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Part 12 – Build the Telematics Car 
 
 

Telematics is the 21st Century 
word for telemetry.  Its’ origin is 
from the word “telemetry” which 
was coined somewhere in the 
mid-1950’s, or before, to mean 
wirelessly transmitting data from 
one point to another – usually 
from a moving vehicle like a car, 
plane or spacecraft to a ground 
station.  Now Telematics is an 
entire industry generally focused 
on modern automobiles that wish 
to be “always connected” to 
where they are and where they 
are going.  GM’s OnStartm is one 
example as is FordSYNCtm   that 
purport to keep you in touch with 
your vehicle as you drive as well 
as the environment in which 

you’re driving with GPS, voice activation, accident detection, directions to the next 
filling station or restaurant, etc. 
 
But what does any of this have to do with fuel cells?  The answer is that we are about to 
equip our [already spectacular] fuel cell powered Hydrocar with Telematics capabilities; 
that is, we will equip it so that it wirelessly transmits the Hydrocar’s electric motor 
parameters to your computer as it moves; that is, [the measure of] the voltage, current, 
motor resistance and power are wirelessly transmitted in real time to your computer! That 
way you can see exactly how the car’s motor and fuel cell react when it starts, stops, 
moves forward, reverse, up hills and down.  Our Telematics circuitry will transform a toy 
into an intelligent teaching tool. 
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ZigBee® and XBEE® 
 
To do this we will employ a relatively new and powerful wireless technology called 
ZigBee (formally known as IEEE 802.15.4) that does the hard work of taking in RS232-
type serial data in one module mounted on the car and wirelessly sending it to a receiving 
module connected to your computer - all without interference and special protocols that 
are the norm with standard RF methods like some of the popular 400 MHz and 900 MHz 
radios.  To make matters even better companies like Digi International (formally 
Maxstream) have created plug-in modules they call XBEE that contain the ZigBee 
circuitry plus an antenna.  Just add +3.3 volts and a connection to the RS-232 source and 
you’re in business (see sidebar).  That’s what we’ll use for our Telematics Car plus some 
embedded microcontroller circuitry that measures the voltage and current drawn from the 
fuel cell to power the car’s motor.  
 
Our Telematics system comes in two parts – the transmitter board (Figure 2) and the 
receiver board (Figure 3).     
 
 

 
 
 
 
 
 
 
 

 
Figure 2 – Telematics Transmitter Board   Figure 3 – Telematics Receiver Board 
 
The transmitter is a combination of the XBEE radio along with a PIC microcontroller 
with 10-bit A/D inputs and other circuitry that sense the voltage and current going into 
the Hydrocar’s electric motor via the fuel cell that powers it.  As you can see the 
transmitter unit mounts on the Hydrocar’s reversible fuel cell and has terminals that 
attach to the fuel cell, the solar panel and the motor.  There is also an ON-OFF switch 
that controls both the electrolysis function of the fuel cell (OFF) as well as switching over 
to power the transmitter electronics and motor after enough hydrogen has been created 
(ON).  When the switch is OFF, voltage from the solar panel flows into the reversible 
fuel cell to allow the water to be split into hydrogen and oxygen (Figure 4).  Substitute a 
3 volt battery for the solar panel if you want the electrolysis process to go faster.   
 
When enough hydrogen is generated, switching to the ON position cuts out the solar 
panel to fuel cell connection and cuts in the fuel cell connection to the motor.  It also 
applies power from a standard 1.5 AAA battery to power the transmitter electronics.  The 
1.5 volts is stepped up to 3.3 volts with an onboard DC-to-DC converter circuit.  I’m also 
testing two 1.5 Farad super capacitors in parallel (C3 and C4) to replace the 1.5 volt AAA  
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Figure 4 – Telematics Transmitter Board Diagram 
 
 

 
 
Figure 5 – Telematics Receiver Board Diagram 
 
battery, but my test results are not ready at this time.  I designed the transmitter board 
with separate terminals for the solar panel, fuel cell and motor to eliminate all the time 
consuming and confusing hookups that come with applying the solar panel to the fuel cell 
for electrolysis then tearing this down to hook it up to the motor, etc.  One ON-OFF 
switch does it all for you, and you’re off and running doing the experiments in no time.  
 
The receiver is simply another XBEE radio connected to an FTDI serial-to-USB chip 
that, in turn, is connected to the computer with a USB cable (Figure 5).  Data from the 
Hydrocar’s transmitter is received and sent to the REEL Power software where all the 
electrical parameters are plotted as we shall see next. 
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Experimenting with the Telematics Car 
 
If you’ve ever wanted to “really know” what kind of electrical performance a model car 
expends while it rolls across the floor and up and down ramps, the Telematics Car will 
show you.  And I think you’ll be both surprised and amazed at what happens – even if 
our Hydrocar doesn’t do wheelies.  So let’s start at the beginning by preparing to 
electrolyze some water into hydrogen fuel for our reversible fuel cell.  Fill both cylinders 
to the 20ml mark with distilled water and remember to correctly hydrate the fuel cell. 
 
Install the transmitter board on the Hydrocar’s reversible fuel cell and hookup the solar 
panel, fuel cell and motor leads and set the ON-OFF switch to OFF (Figure 6).  While 
the solar panel (or 3 volt battery if you wish, instead) electrolyzes water into hydrogen 
and oxygen, connect the receiver board to your computer with the supplied USB cable.  
With the REEL Power software running you should see a plot like Figure 7 as the fuel 
cell electrolyzes water. While this is happening elevate the wheels of the car so that they 
can spin freely once power is applied to the motor.  We’ll first do some tests with the 
motor “unloaded” or not powering the car across the floor. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6 – Charging Switch Position (OFF) 
 
 
Next, set the switch to ON and see if you experience a plot as in Figure 8 where the 
wheels are free-spinning.  The jagged black line is the motor’s internal resistance, which 
normally varies between 2 and 3 ohms.  The green line is the fuel cell voltage along with 
the fuel cell current (blue line) going into the motor load.  The red line is the power being 
produced by the fuel cell into the motor load.  Even though the motor resistance is 
nothing more than a direct result of the voltage and current going to the motor from the 
fuel cell, I want to emphasize the resistance plot line as it best exemplifies what’s 
happening to the voltage and current on a somewhat exaggerated basis.   
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Figure 7 – Electrolysis Mode  
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 8 – Wheels Free Spinning  
 
 
 
 
 
 
 
 
 
 
 
Figure 9 – Wheels Free Spinning with “Finger 
Touch” Resistance 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 – Car Starting and Stopping 
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Figure 8 shows the motor as it just started up running.  Next, place your finger on the car 
wheels to slow them down in order to create more mechanical resistance and notice how 
the plot changes (Figure 9).  The motor’s resistance (black line) falls sharply indicating a 
heaver load for the fuel cell which responds, in turn, by briefly attempting to increase the 
current output (blue line).  However, the load is so great when the wheels stop spinning 
that the fuel cell’s output power cannot overcome the lower resistance of the motor 
caused by the static resistance.  I gave the wheels a slight spin to get them running again, 
which accounts for the rise in voltage, current, power and resistance at the end of the plot.   
 
What these plots show is the dynamics of the motor’s resistance as it reacts to load; I 
wanted to show you this before we actually put the car “in gear” and let it run on the 
floor.  In Figure 8 the jagged black line shows the motor free wheeling, but the wheels 
themselves produce mechanical resistance as they spin which causes the motor’s internal 
resistance to react accordingly.  The result is not a smooth but jagged black line that has a 
period in tune with the spinning wheels.  We can assume that the wheels themselves are 
not perfectly balanced, which is why the resistance changes as they spin.  The motor 
needs to expend slightly more or less energy to spin the unbalanced wheels on every 
rotation thus producing what is shown on the plot.  This makes a good case for keeping 
your automobile wheels balanced as even the slightest imbalance will not only give you a 
rougher rider and produce premature tire ware; it also uses more fuel despite the 
smoothing effects of car’s flywheel momentum.    
 
  
Starting, Stopping and Reversing Direction 
 
The Hydrocar has a built-in stop and turn mechanism that automatically turns the wheels 
and backs up when the car hits an obstacle.  This makes it easier to see what happens to 
motor fundamentals in a start and stop scenario.  Placing the car on a level floor or table 
will show what happens.  Generate some more hydrogen then place the car on the floor 
and set the switch to ON.  In my test I set the switch to ON before I put it on the floor.  
Then I let the car move and hit a barrier where it stopped, reversed direction and started 
out in a different direction.  Figure 10 shows a plot of this activity.  Notice that the motor 
resistance (black line) starts out at a relatively high resistance as the wheels are free 
spinning then the resistance drops and current (blue line) and power (red line) increase as 
it touches the floor and begins to move.  The resistance really drops when it hits a barrier 
and stops.  As it reverses less of a load is placed on the motor and the cycle repeats as it 
moves and hits other barriers.   
 
 
Climbing and Descending a Ramp 
 
Another test I did was running the car up and down a slight ramp – not too steep – about 
150 is my estimate. To do this you have to put a piece of tape on the rotating mechanism 
to hold the wheels in place (Figure 11).  When you do this make sure to first empty the 
cylinders of water so they don’t spill all over the floor.  Next, refill the cylinders with 
20ml of water and generate some hydrogen again.  Place the car at the bottom of the ramp 
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and turn the switch ON.  Figure 12 shows a plot of the car as it moves up the ramp.  
Notice that the resistance drops below one ohm indicating that more power is required to 
move the car up the ramp as compared with just running on a flat surface.  For the reverse 
procedure I placed the car at the top of the ramp and let it travel down.  Figure 13 shows 
what happens when the car descends the ramp.  The resistance is higher and the 
underlying current and power are lower – not by much but it is measurable, nevertheless. 
I didn’t have time to run anymore tests with steeper ramps, but I’m sure that equivalent 
results will prove that even more power is needed to climb them.   

 
 
 
 
 
 
 
Figure 11 – Holding the Wheels in Place with Tape 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 – Car Climbing a Ramp 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 13 – Car Descending a Ramp 
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Adapting Telematics to Other Model Cars  
 
While the Hydrocar is a great example of what can be done with remotely monitoring 
live data, the Telematics boards can be adapted to any number of model cars that you or 
your kids have lying around gathering dust.  Just find the wires going between the battery 
and the motor and bring them up to the transmitter board’s terminals.  Figure 14 and 
Figure 15 show how I adapted it to a popular model solar car.  Since you won’t be using 
a fuel cell (presumably) then the hookup is slightly different; that is, you’ll need to move 
the solar panel or the car’s internal battery wires to the fuel cell terminals.  Again, the 
Telematics transmitter and receiver boards are adaptable to many battery and solar 
powered model cars that will allow you to see exactly what’s happening when they’re put 
in motion.   
 

 
Figure 14 & 15  – Adapting Other Model Cars to Telematics 

 
 
Summing Up 
 
This is the last in our series on fuel cells for the time being, so I hope you enjoyed 
learning about this technology as it shows definite future promise for many stationary and 
mobile applications.  While fuel cell technology may still be forthcoming in terms of 
everyday consumer products, Telematics is already here and growing in popularity. Its 
impact will affect not only how we drive but where we drive to and what we purchase 
along the way.  As more and more cars are equipped with wireless Internet 
communications and GPS you can expect commercial advertizing to appear on your car’s 
map navigation screen as you drive along the highway; ads for food, fuel, hotels and 
motels will popup on your car’s flat panel screen enticing you to pull in and buy what 
they’re selling.  A new world of driving is about to emerge very soon and your next car 
will [hopefully] be up to the task with electric motors that replace the internal combustion 
engine that are powered by batteries or fuel cells or maybe a combination of both.   
 
Due mainly to my time constraints, future articles in this series will appear bi-monthly.  
This will give me more time to research the vast amount of alternative energy topics that 
emerge daily and put them in a form that’s adaptable to electronics and programming.  I 
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have a few articles in mind already and more that show promise.  So until next 
time…conserve energy and “stay green”.   
 
Trademarks 
 
ZigBee is a registered trademark of the ZigBee Alliance 
XBEE is a registered trademark of Digi International 
OnStar is a registered trademark of General Motors Corporation 
FordSYNC is a registered trademark of Ford Motor Company 
 
 

Sidebar - ZigBee 

ZigBee, or officially IEEE 802.15.4, is a low-cost, low-power, wireless mesh networking 
proprietary standard. The low cost allows the technology to be widely deployed in 
wireless control and monitoring applications, and the low power-usage allows longer life 
with smaller batteries, and the mesh networking provides high reliability and larger 
range.  The ZigBee Alliance is an association of companies working together to enable 
reliable, cost-effective, low-power, wirelessly networked, monitoring and control 
products based on an open global standard. The 
most popular applications include: 

·  Home Automation 
·  ZigBee Smart Energy 1.0/2.0  
·  Commercial Building Automation 
·  Telecommunication Applications 
·  Personal, Home, and Hospital Care 
·  Toys 

ZigBee operates in the industrial, scientific and 
medical (ISM) radio bands; 868 MHz in Europe, 
915 MHz in the USA and Australia, and 2.4 GHz in most jurisdictions worldwide. The 
technology is intended to be simpler and less expensive than Bluetooth. ZigBee chip 
vendors typically sell integrated radios and microcontrollers with between 60K and 128K 
flash memory. Radios are also available stand-alone to be used with any processor or 
microcontroller.  

Credit: Wikipedia and Digi International, Inc.   
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Sidebar – Honda’s Solar Power Charging Station for its FCX Clarity Fuel Cell Car 
 
Honda has unveiled a solar-
powered hydrogen station for 
use by drivers at home, which 
can produce enough fuel to 
power its FCX Clarity fuel 
cell car for 25 miles of 
driving each day. Honda's 
website boasts that its new 
FCX Clarity fuel cell vehicle 
has twice the driving energy 
efficiency of a standard 
compact hybrid-electric 
vehicle and three times the 
efficiency of a compact 
internal combustion engine 
vehicle fueled solely by 
gasoline.  . 

Hydrogen can be used as a fuel for electric cars thereby doing away with the need for a 
battery - these so-called fuel cell vehicles can travel longer distances than electric 
vehicles that need to be re-charged directly from a mains supply.  

Honda's solar hydrogen 
station is the smallest 
of its kind and could be 
incorporated into the 
design of a garage.  A 
spokesperson for the 
Environmental 
Transport Association 
(ETA) said: "At 
present there is no 
refueling infrastructure 

for hydrogen so personal generators could be part of the answer."  The Solar Hydrogen 
Station is able to export any excess electricity to the national grid.  

Author’s comment:  The sleek design of the solar charging station is impressive, but it 
appears that integrating it into a typical garage setting will require changing its esthetics 
to accommodate more standard roof solar panels.    

Credit http://fuelcell.magasite.net and Honda Motor Corporation.   
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Sidebar - Telematics 

The availability of telematics-enabled cars has risen dramatically over the past few years. 
Today, telematics is either standard or optional equipment in most high-end vehicles and 
the list of features is growing.  Telematics covers a wide area of technologies so it’s hard 
to pin down exactly what it is, since it can be many things to many users and equipment 
producers.    

Telematics systems allow a driver to interact with the vehicle in his or her own voice. So 
if you are driving on an unfamiliar route you may ask your car to find the shortest route 
to your destination. Within seconds, a navigation system reads back the directions. This is 
now standard with vehicle navigation systems but was only a dream ten years ago.    

Telematics can 
be quite useful 
during 
emergency 
situations. The 
moment a 
safety measure 
is detected in a 
car, like when 
the check 
engine light 
goes on, the 
telematics 
system sends a 
message to the 
operator who 
then calls the 
car to confirm the safety of the passengers. In case there is a problem, the operator sends 
help. The GPS unit tells the operator where to send the police and ambulance.  And if you 
have forgotten your keys inside the car and the doors have been locked, the telematics 
system can unlock it for you. This is currently what OnStartm offers.   

The future of telematics looks bright and ominous at the same time. Voice-based web 
access is certainly a possibility as well as road-side Wi-Fi systems where commercial 
businesses can detect if your car is near their retail location and then send you 
advertisement messages on your cell phone or car navigation screen for what they’re 
selling.  And your car can even transmit information like its make and model, where you 
came from and where you’re going to anyone who wants to know.  This “having others 
know a lot about you while you drive” feature may be the most expansive and yet 
controversial part of our always connected future; who knows where it will lead and what 
implications it will have for individuals and society.   Credit :  www.wizgeek.com and 
www.onstar.com   


