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Abstract

This article described the implementation of the PID controller in FPGA devices
using the Matlab Simulink environment using System Generator for DSP and setting
timing parameters.

1 Introduction to System Generator toolbox

System Generator for DSP™ s the industry’s leadiigh-level tool for designing high-
performance DSP systems using FPGAs. Highly parmsjietems with the industry’s most advanced
FPGAs are being used. It is possible to providéesysnodeling and automatic code generation from
Simulink® and MATLAB®. It integrates RTL, embeddd#, MATLAB and hardware components
of a DSP system. System Generator for DSP is bt the DSP and System Editions of ISE®
Design Suite. With System Generator for DSP, deet® with little FPGA design experience can
quickly create production quality FPGA implemerdas of DSP algorithms in a fraction of traditional
RTL development times.
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Figurel: PID controller built from System Generattocks

Figure 1 shows PID controller built in System Gexter toolbox. The yellow blockBN and
OUT creating interconnection between the blocks ofuliimk and System Generator blocks. The blue
blocks represent the PID controller, which is aedadccording to the equation:
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Figure 2 shows a overall system model in MatlabuBimk. The yellow block is representing
the PID controller, which is created in System Gatwe from figure 1. Block System Generator is
important for setting blocks of System Generator.
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Figure 2: Overall system model in Matlab Simulimk/eonment



Transfer function of system (equation 2) was caliad for the circuit shown in figure 3, from
which were subsequently calculated parameterseotdimtroller. Those were after directly used, with
a small modification, in the simulation.
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Figure 3: Controlled circuit

2 Understanding of the time constants

There are several types of timing parameters. Thibae refer to absolute units such as
megahertz or nanoseconds are denoted by uppeletéses. All other parameters are denoted by
lowercase letters. Furthermore, the timing measwas be divided into control and analysis
parameters. All these parameters are summariZ€ahle 1.

Table 1: Timing parameters for System generatagdes

Name Symboal Unit Effect
Simulation time unit Tsim s, ms, ns| Simulation only

Ie) FPGA clock period Teoik ns HW only
5
O Simulink system perio¢ psys |[Tcx/Tsiv] | Simulation and HW

Sample period Psam [Tsiml Simulation and HW
-ﬁ Sample time e [Tewl] None
g
< Sample frequency Fsam MHz None

The first of the control parameters is the simolatime unitTs;,, It represents our assumption
on the fundamental unit of time in Simulink simidat It affects simulation only.Ts;,, can be any
time unit that suits your needs.

The next parameter is the FPGA clock periaglcT in the System Generator in units of
nanoseconds. It represents the period of the nyaters clock input to the FPGA from which all other
clock and clock enables are derived. Hence, itsngeaffects only hardware implementation. For
instance, for our Spartan®-3A DSP 1800 from Xilimtte FPGA clock period would be 8 ns (125
MHz).

The Simulink system periodsg represents the global link between Simulink satioh and
hardware implementation. We must set this parametéhe System Generator. During simulation,
this value determines how often the System Genefatcks of your model are called, but not
necessarily updated, relative to the simulatioretimit. For hardware implementation, it specifigs t
amount of overclocking with respect to the sampte of the controller. Unlike the System Generator



documentation, we define the Simulink system pedsd unit less quantity—that is, the ratio of the
FPGA clock period and the assumed simulation tinie u

T
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This way you can assume any simulation time, agioreed above. The sample peripg in
the proposal in SYSGEN, set either explicitly (forample GATEWAY IN-block) or is derived from
changes in the speed of the block as raising oefing the sample. When it is set explicitly, we
should enter it as a numeric value in units ofdkpected time simulation. This setting have affects
the SIMULINK simulation of both the hardware implentation. During the simulation, this value
determines how many times the call will block. Tdesust arrive before the block changes state.
Therefore, all clock signals in the draft SYSGEMN derived from the FPGA clock input, each period
must be an integer multiple of FPGA hour periodwdaer, sometimes FPGA clocks are much
smaller than the basic time urlig,. Computation time of simulation can be excrucwlinlong,
given the large number of unnecessary simulatiariesy In that situation you can use different
settings fomsysin a simulation without losing your identity mod&his is possible because the value
psysaffects only part of the SYSGEN in your modeli@ly speaking, you can sptys= psav during
simulation of your control system. This ensures tha SYSGEN blocks are called only when needed,
and when it actually blocks can change state. Bejou generate the FPGA implementation, just set
the initial valuepsys

In the second category of timing parameters, calted analysis parameters, the first is the
sampling timesaw It serves only for the analysis of the SIMULINKodels.Tsaw is value determines
the hour period in units of FPGAs. The second patanms sampling frequency FSAM. Each block in
SYSGEN displayeérsayin MHz. FSAM is derived from the other time paraers:

F CLKenb — pSAMTSIM CLK — SAMTCLK (4)
SAM SYS

1 :T — _pSAMT =t

whereTc kenniS the period of the associated clock enable piementation.

From the second equation is obvious that each sagnpériodpsam must be an integer multiple
of psys because only these clock enable can be derivead the FPGA system clock. Figure 4
exemplifies these relations.

- > I | i
i i | i
| H |

Tsim 1

1 ]
i i
e T'ka

Teikenb="Fsam

Psam™2 Isam=8‘ | ‘ |

Figure 4: Relation of the six timing parametersrepkfied for psys= ¥4

3 Conclusion

After a rather long and for beginners as well dificdit setting of timing parameters, we get the
simulation results. Figure 5 shows the responshefegulated system to step response. As we can
see overshoot is less than 10%, what is for exari@eimplementation of the PID controller in
System Generator is absolutely sufficient. To tthre system according to the requirements, we can
just play with parameters of controller.

From the simulation program, we can translateiitgiSYSGEN to VHDL and used directly in
the FPGA. Likewise, we also recovered from the moygin a VHDL simulation program. It is also
possible to use the simulation program written iffil®], by BlackBox block. System Generator for
DSP is a fully-featured tool for simulation progmfor the FPGA.
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Figure 5: Result of simulation response regulayestesn to step response
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