CCD Camera Design for Biometric Imaging

Presented By: S.E Nickols, CTO, DMR LLC



Nick’s Background.
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CCD Camera Design for Biometriclimaging

CCD (finger roll)
Camera

e Formally employed with Identix Inc. as the Director of Engineering.
e Designed the CCD camera electronics for the TP3800 Imaging system.
e Characterized camera and Optics for FBI appendix F certification.
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Design Process

_

Come up to speed with ldentix technology.

Benchmark Old CCD camera design.

“Reverse engineer” Optics and mechanical assemblies.
Come up to speed with Identix certification requirements.
Develop a design specification.

Resolve design requirements with component availability.

Work out CCD delivery issues with Sony. (ICX285 was a
new part).
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|ldentix Imaging Technology:
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Biometric imaging exploits the principle of “Frustrated Total Internal
Reflection”.

Index difference looks like a
high impedance to the light.

Total
Internal
Reflection




Finger Print Imagi

Light wavelength is
important (780nm).
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LIGHT IMAGE

WORKING




Finger Roll OptiCS_




Interline CCD Technology Simpliiec
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On chip output stag
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Charge Integration Analogy




Charge Transfer Analogy




Three Phase Vertical Transfer Timing Model
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Typical CCD Camera Fro
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+5V - 7.5V + 15V

Horizontal Drivers o
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CCD Sensor

Raw Pixel Output
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Pixel Buffer

Double Correlating A/D o

Timing
/Sync

Vertical Drivers

+ 15V

SPI buss
Gain Control
Digital Oy
Notes
Each Block is an
Individual
Component/s.

FPGA is programmable via the UP

Typically three
Power Supply
Voltages Required




Design consideratio

e Power supplies must be low noise.

e Clocks are derived from frame rate (10 fps) (13 mega
pixels/sec).

e Horizontal drive (pixel clock = 13mhz). Need to drive 40 pfd.

e Vertical clock needs to transfer 1434 shifts/frame 14.34 khz
clock rate. Need to drive 22000 pfd.
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Accounting for noise sources In'a CEiy

é: S led
N J S led T (Namb + Ndark + N 2readout)

dark noise: 30 electrons / pixel
readout noise: 12 electrons / pixel
bias noise / offset level: 1300 electrons / pixel
CCD max out put voltage of .3 volts = 1,187,500e-

203 mVrms




FBI Appendix k Specs For Image Quality Summarized

500 Dots Per inch
Must resolve 20 line pairs per mm. at 10 % MTF. (50 microns)

At least 80.0% of the captured individual fingerprint images shall have a gray-scale
dynamic range of at least 200 gray-levels, and at least 99.0% shall have a dynamic range
of at least 128 gray-levels.

SNR = The white signal-to-noise ratio and black signal-to-noise ratio shall each be
greater than or equal to 125.0, in 97% of the test cases. (Use to set up alow reflectance
target and a high reflectance target. They split the scale.)




MTF Test Procedure _

MTF CURVE

~




MTF Test Pattern




MTF Test Data

Original bands 150 = 75/mm; flens = 10/mm; lord = 2 150 = 75/mm; fboost = 30/mm; fiens = 10/mm; lord = 2

CCD &lens CCD & lens

Max contrast at bottom [0,1]: none at top [0.5]

Maximum contrast at bottom [0,1]; none at top [all 0.5]

MTF %, ampiitude
MTF %, amplitude

200 400 600 800 1000 1200 1400 1600 1800

o e g 10° 10 10°
0.3 lines/imm at left; 3in middle; 30 at right Lines per mm; MTF = 50%,10% @ 9.86, 27.9/mm Lines per mm; MTF = 50%,10% @ 30, 46.5/mm; Max MTF = 1.08




Design Control

Design Control did not formally exist at Identix.

Past: R&D co-exited with manufacturing. Company was traditionally,
“engineering” driven.

Present: R&D was now geographically separated from Manufacturing.
Took the approach that manufacturing group was my customer.

Opened a dialogue with manufacturing organization.

Resolved what they needed to succeed.

Worked with Intek (Russia) to develop the analysis/process control tools
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Results and Project Conc

e Cameral/imaging system received FBI, UL, and FCC
certification.

e Camera was integrated into TP 2000 later renamed to TP
3800.

Scanner yields greatly improved.
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