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|. Introduction

I.I Objective

Every year, there are hundreds of trade shows, career fairs, expos, etc. held globally wherein there
a hundred of presenters (i.e. exhibition booths) and thousands of attendees. In the United States,
events such as Maker Faires and CES are primes examples of such. CES 2019 attracted 175,212
verified attendees [1] compared to the 4,500 exhibitors [2], while Maker Faire 2017 had
approximately 125,000 attendees to its 1,200 presenters (booths) [3]. One can even look at an
even smaller scale, specifically at the University of Illinois, and notice the presence of such events
through the Career Fair, Quad Day, and Engineering Open House. All of these events have a
commonality, one that has led to a quite noticeable issue. Given that each attendee visits a
multitude of booths, it is inevitable that an attendee would fail at recalling every detail regarding
the booths they visited, and the contact information for the respective presenters. Furthermore, the
presence of a crowd in each booth could lead the presenters to miss out on talking to every attendee

that may have been interested in their company, project, or idea.

We propose a standalone, battery powered device which will continuously monitor for booth
attendants via Bluetooth Low Energy. Upon detecting an attendee, it will sync with the companion
smartphone app and provide information about that booth. This information could be a website
link, contact information, an introduction to the booth itself, etc. The smartphone app would keep
track of how long it has been nearby any given booth and log that data to be presented to the user
to show what booths (and information about the booths) they attended. An attendee would be
marked as visited for a booth based on the relative distance to the device itself and the amount of
time they were near the booth. Additionally, the app could include functionality to notify the booth
presenter if the user chooses to provide their email/contact information to be contacted after the
event. As the event progresses, the device at each booth would display the number of attendees
who were classified as visited for each booth, and the battery charge remaining on a small display.
This would serve to let the booth presenter know how the turnout to their presentation is, as well
as keeping track if the device may need to be plugged in to charge (while still operating) for an

especially lengthy event.



I.1l' Background

The Event Attendance Tracker was inspired by the applications recommended by the university
during career fairs - namely Career Fair Plus [4]. The app itself solely provided the attendees with
a layout of the booths during the career fair and the company names and somewhat accurate static
information for each booth like what majors and years they were recruiting. During our own
freshman years, we noticed that there was a significant crowd going to the career fairs, and for
quite a few attendees, the experience was subpar as they had to end up choosing between lining up
for a larger company (such as Google), waiting on the order of hours to talk during peak hours, or
visit a few smaller companies where the crowd was much smaller. Similar situations are seen
during Quad Day and EOH, wherein fraternities and popular clubs/exhibits such as Illini Esports
or Robobrawl have a massive crowd. Trying to get a chance to talk one-on-one with the presenters,
and to leave a lasting impression when they see hundreds of people in a day, is potentially a long
and stressful task.

Especially for non-professional events like Quad Day and EOH, attendees see and talk to an
enormous number of groups or see a variety of interesting exhibits. In both of these cases, if the
attendee forgets the name of the group, they have to hope that, based on fragments and potentially
one-time exhibits, they can find more information about the group and hopefully contact
information online somewhere. From personal experience, especially when first getting involved
with RSOs freshmen year, there were enough things going on for us to keep on top of, trying to
scour the internet for a group we might just want to learn a bit more information about isn’t always
worth the time. As a result, we felt that there was a need for a low cost and streamlined solution
that can help event attendees to remember what booths they stopped at; and in addition provide
additional information about the booth(s) including a way for them to get in contact with the

presenters after the event.



I.1I1 Physical Design
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Figure 1: Device Physical Design

I.1V High-Level Requirements

e The device’s battery will need to be able to provide sufficient power for normal operation
for a period of at least 4 hours per charge.

e The interface between the ESP32 and the Smartphone itself must be able to log attendees
within 3 meters from the booth they are at provided that they meet the minimum time
requirement for the booth, which would be user configurable from 1-15 minutes.
Additionally, they must be at least 8 meters away from the device present at another booth.

e The transfer of user data between the smartphone and the device should be completed in
under 250 milliseconds after initial connection, thereby allowing fast, efficient, and

concurrent booth polling.

I1. Design

I1.I Block Diagram

This system was designed to be able to meet the high-level requirements. Specifically, we have

designed the structure of the power supply subsystem and power switch to ensure we can safely
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use a battery cell, and have the a relatively low power requirement which gives us the ability to
choose a common capacity which allows us to meet the requirement for the entire device to operate
on battery power for at least 4 hours per charge. The control unit subsystem is designed around a
microcontroller which is capable of BLE communication to satisfy the requirement to detect which
booth a smartphone application is at, and we have experience with it and are confident in its ability

to operate fast enough to handle exchanging data with attendees’ smartphones in a timely manner.
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Figure 2: Block Diagram



I1.I1' Functional Overview and Block Requirements

I.1I.I Power Supply

The power supply subsystem manages taking in a variety of input voltages; when enabled it
regulates the voltage to an acceptable level to power a majority of the device’s components
including the microcontroller, USB serial adapter, and display. Further, this subsystem includes
taking power in to charge the battery cell when needed and ensures the battery cell is kept safe
throughout the charging process. This battery voltage is also exposed to the other subsystems for
monitoring and allowing the user to control where power is delivered based on how the user wants

the device to operate.

IL.1L1.1 Battery Cell

We have chosen to use a lithium-polymer battery as the battery cell, which will dictate the charge
parameters and limits, as well as the voltage range that the subsystem must be able to regulate at
while still powering the rest of the device. This battery will provide power to the device when it is
switched on and not connected to a USB power source, which directly affects the device’s
requirement of operating on battery power for at least 4 hours. This battery cell is connected
directly to the 10 subsystem to control the mode of operation of the device, and it is connected to
the battery charger/BMS block in this subsystem for both charging and monitoring. The battery

voltage is also broken out to the control unit subsystem for estimating the battery remaining.

L1111 Battery Charger/BMS

This block must safely charge the battery cell and monitor it to ensure it is not overcharged to an
unsafe level [5]. This is required for the device to meet the battery lifetime high level requirement,
as if the cell was overcharged it could degrade the battery cell or even cause it to become inoperable
(or worst case, lead to thermal runaway) [5]. This receives power from the power switch within
the 10 subsystem when the device is not active and is always connected to the battery cell for

monitoring and charging when the device is inactive.



ILILLIIT 3.3V Regulator

The device could be expected to draw up to ~200mA when powered (microcontroller: 80mA [6],
display: 108mA [7], USB serial adapter: 13.7mA [8]) from the regulated 3.3v supply, and based
on the recommended minimum current supply for the microcontroller of 500mA to power during
bursts of current draw, the regulator must be able to support at least this much current (with
additional overhead to ensure reliability) and deliver it directly to the control unit and 10
subsystems. To leave some overhead room, we will require the regulator to support up to 750mA
continuous of regulated voltage. The regulator also will have an enable signal, which will allow
the power switch to control if the device is powered on fully. Otherwise, the device may ‘brown-
out’ and crash from insufficient voltage/current supply, specifically when the supply voltage drops
below 3.0v [6], which would not allow the smartphone application to communicate and would
therefore not meet multiple of the high level requirements. Further this regulator block should
operate normally for any voltage range allowed by the USB 2.0 standard: (4.4v~5.25v) [9], as well

as for the voltage range of the battery we will operate in: (3.6v~4.2v) [5].

L1111V Requirements

It is critical this subsystem works as required in the table below, as it affects the feature of the
device being battery powered, capable of functioning without being constantly plugged into a

power source, as well as operating when plugged into a USB power source.

Requirements

The subsystem must be capable of outputting a regulated 3.3v = 0.1v at 750mA.

The subsystem must be able to operate normally (fulfilling all other
requirements) when the power in voltage is anywhere in the range (3.6v ~
5.25v).

The subsystem, provided a steady USB voltage (Hub voltage: 5v £ 0.25v [9]),
has to charge the battery cell at a rate of no more than 0.5C, and without the
voltage rising above the max voltage of 4.2v + 0.1v [5] anytime during or after
the charging (even if left plugged into USB power).




[L1LIT /O

The 10 subsystem will provide the interfaces for the user to control the device and monitor the
status of the device-smartphone application system. There are three main aspects of the 10
subsystem: the display, power switch, and USB port. Each of these must operate within some

constraints to ensure the device has the main functionality needed, as well as is safe and reliable.

11111 Display

The display must fulfill two features, showing the total number of attendees for the devices’ booth
as well as display the estimated battery remaining. Without this, there would be no feedback to the
booth presenters if the device is functional, or if the device may need to be plugged in to charge
soon. It will be controlled by the microcontroller over an 12C bus in order to configure the display
and show the required information (battery remaining/attendee count). To operate, the display will
directly draw power from the regulated 3.3v output of the power supply subsystem.

ILILILIT Power Switch

The power switch will control when the power supply subsystem outputs the regulated 3.3v supply
and when the battery charger/BMS receives power to charge the battery cell while ensuring that
the power supply subsystem is provided the correct conditions to safely charge the battery cell. To
do this, it will be connected to the USB port as well as the battery cell and route the power to either
of the two power inputs of the power supply subsystem and the power supply enable input
depending on the switch position. Finally, the power switch will ensure the device uses the USB
power when available, and only connects the battery cell to the power supply voltage input when
no other power is available, but the power switch is turned on. This functionality is required to
ensure the safe operation and charging of the battery to meet our battery lifetime high level

requirement.

LTI USB Port

The USB port will provide a way to charge the device’s internal battery, power the device, as well
as allow for serial communication between a host computer and the device. This USB port 5v line
will be connected through the power switch block within the 10 subsystem before being routed to
the various components of the device. It is crucial the port is able to supply sufficient power to
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either charge the battery cell or power the rest of the device so it can operate as expected and all
fulfill the high-level requirements. The control unit is connected over the USB differential data
pair to the USB port, enabling the device and a host computer to communicate (the USB 5v may
also be connected to the control unit to allow for detection when the device is plugged in). This
communication will allow the device to export the list of anonymous IDs of those who attended

the booth, as well as statistics about how many people attended the booth and for how long.

ILILILIV Requirements

Requirements

The display’s 12C bus must be functioning properly and be able to control every
‘pixel’ of the display.

The power switch must not allow more than OmA + 5mA to flow out to the
battery charger/BMS when the device is turned on (which is the ‘active’ mode).

When USB port power is available, the power switch must ensure no more than
OmA = 10mA is allowed to flow in/out from the power supply battery voltage
output.

USB Port must be able to provide sufficient power to charge the battery cell
(current up to 0.5C) or provide the constant current the rest of the device
consumes when all subsystems are operating as required (at least 200mA
continuous).

ILILII Control Unit

This subsystem is responsible for handling all of the BLE communication, as well as the UART to
USB communication. The BLE communication enables the device to record attendees, as well as
provides a way for the smartphone application to determine the booth it is at, which allows the

system to fulfil two of the high-level requirements.

ILILIIT ESP-32 Microcontroller

Using BLE communication with the microcontroller in this subsystem, the smartphone app would
be able to determine which specific booth it is at and record how long the attendee was at each

booth by communicating with the BLE device. This communication would also allow the device
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itself to detect if an attendee were at the booth for a long enough period of time to be counted for
attendance, which would then be displayed to the booth presenters. The other requirement the BLE
connection can fulfil is to ensure user data transactions can take place within 250ms to ensure
many attendees can be concurrently interacting with the device without any smartphones being

‘starved’ of service time.

This unit also communicates internally with the display over an 12C bus which it is the master of
(bus frequency will be ~100KHz, standard-mode 12C frequency [10], but is dependent on the
display’s capabilities). This allows the control unit to (assuming the IO subsystem is functioning
correctly) display the number of attendees, as well as the estimated battery remaining to the user
of the device.

Finally, this unit uses an internal ADC to measure, through a voltage divider, the battery cell
voltage in the range (3.3v ~ 4.2v) which is used in the estimation of the battery remaining, as well
as for disabling the device if the battery voltage drops too low for safe operation.

[LILHLIT USB Serial Adapter

The UART to USB communication is necessary to allow the developers to easily upload the
device’s firmware, and for the device to be able to export to a host computer the following data:
the list of attendee IDs, as well as statistics the device has collected. The control unit will be
connected over a USB differential pair to the USB port which will further connect it to the host
computer for communication. The USB serial adapter block within this subsystem will be
responsible for initializing the USB communication, and then allow the host computer to

communicate with the microcontroller seamlessly.

This subsystem is powered by the regulated 3.3v output and measures the battery voltage both
output from the power supply subsystem. The subsystem interfaces with the 10 system over an
I2C bus for managing the display, and over a USB differential pair (and USB voltage sense line)
to communicate with the USB port of the device.



ILILIILTIT  Requirements

Requirements

This subsystem must be able to be detected as a BLE device when within 5
meters.

When the USB port is plugged into a computer, the device must show up as a
working (without errors according to the OS) serial COM/tty device.

The 12C bus must be able to detect and communicate with any devices connected
to the bus at the correct address(es).

The ADC of the control unit must correctly measure the voltage of the battery
cell within £0.1v of the actual voltage across the battery range (3.5v ~ 4.2v).

ILILIV Smartphone App

The smartphone app allows the user to view which booths they have attended, allow them to share
their contact information with the booth presenters if they wish, as well as provide basic
information about the booth the attendee is currently at (including contact information). These user
facing features are directly dependent on the ‘background’ functionality of the app to communicate
with the booth node devices and determine which specific booth the smartphone is at. This directly
meets the a high level requirement for the full system to be able to correctly identify which booth
the attendee is at, and take action to record how long they attended each booth while informing the
booth node device once any given smartphone app has been at the booth long enough to count as
attended. Yet another high-level requirement is met based on the functionality of the app, as the
app would be able to communicate quickly enough to allow user data transactions in under 250ms.

The smartphone app would interact with the smartphone OS, and indirectly communicate with the
smartphone radio through abstraction. This then would allow the app to indirectly communicate

over BLE with the booth node device to communicate and exchange information.
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ILILIV.] Requirements

Requirements

Application must be able to detect all available BLE devices within at least 5
meters

Subsystem must be able to identify the BLE device with the strongest signal
strength

Monitor and record how long the smartphone app is ‘at’ (according to strongest
signal strength/calibrated threshold) a BLE device/booth

1.1 Risk Analysis

We believe that the RF (BLE) communication poses the greatest risk to successful completion of
the project because our idea for implementing range estimation using signal strength does not have
a simple correlation (interference/obstacles both can reduce signal strength at a fixed distance).
We are unsure of whether instantaneous signal strength will be a sufficient metric on its own, or if
it will need to be thoroughly filtered in an attempt to determine a value more directly correlated to
distance. Additionally, this component of the project will likely require the most amount of
characterization and calibration to achieve optimal performance. It is possible that our approach is
valid, but we believe this aspect could lead to significant development time usage in order to
develop the technology sufficiently such that it meets our performance metrics. Additionally, the
RF module will consume a majority of the power [11] for our device, with the possible exception
of the OLED display at full brightness [7]. As such, it could additionally pose a challenge to

meeting our expectations for battery performance.

[11.  Ethics and Safety

Our device has a few potential safety concerns that must be addressed during the development
process. This device will incorporate a lithium-polymer cell battery; this type of battery chemistry
can be prone to explosions or fire when not kept in a safe voltage/current draw range or if exposed

to high temperatures [5]. We must ensure that the battery control circuitry can maintain the
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operation of the device and keep the battery cell within safe operating ranges for both voltage and
current draw [5]. This, in addition to warnings about not exposing to extreme temperatures, will
help to reduce the chance of the device posing a risk of personal injury or property damage. The
best way to approach this challenge would be to use conventional and reliable components and
implement them to manufacturer specifications. This means we can leverage the development and
testing the manufacturer went through in the design process to ensure the device operates as

expected and will safely manage the battery.

This device will incorporate RF communication via Bluetooth Low Energy and any venture into

RF transmission requires adhering to FCC guidelines.

“The FCC regulates radio frequency (RF) devices contained in electronic-electrical
products that are capable of emitting radio frequency energy by radiation,
conduction, or other means. These products have the potential to cause interference
to radio services operating in the radio frequency range of 9 kHz to 3000 GHz.”
[12]

Specifically, our device is what is designated as an “Intentional Radiator” [12]. For this application
we will be using an RF IC incorporated into a ESP32 SOM with an intentionally limited
communication power. As such there will be little to no risk of introducing adverse amounts of RF
interference, even with several of these devices operating in close proximity. By using an FCC
certified device [6], the ESP32, as well as responsibly utilizing the RF communication (not
constantly broadcast at max transmission power) through BLE, we can insure the device does not
interfere with the operation of other wireless devices nearby beyond what the standard for BLE

allows.

IEEE’s 7.8 Code of Ethics, Section I Policy 1 [13] “To hold paramount the safety, health, and
welfare of the public... “ is relevant when considering the use of a display in our device, as any
flashing lights could lead to photosensitive epileptic seizures. As such the display would only be
used to show attendee count and battery status, with no additional animations or flashing lights
which could lead to a seizure. Every effort will be made to negate the possibility for the display to

cause an epileptic seizure.
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Sections 1.3, 1.6, and 1.7 of the ACM code of conduct [14] dictates that we be honest, be
trustworthy, and to respect privacy. Our system can be designed in a way such that it will not have
to remotely store sensitive user data; however, we still have a duty to not hoard, mine, sell, or
distribute any data that we are entrusted with which is temporarily stored locally in the app. This
could include names, email addresses, majors, or any other information that users wish to share.
The feature that our design uses to meet these responsibilities is that all BLE communication uses
a randomly generated user ID which cannot be directly correlated to any specific user. This user
ID can only be correlated when that specific user consents to have their information shared with
their chosen booths they visited at a particular event. Ideally, we should act as a pure middleman
between the attendee and the booth by not storing any of the data, and rather simply passing it

along once the user consents to sharing their information.

Further, it is our responsibility to not abuse the trust that users place in the smartphone app. We
must not abuse the processing power of the device we are given access to, nor attempt to extract
any other data from their personal device. In the same light, we must ensure our application does
not abuse its ability to locally track the user’s smartphone. To do this, we will ensure the
application does not connect to or localize with nearby smartphones, and only communicate with

the booth node devices for the purposes of localization.

Lastly, given the current global situation involving COVID-19. All members of the group would
be following CDC recommended safety guidelines [15] to prevent the spread of COVID-19, and
receive testing twice a week, per the student guidelines provided by the University of Illinois.
Furthermore, we will conduct nearly all our work virtually unless in-person contact is absolutely

necessary.
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