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ABSTRACT 

 
This Paper presents the review of theoretical concepts used in simulation and hardware implementation of 
Indirect Field oriented (IFO) Control for CSI fed Induction Motor (IM) drives. IFOC is the most common 
Induction Motor drive because of its use of moderate amounts of parameter information to give a 
commendable performance. This is achieved in the absence of high level sophistication and by successfully 
operating at very low speed (including zero speed startup). In this paper, the IM model for current fed 
Rotor Field Oriented (RFO) control method is presented. Indirect Field oriented (IFO) controller and rotor 
flux estimator are designed. The Simulink implementation of IFOC to CSI fed IM drive is presented. 
Transient response analysis tables and other simulation results are presented and discussed. The most 
important contributions in this paper are Simulation structure of IM model in rotor flux frame, rotor flux 
estimator using current and speed are developed and implemented in MATLAB-Simulink, Simulation 
structure and implementation of IFOC to CSI fed IM drive is presented, Dynamic performance of the 
controller is investigated; Tabular form of the simulation results is also presented. Brief experimental 
results are presented for IFOC method for speed control using TMS320F2812 DSP based hardware setup. 

Keywords: Induction Motor, IFOC, RFO, VSI, CSI, MATLAB/Simulink. 

 

1. INTRODUCTION  

 
As in the case of DC drives, independent control 

of the flux and torque is possible in AC drives. The 
stator current phasor resolves into two components.  
One of them, the component along the rotor flux 
linkage is field producing current which requires 
the position of the rotor flux linkages at every 
instant. This is dynamic in state unlike in the DC 
motor. If this is available, then the control of AC 
motor is very similar to that of separately excited 
DC motor [1]. The control is achieved in field 
coordinates; hence, the name of this control strategy 
is Field Oriented Control (FOC). As it relates to the 
phasor control of the rotor flux linkages, it is also 
known as vector control.  

FOC schemes are classified according to mode in 
which the field angle is obtained [10]. If the field 
angle is calculated by using terminal voltages and 
currents or hall sensors or flux sensing winding, it is 
known as direct FOC or DFOC. The field angle can 
also be obtained by using rotor position 

measurement and partial estimation of machine 
parameters known as IFOC. The direct method of 
FOC is difficult to operate successfully at very low 
frequency (including zero speed) as voltage signals 
are very low. In industrial applications, vector 
drives are often required to operate from zero speed 
(including zero speed start-up). On the other hand, 
IFOC removes the dependence of the controller 
accuracy on temperature. This type of controller is 
therefore considerably more robust than the 
previous one. The motor torque can be accurately 
controlled even down to zero speed operation. 
Moreover, the controller is completely independent 
of rotor time constant variations. So, IFOC is very 
popular in industrial applications. 

The Principle of field-orientation as applied to 
the closed-loop control system methods are 
reviewed in [1] for different control methods of AC 
drives and compared different flux oriented control 
methods. In this paper, a high performance current 
fed indirect RFO control method is described for 
IMs. The IM modeled in the rotor flux reference 
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frame is presented. The rotor flux orientation is also 
obtained. In the low speed region, the rotor flux 
components can be synthesized more easily with 
the help of speed and current signals. Design of 
indirect vector controller and rotor flux estimator is 
discussed. Implementation of IFOC to CSI fed IM 
drive and transient response analysis of other 
simulation results are also discussed. 

2. MODELING OF IM FOR CURRENT FED 

RFO CONTROL  

This section describes the modeling of Current 

source Inverter fed 3phase Induction motor drive 

with Rotor Flux Oriented controller. The rotor 

equations in Synchronous Reference frame ��� of 

the IM containing flux linkages as variables are 

given by [3] as follows,  ������ � ����� 	 �
� 	 
��	���� � 0 ������ � ����� � �
� 	 
��	���� � 0 
(1) 

where 


�� � 
� 	 
� 

then the Equation (1) becomes ������ � ����� 	 
��	���� � 0 ������ � ����� � 
��	���� � 0 
(2) 

The resultant rotor flux linkage, �� also known as 

the rotor flux linkages phasor, is assumed to be on 

the direct axis to reduce the number of variables in 

the equations by one. Moreover, it relates to reality 

that rotor flux linkages are a single variable. Hence, 

aligning d axis with rotor flux phasor yields �� � 	���� (3) 	���� � 0 (4) 	����� � 0 (5) 

Substituting Equations (3) to (5) in (2) results in the 

new rotor equations  

 ������ � ��� � 0 ������ � 
���� � 0 
(6) 

The rotor currents in terms of the stator currents 

are derived from Equation (6) as  

���� � 	���� ���� 

���� � ���� 	 ���� ���� 

(7) 

���� � �� � �1 � ���� �� ���� 

���� � �� � �1 � ���� ����  

(8) 


�� � ������ ������  


�� � ������ �	�� 


�� � ���� �	�� 

(9) 

Where  �� is the Magnetizing Inductance and �� is 

the Rotor Leakage Inductance, also the q and d axes 

currents are relabeled as torque (�	) and flux 

producing (��) components of the stator-current 

phasor, respectively. ��	denotes rotor time constant. 

Equation (8) resembles the field equation in a 

separately-excited DC motor, whose time constant 

is usually dominant and slow. This is applicable to 

IM rotor time constant too. 

Similarly, by the same substitution of the rotor 

currents from (7) into torque expression, the 

electromagnetic torque is derived as 

�� � 32�2 ���� ��������� 	 ��������� 
�� � 32�2 ���� ���������� �� � �
������� � �
����	 

(10) 

Where the torque constant �
� is defined as 

�
� � 32�2 ����  (11) 

Note that the torque is proportional to the product 

of rotor flux linkage and the stator q axis current. 

This resembles the air gap torque expression of the 

DC motor which is proportional to the product of 

the field flux linkages and the armature current. If 

the rotor flux linkage is maintained as constant, the 

torque is proportional to the torque producing 

component of the stator current. This is in relation 

to the separately excited DC motor with armature 

current control, where the torque is proportional to 

the armature current when the field current is 

constant. Further, here too, the time constant is fast 

and not dominant. The rotor flux linkages and air 

gap torque given in Equations (9) and (10) 

respectively complete the transformation of the IM 

into an equivalent separately-excited dc motor from 

a control point of view. 
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3. DESIGN OF IFO CONTROLLER 

 

The IFO controller was designed using the 

concepts of [4], [5] and [8]. From that the stator-

current phasor is the phasor sum of the d and q axis 

stator currents in Synchronous Reference frame and 

it is given as 

�� � �������� � ������� (12) 

and the dq axes (2�) to (3�) abc phase current 

relationship is obtained from 

���
�

���� �
23
��
��
�cos �� cos��� � 2�3 � cos��� � 4�3 �
sin �� sin  �� � 2�3 ! sin  �� � 4�3 !"#

##
$

��
��
���
��
��"#

##
$
 (13) 

Can be written as 

��� � �����%&'� (14) 

Where  

 ��� � ����� �����
 (15) 

�%&' � ��%� �&� �'��
 (16) 

()* � 23
��
��
�cos �� cos��� � 2�3 � cos��� + 2�3 �
sin �� sin��� � 2�3 � sin��� + 2�3 �"#

##
$
 (17) 

Where �%�, �&� and �'� are the three phase stator 

currents. Note that the elements in the T matrix are 

cosinusoidal functions of electrical angle, ��. The 

electrical field angle in this case is that of the rotor 

flux-linkages phasor and is obtained as the sum of 

the rotor and slip angles: �� � �� � ��� (18) 

and the slip angle is obtained by integrating the slip 

speed and is given as 

��� � �
��	 �� (19) 

IFO controller, developed from these derivations, 

accepts the torque and flux requests and generates 

the torque and flux producing components of the 

stator-current phasor and the slip-angle commands 

[11]. The command values are denoted with 

asterisks throughout this paper. From Equations (8), 

(9) and (11) the command values of �	, �� and 
�� 
are obtained as follows 

�	∗ � ��∗�
���∗ � �23 �2� ��
∗

��∗ ����  (20) 

��∗ � �1 � � ���� ��
∗

��  (21) 


��∗ � ������ �	∗��∗ (22) 

The command slip angle, ���∗ is generated by 

integrating 
��∗. The torque angle command is 

obtained as the arctangent of �	∗and ��∗. The field 

angle is obtained by summing the command slip 

angle and rotor angle. With the torque and flux 

producing components of the stator current 

commands and rotor field angle, the qd axes current 

commands (abc phase current commands) are 

obtained as follows. The relevant steps involved in 

the realization of the IFO controller are as follows: 

!���∗���∗" � # cos �� sin��	 sin �� cos ��) *
�	∗
��∗+ (23) 

 

and 

,-
--
.�%�∗�&�∗
�'�∗/0

00
1 � ��./�

,-
--
.���∗���∗
0 /0

00
1
 (24) 

 

Where 

�./ �
,-
--
-. 1 0 1
	 12 	√32 1
	 12 √32 1/0

00
01
 (25) 

 

By using Equations (23) to (25), the stator q and 

d axes and abc current commands are derived as ���∗ � |��∗| sin ��∗ 

(26) 

���∗ � |��∗| cos ��∗ 
�%�∗ � |��∗| sin ��∗ 

�&�∗ � |��∗| sin ���∗ 	 243   

�'�∗ � |��∗| sin ���∗ � 243   

Where ��∗ � �� � �	∗ � �� � ���∗ � �	∗ (27) 
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The implementation of IFOC on a CSI fed IM is 

shown in Figures 1 and 2. The torque command i0∗is generated as a function of the speed error 

signal generally processed through a PI controller. 

The flux command i1∗can be given directly or as a 

function of speed. The rotor position θ2 can be 

measured with an encoder and converted into 

necessary digital information for feedback [12].  

There has been a substantial amount of research 

in the development of rotor flux observers for field 

orientation that are compensated for variations in 

parameters by their feedback corrections. Digital 

implementation of integrators for the estimation of 

rotor flux of an IM from the stator voltages and 

stator currents poses problems associated with the 

offset in the sensor amplifiers [9]. Traditional low-

pass filters can replace the integrator.  

So, in this paper, rotor flux estimated using low 

pass filter is described. The instantaneous flux 

linkage can be computed using the measured d axis 

stator current using Equation (28), which is referred 

to as the current model. 
 

λ� �
L�i��

1 � τ�		
 (28) 

 
4. SIMULATION IMPLEMENTATION OF IFOC 

The block diagram of the simulation model for the IFOC strategy is shown in Figure 3. 
 

 

 
Fig.3. Simulink Implementation of IFOC method 
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Fig.2.Stator current generator. 
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Fig.1. Simplified diagram for IFOC method. 
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The mechanical speed of the rotor is compared to 

its command value and the speed error is fed into a 

PI controller which produces the command torque 

value. The command values for torque, rotor flux 

and rotor position are used to determine	i0∗, i1∗, and 

slip speed ω34∗ using Equations (20), (21) and (22). 

By satisfying these equations, the rotor flux is held 

constant and is properly oriented with the 

synchronously rotating reference frame while the q-

axis component of the stator current is adjusted to 

match the load torque requirements. The slip speed 

is integrated and then added to the angular position 

of the rotor to obtain field orientation. The i0∗, i1∗ 
and Theta∗ calculator blocks which performed the 

calculations discussed above, are shown in Figure 3 

 
The command values for the qd-axis components 

of the stator current are in the synchronously 
rotating reference frame and the corresponding field 
orientations are fed into the qd to abc (2 Phase to 3 
Phase) conversion block where the stator currents 
are transformed from the synchronously rotating 
qd0 reference frame to the abc reference frame in 
two transformations. The first transformation 
converts the qd-axis component stator currents 
from the synchronously rotating qd0 reference 
frame to the stationary qd0 reference frame, 
whereas, in the second transformation the stator 
currents are transformed from the stationary qd0 
reference frame to abc reference frame. The 2 
Phase to 3 Phase conversion block which performs 
the conversion discussed above is shown in Figure 
3. The transformation Equation (13) used in the 
simulation block is derived from [3]. The 
theoretical concepts of IFOC method for CSI fed 
IM drive discussed through simulation using the 
Simulink toolbox of MATLAB. The detailed 
simulations results are presented in the next section. 
 

5. RESULTS DISCUSSIONS 

 

5.1. Simulation Results 

 

The response of the drive when step changes in 
speed command is shown in Figures 4, 5, and 6 and 
the response of the drive when step changes in 
torque command is shown in Figure 7. From the 
figures, it can be seen that the torque response of 
the motor is rapid and precise. In fact, IFOC makes 
IM respond to a change in load torque in less than 
0.25 seconds. 

 

 
 

 
 

 
 

 
Fig. 6 Speed, torque and current response of IFOC drive 

when change in speed command at Full load 
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Fig.5. Speed, torque and current response of IFOC drive 

when change in speed command at constant load 
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Fig.4. Speed, torque and current response of IFOC drive 

when change in speed command at no load 
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The IFOC simulation used in ode45 (Dormand-
Prince) integration method is run for 5 seconds of 
simulation time during which the speed command 
is varied from 0 to its rated speed. The load torque 
applied to the motor is also varied between no load 
and full load. The speed, torque and current are 
plotted against time for different loading 
conditions. Tables 1 and 2 depict the tabular form 
of simulation results for easy analysis. 
 

Table 1: Dynamic performance of IFOC drive: Step 

change in motor speed 

Motor 

parameters 

Step change in speed command from 

Zero to rated speed 

No load Constant load Full load 

t� 
(ms) 

t� 
(ms) 

M� 

(%) 

t� 
(ms) 

t� 
(ms) 

M� 

(%) 

t� 
(ms) 

t� 
(ms) 

M� 

(%) 

Motor 

current 
76 903 225 84 1299 273 62 1390 164 

Motor 

speed 
467 976 136 421 1124 136 401 1385 105 

Motor 

torque 
79 957 293 87 1298 240 99 1444 185 

 
Table 2: Dynamic performance of IFOC drive: Step 

change in motor torque 

Motor  

parameters 

Step change in torque command from 

No load to full Load 

t�	(ms) t�	(ms) M�	(%) 

Motor  

current 
52 208 238 

Motor  

speed 
118 262 3 

Motor  

torque 
58 209 140 

 

5.2. Experimental Result 

Brief experimental results are presented for 

IFOC method (speed control) using TMS320F2812 

DSP based hardware setup. Figures 11 and 12 show 

the laboratory prototype hardware setup. Prototype 

IM ratings are given in Table 3. TMS320F2812 

 
Fig.10. Speed, torque and current response of IFOC drive 

when change in speed from 0 to double the rated speed 
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Fig.9. Dynamic performance of the IFOC drive when step 

increase in +ve torque command 

.4

.5

S
p
ee

d
 i

n
 P

U

 

 

-4

-2

0

2

T
o
rq

u
e 

in
 P

U

 

 

1.9 1.95 2 2.05 2.1 2.15 2.2 2.25 2.3
-2

-1

0

1

2

Time in Seconds

C
u
rr

en
t 

in
 P

U

Reference Speed
Motor Speed

a phase Stator current

Motor Torque

Reference Torque

Step increase in torque command

 
Fig.8. Dynamic performance of the IFOC drive when change 

in speed command 
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Fig.7. Speed, torque and current response of IFOC drive 

when change in torque command at full load 
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processor contains the program that is downloaded 

to it form the computer. The clock speed of the 

DSP is 150 MHz, and it is capable of 32-bit 

operations. The onboard available flash memory is 

2.048 Mb. It was created specifically for motor 

control operation, and therefore Park’s and Clark’s 

transformations are conveniently built in. Another 

convenient feature is that it has sixteen 12-bit ADC 

pins that allow for a high degree of precision while 

taking many possible measurements. 

 
 

Table 3: Prototype Motor parameters 

1 Hp, 3Phase, Star Connected, 4 Pole, 415 V, 1.8 A, 50 Hz 

Stator 

resistance 
= 0.087 Ω 

Stator & Rotor 

Leakage Reactance 
= 0.8e-3 H 

Rotor 

resistance 
= 0.228 Ω 

Magnetizing 

Reactance 
= 34.7e-3 H 

    

 
Figure 13 and 15 shows simulated speed response of 

laboratory prototype IM, under different loading conditions. 

Figure 14 and 16 shows experimental speed response, which 

is taken from the hardware setup. It is clear from Figures 13 

to 16 that experimental and simulation results are similar. 

Due to highly expensive cost of sensors it is difficult to take 

other hardware results and parameters related to the 

simulated waveforms. 

 

 

 

 

 
Fig.16. Computer plotted Experimental speed response of 

prototype IM under constant load 

Fig.15. Simulated speed response of prototype IM under 

constant load 
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Fig.14. Experimental speed response of prototype IM under 

no load 

 
Fig. 13. Simulated speed response of prototype IM under no 

load 
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Fig.12. TMS320F2812 DSP board 

 
Fig.11. Experimental Setup using TMS320F2812 Processor 
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6. CONCLUSION 

 

This paper contains a review of theoretical 

concepts used in simulation and implementation of 

IFOC for CSI fed IM drives, in which stator current 

follows the stator current references closely as in 

[1] has discussed a rotor flux based reference frame 

control method for PWM CSI fed IM [13], [14]. In 

this work, a rotor flux based reference frame 

control method for PWM CSI fed IM with 

simplified simulation circuits have been developed 

in which the motor speed and torque follow the 

references closely. Figure 7 shows the dynamic 

response of speed, torque and currents of IFOC 

drive when there is a change in speed - torque 

command at full load. From the waveforms, it is 

evident that the motor speed and torque follow their 

reference values closely. Figure 10 shows the 

dynamic response of the drive for the above rated 

speed applications.  

With this type of control method, wide range of 

speed control is possible for different loading 

conditions. From the simulation results, refer Table 

1 and 2, it is evident that during step change in 

speed command, the transient response in current, 

speed and torque in terms of rise and settling time 

are high compared to the transient response during 

the step change in torque command. In contrast, 

there is a decrease in the overshoot of current for 

full load case. It is clear from Figures 13 to 16 that 

experimental and simulation results are similar 

however, since the instantaneous motor inductance 

values are not predictable during running condition 

the experimental speed curve is not that much 

linear as compared to the simulated speed response.  
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