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ABSTRACT

Ultrawideband (UWB) technology is a wireless communication technique that
uses a broad spectrum of frequencies to transmit data over short distances. It can be
utilized in many ways such as Indoor distance detection. Also, Indoor distance
detection plays a crucial role in various applications, including indoor navigation, asset
tracking, and safety monitoring. This project focuses on implementation of an indoor
distance detection system utilizing Ultra-Wideband Technology in combination with
ESP32 microcontrollers and the BUO1 ultrasonic sensor. And using them to specify or
detect indoor position via distancing between ESP32 combined with BUO1 that act as
Tag and Anchor.

The purpose of this study is to explore the method of detection, distance
measurement, and practical application of improving accuracy and reliability in
measuring distances within a house or building using the combined capabilities of Ultra-
Wideband (UWB) technology, ESP32, and BUO1. The basic working principle is when
the device acting as a Tag moves away from the device acting as an Anchor, they
exchange data to determine the distance. The distance is then displayed in meters on
an OLED screen attached to the Tag. This display indicates the actual distance traveled
or approached by the Tag in relation to the Anchor, providing an accurate

measurement of the distance.
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2.1 Ultra-Wideband
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5U7 2.1 Ultra-Wideband (UWB)
(171'11’1: https://navigine.com/blog/uwb-technology-features-examples-of-application/,
2563)
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2.2 ESP32

Ul 2.2 ESP32

(‘17%m: https://www.imiconsystem.com/product/esp32-ac-power-protoautomation-

board/, 2564)
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2. Ms\aauRe Wi-Fi Way Bluetooth: ESP32 5895UNSifaue Wi-Fi lag Bluetooth &yl
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E‘U‘ﬁl 2.3 ESP32 Module Schematic
(Fisn: https://dl.espressif.com/dl/schematics/esp32_devkitc va-sch.pdf, 2566)



2.3 Serial Peripheral Interface
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» SDI
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» CS

SPI Slave

—— SCK

ey SD
SDO

SPI Slave

Ui 2.4 d-wire SPI bus configuration with multiple slave

Y

(ﬁm: https://www.corelis.com/education/tutorials/spi-tutorial/, 2560)
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2.4 Inter-Integrated Circuit

Master

gﬂﬁ 2.5 12C Communication Protocol

(Fisn: https://www.circuitbasics.com/basics-of-the-i2c-communication-protocol/, 2559)



Inter-Integrated Circuit %3® 12C 1uusuunisdeansneelninssiu (Integrated
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2.4.1 AuaudAvas 12C
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anewiiesaady vilviansiAvesgunsalag
2. 12C Wugdwuunisdeansidianuieudte inliagainaenisaniuey
wazalavely
3. sUlUUNSARA13Y04 12C dUszanSaminvilinisdsinudayasening
e <
gunIaiiiAINTINLT

4. Usuunsdeased 12C sessunanuatveunsaluarlulasroulnsaaes



2.4.3 4a3nfinvas 12C
1. 12C gnesnuuuniinisdeansuuusserdulaylimungdmiunsdeans

Jauaszeing

U

2. 12C gnariaausgagalif 400 kbps Feenaliisanananisuily

Uszgnaldailuuisdsznm

a

3. 12C dwuvesiiagsedwesgunsalfaunsaszylalagdninligegn

q

128 gunsnl Faenaluimeamesanisinluyssendldanuluuisuseny

2.5 BUO1 UWB

B&T '

1 BUOI ;
i

U¥B MODULE

DW1000

Ul 2.6 BUOT UWB
(Fia: https://docs.ai-
thinker.com/ _media/uwb/docs/bu01_product_specification_en v1.0.pdf, 2562)

BUOT UWB n38158nda1findn “Bluetooth UWB (Ultra-Wideband) 31 BUO1” &4
Hulugaliaeunadnifinissiumelulad Bluetooth Low Energy (BLE) wazinaluladsa
3lauuLd (Ultra-Wideband: UWB) il lsianuanunsalunisszydumianieluenais

wagyhn1sdeansialnedananuuiuggs
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r=— 13.0mm —t—>~ ==—1— 13.0mm
Top View
Bottom View

1.30mm-{ -
EXTON GND - 5nm ;, W
WAKEUP GND 23.0mm 23.0mm ;| 1.0Dmm M
RSTN IRQ b | |
107 GND p | K
vCC CLK p | [y
vce MISO b | w®
vce MOS! b | =
GND CSn = X

5m
. L LLLLLL

1.60mm
’gﬂﬁ 2.7 BUO1 Pin Diagram Top View, Bottom View
(Fisn: https://docs.ai-
thinker.com/_media/uwb/docs/bu01 product specification_en v1.0.pdf, 2562)

wealulagdanshiduuuntieglilugaanunsainssezseninsgunsallasgausiug
Tlugatmnzdmsunsldnuiidesnsssysiumisneluaiasiideanisauuiugigs
VIOAAMINFILMUIAIEAMURIUE YUY NITARAIUNTNEFU 15991U5038E LagdnIngsia
wraudnans q Tunazfimalulad BLE avtaelinisdeanslsaneldngsnuslunisdeans

seninegunsel

. Jjcain.
L] .

..[ I(u

Ca16
= LCMP

UWB_ANT

-, '
-||}—7— G G -
ey B
i
=

427 428 Ka2e K43 a3t
-

.."._

5U 28 Schematic 83 BUOT UWB
(Fia: https://docs.ai-
thinker.com/_media/uwb/docs/bu01_product specification_en v1.0.pdf, 2562)
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2.5.1 AusauUAvas BUOT UWB

1. Wumswaunaumnalulad Bluetooth Low Energy duwnalulad Ultra-
Wideband 1¢aefiu

2. A28AMUAINITAVRY BUOL UWB vilsiseusunieniglueinis wie
Anmnueuviuslaognausiug

3, Tditdasus

a. ansmhlulfidriugunsaldu 9 leghavannuans

5. 5995U35N1958YMUNUE UL Two-way ranging kag Angle of Arrival
(AoA) Tun1TmIFILALS

6. fiszaznisaeanstsatedanala

2.5.2 YaAvas BUO1 UWB

1. anansatluussyndldanudmsunmsinaudiwnuiniglueiaislaedig
AINUAY

2. seyfogaiiindu a nanduld uasssydoyadednvasiunsiidan
viaumisiisesniazBenuaiiuseanam

3. annnudndulumsltmaluladssyiumisifisnunanasdudouy
GPS, RFID, wa¥ Beacons a9

a. anansahludsegndldnulalufuanuvasadeildssuuitadumis
iWomuaumsinduarssuuiissiuidanudaenselneduaasadofinsadusses
Uselin

5. Winuszansnmuazawazmnaugliiugldnulasueuauaunsaly
nsihlUuszandldnumuiiasundsgy nsimeniglusiaiswaznsdunidunig u

2

U

2.6 STUURARINAILIAUS

SEUURAAUEIWLS w58 Location Tracking System 1 uwaluladiivaeleiiings
Aanusundsresingrieyanalunannild ssuuiseneuludegunsaling q iwu dfu
GPS, w3 et edayqnilnsdnyt (Cellular Network), uagwiiniliisnsszytondnualisae
A& uing (Radio Frequency Identification: RFID) tlefvunsiuvlsyesingusoyanadi

ABANTTTEYANUIVTDRAN UG LIS
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108 GPS (Global Positioning System: GPS) ldia3 a9 8a1iifisudilavsseulaniiie
sryfwmisesgUnsalfiFeanisssysunimiofnna @ Wi-Fi wasleietnedya uilote
T¥mnuduvesdyanangainfeiiegszerlng o wazsiandnyanniiofe (Cell Towen) Lileld
Flassieanumass (Triangulate) lunsszyusuntisvesgunsal drumelulad RFID 14

v

pauInglunsdutayasmumiannuinidu RFID TUgadnsudyao

2.6.1 UaAUITZTUURAARIUAILLAUY

]
v a v

1. izwﬁmmmﬁmemmmiﬁ%’ayja‘l,umaw‘%waqG»?f]meﬁmwmaami

2. sguvAnausurdsannsainlulszendldlunisimunveuiwaiaiou

(Geo-Fencing) tiialyiin1sudsiouiiaiigUnsalidmsesanannuianvauisiaiiouiinmun
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2.6.2 UaINAVDITZUURANIURATLNLY
1. Jeulvunsedraudu an muinden Amuduvedyn N WURABS el
guNIal 819dmasEALLIUEITBITEUURAALA WM
2. eiluiiviean mundeuitdyanandildfearlvssuuinausiumie

yaulalifviniens

3. iTAvige BnnsnstenuNvsetegUNsalisesfusEuLenalisnAnas

2.7 201240896

U7 2.9 OLED Display

(ﬁm: https://www.arduinod.com/product/526/oled-display-i2c-module-1-3-for-
arduino/, 2566)

90loweadd 3o OLED (Organic Light Emitting Diodes) Aavan1wniifidnvusadie

< A 1

wHuAEY Fadlduusenauduasdunsdgnalunsalamaaliied Sunin nszUIUNISDENINg
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afiiuwud (Electroluminescence) Tnglsidfasfi smanas Backlight wazlsifinsivasuasly
Usnaiidunmas snidaeusendandsnudngae

OLED Usznauludefiuinnaneduie Substrate Hufnvesmiings, Anode $2u9n
i MINSLWadLa nMIBY, Organic Layer (Conducting Layer wag Emissive Layer),

Cathode 91au ¥ntnNvassnseuasiannsou
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nouiy/degunsal
Usznauyganaaes
AUNaVInaes

a3UNaN1InAaes

ook N

Weusenuatuauysal

3.2 N1992NLLUUY

3.2.1 LWNUNINANIS Interface
1} ESP32 ffu BUO1 UWB 11 Interface 14 Ingls ESP32 10U Host

Microprocessor

UWB
Antenna
DWM1000_RSTn
Y D ( 24V II DWM1000_RSTh
WAKEUP 2 [ <23 vss
RSTn 3b <22 IRQ/GPIO8 {
gy GPIO7 4 Cz‘ VES % opﬁ:rc\)a::;gu;?m HOSt
T vooaone BUO1 Czo SPICLK @ 2puricus inbervysh uProcessor
VDD3V3 6 q 19 SPIMISO
voove 7}y Q 18 SPIMOSI
J—Vss BD <17 SPICSn
ON ONON O\ S (NP
358888 |g
T Al ® o =~ o el
w w 3§ 38 § = £ ow
T <
g 8
5 &
d‘ U U
E‘U‘VI 3.1 WNUAIWNNT Interface NUwes ESP32 Au BUO1 UWB

(Fia: https://docs.ai-
thinker.com/_media/uwb/docs/bu01_product specification_en v1.0.pdf, 2562)
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3.2.2 Schematic

3.2.2.1 uasauead BUO1

U3
3.5GHz
1 24
12 Pin header 3 22 12 Pin header
RSTh IRQ
1 < 21 12
1 107 GND 12
2|2 2 \/CC cLk (22 11414
3 6 19 10
3 2 > VCC MISO 18 9 10
4 5 s VCC MOSI 17 8 9
5 3 GND CSn > 8
6 ] 7
7 ounsEFmMmrl - O = 6
71 SS509553 e e
8 9 Ch|O — N[ <D \.O| 4 5
9 | | ] | = ] 4
10 3
10 3
11 2
11 B 1 2
12 1
5U#1 3.2 Schematic 489 BUOL fiu Pin header
3.2.2.2 UDFATDY ESP32
GND
2 P3
vcc ESP32DEVKITV1 12 Pin header -
pLEc 12 Pin header
L;—— 3v3 VIN zg 1,—%— 12 ?
J__3 GND GND1 = 2 e 11 11
N TS e R R
NV o e B T s 1
cs - 1017 1026 7 g NOSI 6lg
- 105 1025 8 * Eﬁ
° 1018 1033 9'—L cs 4 2
CLKI:)J—]_c 1019 1032 1(]'-ﬁ = _3] 3
) ;; 1021 1035 11 —{'-]Z—GND = _215
MISO ? ;?n 105': | ﬁ— GND _ 1] 1_
MoOSI[ >—2— = L

ESP32-DEVKITVL

GND
E‘Uﬁ 3.3 Schematic 9849 ESP32 AU Pin header 981 BUO1



3.3 ¥anNN15¥N9Y

3.3.1 Block Diagram w24 BUO1 UWB

N UNIW Block Diagram w89 BUO1 UWB

__________________________________________ On-board
' Power
1 Management
SPL RN BIECEo POWERMANAGEVENT | |
4 DC/DC
— |
8 v |
PLL / CLOCK GENERATOR g p—»{nosrmmna/m<' SP1 UF
" P T |
i ] Onboars
[¢——{ STATE CONTROUER | \C—= Crystaland
ANALOG TRANSMTTER [ 1 :j— Slock
L § 1 Management
DW1000 IC :

(fisn: https://docs.ai-

D

SU# 3.4 usun I Block Diagram uamsvdnMsyaTuwas BUOT UWB

16

28V
36vVDC
supply

SPI Control
Interface

thinker.com/_media/uwb/docs/bu01 product specification_en v1.0.pdf, 2562)



3.3.2 Software

[ Start ]47
l Disconnect

WiFi Connect

Tag (ESP32 +~ BUD1 UWE) Mo Protocol

LUDP
Protocol

Distance Calculate

Y

Serial Monitor

e

JUN 3.5 WNUA Flowchart wanen1svinuvaswenins
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3.3.3 Hardware

Checking Wi-Fi
connection with
device

Reconnect
the device

~

Is distance between
Tag and Anchor can
be calculated?

No

Tag shows real-time
position to display via
LCD

Y

End

JUN 3.6 UKUNM Flowchart Uanen1syiauYessnsnus

3.4 gunsniuaziaTaiie
3.4.1 gunsal

1. ESP32
2. BUO1 UWB
3. 99 OLED
4. Protoboard
5. Micro USB
6

RRIRY eRRRT)
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3.4.2 304939

—_

PSS

2
3. daRdmeshuufanea
4. ael

3.4.3 TUsunsudild
1. Arduino IDE

3.5 35115198949

ESP32 7l@s1un3 Interface fiu BUO1 UWB Msaaads aggnivualisadeimngin
< o aa v

Jus Tag wazdndazvimihidusa Anchor Inesa Tag azilusiiingiae OLED wited

ABLINBLANITZEZNLUULIAN939 (Real Time) 53137960 Tag fiUfia Anchor d@ufa Anchor

o

9vagil @immeastinszevinsilazgnimualidinlunisinsseznigluenasintu) g
1 [ add
UUINTNAaRLTY 2 15A0:
1. ymnaaeuinds Tag Wegniiluandlyivineannda Anchor uadanunsainsses
LazLanTEzHIUNTI9e OLED 16l
2. ynmnaaeulagiidl Tag Andaiinisveasdly ievinisindiouiisn Tag I
#1908n31n67 Anchor lilnaligraundinssngasses evinistufinsseggameauisein

16 Tna&unnainuinee OLED
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91nN5InAAUAIINA NSWEYE I8 interrupt request idsdey1auann BUOT Tuds

ESP32 Liielousiafiuainnis interface ¥099Unsal W1uN15d0a15UUY SPI

,Q Agilent Technologies |nﬁn,i.,iVi-iT DSOX 20028 70 MHz Hl@oom

20.00%/ weye

'gﬂﬁ 4.1 1198 Serial Monitor 989 Anchor

4.2 NANISNINABIIINNITINTZYY

NNSNAABIINTLELYINNTIE AL ULaTD AR IR LULANUIN @NUNTANTIITU

Tloop _Treply

waginsvezla feszesiitale laainaunns TOF = IYULIENING Tag

LAy Anchor JANUARIMLARBUINNTLYLIT
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E‘U‘ﬁ 4.2 11399 Serial Monitor 989 Anchor
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fnauye. v.os
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