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BRAIN-COMPUTER INTERFACE HYPER-TRAINER

Designers: James Cosmano, Scott Hofmeister, Andy Locken, Nicholas Mairs
Supervising Professor: Mark Schroeder, Ph.D.
Department of Electrical and Computer Engineering
North Dakota State University
Fargo, ND 58105

INTRODUCTION

Hyper-training allows a wuser to customize a
program to improve productivity. Through
customizable menus, the brain-computer interface
(BCI) hyper-trainer allows persons with physical
disabilities to control an object on a computer screen
in two dimensions by thought. A set of electrodes
monitors the user’s brain (EEG) signals. The
program then records these signals and calculates
four different parameters based on the signals.
Using these parameters to identify what the user is

thinking, the program allows the user to choose how
they want to move a target object. This emphasis on
interface and interaction is unlike most BCI projects,
which focus on feature extraction from EEG signals.
The BCI hyper-trainer is programmed using
LabVIEW, and MATLAB is utilized to verify the
mathematical results from the program.

SUMMARY OF IMPACT

With the aid of the BCI hyper-trainer program, the
user can control a cursor on a screen using only

Fig. 8.15. Screenshot of BCI Hyper-trainer Training Preparation Page.
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thought. This approach allows individuals with
motor disabilities to better use a computer. With the
simple and convenient program interface, users are
able to train quickly and efficiently. The program is
shown to be effective in moving a cursor without
motor functions.

TECHNICAL DESCRIPTION

The BCI hyper-trainer is a software program that
consists of the following main components: 1) data
acquisition; 2) pre-training; and 3) hyper-training.
Fig. 8.15 shows one of the training preparation pages
where the user is shown the different regions of the
brain that control bodily functions. This information
assists with proper placement of the electrodes. The
user can also modify the customizable thoughts at
this time. The other pages of the BCI hyper-training
program have a similar style.

To begin, four electrodes are strapped on the head of
the individual to measure EEG data. The four
channels are input into hardware amplifiers, gained,
and then low-pass filtered to 100Hz. These filtered
and gained signals are then processed with a data
acquisition (DAQ) card and input into the LabVIEW
program. The program applies 40 Hz digital low-
pass filters to the signals to remove 60 Hz noise.
Additional user-customizable band-pass filters are
also available. At this point, the EEG signals are
ready for analysis.

During the pre-training process, 12 thoughts chosen
by the user are flashed in series on the screen. While
the user is thinking these various thoughts, the
computer calculates the average root-mean-squared
(RMS) power, skewness, kurtosis, and form factor
for each of the four channels of the filtered EEG
data. RMS power and form factor calculate the
overall size and complexity of the EEG signal,
respectively. The skewness and kurtosis are both
measured using the frequency distribution of the
signal, with skewness being the symmetry and
kurtosis being the peakedness. The program utilizes
these parameters for a combination of reasons
including: frequency of use in EEG analysis, ability
of the parameter to discriminate different thoughts,
ease of implementation, and user understanding.
After performing these parameter calculations, the
computer then ranks each thought based on its
difference from a resting-state control value. The
pre-training process takes less than two minutes.

Fig. 8.16. User Attempting Hyper-trainer Compass
Challenge.

After pre-training, the user views the calculated data
in the BIODATA page. Based on these results, the
user chooses a different thought for each of the
cardinal directions for the hyper-trainer compass
challenge, a demonstration of which is shown in Fig.
8.16. The user also selects from various targets and
timing options before beginning the hyper-training
process. As in pre-training, parameters are
continually calculated for the incoming EEG. These
data are then compared to the thresholds defined in
pre-training. If a parameter exceeds the selected
thought’s threshold, the cursor is moved in the
corresponding direction. The compass challenge
tends to be difficult to master at first, but continued
user practice normally results in improvement. To
date, all users have successfully learned to control
the cursor, although with varying degrees of
proficiency.

The user can also choose what parameters to display
on a waveform graph as well as view their filtered
EEG waveforms. The graph displays the most
recent 30 seconds so the user can see the effect of
changing thoughts with time.

PC, LabVIEW license, amplifiers, and electrodes
were the most costly items. The total cost
approximates $8,300.
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MAILBOX ALERT SYSTEM

Designers: Jennifer Pietrzak and Jeff Roberts
Client Coordinator: John Stevenson
Supervising Professor: Jacob Glower, Ph.D.
Department of Electrical and Computer Engineering
North Dakota State University
Fargo, ND 58105

INTRODUCTION

The mailbox alert system allows persons with
physical limitations to check by telephone when
their mail has been delivered. A thin rectangular
box containing infrared sensors to detect the mail is
placed at the bottom of the mailbox, with the sensors
pointing straight up. A separate device containing
the system’s microprocessors and circuitry connects
to the mailbox insert, connecting the system to both
standard wall power and telephone outlets. The
user dials in to the system using a telephone and
receives voice prompts from an audio chip. He or
she keys in the mailbox number through the
telephone touchpad, and the system audibly tells
him or her whether or not there is mail in the
mailbox, along with the day and time the mail was
detected.

There are several commercial products that detect
when mail has been placed in a mailbox. Many of
them use motion detectors placed on the mailbox
door, triggered as soon as the door is opened.
However, this causes the detector to indicate mail
every time the mailbox door is opened, regardless of

whether mail is present or not. The mailbox alert
system uses infrared beams, which are reflected
back only if mail is actually present in the mailbox,
so false indications are eliminated.

Most commercial mail detection products use a
proprietary device with an LED or audible tone to
alert the user. These devices are fixed to one
location in the user’s home, and are only accessible
from that location. The mailbox alert system, on the
other hand, requires no installation in the user’s
home and operates with any telephone, allowing the
user to check mail from any telephone.

Fig. 8.17 shows how the sensors are placed in the
mailbox. The LEDs send a beam of infrared light
straight into the mailbox; any mail present in the
mailbox will reflect the infrared beam back down
into one of the photo detectors, which allows the
system to detect the mail.

SUMMARY OF IMPACT

The mailbox alert system provides the user a simple,
user-friendly way of checking their mail. For a
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Fig. 8.17. Mailbox Insert.

Mﬁ‘ared LED Photodetector



Chapter 8: North Dakota State University 101

person with physical limitations for whom a trip to
the mailbox is difficult, this eliminates an
unnecessary trip. The system is easy to install,
requires no devices to be installed in the user’s
living space, and is unobtrusive to both the user and
postal delivery personnel.

TECHNICAL DESCRIPTION

A block diagram of the system is given in Fig. 8.18.
The system consists of four PIC 16F876
microcontrollers, several specialized integrated
circuit chips, and the sensors used to detect the mail.
Not shown on the block diagram are the power
connections; a power converter plugs into a
standard 120V AC wall outlet and provides +5V to
each of the microcontrollers and integrated circuits.

The master microcontroller is the “brains” of the
system; it sends commands and receives data from
the other microcontrollers in the system. The master
microcontroller connects directly to a Xecom
XE0068DT Data Access Arrangement chip, which
connects directly to the phone line through an RJ-11
connector.  The XEO0068DT safely isolates the
mailbox alert system from the high-voltage
telephone system, and is also certified through FCC
Part 68 to allow the system to legally connect to the
telephone system.

When the user calls in to the phone line connected to
the system, the ringing generates an interrupt on the
XE0068DT phone chip. The master microcontroller
detects this interrupt and instructs the phone chip to
pick up the phone line. It sends a command to the
voice chip to play an introductory audio message
over the phone line (“Please enter your three-digit
mailbox number, followed by the pound sign.”).
The master microcontroller then waits for the user to

key their mailbox number into their telephone
keypad; the phone chip decodes the DTMF tones
into binary digits for the microcontroller.

Once the user has keyed in their mailbox number,
the master microcontroller sends a command to the
microcontroller connected to the real-time clock chip
to retrieve the status of their mailbox. The real-time
clock chip, a Dallas Semiconductor DS1305, provides
timekeeping functions, two programmable alarms,
and 96 bytes of memory backed up by a
rechargeable super-capacitor in case of temporary
power loss. The DS1305 stores the status of up to 32
mailboxes in its memory.  Once the master
microcontroller receives the status for the user’s
mailbox, it forwards the status on to the
microcontroller that controls the voice chip (a
Winbond ISD4005). The voice-chip microcontroller
decodes this message and plays the appropriate
audio over the phone line. The master
microcontroller then instructs the phone chip to
hang up the phone line.

The real-time clock generates an alarm every 15
minutes; this alarm is detected by the
microcontroller connected to the real-time clock
chip. The microcontroller raises an interrupt which
is detected by the master microcontroller, which
then instructs the microcontroller connected to the
sensors to check for mail in each of the mailboxes.
The status of each mailbox is sent to the real-time
clock microcontroller, which stores them in its
memory.

In full production, the prototype cost of several
hundred dollars could be reduced to below one
hundred dollars.
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Fig. 8.18. System Block Diagram.
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