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Abstract 

i  

Abstract 

This rapport is about how a security and control system has been developed for 
moveable diesel tanks. Enormous amounts of diesel in Sweden are stolen every year 
and the tank that is most vulnerable is the moveable tank in other words tanks that can 
be moved around with diesel inside. The work has been done for the company 
SafeTool AB which works with security and safety systems for construction places. 

The work has been divided into two tasks. Task one, how to measure fluid amount in 
a tank. To see if diesel is disappearing from the tank a change in the diesel amount has 
to be detected. How is that best done? 

Task two, theoretical and physical develop and build a prototype that takes as low 
power as possible. Here it’s important to find out what parts that are needed to build 
the system and make it on low power because the system runs on a battery.   

In task one the rapport lead to some recommended measuring methods that works but 
no one that is really good for this application. The rapport in task two lead to a not 
sellable system but a very good platform to use for the finished product and a 
guideline of how low power this system can run on.   
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Sammanfattning 

Denna rapport handlar om hur ett kontroll och säkerhet system har utvecklats för en 
flyttbar diesel tank. Det är enorma stölder av diesel i Sverige idag och de mest utsatta 
är de så kallade flyttbara tankarna, alltså tankar som man kan flytta runt med diesel i. 
Arbete har utförts åt företaget SafeTool AB som just arbetar med säkerhets system för 
byggarbetesplatser. 

Arbetet är uppdelat i två delar. Ett hur mäter man bränslet i tanken. För att se om 
diesel försvinner från tanken måste man se en förändring av diesel mängden, hur detta 
skall görs bäst är uppgift ett. Uppgift två, teoriskt och fysiskt utveckla och bygga en 
prototyp av systemet som tar så lite ström som möjligt. Så här är det viktigt att hitta 
dom delarna som behövs för att bygga system och att göra det på så lite ström som 
möjligt för att system skall drivas av ett batteri.   

I uppgift ett leder arbetet fram till ett antal rekommenderade mättmetoder som 
fungerar men ingen som är riktigt bra eller utmärker sig på något viss. Uppgift två 
leder fram till en ej säljbar prototyp av systemet men mycket bra plattform för att 
bygga en slutlig produkt och en riktlinje av hur lågt strömförbrukningen kan gå.     
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1 Introduction 

1.1 Background 

The company SafeTool AB that constructs and sells safety system for construction 
places has been asked if they can’t solve all the problem with the stealing of diesel. 
The company already has a theft-proof container solution that has an electronic lock 
on the inside of the container and can only be entered with an approved RFID-tag 
(Radio Frequency Identifier). The container also has a GSM/GPRS modem that sends 
all the information, for example which people that enters or if a burglary attempt is 
going on in the container. The company saw that the container solution also should be 
useful to a safety system for the tank. However this design can only protect the tank 
from a burglar that goes throw the doors and doesn’t help anything if the burglar drills 
a hole in the tank and take out the fluid throw there. The company saw that if they 
only could see if that the fluids mass was changing without an approved RFID-tag 
they would know it was a burglary attempt and set off the alarm. So by measuring the 
fluid and see if any fluid is disappearing would solve the problem, but how should it 
be measured and what is the best method? This is one of the problems that will be 
analyst in this master thesis. The other one is to build a prototype of the security and 
control system and put it in a real diesel tank. When building this embedded system 
there is some big problems that have to be kept in mind. The first and biggest is that 
the tank usually doesn’t have any external power. This is a tank that is approved for 
moving with diesel inside. So the tank is moved around a lot between different 
machines that are hard to move at construction places and it is also moved between 
different construction places. It is also common that lumberjacks move the tank with 
them in the forest and road builders also need a fuel tank to move along when they are 
building the road. Therefore the tank never had any power, and the power that is 
needed to run the pump for filling up the machine is taken from battery of the 
machines. Some machines even suck out the fuel from the tank itself. So the tank 
needs a battery to power the electronic system and the owner of the tank doesn’t want 
to change a battery every month, so power optimization is the main problem to have 
in mind when building the electronic system. Another big thing to think of when 
building a prototype is what is going in the system and what is not. What is needed to 
for fill all demands of what the system is going to handle? Anything that might be 
useful should be put in the system and if it later on shows that it wasn’t needed the 
system can be stripped down for the next generation.           

 
 
 
 
 
 
 



Introduction 
 

2 

1.1.1 How the system should work    

 

Figure 1-1: Overview of the system 

To fill up your machine with fuel from this type of tank you have to have an approved 
passive RFID tag. You then show the tag for the tank and if it is an approved tag the 
tank unlocks the electronic lock, if the pump that is inside the tank is going to be used 
for filling fuel a connection of external power is needed. Then you just take the fuel 
pistol that is sitting on the tank hose and start filing up your machine. Or if you have a 
machine that sucks out the fuel itself you just connect the machine hose and start 
sucking out fuel from the tank. The amount of fuel will count up on a display that is 
put inside the cabinet of the tank. When you are finished filling fuel you just put back 
the fuel pistol inside the tanks cabinet or remove the machine hose if there was a self 
sucking machine and then close the door. After closing the door the electronic lock 
will lock the door automatically. The system will then send the fuel amount and the 
tag number to a computer or a server somewhere for saving. How often this data will 
be sent is not settled, it might be after every filling or let’s say after ten filling or once 
a day? This should maybe be changeable on demand by each customer.   

1.2 Purpose/goal 

There are two problems addressed in this master thesis. One, analyze the best solution 
for measuring the fluid and two, building a low power prototype. 

1.2.1 Problem 1”How to measure fluid amount in a tank” 

To prevent the fuel in the tank from getting stolen the company has suggested that the 
fuel should be measured all the time. If that is done the system could see if any fuel is 
disappearing and set the burglary alarm. So by knowing how much fluid there is in the 
tank at time t and then compare it with the amount of fluid at time t + ∆t, it will be 
easy to see if any fluid in the tank is missing and thereby stolen.  

The first analyze will therefore be about different methods to measuring fluid in a 
tank. It is not to find the measuring method that gives the best accuracy, it is to find 
the best measuring method fit for this purpose. 
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1.2.2 Problem 2 “Building a low power prototype” 

This means that a fully functional prototype of the tank is going to be made with some 
limitations. The entire embedded system and the limitations are described in the 
following context. When constructing this embedded system there is one thing that is 
very important and that is that the system is optimized for low power consumption. 
The embedded system has to be developed so it can run as long as possible on a 
battery. 

1.3 Limitations 
The GSM/GPRS (TC63 or TC65) have some limitations in this master thesis but it is 
important to know what it does to understanding the whole system. The TC63/TC65 
module should be on the CAD (computer-aided design) so some understanding about 
the module is needed.  It’s the same for the GPS (iTrax100). This module will not be 
presented more than in the CAD and how it is interfaced.                                                                               
The 868MHz radio module is not included here either but it should be in the CAD. 
The radio module is not going to be mentioned more than how it is interfaced. It is for 
an expended version of the tank system that will come in the future.                        
The software will only be presented in a graphical description no detailed solutions 
will be showed because the 36 files of code are too much to explain in this master 
thesis. 
The shape and size of the tank is fixed. The thesis will follow this fixed geometry. But 
the design and control techniques are general.  
  

1.4 Thesis outline 

The report will follow with some theory about the tank, diesel and different measuring 
methods to understand the problem with measuring fluid in a tank.  There will also be 
short explanations about GPS, GSM/GPRS and RFID. Then in the context System 
design chapter 3.1 a graphical design will show which parts that is needed to build the 
system. After that the first problem will be analyzed and worked through. Problem 
two will then follow with implementation of all parts that is needed to build the 
system, but here the most work is to making it a low power system. Then there will 
come a result of the work and finally a conclusion and discussion of how the system 
worked and what’s need to be done for the next generation.    
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2 Theoretical background 

2.1 The tank 

All calculations in this master thesis are built on the tank below and have the 
measurement according to the right picture below. The tank that is used is a 1500liters 
tank. A tank with 3000liter or just 1000liter has the same measurements that this tank 
except that they are longer or shorter. 

  

Figure 2-1: The tank 

The tank has a cabinet that contains a pump and a hose for fuelling. The hatch on the 
tanks roof is used when the tank need to be refueled. Some calculations that are 
needed are shown here.    

     

2

2

217,0350,0*620,02

856,0240,1*690,01

mA

mA

==>

==>
 

 

The volume for the entire tank will then be. 

( )( ) 3753,1360,1*2*217,08556,0 mV =+=>  
The tank could then in theory contain 1753liter. 
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2.2 Diesel density dependency on temperature  

An important thing to have in mind when measuring diesel in an environment that 
change temperature is density. The density changes with the temperature. So if 
temperature goes up the density goes down and contrary. The graph may change a bit 
depending on which kind of diesel fuel that is used. This graph is calculated after the 
diesel fuel called “Diesel ProMIL” that the company Preem Petroleum AB delivers. 
The curve in the diagram can be higher or lower depending on which diesel that is 
used. In this master thesis a density value of 840kg/m3 is used in all calculations 
which represent about –10 to –15 degrees.     
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Figure 2-2: Diesel density variation with temperature 

2.3 Different ways to measure fluid quantity in a tank 

This section will explain in theory how different methods can be used for measuring 
the fluid in the tank. Every theory also has calculations on how great the accuracy 
must be for seeing a change of 1liter and 10liter in the tank.      

2.3.1 Level measuring 

To use the level measuring of the fluid in the tank to calculate the volume of the fluid 
you have to know which level represents which volume. As seen in context “The 
Tank” the tank is a hexagon so the level of the fluid will not be linear compared to the 
fluids volume. The volume of fluid in the tank depending on the level can be 
described like this. 

The equation V(y) where y is the level of fluid in the tank and V is the volume of fluid 
in the tank is divided into two equations, one for the lower part of the tank and one for 
the higher part of the tank. 
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The equation for the whole tank in liter will be like following. 
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What is also interesting to know is what 1liter represents in level change. There is a 
worst case on the middle of the tank and two best cases at the bottom and the top of 
the tank. 

mmofchangelevelagivewillcaseworstatchangeliterand

mmmEmliterm

ofchangelevelagivewillcaseworstatchangeliter

mmofchangelevelagivewillcasebestatchangeliterand

mmmmliterm

ofchangelevelagivewillcasebestatchangeliter

29,510

529,028989,5
8904,1

001,0
,001,01,8904,136,1*39,1

:1

66,1010

066,100106564,0
9384,0

001,0
,001,01,9384,036,1*690,0

:1

432

32

=>===

=>===

−

 

So if the system is going to feel a change of 1liter it has to have a resolution of at least 
1240mm / 0.5289886 = 2345. What is also very important to think of when level 
measuring is used is that level measuring is depending on the temperature cause if 
temperature in the fluid increases the fluids volume also increases and therefore the 
level increases.   
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2.3.2 Pressure measuring 

Pressure depends on the fluids height. So pressure is p=ρ*g*h where ρ is density, g is 
gravitation and h is the height of the fluid.  

)(59,4310

)(359,40528988600,0*81,9*840
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So if the system is going to feel a change of 1liter anywhere in the tank it has to have 
a range of 840*9.81*1.24=10218,1Pa  and a resolution of at least 
10218.1Pa/4.359078Pa = 2344. However a pressure meter that has the exact range of 
0 to 10218 Pa can’t be bought so therefore the resolution will most likely be 
somewhere between 2700 and 3000.    

Pressure measuring does not get affected by temperature change in the fluid cause if 
temperature increases in the fluid, the height of the fluid will increase but the density 
of the fluid will decrease. So the pressure will always be the same. However pressure 
measuring will not give a linear signal depending on the quantity of fluid cause the 
tank is not linear.     

2.3.3 Weight measuring 

To use weight measuring to calculate the quantity of fluid in the tank is easy in theory. 
Let’s say that the fluid inside the tank weighs 100kg and has the density of 840kg/m3. 
This will then be 100 / 840 = 0.119048m3 which equals to 119.048liter of the fluid 
with this density. Weight measuring does not get affected by temperature but it is hard 
to implement in reality. Some examples are tested in 3.2. 

2.3.4 Volume measuring 

In theory the volume of the fluid could be measured and that can then tell how much 
fluid there is in the tank. But how measure the volume, resonance frequency or maybe 
some acoustic solution? No known or find methods of using the volume to tell how 
much fluid there is in the tank has been found. Volume measuring does also get 
affected by temperature. When temperature goes up the volume also goes up. No 
method of using volume measuring is going to be presented in this master thesis. 

2.4 RFID 
RFID stands for Radio-Frequency Identification and this refers to small electronic 
devices that consist of a small chip and an antenna. The RFID device serves the same 
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purpose as a bar code or a magnetic strip on a credit card. It provides a unique 
identifier for that object. But unlike a credit card the RFID card or as it is called RFID 
tag is read from a distance it doesn’t have to be put into a reader. This is the big 
advantage of the RFID tags. There are three types of RFID tags active, passive and 
semi-active RFID tags. The active tags have its on power source. The advantage of 
these tags is that the reader can be much further away and still get the signal.  Even if 
these tags are built to manage several years they still have a limited lifetime. The 
passive tags do not have there own power source and therefore an unlimited lifetime. 
Instead, a passive tag gets its energy from the reader. The reader sends out enough 
energy to the tag so that it can send its content back to the reader. This is done by an 
oscillating magnetic field from the reader that induces a voltage into the antenna of 
the tag. The reading distance of a passive tag can be from a couple of centimetres up 
to some meters. The semi-active tag is a combination of the other two tags. For more 
understanding about RFID see the book” RFID Handbook” [1]. 
 

2.5 GSM/GPRS 

GSM that stands for Global System for Mobile Communications is the most common 
digital and wireless telephone technology in the world. There are four frequencies of 
the GSM, GSM-850 and GSM-1900 which is used in America. Then there is GSM-
900 and GSM-1800 which is used in Europe. The technique between transmitting 
sound (speech) and data is different. When transmitting sound a special coding 
technique is used to turn the sound to digital and transmit it in 9600bit/s to a bas 
station. Data however is transmitted as packets at the speed of 30 to 100kbit/s this is 
called GPRS which stands for General Packet Radio Service. GPRS is integrated into 
the GSM standard. GPRS is packet-switched which means that multiple users share 
the same transmission channel, only transmitting when they have data to send. So 
instead of paying for the contention time like GSM (speech) a connection can be on 
all the time and then the payment is based on how much data that is transmitted. More 
about GSM and GPRS can be found in the book GSM boken [2].    

2.6 GPS 

The name of the system is actually Navstar GPS and stands for Navigation Satellite 
Timing and Ranging Global Positioning System but is usually just called GPS. The 
GPS is a satellite navigation system, developed by the American defence department 
and has more than 30 satellites today. To give a position to a GPS receiver the system 
use distance measuring combined with triangulation from several satellites. The 
position is given by longitude, latitude and altitude. A more detailed description can 
be found at the web page”www.wikipedia.org” [3]. GPS was not the first satellite 
based navigation system, the Russians where thinking about using the Doppler Effect 
when they shout out the satellite Sputnik to calculate positions. The American navy 
introduced the Transit system that used Doppler in the early 1960th. But in 1970th the 
GPS system was starting to be developed and at May 1994 the system was fully 
functional and the next year the Transit system was closed.                

2.7 Low power design 
Power dissipation in CMOS circuits consists of several different factors. There is 
dynamic power consumption or switching power as it also called, short circuits 
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current and leakage. Dynamic power is the power that is consumed when transistors is 
charging and discharging. Dynamic power consumption is defined like following 
Pswitching = α * C * V dd

2 *f [4]. C represent the capacitance being switched, Vdd is 
supply voltage and f is the frequency and finally α that is the activity.   

 
Figure 2-3: Dynamic power consumption in CMOS 

The dynamic power consumption will go down if any of the factors in the equation 
will be decreased. The short circuits current appear when transistors switch, both the 
NMOS and the PMOS may be momentarily on at once and this leads to peak of short 
circuits current. The current will flow from Vdd throw the NMOS and the PMOS 
straight down to ground. A simplified equation for the short circuits current lock like 
this Pshort circuits =IMEAN *V dd The leakage in CMOS appears both in the diode and the 
transistor, the drain junction leakage in the diode is however much smaller than the 
sub threshold current that runs throw the transistor.   

 
Figure 2-4: Leakage current in CMOS 

No advanced digital design exists in this master thesis but it is important that the 
design runs on as low power as possible so the activity α is used a lot to bring the 
power down.   
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3 Design options and selections  

3.1 System design overview 

Why the system has this certain parts is something that has been developed, discussed 
and worked on during the whole master project. A lot of time, considerations and 
reflections have been done here.  The system is developed by the master student and 
the company’s supervisor. To make the system understandable it has been divided 
into seven parts, GSM/GPRS, GPS, DC/DC, RFID, I/O, SENSOR and RADIO 
(868MHz). A description of all parts will be presents below along with functions and 
demands. 

The GSM/GPRS square contains a GSM/GPRS module and an antenna that should 
control the communication between the tank and its owner. The module is a TC63 or 
a TC65 from Siemens.  

The main purposes for the TC63/TC65 are listed below.  

• Send the amount of fuel and tag id for each user that uses the tank to the 
internet tank site. 

• Send the temporary fuel amount, battery voltage, position and GSM signal 
quality. 

• Send alarms when the system feels a burglary attempt to internet or/and to a 
mobile phone. 

• Send a message when the fuel in the tank is running low. 
• Tell its position. If someone is looking for the tank they can call the tank and 

the tank will tell it position, triangulation or GPS. 
• Revel it self if the tank is standing among other tanks and someone are there 

to fill up and doesn’t know which tank it is. It should revel itself by flashing 
the light.   

• Add or remove tags from the tanks processor that has been listed on the 
internet tank site. 

• Control all communication to and from the tank.  
The TC63 and the TC65 is pin compatible so the PCB is the same. Both modules have 
a flash memory of 1.7Mbyte. The TC65 can be programmed in the language JAVA 
and that can be needed if for example the tag register which holds all the tag numbers 
take to much memory in the processor and has to be placed in the phone module. The 
price different between these two modules are just 2Euro. The limitations here are 
following. No programming of the GSM/GPRS module and the interface between the 
module and the internet is also outside this master thesis.  
   

The GPS square contains a GPS receiver from the company Fastrax that is called 
iTrax100. The iTrax100 has an accuracy of 3m and velocity of 0.1m/s. This is a 
backup to the GSM/GPRS module because the triangulation method that the 
GSM/GPRS module uses is not so accuracy. How god the accuracy it is on the 
triangulation are going to be tested when the prototype is finished. The GPS does not 
work inside and increase the cost on the system. The GSM/GPRS module and the 
GPS receiver are going to use the same antenna that is a combination antenna called 
K70EAR from PlanTec.     
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The DC/DC square contains a sun cell, a system battery, a fuel pump and a 
connection for machine power. A user of the tank like this has to connect external 
power to make the fuel pump work because the tank has no internal power. Now the 
tank will get a system battery and if the system battery is good it should be able run 
the pump but when the system battery is running low the user has to connect external 
power. The user should be able to connect 12 or 24 volt power and the DC/DC should 
also be polarized safety. When external power is connected it will not only give power 
to the fuel pump it will also charge the internal system battery as long as external 
power is connected. The system battery should also be charged with the sun cell as 
often as the weather approve.   

The RFID square contains a READ_BUTTON, LCD, keyboard and a RFID reader 
for passive tags. The RFID reader is a component called TRD-MINI COMBO by the 
polish company Mikrokotrola. The antenna to the reader has to be calculated and 
made by hand. The RFID reader should be in sleep mode until the read button is 
pushed for saving power. If the keyboard is going to be used or not is not decided but 
a connection on the PCB should exist just in case the keyboard is needed. The LCD is 
used to presents different messages and for example tells how much fuel that is 
coming out the tank.  

The sensor square contains some kind of electronics that is needed for the sensor, if it 
is needed? Cause the sensor choice isn’t settled yet. The sensor has only one task and 
that is to see how much fluid there is in the tank.  

What kind of sensor that is best for this application are the one problem that are going 
to be analyzed in the context sensor analyze.   

The radio square contains a radio module from Chipcon that broadcast at 868MHz. 
this module is for future applications and will not be explained in this rapport more 
than it should be on the CAD.  

The I/O square contains allot of different small applications that is listed below.  

• The hatch and the door sensor are only for burglary attempts. If someone 
breaks down the door this sensor will know and the micro processor will set 
the alarm. The alarm on the tank is a siren and a flash light. The micro 
processor will also tell the GSM/GPRS module to send an alarm to its owner. 
The hatch and door sensor are two mechanical switches. 

• The door lock is an electronic controlled lock that only opens the door for 
approved RFID tags. 

• The flow meter is used to se how much fuel that is taken out by the person 
that is using the tank. The quantity of fuel and tag number can be sent to the 
tanks owner. 

• The RS232/V24 connection is used to calibrate the sensor and get fault 
messages. 

The siren is only going to be used when the system feels a burglary attempt. The flash 
light however is not only going to be used as an alarm but also as a tank finder. If a 
truck is going to fill up a specific tank that stands among several other tanks you can 
call the tank with a mobile and the tank will flash with it light. 
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Figure 3-1: The security and control system 

 

3.2 Problem 1 “How to measure fluid amount in a 
tank” 

3.2.1 Practical solutions for level measuring 

3.2.1.1Float device 

On the tank today there is only a mechanical float device like the 
picture to the left that tells how much fuel there is left in the tank. 
The device has a wheel that the string is attached to. The wheel 
runs 10.5laps and a gear wheel then connects the sting wheel and 
the liter pointer so the liter pointer doesn’t run more then one lap. 
The float device that is hanging in the string is running in a pipe. 
By connecting a precision potentiometer that can turn a little more 
than 10 laps on the string wheel that also runs about 10 laps an 
analog value can be read out. The analog value can then be digital 
by an AD converter. There are two kinds of precision 
potentiometers, the first one is the common one and has a thread 
wrap copper in smaller or lager dimensions.  
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The second has a thin plastic over the copper, this makes the life time of the 
potentiometer longer. The second potentiometer is a so called precision potentiometer 
with hybrid element. This is recommended because when the tank is moved it will 
probably shake a little all the time and that will finally wear on the copper if it shakes 
too much on the same place. This can then resolve in that the analog value can be zero 
when the potentiometer has reach the wear out place. Therefore a potentiometer with 
hybrid element is recommended.           

3.2.1.2Ultrasound 

Ultrasonic sensor is a common solution for measuring the amount of fluid in tanks but 
there are some problems with it in this application. For the first, this tank is build to 
move around with fluid in and is therefore used in construction places, road building 
and by lumberjacks and so on. These places are hardly places where the tank is placed 
on a straight ground. So therefore the ultrasound can easily bounce wrong. This could 
probably be best solved by hanging the ultra sound so it always hangs in the same line 
as the fuel 

 
Figure 3-2: Ultrasonic fixed, hanging 

An ultrasonic sensor from the company Microsonic that is called mic+130/IU/TC 
have been locked into. This sensor has a measuring length of 1300mm unfortunately it 
has a blind zone that is from 0 to 200mm. All ultrasonic sensor do have a blind zone 
and the blind zone increases with the detect zone. So a small detect zone gives a small 
blind zone and contrary.      

 

 
Figure 3-3: Ultrasonic detect zone [10] 

This ultrasonic sensor has a working frequency of 200 kHz which gives a wavelength 
of about 1.7mm. This means that smaller detections than 1.7mm level change is 
possible but probably not very accurate and therefore not reliable. But a 1.7mm 
change will still feel a change of about 3,2liter in the 1500liters tank. If an ultrasonic 
sensor should detect smaller changes then the frequency has to go up. This ultrasonic 
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and many more do have a disadvantage and that is that it has a start up time for 
several seconds and it can’t be on all the time because of the power loss.    
The theory behind the ultrasonic. 
Speed of sound in air is 331m/s, so let’s say to see a change of 5liters in the middle 
(worst case) of the 3000liters tank which is 1.3225mm in level change, the 
wavelength has to be at least 1.3225mm and to get a really good and reliably signal 
the wave length should be even smaller lets say two times smaller the level change. 
So wavelength must be 0.66125mm and that gives a frequency of 331/6.6125E-4 = 
500.6kHz. The advantage of this solution is that ultrasound is a tested and reliable 
solution. And the disadvantages are that it isn’t good if the tank doesn’t stand straight 
and an ultrasound will not give a linear measuring. Furthermore this solution is 
affected by temperature. 

3.2.1.3Capacitive sensor 

There is a lot of different capacitive sensor on the market today but they all basically 

work the same. Capacitance has the following equation 
d

A
C r 0εε=   where A 

stands for the area that is between the two 
plates and the d stands for the distance 
between the two plates. If the tank is empty 
the basic capacitance C is 0 while the 
dielectric coefficient rε  of air is 1.  

If the air will be replaced by material that has higher dielectric coefficient than air the 
capacitance will be changed. The capacitance will increase with the level change in 
the tank. This change of the sensed capacitance converted to output signal will be 
proportional to the level change. The plates of the sensor have to be as long as the 
tank is high to cover the whole tank. So there will always be a long stick in the tank. If 
the stick isn’t place so it hangs down straight the weight of the stick it self will bend 
the stick and change the distance (d) and thereby the value out from the sensor. The 
stick has to be attached some way because the tank never stands straight. A capacitive 
sensor also must have some electronic beside the sensor that reeds the raw value to a 
send able signal like 4-20mA or 0-10V. No raw value can’t be sent on a for example 
1m cable because a capacitive sensor has very high output resistans and is therefore 
very sensitive for interference.         

A r e a

d

C
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3.2.1.4 Laser / Light (optical) 

Laser can be used as a level meter on diesel and was used for some years ago but 
there was a problem with it so no one use it anymore. The problem was that when the 
lens to the laser got dirty it stopped working. The lens has to be totally clean. Just a 
little dirt or fluid on the lens makes the measuring faulty. So today nobody uses the 
laser for an application like this. Light has about the same problems that laser has. 
Light is very fast so it can’t just be sent out and then measure the time it takes for it to 
come back. The time is too small (nanosecond) to be measured with any common 
electronic. So therefore light is often used together with a receiver array. A receiver 
array is just what it sounds an array of receivers. This method is used in laboratories 
but it have never been seen in an application like this.  

 

Figure 3-4: Optical 

Here the thought was to send light with a transmitter throw the diesel and down to the 
bottom of the tank where the receiver array is placed. The light will hit the receiver 
array on different places depending on how high the level of diesel is in the tank. This 
does work well in theory but not in reality. The tank stands with different angles all 
the time and the angle between the Rx and the fluid has too be the same all the time or 
else it wont work, the light will not hit the Rx array. And if the Tx was hanging free 
so that the fluid and the Tx always was in right angle then the array hade to move 
around. This should probably be a good solution for a stationary tank and the accuracy 
will all depend on how small the receivers is in the Rx array.      

3.2.1.5 Radar 

There are mainly two methods for radar level measuring today. The first one is called 
pulse method. It measure the time it takes for a pulse to travel to the surface of the 
fluid (diesel in this case) and back. Pulse radar level gauges are mainly available for 
lower accuracy applications. The second is called FMCW which stand for frequency 
modulated continuous wave. This method is used by high performance radar level 
gauges. A short presentation of how the FMCW method works will now follow. The 
radar sensor transmits microwaves towards the surface of the fluid. The microwave 
signal has a continuously varying frequency around let’s say 10 GHz. When the signal 
has traveled down to the fluid surface and back to the antenna, it is mixed with the 
signal that is being transmitted at the moment. The frequency of the transmitted signal 
has now changed a little during the time it takes for the echo signal to travel down to 
the surface and back again. When mixing the transmitted and the received signal the 
result is a signal with a low frequency proportional to the distance to the surface. This 
signal provides a measured value with high accuracy. The method is called the 
FMCW-method (Frequency Modulated Continuous Wave). 
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Figure 3-5: Radar, FMCW method 

Radar Method FMCW is definitely one of the best solutions if high resolution is 
needed. The frequency is today up to 26GHz in a radar system and can detect lower 
changes than 1mm. The radar system is however too expensive for this application. It 
can’t be bought for under 10´000kr, but will of cause be something to have in mind in 
the future.     

3.2.2 Practical solutions for pressure measuring 

3.2.2.1Pressure meter 

A pressure meter often contains of a membrane where a resistive stretch sensor is 
placed. The pressure meter also often comes in three different performances, first 
there are the relative pressures which are a measuring between the atmosphere and in 
this case the fuel. Then there is absolute measuring which is between the fuel and 
vacuum and finally there is different measuring which is between the fuel and some 
other pressure. The three different methods are presented in the picture below.      

 

Figure 3-6: Pressure meters 
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In this case the absolute measuring is not fitted and this is because the tank is standing 
outside. In one side of the pressure meter there will be a vacuum and on the other side 
there will be the fuel and outside the fuel there is the atmosphere. So when the 
weather is changing so will also the pressure on the fuel change and then also the 
pressure on the membrane so an absolute pressure meter will be weather dependent. A 
different pressure meter is not interesting in this application so that leaves us with a 
relative pressure meter. As seen in the picture at page 15 this pressure meter sense 
pressure change between the fuel and the atmosphere and this kind of measuring will 
give an temperature independent solution but it will not be a linear measuring because  
the tank has an hexagon shape. A typical pressure meter for this application is the LH-
10 from WIKA. This can be found in different measuring areas like 0 to 0.1Bar or 0 to 
0.16Bar and so on. It has an accuracy of 0.25% of BFSL which means “Best Fit 
Straight Line” and that means within the given pressure area.  

 

The pressure meter that has pressure area of 0Bar to 0.1Bar can measure 1.21 meter 
and the one that has a pressure area of 0Bar to 0.16Bar can measure 1.94 meter of 
fluid if the fluid has a density of 840kg/m^3 that the diesel that is used here has. And 
with an accuracy of 0.25% it can detect a 3.125mm change and that correspond to 
about 6liter of diesel in the 1500liters tank. There is however one problem with a 
pressure meter and that is that it is sensitive. It doesn’t manage shocks and shakes. 
The tank is lifted up and down from trucks and trailers and the tank is moved between 
different places all the time, so some kind of protection that encapsulate the pressure 
meter has to be done.     

3.2.3 Practical solutions for weight measuring 

Weight measuring is like pressure measuring unaffected of temperature changes. If 
temperature goes up the density of the fuel decreases and the volume increases but 
nothing happen to the fuels weight.   

3.2.3.1Weigh the whole tank with load cells 

If some kind of weight measuring where the tank is included in the measuring is done, 
then the measuring has to be very accurate because it will be easy to affect the system. 
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For example if the measuring is done like the picture at page 15 or that the hole tank 
stands on load cells that is added together then the system can be deceived if some 
kind of mass is placed on the tank. So therefore weighing the fuel and the tank 
together is not a good solution and this tank is a moveable tank and it is therefore 
most likely that the load cells is going to be injured and the system will break down.     

3.2.3.2Weigh a small part of the tank with a load cell 

This is a solution my brother came up with, and it is that only a small copy of the tank 
is going to be weight. The idea is going to be explained in steps by the help of the 
picture below.  

 

First a part of the tank is cut of (only in theory) lets say 1cm of a tank that is 1.36m 
long so the small tank will be in scale 1:136 to the real tank, picture 1. Then a 
calculation of the small tank is needed where the area of every level of the small tank 
is calculated, picture 2. Then when the area is known at every level the small tank can 
be reshaped as long as the new shape has the same height and the same area at the 
same level as the old, picture 3. This tank is then connected to the bigger tank by a 
small hose where the fuel can run throw and placed somewhere else or like in this 
tank in the cabinet, picture 4. The load cell can now measure the fuel amount in the 
small tank and then only multiply the value from the load cell with 136. This solution 
can not be affected by some other mass that is placed on the tank because now the 
measuring is done inside the tank. This solution will also give a linear measuring and 
most likely an excellent accuracy but it will probably also be an expensive solution.        

3.2.3.3Archimedes principle with a load cell 

Archimedes Principle states that the buoyant force on an object is equal to the weight 
of the fluid that is displaced by the object. 

This solution came out from the one before and is a better one. Here the calculated 
tank is totally sealed and placed inside the tank and is for now called an object. The 
object hanging from the load cell is going to change weight depending on how much 
fuel there is in the tank, Archimedes principle. The object has to weight just as much 
or more then the fluid that is displaced by the object is weighing. Solution (1) will not 
only be linear but also much simpler to manufacture and therefore cheaper.  

And to make it even more simple (2), the object is exchanged by a stick. Solution 2 
will however not give a linear measuring. How these solutions can be calculated is 
explained by examples below. 
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Figure 3-7: Archimedes principle 

Example of solution 1 

The only thing that decides how big the object is going to be is the load cell. Let’s say 
that the load cell measure from 0kg to 3kg and that the density of the fuel (diesel) is 
about 840kg/m3. Then the volume of the object will be 3 / 840 = 0.00357149m3. The 
object has to have the same height as the tank, 1240mm and weigh 3kg. So the 
measurements of the object will be like following.  

The volume of the half object can be described like this. 
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Example of solution 2 

Here it is the same thing, first look at the load cell then calculate the stick after the 
load cell. If the same load cell is used we get the same volume 3kg / 840k = 
0.00357m3. The stick then has to weigh 3kg and be 1240mm high as before. But the 
radius of the stick will be   
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A load cell usually has an accuracy of 3000 scale parts so that means that solution 1 
should be able to fell a change of 0.413mm change which is less than 1liter change in 
a 1500liters tank. Solution 2 is twice as bad as solution 1 but only in the middle of the 
tank. So advantages of these solutions are that they give great accuracy. But booth 
solutions have some disadvantages and that is that they are not shock and shake 
protected and what happens when the tank doesn’t stand straight?

 

3.2.4 Chosen sensors 

There where two solutions that the company wanted to be tested. The first one was the 
float device with a potentiometer because this is cheap and simple solution and if it 
has a resolution that was good enough it would be a good sensor choice. The second 
sensor that the company wanted to be tested was the Archimedes principle with a load 
cell and here the stick model should be used. This solution was selected because it 
will hopefully give a very good resolution. So an implementation of electronics to 
these two sensors will now follow.         

 

3.2.5 Sensors electronics 

The sensor part is build for at least two different sensors, the float device with a 
potentiometer and some kind of measuring made by a load cell. For not getting an 
electronic system that restrict the accuracy but leave that to the actual sensor so is this 
electronic system built for a better accuracy than what the sensors can give. The AD 
converter is a single supplied converter from microchip called MCP3202-C that has 
two analog channels and is interfaced by the protocol SPI.  
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Figure 3-8: Sensor system 

AD has a current consumption of maximum 550µA in active mode and maximum 
0.5µA when it isn’t used.  The AD converter has 12 bit resolution and a fault of ± 2 
LSB. That means that the fault of 12bit = 4096 scale parts can be +3 or –3 or too say 6 
scale parts. This AD converter can be bought with only ± 1 LSB fault but is then 
called MCP3202-B and the footprint is a very common so AD converters from 
example Analog Devices can be bought with exact match if it’s needed. 

On the connection FLOAT the precision potentiometer of 10k is going to be 
connected. The precision potentiometer has a turn angel of 0o to 3615o and a value of 
10k ohm. The potentiometer is read by the AD converter on channel 1. The AD 
converter is connected to the 3.3V that is made by the switch regulator LM2576S-3,3 
and can therefore only read in values between 0 voltage and 3.3 voltage. There is 
however not god to connect the potentiometer to 3.3V because the potentiometer is 
connected to the system by a 1.5m long cable, and a cable with only 3.3V in can 
easily take in interference. So therefore the potentiometer first was connected to12V 
because an interference of lets say 20mV will have greater effect on a 3.3V signal 
than a 12V signal. But the system doesn’t actually have a stable 12V because the 12V 
is a battery and it is suppose to run the embedded system from bad condition like 9V 
to fully charged 13.8V. Therefore a stable voltage which is as high as possible but 
doesn’t measure wrong when the system battery is running low has to be made. This 
was made by a zener diode that has 8.2 volt in zener and a simulation in Multisim was 
made to make sure that the voltage dichotomy over the resistors R4 and R5 is right so 
that the AD converter don’t get higher input voltage than 3.3V. If the AD converter 
get higher voltage on its input than it has as voltage reference it might be damaged. 
For extra safety a diode was placed between the signal and 3.3V so if the signal goes 
higher than 3.3V the diode will lead the signal to 3.3V. This was also made to ground 
if the signal for some way gets below 0V.         
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Figure 3-9: Simulated float circuit 

The simulation showed that with resistors R4 and R5 the voltage should never go over 
3.3V into the AD converter. Then a simulation of how much voltage there has to be 
over the zener diode for getting a stable 8.2V was done. The oscilloscope picture 
below shows that the zener voltage first gets stable when system voltage reaches 
9.35V. Here the zener voltage is about 8.1V not 8.2V as it should be. To get the zener 
voltage up to it right value 8.2V the system voltage has to go as high as 14V and this 
is not possible in this application.   

 

Figure 3-10: Zener voltage 

But the zener voltage is only 0.1V lower then it should be so how much does that 
affect the input signal to the AD converter. Another simulation was made to see this 
and is presented in the oscilloscope picture below. The simulation told that the 0.1 
zener voltage only changed the signal that is going in to the AD converter maximum 
0.04V and that is only about 1.2% of the signal.  
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Figure 3-11: Input voltage diff 

If this affects the whole system of controlling how much diesel there is in the tank, 
then it can be adjusted in the processor. The processors AD converter which is only a 
10bit AD converter is connected to the system battery so it can see the voltage on the 
system battery. The processor can then adjust the incoming value from the sensor by 
knowing how much system battery voltage is.    

 

Figure 3-12: Voltage drift 

The voltage drops rapidly over the diode when the system voltage goes under 9.35 
volts. This may not look well but if the system battery is considered ended before 
9.35V then it is no problem. Should the system battery be used even after it has gone 
below 9.35V the diode should be replaced with zener diode with lower voltage like 
7.5V ore even 6.8V.    

On channel 0 on the AD converter the instrument amplifier INA125 from Burr Brown 
[6] is connected, this is a well used instrument amplifier that has existed many years. 
There are today better instrument amplifiers than the INA125 that is booth cheaper 
and has lower offset voltage but this amplifier has some advantages that were needed. 
First of all the amplifier can provide a stable voltage at 10V and that is god because 
power supply to the amplifier is shifting and second, the amplifier has a sleep mode. 
In sleep mode the amplifier takes maximum 25µA and in normal operation mode it 
takes maximum 740µA. The amplifier is going in sleep mode when the pin sleep is 
pulled low by an ULN2803 component. The gain on the INA125 amplifier is not in 
steps like some instrument amplifiers, its gain is set by a resistor between pin 8 and 9 
and has a gain of 1 to 10000. The gain resistor is a variable rotary resistor at 1k ohm 
so that the gain can be adjustable. The gain that can be achieved with this resistor is 
only 45V/V to 10000V/V. On the other side of the LOAD_CELL connector there has 
to be some kind of resistor bridge and in this case a full bridge of stretch resistors that 
is placed on a peace of metal, a load cell. The instrument amplifier do have an offset 
drift of 2µV/°C, but on a signal that can be anything between 0 and 3.3V is this not 
much.    
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3.3 Problem 2 “Building a low power prototype” 

Here the construction of the different parts is described and how they are built to take 
as low power as possible. 

3.3.1 DC/DC 

As seen in the context demands and specification the DC/DC part should be able to 
handle different things. These things have been divided into tasks and listed below. 

1. Fuel pump should be able to run on external 12V. 
2. The system battery should be able to run the pump if it has enough power. 
3. Fuel pump should be able to run on external 24V. 
4. The system should be able to charge the embedded system battery when 

external power of 12V is connected for running the pump.  
5. The system should be able to charge the embedded system battery when 

external power of 24V is connected for running the pump. 
6. A sun cell should charge the system battery as often as it can. 
7. The system should be polarized safety, so if a faulty connection is made there 

will not be any damaged to the electronic. 
 

FUEL PUMP
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SYSTEM 
BATT
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CHARGER CHARGER

IF 
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1 2 3

4 5
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Figure 3-13: Desired DC/DC system 

Collected data. 
The fuel pump in the tank is a 12V DC pump and consume about 23A if it’s running 
in normal mode. The system battery for the embedded system is a battery of 60Ah and 
the sun cell can give 300mA at god circumstances. The external 12V can come from 
any machine, even a dumper or a truck that has 24V system, because the machines 
that has 24V systems has actually two 12V  batteries in serial and is there an 
connection socket for a trailer on the truck so can 12V been taken out from there.  
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In task 1, run the fuel pump with external 12V. This is no problem except if the 
external power can’t deliver enough current to the fuel pump. For example if the 
power cables is connected directly to the machines battery there will be no problem 
but if it is connected to the socket back at the machine that is for trailers there can be a 
problem, because the trailer socket is usually connected to one of the back light that 
often has a fuse of about 10A and that is not nearly enough.  This is something that 
has to be locked at in future.  
In task 2, the system battery should be able to run the pump if it has enough power. 
What is enough power? And how much power can be spared to the fuel pump? An 
example is made to get some understanding of the problem. All the numbers are just 
assumptions.  

• Let’s say that the embedded system has to have 100mA continuously. The 
current consumption of the system will of cause not be continuously but it is 
easier to calculate with, The battery have 60Ah and lets assume that the sun 
cell delivers 250mA to the system battery at 3 hours a day, that gives 
(0.25*3)/24=0.03125Ah. Then assume that the tank is used 7 times a day and 
the pump is then running 2 minutes at every time, this gives a current loss of 
((7times*2minuts = 0,233333hours)*23A)/24=0.22361Ah. The equation will 
then be y=60-0.1x+0.03125x-0.22361x where x is hours and y is the current. 
When the fuelling is in the calculations the current is zero after 205 hours 
which is 8.5 days, but if the system don’t run the fuel pump the current will 
last 872 hours and that is 36 days which is a big change. This is not 
acceptable. The system battery should not run the pump as long as it takes 
more Ampere hours then the sun cell can deliver and in this case the sun cell 
has to deliver 250mA in at lest 21.5 hours and that is no possible. The system 
battery should not run the pump even if the sun cell can deliver all the power 
that the pump takes because it steels charging power that should have charge 
the battery. But if the sun cell can deliver more power than the pump and the 
embedded system takes together, then and only then it should run the pump.           

 
Task 3, fuel pump should be able to run on external 24V. This might ring a warning 
because the fuel pump takes 23A in normal mode and the DC/DC has to remake 24V 
to 12V which gives an effect of  12*23=276Wand a DC/DC with an effect of 280W is  
expensive. Three different solutions is look into.   

• The first is to use a voltage regulator that can deliver 23A and that is almost 
impossible and it has to handle a power loss of 276W which is a lot. A 
common voltage regulator is today not a god enough so this is not an option.   

• The second is to use a switch regulator that can deliver 23A but this is also 
almost impossible. This solution is better because here the power of 276W 
doesn’t have to be burned away in heat because the switching technique. But 
finding a switch regulator that has 12V differ between in voltage to out voltage 
and gives 23A is almost impossible and very expensive. This solution is also 
not an option.  

• The third is to use a transformer to change the voltage from 24 to 12 and has 
an effect of 280W.  This solution is a possible solution but also an expensive 
one.  

• The fourth is to buy a finished DC/DC unit with 280W. This is probably the 
best solution.      
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To make a DC/DC unit which handles 280W is a very big job, maybe another master 
thesis. This task is not locked into more then this because it is an unnecessary task. If 
the system should be feed by external 24V then the pump should be a 24V pump. If 
however the user must have a system that booth can be feed with external 12V and 
24V then task 3 should be solved by buying a finished DC/DC unit of 300W.   

 
Task 4, here there is one problem and that is the high current ruches that can be when 
two batteries are connected together. The first solution that was looked into was a 
current mirror to limit the current ruches. The current mirrors do however have some 
disadvantages. 

 
The current mirror has two PNP transistors that 
can handle high current and one power resistor. 
The current throw the power resistor and the 
system battery is almost equal. The way that has 
the highest resistance will limit the current. And in 
this case the power resistor has limited the current. 
The disadvantages are unfortunately many, first 
the machine battery has to deliver twice as much 
current as actually goes in the system battery and 
there is going to be a voltage loss over the PNP 
transistors that worsen the charging voltage. The 
system will not be charge with 13.8V, it will 
probably be something like 12.8V and that’s not 
good.  

Another thing is that this solution almost demands that the PNP transistors have the 
same hFE and that is almost impossible even if transistors are the same. This is also an 
expensive solution because the high current that is wanted.     
 
The draw backs of the current mirror did that another solution had to be developed. 
The new solution below is simpler, cheaper and more efficient. It is just a Schottky 
diode and a PTC resistor. The Schottky diode is to not getting any back current. And 
the PTC (Positive Temperature Co-efficient) resistor is used as a current limiter. V1 is 
the external power and V2 is the system battery.  
 

 
Figure 3-14: Charging circuit 

The PTC change resistance when temperature changes. The resistance goes up when 
the ambient temperature goes up and thereby decreases the current. This is however 
not the way this is used, instead the PTC is used backward. The higher current that 
goes throw the PTC, the higher the temperature in ambient on the PTC will be and 
when the temperature goes up so will the resistance and thereby decrease the current.  
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The PTC that is used is called RGE500 and has a hold current of 5A and a trip current 
of 8.5A. Hold current means that when 5A is running throw the PTC the resistance in 
the PTC is as the data table, but when the current increases the resistance in the PTC 
is increasing slowly and when the trip current which is at 8.5A is reached the 
resistance in the PTC will increase rapidly. The resistance is 0.015 to 0.023Ω which is 
very good for it will only give a voltage loss of 5*0.023=0.115V and that doesn’t 
affect the charge voltage much. As seen in the diagram the time to trip is 2 seconds if 
25A is going throw the PTC and this may sees as a long time but this doesn’t mean 
that the resistance first goes up after 2 seconds its only means that the resistance goes 
to ∞ after 2 seconds. The resistance will slowly increase right after the current passes 
5A and that will be a god current limiter.  
 

 
Figure 3-15: PTC table 

 
The Schottky diode is an SR804 and it will only have a forward voltage of 0.3 to 0.6V 
which is something that can be lower if a better diode is used but hopefully this one is 
enough. The diode will also function a bit like a current limiter but it is placed in the 
system for protecting the system if a faulty connection is made, task 7.   
One obvious question that has to be answered is, is the solution necessary, does it give 
any charging power or is the charging power negligible? Well let’s do an example to 
find out.  

• The pump runs on the connected external 12V power so the pump doesn’t 
have to be in the calculation. The embedded system takes 0.1Ah and the sun 
cell gives 0.03125Ah just as the example in task 2. The use of the tank is 
also as before, 7times * 2min and under that time the external power will 
deliver lets say 4A so that gives a plus of 
((7times*2min=0.233333hours)*4A)/24=0.03889Ah a day. This is not 
much but it is almost half of what the embedded system takes. So if the tank 
is used for 0.233hours a day the life time of the embedded system will 
increase with 39%. If the last example is used the life time is increased from 
36 days to 50 days and that tell us that stealing power when external power 
is connected to drive the pump is very good.         

 
It might seem like task 5 will have the same problems as task 4 but it won`t. Here 
needs a DC/DC from 24V to 12V and if some kind of DC/DC unit is used no current 
rushes will be possible. Simplest solution is probably a high current switch regulator 
for example LM 2678 that can deliver 5A.  
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This solution may do cost a little because the switch regulator also need a high current 
inductor, a Schottky diode of the better class and some capacitors. Another solution is 
to use a transformer. It is probably cheaper but it will demand a bigger physical space 
in the system. A finished charger can also be bought so this task is no real problem. 
But is this a needed function, is 24V used at all? All machines don’t have 24V but 
they have 12V and if the have 24V they also have 12V. This task can be fixed for the 
next generation of PCB but it isn’t included in this generation.             
 
Task 6 however doesn’t bring much problem. There are many of sun cells on the 
market that are made to charge car batteries. But if they are protected for back current 
and if the stop charging when the battery is full is not looked into so therefore a 
Schottky diode and a relay is put in the system and then the processor checks if the 
battery have to be charged or not. The relay is connected so when it isn’t active the 
sun cell is connected to the battery and when it is active it disconnect the sun cell from 
the battery. The relay takes about 44mA and that is something that will affect the 
system. An impulse relay was therefore something that was looked into but an 
impulse relay is a very expensive relay so an ordinary relay was used in this 
prototype. Then a valuation is going to be used for the next generation.       
 
Conclusions 
Task 1, 4, 6 and 7 for the DC/DC system has to be forfilled if the embedded system is 
going to work and have a chance to a long life time. Some of these tasked are tested 
and some are not but they are all in the final version. Task 2 is not in the final version 
and should never be implemented because it interferes in the embedded system 
lifetime. Task 3 is also something that hopefully never will be in the system because if 
24V external power should be used instead of 12V then the fuel pump should be 
changed to a 24V pump instead of a 12V pump. This is a much cheaper solution than 
getting some kind of DC/DC system that can change 24V to 12V with an effect of 
276W. Task 5 is very important if the system should have a 24V pump and only be 
connected to 24V external power. This task is not so hard to achieve depending on 
how much charging current the embedded system need. The pump is also something 
that should be looked into because the pump is taking a lot of current and if that is 
reduced then more current can be used to charge the embedded system.  
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Figure 3-16: Best DC/DC solution 
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Best solution 
In the next generation of the system, the DC/DC part should probably look like the 
picture above. If the user only use 24V then it will be best to have a 24V pump and 
charging system, task 3 and 5. If the users use 12V then task 1 and 4 should be 
implemented.     
Implemented version 
In the final version only tasks 1, 4, 6, and 7 is fulfilled. If external power of 24V has 
to be used the system can easily be rebuilt by changing the 12V pump to a 24V pump 
and the outside relay to a 24V relay but this will not give any charging to the 
embedded system so therefore it’s not a god thing to do. And as seen in the picture 
below the pump cant run if no external power is connected.    

 
Figure 3-17: Finished DC/DC system 
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3.3.2 RFID 

RFID (Radio Frequency Identification) is something that the company has much 
experience and knowledge of so they decided what kind of RFID reader that should 
be used. The reader is for passive tags and is called TRD-MINI COMBO from the 
company Mikrokotrola in Poland. It has 8 different interfaces on pin 1 and 2. The 
interfaces can be chosen by setting the pins 10 to 12 high or low. Pin 1 an 2 is 
connected to one of the four UART:s on the processor so this is the interface that is 
going to be used. When the transponder gets a correct reading from a passive tag the 
output pin (BEEP) sends out a packet of 75 logic zeros just before the transponders 
code is transmitted. This signal is used to send out an acoustic signal to confirm that a 
reading has been done. The signal can also tell the processor that an incoming 
message is about to start but this is not necessary because the data signals are 
connected to a UART at the processor that has interrupt. The output pin PRESENT is 
reset when a transponder is within a readers reach. When the pin IDDLE is reset 
(logic 0) the RFID reader is running in normal operating mode. If the IDDLE is set 
(logic 1) the RFID reader is put in power saving mode. The RFID reader does how 
ever take 1 to 3.5mA in power saving mode so a physical turn off is done by the MOS 
FET transistor to save even more power. If the reader has a long start time after 
turning on the power the reader has to be on all the time. The reader can then only 
change between power saving mode and normal running mode. But is the start time 
short, then the reader should be turn on and off by the MOS FET transistor so as much 
as possible power saving can be done. The processor does know when the RFID 
reader should read a tag because the READ_BUTTON is connected to the processor 
and the button is place inside the electronic lock. So when the door handle is pulled up 
just a short bit the read button is pushed and gives an interrupt to the processor so it 
will wake up if it is sleeping. Then the processor starts the RFID reader. The MOS 
FET transistor that turn off and on the RFID reader is of NPN type and is called 
PMV60EN from Philips. The transistor has a drain source resistance of only 
0.055ohm and the reader takes 10 to 100mA in active mode depending on the antenna 
that is connected to the RFID reader. The voltage loss over the transistor only 
becomes 0.1A*0.055ohm=0.0055V which is so small that it not affect the RFID 
reader. The transistor is open when the gate voltage is high and shut when the voltage 
on the gate is pulled low by a ULN2803A circuit.    

 

Figure 3-18: RFID system 
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The RFID readers datasheet [5] recommend that the capacitor is one with 
polypropylene dielectric of 5.6nF and that the antenna is made by 0.25mm enamelled 
wire. The antenna is made round like a coil and has hole of 3cm in diameter. Antenna 

induction is easily calculated with the equation 
CL

f
*

1=   where f has to be       

125 kHz. The resistor R89 is only for limiting the current. The LCD is a 3.3V display 
with a changeable background light that also runs on 3.3V. The series is called DOG 
and is made for low power consumption.          

3.3.3 I/O 

There are three problems with all signals that come from outside of the PCB. The first 
is that the signal that is coming in is not 3.3V it is around 12V and that can’t be take 
in to the processor that is feed with 3.3V. And the second is that the voltage on the 
signals differ from about 13.5V to 10-9.5V then the battery is considered ended. The 
third is that some of them are connected to buttons so contact bounces have to be 
removed. To fix the first and second problem a voltage dichotomy by resistors was 
made and then the signal was inputted to digital component called 74HC14 for getting 
a god signal to the processor. This solution was simulated and modeled in the program 
Multisim.  

 

Figure 3-19: I/O reduction 

Here the signal first is reduce so it wont be higher then 3.3V. In the picture above the 
signal in is 13.5V reduced to 3.1V. The real signal in can`t be minus but the simulated 
signal in is and is used to make sure that the diode that is place between the signal and 
ground is working. There is also a diode place between the signal and 3.3V to make 
sure that the signal never goes higher than 3.3V.Then an inverted Schmitt trigger was 
placed just before the processor to get a digital signal into the processor. The reduced 
signal then had to be tested so that it is enough to affect the Schmitt trigger (74HC14) 
component. This is also simulated in the picture below. 
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Figure 3-20: Schmitt change levels 

As seen in the picture the Schmitt changes from 1 to 0 at 1.8V (VB1) and from 0 to 1 
at 0.8V (VB2) and that is very good. To remove the smallest contact bounces a filter 
was made. The low pass filter was made with a capacitor of 0,1uF and will remove 
spikes that are smaller than 1ms.    

 

Figure 3-21: Implemented filter against contact bounces 

The circuit that was used to all the simulations is the on below. This circuit is exactly 
the same as the one that was used on the PCB except that a double dido (BAV99) 
where placed between the button and the R2 resistor and connected to ground and 
system battery voltage (12V).  
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Figure 3-22: Simulated I/O circuit 

3.3.4 GSM/GPRS 

The GSM/GPRS module is either a TC63 or a TC65 [9] from Siemens and it’s 
probably going to be a tc65 because it can be programmed. The TC65 and the TC63 
have a flash memory of 1.7Mbyte and that can be needed to store all information of 
the users of the tank. For example the five byte of RFID number, the amount of fuel 
the user took out and at what time. This should be stored as long as possible so that 
the TC65 doesn’t have to call in the information all the time. The fewer calls that are 
done the longer life time the system battery will have. So by storing as much 
information as possible before sending it away is going to save power. The Siemens 
module is cheap but do have two disadvantages. The first is that it has to have a 
supply voltage of 3.2V to 4.5V and the recommended supply voltage is 3.8V, the 
3.8V doesn’t exist on the electric board. There is a 3.3V that is supplying all the other 
components but is this enough? It is very near the minimum voltage 3.2V.  Some 
examples of DC/DC system that is too the TC65 has been looked into and also the 
Swedish distributor Acte has been consulted but no solution when 3.3V supplying the 
TC65 has been recommended. And when a transmit burst is done by the TC65 it can 
take up to 2A and with this high current it is easy to get a power loss more than 
100mV. The PCB can also give a voltage loss of more than 100mV if the power 
signal has too many turns and holes between the power component and the TC65. 
Hence must have a new DC/DC system at 3.8V. The 3.8V voltage was made by a 
LM2575-ADJ switch regulator and was tuned in for 4 volt to be on the safe side. This 
switch regulator can’t leave more than 1A maximum, so for it should manage 2A 
bursts when the TC65 is transmitting two low impendent capacitors at 1500uF where 
place on this voltage near the TC65. The switch regulator could have been a LM2576-
ADJ that can deliver 3A maximum but the price will go up, not so much on the switch 
regulator but on the inductor and the Shottky diode that has to manage 3A.                   
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Figure 3-23: Power supply limits during transmit burst on TC65 

The second disadvantage on the TC63 and the TC65 is that the voltage on signal is 
only 2.9V therefore voltage dichotomy has to be made by resistors every time a signal 
goes from the system to the TC65, or to say on all inputs on the TC65. The only 
interfacing between the system and the GSM/GPRS module that has been done is one 
UART that goes to the processor the signal IGT that turns on and off the TC65 and 
emergency reset that should only be used in case of emergency because all data stored 
in volatile memory will be lost. Emergency reset has to be driven low for at least 
10ms for taking affect, so if smaller interferences than 10ms come on the signal no 
damage will be done. The other signal is ignition that is used to start the module. This 
signal has to be pulled low for at least 300ms. Booth signals has to be driven low by 
an open drain or open collector driver, in this case a transistor called BC847. Many 
but not all of the other signals are putted out on the PCB so it can be tested to the next 
generation of PCB. Another thing that was very important when connecting the SIM 
card to the TC65 is that the CCGND signal was placed between CCCLK and CCIN, 
otherwise they could interfere each other so much that it won’t work.  
A protocol was also made here for interfacing between the processor and the TC65 
(GSM/GPRS module). The protocol contains a start byte, length byte, commando 
byte, the data and lest a CRC byte and an inverted CRC byte. All messages have to 
get acknowledgment byte and if it doesn’t the message will be sent again after a 
random time. The message will at most be sent three times then it will give up.   
  

Start Byte
11001010

Length byte Commando 
byte

Data (0 to 64 
byte)

CRC byte Inverted CRC 
byte

Protocol between GPRS module (TC) and Processor (ATMega2650)

CRC = length + commando + data  
Figure 3-24: Protocol between TC65 and processor 
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3.3.5 GPS 

 

Figure 3-25: GPS system 

The GPS shouldn’t be in this master thesis and may not even be used in finished 
product of the system but allot of work have been done here anyway just to get it 
interfaced to the system and to get it to consume as low power as possible. The GPS is 
iTrax100 from the company Fastrax. It has an UART interface on pin 13 and 14. Its 
speed can be set by pins BRS0 (11) and BRS1 (15), and here both are led to ground 
and gives therefore the speed 9600baud. Pin 5 XRESET is only used to reset the GPS 
if it’s needed and that is done by a ULN2803 component. The pin 1PPS (17) output 
provides a timing pulse synchronized to GPS time once a valid fix is available. The 
fix signal can be read on pin 12 and the whole data sheet can be found on Fastrax 
homepage [8]. The GPS is written to by a common Sony ASCII protocol and send 
messages by the GPS protocol NMEA0183. The GPS consume 65mA when it is 
searching for satellites and 44mA when talking to them, when the power is 
disconnected from the Vcc(7) pin then the GPS only take 10uA. In this mode the GPS 
can’t be used but it will remember its last position, enough power to keep the memory 
updated. When the Vcc pin has been disconnected for saving power it takes 35 
seconds to find its position.         

3.3.6 RADIO 

The radio part shouldn’t be in this master thesis but some work had to be done 
anyway to understand the radio and interface it right. So the radio chip is a chip called 
CC1100 by the company Chipcon. The radio chip has frequency bands at 300-
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348MHz, 400-464MHz and 800-928MHz but the components are chosen so that the 
radio chip can broadcast at 868MHz. The chip is interfaced with the SPI protocol. The 
chip can only be a slave in the SPI protocol. Then two other pins are used, the first 
one is called GDO0 and is pin 6 which is a digital I/O that can be used for different 
purposes like RX data. TX data, FIFO status signals, clear channel indicator and clock 
output. The other one is called GDO2 and is a digital output that also can be used for 
different purposes like RX data, FIFO status signals, clear channel indicator and clock 
output. The radio chip also has different power down modes and if the lowest mode is 
chosen the chip only takes 400nA and if the highest power down mode is chosen the 
chip will take 160µA. Here is very important how the PCB is done to get a god radio 
signal. To read more on the chip go to Chipcon home page [7].  

 

Figure 3-26: Radio system [7] 
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3.4 The software design 

This is only a short presentation of how the code is build and how the system 
functions. To get a system that consume as little power as possible the system has to 
be optimized so that all the parts running as little as possible. Parts like the RFID 
reader, TC65, GPS, display and sensor electronics has to be turned off or put in power 
down mode whenever it is not used.  

3.4.1 The tanks states 

The picture below is an explanation of how the tank code is planed and made. The 
code has seven different states, Normal, Wait, Menu, Filling to tank, Filling from 
tank, Moving and Calibration/Service.   

In the state “Normal” the system is going to stay as long as nothing happens. The state 
“Moving” the system is going to be in when the tank is moved. State “Filling from 
tank” and “Filling to tank” is as they say.  

The state “Wait” is used 
when a RFID tag is read 
and the system has to check 
it. In state Menu the system 
stays until it knows what 
the user want to do. State 
“Calibration/Service” is 
used to calibrate different 
variables and when the tank 
needs service. It can also be 
used to check the signal 
quality, and send test 
alarms for checking the 
system and a lot more.    

 

3.4.2 Normal state 

The system should stay in Normal state as long as nobody uses the tank or try to break 
in to it. In this state the system is going to sleep as much as possible and all circuits 
that is not needed is put in sleep mode or turn off.  The circuits that can and will be 
turn off during this mode is the RFID reader and the display with its background light. 
The GPS, the Radio and the instrument amplifier is set in sleep mode but wakes up 
when it has to be used. The GSM/GPRS module should also sleep as much as possible 
in this state. The first parallelogram “Read in sensor value” in the flow chart below 
reads in ten values from the tank sensor then the biggest and the smallest values are 
thrown away. The other eight values are added together then divided by eight. This is 
all done for getting a stably value from the tank sensor. In the next step “Check fuel” 
the value that was read in is checked.  
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The value is compared to an old value and as long as it is higher then the old value 
minus an offset the value is right. But if the value goes below the low limit it starts an 
alarm counter that runs in ten seconds. First after ten seconds the alarm will go off. 
This is since the diesel in the tank doesn’t have to go down just when someone is 
steeling it, it can also change in level because the tank was shacked and the diesel start 
to wave.    

The old value is updated every 
five minute if the diesel is 
changing by temperature 
change. 

 
In the next parallelogram “Read in battery value” the AD converter on the processor 
reads in the battery voltage. The AD converter is only on when it’s used then it is turn 
off. Then the voltage is checked with a limit, and if it goes below that limit a low 
voltage alarm is set.  

 
 

Figure 3-27: Normal State 
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The first decision triangle checks if everything is all right and if it is the processor 
goes down in a sleep mode for eight seconds. The system must however talk to the 
TC65 (GSM) at least every five minute so that the telephone knows that the processor 
is alive and the processor knows that the telephone is alive. If there is something 
wrong with the battery voltage, the fuel or that someone tries to break into the tank the 
system will set of alarm message depending on what’s wrong. If there is a burglary 
alarm the alarm will not only go to the GSM but it will also start the flash light and 
siren that is on the tank. The system will not go back to sleep until the alarm is off and 
it has been sent away on the telephone. The system can also be interrupted if the 
telephone wants to talk to the processor. In this state (Normal) the system stays as 
long as nobody uses the tank. 

3.4.3 Wait state 

 

Figure 3-28: Wait state 
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When some one wants to use the tank a Read Button interrupt has to be done 
manually by a person. This is done by pulling the door handle up just a little bit. This 
interrupt wakes up the processor and puts it in state Wait and it also starts the RFID 
reader for 5 seconds. The RFID reader then read in the tag number. The number is 
then sent to the TC65 and checked against a register. If the tag is not approved a 
denied sound is set then the system goes back to normal. If the tag number is 
approved the system opens the electronic lock on the door and goes from Wait state to 
Menu state. 

3.4.4 Menu state 

 

Figure 3-29: Menu State 
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When the system comes to Menu state it first waits for the door to the tank to open, 
the hatch can’t physically be open before the door is opened. If the door never opens 
the system lock the door again and go back to Normal state. If the door opens the 
system wait for something to happen. If it closes again it goes back to Normal state. If 
the flow meter starts to count up diesel the system understands that someone takes out 
fuel and goes to state FromTank. If the diesel amount is increasing the system goes to 
state ToTank. If the tank is set in moving state the system goes to state Moving, and if 
a button on the PCB is pushed the system goes to state Cal/Ser. If the door is opened 
but nothing happens for five minutes the system set the flash light and the siren for 20 
second, this will run in a cycle untill someone close the door. 

3.4.5 FromTank and ToTank state 

In state FromTank the system sends out the fuel amount on the display so that the user 
can se how much diesel he or she is taking out. When the door closes the fueling is 
finished, the system here sends the tag number and how much diesel the user has 
taken out to the TC65. The TC65 then sends time, person and the fuel amount that 
was taken out to the web program so that the owner of the tank can se all that happens 
with the tank. In this state the system never sleeps and it also has a time out if nothing 
happens for a longer time. The sensor that checks the fuel inside the tank is all the 
time compared with the fuel that is taken out. The fuel that is taken out is measured 
with a flow meter. The flow meter is however much more accurate then the sensor in 
the tank so big offset is used.  
In state ToTank the diesel only can go up, if it goes down in this state an alarm will be 
set off.  

 
When the tank has gone to the state ToTank the plus offset is removed and then the 
variable LastFueling and the minus offset are following the fuel. So if the fuel starts to 
go down an alarm can still be sent. Here all the information also is sent to the web for 
the owner to se after the door is closed.  

3.4.6 Moving state 

State Moving is a little different, in this state the tank is supposed to be in every time 
it should be moved. Here the system ignores what happens with the diesel in the tank. 
So when then system is in state Moving no alarms will be sent if the fuel goes down. 
Here the user has to be responsible for the tank. The system will still send alarm if 
someone breaks up the door or hatch and if the system battery goes to low. The 
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system will also sleep as much as possible here for saving power. To go to moving 
state the door have to be opened by a RFID tag and then tell it to enter Moving state 
by pushing a button on the PCB. The door can then be closed and a moving signal 
will be heard when the door is locked. To leave the Moving state the door just has to 
be opened and then closed again.      

3.4.7 Calibration/Service state 

To enter the Cal/Ser state the users have to use an RFID tag and then open the door. 
Once the door is open it is just to push one of the buttons on the PCB then the tank 
will go to Cal/Ser state and start the display.  
State Cal/Ser has many different tasks. Some of them are listed below.  

• Send a test alarm. This test the communication all the way from the processor 
throw the TC65 and to the web program. 

• Write out software version for the TC65 and the processor on the display. 
• Set offsets that is used in the fuel check file. 
• Check the signal quality of the TC65. If the tank stands in a bad place (low 

signal quality) it will take more effect to send messages which will lead to that 
the battery will run low faster. And if the tank doesn’t have any signal at all it 
will not connect to the web. 

• Check battery voltage. 
• Set the tank in Moving state. 
• Check if the sensor in the tank functions and many more things.   

 
The Cal/Ser state is ended when the door closes and then the tank lock the door and 
go back to Normal state. 
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4 Result 

4.1 Problem 1 “How to measure fluid amount in a 
tank” 

4.1.1 Sensor electronics 

The sensor electronics that was made for the float device worked exactly as planed. 
But zener diode that is used to create a stable 8.2V consumes power all the time even 
if the float device isn’t connected. This is not good for the system lifetime.  

The other electronic that were an instrument amplifier for a load cell solution hade 
some major interfering problems. The instrument amplifier is placed on the PCB and 
then a cable of 1.5m connects the amplifier with the resistor bridge on the load cell. In 
this cable goes 10V supply, ground, Vin- and Vin+. The resistor bridge gives out 
1.853mV/V at the maximum pressure on the load cell (3.5kg). So the signals Vin- and 
Vin+ will at highest pressure (3.5kg) be -18.53mV and +18.53mV and that isn’t 
much.   

 

Figure 4-1: Load cell and amplifier 

These small signals may easily be damaged if some interference will come into the 
signal. So if this solution is going to be used this problem has to be solved.  To solve 
this there is three things that can be done. The first is to place the instrument amplifier 
much closer the load cell. The second is to increase the voltage supply to the load cell 
(Resistor Bridge) and the third is to get another resistor bridge to the load cell that has 
a higher output voltage, maybe 250mV/V or something like that. 

The instrument amplifier has a sleep pin that is active low. The amplifier takes 740uA 
in active mode and 25uA in sleep mode.  
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Figure 4-2: Amplifier sleep circuit 

The signal is also connected to a ULN2803 which connect the signal to ground or 
leave it open. Most of the time the amplifier is off, and that means that the ULN2803 
connects the signal to ground. As seen in the picture above a current of 1.2mA will go 
throw the resistor and that is more then the amplifier takes in active mode, not good. 
So the resistance on R52 was changed to 100k instead of 10k.  

 

4.1.2 Implemented sensors 

The first sensor “float device with a precision potentiometer” didn’t work very well at 
the start because the float device was too light for the mechanical forces. The float 
was affected too much from the string, the gearwheel house and the potentiometer. 
The string was running too heavy or the float device was too light. 

 

Figure 4-3: Float device problems 



Result 
 

45 

But when this problem was solved with a larger and heavier float, then the sensor was 
giving a better resolution. When the bigger float device was used a change of 10-
15liters could be seen with a stable signal. There is yet very important that the float 
devices forces is much bigger than the strings forces. This solution will also stop 
working when the fuel level are approximately 5cm and lower since the float device 
hits bottom. So the last 50liters can’t be seen.  

The second solution “Archimedes principle with a load cell and a stick” worked 
excellent, it could feel a change of around 1,5liters in the 1500liters tank but a lot 
work in analog and digital filters hade to be done. The method isn’t affected of 
temperature but the sensor material (that is a kind of aluminum) was, so the volume 
seemed to change during night when the temperature was going down. This wasn’t 
much and an update is made every five minutes so it is no real problem. But the 
sensor has two serious problems, the first one is that the mechanical parts will break 
when the tank is moved around and the second is that it has problems when the tank is 
not standing straight. So for a stationary tank this is a good solution but for a 
moveable tank this solution won’t work. It has to be redesigned someway if it should 
be able to work in this tank.      

4.1.3 Recommended sensors 

The float device with a precision potentiometer will work but it will not be the 
cheapest solution. The solution demands an ADR approved house which the sensor is 
encapsulated in and that will bring up the price of this solution. It will not be the best 
accuracy but it will probably be around 10 to 15liters in the 1500liter tank a twice as 
much in the 3000liters tank.   

The ultrasonic sensor will also work and give pretty god accuracy. The ultrasonic 
solution is temperature dependent just like the float device and the tank will never 
stand straight so the hanging device that the ultrasonic sensor demands must be good.  

The capacitive sensor also has some serious problem if the sensor part isn’t attached 
right. If it just bends a little the capacity will change.  

The pressure meter has most advantages of all sensors here, it don’t care if the tank 
stand straight or not and it isn’t temperature dependent. The pressure meter must how 
ever be embedded so it will be more robust. 

Laser, light and radar are not a good solution for this application. But radar is 
something that probably will take over in the future when it is getting cheaper.  

Of the load cell solutions only Archimedes principle is recommended. This solution is 
probably the one which gives the best accuracy but the solution does also have 
problems if the tank stand straight or not and it has to be robust so it can manage 
shocks and shakes. 

So recommended solutions in the following order is, 

1. Pressure meter 

2. Ultrasonic sensor 
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3. Float device 

4. Archimedes principle with a load cell 

A new sensor method is right now developed by a company called AXsensor and 
that method is some kind of acoustic level measuring. The sensor is developed for 
cars but should probably function well for a tank to. 

4.2 Problem 2 “Building a low power prototype” 

4.2.1 DC/DC 

The DC/DC system worked as it should and the PTC handled the current limiting very 
well. There was however one problem and that was that it takes time for the PTC to 
increase in temperature and thereby increase its resistance and finally decrease the 
current. So if the system battery was very bad (9.5V) and the external power battery 
was very good (13.8V) then the current became very high and the PTC started to 
decrease the current but not fast enough. The signal wires on the PCB also increased 
in temperature before the PTC hade limited the current. So two changes is 
recommended to make the PCB signals lifetime longer and that is to increase the PCB 
signals and then change the PTC from a RGE500 to a RGE400 that will kick in a little 
earlier.    

The implemented version only work as it should if it was a 12V pump and an external 
voltage of 12V. If there should be an external 24V it could only drive a 24V pump but 
not charge the 12V system battery. And if a user wants feed the tank with 220VAC 
and have a 220VAC pump the system will not work. So the next generation of the 
PCB should probably have a solution where all these three different voltages could be 
used. 

 

Figure 4-4: Different supply voltages   
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If an owner of a tank always has access to 220VAC and wants to use that, then he or 
she just should have to put in a 220VAC pump and connect the wires at the right place 
and then the system should work. Then the same if a user wants to feed the tank with 
24V. As seen in the picture only the boxes that are white are implemented. The 
220VAC system is no problem to implement but the 24V system is as seen in the 
context 5.1.1 DC/DC a problem. The 24V system is going to give the least charging 
power of these three and therefore give the tank system the smallest lifetime. But if 
these missed approaches like the 220VAC is ignored and only look at the things that 
was implemented, then the system worked very well.      

4.2.2 I/O 

When working with the inputs it happened that the contact bounces went in to the 
processor. The contacts that was used at the beginning where pretty cheap and the 
bounces disappeared when the real contacts was used. But this is still not good if 
cheap contacts where going to be used. So making a filter that removes signals that 
are smaller than 10ms instead of 1ms is recommended. This can easily be done by 
change the capacitor from 0,1uF to 1uF, no PCB changes has to be done.     

 

Figure 4-5: Desired filter against contact bounces 

The filter mistake was actually no problem because digital filter was made inside the 
processor at 10ms.   

There is on the other hand one big problem here that has been missed, the current in 
the input signals are only 1.194mA and that is way too little current. Switches often 
demands minimum current of 10mA to guarantee a contact. There are two ways to 
solve this problem. One is to change the resistors so that more current flow in the 
wires or to get contacts that are made of silver or gold which demands less current for 
guarantee a contact. Best is probably if both is made because every time a contact is 
closed (door or hatch is open) it will take current which shorts the lifetime of the 
system.   

The inputs do work now in spite of the low current but later on when the contacts are 
getting worn or damp there will be problem. The inputs have been tested for 9V to 
15.5V. They probably work for much higher voltage than that but that has not been 
tested. So if the system voltage differs the inputs still work as they should. Finally the 
inputs work very well but contact that was made of silver is recommended and the 
capacitor to the low pass filter should be changed to a1uF capacitor.    
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4.2.3 GSM/GPRS, GPS, RAIO 

The GSM/GPRS module worked fine both the interface between the processor and 
the module and from the module and up to internet. The interface between the 
GSM/GPRS module and the processor do however need a wake up pin connected 
between each other because the GSM/GPRS module don’t know if the processor is 
sleeping or not. One pin was temporally connected so that the GSM/GPRS module 
could wake up the processor when he wanted to talk. The GSM/GPRS module wakes 
up on the UART that was used so if the processor wants to talk to the GSM/GPRS 
module it just sends away the messages on the UART and the GSM/GPRS module 
wakes up and takes care of the message.  

The 4 voltage that was made for the GSM/GPRS module worked as planed it didn’t 
drop more than 3.97V from 4.01V when the burst starts so the construction with the 
big capacitor after the switch regulator worked fine.  

The GPS and its antenna work fine too, there is one problem with it and that is that 
inductor L0402 or BLM15BB750 as the manufacture Murata is calling, are very hard 
to find. The ones in the board today are samples so another inductor with the same 
data is needed and if it is by the size of 0604 instead of 0402 should be better.   

• BLM15BB750SN1 
impedance: 75ohm at 100MHz 
rated current: 300mA 
DC resistance 0,40ohm 

The GPS is something that has to be on final product because the system that is called 
triangulation with GSM/GPRS modules is not so common. Only Telia could give that 
service all the other telephone companies have stopped with that service because no 
one used it.   

The radio construction has not yet been tested so therefore it can’t be told if the 
construction is good or bad.  

4.2.4 RFID 

The RFID construction worked very well but there was a lot of work to do an antenna 
and to calculate it right together with the capacitor so it reads in the right frequency. 
The reader is very god but making the reader antenna is not an option if the tank is 
going to market. So a suggestion is to change the RFID reader TRD-MINI COMBO 
to another reader called TRD-80 CLASSIC it is more expensive then the first but it 
has an inbuilt antenna and the same interface protocol as that was used on the other 
one. The RFID reader also takes a lot of power so having the reader on all the time 
just to get a faster reading is out of the question.    
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4.2.5 Power consumption 

The whole system did at first take 52mA in Normal state. In Normal state the tank 
probably is in at least 90% of its time and that is when nobody uses it. After finding 
some faults and wrong designs it went down to 36,0mA. First follows an explanation 
of how the power consumption was reduced and then an explanation of what takes 
power and what doesn’t.   

The RFID reader and the GPS with antenna has was called an OnOff design and these 
two designs where wrong made. The OnOff design is seen in the picture below where 
the box called “COMPONENT” is symbolizing the RFID reader or the GPS with GPS 
antenna. The MOSFET transistor turns off and on the power to the component when 
the ULN2803 sinks the voltage on the transistor gate to ground or let it up to 12V. 
When saving power the RFID reader and GPS plus antenna should be off so the 
ULN2803 sink the voltage down to ground. And when that is done a current at 1,2mA 
will flow throw the wire.     

 

Figure 4-6: OnOff design 

So by changing the R18 resistor to 100k the current went down to 0,12mA instead of 
1,2mA. A similarly fault where found on the sensor sleep function. These three faults 
where saving 3,24mA to the system. So instead of taking a current of 3,6mA it now 
takes 0,36mA. The RFID reader also hade an input that was consuming about 2mA. 
The input was set high with the processor for it to function the way that the system 
required. After reviewed the RFID data sheet the input pin could be leaved 
unconnected or set to a one for the RFID reader to function the same way. So the 
processor pin was put in a three state mode instead of sending out a one and when that 
was made the current went down about 1,5mA so instead of taking 2mA it now toke 
0,5mA. Then there was a led that indicated power on to the GSM/GPRS module that 
was taking about 11mA that was removed from the PCB.  

When the GSM/GRPRS module was removed the system didn’t take more than 
17,80mA so lets see what is taking that power and if it can be reduced more 
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Figure 4-7: The system in Normal state 

As seen in the picture above there are some parts that can’t be turned off and have 
static current consumption. The first and biggest power loss is the switch regulators 
which in active mode has a type value of 5mA and one of them has been tested and 
takes 5,2mA so booth are probably around 5,2mA.  Then LCD (150uA) and the 
RADIO (2mA = idle mode) take together 2,15mA. Then there was the zener diode 
that was used to create a stable voltage to the float device, this circuit is taking about 
2,69mA. The GPS did also take 20uA even if it was off. This current is used to power 
the memory inside the GPS so it won’t lose it last position and time. Then the 3 so 
called OnOff designs was taking 0,36mA so all this parts together consumes 
15,52mA.  

That only leaves 2,18mA to the processor (in sleep mode) with hundred pins, the 
Schmitt trigger, two ULN2803 and leak current in diodes, capacitors, PCB and so on. 
So reducing the power much more is not possible more then turning off the radio. 
There is however a lot of power between 17,8mA and 36mA that the system takes 
when the GSM/GPRS module is attached and running. The GSM/GPRS module is 
now running in a cyclic sleep mode. The consumption of the GSM/GPRS module 
does look like the table below. 

• TC65: Current consumption:  

o -Idle mode 25mA, -Power down 50µA , -Sleep mode  3mA  

o -Speech mode  300mA(type), -GPRS mode 600mA (type) 
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The cyclic sleep mode is changing between sleep mode (3mA) and idle mode (25mA) 
and the cycle is right now programmed for more time in idle mode then sleep mode so 
there for it increases the current consumption from 17,8mA to 36mA (18,2mA).   
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5 Conclusions and discussion 
Even if the recommended sensors will work, they won’t be so good. The radar 
solutions will probably be the best solution but it is right now to expensive to use in 
this application. It would on the other hand be good with a very high accuracy not just 
to see if someone is steeling fuel but also if the tank is leaking fuel and last but not 
least to remove the flow meter. The flow meter is today used so the system can se 
how much fuel the user has taken out of the tank. A flow meter also cost much 
money. So if a sensor that had a very good accuracy was placed in the tank the flow 
meter could be removed and a leak or stealing could be detected earlier. But to make a 
sensor that has a better accuracy then the cheap solutions on the market today and still 
don’t get up in prices like radar is probably hard. If attempts should be done then I 
think that level measuring and pressure measuring is out because to get these solutions 
better demands so much on the components and that will bring up the price. If 
attempts of making a new sensor are going to be made then it should be done in some 
kind of weight or volume measuring.  

The prototype of the tank system was in general pretty good but it can’t be used as a 
finished product. The DC/DC system has to be changed so the system can be charged 
with 12V, 24V or 220VAC if the owner of the tank wants a 12V pump, 24V pump or 
a 220VAC pump. Then the RFID reader should be changed to a reader with antenna 
to save time of putting the system together. Then the filter to the I/O part needs to be 
improved. The I/O current also need to be higher and the buttons need to be of silver 
The GSM/GPRS module and the processor need some work in the interfacing part. 
The rest is pretty much finished and works very well.      

The power consumption turned out very well and if there is any thing that should be 
changed then it should be the switch regulators that take 5mA type in active mode. 
The software is also something that affects the power consumption. For example 
when it puts the different hardware to sleep and how long should it allow different 
hardware to be active. One big thing is the TC65 (GSM/GPRS module), how often 
should it check in and how much should it sleep? Otherwise the power consumption 
turned out to be lower then I expected. 
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10 Appendix 
1. Overview of the whole system. 
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