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Abstract. This paper presents the overview and working procedure of dSPACE1103 

controller and its applications for power electronics converters. The configuration and 

control desk parameter settings have been discussed in detail. The pulse width modula-

tion (PWM) for duty cycle control of DC-DC converter and sinusoidal pulse width 

modulation (SPWM) for voltage and frequency control of DC-AC converter  using real 

time interface (RTI) library blocks in dSPACE and MATLAB simulink blocks in 

MATLAB simulink environment are presented. The simple blocksets in simulink and 

RTI library are used to obtain the control signals in order to turn on and turn off the 

power semiconductor switches in converters. The programming skills and knowledge 

are not required to generate the control signals. The real time prototype implementation 

of DC-DC converter and DC-AC converter in MATLAB with dSPACE controller is 

presented. Experimental results are provided to enhance the performance of dSPACE 

controller. 

Keywords: dSPACE1103 controller, DC-DC converter, DC-AC converter, Pulse 

Width Modulation (PWM), Sinusoidal Pulse width Modulation (SPWM). 

1 Introduction 

In the present scenario, the applications of DC-DC converter are increased in medical 

equipment [1], dc distribution [2]-[4] and standalone renewable energy systems [5]. 

Similarly DC-AC converter usage along with DC-DC converter is increased in hybrid 

electric vehicle [6]-[8], smart grid [9]-[11], solid state transformers [12]-[13] and in-

verter-based distributed generation system [14]-[16]. As photovoltaics, batteries and 

other renewable/alternative power sources continue their rapid growth, many in-

verter/converter topologies have been introduced in literatures [17]. The presence of 
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more number of semiconductor switches reduces the efficiency and reliability of 

power electronic converter/inverter [18]. A unified PWM concept was introduced in 

SPWM, space vector PWM (SVPWM) [19], discontinuous space vector PWM 

(DSVPWM) and applied to a 3-phase dual-buck inverter to reduce the computational 

burden when implemented by a digital signal processor (DSP) [20]. A new simple and 

easy to use low cost, flexible, high accuracy digital photovoltaic array simulator with 

buck converter was designed [21]. The non-linearity of I–V curve causes a higher 

order polynomial equation that increases the computational time, size of memory and 

cost of the DSP. A buck-boost DC-DC converter with PV emulator using multiple 

simple I-V polynomial equations was implemented in low cost 8-bit microcontroller 

to overcome computational difficulties [22].  

To implement P, PI, PID and optimization techniques, control boards including field 

programmable gate array (FPGA), microcontroller and LabVIEW controller have 

been used. But these controllers could not be interfaced with MATLAB simulink dur-

ing implementation. The regenerative braking and friction brake controller were inte-

grated into the advanced vehicle simulator (ADVISOR) of electric vehicle (EV) and 

its performance was validated in real-time by LabVIEW real-time controller and hard-

ware in the loop (HIL) test bench [23]. For efficiency improvement, these models can 

be implemented in dSPACE controller. DSPACE is widely used for planning, design-

ing, execution of hardware and software and to improvise the accuracy of the output. 

DSPACE is preferred mainly in mechatronic systems such as converter, inverter, mul-

tilevel inverter, and voltage and frequency (VFD) control for drive systems. This helps 

for development and testing activities in real time. The dSPACE controller is broadly 

applied in industries for controlling electric powered automobile and power electron-

ics converters [24]. It is highly useful for engineers as it gives high accuracy while 

working with real time controllers, low power use, brief development period, and 

user-friendliness. The fuel cell (FC) model was implemented in MATLAB simulink 

and converted into a C program which was programmed into a dSPACE or eZdsp 

R2818 DSP controller [25]. The dSPACE controller was used for prototype design & 

testing and DSP controller was used for field testing. A new lightning search algorithm 

was loaded in dSPACE DS1104 controller board for low power applications [26].  A 

solar emulator with better dynamics was built for different irradiations using DS1104 

controller [27]. The robustness of the controller was demonstrated with 20% load dis-

turbance and 10% input disturbance in a solid state transformer using dSPACE 1104 

controller and Opal-RT simulator [28]. The dSPACE1104 controller is a lowest ver-

sion and researchers are using the higher version of dSPACE1103 controller. The HIL 

setup was projected to test the adaptive headlight concept using dSPACE1103 in xPC 

target box platform [29]. The vehicle state information was sent by digital to analog 

channels of DS1103 and received by analog to digital channels of xPC target box. The 

dSPACE1103 controller was used for DC motor speed control applications [30]. 

In above literatures [24]-[30], dSPACE was used to generate PWM/SPWM in power 

electronics converters. The configuration parameter settings and design procedure are 

required for better understanding. In this paper, a different approach to generate con-

trol signals for power electronic converters in MATLAB simulink with dSPACE1103 

controller is presented with configuration settings of MATLAB and control desk. The 
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simulink block output is interfaced with real time DC-DC converter and three phase 

inverter using dSPACE1103 controller. The experimental setup and results of the con-

verters are presented 

2 Methodology 

MATLAB and control desk have basic set of guidelines and few preliminary proce-

dures. The major RTI library tools such as MASTER PCC and SLAVE DSP F240 are 

used to generate the control signal and interface the feedback signals. The RTI 

blocksets are used for pulse generation for DC-DC converter and DC-AC converter 

with simple simulink blocks. The model is built to obtain the control signal through 

dSPACE1103 controller output pins without delay in real time. 

 

 
Fig 1. Block diagram 

 

The simple block diagram of interfacing dSPACE controller with sensors and con-

verters is shown in Fig. 1. The control desk is a software tool which is interfaced with 

MATLAB and RTI library. The RTI library is a software tool which is added to 

MATLAB library in order to generate control signal and to build MATLAB simulink 

model to get the simulation results through dSPACE1103 controller. Similarly, the 

signals from the sensors are feedback through dSPACE1103 to the MATLAB sim-

ulink blocks. Both control signal and feedback signal can be controlled and monitored 

in control desk. The dSPACE controller is used to transfer & interface control signal 

and feedback signal to both hardware and software. The dSPACE controller is con-

nected with desktop and experimental setup which is controlled through control desk 

/ MATLAB Simulink.  The accessories of dSPACE1103 as shown in Fig. 2 consist of 

a connector and LED panels, controller board and license key. The connector and 

LED panels have easy access to I/O signals, ADC inputs, DAC outputs, Digital I/O, 

Slave DSP I/O, incremental encoder interfaces and serial interfaces. The RTI library 

in Fig. 3 has master PPC and slave DSP. The slave DSP simulink in-built blocks are 

used to generate pulses. The slave DSP, master PPC and MATLAB library simulink 

in-built blocks are used to develop a model for single phase pulse generation, three 

phase pulse generation and SPWM. The blocksets which are available in SLAVE DSP 

F240 and the corresponding output pin connection details are shown in Fig 4. The 



4 

master PPC simulink in-built blocks which are used to sense feedback signals and the 

corresponding output pin details in the digital I/O connector are indicated in Fig. 5. 

 
 

Fig 2. DSPACE1103 accessories Fig 3. Real time interface (RTI) library 

  
Fig 4. Slave DSP F240 and pin details of slave I/O connector 

  
Fig 5. Master PPC and pin details of digital I/O connector 

3 Design Steps In Matlab And Control Desk 

In MATLAB simulink model, the following steps to be followed for configuring pa-

rameters and interfacing the control desk: 

 

3.1 MATLAB 

1. Launch MATLAB version   2015a  

2. Create a new simulink model 

3. Design and save the model 

4. Set the stop time(inf) 

5. Open and edit the configuration parameters 
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6. Set the solver  parameters  

            a. Solver_ ode1(euler) 

            b. Fixed step size multiples of sample time 

            c. Uncheck optimization 

       7.        Set the hardware configuration to be. 

            a. Device vendor (Generic) 

            b. Device type(Custom)  

            c. integer (int) 

            d. floating point (float) 

            e. Byte ordering (BigEndien) 

            f.               Signed integer division rounds to (zero) 

       8.       Click apply & ok. 

       9.       Build the model and verify the steps in diagnostics viewer. The build 

process should be 100% successful. 

      10.       An .sdf file will be generated upon the completion of build process. 

On successful generation of .sdf file, the results will be validated in dSPACE 

ctrl_desk. 

 

3.2 dSPACE Control desk 

       1.          Check the pulse results in the slave I/O connector 

       2.            MATLAB simulation block can be found  in “all variable descriptions” 

       3.       Select .sdf file  and choose model  root 

       4.           Drag and drop  MATLAB blocks to dSPACE home screen  

       5.           Choose appropriate measurement indicators. 

  6.        Launch  control desk on desktop 

  7.           Create a  new project and experiment  

  8.       Choose names for project, root directory and experiment. 

  9.       Add platform device DS1103 from the list 

10.           Import .sdf file (it  will be  available in MATLAB file save location) 

11.       After completion of above steps go online 

4 PWM Generation  

  The PWM signal for DC-DC converter is generated using simple simulink blocks 

of RTI library. Fig. 6 indicates the single phase PWM generation using 

DS1103SL_DSP_PWM block in RTI library. DS1103SL_DSP_PWM, 

DS1103SL_DSP_PWM1, DS1103SL_DSP_PWM2 and DS1103SL_DSP_PWM3 

blocks are used to generate constant duty cycle pulses for semiconductor switches 1 

and 2 . In DS1103SL_DSP_PWM and DS1103SL_DSP_PWM1 blocks, dead band 

period is not possible. In DS1103SL_DSP_PWM2 and DS1103SL_DSP_PWM3 

blocks, user can set dead band limit up to 0-100µs.  

The following steps are followed for PWM pulse generation:  

Step 1 : go to new simulink model  

Step 2 : go to RTI library  
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Step 3 : select the user requirment PWM simulink blocks 

Step 4 : set the initialization limits  

 

Fig 6. PWM generation for DC-DC Converter 

The PWM block (DS1103SL_DSP_PWM and DS1103SL_DSP_PWM1) has four 

PWM channels and the output is obtained from slave I/O connecter pins. A constant 

block is connected to the input signal which is used to generate constant duty cycle 

pulses. The reference signal is defined by the user. The user can set the switching 

frequency and can develop PWM simulink model. The magnitude of the carrier signal 

and reference signal limit is 0 to 1. The user can set the switching frequency from 1.25 

Hz to 5 MHz, and set the duty cycle limit between 0 and 1. In Fig. 6, 0.5 in constant 

block indicates 50% duty cycle. Pulse output is obtained at slave I/O connector pins 

5, 10, 29 and 11. The same procedure is followed for other PWM block 

(DS1103SL_DSP_PWM3 and DS1103SL_DSP_PWM2). It has three duty cycle 

connection ports with an additional feature for user to set dead band values for 

controlling the pulse signals. These PWM pulses are available in slave I/O pins 7 to 9 

and inverted pulses are available in I/O pins 26 to 28. The pulse output voltage range 

is  4 V to 5 V. 

5 Experimental Setup of DC-DC Converter  

The buck converter is a step down DC-DC converter which is used for stepping 

down the input voltage in industry applications. Fig. 7 shows the experimental setup 

of a buck converter and real-time interfacing with dSPACE1103 controller. The buck 

converter operation depends on the switch position and inductor current. The 

dSPACE1103 controller is used to generate the switching pulses with a frequency of 

20 kHz. Its input DC voltage is 20 V and a resistance of 25 Ω is connected across the 

load terminals.  The specifications of the converter are given in Table 1. 

Fig. 8 shows the switching frequency signal of buck converter and is observed in 

MDO_3143 [Mixed Digital Oscilloscope]. The switching pulse waveform is taken for 

a duty cycle of 50% using DS1103SL_DSP_PWM3 block with a switching frequency 
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of 20 kHz. The amplitude of the pulse signal is increased to14.8 V by a TLP 250 driver 

circuit.  

Fig. 9 shows the closed loop simulation of a buck converter in MATLAB/simulink 

with PI controller. The simulink file is modified with real time interface RTI library 

of dSPACE1103 controller. The buck converter output voltage and duty cycles are 

measured. In dSPACE, the feedback voltage signal must be with in ±10V. The output 

voltage is detected by using a potential divider and it is feedback through 

dSPACE1103 chip, via analog to digital converter [S1103MUX_ADC_CON1].  For 

the input voltage ±10V, the output value of ADC is ±1V; MUX ADC is used to feed 

four different analog values. The output analog voltage of buck converter is converted 

into digital signal, which is verified in control desk. The digital pulse signal is con-

nected via DAC. For the input range of ±1V, the output value of the DAC is ±10V. 

Fig. 10 indicates the experimental results of buck converter viewed in 

dSPACE_1103 control desk and the results captured in Tektronix MDO3024 for the 

output voltage of 8 V. During the run time, set voltage is varied and different output 

average voltages (actual Voltage) are captured in control desk.The results captured in 

Tektronix MDO3024 are shown in Fig. 11. a and Fig. 11. b. The reference voltage is 

set in the control desk directly. The set voltage and acutal voltage calculations are 

verified in Fig. 10. b. and       Fig. 11. b. using the well known formula  𝑉𝑜 =  𝛼 ∗
𝑉𝑑𝑐, where ‘α’ is the duty cycle. 

Table 1 List of components 

Name of the Component  Specifications 

IGBT 

[FGA25N120ANTD] 

25A, 1200V 

Diode [MUR 860] 8A, 600V 

Inductor  184 µH, 10A 

Capacitor  220 µF, 250V 

Resistive load 25 Ω 

 

 

Fig. 7. Experimental setup for DC-DC converter 
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Fig 8. PWM waveform  for α = 0.5 at 20 kHz switching frequency 

 

Fig 9. Closed loop simulation of DC-DC converter 

 

  

Fig 10. a. Set voltage and actual 

voltage in control desk 

Fig 10. b. Duty cycle and output 

average voltage 

Fig. 10 Experimental results for Vo =8 V 
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Fig 11. a. Set voltage and actual 

voltage in control desk 

Fig. 11. b. Duty cycle and output 

average voltage 

Fig. 11 Experimental results for Vo = 12 V 

6 SPWM Generation 

The SPWM pulses for power electronic DC-AC converter are generated using simple 

simulink blocks in RTI library as shown in Fig 12. For SPWM generation, sinusoidal 

sgnal is used as a reference signal and remaining procedures remain same. Fig. 13 shows 

the SPWM pulse generation for DC-AC converter using MATLAB simulink blocks. 

The sinusoidal reference signal amplitude is 0.8 with a frequency of 50 Hz and phase 

delay is 0. Sine wave 1 and sine wave 2 are phase shifted by 1200. The repeating se-

quence is used to generate carrier switching frequency at 5 kHz. The output is directly 

connected with DAC which is available in master PCC in RTI library. The MATLAB 

pulse output is available from the corresponding output pins in DAC. A delay block is 

used to generate a dead time in simulink for three phase pulse generation. The switching 

frequency is 5 kHz and the dead time is 10µs for the switches in the same leg which is 

shown in Fig. 14. The three phase input sine signal and SPWM pulses are measured by 

MDO_3143. 

 

Fig 12. SPWM generation DC to AC converter 
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Fig 13. 3-phase SPWM generation using MATLAB Simulink 

 

Fig 14. 3-phase SPWM waveforms with dead time 

7 Experimental Setup for DC-AC Converter 

Fig. 15 shows the overall experimental set up of a 3-phase inverter fed induction motor 

with brake drum arrangements controlled by dSPACE 1103 controller. NI9225 voltage 

sensor and NI9227 current sensor are used to measure 300 V rms and 5 A rms respec-

tively. An uncontrolled 3-phase rectifier 50A, 1200V is used to supply AC-DC input to 

the 3-phase inverter. The dc link capacitor of 450 V, 220 µF is used to minimise the dc 

ripples.  The 3-phase SPWM signal generated from the dSPACE1103 chip is connected 

to the 3-phase inverter (IGBT) via DAC pins. Fig. 16 shows the 3-phase rectifier input 

current waveform, output load current and voltage waveform of a 3-phase induction 

motor load. The waveforms are observed using NI DAC LabVIEW software program 
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in front panel. The speed is sensed by proximity sensor and the simulink blocks neces-

sary to measure the speed are provided in Fig. 17. The observed proximity sensor output 

and the corresponding speed waveform are measured in control desk as shown in Fig. 

18. 

 
Fig 15. Experimental setup for inverter fed induction motor drive 

 

   
Fig 16. a. Input current Fig 16. b. Output current Fig 16. c. Output voltage 

 

 
Fig 17. RPM measurement in simulation 
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Fig 18. Proximity sensor output  and speed waveform in control desk 

8 Conclusion  

The overview, working procedure, configuration and control desk parameter settings 

of dSPACE1103 controller are presented in simple steps for PWM generation using 

RTI library. It will be much helpful for young researchers and engineers to learn the 

working procedure in dSPACE easily. The PWM for duty cycle control of DC-DC 

converter is presented with experimental results. The closed loop control of DC-DC 

converter was demonstrated without additional hardware components for PI controller 

and other control circuits. The SPWM for voltage and frequency control of DC-AC 

converter is demonstrated with induction motor drive using RTI library blocks in 

dSPACE and MATLAB simulink blocks. The preference of different PWM blocks in 

RTI library depends upon the user requirement. The dSPACE1103 controller can be 

used to generate the switching pulses at high frequency (above 100 kHz). 
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