
Complex Automotive ApplicationsComplex Automotive Applications
Marius Marius VasiliuVasiliu, , MichMichèèlele GuiffGuiffèèss

AXIS / IEF, Univ. Paris AXIS / IEF, Univ. Paris SudSud, , OrsayOrsay 91405, FRANCE91405, FRANCE

UUNNIIVVEERRSSIITTEE  
PPAARRIISS  --  SSUUDD  

CPU 0

CPU 1

CPU 2

CPU 3

Host - GPU0

Acq/Read

GPU 0

GPU 1

time [x10ms]

0

0

1

1

2 3

2

3

4

4 5 6

5

6 8

7 9

10

11

Start-up Normal working flow

7 8 9 10 11 12 13 14 15

Host - GPU1

Acquisition Rectification

Optical parameters,
Rectification maps

Stereo
disparity

processing

U-disparity
histogram

U-disparity
histogram

Road plane
detection

Road plane
projection

Vulnerable objet detection 2/3D

Car parameters :
speed, direction

Vulnerable objet detection (2D)

Spatiotemporal
Merging & Filtering

Detection list analysis &
car movement decision 

Morphometrical
& mechanical

features of
pedestrians

cameras

LIDAR

90% computing 
power required

I. Which place for GPU in Embedded Automotive ?
The number of embedded automotive applications grows exponentially, 
while the sensor price gets lower for same or better performances.

Currently, automotive smart equipment manufactures use FPGA, µC, or 
DSP dedicated systems for each function (parking detection, night vision, 
collision detection etc.). Each sub-system needs between 5 to 20 W and 
the global wattage can exceed 100 W.

Our works demonstrates that complex automotive applications can 
successfully be implemented on portable laptops or equivalent embedded 
architectures based on NVidia GPU processors. This "centralized" 
architecture needs an equivalent electrical power as classical distributed 
multi-sensor multi-system (60-120W), while the available computing power 
is 10 -100 higher.
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NVidia GPU/CUDA architecture can easily switch between several software 
dedicated "bricks", according to the car state : parking, city traffic or 
highway driving.

II. Driver assistance in pedestrian detection / avoidance
Typical implementation example taken from LOVe project :

• multi-sensor system intended for pedestrian detection and avoidance, on 
40-50 m depth scene in front of the car (Renault prototype)

• LIDAR refresh rate : ≅90ms (10-11 Hz), 4 beam layers

• camera frame rate : ≅33ms (25-30 Hz), 640x480 pixel resolution

• fast (<100ms) and reliable (>99%) results needed

Typical processing flow and bricks slicing : pink on GPU, yellow on CPU

Best hardware target : quad-core2 CPU and 2 x GTX 280M

Low-level, high-intensive computing bricks are ported in Cuda/C++ (about 
25 kernels) while high-level bricks are still running on host.

Asynchronous activity on each sub-system (bus, 4xCPU, 2xGPU etc.)

Full asynchronous multi CPU-GPU 
implementation can cache all 
transfer delays. This allows ideal 
image dispatching on all GPU :

III. Hardware implementation
Several hardware targets were analyzed and tested: "pure" CPU, CPU + TI 
6437 DaVinci DSP, CPU + Nec ImapCar, and CPU + NVidia GPU. By far, 
the best results are provided by the GPU solution.  Moreover, the GPU was 
also easier to program than the other coprocessors. 

IV. Results

V. References
[1] M. Gouiffès, A. Patri, and M. Vasiliu "Robust obstacles detection and 
tracking using disparity for car driving assistance", Proc. SPIE Vol. 7539, 
75390H (Jan. 18, 2010)

NVidiaNVidia
chipchip--setset

PCI Express bus PCI Express bus 

µµPP µµPP
µµPPµµPP

Core2 Core2 ExtremeExtreme
DDR3  8GoDDR3  8Go

G
T

X
 2

80
M

G
T

X
 2

80
M

12
8 

PE
 ( 

16
 x

 8
 ) 

12
8 

PE
 ( 

16
 x

 8
 ) 

G
PU

s
G

PU
s

DDR3  1GoDDR3  1Go

G
T

X
 2

80
M

G
T

X
 2

80
M

12
8 

PE
 ( 

16
 x

 8
 ) 

12
8 

PE
 ( 

16
 x

 8
 ) 

G
PU

s
G

PU
s

DDR3  1GoDDR3  1Go

DVIDVI--D  outputD  output

Raw 
img L
Raw 

img R

Raw 
img L
Raw 

img R

Rect
img L
Rect

img R

Map L 
dXdY

Map R 
dXdYMap L 

dXdY
Map R 
dXdY

L-R 
Disp

V-Disp Road
plane

U-Disp

VV--DisparityDisparity

Road planeRoad plane

Rectification Rectification 
mapsmaps

EpipolarEpipolar
RectificationRectification

Video flowVideo flow
acquisition/readacquisition/read

Host Host -- GPU GPU 
transferstransfers

LeftLeft--Right DisparityRight Disparity

UU--DisparityDisparity

a

b

y = a - bx

Data flow and memory allocation on host - GPU systems (x1 GPU)

NbGPU
T

T KERNEL
IMG

∑=

year

0.5 0.5 -- 4.54.525%25%nonenoneCoreDuoCoreDuo x4 (monox4 (mono--thread)thread)

50 50 -- 565612%12%GTX 280M x 2GTX 280M x 2CoreExtremeCoreExtreme x4 (synch)x4 (synch)
45 45 -- 52526%6%GTX 285GTX 285CoreDuoCoreDuo x4 (synch)x4 (synch)

35358%8%QuadroFXQuadroFX 3600M3600MCoreDuoCoreDuo x2 (synch)x2 (synch)
5 5 -- 141425%25%DSP DSP DaVinciDaVinciCoreDuoCoreDuo x4x4

76763%3%GTX 280M x 2GTX 280M x 2CoreExtremeCoreExtreme x4 (x4 (asynchasynch))

<10<1030%30%ImapCARImapCARCoreDuoCoreDuo x2x2
2 2 -- 1818100%100%nonenoneCoreDuoCoreDuo x4 (fullx4 (full--threaded)threaded)

Max Fps rateMax Fps rateCPU chargeCPU chargeCoprocessorCoprocessorCPUCPU

FIFO for GPU0

img R
img Limg R

img L

img R
img L

img R
img L

FIFO for GPU1

img R
img L

img R
img L img R

img L
img R
img L

HOSTHOST

img R
img L

GPU 0GPU 0

GPU 1GPU 1

img R
img L

rect R
rect L

disp

V-disp

U-disp

road

img R
img Limg R

img L
rect R
rect L

disp

V-disp

U-disp

road

thread 3thread 3 thread 1thread 1

thread 2thread 2

cpucpu 00

cpucpu 11cpucpu 22



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice


