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Executive Summary

The design and selection of components to be used for a Drop on Drum Vision System (DODVS) and Bench Top Microscope (BTM) have been made by the Portland State University Design Team. The design specification for the systems was provided by Xerox and the final products will be used by Xerox for research in the solid-ink printing process. Specifically the DODVS will image the ink while on the printer drum and the BTM will image the ink after it has been transfixed to the paper.

A project timeline was organized into a Gantt chart to ensure the team keeps on track and important milestones are met. Currently the team is on track for its June 1, 2007 completion date. All aspects of the current systems were reviewed and compared to the product design specification (PDS) as well as using the PDS to research new options for the improved design. From this review a new DODVS frame design, optic mounting system, optics, and BTM have been designed or selected. Top level design considerations are:

· The DODVS and BTM frames are similarly designed to be manufactured from TSLOTS extruded aluminum vertical members with dual gussets that will increase rigidity. This raises the natural frequency of the system improving the vibration resistance characteristics. 

· A new optic mounting system has been designed for the DODVS that is more user friendly by providing more easily accessible focus control and an easier method for moving the lens assembly out of the way of the printer to perform printing functions. 

· New optics will consist of modifying the current system to improve the magnification, which will meet the requirements of the PDS for image quality and resolution. 
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Introduction
Color printers have become common in homes and businesses across the globe due to advancement in technologies that allow for lower up-front and per-page costs for the consumer. Lower costs, however, do not mean lower quality. The opposite is in fact true, especially when considering the solid-ink technology of the Xerox Corporation. Solid-ink technology produces brilliant, vibrant prints on a wide range of media while being easy on the environment with 95% less waste than a typical color laser printer.  

The printing occurs on what is actually a simple, robust, and reliable printing mechanism. The process consists of a maintenance roller that applies a microscopic layer of silicon oil to the drum so the ink will release easily. The print head then applies the required color combinations to the drum (figure 1). The image transfer then occurs as the paper is fed between the drum and a transfix roller. The ink then bonds to the paper because the ink penetrates the fibers of the paper and solidifies as it cools (figure 2).
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Figure 1: Oil is transferred from the maintenance roller to the drum before ink is transferred by the print head
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Figure 2: Ink transfer from drum to paper as the paper feeds between the transfix roller and drum

To maintain the quality of this process, Xerox continually studies, evaluates and explores options to the current printers. In order for these further improvements to be made, more information needs to be gathered about the characteristics of the individual drops of ink on both the drum and paper. A way to gather this information is through digital images of the individual drops of ink obtained from an optical system. Due to the complexity of removing the drum from the printer, it is advantageous to produce a system that is capable of capturing images of the drops on the drum while the drum is still in the printer and on the paper after the ink has been transferred. 

Current systems used for imaging fail to meet the requirements of Xerox. One current system is clumsy to use, vibrates excessively, and the optical system fails to meet the desired image quality. Another system is clumsy to use because the printer location is not fixed and repeatability of image location is hard to achieve. There is no imaging system specific to the paper for comparing the drum images to paper images. Therefore, due to these shortcomings, there is a need by Xerox for newly designed imaging systems for the printer drum and paper so research can continue to improve solid-ink printers. 
Mission Statement
The team will design, manufacture and test a new Drop on Drum Visual System (DODVS) and Bench Top Microscope (BTM) that meet the design requirements established by Xerox for its research. The items that will be delivered include: completed assemblies, detail drawings, bill of materials and a detailed report of the design process and analysis. Upon completion of the assemblies, testing will be performed to compare the new imaging systems to the available current systems in use. The design is intended for research and development by Xerox and the final quality of the imaging systems will be determined by the users of the current systems. 

Project Planning Document
[image: image40.jpg]


To meet the June 2007 completion date, all tasks and their associated due dates have been established in a Gantt chart. The chart lists important milestones for the project such as ME 492 requirements and DODVS/BTM design requirements.

Product Design Specification

[image: image3.emf]Requirements Primary Customer Metrics & Targets Metric Target Target Basis Verification

Image Quality Xerox Viewing area inches 1/600 in^2 Customer Defined Prototyping

Vibration resistance Xerox Time of oscillation seconds 0-1 second Customer Defined Prototyping

Table speed (BTM) Xerox Table traverse speed in/min > 1/3 in/min Group Decision Prototyping

Position Locating Xerox/Operator Position of printer vs DODVS inches 0-1/64 in Customer Defined Prototyping

Adjustability Xerox Adjusting Z-location of camera inches 1/64 in Group/Customer Prototyping

Reliability Xerox/ Operator Time until part failure Years 5 yrs Customer Defined Prototyping

Requirements Primary Customer Metrics & Targets Metric Target Target Basis Verification

Finger Guard Xerox Legal Department Guard fingers from moving platform N/A Shroud Group Decision Prototyping

Requirements Primary Customer Metrics & Targets Metric Target Target Basis Verification

Withstand operation in 

a Lab environment

Xerox

Needs to withstand constant 

adjustment

Years 5 Years Customer Defined Time will tell

Sit side-by-side on a 

table

Xerox/Operator Minimal distance between units feet < 1 foot Customer Defined Set-up

Aesthetics Operator Clean, Streamlined look and feel N/A N/A Group Decision Post interview

Portability Xerox/Operator Weight Pounds < 75 lbs/piece Group Decision Prototyping

Requirements Primary Customer Metrics & Targets Metric Target Target Basis Verification

Part Replacement Xerox/ Operator Off-the-shelf parts N/A Readily available Group Decision

Market 

research

Fasteners Operator Assembled using standard parts Inches  Standard Tools Group Decision Prototyping

Manufactured Parts Xerox Prototype Shop Standard Materials N/A In stock material Group Decision

Stock List, 

Appendix B

Requirements Primary Customer Metrics & Targets Metric Target Target Basis Verification

Withstand occasional 

relocation

Xerox/Operator

Can be disassambled and assembled 

by one person

Minutes 45 minutes Customer Defined Experiment

Electricy source Operator Outlet  VAC 120 VAC Group Decision Prototyping

Level of table Xerox/Operator Level degrees ±0.25° Group Decision Prototyping

Requirements Primary Customer Metrics & Targets Metric Target Target Basis Verification

Low production cost Xerox Cost Dollars < $5,000.00 Customer Defined BOM/Invoices

~ INSTALLATION ~

~ COST ~

~ PERFORMANCE ~

~ SAFETY ~

~ ENVIRONMENT and ERGONOMICS~

~ MAINTENANCE and PARTS ~


External Search

There is currently a DODVS that is being used at PSU that was built by a senior project team at George Fox University (figure 3). This system is what was decided to be used as the standard for benchmarking purposes. One of the positive aspects of the current DODVS is that once the printer is inside the frame, it cannot be easily moved, which allows repeatable position locating. However, the frame of the system is prone to vibrations with large amplitudes that hinder the image quality.

[image: image4]
          Figure 3: Current DODVS and BTM system:

          Designed and built at George Fox University

[image: image5]
  Figure 4: Current DODVS design
The external search yielded only one competitive product that was currently on the market: the Image Xpert “Full motion system, for automated image quality analysis.” This is a system that Xerox currently uses at its facilities in Wilsonville, Oregon for image quality analysis. Overall, this system is adequate because of its resistance to vibration and precision, linear-translation stage. These two attributes allow for clearer images and repeatable position locating, respectively. The resistance to vibration comes from the frame uprights which have significantly more mass than the system built by George Fox University (3 inch aluminum plate versus 1/8th inch sheet). 

However, the system has one major flaw: it has no position locating system. As seen in figure 4, the printer is not attached to the frame of the imaging system. Therefore, if the printer is moved while data is being collected, the only way to find the area in which the image was being taken is to relocate the printer, find the home position, and search for the desired location on the drum again.     

Internal Search

For the internal search, the major components that had to be evaluated were: the frame design (DODVS and BTM), Stages (BTM only) and the optical system(s). These were evaluated using decision matrices that were based upon several key criterions from the PDS: image quality, vibration resistance, position locating, manufacturing and cost. We had several options for each category that were to be evaluated; all options were evaluated by the team in an unbiased and neutral fashion. The decision matrices work on a “golf system,” where the lowest cumulative score indicates the best option. The first category evaluated was the optical system.

When the project was first assigned by Xerox, one of the constraints given was that the optical systems for the BTM and DODVS must be identical. This would allow for image comparison on a level playing field. The three options for the optical systems were to: reuse the current optical components and buy another set for the BTM, modify the current system with new components and purchase a system identical to the modified one, or to buy two new high-quality optical systems. Table 1 shows the matrix used in the decision matrix for the optical systems.   
[image: image6.emf]Evaluation Category Current System Modified Assembly New Lens Assembly

Image Quality 3 2 1.5

Vibration Resistance 4 3 3

Position Locating NA NA NA

Aesthetics 3 2 2

Manufacturing NA NA NA

Cost 1 2 4

Total 11 9 10.5


Table 1: Decision matrix for optical system
The decision matrix suggests that the modified Thales-Optem optical system is to be used. The cost was main issue for these components: the difference in cost between the modified system and the entirely new system is over $6,000. 

For the positioning stages, it was decided from the beginning that the current Daedal-Parker linear translation stage would be reused for cost reasons on the DODVS. Reusing this system doesn’t compromise the DODVS; the stage moves with adequate accuracy for the size of the images that the device will take. The decision process then focused on the stages that would be used for the BTM. Again there were three choices for the XY stage that would be used: a motorized stage with manual override, a manually adjusted stage or a combination of a manual and motorized stage. The motorized stage with manual override is an electronically controlled stage that can be adjusted by turning a dial on the stepper motor; the manual stage would be a precision stage that was adjusted manually only, but would have limited travel. The combination of the two would have the manual stage mounted on top of the motorized stage. Table 2 shows the matrix used in the decision process for the BTM stage assembly.   

[image: image7.emf]Evaluation Categories

Motorized (w/ manual 

override) Manual adjust  Manual/Motorized

Image Quality NA NA NA

Vibration Resistance 2 1 3

Position Locating 2 4 1

Aesthetics 3 2 4

Manufacturing NA NA NA

Cost 1* 2 4

Total 8 9 12

* Scoring based on donated XY stage


Table 2: Decision matrix for BTM stage assembly

The decision matrix suggests that the Motorized stage with a manual override is the best choice for this application, with a combined lowest score of eight. The primary reason the motorized stage with a manual override will be used is because the unit was donated for the project. To buy an XY stage, the cost would be roughly $1,700 for a system offered by Anaheim Automation. The cost of the XY stage would force the purchase of an imaging system to a lesser quality.

The final category evaluated was the frame designs for the DODVS and BTM; both systems would have a nearly identical frame for aesthetics and to keep as many variables similar for image comparison (the reason identical optics will be used on both systems). For this category there are four choices to work with and each of the four categories had several sub-categories. The four categories are: sheet metal, TSLOTS, 90° solid frame and sub-90° solid frame. The sub-categories are the different material dimensions that could be used. For instance, the TSLOTS material was broken down into 4.5”x1.5” and 6”x3” cross sections that were considered. For this project all materials will be aluminum so the 75 lb. limit established in the PDS is maintained. Table 3 is the decision matrix was used to evaluate the frame options. 
[image: image8.emf]Solid Solid

(90°) (< 90°)

Image Quality NA NA NA NA

Vibration Resistance 5 2 3 2

Position Locating 4 2 2 2

Aesthetics 5 3 3 3

Manufacturing 2 2 2 3

Cost 5 3.5 3 3

Total 21 12.5 13 13

Evaluation Categories

Sheet Metal TSLOT


Table 3: Decision matrix for DODVS and BTM options
Detailed design decisions

DODVS frame 
Table three shows that both the cantilevered and the angled designs are viable solutions; it also suggests that TSLOTS material should be used for construction of the frame. To determine the best configuration, both were modeled using ANSYS to determine natural frequency and response. From the ANSYS simulation, it is clear that angling the members does not significantly increase the natural frequency to justify the added difficulty of manufacturing and tolerances. See Appendix A for the ANSYS report with recommendations. Adding a gusset to the outside of the vertical cantilevered beam design significantly increased the natural frequency of the system while decreasing the amplitude of oscillation. The result of the vibration analysis is to use the 3x6 TSLOTS in the standard configuration, with duel gussets on each end, as shown in Figure 5. 

[image: image9.jpg]



Figure 5: DODVS frame constructed of 3x6 inch T-Slot uprights, mounted to ½ inch thick top and bottom plates, and duel gussets.  

The final design features a solid ½ inch thick aluminum plate base, twin 3x6 vertical TSLOTS 3060 supports, braced with ¼ inch thick welded aluminum gussets, and a ½ inch thick top plate. All parts are bolt-together; using 32 countersunk hex head cap screws for the vertical members and TSLOTS screws for the gussets. A close-up of the top mounting can be seen in Figure 6. 

[image: image10.jpg]



Figure 6: Top plate mounting using countersunk hex head screws. Additionally 8 more screws are used attaching the vertical member to the base plate in the same way. 

The entire frame, when approximated with 6061 aluminum, weighs in at a stout, but reasonable 74 lb.; additionally, the all-bolt-together design can be easily disassembled if needed. 

DODVS Optic Mounting Assembly
During the design of the DODVS frame assembly, it was determined that the optics mounting system needed to be redesigned due to its shortcomings in meeting focal length requirements and ease of use. The first function for the new design was to determine a more efficient way to control the focus. The current design requires the user to reach into the printer and adjust the focus by using the controls on the lens assembly. In addition to the built-in focus controls on the lens assembly, the new assembly will be mounted to a Melles-Griot focusing stage. The stage provides 63mm of coarse travel with a 100μm resolution and 3mm of fine travel with a 4μm resolution. By doing this it moves focus control to an easier to reach location (figure 8). The adapters to mount the focusing stage also reduce the initial focal length of the lens assembly, which corrects one of the major flaws of the current assembly. 

[image: image11.jpg]



Figure 7: Rotating entire camera-stage assembly
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Figure 8: Focusing stage-mounting configuration

Another important design consideration was how the lens assembly is moved out of the printer to allow the lid on the printer to be closed. The current design requires the user to rotate the entire stage-camera assembly so the printer lid can be closed (figure 7). This proves to be a clumsy and awkward procedure. The new design allows the user to simply rotate the camera without having to move the whole stage assembly (figure 9). To ensure the optic system is secured in the closed position, the assembly uses a cam lock-expanding pin to lock and align the base and top plates (figure 10). Similarly, to secure it in the open position, a thumbscrew is used to secure the support rod, (figure 11). 
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Figure 9: (a) Assembly in the closed position, (b) assembly in the open position
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Figure 10: Cam lock expanding pin
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Figure 11: Rearview showing closed (a) and open (b) positions
BTM Frame
The BTM frame uses a similar construction to the DODVS. The frame is constructed of a ½ inch thick aluminum base, and uses the same 3x6 inch TSLOTS material for the vertical supports. The BTM will use a stationary optic system and both x and y-axes are applied directly to the paper mounting plate. The paper mounting plate is securely bolted to the XY platform, and utilizes a paper alignment guide for one corner and hold down clips for the other three corners. The BTM frame assembly can be seen in Figure 12. 

[image: image16.jpg]



Figure 12: BTM frame assembly. The XY stage is shown in blue. 

Because the optics are stationary and not subject to the same vibration as the DODVS, the old DODVS camera mounting assembly will be reused on the BTM. Additional optional side cover plates can be installed to conceal stage automation and enclose electrical control components for both the BTM and the DODVS. 

BTM Automation
The BTM will use an automated XY stage with manual override to control motion of the paper platform. As indicated in the internal-external search section, the XY stage was donated by Xerox for use with the BTM. The stage features stepper motors with a resolution of 1.8° per step and 11x6 inches of travel. While not enough travel for full coverage of a sheet of paper, it will provide adequate coverage and repeatability and will certainly far exceed the system currently in use. The XY stage that will be used is shown in Figure 13. 

[image: image17.jpg]



Figure 13: XY stage that will be used with the BTM.

Optics and Lighting

The current system consists of four main components:

· Lighting provided by a Dolan-Jenner PL-800 halogen light source, directed on the printer drum by flexible fiber-optic light guides.

· A Thales-Optem Zoom 70XL lens assembly which provides a picture to the camera.

· A DFK 31F03 industrial IEEE 1394 (Firewire) digital camera with a resolution of 1024x768 pixels.

· A computer with a custom Camera Console image capture application for taking image with the camera.

The most important problem with the current optics is the magnification of the lens assembly.  The Zoom 70XL provides magnifications from 1.1X to 7.9X.  To take images of areas that fall in the range of 40/600” to 5/600”, as required, the system must provide magnifications from 3X to 23X.  Fortunately, the Zoom 70XL is a modular system and new parts can be purchased to increase the magnification into this range. Since some of the existing optical components can be reused, this solution also results in significant cost savings.

Another important issue with regards to image quality is the resolution of the system. Typically, one considers the digital resolution of the camera in such a case; however, calculations have determined that the distortion introduced by the lens assembly is actually the limiting factor for resolution in the current system. This is another reason to upgrade the optical assembly. The changes planned to increase the magnification will also increase the numerical aperture of the lens assembly, which measures the optical resolution it provides, from 0.08 to 0.16.  The upgraded lens assembly will then almost match the resolution capabilities of the camera and be able to distinguish between objects down to 1 μm apart. However, since the optics is still a limiting factor, the camera itself will not be replaced with a higher-resolution unit.

Progress on Detailed Design
DODVS Frame
According to the PDS outlined earlier, the DODVS performance requirements specified that the vibration resistance damp out in 0-1 second; the analysis performed in ANSYS shows that oscillations will damp in that time frame when the system deflection is caused by the motion of the camera. With the addition of dual gussets to the sides of the 3x6 inches TSLOTS upright members, the natural frequency (outlined in Appendix A) increased to 18 Hz (minimum) satisfying our requirements by exceeding the natural frequency of the current DODVS (10 Hz). The DODVS weighs below the 75 lb requirement with the use of extruded aluminum supports making it fairly easy to move with one person. All materials and parts are stock order, with the exception of simple welds for gussets, in the event that parts would need replacement or another DODVS would need to be manufactured for similar testing.

BTM Frame and Control
In comparison to the previous BTM, which was inoperable, the new BTM design will have similar natural frequency results to the DODVS with the application of identical materials. Being that the TSLOTS supports on the BTM are significantly shorter, the system will have no problem damping with the 1-second range specified in the PDS. As noted in the previous section, the XY stage will provide mobility within an 11x6 inch section when testing. This stage will assure the preferred travel of 1/3 inch per minute in the PDS. 

Various options were considered for controlling the motion of the BTM.  The stage donated by Xerox includes stepper motors and the associated driver circuits, but not a more advanced controller such as the Parker controller for the X stage on the DODVS.  Since the goal is to integrate the operation of the BTM into the current motion control software, such a controller would make the task easier.  Replacing the steppers with servo motors and a 2-axis motion controller would be ideal, which would ensure the greatest positioning accuracy; however, this would not be practical due to price constraints. Controlling the BTM has been narrowed to two choices: the first is to obtain two commercial controllers for the current stepper motors or the second is to use the driver circuits that came with the XY stage and build a custom interface board to handle the stepping of the motors in response to software commands. The downside of both approaches is that manual adjustments to the stage cannot be fed back to the software. Consideration of these options is ongoing.
Optics and Lighting
The recommended configuration for the optics system would be used for both the DODVS and the BTM. This will reuse the main zoom module of the current assembly, but add a 2.0X TV tube and a 2.0X auxiliary lens, as well as replacing the modified coaxial lighting lower module with a simple focusable lower module. This configuration has a magnification range of 3X to 21X and a numerical aperture of 0.16. This will provide the correct magnification and higher resolution, although the maximum working distance that the optics can be separated from the drum is increased to 32 mm.  The increased working distance has been accounted for in the design of the new optics mount.

A detailed review of lighting options is provided in Appendix C. The results show that a Dolan-Jenner MH-100 Metal Halide with Schott Goosenecks light guide is the best option. The metal halide bulb has higher color temperature along with twice the intensity of a halogen bulb. The Schott guides were selected for budgetary reasons with minimal implications. However, due to cost, the final decision about the lighting system will be made by Xerox.
Conclusion
The design of the DODVS and BTM is on target for the completion date. Two devices will be built, one for taking images of ink droplets directly on the printer drum and one to take images of ink droplets on a piece of paper after they have been transfixed off the printer drum. For each device, a completely new frame has been designed and will be built. The X-Stage from the previous DODVS will be retained for use on the new DODVS and the current DODVS optics and camera system will be retained and used on the BTM, with some modification to the lens assembly. New components for the optical system will be purchased and a new camera mounting system will be manufactured for the DODVS. The donated XY stage used for the BTM will be modified to include a manual over-ride and reprogrammed to operate with the BTM. The current lighting system will be retained for use on the BTM and a new lighting system may be purchased, pending approval from Xerox.

Appendix A – ANSYS Analysis 
In determining the optimum frame design for the DODVS and BTM, an analysis of several designs was performed in ANSYS. This appendix contains an abridged version of the analysis performed on the frame designs; there were a total of 14 analysis performed. This document covers three of the main configurations, including the final design choice. Knowing the general shape of the system, finite element models were created representing the “worst-case-scenario” of a solid aluminum frame, not one constructed of TSLOTS. The TSLOTS material has a high stiffness due to the stress concentrations in material of the extruded design. 
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Figure A: Internal Structure of TSLOTS

The first case evaluated was a solid frame, with no gusset; the dimensions of the piece are: 4.5”x1.5”x22.5”.
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Figure A.1: Modes of natural frequency for a frame constructed out of 4.5”x1.5”x22.5” aluminum
The results from this analysis gave a first natural frequency of five hertz, which is below the natural frequency of the current DODVS, which is ten hertz. The next setup that was analyzed was a frame of the same size, but with a ½ inch gusset with a three inch length on the base plate. 
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Figure A.2: First gusset design.
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Figure A.3: FFT output from ANSYS for the design in figure A.2

For this design, there was no improvement in the range of the natural frequency and an increase in the amplitude of the oscillation. At this point, the cross section of the material was changed to 6”x3” aluminum. This dimension was chosen because it corresponds to a size of TSLOTS that is readily available. The 6”x3” solid aluminum frame with 11 inch high, ¼ thick gussets was analyzed in ANSYS.
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Figure A.4: 6”x3” TSLOTS with ¼” gussets
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Figure A.5: FFT output from ANSYS

With this configuration, the natural frequency of the system was moved to 18 hertz and the amplitude of oscillation was decreased. Since this is a worst case scenario, the amplitudes for un-damped system are:

	Axis
	Amplitude (+,m)
	Amplitude (-,m)

	UX
	2.11E-06
	-1.26E-06

	UY
	1.15E-07
	-1.23E-06


Table A.1
For a damped system the amplitudes become:

	 
	Amplitude (+,m)
	Amplitude (-,m)

	UX
	2.25E-08
	-2.34E-08

	UY
	2.20E-09
	-1.98E-09


Table A.2
In either case, the amplitudes are well below dimensions of our viewing range set aside in the PDS, which is 42.3µm (or 1/600”).The design shown in figure A.4 (in a worst case scenario) has a natural frequency eight Hertz higher than the current DODVS and the amplitude of oscillation has decreased from 533 µm to 2.11 µm. After the new DODVS and BTM have been built, a full analysis will be performed. 

Appendix B – Optics Analysis
To determine how the current optical system affects the quality of the images produced by the DODVS, an analysis of the components used was undertaken.  This appendix contains a summary of the relevant calculations and the conclusions reached that were used in the selection of the new optics system.  

The components of the system needed to meet certain specifications. The first of these is magnification. The areas that must be imaged were given to be from 1/600” to 40/600”. Since the smallest of these areas corresponds to the length of one ink drop at 600 dpi, the assumption was made that only down to 5 drops will be imaged at any one time, so the minimum image length is 5/600”. The second specification is imaging system quality. All the components of the optical path should transmit the image with as little distortion as possible. A third requirement is that the imaging system interacts well with the rest of the design (e.g. consideration had to be given to vibration introduced by the optical components as well as the frame).

The lens assembly currently used in the DODVS has a 1.5X mini TV tube, an upper zoom module with an iris, a lower function module with a coaxial lighting input port, and no auxiliary lenses. This configuration of the Zoom 70XL, as determined from the Optem documentation, has a magnification of 1.1X to 7.9X and a maximum working distance of 89 mm. The numerical aperture (NA), which is a measure of the resolution of the lens assembly with respect to diffraction, ranges from 0.024 at minimum magnification to 0.080 at maximum magnification. The documentation also indicates that the field-of-view of the assembly, using a 1/3” camera, ranges from 3.2 mm × 4.2 mm at minimum zoom to 0.45 mm × 0.61 mm at maximum zoom.

The field-of-view range presents a problem, since the given minimum and maximum values correspond to fields-of-view of 1.69 mm to 0.212 mm.  The required magnification can be found using
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, where both sensor size and field-of-view are in horizontal side measurements, and PMAG is the amount the imaged object (the primary) is magnified when projected onto the camera sensor. The horizontal side measurement of the camera used in the current system is 4.8 mm, and the imaged side length ranges from 1.69 mm to 0.212 mm. Using the above formula, this means that to fulfill the magnification specification, the lens assembly should provide a magnification ranging from 2.8X to 22.6X.

The second criterion the lens assembly must meet is resolution: is the resolving power of the lens assembly with respect to diffraction sufficient to present a clear picture to the camera sensor? The optical resolution of a system is summarized by the NA, which for this lens assembly is 0.024 at minimum magnification and 0.080 to maximum magnification. This measurement is related to the minimum resolvable distance, which is the minimum distance between objects for the optics to distinguish between them and not blend them together. This can be calculated by the equation: 
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. This equation gives minimum distinguishable distances in the range 10 μm – 18 μm in the optical spectrum for the minimum magnification level and distances of 3 μm – 5 μm for the maximum magnification level. Any points closer than these distances will be blended together due to diffraction in the lens assembly.

The lens assembly is not the only optical component that affects image quality.  The camera must also be considered.  The main property of the camera that is of interest regarding image quality is the resolution. A formula to relate the digital resolution of camera to the object resolution, or the minimum distinguishable distance between objects to needed for the camera to register them as separate, is 
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, where Camera resolution = 2 × Pixel size. This formula assumes a perfect optical system, with no distortion, so that the relative capabilities of the camera and the optics can be compared. For the current camera, the object resolution varies from 8.5 μm at minimum magnification to 1.2 μm at maximum magnification. Since the size of an ink drop at 600 dpi is on the order of 40 μm, the current camera is theoretically capable of providing an image area of around 30×30 pixels for a single drop. The important point is that the distances distinguished by the camera alone are less than those distinguished by the lens assembly, so the camera resolution is sufficient for this system.

Appendix C – Lighting Options
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Fig C.1 CCS HLV-24-3W series

[image: image29.emf]
Fig C.2 In-line lighting with Thales-Optem 70XL
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Fig C.3 Halogen vs. LED life span comparison

[image: image31.emf]
Fig C.4 Halogen lamp replacement and intensity cycle

TABLE I: Lifespan of lamp based on intensity level

	Light (% of Maximum)
	Watts (% of Maximum)
	Change on Color Temp (ºK)
	Life (Factors of Min. Hrs)
	Hrs

	100%
	100%
	-0
	1X
	200

	84%
	93%
	-60
	2X
	400

	70%
	86%
	-120
	3.5X
	700

	59%
	79%
	-170
	7.5X
	1500

	49%
	72%
	-230
	16X
	3200

	40%
	66%
	-290
	35X
	7000


TABLE II: Light source

	Model
	Type
	Watts
	Color Temp
	Life (hrs)
	Cost

	Dolan-Jenner DL-800
	Halogen
	150
	3200 ºK
	200 full intensity
	$374

	Dolan-Jenner MH-100
	Metal Halide
	100
	6000 ºK
	6,000
	$1155

	CCS HLV-24SW-3W
	White LED
	3
	5500 ºK
	30,000
	$493 + $306 (PS)


The purpose of the lighting system is to correctly illuminate the imaged surface to provide sufficient light for the camera to take a good picture. This is accomplished currently using a Dolan-Jenner PL-800 fiber optic light source with two flexible fiber optic light guides that can be positioned wherever desired relative to the surface. The mounting of the light guides in the current system is a major source of vibration and an obstacle to high-quality images.
Here are the problems with current lighting:

· Hard to aim

· Inaccurate color reproduction

· Glare from spot lighting

· Vibration

· Low output intensity

The dual goosenecks light guides in the current setup are not rigid nor is at the right working distance to provide proper lighting. Light intensity decrease because of two reasons: degradation of the bulb and Working Distance (WD). The further you are away from the object, the less light you have on the object. Our current setup has the gooseneck elevated 4 inches higher than it needs to be, therefore, the pictures taken are dark and inaccurate.

Based on the new WD of the improved optics assembly, we have limited our traveling distance between the tabs of the wipers (118mm/4.64”). Due to the narrow printer opening and Thales Optem 70XL lens dimension (27.9mm Diam.) assembly, normal ring and in-line coaxial light will not fit. This leaves us with dual goosenecks spot lighting. 

As mentioned before, the problem with spot lighting is glare, aim and vibration. This was until the goosenecks from Schott were seen. They are rigid yet were flexible enough to bend for aiming. Potentially, this will reduce vibration and alleviate the aiming issue. To eliminate the glare a polarizing filter could be use in-line with the light source or lens assembly.

Inaccurate color reproduction deals with color temperature of the light source and CCD. The CCD  cannot changed, but the lighting source can be adjusted. Listed below are the various color temperatures of different lighting.

[image: image32.png]B

1800K "4000K "5500K "8000K 12000K 16000





· 1700 K: Match flame

· 1850 K: Candle

· 2800 K: Tungsten lamp (incandescent lightbulb)

· 3350 K: Studio "CP" light

· 3400 K: Studio lamps, photofloods, etc...

· 4100 K: Moonlight

· 5000 K: Daylight

· 5500 K: Average daylight, electronic flash (can vary between manufacturers)

· 5770 K: Effective sun temperature

· 6420 K: Xenon arc lamp

· 6500 K: Daylight°

· 9300 K: TV screen (analog)

Just as quick comparison here is a comparison of Halogen lamp versus HID Metal Halide. 
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Normally you would want your color temperature to be in the white range (5000 ºK – 6500 ºK). The reason for this is that white light, similar to daylight, contains all the frequency of the color spectrum. As you can see metal halide gives you a cooler picture and better color representation. 

Recommendation:

Dolan-Jenner MH-100 Metal Halide with Schott Goosenecks light guide. The metal halide bulb has higher color temperature along with twice the intensity of a halogen bulb. From a budgetary point of view, the Schott is our cheapest solution with minor implication. Ring lighting with the macro lens would be recommended if it were not for the 118 mm length for 2X lens module. As an option, additional fiber optic focusing lenses could be attached to the end of the light guide to help concentrate and focus the beam.

	Component
	Quantity
	Price/Unit
	Total

	Dolan-Jenner MH-100
	1
	$1155
	$1155

	Schott Goosenecks light guide
	2
	$240
	$480

	Fiber optic line
	2
	$250
	$500

	Total
	$2135

	Optional
	
	
	

	Fiber optic focusing lenses
	2
	$30
	$60

	Total with option
	$2195


TABLE III: Lighting options

	Model
	Type
	Pros
	Cons
	Cost
	Note

	70XL Coaxial Focusable Lower Module
	In-line 
	- Reduce glare

- Even distribution 
	- Decrease traveling distance along drum
	$403 - $480
	Will not fit

	CCS SE-16SM2
	Macro lens
	- 16 mm diameter lens
	-Extends the length of lens assembly, potentially adding vibration
	$198
	Requires HFR-25-30

	CCS HFR-25-30
	Ring
	- Even distribution

- 25 mm diameter
	- 30 mm WD
	$432
	Use in conjunction with SE-16SM2

	Schott Dual Goosenecks
	Light guide
	- More rigid than EO goosenecks

- Fit tight spots
	- Vibration
	$240
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Fig. 5 In-line coaxial lighting option for 70XL
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Fig. 6 Macro lens in conjunction with right lighting
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Fig. 7 Dual goosenecks light guide from SCHOTT
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