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Abstract— Fires are catastrophes that annually cause  

economic and ecological damage all over the world. Through 

data collected from the Department of Management of Public 

Areas and Forest Protection, during the period between 1st of 

January of 2016 and October 15th of 2016, there were a total of 

13 079 fires which resulted in 160 490 hectares of burned area. 

Within the framework of the FIREND® project, coordinated by 

the Portuguese Military Academy, it was proposed the design 

and development of an ammunition that would allow artillery to 

assist in fighting fires. The ammunition project involves the 

development, construction and programming of the electronic 

circuit to be incorporated within an artillery shell.  This paper 

presents the components, communication and circuits necessary 

to create the intended system. 

It was developed an independent system with several layers of 

security capable of recognizing and withstand high accelerations 

due to the artillery cannon, save acceleration values on its 

internal memory, able to do a countdown of the flight time 

defined by the user and send an impulse to a triggering circuit 

which will activate the mechanism to extinguish the fires. In 

conclusion this system can theoretically be implemented in a real 

projectile used by the military. This system should be considered 

in future studies and projects of firefighting and forest 

protection. 

Keywords—Fuse system, firefighting, fires, projectile, 

combat, artillery, military, forest protection. 

I. INTRODUCTION  

Annually, Portugal suffers losses of millions of euros due 

to several types of fires, namely forest fires, which are more 

frequent in the hotter season (June, July, August and 

September). In 2016 alone, nearly 160 thousand hectares 

burned, and losses amounted to nearly € 229 million [1]. Those 

who fight fires are often faced with several obstacles that 

prevent the means of operation (cars, tank trucks, trucks) from 

reaching the site of greater intensity, leading to an increase of 

the area burned. Since 2003 under the Strategic Concept of 

National Defense, the Portuguese Armed Forces have the 

obligation to defend the territory and the security of citizens 

and neutralize international and national threats (including 

forest fires). To aid the Portuguese Armed Forces to have a 

greater involvement in firefighting, using a high sensitivity 

accelerometer it was developed a system capable of 

recognizing when a tremendous acceleration occurs leading to 

the countdown of a time defined by a user. When this time 

ends, an impulse is sent to a trigger circuit by a 

microprocessor which will activate the mechanism responsible 

for launching the product to extinguish the fire. The system 

will communicate via a Bluetooth connection to an android 

device and all the commands will be sent by the user without 

the user needing to approach the projectile.  

This paper describes the analyses, development and 

programming of the electronical system used to fulfill the 

requirements.  

II. DEVELOPMENT 

A. Accelerometer 

When picking the right accelerometer, two of the most 

important factors are the sensitivity and the number of axis. 

Since the system will suffer high accelerations in the 3 axis 

(X, Y and Z), the use of a 3-axis accelerometer with a high 

sensitivity will be desirable. The accelerometer used was the 

ADXL377 which has a sensitivity of ±200 g[2] and a 

maximum acceleration per axil of ±10 000 g. It is important to 

notice that when this accelerometer is at rest, the average 

output voltage of each axil is half of the supply voltage and 

that the output voltage is proportional to 2 factors: the 

acceleration and direction of the acceleration . Meaning that if 

the power supply is 3.3 V the average voltage of each axil will 

be 1.65 V and depending on the acceleration and direction the 

output voltage can be smaller than 1.65 V or bigger than 1.65 

V. This is shown in figure 1. 

 

 

 
Fig. 1 – Output voltage of the ADXL377.  

 



Since the axil that will suffer the biggest acceleration is the 

Z axil, this is the only axil that is sampled continuously to 

record the values of acceleration.   

B. Window comparator 

There is a need to avoid small bumps that can trigger the 

circuit and put at risk the personnel. So, it was added to the 

output of the accelerometer’s Z axil another component – a 

window comparator. A window comparator is an integrated 

circuit that with the help of resistors, can define two different 

voltages (VCENTER and VWIDTH/2) defining the middle and the 

width of a comparison window. This means that two threshold 

values can be calculated – VLOW and VHIGH. Equation (2) and 

(3) show how to calculate those values. 

 

VLOW =  VCENTER – VWIDTH /2  (2) 

VHIGH =  VCENTER + VWIDTH /2  (3) 

 

If the output voltage value from the accelerometer  is 

between VLOW and VHIGH then the output voltage of the 

window comparator will be HIGH. If the output voltage value 

from the accelerometer is greater than VHIGH or lower than 

VLOW than the output voltage will be LOW.  

Figure 2 shows the stated above. 

 
Fig. 2 – LTC1042 logic. [2]  

 

It was defined that the center of the window had to be the 

exact same value as the average output voltage of the 

accelerometer at rest and the value of the window was 

changed until it suited the system. Since the recommended 

supply voltage for the LTC1042 is also 3.3 V, by using a 

simple voltage divider, as show in equation (4) VCENTER 

should be 1.65 V.  

 

VCENTER = (3.3 * 100 KΩ) / 200 KΩ = 1.65 V (4) 

 

With the aid of a simulating program the voltage value for 

the width was calculated. Figure 3 shows the circuit created 

and simulated in the program LTSPICE. 

 

 
Fig. 3 – LTC1042 circuit simulation. 

The blue signal represents the value from the 

accelerometer that oscillates between the maximum value of 

3.3 V and 0 V corresponding to the IN pin in figure 3. The 

yellow signal represents the output value of LTC1042 which 

in figure 3 corresponds to the pin WITHIN. So, the final value 

for the window is shown in the equation (5). 

 

VWIDTH/2 = (3.3* 22 KΩ) / 172 KΩ = 0.42 (5) 

 

This means that as soon as the accelerometer value is 

greater than 2.07 V (VHIGH) or less than 1.23 V (VLOW), the 

output value (in yellow) is LOW and when it is between these 

two values it will be HIGH. 

 

C. Microprocessor ATMEGA328P 

This output value of the window comparator will be sent to 

a microcontroller ATMEGA328P that is programmed to 

recognize the moment that its input changes from HIGH to 

LOW. The moment that this happens, the microcontroller will 

recognize that the acceleration that was inflicted on the 

accelerometer is high enough to be considered a real artillery 

launch. 

 The ATMEGA328P can be considered the brain of the 

system. It is the ATMEGA328P that does all the chores 

programmed, such as: 

• Wireless communication between the user and the 

system; 

• Security; 

• Setting the time of flight; 

• Setting the sampling time; 

• Saving acceleration values on its internal 

memory; 

• Real-time count; 

• Sending an impulse to the trigger circuit. 
  

Wireless communication between the user and the 

system – The system uses a Bluetooth connection between the 

circuit and the user. It is necessary to configure the 

microcontroller input and output terminals and to define the 

communication characteristics.  

Authentication – The user authenticates with the system. 

The user sends the password to the microcontroller and it is 

compared to a previously defined password. If the password is 

wrong, the system prompts you to re-enter a password. 

Setting the time of flight – At this stage, the user defines 

the time of flight of the projectile. Time of flight is a real-time 



count between the start of the projectile launch and the time 

when the charge is detonated. 

Setting the sampling time – At this stage, the user enters 

the sampling time he wants for the number of readings of 

acceleration values. This value is in milliseconds. 

Security – When dealing with explosives and artillery, a 

person needs to be extra careful and a triggering the circuit on 

the wrong time can cause serious problems. So, it is necessary 

to use safety measures to prevent accidents.   

Real-time counting – Real-time counting is activated the 

moment the projectile is launched. 

Sending an impulse to the trigger circuit – Like stated 

above the moment the microcontroller receives from the 

window comparator a LOW signal it will start counting the 

time set on the time of flight and the moment that that time is 

done, it will send a digital signal with an amplitude of 3.3 V to  

the trigger circuit.  

Saving acceleration values on its internal memory - 

Collecting values in mid-flight is important as there is a need 

to know what kind of forces are being inflicted in the 

projectile. These values will be saved at the same time as 

counting in real time and ends at the same time that the 

counting in real time ends. The values are saved in the 

Electrically-Erasable Programmable Read-Only Memory of 

the microprocessor. The EEPROM works as an internal hard 

drive able to store up to 1024 bytes of memory. This type of 

memory is good because even if the ATMEGA loses its 

supply voltage, the values will still be saved in memory.  

To program all the chores, the Arduino board together with 

the Arduino IDE was used. As soon as all program is working 

as it should, the ATMEGA328P needs to be separated from 

the Arduino board and connected to the rest of the circuit 

already created.  This is called having the ATMEGA328P 

standalone. A couple of components needs to be added to the 

circuit so that the ATMEGA328P works without the Arduino 

board. Figure 4 shows how to implement the standalone mode.  

 

 
Fig. 4 – ATMEGA328P standalone.[3] 

 

This standalone mode requires: 

• 16 MHz crystal oscillator; 

• 2x 22 pF capacitors.  

 

 

 

D. Communication 

The wireless communication between the circuit and the 

user is done by Bluetooth. So for that, it is required the use of 

a bluetooth module. The module used needs to be a low cost, 

low consumption and good performance module. The module 

chosen was the HC-06. This simple module has a build-in    

2.4 GHz antenna, works between 3.1 V and 4.2 V and only 

has 4 pins (VCC, GND, RX and TX)[4]. The current in pairing 

is in the range of 30 to 40 mA, the current when 

communicating is 8 mA and the Bluetooth protocol is the 

2.0+. To connect this module to the circuit, the RX pin needs 

to be connected to the TX pin from the ATMEGA328P, the 

TX pin from the module needs to be connected to the RX pin 

from the ATMEGA328P, VCC needs to be connected to a 

voltage supply of 3.3 V and the GND pin needs to be 

connected to ground. Figure 5 shows the Bluetooth module 

used.  

 
Fig. 5 – HC-06 Bluetooth module.[5] 

 

E. Trigger circuit 

It is necessary to create the circuit that will trigger the 

detonator and activate the mechanism to release the product 

that will extinguish the fire. Two types of circuits were 

initially studied. The boost converter and the buck converter. 

The main problem with these circuits was that they were too 

complex, did not provide enough advantages. By analyzing 

the datasheet of the detonator, the recommended trigger 

current is 1.2 A and the internal resistor is 1.6 Ω. [6] So there is 

the need to think about a circuit that without supplying too 

much voltage is able to supply a minimum of 1.2 A. It is 

finally decided to use a circuit composed by a super capacitor. 

These super capacitors are able to discharge currents much 

larger than conventional batteries because they are only 

limited by their internal resistance which is much smaller than 

the internal resistance of conventional batteries. They are 

components that have high rates of charge and discharge, 

longer life cycles and a much higher power density than 

normal batteries.  

The circuit was simulated in LTSPICE so the variations of 

current and voltage with different capacity values of the super 

capacitors could be studied. Figure 6 shows the circuit that 

was studied.  

 

 



 
Fig. 6 – Super capacitor circuit. 

 

In the end the final circuit is composed by a 1.5 F super 

capacitor and a supply voltage of 4.5 V. With this super 

capacitor after 10 s of being charged with a supply voltage of 

4.5 V an output current  of around 2.0 A is obtained. With this 

output current, the circuit is more than able to trigger the 

detonator.  

The last component that needs to be decided is the 

transistor that will provide the impulse that comes from the 

microprocessor ATMEGA328P. Without receiving the 

impulse, the circuit will be an open circuit and no voltage or 

current will be sent to the detonator. The moment that the 

transistor receives the impulse coming the microprocessor, the 

circuit will become short circuited and all the power stored on 

the super capacitor will be sent to the output triggering the 

detonator. In order to choose the transistor, some conditions 

were taken into account. The resistance between the drain and 

the source would have to be as small as possible, the threshold 

voltage (Vth) would have to be less than the voltage coming 

from the microprocessor and a drain current capable of 

withstanding values in the order of 10 A. The transistor 

selected is the FDS6692A. This transistor has the following 

characteristics[7]: 

• RDS on = 11.5 mΩ; 

• VGS = ±20 V; 

• VGS TH =1.2 – 2.5 V; 

• ID = 9A; 

• VDS = 30 V.  

 

Finally, the trigger circuit can be added to the rest of the 

circuit and final circuit is complete. The last thing that needs 

to be taken into account is the supply voltage for all the  

circuit.  

F. Power supplies 

The final circuit is composed by 2 different power 

supplies. One of the power supplies provides voltage to the 

trigger circuit and the other power supply provides voltage to 

the rest of the components (ATMEGA328P, HC-06, 

ADXL377 and LTC1042). 

In the case of the power supply of the trigger circuit it 

was already defined before as a 4.5 V power supply. For the  

power supply of the other circuit, it is necessary to see how 

much the circuit consumes in terms of current (sum of current 

consumption of ATMEGA328p, Bluetooth module, 

ADXL377 and LTC1042). For this, a multimeter in series 

with a circuit composed by these components was inserted to 

verify how much the circuit consumes. There are two distinct 

situations. The first situation is when the Bluetooth module is 

trying to pair with the user. In this situation, the current 

consumed varies between 25 mA and 42 mA. When the 

connection between Bluetooth and the user is established, the 

current drops to a constant 25 mA. With this in mind, it is also 

necessary that the voltage supply used is also capable of 

providing sufficient voltage to the components. This voltage 

value must be at least 3.1 V (minimum voltage to turn on the 

Bluetooth module) and at most it must be 3.6 V (maximum 

voltage that the ADXL377 can handle). A LIR2032 button cell 

was selected. 

 

Finally, all the circuit is complete, and everything is 

ready for the tests. 

III. RESULTS  

All components were finally tested together. The ultimate 
goal is to get the microcontroller to recognize that there has 
been an acceleration above the imposed limit values and to 
start counting after the word "Lancamento" is presented in the 
user interface. As soon as the countdown ends, the 
microcontroller must send a 3.3 V pulse to the output where 
the detonation circuit is inserted. Using an oscilloscope, the 
voltage values in the accelerometer and the window 
comparator were recorded and using the Arduino platform as 
the communication channel, it was verified whether the 
microcontroller recognized that there was an acceleration 
above or below the limit values. In figure 7, the blue signal is 
the voltage at the window comparator output, the yellow signal 
is the voltage at the accelerometer output and the Arduino 
platform as the communication channel is on the left. 

 

Fig. 7 – Values taken from the accelerometer, window comparator and 
microcontroller. 

By analyzing figure 7, the first time there is a variation in 
the yellow signal that exceeds the imposed limits, this voltage 
is recognized by the window comparator that sends the signal 
to the microcontroller. Once the microcontroller receives this 
signal, it starts counting in real time through the word 
"Lancamento". 

Since it is not possible to use the real detonator for this 
tests, it is necessary to use another component with similar 
electrical characteristics. For this purpose, a fuse of 1.6 A was 
used as the detonator and the circuit was tested to see if the 
fuse melted. If the fuse of 1.6 A melts, it is certain that the 
circuit can obtain in the output 1.2 A. In order to test the 
current and to obtain concrete evidence on the melting of the 



fuse a multimeter and a resistor are inserted instead of the fuse 
to record the value of voltage at the output of the circuit. Figure 
8 shows two values taken from the circuit. The value of the 
voltage at the output of the circuit (in the detonator / fuse) in 
yellow, and the blue value is the impulse value at the 
microcontroller’s output. These two values must be 
synchronized because only when the transistor receives the 
voltage impulse from the microcontroller is that the output 
receives the voltage value from the source of 4.5 V. 

 

Fig. 8 – Voltage values of the microprocessor and detonator. 

Also, through figure 8 it is possible to see that voltage 
output value is 4.5 V.  Knowing that the internal resistor of the 
detonator is 1.6 Ω, through Ohms law, the output current value 
is 2.8 A at the fuse. This value is more than enough since the 
minimum recommended value for the trigger is 1.2 A.  

Since it is not possible to perform tests on a true cannon, 
the test performed consists of inserting the system into a ball of 
Styrofoam to simulate the projectile, dropping the system from 
various heights and storing the first value captured by the 
system as soon as it is launched. Theoretically, the higher the 
system, the higher the impact force and the higher the 
acceleration value. There are cases where this fact is not true 
because sometimes the circuit can hit the ground in a way in 
which the Z axis is not the most affected (the only axis used to 
recognize if there was a launch) so there may be irregular 
situations where the force of acceleration may be less than 
expected.  

The accelerometer at rest has an average value of 1.8 V and 
converting that value to g force using the map () function of the 
Arduino, the value is -0.65 g. The same can be done with the 
values from the window comparator. The values can be 
calculated by the equation (6). 

g = [window comparator value * (-0.65)] /1.8 (6) 

Thus, 1.23 V corresponds to -0.44 g and 2.07 V 
corresponds to -0.75 g. This means that all Z-axis accelerations 
between -0.44 g and -0.75 g will not trigger the system launch. 

Several tests were then performed, and sufficient 
acceleration force values collected to activate the launch of the 
projectile. Table 1 shows the acceleration values obtained in 
relation to the height that the ball is dropped. 

 

 

 

Table 1 – Height vs. g force 

HEIGHT (CM) G FORCE 

50 -0.31 

100 -0.73 

150 -1.10 

175 -1.20 

200 -1.42 

The results obtained seem correct since when dropping the 
system on the floor, the acceleration that will be inflicted on 
the accelerometer is negative.  

IV. DISCUSSIONS 

The objective of this paper is present the design and 
development of an ammunition that would allow artillery to 
assist in the fight against fires. This system consists mainly of a 
control unit capable of controlling the whole system, a 
detonating circuit and a circuit capable of analyzing the 
acceleration forces. All the tasks of the control unit were 
developed, and each particular circuit was carried out and 
tested. At the end the whole circuit was added, tested, and the 
relevant data collected for analysis. It was possible to obtain 
important data and move forward with this project. 
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