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 This article addresses the direct torque control associated with artificial 

intelligence for the control of the RSM970S radar of The Agency for the 

Safety of Air Navigation in Africa and Madagascar (ASECNA), Douala 

International Airport. The radar is driven by two identical induction motors 

powered by a single inverter. Direct torque control is associated with fuzzy 

logic and artificial neural networks. The test results performed in 

MATLAB/Simulink showed an improvement in the dynamic performance of 

the drive system compared to a conventional direct torque control. There is an 

overshoot in speed during the steady state of less than 0.955% of the neural 

technique over the fuzzy technique. But also, an accuracy of 99.58% of  

the two techniques proposed in this article. These results ensure good 

precision and stability of the radar in the detection of airplanes in the 

Cameroonian airspace. 
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1. INTRODUCTION 

The improvement of air navigation safety is a major problem in airports around the world in general, 

and at Douala International Airport in particular [1]-[11]. It was also the subject of an international conference 

of the International Union of Radio Telecommunications in conjunction with the International Civil Aviation 

Organization (ICAO) whose aim was to strengthen flight safety in the airspace under the control of Agency for 

the Safety of Air Navigation in Africa and Madagascar (ASECNA). In 2017, ASECNA, Cameroon acquired the 

RSM970S radar at Douala International Airport, following the Mbanga Pongo disaster of May 5, 2007, which 

killed several people. Subsequently, the application of the recommendations of ICAO led ASECNA to equip its 

radar with a speed control device for the precision of the detection of aircraft circulating in the airspace placed 

under the control of Douala International Airport [7], [8], [11]. This service replaces traditional methods, by 

control modules integrating direct torque control (DTC) [12]-[15] to achieve coordination and synchronization 

between the two induction motors that drive the rotation of the taxes of movement ensuring the rotation of the 

radar aerial RSM970S of the manufacturer Thales. The ASECNA radar system consists of a permanently 

rotating antenna installed at the end of the landing runway, a data processing system received from the antenna, 

and a display screen [16]. The rotation seed of the antenna is chosen so as to follow the trajectory of the planes 

once they enter the airspace under the control of ASECNA Douala. This rotation speed is fixed jointly between 

the Cameroon Civil Aviation Authority (CCAA) and ASECNA according to the air traffic. 

https://creativecommons.org/licenses/by-sa/4.0/
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Furthermore, the permanent rotation antenna subsystem, located in a free and open space, is subject to 

very strong winds that add a rotational influence to the antenna, thus modifying the initial set point which is 12 

revolutions in 5 minutes. To maintain this constant rotation speed, a DTC-controlled speed regulation device was 

added. The sudden change in direction and speed of the wind at Douala International Airport is a major problem 

for the rotation of the radar supposed to have a constant rotation speed, a problem for which ASECNA is 

struggling to find a definitive solution. The approaches used so far to stabilize the radar rotation have been, firstly, 

the use of a stepper motor, the disadvantage being that it has a particularly penalizing electrical power at high 

speed, due to the rapid back and forth of energy to which the power supply is subjected. Another approach was 

the use of direct current motors [17], this type of motor has the disadvantage that the wear of the brushes, the 

degradation of the surface condition of the collectors, the pollution by the coal dust are parameters that influence 

negatively on the proper functioning. These solutions have been abandoned in favor of a speed variator consisting 

of two induction motor drives whose control law is based on conventional DTC which, to date, has not produced 

the expected effect supposed to maintain a constant speed of 12 revolutions in five minutes [18], [19]. 

This study provides a solution to the problem as described. It consists of improving the dynamic 

performances of conventional DTC by using artificial intelligence techniques. The association of conventional 

DTC with artificial intelligence brings a better improvement of the torque and magnetic flux ripples, which 

guarantees a better precision to the radar keeping it constant with respect to the set point. A clear stabilization 

of the switching frequency constant is also observed, which facilitates the control of the energy concentrated 

on a given frequency range. 

 

 

2. SYSTEM DESCRIPTION AND MODELLING 

The radar drive is ensured by a mechanism composed of two identical three-phase induction motors 

each associated with a reducer as shown in Figure 1. These motors are powered via a single three-phase 

inverter. This segmentation of the transit of mechanical power allows the system to operate in degraded mode 

in case of a fault in one of the two motors, this increases the overall reliability of the system, an important 

parameter for a sensitive application such as air surveillance. 
 

2.1. Model of the three-phase asynchronous motor 

The state model of the induction machine is given by the relation, as in (1) [20]. 
 

𝑋̇ = 𝐴𝑋 + 𝐵𝑈 (1) 
 

With (2), and σ = (1 − 
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) is the Blondel coefficient. 

 

[
 
 
 
 
𝐼𝑠𝛼̇
𝐼𝑠𝛽̇
𝜑𝑠𝛼̇
𝜑𝑠𝛽̇ ]

 
 
 
 

⏟  
𝑋̇

 =  

[
 
 
 
 − (

𝑅𝑠

𝜎𝐿𝑠
+

𝑅𝑟

𝜎𝐿𝑟
)

𝜔
−𝑅𝑠
0

−𝜔

−(
𝑅𝑠

𝜎𝐿𝑠
+

𝑅𝑟

𝜎𝐿𝑟
)

0
−𝑅𝑠

𝑅𝑟

𝜎𝐿𝑠𝐿𝑟

𝜔

𝜎𝐿𝑠

−
𝜔

𝜎𝐿𝑠

𝑅𝑟

𝜎𝐿𝑠𝐿𝑟

0 0
0 0 ]

 
 
 
 

⏟                            
𝐴

[

𝐼𝑠𝛼
𝐼𝑠𝛽
𝜑𝑠𝛼
𝜑𝑠𝛽

]

⏟  
𝑋

+

[
 
 
 
 
1

𝜎𝐿𝑠
0

0
1

𝜎𝐿𝑠

0
0

0
0 ]
 
 
 
 

⏟      
𝐵

[
𝑉𝑠𝛼
𝑉𝑠𝛽
]

⏟  
𝑈

 (2) 

 

The expression of the electromagnetic torque is given by (3) [20]. 
 

Cem = 
3

2
 p (φsαIsβ − φsβIsα) (3) 

 

The mechanic equation of the machine by (4) [20]. 
 

𝐶𝑒𝑚 − 𝐶𝑟 = 𝐽
𝑑Ω(𝑡)

𝑑𝑡
+ 𝑓Ω(𝑡) (4) 

 

With 𝑅𝑠 and 𝐿𝑠; 𝑅𝑟; and 𝑀; 𝜔; 𝑝; 𝐽 and 𝑓 respectively: Static resistance and static inductance, rotatory 

inductance; mutual inductance; the rotor frequency; the number of pairs of poles of the machine; the moment 

of inertia, and the viscous friction coefficient. But also, aussi 𝑉𝑠𝛼,𝛽; 𝐼𝑠𝛼,𝛽 and 𝜑𝑠𝛼,𝛽 respectively stator voltages, 

currents, and fluxes in the complex plane (𝛼, 𝛽) and Ω(𝑡) the rotation speed of the machine. 

 

2.2. Voltage inverter model 

The power supply of the actuators is ensured through a two-level voltage inverter (3 arms/6 switches), 

whose matrix representation so give as (5) [21], [22]. 
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[

Vsa
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] =  
Vdc

3
[
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] [

Sa
Sb
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] (5) 

 

With Vdc the value of the DC bus voltage and 𝑆𝑎, 𝑆𝑏, and 𝑆𝑐 control signals of the inverter arms of the 

modulator. This matrix representation is used to derive the control vector for the machine's three phases, in 

order to satisfy its energy demand. The control system is vector-based, making it easy to implement and share 

energy across machines powered by the same inverter. 
 

 

 
 

Figure 1. Radar drive system RSM970S trainer 
 

 

3. ARTIFICIAL INTELLIGENCE BASED DTC DEVELOPMENT 

3.1. Fuzzy logic direct torque control 

The principle of direct torque fuzzy control (DTFC) is based on a fuzzy controller instead of the 

hysteresis controllers and the Takahashi table. The controller has 03 inputs: ∆𝜑𝑠, Δ𝐶𝑒𝑚, and 𝜃𝑠; and as outputs 

the control signals 𝑆𝑎, 𝑆𝑏, and 𝑆𝑐 [23], [24]. The controller used is of the Mamdani type and its design involves 

fuzzification of the variables. ∆φs is divided into two fuzzy sets (N and P); Δ𝐶𝑒𝑚 three fuzzy sets (N, Z, and 

P) and 𝜃𝑠 in six fuzzy sets such that: − 
𝜋

6
+ 𝑖

𝜋

3
 ≤  𝜃𝑖 ≤ 

𝜋

6
+ 𝑖

𝜋

3
 with 𝑖 ∈ [1; 6]. Figure 2 shows the fuzzification 

strategy of the inputs of our proposed controller. Figure 2(a) shows the flux error membership function,  

Figure 2(b) shows the torque error membership function, from which the torque control law is defined. Finally, 

Figure 2(c) shows the position of the stator flux vector. We note: N = negative; Z= zéro et P = positive. 
 
 

(a) 

 

(b) 

 

(c) 

 
 

Figure 2. The strategy of fuzzification of the entries: (a) flow error membership function, (b) torque error 

membership function, and (c) position of stator flux vector 
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The behavior of the controller is guided by a set f rules such that each rule makes a map between the 

state of entry values and exit values depending on the model: 𝑅𝑖: If 𝜀𝜑 is 𝐴𝑖 and 𝜀𝐶𝑒𝑚 is 𝐵𝑖  and 𝜃𝑠 is 𝐶𝑖 then 𝑆𝑘 

is 𝑉𝑖. With 𝐴𝑖 𝐵𝑖  and 𝐶𝑖 which represent the linguistic variables of the stator flux error, the torque error, and 

the position of the stator flux vector. 𝑉𝑖 represents the linguistic variable of the output and 𝑅𝑖 the rule number 

i (ranging from 1 to 36) [23], [25], [26]. 
 

3.2. Neural direct torque control strategy 

To achieve the direct torque neural control (DTNC), the neural controller replaces the selection table of 

the conventional DTC control and therefore has as inputs: Kcem; Kφ; and θs and as outputs: 𝑆𝑎 , 𝑆𝑏; and 𝑆𝑐. The 

training of the neural network is done by supervised learning, and the chosen learning algorithm is that of 

backpropagation of the error. During the training of the network with the data provided by the simulation of the 

conventional DTC control, when data is presented at the input of the network, the output is obtained by a calculation 

propagated from the input layer to the output layer [24]. The quadratic sum of errors is thus obtained by (6) [14]. 
 

E(k) =  
1

N
 ∑ (di(k) − yi(k))

2N
i=1  (6) 

 

With: 𝑑𝑖 The desired output; 𝑦𝑖 The calculated output; 𝑘 The number of iterations and 𝑁 The number of data 

from the training base. 

Thus, following the method of backpropagation of the error, the error is propagated from the output 

to the inputs causing a modification of the synaptic coefficients of the network, and refining the precision of 

the controller at each iteration. The neural controller in this study is a network of 3 layers structured in 3-15-3, 

whose first layer is activated by a sigmoid function (logsig), the second one activated by a sigmoid function 

(tansig), and the last one by a linear function (purelin). Figure 3 shows the structure of the controller under the 

MATLAB/Simulink environment. 

The chosen optimization method is that of Levenberg-Marquardt for its speed and convergence. The 

network training was carried out with 15,000 iterations and for an error of 103. Once the learning is completed, the 

neural controller provides outputs equal or approximate to those expected according to the value of the input data. 
 
 

 
 

Figure 3. Neuronal controller 
 

 

4. SIMULATION AND RESULT ANALYSIS 

Three controls have been tested, all three based on the principle of direct torque control: the 

conventional DTC control, the fuzzy DTC control, and the neural DTC control. A resistive torque of 10N.m 

applied throughout the simulation represents the resistance force that the wind imposes on the rotation of the 

radar antenna. In accordance with the technical document provided by ASECNA, we have chosen a 7.5 kW 

motorization among the models available from MATLAB/Simulink. The 7.5 kW motor chosen has the 

parameters described in Table 1. 
 

 

Table 1. Simulation parameters of the machine 
Parameters Values  Parameters Values 

Stator résistance 0.7384 Ω  Nominal power 7.5 kW/ 400 V; 50 Hz 

Rotor résistance 0.7402 Ω  Number of pole pairs 2 
Stator inductance 0.003045 H  Inertia moment 0.0343 kg.m2 

Rotor inductance 0.003045H  Viscous friction coefficient 0.000503 

Mutual inductance 0.1241 H  Reducer 10 
Nominal speed 1440 tr/min    

 

 

The speed set point is set so that the radar plate makes 12 revolutions in five minutes or 2.4 rpm. This 

value corresponds to a very low-speed operation of the motors (2.4 rpm × 2 × pi ×10 /60 = 2.51 rad/s), despite 

the reducer with a ratio of 10. Thus, the fastest response is obtained with the conventional DTC control as 

shown in Figure 4(a), and followed by the DTNC control as shown in Figure 4(b). The DTFC control is the 

slowest with a longer transient phase as shown in Figure 4(c). 
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(a) (b) 

 

(c) 
 

Figure 4. Rotation speed: (a) C-DTC, (b) DTNC, and (c) DTFC 
 

 

The oscillations of the electromagnetic torque have an effect on the dynamics of the rotation speeds 

of the motors and consequently on that of the radar. With the conventional DTC control, the motor speed has 

the most noise as shown in Figure 5(a), compared to the fuzzy DTC control as shown in Figure 5(b), and the 

neural DTC control whose response is the least polluted as shown in Figure 5(c). These noises or parasites 

result in significant mechanical vibrations leading to wear of the motor shaft in the long term, but above all 

this influences the precision of the radar. 
 

 

  
(a) (b) 

 
(c) 

 

Figure 5. Zoom speed of rotation: (a) C-DTC, (b) DTFC, and (c) DTNC 
 

 

The chosen hysteresis band is [-2N.m, 2N.m]. At start-up, torques reach a maximum value of 80 N.m, 

before returning to the set value of 10 N.m for all three controls. Nevertheless, the conventional DTC control 

exhibits high oscillations as shown in Figure 6(a). The DTFC and DTNC controls are the most robust, with 

oscillations perfectly maintained within the set tolerance range, as shown in Figures 6(b) and 6(c). 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Performance improvement of the RSM970S radar speed controller of ASECNA, … (Moussa Bessike Angon) 

2085 

  
(a) (b) 

 
(c) 

 

Figure 6. Electromagnetic couple: (a) C-DTC, (b) DTFC, and (c) DTNC 
 
 

This enabled us to evaluate the number of revolutions made by the radar antenna after five minutes. 

Figure 7(a) shows that the radar antenna makes just 10.2 turns in five minutes, giving an accuracy of 85%. 

Looking at Figures 7(b) and 7(c), we can see that for each of the two commands, the radar antenna completes 

11.95 revolutions in 5 minutes, giving an accuracy of 99.58 %. 
 

 

  
(a) (b) 

 
(c) 

 

Figure 7. Number of turns: (a) C-DTC, (b) DTFC, and (c) DTNC 
 

 

At start-up the amplitude of the stator currents reaches 100A, and in the steady state, they have a more 

or less sinusoidal form for the three drives used. Sinusoidal shape for the three drives used. With conventional 

DTC control, the shape of the stator of the stator currents is more distorted as shown in Figure 8(a), unlike the 

less polluted DTNC control as shown in Figure 8(b). The DTFC control has the best waveform with a longer 

transient phase as shown in Figure 8(c). 
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(a) (b) 

 
(c) 

 

Figure 8. Stator currents: (a) C-DTC, (b) DTNC, and (c) DTFC 
 
 

The stator flux modulus setpoint is fixed at 0.6Wb, with a tolerance range of [-0.01 Wb; 0.01Wb]. 

Stator flux oscillations are very high with conventional DTC control Figure 9(a). With DTNC and DTFC 

control, the oscillations are perfectly maintained within the band as shown in Figures 9(b) and 9(c). Table 2 

gives the quantifiable values for each proposed control method. From this table it can be seen that the 

techniques based on approaches with artificial intelligence provide greater stability and accuracy for the radar. 

This guarantees good detection of aircraft in the airspace. 
 

 

  
(a) (b) 

 
(c) 

 

Figure 9. Stator flux modulus: (a) C-DTC, (b) DTFC, and (c) DTNC 
 

 

Table 2. Comparative table of the different methods proposed 
Commands DTC convention DTFC DTNC Commands DTC convention DTFC DTNC 

Response time 5% (s) 0.575 0.7525 0.688 Torque overrun (%) 68 00 00 

Speed overun (%) 3.54 1.33 0.375 Flux oscillations (Wb) 0.0309 0.0145 0.02 

Torque oscillations (N.m) 6.72 4.00 4.00 Flux overrun (%) 104.5 00 00 
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5. CONCLUSION 

Here, the use of artificial neural networks and fuzzy logic is employed to improve the drive system of 

ASECNA's RSM 970S airport radar in Douala, which comprises two identical induction motors driven by a 

conventional DTC. The results show an improvement in radar accuracy and stability, a reduction in the 

amplitudes of torque ripples and motor flux, and a consequent reduction in jerks (sudden shocks). The results 

obtained in this article show that torque and flux overshoots are zero for the DTFC and DTNC control 

strategies. The simulations carried out for an operating time of 5 minutes, correspond to the set point of the 

radar plate. The prospects for improvement in this work lie in the field of merging control techniques, such as 

the combination of neuro-flow (with or without compensation), and genetic algorithms. 
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