


drive operation. One of unique features of the CMD is  Table 1. Characteristics of a 2/3-inch
2M-pixel CMD at 30 frame/sec

that vertical scanners are provided on both sides of the progressive scan mode

active image area, thus enabling progressive scan Optical format 21 inch

operation. The primary concern with the CMD is that they =~ Number of Effective Pixel | 1920(H) X 1036(V)
Optical Aperture Ratio 34%

exhibit fixed pattern noise (FPN) attributed to pixel-to-  p i cie 5.0um(E) X 5.2um(V)
pixel variations at dark level. However, the offset Image Area 9.6mm(H) X 5.4mm(Y)
Saturation Signal 28uA
component of FPN was successfully suppressed by the Sensifivity -
FPN suppression circuitry incorporated as part of adigital ~ Resolution H:1000 TVL, V:1000 TVL
; 1 Blooming Level <-110 dB (V/10 exposure)
SISHA PIOGLSSOL. Image Lag | <0.1% of saturation
The present experimental system operated in Power Dissipation 160mW
Fixed Pattern Noise 6.0%p-p of saturation

progressive scan mode at a data rate of 148.5M pixel/
sec, double the HDTV data rate. Although the power dissipation in a sensor usually becomes a big
problem at such a high driving frequency, the low power consumption of CMD provides a simple
solution for reducing sensor temperature. By attaching a small Peltier device to each CMD, the
experimental system performed controlled cooling and suppression of white spots caused by dark current

in each pixel.

3. Enhanced Resolution Using the Four-Imager Pickup Method

Figure 2 shows a schematic diagram of the new four-imager color-separation optics®!. Incident
light is separated into four color components - two greens, red, and blue (GGRB) - and sent to their
respective imagers. Resolution enhancement is then achieved by spatially offsetting the pixels of the
two green-light imagers. Since the pixels are offset using optical images of the same wavelength, this
reduces the weakening of the pixel offset effect caused by the chromatic aberration and makes it easier
to obtain a high-resolution signal. This four-imager method effectively enhances resolution by enhancing
the green signal, which makes the greatest overall contribution to the luminance signal.

By adopting the four-imager approach in the present experimental pickup system, the equivalent
of a 4K x 2K pixel signal can be derived from
the green signal coming from the output of the \Blmager
two CMD imagers for green after being subjected
to interpolation processing. Red and blue S~ OPT_LPF for B
components are allocated to just a single 2M-

Light
Figures 3 (a) and (b) show the imaging sampling l /

patterns and the Nyquist domains for the color f
G2 Imager
channels, respectively. By offsetting the pixels

pixel each, thus producing 2K x 1K signals. Incident _y, =H G1 Imager

OPT_LPF forR -7

of the green signal imagers diagonally, the R Imager

resolution is predominantly enhanced in the ) -
s ! Figure 2. Schematic diagram of the new

horizontal and Vertical directions. Thls methOd four_imager color_separation pnsm
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of arranging spatiél sampling points in a quincuncial pattern effectively extends horizontal and vertical
resolution, which is well suited to the characteristics of human vision. At the same time, however, the
horizontal and vertical resolution of the red and blue signals become half that of the green signal. To
suppress the resulting aliasing components in the red and blue signals, optical low-pass filters (LPF)
are inserted immediately in front of the red and blue CMDs that reduce the response at the horizontal
and vertical sampling frequencies (i.e., 2,160 horizontal TV lines and 2,070 vertical TV lines) to zero.

GI_CMD J
=
G2_CMD A
S 0 2070
2 z
% Photo-electron g
conversion area g
.L & § 1035 [ressessseinesings
2 i £ 00»00‘:\
- J RERE z roretatetet NN
| Half-pixel pitch 3 1080 2160
25
Note:The R and B imagers are mu;lne same relation HORIZONTAL FREQUENCY (TVL)
to each other as the G1 and G2 imagers
(a): Imaging sampling patterns (b): Nyquist domain for the color channel

Figure 3. Spatial offset imaging method and Nyquist domains for green, red, and blue channels.
4. Imaging Experiments
Specifications for the experimental pickup system are summarized in Table 2. The basic system
we propose has the same 16:9 aspect ratio as HDTV, but doubles the HDTV pixel count in the horizontal
and vertical directions to 4K x 2K(exactly, 3,840 pixels x 2,070 lines) which is generated by the
interpolation process. The system operates at a frame rate of 60 frames per second in progressive scan
mode, seeking to accommodate the image processing capability of computers. The basic frequency
clock of the experimental system is set at 297 MHz (four times that of HDTV), and it also accommodates
an HDTV image slicing capability to cut the images down from super high resolution to HDTV format.
To display 2,000-line images we used the only 2,000-line color display monitor with a 1:1 aspect
ratio that is commercially available at the present time. The imaging area of the pickup system has an
aspect ratio of 16:9, so half the imaging area in

the horizontal direction was masked off to

Table 2. Specifications of the experimental pickup system

display the images. As the image area (1,920  System 60 fommelsec .
4K x 2K pixel/frame with 16:9 aspect
horizontal pixels x 2,070 vertical lines) with a (Gch: 3840 x 2070 pixels by interpolation process;
AT 3 . . R,B ch: 1920 x 1035 pixels)
8:9 aspect ratio is displayed on the monitor with Progressive scanning

a 1:1 aspect ratio, the vertical-to-horizontal Imaging method| Four-imager pickup method (GGRB)
(Spatial offset imaging in the diagonal direction

symmetry of the images was 8-to-9, slightly applied between the two G channels)
longer in the horizontal direction. Imagers HDTYV 2/3-inch 2M-pixel (1920 X 1036) CMD
. Progressive-scan driven at a rate of 148M pixel/sec
Figures 4 (a) and (b) show reproduced (74.25 MHz X 2 lines readout)

pictures of HDTV retoma charts displayed on ;010 monitor| 2048 (1) X 2048 (V) pixels color monitor

the 2.000-line monitor. From Fig 4(a) it is (actually 1600 horizontal dots by shadow mask)
’ i : Aspect ratio of 1:1
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apparent that only about half of the total lateral image data is displayed on the monitor. From the
enlarged central portion of the image shown in Fig. 4(b), one can see that a limiting resolution of 1,500
TV lines has been achieved in both horizontal and vertical directions. This limiting resolution can be
attributed to a number of factors: the number of pixels for the red and blue channels is fairly low, the
high-frequency response is diminished by interpolation processing and because the apertures of pixels
overlap in the pixel offset method. One should be able to address these problems fairly easily, say with

an aperture enhancement circuit that electrically elevates the high-frequency amplitude characteristics.
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Figure 4. Reproduced pictures of HDTV retoma chart displayed on the 2K-line monitor. (a):1,920 (H)
pixels x 2,070 (V) lines on a display monitor with a 1:1 aspect ratio. (b):Central portion of (a).

5. Conclusions

This paper describes our implementation of a 4K x 2K pixel experimental pickup system that
operates in progressive scan mode at a rate of 60 frames per second. The system adopts a novel four-
imager approach that employs four 2/3-inch 2M-pixel CMDs. The experimental system not only fully
exploits the inherent advantages of CMDs - high resolution and high-speed drive capability - but it also
exhibits a viable method of enhancing resolution by implementing a spatial pixel offset method between
two of the four CMD imagers for the green signal channels. A series of imaging experiments demonstrate
that the system has a limiting resolution of 1,500 TV lines in both the horizontal and vertical directions.
More fundamentally, this work shows that, in the very-high-resolution domain that goes beyond HDTV,
the approach adopted here of increasing the number of imagers has inherent advantages, because it
enables the capture of very-high-resolution color video using imagers which have relatively fewer

pixels and good fundamental imaging characteristics.
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