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Agenda
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❑ Problem statement and solution

❑ Block diagram

❑Overview of each sub-system

❑ Results and analysis

❑ High level requirements

❑ Future scope

❑Questions
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Problem

Statement
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Background and motivation

❑ As an international student, carrying 3 pieces of luggage 

along with a backpack in an airport is a tedious task.

❑ A hassle, especially in a crowded airport.

❑With luggage wear and tear - the wheels often 

malfunction.

Problem statement
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Solution

❑Design a person-following luggage platform

❑Stops upon detecting obstacles

❑Changes direction and speed in accordance 

with the passenger’s movement

❑Alerts the passenger if distance between them 

becomes too large

Problem statement
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What’s new?

❑Did not want to use a camera

❑A platform over luggage

Problem statement
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How does it work?

Indoor triangulation!

Problem statement
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Ultra-Wide Band (UWB) sensor

x y

Fixed known distance

[Tag]

[Anchor2][Anchor1]

User Tag

Luggage Tag

Algorithm?

If x > y:

go right

If y < x:

go left

Else:

go straight
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How does it detect obstacles?

Ultrasonic sensor!

Problem statement

E L E C T R I C A L  &  C O M P U T E R  E N G I N E E R I N G
9



High-Level Requirements

❑Achieve a user-following accuracy at a distance of 1-1.2 m with 

an error of ± 50 cm

❑Platform follows the person with real time updates in the path 

with latency of no more than 1s, keeping pace with the user

❑Avoid collisions with obstacles (upto 0.5 m). Alert the user if the 

luggage is left behind more than 10 m

Problem Statement
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Block 

Diagram
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Block Diagram
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User Tag 

Subsystem
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User Tag

Block Diagram
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Objectives

❑Reflects back UWB waves from the Anchors and Accurately 

measures distance from both Anchors

❑ Informs the User if Luggage is left behind through the buzzer

❑Consists of a 4.8 V battery that is used to power the DW1000 

sensor through a linear regulator

User Tag Subsystem
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UWB Breakout board

Block Diagram
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Luggage Tag 

System:

Control 

Subsystem
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Luggage Tag

Block Diagram
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Objectives

❑Obtain Distance values from both Anchors 

In their respective ESP32s. 

❑Pass information from One ESP to the 

other using a UART connection on the 

RX/TX pins 

❑Triangulate and correctly predict the 

person’s position and use this information 

to drive the motors accurately

Luggage Tag System: Control Subsystem
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Luggage Tag 

System:

Object 

Avoidance 

Subsystem
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Objectives

❑Avoid Collisions by stopping the cart if 

anything comes within 50cm of the cart

❑Stop the car if Tag is unreachable or out of 

bounds (6m)

Luggage Tag System: Object Avoidance Subsystem
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Drivetrain and Power

Block Diagram
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Luggage Tag 

System:

Power and 

Drivetrain 

Subsystem
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Objectives

❑Powers the entire electronic system of the project by providing 

accurate operating voltages to the individual electronic components

❑Enables the movement of the platform by implementing a bi-

directional drive motor controller

❑Consists of a 9 V battery, buck converters, linear regulator, motor 

driver and DC gear motors

Luggage Tag System: Power and Drivetrain Subsystem
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Luggage Tag System: Power and Drivetrain Subsystem
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Design Choice

9V battery for the luggage subsystem and 4.8V for the user tag

Problem

❑ESP32 requires 3.3 V 

❑Ultrasonic sensor and motor driver require 5V

Solution

❑Use TPS563300 buck converters on the luggage subsystem

❑Steps down voltages using a simple resistor divider equation

❑AP2112 linear regulator on the user tag to avoid complex circuitry



Luggage Tag System: Power and Drivetrain Subsystem
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Design Choice

9V DC gear motors: 100 RPM, 80 Nm torque (per system requirements)

Problem

How to control operation and speed of two motors simultaneously?

Solution

❑L293D motor driver with control pins for 2 motors

❑Can change motor direction with complementary digital signals to the 

Input pins (Eg: HIGH on Input 1, LOW on Input 2)

❑Vary speed by supplying digital PWM to the Enable pin



Luggage Tag System: Power and Drivetrain Subsystem
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Quantitative Analysis

Buck Converter: Input 9V battery

❑3.3V output : RFBT = 31.3 kOhm

❑5V output : RFBT = 52.5 kOhm

Linear Regulator: Input 4.8V battery

❑Desired Output : 3.3V

❑Battery Headroom : (4-8V - 3.3V) = 1.5V

❑Max Dropout Voltage : 0.4V 

❑Power Disspation :       

Iout * (Vin – Vout) 

= 0.6 * (4.8 - 3.3) = 0.9 W

Max Operation Temp: 110℃

Tja = iout * (Vin-Vout)*(𝚯jc)

= 0.6 * 1.5 * 96 = 86.4 ℃
(Allowable)



Results

& Analysis

E L E C T R I C A L  &  C O M P U T E R  E N G I N E E R I N G
28



Drive-train and Power subsystem:

Results and Analysis
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Drive-train and Power subsystem:

Results and Analysis
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User tag subsystem:

Results and Analysis
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Obstacle detection subsystem:

Results and Analysis
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Control/Luggage subsystem:

Results and Analysis
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Control/Luggage subsystem demo:

Results and Analysis
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High

Level 

Requirements
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High Level Requirements
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The engineering reason behind failure:

1. Damaged a DWM1000 UWB sensor:

a. Expensive sensor ($25)

b. Resulting in very poor accuracy

c. A minimum of 3 sensors are required for triangulation

2. Misaligned motor in cart build:

a. Linear correction in firmware wasn’t possible

b. Cart cannot go in a straight line

FIX: Down scaled to a small cart for proof of concept

High Level Requirements
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Future

Scope
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Fixes and recommendations:
❑ Fix motor alignment – enabling straight differential drive

❑ Ensure luggage safety – locking mechanism

❑ Enhance EM shielding – between ESP32 & UWB sensor

Future Scope

E L E C T R I C A L  &  C O M P U T E R  E N G I N E E R I N G 39



Learning and Challenges:

❑ Always use over current protection for delicate circuits

❑ Invisible bridging can occur

❑UWB sensor integration was a challenge

Alternative Considerations:

❑Use computer vision to track the user

❑Use a mechanical system – a directed thread attached to the user

Conclusion
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Thank you!
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Questions?
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