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SPARC - The Common Controller Platform

Jürgen Pitz

To be able to offer to our customers superior and intelligent control of rotational or linear motion machinery 
especially for dynamometer systems, HORIBA has developed the SPARC controller platform. This platform 
includes dedicated and optimized hardware and software which incorporates more than 20 years of experience 
in control technologies. Based on this platform HORIBA is offering a variety of control and simulation packages 
for engine, driveline, vehicle and brake testing. The extension of the SPARC controller platform with the STARS 
automation platform technology creates modern, intelligent and user friendly controller products.

Introduction

HORIBA is providing a wide range of equipment for 
testing of complete vehicles or various components of a 
vehicle like brakes, engines, transmissions or axles. All 
these applications have in common the need for control of 
speed, torque and position of one or more dynamometers 
to apply the required load to the unit under test. The 
requirements for this control function are quite similar for 
all application domains.

-  Highly accurate and fast speed, torque and position 
control

-  High performance interface to the dynamometer
-  Remote control interface to automation systems
-  Interface to programmable logic controllers (PLC) of 

facility
-  High performance control and simulation algorithms
-  Basic monitoring and safety functions

Therefore HORIBA has developed the common controller 
platform SPARC which is used across all product lines 
(engine, driveline, chassis, and brake) to share controller 
know-how and to guarantee superior control performance 
across all products.

Hardware

The SPARC hardware is designed as a robust, reliable 
standalone controller which operates in a harsh electrical 

environment and can be mounted in a console, 19" rack or 
directly in a drive cabinet. A SPARC unit consists of 
power supply board, CPU board, up to three IO boards, a 
CAN interface board and a spare PC104 slot (Figure 1).

CPU

 

6 CAN ports

2 Ethernet lines, 100 Mbps 2 serial 
RS232 portsUSB Spare PC104 slot

24 V Power Supply

Up to 3 IO boards

Figure 1   SPARC Box

The CPU includes a PC architecture low power CPU 
without enforced air cooling and hard drive. The software 
is stored on a removable compact f lash disc for easy 
reconfiguration. The first Ethernet line is used as remote 
interface to automation systems based on a standard TCP/
IP - UDP/IP protocol. The second Ethernet lines is used 
as a 1 kHz real-time link to connect multiple SPARC 
boxes e.g. for control applications where more than 3 
dynamometers have to be controlled at the same time. 
This high speed real-t ime link can also be used to 
interface to third party hardware-in-the-loop (HIL) 
systems allowing users to utilize their existing simulation 
environment at the test rigs.
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The IO board (Figure 2) includes a special IO mix 
optimized for controlling a single dynamometer and 
provides outstanding performance at a reasonable price. It 
includes:

-  1 encoder (speed measurement with position measurement)
-  2 frequency inputs
-  4 analogue inputs with real anti-aliasing filter
-  4 analogue outputs
-  1 load cell input (AC and DC mode)
-  20 free configurable digital IO channels
-  64-channel module multiplexer
-  5 kHz sample rate on all in- and outputs

The onboard field programmable gate array (FPGA) not 
only controls the peripheral devices but also implements a 
highly sophisticated speed encoder signal evaluation. A 
digital signal processor (DSP) provides the computing 
power for fast signal pre-processing like digital anti-
aliasing filters. All inputs and outputs include complete 
signal conditioning so actuators actors and sensors can be 
connected to the board directly.

SPARC comes with 6 CAN ports which are used for fast 
communication to the drive, for extended IO based on 
decentralized CAN IO modules and direct communication 
to specimen control units like engine control unit (ECU) 
or transmission control unit (TCU).

SPARC boards are connected to each other via the 
industry standard PC104+ bus. This allows to extend 
SPARC capabilities by a wide range of commercial PC104 
boards like a ProfiBus interface card to connect SPARC 
to, for example e.g. to, a facility PLC.
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Figure 2   SPARC IO Board
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Software

In common with STARS, the HORIBA automation 
platform, the SPARC control applications are running on 
top of the STARS/SPARC runtime environment which 
allows dynamic loading and linking of so called 'code 
modules'. These code modules implement predefined 
functionality like PID or filter algorithms. Inputs and 
outputs can be connected to each other to build complex 
control systems. The SPARC platform provides a library 
of common code modules'  l ike speed and torque 
controllers, filters, dynamometer handlers, road load 
simulation or engine simulation.  Based on this common 
library, different control applications can be developed 
very quickly. Using the same runtime environment for 
SPARC and STARS allows the sharing of code between 
the automation and control systems.

Windows CE Operating System

SPARC/STARS Runtime Environment

Common Controller Library

Engine Driveline Chassis Brake

Figure 3   SPARC Software Layers

Code Modules are written in "C" or are generated out of 
Simulink blocks. Various code modules are connected by 
drawing wires in Simulink to build complex control 
applications (Figure 4). This graphical representation of 

the control structure compared to textual programming 
language is much easier to understand for most of the 
control and application engineers and supports sharing of 
control algorithms and sharing across different application 
groups.

Control Applications

A variety of control and simulation applications is 
available for SPARC. SPARC-Engine provides control for 
engine test stands like TITAN including simulation 
models for automatic and manual transmissions and 
human drivers. SPARC-Driveline includes engine torque 
pulse simulation (ETPS), engine inertia simulation (EIS) 
and service load replication (SLR).

As an example of the high SPARC performance, Figure 5 
shows delta speed control in a powertrain application with 
active differential gear. When the input torque changes 
direction the differential switches from closed to open. 
The controller has to keep the differential speed within a 
1 rpm limit. While SPARC keeps the delta speed within 
the required limit.  A conventional controller would have 
a 10 times higher speed deviation.

Step 2 : Wire by Drawing Lines between Blocks

Step 1 : Select Code Modules from Library

Figure 4   Wiring of Code Modules
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Figure 5   Delta Speed Control Performance

Smart Controller Products

Although SPARC software includes a web server which is 
used for basic setup and diagnostic pages, SPARC is 
designed as a black box for standalone cont roller 
applications without a graphical user interface (GUI). 
Modern controller products however require a user 
friendly GUI, limited data management capabilities to 
maintain multiple parameter sets and standard operations 
l i ke qual it y checks to ver i f y the overal l  system 
performance or auto tuning functions to provide an easy, 
fast setup on specimen change. To meet this requirement 
the SPARC controller platform is extended by the 
controller lightweight framework (CLF) which is directly 
derived from the STARS automation system platform. 
The new chassis dynamometer controller is the f irst 
HORIBA smart controller product which incorporates 
both STARS and SPARC technology.
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SPARC CD CONTROLLER

CLF PLATFORM
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GUI Components

AK
Interface

SPARC PLATFORM

CD Controller
Real-Time Control

Components

SPARC I/O

Figure 6   SPARC Chassis Dynamometer Controller

Conclusion

The SPARC common controller platform is offering a 
variety of control and simulation packages for engine, 
driveline, vehicle and brake testing.  In addition, being 
combined with the STARS test automation platform, the 
SPARC can extend the application range.  The SPARC 
controller platform has a strong possibility to be applied 
to various test systems in the future.

Jürgen Pitz
HORBA Europe GmbH
Research & Development
Manager



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


