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Abstract – This paper describes a wireless remote control 
designed for the positioning system of the launching pad of 
anti-hail missiles used by the Romanian   Anti-Hail System. 
The remote control operates in the ISM band of 2,4 GHz 
and was successfully tested on a simplified, small size,     
experimental model of the actual launch ramp. The remote 
control allows the operator to position the launch ramp on 
two axes, azimuth, and elevation, and fire the missiles, using 
momentary push buttons. A 16x2 characters LCD display 
indicates the current position of the ramp, and the presence 
and the type of the anti-hail missiles loaded on the ramp. 
The remote control was built using Arduino microcontrol-
lers and radio frequency transceivers and uses two separate 
one-way transmitter-receiver radio channels. The simplified 
experimental model of the launch ramp features the main 
functional characteristics of the actual ramp and was de-
signed and built for the purpose of testing the remote con-
trol, due to no access to the actual ramp, along with the in-
tention of using it to train the Local Unit operating person-
nel during the off-season time. When designing and building 
the remote control and the experimental model of the ramp 
it was taken into consideration an easy implementation on 
the actual ramp, with minimal modifications. 
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I. INTRODUCTION 
As a result of a research documentation and a visit to an 

anti-hail Zonal Command Center and an anti-hail Local 
Unit, it has been found that from an operational point of 
view, the anti-hail system in Romania uses launching 
ramps which can be positioned manually or by using tem-
porary cables [1], [2], [3].   

The wireless remote control described in this paper 
speeds up the process of ramp positioning, eliminates the 
inconvenience of placing and removing the temporary 
cables every season, and reduces the cost of the equipment 
by avoiding the cables. 

II. THE REAL MISSILES LAUNCH RAMP AND THE 
EXPERIMENTAL MODEL  

A. Description and parameters of the real ramp 
The missiles launch ramps used by the Romanian     

Anti-Hail System are manufactured by SC                  

Electromecanica Ploiesti and are intended to ensure the 
launching of eight RAG-96 or RAG-96S type missiles 
(Fig. 1) [1].  Azimuth and elevation positioning with a 
precision of 1.5° is      possible between 0 and 360° for the 
azimuth, and between 20° and 85° for the elevation re-
spectively. The ramp uses synchronous motors with per-
manent magnets for azimuth and elevation positioning 
directions, driven by intelligent drives. The connection 
between the motors and the mechanical structure of the 
ramp is accomplished with worm gears and worm-wheel 
transmission which ensures one-way movement and 
mechanical locking [4].   

 

 
 

Fig. 1.The missiles launch ramp used by the Romanian  
Anti-Hail System 

B. Description of the experimental model of the ramp 
A simplified, small size, experimental model of the real 

ramp was built to test the remote control (Fig. 2) [5].  
 

 
Fig. 2.The experimental model of the missiles launch ramp. 
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The experimental model features the two axes            
positioning of the actual ramp using two DC geared mo-
tors with encoders, controlled by a dual H-Bridge motor 
driver. The connection between the motors and the 
mechanical structure of the experimental model is 
achieved by gears and timing belts transmission. Feedback 
regarding azimuth and elevation coordinates is obtained 
from the pulses generated by the motor encoders. Optical 
sensors are used to set the home position on the two axes, 
and limit switches to indicate the presence and type of two 
missiles. A 20° to 85° interval for the elevation is set by 
two limit switches. The missiles firing is not possible  
outside this interval, and are simulated by two LEDs. The 
experimental model is electrically connected to the remote 
control receiver by six cables provided with DB9        
connectors (Fig. 3). 

 
 

 
 

Fig. 3.The experimental model connected to the remote control receiver. 
 
A 5V voltage from the remote control receiver box  

provides the power supply for the driver, motors, sensors, 
and LEDs on the experimental model. 

When making the experimental model, it was taken into 
account that it retains the functional characteristics of the 
real ramp, so that after testing the remote control on the 
model, it can be implemented on the real ramp with    
minimal changes and the experimental model can be used 
for staff training in the active off-season. 

The electrical schematic of the experimental model is 
shown in Fig. 4. 

 

 
 

Fig. 4.Electrical schematic of the experimental model  

 

III. THE REMOTE CONTROL 

A. Description and electrical diagram 
The remote control uses two unilateral radio   commu-

nication channels (transmitter-receiver) between Arduino 
type microcontrollers [6], [7], by using the NRF24L01 
transmit-receive modules [8]. 

The first communication channel is sending commands 
from the operator to the ramp (move the ramp up, down, 
left or right, and fire the missiles), the second channel 
transmits data on the ramp to the operator (position, pres-
ence and type of missiles). 

The block diagram of the first communication channel 
is that of Fig. 5. 

This radio communication channel uses an Arduino 
Nano microcontroller at the transmitter and an Arduino 
Mega microcontroller at the receiver. 
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Fig. 5.Electrical schematic of the first radio channel  
 
When the operator presses or releases any of the     

momentary pushbuttons on the remote control, a short 
message containing one character is send from the remote 
control to the receiver box. The Arduino Mega             
microcontroller on the receiver side interprets the message 
and modifies the corresponding output pins accordingly. 
For example, when the PBL button is pressed, the Arduino 
Nano microcontroller from the transmitter sends the "L" 
character, at the reception of which the Arduino Mega 
microcontroller from the receiver switches the ENA and 
IN1 outputs (pins 47 and 48) to logic one, and the IN2 
output (pin 9) to logic level zero. The three mentioned 
outputs of the microcontroller from the receiver are     
connected to the driver module which will control the 
clockwise rotation of the motor used to move the model in 
the azimuth direction. When releasing the PBL button, the 
character “l” is transmitted. This has as an effect at the 
reception the passage of pins 47, 48, and 9 at zero logic 
level and implicitly the azimuth motor stops. 

It should be noted that, as a courtesy to other radio 
channel users, although to move the ramp in one direction, 
the corresponding push-button must be kept pressed until 
the desired position is reached, the command is         
transmitted on the radio channel only when the button is 
pressed, then the radio channel is not used. A second sig-
nal, the stop command, is sent when the button is released. 

The second radio communication channel of the remote 
control uses two Arduino Mega 2560 and two RF trans-
ceiver modules NRF24L01 like those of the first channel. 
The second radio communication channel operates on a 
different frequency than the first channel; the frequencies 
are software selectable by the user. 

The block diagram of the second radio communication 
channel of the remote control is shown in Fig. 6. 

 
 
 

 
Fig. 6.Electrical schematic of the second radio channel  

 
The microcontroller from the second radio channel 

transmitter receives on inputs 2 and 3 the quadrature  
pulses generated by the azimuth motor encoder; the eleva-
tion motor encoder is connected to inputs 18 and 19. All 
these inputs allow interrupts in the program execution, 
which eliminates the possibility of losing pulses from the 
encoders. 

The pulses coming from the two encoders are counted 
by the microcontroller in two reversible counters. Because 
when moving the ramp model by one degree in either  
direction (azimuth or elevation) the encoder in that direc-
tion generates 21 pulses, the two counters are reset when 
the limits of 21 or -21 are reached, simultaneously with 
the signaling of the produced event. Thus, when moving 
the model one degree to the right in the azimuth direction, 
the second radio channel transmitter microcontroller sends 
the character "Z" to the receiver, and when moving one 
degree to the left, the character "z" is transmitted. For 
moving the model by one degree on elevation, the      
characters "E" and "e" are transmitted. The receiver mi-
crocontroller interprets messages received from the   
transmitter and displays the position of the ramp on a 
16x2 characters LCD display, with one-degree accuracy. 

Fig. 7 shows the remote control, which contains the 
transmitter of the first radio communication channel and 
the receiver of the second channel. 

The remote control can be powered up from a 12V / 
500 mA DC power supply or from a 6V / 1.3 Ah internal 
battery. 
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Fig. 7.The operator remote control 

B. RF measurements 
The operating distance has been determined in an urban 

environment, with the remote control powered by the  
internal battery. The transmitters power was set to 12 dBm 
(15.85 mW). The distance between the remote control and 
the receiver connected to the model has been                
progressively increased, while operating the remote con-
trol and monitoring the LCD. The remote control worked 
correctly up to a distance of about 70m, when the radio 
connection was lost. The radio connection was resumed at 
a distance of 55 m (Fig. 8). 

 
Fig. 8. Operating distance measurement for the remote control 

 
The transmitter power, the received power at different 

distances, and the frequency spectrum measurements for 
the first radio communication channel of the remote    
control (2499-2500 MHz) were performed on Rohde & 

Schwarz CMU200 and CMW500 radio communications 
testers [9]. 

When connecting the remote control via 1.5 m RF cable 
to the CMU200 radio frequency tester used as a spectrum 
analyzer, a maximum emission power inside the 2499-
2500 MHz frequency channel of approximately 10 dBm 
was measured. This confirms the set power of 12 dBm if 
we consider the power losses on the cable and connectors. 
It can be seen from Fig. 9 that the radiated power outside 
of the 1 MHz channel is at least 20 dB lower than the 
maximum power, which means that the radiated power 
outside the allocated frequency channel is less than 1% of 
the total radiated power (Fig. 9). 

 

 
 

Fig. 9.The frequency spectrum measurement for a 1.5m cable 
connection to the test equipment 

 
 The received power at different distances was meas-

ured inside a building, with interior walls. The measured 
received power at 30 m was -80 dBm (10 pW). At this 
distance, the remote control worked properly in the    
presence of a disturbing signal from a mobile phone that 
has been placed besides the receiver antenna and connect-
ed to the Wi-Fi network. The disturbing signal had a -50 
dBm power (10 nW) at a 2 MHz higher frequency than the 
central channel frequency of the remote control (Fig. 10). 

 

  
 

Fig. 10.The emission spectrum measured at 30 m from the remote control 
in the presence of a Wi-Fi signal from a mobile phone located near the 

receiver antenna. 

V. CONCLUSION 
The remote control operating in the 2.4 GHz frequency 

band, built with Arduino family microcontrollers and NRF 
24L01 transceiver modules is a functional and inexpensive 
technical solution for operating the anti-hail rocket launch 
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pad. The testing of the remote control, both outdoors and 
with laboratory equipment, confirmed its functionality, the 
accuracy of the ramp positioning was one degree. The 
implementation of this technical solution on the real ramp 
requires minimal modifications of the equipment used, to 
adapt the voltage levels from the output of the remote   
control receiver to the voltage levels necessary for the       
intelligent drivers who control the motors of the real ramp. 
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