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1. Research Target 
The vertebrate visual system processes huge visual 

information in real-time by massively parallel neural net-
works arranged hierarchically and adapts to a rapidly 
changing visual environment by an adaptive mechanism. 
Inspired by the unique architecture and algorithm of the 
vertebrate visual system, the neuromorphic vision chips or 
brain-type vision device, novel analog Very Large Scale 
Integrated (VLSI) circuits, have been fabricated ([4-6] for 
outlines). These neuromorphic chips, however, encounter a 
serious problem, namely, the trade-off between the resolu-
tion and the computational complexity of the chip. To solve 
the problem, multi-chip vision systems have been fabri-
cated previously [1][5]. In these multi-chip systems, a high 
resolution and advanced functions are realized by dividing 
network circuits into separate chips. On the other hand, a 
3-Dimensional Custom-Stack System (3DCSS) has been 
proposed by our 21st Century COE program. In the 
3DCSS, multiple chips fabricated by various technologies 
and arranged hierarchically are connected by two types of 
wireless connections, which are a local connection and a 
global connection. Due to the wireless connections, the 
3DCSS overcomes a wiring complexity that is the demerit 
of the multi-chip system generally. Therefore, the 3DCSS 
is well-suited for realization of the multi-chip system mim-
icked the vertebrate visual system. In the present study, In 
my study, I am aiming at a fabrication of the brain-type 
vision system incorporating the 3DCSS.  

2. Research Results 
2-1. Visual processing system using the 3DCSS 
configuration 

We propose a visual processing system using the 
3DCSS configuration. Fig.1(A) shows a design of the vis-
ual processing system. The system consists of an image 
sensing chip, a visual processing chip and an adaptive con-
trol chip. Fig.1(B) illustrates the block diagram of the im-
age sensing chip. In the image sensing chip, an image ob-
tained by photo sensors is processed by massively parallel 
arrays of processing circuits. The outputs of the image 
sensing chip are transferred to the visual processing chip 
using a local connection. The local connection are formed 
by a line parallel inductive coupling on spiral inductor pairs 
between a transmitter of the image sensing chip and a re-
ceiver of the visual processing chip [8]. Due to the line par-
allel method, the 2-dimensional huge visual information is 
transmitted very quickly. Fig.1(C) illustrates the block dia-
gram of the visual processing chip. The input to a pixel of 
the visual processing chip from a corresponding pixel of the 
image sensing chip is memorized in an analog memory. 
The memorized data is processed by massively parallel 
arrays of processing circuits, too. The outputs of the visual 
processing chip are transferred to another visual processing 
chip using a local connection. As shown in Fig.1(A), on a 

surface of a system base, A power supply line, a control 
signal bus and output signal bus are arranged. A direct 
contact between these processing chips and the system base 
makes a power supply, an input of basic control signals and 

a readout output by wired connection possible. Fig.1(D) 
illustrates the block diagram of the adaptive control chip. 
The adaptive control chip receives processing data from the 
image sensing chip and the visual processing chip, and 
controls these chips using a global connection. The global 
connection between the adaptive control chip and the proc-
essing chip are realized by a microwave communication 
utilizing integrated dipole antennas, which are integrated on 

Fig.1 Visual processing system using the 3DCSS con-
figuration. (A)System design, (B)block diagram of the 
image sensing chip, (C)the visual processing chip and 
(D)the adaptive control chip 
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these chips for a transmitter and receiver circuits [7]. The 
adaptive control chip can control multiple chips at once. If 
these chips are arranged as shown in Fig.1(A), the image 
sensing chip and different varieties of the visual processing 
chips realize hierarchical and massively parallel image 
processing, and the adaptive control chips adapt to the vis-
ual environment and control the whole system immediately 
as found in the vertebrate visual system.  

2-2. Prototype visual processing chip with a 
PWM-based line parallel interconnection 

A prototype visual processing chip has been fabricated 
as a preliminary step toward fabrication of the visual proc-
essing system using the 3DCSS configuration. In our first 
attempt, the line parallel spiral inductor module was sepa-
rated from the prototype visual processing chip. Namely, 
combining the prototype visual processing chip and inde-
pendently-developed spiral inductor module chip makes 
possible an experiment of data transfer using the local con-
nection. In the prototype chip, a pulse width modulation 
(PWM)-based data transfer method was adopted in order to 
fit a transmitter/receiver using the spiral inductor. In the 
transmitter/receiver, because a data format must be digital 
due to a constraint of the spiral inductor, an analog proc-
essed data must be converted into a digital data. In the 
PWM method, an analog voltage data is converted into a 
width of digital pulse in time domain [2]. The PWM 
method is suitable for the 3DCSS because the PWM and 
PWD (pulse width demodulation) circuits are realized sim-
pler structure than a standard A/D and D/A converters. 
Fig.2(A) shows a block diagram of the prototype chip. The 
prototype chip consists of a cell array and a line parallel 
input and output units. In the cell array, processing circuits 
included an analog memory are arranged in a 44 x 40 ma-
trix. The input and output units are arranged every 4 col-
umn of the cell array in a line (1 x 10) respectively. 
Fig.2(B) shows a circuit design of the input unit. The input 
unit is the PWD circuit consisted of a sample/hold circuit 
(Nbuf) [3]. In the input unit, if the sample/hold circuit is 
input into a ramp voltage and held by the PWM input, the 
analog voltage is proportional to the pulse width of the in-
put. Fig.2(C) shows a circuit design depicting a single pixel. 
The input from its corresponding input unit is stored in an 
analog memory. The stored data in the analog memory is 
smoothed by the resistive network [3]. Fig.2(D) shows a 
circuit design of the output unit. The output unit is the 
PWM circuit consisted of a clocked CMOS comparator [2]. 
In the output unit, if a pulse has been generated until a ramp 
voltage is equal to the output voltage, the pulse width is 
proportional to the output voltage. Two prototype chips can 
be also linked by wired-connection. Therefore, it is possible 
to check the operation as multi-chip configuration without 
the spiral inductor module chip. The chip was implemented 
with a 0.35 um, double-poly, three metals, standard CMOS 
technology and the die size was 4.5 x 4.5 mm2.  

3. Conclusion and future 
The visual processing system using the 3DCSS con-

figuration is proposed. And as a preliminary step toward 
fabrication of the visual processing system, we have fabric 

 
cated a prototype visual processing chip with a PWM-based 
line parallel interconnection. In the next step, I will have to 
verify the operation of the multi-chip system with wireless 
interconnection and consider visual processing algorithms.  
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Fig.2 The prototype visual processing chip. (A)Block 
diagram of the chip, (B)circuit design of the single 
pixel, (C)the input unit and (D)the output unit. 

52



<<
  /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
  /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 <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


