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Abstract - A rotor field quasi-oriented control algorithm for 

drive systems equipped with a low cost DSP system has been 

implemented and experimentally validated in this paper. 

The system is designed for induction motor traction systems. 

The control algorithm implementation was done for a 

dSPACE DS1103 prototyping board in the Matlab Simulink 

environment. The control algorithm principle is based on 

the assumption that the current system is oriented by the 

rotor flux and the real flux follows the imposed value. 

Therefore, the rotor flux estimation is no longer necessary 

as well as the flux control loop. This makes the control algo-

rithm suitable for low cost industrial DSP applications. The 

drawback is given by the fact that the current projections on 

the dq axes cannot be regulated, the current control being 

done by means of the current phasor magnitude. The con-

trol system implementation was validated with  good results, 

in terms of current and speed regulation especially at varia-

ble mechanical load (such as track joints or switches), mak-

ing this method suitable not only for low cost traction sys-

tems, but especially for railway vehicles. 

Cuvinte cheie: control cu orientare după câmp, motor de 

inducție, sistem de tracțiune. 

Keywords: field oriented control, induction motor, traction 

system. 

I. INTRODUCTION 

The induction motor is the standard motor used in gen-
eral modern electric drive systems [1]. The same is valid 
for electric traction systems used in modern electric vehi-
cles and especially in high power railway systems [2]. As 
catenary fed vehicles are not power limited by the battery, 
the traction system power can be very large. For these 
traction systems the field oriented control is an advanta-
geous choice as it offers high torque at low speed and high 
dynamic performance [3]. A particularity of traction sys-
tems is the use of the traction motor above the rated speed. 
In this regime, the field oriented control gives good per-
formance, given the fact that it implies higher frequency 
of the motor currents [1]. This is important because high 
power drive systems imply relatively low switching fre-
quency (which affects the performance of the control sys-
tem). At the same time, the motor current relatively high 
frequency needs a fast and high computing power DSP to 
execute the control algorithm in real time. Because the 
rotor field oriented control requires high computation 
power, unavailable for standard industrial DSPs, the aim 

of this paper is the implementation of a simplified, quasi-
oriented rotor field control algorithm on a dSPACE 
DS1103 prototyping board. The experimental validation 
of the implemented control algorithm was done on an ex-
perimental railway traction stand. 

II. ROTOR FIELD QUASI-ORIENTED CONTROL ALGORITHM 

For the rotor field oriented control the motor currents 
are expressed in the dq referential which rotates with the 
rotor flux [1-8]. To avoid the estimation of the flux, as-
suming that the current phasor is oriented and the real 
rotor flux correctly follows the imposed flux, the real time 
determination of the flux phasor can be avoided. There-
fore, the flux control loop, which gives the magnetizing 
current on the d axis of the referential, can be also avoid-
ed. This can lead to an important simplification of the con-
trol algorithm, effective for drive systems that use less 
powerful DSPs [9]. 

The control algorithm for traction systems with simpli-
fied rotor field orientation (quasi-orientation) is synthe-
tized in [9], where [8]: 

- R - speed controller; 

- Im - current magnitude computation block; 

- Ri - current controller; 

- VSI - voltage source inverter; 

-  - three phase sinusoidal control signal 

generator; 
- f2

* - slip frequency computation block. 

 The algorithm inputs are the imposed rotor flux and the 
imposed speed. For the given flux value, assuming as stat-
ed that the system is oriented, the value of the imposed 
magnetizing current is obtained [8][9]: 
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where [8]: 

- Tr - rotor circuit time constant: 
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- Lm - magnetizing inductance; 

- Lr - rotor leakage inductance; 
- Rr - rotor resistance. 
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Fig.  1.  Rotor field quasi-oriented control algorithm. 

The imposed active current is obtained at the output of 
a proportional integrative speed controller [9]. 

The two currents are further used to compute the im-
posed motor current phasor magnitude (Fig.  1) used for 
the current control loop (which also uses a proportional 
integrative controller) [9]: 

 
22
sqsd

*
m iiI   (3) 

The feedback information is the real motor current 
phasor magnitude, computed from the measured three-
phase currents [9]: 

 
22
 ssm iiI   (4) 

where, i and is, are the stator current phasor projections 
on the stationary reference frame [1], [6]. 

The output of the current magnitude controller is the 
amplitude modulation index (“ami” in Fig.  1) of the three 
phase sinusoidal control signals generated and applied to 
the PWM modulator. The frequency of these signals is 
obtained by summing to the motor shaft frequency, the 
imposed slip frequency [8]: 
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III. DS1103 IMPLEMENTATION OF ROTOR FIELD QUASI-

ORIENTED CONTROL ALGORITHM 

The rotor field quasi oriented control algorithm was 
implemented for the experimental traction system in the 
Matlab Simulink environment. This was possible because 
the control subsystem of the traction system is made en-
tirely by the dSpace DS1103 prototyping board, which can 
be programmed using this graphical programming envi-
ronment. Of course, the experimental stand includes addi-
tional electronic circuits, but used only for auxiliary pur-
poses (such as initialization, overcurrent/overvoltage pro-
tection, gate drivers, etc.), the control algorithm being 
completely implemented by the prototyping board. 

Because the experimental stand is used to test a com-
plete traction system it also includes the single phase recti-
fied which feeds the traction inverter. It must be men-
tioned that the rectifier (which is a PWM boost rectifier) is 
not controlled by the prototyping board, but by a dedicat-
ed DSP (as it does not make the object of this study). 

As illustrated in the prototyping board control model 
(Fig.  2), the control algorithm (Fig.  3) is grouped into a 
subsystem, for better clarity. 

The link between the power system and the control al-
gorithm (model) is done by the power section transducers 
(voltage, current and speed) and the DS1103 acquisition 
system. Each analog to digital converter (connected to a 
transducer) have a corresponding Simulink block (from 
the Real Time Interface library) which outputs a Simulink 
signal, further de-normalized (with the appropriate Gain 
blocks). Some of the converted signals are not needed for 
the control algorithm, but only for system monitoring pur-
poses. 

The speed transducer which was used is an incremental 
encoder therefore it was connected to the DS1103 incre-
mental encoder specialized input. This gives at the output 
port of DS1103ENC_POS_C1 the number of increments 
further used to obtain the speed. Because of the relatively 
low number of pulses, the sliding window averaging tech-
nique was used to smooth the speed. 

The output of the control algorithm (the IGBT gating 
signals) are obtained by applying the three phase generat-
ed control signals to the DS1103 hardware PWM modula-
tor (by means of the DS1103SL_DSP_PWM3 block). 

The actual control algorithm is illustrated in Fig.  3. It is 
also grouped in several subsystems for better understand-
ing of the model, given the algorithm typical sections: 

- The motor current magnitude – computed from 
the acquired three phase motor currents (in the  
referential); 

- The d axis (magnetizing) current obtained as a 
function of the imposed motor flux (for the as-
sumption that the system is oriented); 
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Fig.  2.  The DS1103 Simulink control model. 

- the slipping frequency, from the motor speed and 
motor equations; 

- The imposed active stator current in the dq refer-
ential (isq). 

The active current, isq, is imposed in two manners: 

- Manual mode - the motor torque is directly im-
posed, from which the active current is computed. 

- Automated mode – the active current is imposed 
at the output of the speed controller. 

 

Fig.  3.  The rotor field quasi-oriented control algorithm. 
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The q axis (active) current is obtained as a function of 
the imposed torque in the manual operating mode, and as 
the output of the speed controller, in the automated mode. 
For the latter, we still have the imposed torque, which in 
this case gives a corresponding current value which is 
further used to limit the speed controller output. 

The two imposed currents are used to obtain the im-
posed current magnitude applied to the motor current 
magnitude controller. Its output is further applied as an 
amplitude modulation factor to the block which generates 
the three phase control signals. The frequency of the gen-
erated signals is obtained from the motor measured fre-
quency by adding the slipping frequency. 

Because the DS1103SL_DSP_PWM3 block (PWM 
modulator) accepts the duty factors for each inverter col-
umn, the three phase sinusoidal control signals are previ-
ously transformed to duty factors. 

The real time control of the experimental traction sys-
tem is done by means of a virtual control panel built in 
ControlDesk NG (which is the dSPACE specific control 
software) - Fig.  4 [11][12][13]Error! Reference source 
not found.. The control model blocks are linked to the 
virtual instruments of the control panel by means of block 
parameters or output signals [16][17]. The real time con-
trol is obtained by modifying block parameters (by the 
virtual instrument) and the output signals are used to mon-
itor the system status and qualitative analysis of the sys-
tem performance (by means of the virtual oscilloscopes). 
An important fact related to the virtual oscilloscopes (time 
plotters) for the analyzed case (Fig.  4) is that because of 
the extensive acquisition time length (25 s) the acquisition 
samples had to be decimated, therefore only part of the 
samples had been recorded (for the 100 s sample time). 

This can lead to aliasing, for the periodic signals which is 
the case of the three phase control signals which seems to 
have low frequency at very high speed - Fig.  4. The same 
data illustrated on the time plotters of the control panel 
was also recorded, for offline analysis in Matlab 
[15][16][17]. 

IV. EXPERIMENTAL SETUP 

The DS1103 control system was embedded in a scale 
experimental traction system for railway vehicles com-
posed of: 

 Single phase PWM boost rectifier (controlled by 
local DSP); 

 Three-phase inverter (controlled by DS1103); 

 Three phase induction motor. 

The rated parameters of the traction motor are: 

- UN = 380 V, IN = 88 A, PN = 50 kW; 

- fN  = 65 Hz; nN = 1917 rpm. 

The mechanical load of the traction motor is a DC ma-
chine used as generator feeding a passive constant resis-
tive load. Consequently, the traction motor mechanical 
load was controlled by means of the DC machine field 
current. 

V. EXPERIMENTAL RESULTS 

The traction system performance was analyzed by ac-
celerating the motor to twice the rated speed, simulating 
the railway joints. 

 

Fig.  4.  The experimental system ControlDesk real time control panel. 
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The railway joints are the devices that connect two ad-
jacent rails of the railway track. The passing of the wheel 
over the joint lead to high current transients due to the fact 
that the adjacent rails are not continuous but have an inter-
stice necessary to allow their expansion. This means that 
the next rail the wheel is passing to can be slightly above 
or below the previous rail (with or without a gap). De-
pending on the position of the next rail (compared to the 
previous one) the torque at the traction motor shaft could 
have a steep increase or decrease leading to steep increase 
of the motor current or motor speed. 

 Not to exceed the DC machine rated power, the field 
current was set at 2 A (bellow the rated speed the field 
current can be increased up to 5A), but in order to simu-
late the railway joints, sudden, significant, positive or 
negative variations were imposed on it. 

The evolution of the motor speed during the experiment 
is illustrated in Fig. 5. The traction motor was accelerated 
after the motor was magnetized. For this, the q axis com-
ponent of the imposed motor phasor current magnitude 
was applied after the motor flux reached steady state oper-
ation (Fig.  6). 

It can be seen that the speed is well regulated, with an 
overshoot of about 99 rpm (3.3% of the imposed speed). It 
must be taken into consideration that the motor accelerates 
under significantly variable load. Moreover, during the 
acceleration, a variation of the speed around the pre-
scribed value can be observed, according to whether the 
static torque was positive or negative 

Also, during magnetization, although the imposed 
speed is null (as well as the q axis imposed current) the 
real motor speed is not null (but about 68 rpm). This is 
because, in order to have sinusoidal magnetizing current at 
motor standstill, a minimum frequency of about 1.6 Hz 
was used. This gives a slow rotation of the motor shaft if 
the motor is idle. It must also be mentioned that during the 
magnetization the speed controller is inhibited, therefore 
the active current is null. Also, because the mechanical 
load is a DC generator, the motor is idle at standstill and 
no mechanical brake was applied. 

The motor imposed flux is illustrated in Fig.  6. It can 
be seen that during magnetization, the flux increases line-
arly to its rated value and remains constant until the motor 
rated speed is reached. Above the rated speed the motor 
flux is weakened to avoid magnetic saturation. Because 
the flux weakening is done as a function of the real speed, 
the speed overshoot is “visible” on the imposed flux. This 
flux gives the imposed d axis current in Fig.  7. 
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Fig.  5. The traction motor speed. 
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Fig.  6. The motor imposed flux. 

Given the flux derivative in the magnetizing current ex-
pression, and as the flux depends on the actual speed 
(when weaken, above the motor rated speed), the speed 
variations are transmitted to the magnetizing current as 
seen in Fig.  7. 

The active current is illustrated in Fig.  8. It can be seen 
that when the speed controller is activated, about 2.2 s 
after the motor magnetization had begun; the active cur-
rent is initially negative, because of the motor slow rota-
tion when magnetized. Subsequently it becomes positive 
as the imposed speed exceeds the real speed and the motor 
accelerates. 

The imposed and real current are illustrated in Fig.  9. 
The torque variation (created by varying the DC machine 
field current) can be seen in the q axis imposed current 
shape, as the speed controller reacts to the steep variations 
of the mechanical load. 
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Fig.  7. The d axis imposed current. 
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Fig.  8. The imposed q axis current. 
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Fig.  9.  The imposed and obtained motor current magnitude. 

A small ripple can also be observed on the active cur-
rent, but unlike the magnetizing current whose ripple ap-
pears only above the rated speed, the active current have 
ripple all the time (the speed controller is active). This is 
because the speed measured by the incremental encoder is 
not smooth (as the speed measured by a tachometer), but it 
has significant ripple, given by the limited number of 
pulses per revolution. Although it was greatly reduced by 
the two sliding window filters, the remaining ripple (am-
plified by the speed controller amplification (given by the 
proportionality constant) appears in the controller output, 
and consequently in the active current. 

CONCLUSIONS 

The rotor field quasi-oriented control algorithm for trac-
tion induction motors was experimentally implemented 
and validated in this paper. The obtained results proved 
the correct implementation of the control algorithm as 
well as the validity of the proposed system. Although the 
orientation of the system is only assumed and not really 
controlled, it gave good results both in static and dynamic 
regimes (in terms of current and speed regulation especial-
ly at variable mechanical load typical for railway vehicles 
such as track joints or switches). Driving the motor above 
the rated speed at weaken flux is also obtained with good 
results. The advantage of this control algorithm is given 
by the low computing resources required making it feasi-
ble for implementation on low cost control systems - the 
described experiments had been conducted with a time 
sample of 100 s. The disadvantages of the proposed al-
gorithm are given by the motor being unable to standstill 
when only magnetized (even with the speed controller 
inhibited, therefore, null active current). The motor speed 
is obtained by the slip frequency, but is null for null q axis 
current. In this situation it tends to rotate at low speed (if 
idle). This is because the motor magnetization is done 
with sinusoidal current, with a minimum frequency of 1.6 
Hz, and the d axis current and q axis current cannot be 
controlled separately, but by means of the current magni-
tude. Although, this inconvenience appears only when the 
motor is idle, which is rarely met in practice as the railway 
vehicle is a considerable load itself. Moreover, it can be 
simply overcome by mechanically breaking the vehicle. 
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