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Since FCC opens up Ultra-wide band(UWB) from 2002, the applications were focusing mostly on medical and industrial
applications.

Over the years, due to the special functions of UWB, it has attracted more and more attention. Especially in the field of
Internet of Things.



UWB: Low energy and Good communication
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UWB: Good Positioning

Centimeter accuracy

Up to hundreds of meters range (base on the
system’s design)
e |s able to support:
o  Time of Fight (ToF)
o  Phase Difference of Arrival (PDoA)
o  Received Signal Strength Indicator(RSSI)
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Pointing Issue

Make devices smarter:

e Can device recognize that I'm referring to it by pointing at it?
e Can | jump over the setup part and skip remembering all the device names and locations (light1,
light2, light 3, etc.) Let device to figure it out.



Project Goal & Aims

Goal:
e Designing a system based on UWB technology to achieve pointing selection of the device and the
capability of controlling over gesture

Aims:
e Implementing UWB indoor positioning system
e Calculating UWB pointing action to select devices
e Introducing gesture control base on IMU sensors
e Improving robustness of the system based on IMU sensor data fusion and filter
e Integration of UWB system and IMU to achieve overall pointing selection and control



Prior Work

DirectMe: Indoor Navigation System for Visually Impaired People

Minuet: Multimodal Interaction with an Internet of Things

Hand Pointing Gestures Based Digital Menu Board Implementation Using IR-UWB Transceivers
Mathematical Model of an IMU



https://amir-omidfar.github.io/m202Fall19/index.html
http://www.guoanhong.com/papers/SUI19-Minuet.pdf
https://ieeexplore.ieee.org/abstract/document/8704208
https://nitinjsanket.github.io/tutorials/attitudeest/madgwick
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System Components & Overview

Decawave DWM 1001 units
J-Link driver & Terminal in Mac
OS/Android App

Arduino Nano 33 BLE sense
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Part I: UART Communication Between Tag and Arduino

Communication principle Positioning data got from UWB module

Buttons
connected to
DWM1001

22:14:12.289 -> DIST,2,ANQ,9C1F,0.00,0.00,0.00,0.32,AN1,4C17,0.50,0.00,0.00,0.28
22:14:13.288 ->
22:14:13.288 ->
22:14:14.277 -> DIST,2[ANO,9C1F,0.00,0.00,0.00,0.3élAN1,4C17,0.50,0.00,0.00,0.%@]
22:14:15.265 ->
22:14:15.265 ->
22:14:16.281 -> DIST,2,AN®@,9(1F,0.00,0.00,0.00,0.30,AN1,4C17,0.50,0.00,0.00,0.70
22:14:17.290 ->

22:14:17.290 ->

22:14:18.263 -> DIST,2,AN®,9C1F,0.00,0.00,0.00,0.37,AN1,4C17,0.50,0.00,0.00,0.70

Positive
Battery
Connection

UART_RX

UART_TX



Part I: UART Communication Between Tag and Arduino

Data Processing:
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Part ll: Using a Built-in IMU Sensor of Arduino to Do the Gesture Control

aN = ax, aE = ay, aD = -az Az oMo S3BLE Z
gN = gx, gE = gy, gD = -gz Mz A
mN = -mx, mE = my, mD = -mz Ax

Data fusion of _‘
Accelerator & Gyroscopg”

X Roll Y

Data fusion to get the Roll, Pitch and Yaw from Accelerometer and Gyroscope




Part ll: Using a Built-in IMU Sensor of Arduino to Do the Gesture Control

. Data Fusion by
‘ Raw Dae ~| MadgwickAHRS Algorithm

Data Processing:

Use PWM to control

the LEDs to display the |

data calculation
results

Data Calculation




Demo

1. UWSB pointing selection https://youtu.be/nipZIUt7 1tk

2. IMU data acquiring and fusion

a. Datafusion results https://youtu.be/96 kEfkgSSQ

b. IMU controls the brightness of LEDs https://youtu.be/eY7SCoWoKno
3. Integration: Selection + Control https://youtu.be/pOg3HAAUCMEK



https://youtu.be/nipZlUt71tk
https://youtu.be/96_kEfkgSSQ
https://youtu.be/eY7SCoWoKno
https://youtu.be/pOg3HAAUCMk

Strength

1. Accuracy: The accuracy of UWB can reach the centimeter level, which is required for indoor
positioning.

2.  Low Power: UWB is not only a positioning system, it also has the characteristics of low power and
low latency. This is an excellent feature for embedded systems.

3.  Multifunctional: While realizing indoor positioning, we also added the function of gesture control

based on the IMU sensor. This will make this device more robust and useful when we are indoors.



Weakness

1.  Wecanonly use two anchors at present due to potential serial communication problems between
Tag and Arduino. This will make us temporarily not using the z-axis for calculations.

2. The firmware of the UWB module itself has not been modified. After the modification, there will be
more possibilities.

3. Limited gesture control options: due to time constraints



Limitation & Future works

1. Instead of using evaluation kit, use the UWB IC on a PCB design that targeting this system can:
a.  solve the communication issue
b.  more optimization option available
c. more stable performance

2. Scaling up the system and implement in more real-life environment to make sure the high
robustness

w

Embedded IMU data and UWB data increase position and gesture detection accuracy
4. Introduce voice control



Contribution

e Jiacheng Liu:
o  Figure out how to set up and configure the UWB system.
o UWB-Arduino Communication
o  System and Algorithm Elaboration
e Yibo Wang:
o  Exploring the uwb data acquiring method
Code the Arduino to integrate the overall system
Acquire the built-in IMU sensor data for gesture control
Implement the IMU sensor fusion function

o O O



References:

https://en.wikipedia.org/wiki/Ultra-wideband
https://www.sciencedirect.com/science/article/pii/B978178548098050001X
https://www.firaconsortium.org/discover/how-uwb-works
http://www.guoanhong.com/papers/SUI19-Minuet.pdf
https://decaforum.decawave.com/t/can-i-use-only-2-dwm1001-dev-and-see-their-relative-distanc
e/7788

https://decaforum.decawave.com/t/uart-communication-with-arduino/5664
https://www.decawave.com/product/mdek1001-deployment-kit/

IMU&data fusion configuration
https://nitinjsanket.github.io/tutorials/attitudeest/madgwick
https://axodyne.com/2020/06/arduino-nano-33-ble-ahrs/
https://www.researchgate.net/figure/Average-roll-pitch-and-yaw-angles_fig2_ 262055313



https://en.wikipedia.org/wiki/Ultra-wideband
https://www.sciencedirect.com/science/article/pii/B978178548098050001X
https://www.firaconsortium.org/discover/how-uwb-works

