Slide Projector Requirements Document
Statement of the Problem:  Design and build a prototype of a cost effective projector for displaying 35 mm slides in a home environment.

1. System Level Requirements

1.1. The projector shall use 24 x 36 mm slides in standard mount.  (This is the standard size of 35 mm film.)
1.2. The projector shall produce an image that is 1.83 m wide (this is 90% of the width of the second largest Da-Lite tripod based screen)
1.2.1. The distance from the screen to the projection lens should be 3.8 m (This is the largest practical distance I could have in my den)
1.3. The projector shall produce a screen luminance of 25 ftL from a screen with a gain of 0.8 when no slide is present.  (internet research shows that 10 ftL is a reasonable luminance in a dark room and I added a factor of 2.5 for a room that is not completely dark.  I assumed that a tinted screen is used with a gain of 0.8)
1.4. The illuminance (lm/unit area) uniformity shall be less than or equal to ±33%  (Based on the measurements in class, a 2:1 ratio is about right)
1.5. At any two points that are less than 100 mm apart on the screen, the illuminance shall not vary by more than 5%.  (There needs to be a mid-spatial frequency requirement.  This is my guess.)
1.6. With no slide present, the (u’, v’) chromaticity coordinates of the light incident on the screen shall (the average of the entire screen) shall be within 0.05 of (0.21, 0.48).  (I picked a point near the blackbody curve that is a little cooler than “white.”  The 0.05 radius comes from experience that this level of overall color change is acceptable.)
1.7. The difference between the chromaticity coordinates for any two points on the screen shall be less than 0.02.  (Based on my experience, this is a low level of color variation across the screen.)
1.8. The difference between the chromaticity coordinates for any two points on the screen separated by less than 100 mm shall be less than 0.005.  (Based on my experience, this color change should not be noticeable.)
2. Imaging Sub-System Requirements

2.1. The field of view shall cover a 25 x 37 mm rectangle centered on the optical axis of the lens.  (The mechanical sub-system will need to position the slides to ±0.5 mm.)
2.2. The focal length shall be 73.3 mm.  (Derived from 1.1,1.2 and 1.2.1)
2.3. The lens shall have an F/# that is at least as fast as F/3.4.  (See attached spread sheet.)
2.4. The distance from the slide to the closest lens element shall be greater than 25 mm.  (This was picked as a reasonable number.)
2.5. The entrance pupil shall be between 63 and 83 mm from the slide.  (The range was chosen as a reasonable range of locations for the EP)
2.6. The photopic transmission of the lens shall be greater than 90%.  (Assume roughly 1% per surface for five elements.)
2.7. Assuming a uniform source, the uniformity of the image shall vary by less than ±10%.  (I gave about 1/3rd of the uniformity tolerance to the lens because vignetting can be helpful, but the illumination uniformity will drive the design.  I’m assuming that the lens will not introduce any mid-spatial frequency non-uniformities) 

2.8. Averaging over a 24 x 36 mm field, the distance from the chromaticity coordinate of the transmitted light of a source with (u’, v’)=(0.21, 0.48) to the point (0.21, 0.48) shall be less than 0.01.  (I allocated 20% of the tolerance to the lens.)
2.9. For any two source points in the field of view with a chromaticity coordinate of (0.21, 0.48), the distance between the chromaticity coordinates in image space shall be less than 0.001.  (I used 20% of the overall mid-spatial frequency tolerance.  Given that the color change will come from the AR coatings, it would be difficult to have the lens induce any mid-spatial frequencies). 

2.10. Using a 5x5 checkerboard pattern that is positioned with 5 uniformly spaced phases in each direction, the irradiance in any black square over a 1 mm diameter circle shall not exceed 0.5% of the lowest irradiance measured in all adjacent bright squares.

2.10.1. This must only be met over 90% of the width and height of the black square.  (i.e. for a 100 x 80 mm rectangle, the requirement must be met in a 90 x 72 mm rectangle.)

2.10.2. The adjacent squares include the diagonal squares.

2.10.3. If less than 75% of a square is on the screen it should not be considered a valid neighbor.

2.10.4. The first and last phases of the pattern should be a reversal of each other.

2.11. [image: image1.emf]The MTF at the slide shall be greater than or equal to 75% of the MTF of Kodachrome 64 film for all field points within 70% of the maximum field point.  For fields larger than this, the requirement is 60% of the MTF for Kodachrome 64.  For frequencies beyond those listed, the MTF shall not exceed 0.2.  The MTF shall be calculated with a minimum of 6 wavelengths spaced uniformly between 470 and 650 nm.  Each wavelength should be weighted by its value on the photopic curve. (There’s no point in having capabilities beyond what the film can record.  75% seemed like a reasonable number. The reduction in the requirement for the larger field points is also based on engineering judgement. Also, we don’t want to resolve the grains.  The wavelength range covers approximately all of the wavelengths that have a photopic response of 10% or greater.  I picked 6 using my engineering judgment.)
2.12. The distortion shall not exceed 10%.

2.12.1. The magnitude of the slope of the distortion curve shall not exceed 40% per image diagonal.  

2.13. The lens shall not extend more than 150 mm from the slide.

3. Illumination Sub-System Requirements
3.1. The illumination system shall be evaluated assuming the entrance pupil of the lens is an ideal, round aperture

3.1.1. The entrance pupil shall be assumed to be 22 mm in diameter.

3.1.2. The entrance pupil can be located between 63 and 83 mm from the slide.

3.2. The illumination shall be evaluated over a 26 x 38 mm rectangle.  (This assumes that the illumination system puts the illuminated spot within ±0.5 mm of its nominal location.)
3.3. The illumination system shall output at least 950 lm.  (See attached spread sheet.)
3.4. The average chromaticity coordinate for the light from the illuminator shall be within 0.04 of (0.21, 0.48).  (From 1.6 and 2.8.  I’ve added the tolerances.)
3.5. The difference between the chromaticity coordinates for any two points in the illuminated area shall be less than 0.019.  (From 1.7 and 2.9)
3.6. The difference between the chromaticity coordinates for any two points in the illuminated area separated by less than 2 mm shall be less than 0.005.  (I’ve allocated 1.8 in an RSS method with 2.9.  This results in a tolerance of 0.0049 which I rounded to 0.005.)
3.7. The illuminance (lm/unit area) uniformity shall be less than or equal to ±24%  (1.4 and 2.7.  I’ve added the tolerances)
3.8. For any two points that are less than 2 mm apart in the illuminated area, the illuminance shall not vary by more than 5%.  (This comes directly from 1.5.  It is assumed that these error only come from the illuminator.)
3.9. The illuminator shall not extend more than 200 mm from the slide.

3.10. The illuminator shall fit within a cylinder centered on the ideal center of the slide and 60 mm in diameter.

3.11. The illuminator shall consume less than 330 W.

3.12. The illuminator shall not raise the temperature of an OD 1 slide above 60º C.

From Kodak data sheet
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