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Introduction:
● Problem:
Epilepsy accounts for 12% of all neurological issues in the United States. Currently, there are
not a lot of ways to perform Electroencephalograms (EEG) tests to reveal the pattern of the brain
activities. Seizure monitoring is mostly conducted in an inpatient setting or overnight at home
with an ambulatory device, which brings inconvenience to both the patients and physicians at
different levels.
Appointments are hard to get, work schedule is disturbed, and the inpatient experience is
often unpleasant. One of the major issues with ambulatory devices is that it’s impossible to
monitor a patient's physical symptoms, while it’s much easier for staff to record in hospital which
helps analyze EEG data. Additionally, they are bulky and ugly so that patients are less likely to
carry them around. Thus, we are in need of an EEG-based seizure monitor device that enables
faster diagnosing, allows patients to continue daily activities and supports video recording.
Currently, no outpatient epilepsy monitoring device exists that includes a camera module.
From our sponsor’s interactions with the lead EEG technician at Carle, capturing the patient’s
arm and leg movements, as well as eye movements are important to correlate with the captured
brain waves to determine the type of seizure. For example, if the patient is not moving, but there
are some abnormal brain activity, that can be suspecting of an absence seizure, versus for a grand
mal seizure, you would see some arm flailing movements. For patients with psychogenic
non-epileptic seizures, that is seizures that is psychologic in nature and not an abnormality of the
brain, the patient’s eyes would normally be closed, compared with seizures where their eyes may
be opened, fluttering, or deviating.
Also, no commercially available EEG cap on the market is in the form of a baseball cap that
has a vision of being customizable. From our sponsor’s interactions with patients, they share that
they would want an EEG device that blends into the surrounding. Current outpatient (i.e. carry
outside the hospital) devices look horrendous, and kids can get made fun of.
● Solution:
Since the old kinds of devices are either too bulky or too unpleasant for the patients to wear, it
became important for us to create a device that can minimize its influence on the patient’s normal
activity. For example, given the weight of the old device, adults at work may experience a very

heavy load on their neck. Young kids wearing this at school may be considered not cool by other
kids, which makes it harder for them to make friends.
To make the device better fitted into daily life, we want to build it on a baseball cap that has
minimal effect on patients’ daily activities while still tracking their brains all the time to make
sure every seizure is detected and measured. We also want to add a small, light-weighted camera
at the front of the cap to make video recordings together with the EEG data. Thus when the data
is further evaluated, they can pair the data with the patients’ facial expressions to see if any facial
sign can indicate seizure. Also, we want to further upload the data and video to the cloud,
creating a database big enough for the AI to train and learn to help doctors detect seizures.
● Visual Aid:

● High-level requirements:
a. Every component must be integrated onto the cap while not influencing the balance of the
cap. During the event of seizure, the whole system should remain stable: the electronic
system should keep functioning, and the cap stays on the patient's head.
b. The EEG data and video recordings during the event of seizures must be uploaded to the
cloud for physicians to review and analyze afterwards.
c. The system should be constructed into an SoC due to the size/weight constraints. It must
include SPI bus, SDIO and GPIO to interface with the electrodes, camera, ADC, and
flash storage.
Design:
● Block Diagram

Figure 1. High-Level Block Diagram for EpiCap
● Subsystem Overview:
Power subsystem:
It’s used to power up the entire system. To be specific, it powers the Logic, Storage,
and Cloud Subsystem as well as the camera with a 3.3V linear voltage regulator. It will
directly power the electrodes with 5VDC. The ADC (analog to digital converter) will
have both 3.3V and 5V to be the analog power supply and digital power supply
respectively.
Sensor Subsystem:
Electrodes, ADC, and camera are integrated into this system. Electrodes are used to
collect the EEG data. ADC (ADS1299 chip) is used to collect the analog signals from the
electrodes and convert them into digital signals which then can be uploaded to the cloud
or stored locally. This system connects to the Logic Subsystem through the SPI
peripherals and GPIO.
Logic Subsystem:
This system contains a microcontroller (STM32) which takes control of receiving data
from Sensor Subsystem and storing into the Cloud/local Storage Subsystem. It connects
with the local Storage Subsystem using SDIO.
Storage Subsystem:
Onboard flash storage is used, in order to store the EEG data and video recordings.
Cloud subsystem:
Data will be sent from the microcontroller to the cloud via a wireless transceiver. The
cloud platform is Chart.js. https://codepen.io/jordanwillis/pen/bqaGRR
● Subsystem Requirements:
Power subsystem:

This subsystem provides the power of the whole system. The battery capacity
determines the operating period of the system.
List of requirements:
1. It must provide relatively low noise to the system in case of affecting the ADC
(analog to digital) functionality.
2. The linear voltage regulator should continuously provide 3.3V +/- 0.1V and 1mA.
3. The battery should continuously provide 5V +/- 0.1V and 7mA.
4. The battery capacity should be large enough (somewhere between 5000mAh to
7500mAh) to support the SoC for at least 24 hours.
5. Rechargeable battery is needed, for the sake of convenience.
Sensor Subsystem:
This subsystem collects and processes the EEG and video data so that it can be stored
into the Cloud and Storage Subsystem. The ADC and the camera will interface with the
microcontroller through SPI peripherals and GPIO respectively.
List of requirements:
1. Electrodes, ADC, and camera should be continuously collecting data and staying
on the patient's head during his/her daily routine.
2. Electrodes must remain in contact with the patient's scalp during the seizure and
be able to collect the EEG data continuously.
3. To ensure the quality of the EEG data, the electrodes should have a minimum
sampling frequency of 240Hz.
4. The size of the camera should be small, it should be able to capture the patient’s
movement during seizure.
Logic Subsystem:
This subsystem contains the logic of the product. It determines whether the patient is
experiencing a seizure. Finally, it stores the data into local Storage Subsystem and Cloud
Subsystem through SDIO and wireless transceiver respectively.
List of requirements:

1. The microcontroller must be able to upload the EEG data as well as the video
recordings to the cloud and the onboard flash storage after the event of seizure is
detected.
2. The algorithm inside the microcontroller should be able to quickly distinguish the
event of seizure.
Storage Subsystem:
This subsystem contains an SDRAM which stores the EEG/video data as a back-up
in case of the cloud storage failure.
List of requirements:
1. The storage device must be large enough to hold the video and EEG data.
(Estimate 1GB).
2.

It should be easy enough for physicians to extract the EEG/video data.

Cloud Subsystem:
This subsystem uploads the EEG/video data to the cloud. It instantly sends out the
data so that the physician can directly extract and analyze the data whenever and
wherever they need it.
List of requirements:
1. The platform should update with an interval of 10ms. Data should be visualized.
2. Physicians should have easy access to cloud storage.
● Tolerance Analysis:
We must ensure that dry electrodes can collect EEG data properly in the event of a
seizure. Noise in measurements should be minimized. We also need to make sure the
microprocessor is able to detect seizure waveforms with a reliable algorithm.
We must ensure that camera data can be processed by the microcontroller. This places a
high demand on microcontroller cache.
The hardware portion of the cloud subsystem can be quite tricky since we want to enable
the upload of data in any geographic location, including outdoors settings without WiFi.
We have two ways of processing the sensor data. One is local storage and the other is

instant upload to the cloud. The former is a backup plan for the latter.
● Ethics and Safety
There are several concerns regarding our project. The cap confronts several risks and
vulnerabilities as a result of the use of batteries, electrodes, cables, chips, storage,
camera. Explosion, electric shock and mechanical danger are three dangerous factors in
the design. Falling is a common scenario for epilepsy patients. We must also take
precautions that our device does not create more danger for a patient in the event of a fall.
We are not responsible for the mechanical part of the design, but we will try to integrate
most of the electronic components on an integrated board and encase it with soft
materials.
We need to ensure that both the battery and board present no hazard to the patient,
especially in the event of high heat, moisture, and any sort of mechanical perturbation.
Chemical leak and harmful electromagnetic radiation should be taken seriously.
When uploading the data and video to the cloud, we have to make sure that they are
confidential and only the specific doctor can have access to it. The camera attached
should not be deployed for any other purpose other than monitoring the patient’s eye
movements.
The design and testing of this product will comply with the IEEE ethics code. We will not
use OpenBCI resources without proper citation. We will also consult doctors on the
safety aspect of the final deliverable.
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