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                             Exer 1
           Turn your old treadmill into a modern one
No need to throw out your old treadmill! You can add all the gadgets and the functionality of a new
treadmill to your old one without spending thousands of dollars. This article will show you how.

By Abdul Haidar

Most treadmills in the market now, have many features and
gadgets than ever before. These include heart rate monitor,
maximum heart rate and calories calculator, icon based
graphical user interface and more.
My old treadmill looked like a fossil comparing to those on
market now and it is only a few years old. Technology
changes very rapidly and it is difficult to stay current. With
only a dial to change the speed and a very poor resolution
speed and distance meter, making it an obsolete in the high
technology exercise and sport machines market.
The idea of this project started when my wife and I went
shopping for a new treadmill. The look and functionality of
the new treadmills impressed us and on the same time, the
size and the price tag surprised us.
While our old treadmill still in good working condition (it
hardly been used), I decided to add some of those useful
features and gadgets to our old treadmill fast and cheap.
 Exer 1 is my solution for this problem. It is a combination
of a 240X128 graphic display, GUI LCD driver, 6 buttons
keypad and PIC18F452 microcontroller evaluation board
(see Photo 1).
Currently, Exer 1 has added the following features to my
treadmill:
·  Hand grip heart rate monitor with ECG display and

heart beat detection icon.
·  High resolution speed, distance meters
·  Exercise timer with audible alarm
·  Temperature readout
·  Maximum heart rate (MHR), ratio of MHR and target

zone calculator.
·  Flash memory for 8 user profiles.

Possible upgrade to Exer 1 is adding a digital multi points
speed control with acceleration and deceleration options.

Note:
This application design is published for reference
purpose only and not intended for any life-saving
or medical monitoring use.

Photo 1 - the photo shows the two main components of
Exer 1. Haidar Technology Module On Board (MOB) panel
# MOB-T-240128-W (shown here with touch screen) which
includes a 240X128 graphic LCD with white CCFL
backlight and GLC-M11 module mounted to the back of the
display and an evaluation board for PIC18F452
microcontroller.

The User Interface
    The most difficult and time-consuming part of the project
is the graphical user interface (GUI). Everyone how works
with implementing a GUI on a graphic display knows this
fact. Just thinking about editing fonts/bitmaps and GUI
objects, make your head spin. It can easily takes me up to six
months to implement the GUI and it will eat up all the
resources of the low cost 8-bit microcontroller I intended to
use.
One solution for this problem is to buy a GUI library from
many vendors available on the Internet. While this solution
will highly reduce my development time but, the cost and
the requirements (RAM, program memory, RTOS and
speed) of the GUI library are beyond the budget and the
capability of PIC18F452. Also, only high end GUI library
comes with a visual GUI builder which is a tool I must have
to design a professional, graphic-rich, intuitive and user
friendly graphical user interface.
Simply, that is not a good solution for at least this project.
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Haidar Technology GUI LCD modules and GooyLCD IDE
software are perfect solution for this problem.
GUI LCD modules from Haidar Technology are graphic
LCD controllers. They contain a powerful microcontroller,
DC/DC converter, backlight control, 512Mbyte of flash
memory and a touch screen controller. The firmware
contains a precoded GUI library, serial command interrupter,
and LCD driver and touch screen calibration and
manipulation algorithms. RS232/485 serial bus is used to
interface the module to the main (host) controller. Rich set
of terminal and object commands are provided to ease the
GUI development. The module board are small
(82.3X42.3mm) with 2 X 32 Pins SIL headers. The small
size of the modules and DIP style allows the users to
integrate the module into their design as piggyback board
(See Photo 2). GooyLCD IDE software is an Integrated
development environment for monochrome graphic displays.
It includes a visual GUI builder, Font editor/converter,
Bitmap editor, Image loader and more. The software is a
great tool for any project requires GUI, simply add objects
from the object menu to a virtual screen which is 1:1
compatible to the target screen, click on “compile and save”,
the screen will be displayed on the target display and saved
in the flash memory. You can also test the run time
properties of the objects before even your code or hardware
is ready. Simply, highlight the object and click on “object
simulator” icon, now you can control the object run time
properties and watch the changes on the target display (See
Photo 3).

Photo 2 - Haidar Technology GLC-M11 LCD controller

Photo 3 - Haidar Technology GooyLCD IDE

For this project, I am going to use Haidar Technology MOB-
T-240128-W panel which includes a 240X128 LCD with
white CCFL back light, GLC-M11, high voltage converter,
buzzer and back light control circuitry mounted to the back of
the display. Only a 16-pins flat cable is required to connect the
panel to the main controller board, which highly accelerates
the development progress.
Exer 1 GUI is divided into 4 screens:
·  Main screen: loaded and displayed after the splash screen

From this screen, the user will be able to navigate the
whole GUI (See figure 1)

·  Users screen: This screen is used to select a user from a
list of 8 users. The user data will be retrieve from the
EEPROM (See figure 2)

·  User settings screen: This screen is used to edit the user
profile. The data will be saved in the EEPROM (See
figure 3)

·  Exercise screen: This screen is used during exercising to
display the key data like ECG and P waveforms, HR,
%MHR,  target zone, speed, distance, timer and
temperature (See figure 4)

Figure 1
Main screen

Figure 2
Users screen

Figure 3
User settings
screen

Figure 4
Exercise screen
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Exer 1 GUI starts at power up by displaying a splash
screen (logo screen). The splash screen is designed using
Paint Shop Pro and is saved into the module flash memory
using the Image loader utility. After 5 second waiting
period, the Main screen will be loaded and displayed. By
using the left and right keys, the user can select a screen by
highlighting/unhighlighting the screen bitmap. Once the
user pushes on Enter key, the selected screen will be
loaded and displayed. To return back to the main screen,
the user needs to push on the Exit key.
The whole GUI design including editing the bitmaps is
only accomplished in approximately 4 hours. That is
nothing comparing to at least six months! Another 1
hour is spent during writing the code to do some
changes and to edit few objects.
 Another nice feature of GooyLCD IDE is generating a
project report. The project report is text file contains data
about all project screens and objects. The data includes
screens ID and object code and ID. At run time, only the
objects ID for each screen which need to controlled will be
defined as constants in the main code.
The exercise screen is the most important screen of the
GUI where the trend data and the waveforms will be
displayed. The first waveform is the ECG after been
filtered by the digital BPF. Only the QRS complex is
shown in the waveform and the digital filter filters out the
other deflections like P and T.
The second waveform is the ECG power  (P) which, is
only displayed for illustration and troubleshooting
purposes and it can be removed for the real world
application.
The two waveforms are displayed using the analog input
YT mode (oscilloscope mode).
ECG waveform is assigned to chart analog input CH0 and
P waveform is assigned to CH1. The horizontal scanning
signal (HSS) is used to update the two charts at the rising
edge and at a rate of 100HZ (10msec). The trend data
which includes speed, distance, timer, HR, MHR, target
zone and temperate are updated at the end of the charts
frame which is 39x10msec= 1.39 sec where 39 is the chart
Xmax (See figure 6)

Loading a screen is very similar to Form_Load () method
in visual basic. Figure 7 shows the procedure of loading a
screen. Before calling the Load_Screen routine, the
previous screen must be Unloaded (removed from
memory) and this is done using the object command
Unload_Screen. The two flags Screen_Loaded and
Screen1_Control are very important for the program main
loop. The first flag will prevent the program from loading
any screen unless this flag is clear while, the second flag
will tell the main loop that screen1 is the one under
control.  Only one Screen_Control flag will be set at any
time. Turing the LCD OFF/ON is similar to Form.Show
method all the drawing will be done in the memory and
then shown on the display.

P

Figure 6 – Waveforms and Trend data update

               Set
Screen_Loaded Flag

                Set
Screen1_Control Flag

  Terminal Command
        Clear Screen

  Terminal Command
        Turn LCD OFF

     Screen_ID = 1
  Object Command
       LoadScreen

    Initialize objects

   Terminal Command
        Turn LCD ON

     Return

Load_Screen_1

Figure 5 - Loading screen flowchart

ECG

HSS

 10msec

End of the
chart frame

Trend data update

39 pulses



4

Cardiovascular fitness overview
  Cardiovascular fitness is the most important aspect of any
fitness program. It is the ability of the lungs to provide
oxygen to the blood and the heart to transport oxygenated
blood to the cells of the body. It is also the ability of the
body to sustain an activity for an extended period of time.
There are many ways to monitor cardiovascular exercise
intensity levels. Measuring the heart rate during exercise is
the most common one because it is the easiest and less
costly method.  The main drawbacks of this method are the
sensitivity of the heart rate monitor to motion and other
artifacts, which can cause erroneous readings.
The percentage of maximal heart rate is the most popular
formula today to monitor the exercise intensity. It is the
percentage of the heart rate during exercise to the predicted
maximum heart rate (MHR).

               %MHR = HR / MHR * 100

MHR can be calculated from many different formulas
available on the web. I choose the following formula to
calculate the MHR which, is based on the person age,
weight and gender.

MHR = 201 – 0.5*Age – 0.05*Weight
MHR = MHR + 0 if Female
MHR = MHR + 4 if Male

The heart rate zone or the target zone is also very popular
today and it is the measure of the exercise level.

Zone1 (50 – 60% of MHR)
Zone2 (60 – 70% of MHR)
Zone3 (70 – 80% of MHR)
Zone4 (80 – 90% of MHR)

Exer 1 prototype
   Photo 4-a shows the first prototype of Exer 1 mounted to
the front of my old treadmill. The LCD and the keypad are
mounted to front while the other parts are mounted to the
back of aluminum sheet. The ECG electrodes are made
from copper sheets. Each electrode contains two copper
sheets, one is a signal and the other is the reference
(connected to ground). The two electrodes are connected to
the ECG amplifier board using shielded cables (see photo
4-b). The main controller board is an evaluation board for
PIC18F452 which includes 8-CH 12-bit A/D, 2-12 bit
D/A, RS232 converter, 2.5V reference voltage,
temperature sensor and general I/O. The ECG amplifier,
±12V DC/DC converter and the digital encoder filter are
built using bread boards. I also used Haidar Technology
evaluation board EVL-GMM106 to easily connect the
MOB panel to the main controller board and to power the
whole system from its +5V DC/DC power supply. The
main supply is a 12V desk top power supply (see photo 4-
c). Photo 4
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The PIC18F452 evaluation board I did use is over killing
for this project. The internal A/D and the PWM with LPF
of PIC18F452 can be easily used for the analog inputs and
outputs and the whole project can be built on board
mounted to the back of the MOB panel  (see figure 9,10
and 11).

Heart rate measurement
    Detecting the heart beat and measuring the heart rate
while the subject is running on a treadmill with both hands
gripping on the two electrodes is not an easy job.
Noise can completely override the ECG signal and render
the amplified signal useless. The three main sources of
noise are:
·  Contact impedance imbalance: This noise is generated

from variation in the skin-electrode impedance. The
ECG amplifier will amplify this noise resulting in high
amplitude, low frequency noise that will completely
distort the ECG signal. A conductive gel or any lotion
can be used to minimize this noise.

·  Motion: The electrical signals generated from the
muscle movement (EMG) can also override the ECG
signal and distort it.

·  Line frequency noise: The human body acts as a giant
antenna picking up every electromagnetic signal
especially the 50/60 HZ line frequency noise. The
ECG differential amplifier rejects most of this noise
and the rest needs to be filtered out by digital
techniques.
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The algorithm I used to detect the heartbeats and calculate
the heart rate on beat-by-beat basis is shown on figure 7.
·  Band Pass Filter: The BPF is 4 poles IIR digital filter

center (F0) at 8HZ with BW = 6HZ and Q =1. The
purpose of the filter to reject all the frequencies
outside the QRS frequency range which is between 5
and 11HZ.
The input to the filter is the ECG signal after been
amplified and converted to digital using the 12bit A/D
converter with a sampling rate (Fs) = 100HZ. The
digital ECG signal is then converted to Q15 format.
The filter is formed by cascading two BPF blocks,
each block is a 2 poles BPF with Fc= 8HZ and Q=1.
The amplitude response of each block is given by:

A f( ) 2 a×
sin q f( )( )

0.5 b-( ) sin q f( )( )×�� ��
2

0.5 b+( ) cos q f( )( ) cos q0( )-( )×�� ��
2

+

×:=

 The phase response is given by:

f f( ) atan
0.5 b+( ) cos q f( )( ) cos q0( )-( )×

0.5 b-( ) sin q f( )( )×

�
�
�

�
	
�

:=

Where:

q0 2 p×
f0

fs
×:=

q f( ) 2 p×
f

fs
×:=

fs = Sampling frequency = 100HZ
f0= Center frequency = 8HZ

ECG Chart

Figure 7
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� , �  and �  are the filter coefficients and are calculated from
the following formulas:

a 0.5 0.5 b-( )×:=

g 0.5 b+( ) cos q0( )×:=

b 0.5

1 tan
q0

2 Q×

�
�


�
�

-

1 tan
q0

2 Q×

�
�


�
�

+

×:=
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The difference equation of the filter is:
Y n( ) 2 a X n( ) X n 2-( )-( )× gY n 1-( )×+ b Y n 2-( )×-�� ��:=
Where:
Y(n) is the output of the filter
X(n) is the input of the filter
n is the sample number
� , �  and �  are fractional decimal numbers with a range
from –1 to +1. They are converted to Q15 format by
multiplying the coefficient by 32767 and making the MSB
(bit 16) the sign bit.
The calculation of the filter is simple and fast, only three
multiply and accumulate operations are required for each
sample.
The output of the filter (Y(n)) is scaled and level shifted by
2.5V and then fed to the ECG chart D/A converter.

·  Differentiate: The differentiator acts as high pass
filter to reject the low frequencies and emphasis the
high frequency components of the filtered ECG signal.
The output of the differentiator (Yd(n)) is calculated
from the following difference equation:

     
Ydn( )

1

8
Y n 4-( )- 2 Y n 3-( )×- 2 Y n 2-( )×+ Y n( )+( )×:=

·  Square and Integrate: The output of the
differentiator is squared and then fed to a moving
average integrator with integration window width of
16 samples. The output of the integrator is the power
(P) of the ECG signal. The P signal is scaled and fed
to the P chart D/A converter.

The maximum points of the P are then found and filtered
by throwing out the minimum and the maximum values
from 10 values, the rest 8 values are then averaged.
The output then divided by 2 to form the P threshold.
The P is compared to the P threshold by the comparator
and if the P is > = P threshold, then the heart beat flag will
be set.
The heart beat flag is used to initiate the heart rate
measurement by measuring the time interval between two
consecutive heartbeats. The heart beat intervals are saved
in 10 values buffer and then filtered by throwing out the
minimum and the maximum, then the rest 8 values are
averaged. The heart rate then calculated from:
                      HR = 60000 / HBinterval in BPM
Timer 2 is used to generate an interrupt every 1msec. A
counter is used to trigger the excutation of the algorithm
every 10msec. Another counter is used for the heart beat
interval measurements.
This counter is reset at every detected heartbeat and if a
beat is not detected for 4 sec (see figure 8).

A B C
D

P

Pmax

P Threshold

 Tab     Tbc   Tcd

HBinterval = Tab/2 + Tbc + Tcd/2

Figure 8
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Speed, Distance and Temperature
   My treadmill has a very poor resolution speed and
distance meters, so I decided to improve the speed
measurement by adding a high-resolution speed sensor.
After looking in my junk box, I found an optical encoder
from US Digital. It has two channels (A and B) with a
resolution of 100 line/revolution. The two channels are
exclusively Ored and the output is filtered by a low pass
filter with DC blocking capacitor. The gain of the filter is
adjusted to give an output signal of 0.5V/100rev.
The linear speed is then calculated from the following
formula:
             V =(2�  * R * RPM * 60 * 1.578)/100000 mph
Where, R is the radius of the treadmill wheel in inches.
The distance is calculated as following:
             D = V * T miles
Where, T is exercising time in hours
The ambient temperature is measured using a silicon
temperature sensor LM35 from National Semiconductor
The sensor output is amplified to give an output signal of
100mv/
C and then converted to 
F using the formula:
              Tf = (9/5) * Tc + 32

Firmware
   The firmware of this project is written completely in
microchip assembly language. I am a strong advocate of
using C for embedded systems, but because the project is
small and straightforward, I decided to use the assembly
language.
Also, The QRS detection algorithm is time sensitive and
mathematically complex algorithm which it will be
executed faster in assembly comparing to the native C.
The firmware contains two major loops. The first is the
main program loop where all the GUI update is done and
the second is ISR loop where all the calculation including
the RS232 Tx and Rx routines are done.
All object and terminal commands are also coded in
separate routines. For example to highlight an object, you
just need to pass the object code, object ID and control
byte to the subroutine “Send_Obj_HighLight”.
For terminal commands, you just need to pass the proper
bytes to the subroutine. For example to clear the screen,
you just need to call  “Send_Ter_ClearScreen”. This
configuration allows me to focus completely in the main
project not on tedious graphic and GUI programming and
it does save me hundreds of hours and kept the resources
of the PIC under control.

Abdul Haidar is the president and the founder of Haidar
Technology.

Sources

GUI LCD Controller GLC-M11, MOB-T-240128-W and
GooyLCD IDE
Haidar Technology
www.haidartechnology.com

PIC microcontroller and MPLAB IDE
Microchip Corp.
www.microchip.com

Optical Encoder S1-100-B
US Digital
www.usdigital.com

Temperature sensor LM35
National Semiconductor Corp.
www.nationalsemiconductor.com

Cardiovascular fitness overview
FitZone website
www.fitzones.com/fitness/fitness.asp
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Figure 9- Project block diagram
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