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Image Resolution of the One-CCD Palomar Motion Picture Camera



37th Advanced Motion Imaging Conference Charles Smith, Felicia Shu, Lucian Ion, DALSA Digital Cinema Business Unit Matthew Cowan, Entertainment Technology Consultants Abstract



The developmental Palomar motion picture camera employs a single 4k x 2k CCD image sensor with RGB filters arranged in a mosaic pattern. A one-CCD camera architecture has several advantages over 2- and 3-CCD cameras including optical compatibility with existing 35mm cinematography lenses, elimination of optical aberrations resulting from optical alignment and thermal stability issues, and simplicity in overall design. These advantages must be weighed against a reduction in image resolution relative to the native photosite count and overall optical sensitivity. This paper analyzes image resolution and shows the available resolution of this architecture to be 1600 L/PH (lines per picture height), approximately 60% greater than a high end 3-CCD digital HD camera employing 2M photosite count 2/3” CCDs. Introduction The one-CCD Palomar motion picture camera employs a 4046H x 2048V frame transfer CCD image sensor with a 1.5” image diagonal in a 2:1 aspect ratio. Table I compares Palomar to various motion picture film aperture formats and to 2/3” CCD format. Figure 1 is a pictorial comparison and shows the focal plane height is comparable to exposed Academy aperture and considerably exceeds projected widescreen academy. Table I – Comparison to Standard 35mm Film Formats X



Y



Palomar, 1.98:1



34.0mm (1.338”)



17.2mm (0.677”)



Academy Aperture, 1.37:1 (exposed)



22.0mm (0.827”)



16.0mm (0.600”)



Widescreen Academy, 1:85 (projected)



21.0mm (0.825”)



11.3mm (0.446”)



Super 35 1.33:1 (exposed)



24.92mm (0.981”) 18.67mm (0.735”)



Cinemascope 2.39:1 (exposed)



20.95mm (0.827”) 17.53mm (0.689”)



2/3” CCD, 1.78:1



9.6mm (0.378”)



5.4mm (0.213”)



The overall camera resolution is also affected by photosite composition. Each 8.4µm square photosite of the Palomar sensor is covered by either a red, blue or green color filter deposited directly onto the surface of the silicon. The standard Bayer pattern filter is employed wherein any 2x2 photosite group consists of 2 green, 1 red and 1 blue photosite as illustrated in Figure 2. The greater number of green photosites improves effective resolution as green dominates luminance and the human visual system has much higher spatial acuity for luminance that for color. The 1.6µm opaque photosite border limits color crosstalk between photosites. The border cannot be resolved with most lenses and does not contribute significantly to aliasing.
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A representation of the optical path is illustrated in Figure 3. It consists of two optical elements between the lens and the focal plane, a 3mm thick optical lowpass prefilter and the CCD cover glass. Chromatic and spherical aberration are undetectable with an f2.0 lens. The camera incorporates a rotating shutter and reflex viewing system, these have been omitted from the drawing. Resolution Analysis As in any imaging system, be it digital or film based, effective resolution depends not only on the optical elements but a combination of a number of system elements that are used to produce the final image. In a digital camera these consist of a number of optical, electronics, and digital processing elements illustrated in the simplified block diagram of Figure 4. The elements impacting resolution are each analyzed separately in the following sections. 1. Lens An ideal (diffraction-limited) lens has a modulation transfer function described by the following relationship:



MTF (ν ) =



2  −1 2 cos (νλN ) − (νλN ) 1 − (νλN )  ,   π



where N is the lens f number, λ the light wavelength, and ν the spatial frequency. Lens performance, especially for fast lens, may be degraded by optical aberrations. The theoretical results presented in this paper assume an ideal f5.6 lens. 2. Optical PreFilter The optical prefilter reduces the aliasing created by the periodic arrangement of CCD photosites at 8.4µm pitch. It is a layered birefringent crystal that splits each light ray into four rays, each offset 8.4µm vertically and horizontally on the focal plane. The modulation transfer function is described by the following relationship: MTF (ν ) = cos(πdν ) ,



where d is the 8.4µm ray separation and ν is the spatial frequency. 3. CCD Focal Plane The CCD focal plane consists rectangular array 4k x 2k photosites on a 8.4µm square grid with a 1.6µm opaque border between photosites. The MTF is described by the sampling aperture expression: MTF (ν ) =



sin (πaν ) , πaν



where a is the 6.8µm photosite clear aperture and ν is the spatial frequency. 4. CCD Non-ideality A CCD introduces some distortion and noise in converting the optical image into an electrical signal. Table II lists the distortions and Table III lists the noise. Excepting veiling glare from photosite crosstalk, the distortions are digitally corrected and do not 2
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impact resolution. The noise is temporally and spatially uncorrelated and cannot be removed from the image without sacrificing resolution. Noise does not impact resolution in motion picture applications except at significant underexposure. Table II – CCD Distortions Distortion Source



Effect



Digitally corrected



Photosite Sensitivity



2% variation photosite-to-photosite (fixed grain)



Yes, in camera



Photosite Dark Offset



1% variation (fixed grain in dark)



Yes, in camera



Photosite Crosstalk



Scene dependent photosite sensivitity variation in alternating green photosites



Yes, in camera



Photosite Saturation



Color shift and detail loss in highlights



Partially, in camera



Photosite Flare



0.1% (est.) veiling glare



Not implemented



Image data transfer



10% color and luminance shading



Yes, in camera



Amplifier Gain



2% non-linearity



Yes, in camera



Table III – CCD Noise Sources Noise Source



Resolution impact



Amplifier Noise



Reduces resolution at low light levels (>8 stops below sat)



Photon shot noise



Essentially no impact – reduces resolution for very low contrast ( 
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HDTV Meets Motion Picture Film 

This new technical synergy between the two media portends a great deal in terms of expanding global production flexibilities.*. What Is It? Star Wars Episode II: ...
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This document describes how to upgrade the Cisco IOS software system image .... Select the system image in the Download Software Area at the following URL:.
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we show that the latter is the case. ... experiment, observers (N = 7) stood in a completely dark ... mental method, including data analysis, see Methodological .... Eleven observers (age between 19-26 years) participated in the experiment of ...
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Cosmic Microwave Background radiation field over the whole celestial sphere, have and ...... orthogonal wavelet transform, this curve would be linear.) Due to ...










 








Local oscillator phase noise limitation on the resolution of ... .fr 

tive of the acoustic velocity and hence the physical quantity probed by the sensor, is finely measured as a phase. Considering that the intrinsic oscillator phase ...
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A. Advance UHPLC System, B. CaptiveSpray Source and C. Q-Trap 5500 ... possible sensitivity at relatively low throughput and robustness, the validation phase.










 








Detection and Removal of Line Scratches in Motion Picture Films 

Line scratches are easily visible as vertical lines of bright or dark intensity, ... too large, sharp edges will be assimilated to line scratches. Therefore, finding ...
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Courtesy of Elektra Entertainment Group/One Little Indian/Wellhart/Polydor Ltd (UK). Elektra Entertainment Group/One Little Indian/Wellhart/Polydor Ltd (UK).
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Introduction. The action of cricothyroid joint for controlling voice ... changes of the thyroid and cricoid cartilages in speech. Fig. 1 Tracings of thyroid and cricoid ...
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images. These ossified regions are identified from the surrounding brighter regions of internal cartilagenous tissues and external muscular or fatty tissues (Fig.










 








The Picture of Dorian Gray by Oscar Wilde The Picture of Dorian Gray 

That is all. The nineteenth century dislike of realism is the rage of Caliban seeing his own .... he was told to say when he was a boy of eighteen, and as a natural ...... one, of gilt Spanish leather, stamped and wrought with a rather florid Louis-.










 








The Perception of Apparent Motion 

ble display (a) a single spot of light (black) is presented briefly on a computer screen and then is replaced by an identical spot displaced to the right (color).










 








21 The Laws of Motion 

This chapter pulls together some basic physics ideas that are used in several places in the book. ... Let's start by reviewing the physical laws that govern straight-line motion. ... Galileo and Newton changed the viewpoint. ..... To reiterate: The C










 








The image of a segment 

sÃ¤m9a sÃ¤m9e sami9a Å¡ama9 hear. 1. To simplify the discussion, the data in (1) - 3rd ms.sg. ... the same template, as seen in (4), a significant result as a unique characteri- zation of the ..... Journal of The American Oriental Society 80, 200-217










 








High resolution digital image correlation using proper 

knowledge of the solution are sometimes directly integrated in the correlation ... very effective for many applications in mechanics of materials and structures.
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