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Abstract: Amongst many control techniques developed 
and used for induction motor drives, Flux or Field 
oriented control is probably the most popular control 
method used for high-performance induction motor 
applications. The field oriented control algorithm 
involves heavy mathematical computations and therefore 
its implementation requires a high execution speed 
processor/controller to meet all practical system 
demands. However, the inherent computational power of 
the Digital Signal Processors (DSP) permits very fast 
computations. It provides user an easy way to implement 
various control techniques of induction motor drives for 
real time simulink model.  
In this paper, a simulation model of a current controlled, 
voltage source inverter fed, rotor flux based indirect field 
oriented drive system for an induction motor is developed 
in MATLAB environment with simulink  and its 
performance is tested  by implementing it on a tailor 
made experimental setup of 1 HP induction motor and 
DSP controller board-DS1202. The test results of the 
induction motor drive are studied for various operating 
conditions. 
 
Key words: Digital Signal Processor, dPACE DS 1202, 
Field Oriented Control, Induction Motor Drive, 
Matlab/Simulink. 
 
1. Introduction 

High performance control of a.c. induction 

motors depends on the principle of Flux Oriented 

Control (FOC). In flux oriented control, a rotating 

reference frame has to be aligned either to the stator, 

air gap or rotor flux vector. When the control is 

performed in a reference frame aligned to the rotor 

flux space vector, it is called as Rotor flux 

orientation control [1-3]. Field oriented controllers 

mainly aim to maintain the flux producing, i.e. the 

direct component of the stator current space vector 

in phase with the rotor flux space vector under all 

operating conditions. The quadrature axis current 

component, which then lies in quadrature with the 

rotor flux vector, directly controls the torque 

developed by the machine. When correctly 

implemented, field oriented control permits the 

independent control of the torque and flux of the a.c. 

machines, in a manner identical to that of the 

separately excited d.c. motor. Most often there is no 

direct measurement of either the produced torque or 

flux, so the control is implemented by a closed loop 

current control structure known as the Indirect Rotor 

Field Oriented Control. [4-5].  

A significant amount of work has been done on 

simulation of induction motor drive using digital 

signal processor dSPACE DS1103, dSPACE 

DS1104 and dSPACE 1105 controller boards. 

However, the detailed design and development 

methodology of real time implementation for control 

of induction motor drive using dSPACE DS 1202 is 

not available to the author’s knowledge in the 

existing literatures as the real challenge of hardware 

implementation lies in selecting appropriate 

hardware equipment and perfect configuration of the 

equipment with controller board.  

Hence the objective of this paper is neither to 

review the field oriented control technique nor to 

make any improvements in it.  

But the aim of the research presented in this paper 

is to help graduates, post graduates and budding 

researchers in understanding the real time 

implementation of induction motor drive control 

using  dSPACE’s MicroLab Box DS1202 controller 

board. DS1202 base board can compute models up 

to 6 times faster than the DS1103 or DS1105, 

making it fastest processor yet [6]. It uses the latest 

FPGA technology to provide fast and efficient 

testing. 

The main contribution of this paper is the 

realization of a non real-time indirect rotor flux 

oriented induction motor model in Matlab/Simulink 

and investigation of its validity for real-time 

applications using dSPACE DS1202 controller 

board. 
  
2. Proposed Control Technique 
 Field oriented control works on the principle of 

decoupling the stator current components used for 

producing the flux and torque. Fig. 1 shows the 
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phasor diagram that explains the FOC scheme. The 

field oriented control suggests transforming the 

coordinates from the fixed reference stator frame to 

the rotating synchronous frame. This transformation 

makes possible the decoupling of the stator current 

into two components, which are responsible for the 

flux and the torque generation. Thus the decoupling 

allows the induction motor to be controlled as a 

separately excited DC motor. Figure 1 shows the 

phasor diagram that explains the FOC scheme. 

 
 

Fig. 1. Phasor diagram of FOC scheme 

 The basic procedure to implement a Field control 

algorithm is that the measured three-phase currents 

are converted into a complex space vector by Clarke 

Transformation. This conversion provides the 

variables iα and iβ from the measured ia, ib and ic 

values. The rotor flux is then calculated by 

estimation. The controller generates the slip speed 

ωsl signal that is added with electrical speed to give 

synchronous speed ωs. It is then integrated that 

yields the rotor flux orientation, θe. The space vector 

is then transformed from the αβ-system to the dq-

system by a Park Transformation. A reference flux is 

used to compute the ids*. A PI controller is used to 

generate the reference torque, Te*. iqs* is generated 

using the reference torque value and the estimated 

flux reference torque value and the estimated flux 

reference torque value and the estimated flux value. 

Ids* and Iqs* are converted back to a set of three 

phase currents to produce ia*, ib* and ic* using 

inverse Park and Clarke transformation. These 

currents are then compared with ia, ib and ic using 

hysteresis comparator that generate inverter gate 

signals. 
From the Fig. 1, following relationships can be 
established [7]-[8] 
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Where τr = Lr/Rr, is a rotor time constant. 

Torque can be expressed as- 
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By substituting from equation (1) and (2), equation 

(4) reduces to-             
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This can also be expressed as- 

qsT iKTe                   (6) 

This shows that the torque can be controlled only by 

q-axis component of the stator current. The 

quadrature-axis reference current (iqs*) can be 

computed from reference torque Te* using the 

following equation- 
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Rotor flux angle, θe, necessary for coordinate 

transformation, is obtained from the calculation of 

the speed of rotation of the rotor speed ωm and slip 

ωsl, as follows- 

dtslme )(                  (8)
 

The slip frequency is obtained as – 
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Figure.2 shows the block diagram of the indirect 

rotor flux oriented control algorithm. 

 
Fig. 2. Block diagram of Indirect Rotor Field Oriented 

Control Algorithm. 

 
3. Realization of Proposed Control Technique 

Based on equations in section 2 and using various 

tool boxes available in the SIMULINK library, 

indirect rotor field oriented control algorithm is 

realized in Matlab/Simulink [9]-[12] as shown in 

Fig. 3. 
 
4. System Description 

The proposed control algorithm for the control of 
IM drive is digitally implemented using dSPACE 
DS-1202 through both hardware and software [13]-
18]. 
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Fig.3. Realization of Indirect Rotor Field Oriented Control algorithm using Matlab/Simulink 

The hardware configuration for this work is 

depicted in Figure 4. It consists of hardware 

components as an induction motor, a bridge rectifier, 

a three phase inverter, a speed sensor, current sensor, 

DC Voltage sensor, FPGA Board, DSP DS1202 

controller board, a load arrangement and DC 

regulated power supplies for isolation circuit, driver 

circuit etc. while the software components are 

MATLAB, Real Time Interface (RTI) and Control 

Desk software. 

The inverter used is made up of 6 IGBT’s having 

ratings of 15 A, 1200V. Each IGBT in the upper and 

lower arm has a driver IC’s as TLP-250. A gate 

driver circuit provides a gate voltage and current to 

IGBTs by amplifying these signals to required level 

for switching the IGBTs. A DC voltage applied to 

this 3-phase bridge Inverter is achieved through a 

standard 1-phase uncontrolled bridge rectifier having 

a rating of 1000V, 15A and two capacitors with a 

rating of 2200μf, 250V each are used in series as a 

filter to eliminate voltage ripples in DC link. 

 
Fig.4. Hardware Configuration 

The aim of the isolation circuit is to provide 

isolation between the Inverter and the FPGA board. 

The isolation is realized by using opto-coupler 

ICs.viz 4N35. The isolation circuit also provides 

isolation between the output signals from the FPGA 

board and the inputs to the driver circuit. 

The isolation circuit receives 6 signals from the 

FPGA board and generates 6 output signals as H1, 

H2, H3, L1, L2 and L3. These signals are given to 

the driver circuit. The FPGA development board 

provides a dead time delay between the upper and 

lower IGBTs of the inverter. It also indicates the 

fault messages, which are generated by the inverter 

circuit using LEDs on the board. The output signals 

of the DSP board are entered to the FPGA board. 

These output signals of the DSP board are first 

inverted and delayed to trigger the lower and upper 

IGBTs of the inverter. These output signals are used 

to obtain H1, H2, H3, L1, L2, L3 signals which are 

isolated from the inverter by the isolation circuit. 

The DC supply required for driver circuit, 

isolation circuit and speed sensor is derived from 

regulated voltage power supply. For this, voltage 

regulated IC’s LM7805/7812 are used. 
Table 1 
Name Plate Data of Induction Motor 

Quantity Symbol Rating 

Nominal Power Pn 750 Watts 

Nominal Voltage Vn 415 Volts 

Nominal Frequency fn 50 Hertz 

Moment of Inertia J 0.005Kg/m2 

Frictional Coefficient B 0.003N-m-s 

Pole Pairs p 2 

The motor used in the application is a 0.75 kW, 

three phase, squirrel cage type, star connected  
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induction motor. The nameplate data of the 

induction motor is as shown in Table 1. 

The parameters of the induction motor have been 

found by performing no-load and blocked rotor test 

and the obtained parameters of the induction motor 

are as listed in Table 2. 
Table 2 
Parameters of Induction Motor 

Parameter Symbol Value 

Stator Resistance  Rs 9.395 Ω 

Rotor Resistance  Rr 10.444 Ω 

Stator Leakage 

Inductance 

Lls 0.0350 H 

Rotor Leakage 

Inductance 

Llr 0.0525 H 

Mutual Inductance Lm 0.5492 H 

The input currents of the induction motor are 

measured using CT’s of 10:01A with well designed 

low pass RC filter having good frequency response 

to eliminate DC offset. The outputs from current 

sensors i.e. Phase A and Phase B are connected to 

any two ADC channels of DS-1202 with proper 

scaling.  

Incremental type Rotary Encoder having 1000 

PPR is used to measure the speed of the Induction 

motor. 

In order to measure DC voltage VDC, voltage to 

voltage sensor having input voltage of 0- 600V DC 

and output voltage of 0-10V DC is connected  to any 

one of the ADC channels of DS-1202 with proper 

scaling. 

12V &5V DC power supplies required for driver 

circuit, Isolation circuit and for encoder are obtained 

using Voltage regulators IC’s viz. LM7812/ 

LM7805.  

FPGA board provides a dead time delay between 

the upper and lower IGBTs of the inverter. It also 

indicates the fault messages, which are generated by 

the inverter circuit using LEDs on the board. The 

output signals of the DSP board are entered to the 

FPGA board. These output signals of the DSP board 

are first inverted and delayed to trigger the lower 

and upper IGBTs of the inverter. These output 

signals are used to obtain H1, H2, H3, L1, L2, L3 

signals which are isolated from the inverter by the 

isolation circuit. 

dSPACE is a software/hardware platform for 

interfacing between Simulink models and hardware 

devices in real-time.  

The DS-1202 controller board is a platform to run 

a real-time simulation, just as Matlab is also a 

platform to run non-real-time simulations. 

Simulink is an interactive environment integrated 

in MATLAB which is used for the purposes of 

modelling, analysing and simulating the whole 

systems. This is usually the first step in designing 

systems where the user can test the model off line by 

analyzing the theoretical version of the model. It 

provides designers a graphical user interface for 

constructing block diagrams. 

Real Time Interface (RTI) is the link between 

dSPACE’s real-time systems and the development 

software, MATLAB /Simulink. 

Control Desk is dSPACE’s well-established 

experiment software which allows the designer to 

control and monitor the operation of the overall 

systems. It allows the designers to look at the 

variables, display their behavior and modify the 

simulation parameters by interacting directly with 

the dSPACE board. By controlling the variables 

through control desk, there is no need to waste time 

in recompiling the whole model. As the variables are 

changed along, the designer can observe these 

changes straight away on control desk. If these 

modifications were to be done in Simulink, 

repetitive compilation will be required to execute the 

changes that have been made to the algorithm. It is 

similar to a digital oscilloscope where the user can 

observe any changes that occur, thus, helping in 

designing better systems. It is used to communicate 

with the controller and the DSP. Thus Control Desk 

is a user-interface used to interface both the 

simulation platforms. 

 
5. Digital Implementation 

For digital implementation of the proposed 

control algorithm, the induction motor block in 

MATLAB Simulink is replaced with real motor and 

the rectifier-inverter block with actual power 

converter-inverter. Here the supply voltage to the 

inverter is 360 V DC, so the maximum peak line to 

line voltage to the motor is 360 V and the maximum 

peak phase voltage is nearly 210 V. The switching 

frequency of the inverter for this experiment is 10 

KHz. The control algorithm implemented in 

MATLAB/Simulink is downloaded in the dSpace 

DS-1202 control board. The rotor flux reference, 

Phi_r, required for this experiment, is set to 0.51 

Wb. A .m file in Matlab is created containing all the 

data related to the Induction motor. Before starting 

the simulation, a .m file prepared earlier is executed 

at the Matlab prompt so that all the values of the 

variables in the Simulink model will be assigned to 

them. Through Control desk, motor is controlled and 

the data is recorded. Fig. 5 shows the photograph of 

the actual experimental set up of the proposed 

BUPT



 

control algorithm for its digital implementation. 

 
6. Results and Discussions 

Some tests such as constant speed and torque 

are performed to evaluate the performance of the 

proposed control algorithm. 

The speed-control loop of the drive is designed 

and experimentally implemented with the PI 

controller. Its gains are tuned on line at rated 

conditions. The responses of all the parameters are 

observed under different operating conditions. Some 

sample results are presented in the following 

sections- 
 

 
 
     Fig.5. Experimental Set up 

6.1 Experiment No.1 

In this experiment the motor is run from standstill at 

different reference speeds with no load applied. The 

reference speeds considered are, 30, 50, 60 and 80, 

100 and 120 rad/sec. The reference speed is given 

from the Control Desk. The flux reference is set to 

0.51 Wb. 

Fig. 6 to Fig. 9 shows the experimental responses 

for set speed of 50 rad/sec and its associate stator 

currents Iabc, stator reference currents Iabc*, the 

reference flux and torque stator current components 

Ids* and Iqs*, the estimated flux, electromagnetic 

torque Te*. 

From the Fig. 6, it can be seen that a good 

tracking performance is achieved, the rotor speed 

track the commanded speed with small overshoot. 

The motor torque is maximum (1.5 x Rated torque) 

at initial and decreases when steady state is reached. 

At the start the motor draws high current because 

a high torque is required to increase the speed. 

In this experiment the flux reference is set to 0.51 

Wb. From Fig. 7, it can be seen that the estimated 

flux increases from zero and follows the reference 

flux. 

 
       Fig.6.  Speed and Torque vs Time 

. 

 
Fig. 7.   Reference and Estimated Flux vs Time 

This results in a step in the d-current reference 

according to ids*=Lm/λr*. From this it can be said 

that the d-current. should remain constant during the 

experiment, since the flux reference and Lm are 

constant From Fig. 8, it can be noticed that the 

estimated d-axis current follows reference d-axis 

current. 

 
Fig. 8.   Reference and Estimated dq-axis currents vs 

Time 

From the three phase stator current waveform 

shown in Fig.9, it is found that the shapes of the 

waveforms are sinusoidal with a 120 degree phase 

shift apart. 
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The expanded view of these currents is shown in 

Fig. 10 from which it can be noticed that there are 

some disturbances in the current measurement, 

which are due to noise which originates from the 

switching of the IGBTs in the inverter. 

 
6.2 Experiment No.2 

This experiment is to observe the performance of 

the drive when a load torque of 4.75 N-m is applied 

from standstill to the motor for set speed of 50 

rad/sec.  

 

 

 
          Fig. 9.   Iabc and Iabc* vs Time 

 

 
Fig. 10.  Expanded view of Iabc and Iabc* vs Time 

The stator phase ‘a’ current reference is 

significantly increased as the load applied is 

increased and the q-axis stator current has high value 

at initial when load is applied which can be observed 

in Fig. 11 and Fig. 12. 

From the Fig. 13, it can be seen that a good 

tracking performance is achieved, the rotor speed 

track the commanded speed with small overshoot. 

The motor torque is maximum (1.5 x Rated torque) 

at initial and decreases when steady state is reached. 

In this experiment the flux reference is set to 0.51 

Wb. From Fig. 14, it can be seen that the estimated 

 
 

 
     Fig. 11.   Iabc and Iabc* vs Time 

 

 
 
       Fig. 12.   Reference and Estimated dq-axis current                            

vs Time 

 
Fig. 13.   Reference and Estimated Speed, Torque vs 

                   Time 
flux increases from zero and follows the reference 

flux This results in a step in the d-current reference 

according to ids*=Lm/λr*. From this it can be said 

that the d-current should remain constant during the 

experiment, since the flux reference and Lm are 

constant. 
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Fig. 14.   Reference and Estimated Flux vs Time 

6.3 Experiment No.3 

The last experiment is to test reversal of rotation 

of the motor. As the reference speed is set to -20 

rad/sec, the phase sequence gets reversed to rotate 

the motor in reverse direction. 

The response when load of 4.75N-m was applied 

from standstill for very low speed of -20 rad/sec is 

shown in Fig. 15 and Fig. 16. 

Reference and the estimated flux and d-axis 

stator current, responses are same as in earlier 

experiment.

 
  Fig.15.   Reference and Estimated Flux vs Time 

 However, the reference torque, speed and q-axis 

stator current reverses due to reversal of rotation of 

motor.  

 The set speed is very low and hence significant 

disturbances in the speed and reference torque 

response were clearly observed. 

 

 
7. Conclusion 
This paper explains the theoretical and practical 

aspects used in the implementation of indirect rotor 

field oriented control for current controlled voltage 

source inverter fed induction motor drive 

incorporating conventional PI controller. The 

proposed control strategy is successfully  

 
Fig. 16.   Reference and Estimated Speed, Torque vs 

                    Time 

 

implemented using a digital signal processor board 

DS 1202 on 0.75 KW induction motor. The 

experimental results presented in this paper shows 

that the motor speed, torque, stator currents and flux 

follows the references closely. 
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