — X % PC Itk L7z (K 3.3-5) .

Anchor 2

X 3.3-5 UWBHINKEEMNT OT-ODBENT A =17

T A — DR EILR E RN FEE RS A2, BEEEREEAFHA L, T h—0—
DA =T =T =L UTHEE [0,0,1.70] IZREL, DT o —DIFEEILT A A
AT AT D AR A AT 5 HIETH D, HEEEIT X, Y BEAEEEL, 7 (BX) A
X, 2 TO7 v I1—0E SR LES (170 cn) ZFEFTRET D, T3 2AfE O —H
—woma T LD L, TR L0S THIUX, 7T —OHERLEIC LY o 7B E R
DFEONDLEINTEBY, ZOT7 I —0BEEEIL, EEEEESTF (2~3 cm) OETH
o7, ZORBRTIIREDOANEREICG 2 5B LR D700, ZOEBEOHMIEITITHLR0 >
776

KT A= X TETORBT — 2 %2R0 L, BRIZIET V1 —% 7 OMICEED D 720
72, LU T—IISMVED R WMEE R LT (K 3.3-6) o AN Y TV X A LA THEAE LA
BF—% () &, VoOTF—F2T7 4N EZ )T L TCENLRELENET — % (B0) %
HD L KEFEONET —Z13HE ERTIRER U, ST =T or—2 &=tk
RO MEN T W= (X 3.3-7) » VT AZALMEHRTD (F) OomsT—2Ii%, RA ML
FLiEH 17 —4% (OR) K0 bRBEDMEN- T, KET—FOREEIX, SRIOT A Nr—ATIE10
em fEETH o7z, BT —H X 30~70 cm DI TE(LLIZN, EST — X OKEEZMERT 57290
Wi, 74—V RTARDELHIZEL OBV IELABRAMLETH D,

3.3-3
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File: log1.csv, Range Data between Anchor ID(0): 197A and Tag

—&— Range Dala
—&— Fillered Range Data

1000 2000 3000 4000 5000 6000 T000

File: log1 csv. Range Data between Anchor ID{1): 2003 and Tag

_ File: log1.csv, Range Dala between Anchor ID(3): 2243 and Tag

—E&— Range Dala
—==— Fillered Range Dala

1000 2000 3000 4000 5000 6000 7000

X 3.3-6 KT U H—MHX T ~OFHT—H

File: log1.csv, Position Data Output
1;[09: Computed by Tag, Red : Computed from Range Values

X-axis,m

File: log1.csv, Position Data Output
Blue: Computed by Tag, Red : Computed from Range Values

z-axis,m

y-axis,m 0 :
=l X-axis,m

X 3.3-7 fiiET—4% (F: 7 AT, R 740 ) 7 S HEED G EHE)

Fo, X HME Y FAICEREABI S ET — X itk L7z (K 3.3-8) , AHEAZFEIE
=R sk T AL T, MUAL—FT2®y hOF—X %@ LT-, X HE Y FAONE
BEDIETLSXIF10 ecnBBETHoT-, 2D b, BEEYORVENTHIUE., 10 cm FRHE

DALEFENFOND LB X BT,



JAEA-Review 2024-027

File: log2.csv, Position Data Output File: log3.csv, Position Data Output
19&09: Computed by Tag, Red : Computed from Range Values ‘gdue: Computed by Tag, Red : Computed from Range Values

E_ 3
]
9
o
= 4
2
0
2 -2
2 0 2 4 6 8 10 12 -2 0 2 4 6 8 10 12
x-axis,m x-axis,m
File: log2.csv, Position Data Oultput File: log3.csv, Position Data Output
Blue: Computed by Tag, Red : Compuled from Range Values Blue: Computed by Tag, Red : Compuled from Range Values

"0 Device Oulput O Device Output
O LS Soultion A o LS Soulion A
i

E
W
£ 4
>
2
0
o @
2.2 -2
-2 0 2 4 6 B 10 28 3 3.2 34 36 38 4
X-axis,m x-axis,m

X 3.3-8 fiiEEHH

~ N FSADEE L BMET 2 723 O G A T R

ERWNICT =T N, fif. Ty 7, R=T—var, HTABOERET L—LREPEET S
ENOMEN D~ VT RANFAET vV FRARE F Tl RBREZTo72 (K 3.3-9)

4 ODT U H—HHBREICLI-TREL, 2 o0& 7% 1 ©y b LTHEICERY . FHEE
EALEOFHZAT o7z, BHITY B AICEE S, £50 cm MR CHEMMELSELZLTF
INA A OFRET — 2 gk L. £ 2 bIEEZFHR L,

3.3-5
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X 3.3-9 UWB JINIALERSE D7z DEHNFEERY A K

Ty A—& 2 7 OERL, REOAL — MIE T PR RIZRE FEHEOIXLSE) BREN
o7z, Lo, ZNUANAOMETIE, BEEOIES & 1T10 emAFTHH-7= (K 3.3-1046TF) .
MET—% (HFEIZ PR LIArET — %, REISEREEZ 7 o2 ) o7 U TR LTZAL
#) K- |E) 24558, ZIMBIZIILOXNKREL, EBOF—ZHEL— B A T
Ty FLTWS (K 3.3-11) , THHDREEIL, 74 Z ) o7 LEZHE#HIT 2L TH
HREMESND (WIEHROMET — X 2RO TER)

Y fil 51 R D b E L IRIEEARC B A BB LR CHIEME T — % (K 3.3-12)
X, Y Bl B ENAE Uz, RETRUZERHL, 7402 ) 7 SRl fiEs T
YH—ET =2 ERHOCTHELELDOTHD, 20T —F &Ll A, T3
(D1A9) DY JEFEM 44 cm T TND Z LAV L2 (SEHIME : 9.87 m, EAME :9.43 m) , F
7o, T —4 (47AF) O X JEFREN 32 em $ACW 2 (SEHME : 0 my FEAME : -0.32 m) , 2O
B, BHENT v —REICL > TERENTEZLDTHo=, T D, vIVFRADZEL
ZFHBREETIE, HEIT U —REIC & o Tl T2 EEEE NS LN D ATREMEN H 5 2 & b o
776

oo, MESNTET =T =X EFHLTYH, 7o —RA v MK o TRRICEZER
ECRAEN D HFHT — A BNetE SN D720, MERETEEHo L IEE 2720,

3.3-6
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File: 41_D4-A_csv, Range Dala between Anchor ID(0): 8406 and Tag

[—&— Range Dala
—&— Filtered Range Data

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 S500

File: 41_04-A.csv, Range Dala between Anchor ID(2): 848A and Tag

y-axis,m

& Range Dala
—— Filtered Range Data

File: 41_04-A.csv, Range Dala between Anchor ID(1). D1AS and Tag

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

—&— Range Data
—S— Fillered Range Data

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500

3.3-10 T v h— & & IO

File: 4f_04-Acsv, Position Data Output

Blue: C‘ozm uted by Tag, Red : Computed from Range Values

File: 4f_04-A csv, Position Data Outpul

Blue: Computed by Tag, Red : Computed from Range Values

3.3-11 (@ sk 1,

y-axis,m
w2
(=]

File: 4f_04-A.csv, Position Data Output

AR RHR S AT
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File: 41_D4-A cov, Position Data Qutput File: 41_04-Acsv, Postion Data Output
Blue: Computed by Tag, Red : Compuled from Range Values § . Bive: Computed by Tag. Red. 4 from Ruage Valus. .
T T : - : . - :
"r - 1
10 [ 10r
ar B Ll
Bl 1l sl i
Xaexmz I.l‘]!-‘;‘
Y 1 Tede
T T Z17 X 249798
= X 202185 Y 104008
E Trolley was stopped for + :‘:;;i”“,“_‘ ’
L £ sl 169885 € 272874
56 few seconds at every 3 v 6228
" o x 1006, Z 160000
50cm to collect data G v 57800
7 X 316365
i T ) 21 ¥ 535212
X 298811 vy
¥ - X 115153
s d 44 Z 16928 Yll.'l_‘lﬁ
X 296871 17
Y 10069
ol 74y | x2emess
af E 3r 3 ¥ 144718
2t 1 2t
1F i) 1}
1 i i i i i L ' i . L i L i B
S [ 1 2 3 4 5 6 T 4 ° ' 5 & 7
w-axis,m
3 _ e L2 ) == . 2 ill: . §+k/«- E%ﬁ
3.3-12 fr@Estil 2, FH: X7, AR FEINEER

Flo. BHICEZ D IO

HZ
o

YER

=

DI, EBIKEE=ET CIR %

FHEIL7Z= (X 3.3-13) . &C

ENTz C BERETIINHDZEZ 5202, CIR T—X [ ZIIKEHMEERE 7z, 2 2D
UWB BB DRI T IV IR AT T34 ZARBID L0S MR+ 5 2 L T, T3, A TZETAES
ZNLOS & L7 (¥ 3.3-13 H), 7AIMEDLTOMMIHL TV &, KFNENEDT 5 Z

LaRfER LT (X 3.3-134) ,

EECECEE

| T T VL Y o .

B EEEE Y

| I T T

-+

—
]

10000

Fila: 20230320-133560_DecawaveAlAccum log. Frame: [3)
CIR Data. Mode:Anchor, Channel-9. PRF 64, Code9, PLangth: 128,

8000

6000 | 1Sample: 3, Value Absclute : 6085
No Reflection

4000

2000

Correlator output power (dB)

740 760 780 800 820 B40 860 880 800
Relative delay corresponding to time  (ns)

Correlator output power (dB)

‘,_
T

File: 20230320-133550_DecaWaveAllAceum log. Frame: [167]
CIR Dala, Mode Anchor, Channel:8, PRF 64, Code 8, PLengih 128,

_+ Heavy Reflection

Tj’.' 67 Valud Abschte : 3033
» /
¥

740 76D 780 BOO B20 840 BSO B30 90D

Relative delay corresponding to time  (ns)

Carrelator output power (dB)

100001 e 20290320-133550_DecawaveARAccum iog, Frame: [176]
CIR Data. Mode:Anchor. Channel 9. PRF.64, Code:9, PLength: 128,

2000

6000

Sample: 176, Value Absolve: 5@ a || Reflection

740 760 780 BOO B0 B40 860 830 900

Relative delay corresponding to time  (ns)

3.3-13 CIRT—#HJ1, £ K7L, o KR, o K7 Lo 5O

3.3-8
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T T TN — R

BB EA ST T NA ZADREHFE, BT v —ORE - FEICHOW TR RMICEREL, 7
VI — & BT DO~ T R ZREEY) F e NRL Wxétwii 7/7%@%%A5 /%ﬁ
T HMENDH D, ZOTDIZ, MOEWKG S OEELE T 2O BRI E TOFHEERI TV,
VTR = E LT (K 3.3-14, & 3.3-1)

B E TOESHRER TIZT /31 Z DW3000 # 8 GHz D JEPED(E B3 BRIz, DW1000 % 4 GHz
OIEBRBRICHEM Lz (K 3.3-15) . DW1000 (A7 JI &K B O fEHT I S 4172 DWI001EVB &
Fl—OF 7y NEEHL TS

. I ' i [ |
3607 Rotation|| I 3607 Rotation |
h=170m | | h= 1.70m ||
[ || |
| | | |
FC (| S | I
!—5‘-:.—7’& s —
el m . . ) 3m J
= — =
&-/T-?’H-CX"? !-7 B T—FNEARS }F
LPFI{Y—0Em 4 L7F5 4 ¥—omM BEBRERL
Spectrum || Spactrum [l
Analyzer || Nentzar

3.3-14 EF5 D/ 2 = ZRET DD DORIE

3.3-15 T Tt 2 — iR L= UWB 773 A &

3.3-9
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# 3.3-1 RO Z— 2 Z2RET DO LI-RBRO—&

TestID | Device Tx Ml_' _Rx An.t Reflection | Distance | Channel o : PRF Data Rate | SignalType
Qrientation | Orientation Length

1 3000 | H N 3 9 2048 64 6810 Uws

2 3000 v v N 3 9 2048 64 6810 uws

3 3000 v H N 3 9 4096 64 6810 UwB

4 3000 v v N 3 9 4096 64 6810 uws

5 3000 v H N 3 9 2048 64 6810 uws

6 3000 \ v N 3 9 2048 64 6810 uws

7 3000 v H N 3 9 2048 16 6810 UwB

8 3000 v v N 3 9 2048 16 6810 uws

8R 3000 v v N 3 9 2048 16 6810 uws

9 3000 v H N 3 9 128 64 6810 uws

10 3000 v v N 3 9 128 64 6810 uws

11 3000 v H N < 9 NA NA NA cw

12 3000 \4 v N 3 9 NA NA NA cwW

13 1000 | H N 3 2 1024 64 110 UwB

14 1000 v v N 3 2 1024 64 110 uws

15 1000 v H N 3 2 1024 64 6810 UWB

16 1000 Vv Vv N 3 2 1024 64 6810 UWE

17 1000 v H N 3 2 2048 64 6810 uws

18 1000 | v N 3 2 2048 64 6810 uwB

19 1000 v H N 3 2 2048 16 6810 uws

20 1000 v v N 3 2 2048 16 6810 uws

. Tx Ant. Rx Ant . . Preamble 5
TestID | Device j 4 i ; Reflection | Distance | Channel PRF Data Rate | SignalType
Orientation | Orientation Length
21 1000 v H N 3 2 NA NA NA cw
22 1000 v v N 3 2 NA NA NA cw
23 1000 H H N 3 2 NA MNA MNA cw
24 1000 H v N 3 2 NA NA NA cw
25 1000 H H X 3 2 NA NA NA cw
26 1000 H v 0 3 2 MNA MNA NA cw
27 1000 Vv H X 3 2 NA NA NA cw
28 1000 v v hi 3 2 NA NA NA cw
29 1000 v H 0 3 2 2048 16 6810 uws
30 1000 L' v X 3 2 2048 16 6810 UwWe
31 1000 v H Y 3 2 2048 64 6810 uwB
32 1000 v v vt 3 2 2048 64 6810 uwB
33 1000 v H ¥ 10 2 2048 64 6810 UWB
34 1000 v v ¥ 10 2 2048 64 6810 UwWB
35 1000 v H Y 10 2 NA NA NA cw
36 1000 v v X 10 2 NA NA NA cw
37 3000 v H b 10 9 1024 16 6810 Uwb
38 3000 v Vv b § 10 9 1024 16 6810 uwB
39 3000 v H Y 10 - NA NA NA cw
40 3000 v v Y 10 ] MNA MNA MNA cw
3.3-10

_63_




JAEA-Review 2024-027

X 3.3-16 ([Z[AMRIE & ZRERE A MET D720 DEET T (WB) LZET VT TDmE %
R, BET T EZET T T OB ENE USAILEREE., B2 558138 ZERK & Eidh
Lo T T T NERRMETIE R EREEE > T DA, R & R 2EREOZERE T/ NU —
DRI D0, WENPMELRD, T, G 3T =N KERDME0, 55BN EaMIHK
j—%ﬁﬂéj—g/l):/}‘%ﬁo JAHZ kﬁlégkiﬁé X'fm%%@ r%?[ﬁlé'fmﬁvl\ﬂ/(i '_L”flilj‘%%
FEEEIE L B TERWAlREENR D 5,

5
v
¥
-9 _f
< o
A: Cross-Polarisation B o Palarisation C: Co-Polarisation D: Cross-Polarisation
[:\u"ertica|_Horizonta|) [‘-.-’ertical— Vertical) [HO[iZOntal—HOriZOﬂtai) [Hofizontal—veﬁica”

3.3-16  [FR & R DO T=d DT 7 F FH

DW3000 & DW1000 7 :/?ﬂiﬁz%q‘/\“&~:/% 3m& 10 m OFEHETHIE L7z, 3 m OWETIX
\ZEEWRIH 2 T2 56 (KE7e L) EBkngGs (KEHY) TTFA MEIT-572, 10 m
@Eﬁhﬁfi 722 L@Jk ECHRBR L7z, METIX, WBES, (WES., 227V 7 07k,
HI2DHPRS, T—H L —bEFEL, P40 FEEORREZ L=, MEMKRIL. 7 — X b, i
T UN—REH., Toh— 2T DmE, B EEDONRTA—=HREIHEHTH, b7
A NO—HORERE, K 3.3-17 ~ ¥ 3.3-22 T TD T 7ITRT,

File: TESTO1UWVHNO3 / TESTO2UWVVNO3 File: TEST 11CWVHNO3 / TEST12CWVVNO3

Device:DW3000E, Singal:UWB, Reflection: No, Distance:03m Device: DW3000E, Singal:CW, Reflection: No, Distance:03m
(1] (1]
20 — | -3
45 - 315 . /,% Sk 315
hd LA o N\
e A 50 W\
N {/\ N
B (\ o \ ¥
T L\ Il .~ 1
K g / 1‘ / % lf |
%0 < I 270 % { fi—|-210
u!L—AJ\J g[, [ \ F i
L_\k—/_ o 1\ K )/
/
. \ ’ / /
2 'g\ S, \ e s
) e — /
135 225 135 N o 225
Peaks (Dataset 1) B3 Peaks (Dataset 1) |4
1:-53.24 dB 180 =5 121,07 dB 180 ViH
2 5615 d8 3 224988 3
3 .59.04 dB VAV, 3.-30.38 dB Vv

3.3-17 DW3000, UWB and CW, No Reflection, 3 m

3.3-11
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File: TEST37UWVHR10 / TEST38UWVVR10 File: TEST39CWVHR 10 / TEST40CWVVR 10
Device:DW3000E, Singal:UWB, Reflection: Yes, Distance:10m Device:DW3000E, Singal:CW, Reflection: Yes, Distance:10m
(1]

.3 X j\
f

SRAS e,

Peaks (Dataset 1) 0

3.3-18 DW3000, UWB and CW, Reflection, 10 m

File: TEST21 CWVHNO3 / TEST22CWVVNO3

File: TEST15UWVHNO3 / TEST16UWVVNO3
Device:DW1000E, Singal: UWB, Reflection: No, Distance:03m Device:DW 1000E, Singal CW, Reflection: No, Distance:03m
0 0
-20
45 30 315
920 270
225

135
Peaks (Dataset 1)

Peaks (Dataset 1) 180

3.3-19 DW1000, UWB and CW, No Reflection, 3 m

File: TEST20UWVHRO3 / TEST30UWVVRO3 File: TEST23CWHHNO3 / TEST24CWHVNO3
Device:DW1000E, Singal:UWB, Reflection: Yes, Distance:03m Device: DW1000E, Singal:CW, Reflection: No, Distance:03m

0
315 ;

270

Peaks (Dataset 1) 180

3.3-20 DW1000, UWB and CW, Reflection, 3 m

3.3-12
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File: TEST33UWVHR 10 / TEST34UWVVR10
Device:DW1000E, Singal:UWB, Reflection: Yes, Distance:10m

File: TEST35CWVHR 10 / TEST36CWVVR10
Device:DW1000E, Singal:CW, Reflection: Yes, Distance:10m

20 -20
45 20 315 45 30 315
@ 40
50 , —_‘:"_-‘sp"\_\
60 %0.) N
i ;J I\ o
20 é ] 270 90 { \‘--’w t‘/“‘\f 270
j N\ & </
iy \f ./
Lo
\ >
;1“ — k//J///
135 225 135 225
Peaks (Dataset 1) Y
1: -70 d = 160 V-H 180 V-H
27112248 v i
3.3-21 DW1000, UWB and CW, Reflection, 10 m

File: TEST23CWHHNO3 / TEST24CWHVNO3
Device:DW1000E, SingalCW, Reflection: No, Distance:03m

File: TEST25CWHHRO03 / TEST26CWHVR03
Device:DW1000E, Singal:CW, Reflection: Yes, Distance:03m

(i 0
-20 -20
45 T 315 45 P 315
P \ ——— - i R
L. ) < .4 NP T
oK g ¢ X TP
/ it \ / 4 50 ) N
| \ | \ ‘ / {
| ~ B ) \ \ -60 / \
| S % N2 ) I /L % \ )
. - / - Bs /
20 / = -— = 270 20 —4 — / 270
W ] N T
o i ) - N )
; | { |
]f A A ~ ’_{ Ly :( _J’-\,, O /r “i\"‘* 7
X4 \ XE \Lr .
A il = \‘ i <
135 225 135 3 } 225
Peaks (Dataset1) ¥ Peaks (Dataset 1) B3
1:-26.59 dB 180 = 1:-26.98 0B 180 e
2 -2805d8 2 -2782a8
3 .3077 dB HV 3 -3199dB H-V

3.3-22 DW1000, CW, No Reflection, 3 m / DW1000, CW, Reflection, 3 m

T ANy T Y —

BLK, DWM1001 ORI >~ MIITFHRERY FULEMNAEHINTEY | KB MLERERIZIE
AN—=ZBRTTAT O R B D (¥ 3.3-23) , 2D, RHAERITIIREM D 0025 2 & 25k
MELTHETLND, BRI, 15 RTORIBITHELWEEZX LD,

Z 2T, B TTOREIT ) T OISR AR T Y — TS T L NHRETH S,

USB 7 —7 VA& L CHfid 5 Z & T, BIROFRGRIM 2 EIET 2 ENTES, LrLans,
BT o 0END DL, ABEARA NNy T V=2 B Z ENRERGSITIIRAR D
%

3.3-13
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Rechargeable Lithium Battery I
RCR123A 3.7V 750mAh — —4 b
X 3.3-23 T NA ANy T Y —

ERaR))

NLE RS EE D BRI 72 RNT 24T 5 72012, UNB T34 A ZfEH L= NI EE ORRGTE UWB 7> 7
—DORLE EREBEO S EE 7 4 — /L RRBRICXVBRIEL, B Z1T-o7-,

7 4 =)L FRERIZI W T, BN X 0 B OHEFIEERE L, L0S FiFofEs L
T, BEEMZREBRNIFET D2HAICE, vV TFRRCE DB R/NNRICHZA D ENTEDH D
EWRENT, Fo. AT RRAOEER F/IMET 72O OB R TEZBRE TR RE S
2o EHIT, WLV AT LOREER LDz, ITOFIEEMB LT,
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