1. Introduction
In an era of modern technology machine vision systems are playing a more important role in the manufacture of products.  Cost benefits can be realized with this technology through the reduction of personnel and more expedient, accurate product quality inspections. Every machine vision system requires optimal lighting conditions that will produce the best image with respect to contrast ratio.  Certain applications in industry require the ability to precisely control these lighting conditions efficiently. The lighting tool box is a compilation of hardware and software applications designed to meet most of industries machine vision lighting needs.  If a machine vision system cannot perform its function effectively due to in-adequate lighting conditions, bad parts may be allowed to leave a plant costing a company time and money. The lighting tool box project is an internet controlled machine vision lighting control system. 
2. Problem Statement 

The project requirement is to design and implement three lighting control systems for the more commonly used machine vision lighting systems. The first requirement is an incandescent lighting control system. The design and implementation of a four-channel incandescent lamp controller is as follows; each channel will be capable of controlling the intensity of a 50-watt halogen lamp. Each channel will have a range of control from full brightness to completely off. The intensity set point will be regulated via an embedded controller. The lamp voltage will be monitored by an analog input channel on the embedded controller. The controller will adjust the width of the pulse accordingly to maintain that set point. MOSFET drivers will switch the lamp loads at the PWM frequency. The design will condition these drive signals such that minimal heating occurs within the MOSFETS. Also, transient voltages to the lamps will be minimized by the incorporation of an inductor / capacitor circuit. This circuit will be a high power circuit with a power supply capable of delivering 200 watts at full capacity.  High current wiring techniques and component cooling methods will be incorporated into this design. An additional temperature monitoring circuit will also be implemented to prevent overheating which may damage some internal components. 

The LED light controller is a regulated 12 VDC power supply capable of delivering 50 watts at full load conditions. A MOSFET switch will also be implemented in this design. The control circuitry will operate mostly at TTL levels. Control circuits exist within the main controller to allow remote and local operation to be switched manually at the device. Status signals returned to the embedded controller will consist only of power supply voltage monitoring. Since LED's require a precise operating voltage the integrity of this voltage needs to be monitored closely. A failure of the series pass regulator could produce damaging voltages at the output. An external warning indicator will signal the user that damaging voltages exist and that the ring light head should not be plugged into the controller or should be disconnected quickly. The PWM signal will be generated by the embedded controller or can be internal generated by a local oscillator. The switching logic will be TTL only. Some CMOS logic may be required to interface the MOSFET driver to the PWM signal. A high performance comparator will be used to implement the over voltage detection logic. A strobing feature will be implemented to take trigger signals from an outside source and send them back to the embedded controller where they will be modulated onto the PWM signal. This feature will also be available while operating the device in local mode. The ring light head will contain an array of LEDS and will be modulated in unison. A simple current limiting resistor circuit will set the unit for 12 VDC operation.   

The fluorescent controller; whose specific purpose will be applications will large aspect ratio's; will operate at 40 KHz. The intent of this design is to make the controller dimmable via the remote embedded system. An application specific integrated circuit (ASIC) will be implemented. An International Rectifier family of products exists to perform these types of functions. The range of control for this system is expected to be from 5% to 100%. Currently technology exists to produce these results but may not be feasible with the type of lamp being used. This circuit will use an AC to DC conversion then a DC to high frequency AC conversion. The first conversion will provide a DC bus with a potential of about 300 VDC. A unique type of PWM signal generated by the ASIC will control the current to the lamp thus controlling the brightness. A half bridge driven by the ASIC will supply all the signals the lamp needs to operate both during startup and normal operation. The circuit also contains a safety feature that turns off the high voltage should the lamp be unplugged by the user. Another key element in the fluorescent design will be an attachment that contains a circular fluorescent lamp inside a box with an opaque lens on top (a shadow box) for transmitted lighting applications. A concern exists whether the circular and tubular lamps will operate satisfactorily from the single fluorescent controller. The whole system should require no more than 50 Watts of power to operate. Conventional circuit board techniques will be use to construct this system except for the high voltage areas where techniques will be in place to minimize this hazard.

All three controllers will be assembled in their own enclosures and should weigh no more that five or ten pounds. These enclosures should be no bigger than a desktop computer. The embedded controller on the other hand will be much smaller and require less power to operate. The embedded controller is centered on the PC-104 system technology and will run a LINIX operating system. The choice for a LINIX operating system was made due to limitation of resources and efficiency required. An IO adaptor board attached to the PC-104 will implement the PWM signals for the three controllers previously mention as well as provide monitoring for the various status conditions. The PC-104 embedded controller will also provide the Internet interface to the whole system via it’s own internal NIC card. A WEB CAM will also be implemented as an aid to the user to set precise lighting adjustments via Internet control. Note that the embedded system can only control one lighting system at a time with the current design. No plans exist to do otherwise.   

2.1 Tasks Assigned to Each Team Member

3. Design Choices and Performance Criteria

Linux/GNU Operating System

· Stability

· Cost

· Scalability

· Open Source

PC104 Embedded System

· Size

· Heat-load

· No moving parts

4. Design

4.1 Details of Design

Hardware Design:

Figure 1:  Hardware Block Diagram
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Figure 2:  Software Block Diagram

4.2 Design Tasks for Each Team Member

Nick Sitarski’s Design Tasks

Task Assignment

The Incandescent Lighting system is one of the systems contained in the Lighting Toolbox.  This system will include four fifty-watt halogen lamps whose intensity can be controlled over the Internet via our embedded server (also a manual control may be added).  Each lamp can be set to operate at a unique intensity.  The Incandescent Lighting system can be broken down into subtasks as follows:

· Power Supply (Including Fusing)

· Light Controller

· Temperature Sensors

· Communication

· Enclosures (Including Lamp Heads)

· Circuit Board Fabrication 

Blaine Thompson’s Design Tasks

The LED Light controller is one of the Lighting Tool Box systems. 

This systems primary function is lighting applications with a close proximity to the viewing area. A concentric ring of LED's will be attach to the periphery of a machine vision camera and will provide a light source whose intensity can be accurately controlled. A strobing feature will also be incorporated. The strobing and intensity effects can be controlled via the Internet and thru local controls. The design and implementation of this system requires that the following tasks be completed.

· Design and implement a 12 VDC Regulated Power Supply with a 4 A capacity 

· Design and implement a MOSFET Power Switching circuit for PWM control 

· Design and implement a Power Supply failure monitor

· Design and implement a PWM Oscillator for the local mode of operation

· Design and implement a computer interface circuit using TTL logic

· Fabricate a printed circuit board for final circuit design

· Design panel layout for cabinet 

Install finished design in cabinet


Brandon Harris’s Design Task’s

Task Assignment

The fluorescent lighting section of the project will consist of a shadow box, which is an enclosure with a 32-40 W fluorescent ring light bulb, and a 48 in. straight fluorescent bulb that will range anywhere from 32-40 W when the final design is completed. Both the fluorescent ring light, and the 48 in. fluorescent bulb will be powered by a custom designed electronic ballast.  The electronic ballast will include several features such as:

· Quick start up

· Possibly up to 1 % dimmable, however this is not confirmed yet

· Frequency independent dimming using analog voltage from 0.5 to 5 VDC

· Operation range greater than 40 kHz to avoid camera picking up lines, even at 1 % dimming

· Automatic restart

· Brown-out protection

· Over-temperature protection

· Systems will be able to be turned on and off remotely, as well as operated remotely via an embedded linux controller that will have an online user interface

· Linux controller may possibly be able to design lighting schemes for machine vision.  For example, making the fluorescent light go from 1 % to 100% power over a certain amount of time while the camera is taking pictures.

· Systems will also be able to be operated locally (however preprogrammed algorithms for lighting schemes may not be possible locally)

Below are the tasks that need to be completed for my end of the project:

· Implement a ballast design based off of IR21592 dimming ballast IC

· Design and implement enclosures for shadow box and 48 in. fluorescent bulb

· Communication and interface circuitry

· Design voltage regulator local power supply for 0.5 to 5 VDC dimmer pin input to allow for local operation

Vladi Gergov’s Design Task’s

Task Assignment

The Linux box is the brain of the Lighting Toolbox.  It will control pulse width modulation signals, along with providing health status, voltage status, console operation, and web service.  The signals to the components are sent out of the digital I/O module, which will handle A/D conversions and the I/O of these signals.  The box’s ethernet and web server program will handle the control data from the Internet, while keyboard and monitor access will provide direct control over the system.  Subtasks are as follows:

· Build a daemon that can run on the Linux operating system that will handle data as it comes in and leaves.

· Build an I/O program that handles data traffic.

· Direct control through keyboard is first priority in terms of system control.

· Secondary control is through web via a website that will have video capture capability and control of variables such as voltage.

David Chronicle’s Design Task’s

Task Assignment

The Linux box is the brain of the Lighting Toolbox.  It will control pulse width modulation signals, along with providing health status, voltage status, console operation, and web service.  The signals to the components are sent out of the digital I/O module, which will handle A/D conversions and the I/O of these signals.  The box’s ethernet and web server program will handle the control data from the Internet, while keyboard and monitor access will provide direct control over the system.  Subtasks are as follows:

· Build a daemon that can run on the Linux operating system that will handle data as it comes in and leaves.

· Build an I/O program that handles data traffic.

· Direct control through keyboard is first priority in terms of system control.

· Secondary control is through web via a website that will have video capture capability and control of variables such as voltage.

4.3 Final System

4.4 Socio-Economic Issues

4.4.1 Detailed Cost Analysis
· Each LED System Will be Sold For $2,600 Which Will Include Minor Modifications

· Total R&D Will Not be Charged to First Customer

· We Expect To Sell 20 Units Per Year Totaling $52,000.00 In Sales, However, Material for 20 Units Will be $8360.00

· Assembly For Each Unit Will be 10 Hours at $15 Per Hour Equaling $150.00 Per Unit, This Totals $3,000.00 Per year

· We Will Have R&D Paid For Within First Year

· Each Incandescent System Will be Sold For $2,900 Which Will Include Minor Modifications

· Total R&D Will Not be Charged to First Customer

· We Expect To Sell 20 Units Per Year Totaling $58,000.00 In Sales, However, Material for 20 Units Will be $14,166.40

· Assembly For Each Unit Will be 10 Hours at $15 Per Hour Equaling $150.00 Per Unit, This Totals $3,000.00 Per year

· We Will Have R&D Paid For Within First Year

· Total R&D Will Not be Charged to First Customer

· Each Fluorescent System Will be Sold For $2,900 Which Will Include Minor Modifications

· We Expect To Sell 20 Units Per Year Totaling $58,000.00 In Sales, However, Material for 20 Units Will be $10,757.40

· Assembly For Each Unit Will be 10 Hours at $15 Per Hour Equaling $150.00 Per Unit, This Totals $3,000.00 Per year

· We Will Have R&D Paid For Within First Year

4.4.2 Economic Benefits and Societal Impact
· Machine Vision Applications will be More Accurate Which will Lead to Higher Quality Products

· Companies will See Less Warranty Issues Driving the Cost of Products Down

· Accurate Machine Vision Systems can Replace Human Inspections in Certain Applications Which can Lead to Lower Labor Costs for a Product

· Remote Controlled Lighting Systems Can be used to Control Lighting Levels in Hazardous Areas that are Unsafe for humans to Enter

4.5 Safety Issues
· All Systems are Enclosed Within Metal Enclosures to Conform National Electrical Safety Codes

· All Systems Are Fused to Ensure Short Circuit Protection

· Hazardous Voltages are not Directly Accessible to the User

· A Placard Has Been Place On the Cabinet Exterior to Warn Service Personal of Hazardous Voltages Inside

· There are no Significant Ignition Sources


Inside the Enclosures 

· Enclosures are Noncombustible

4.6 Packaging Issues

5. Test Results and Discussion

	Test Results

	

	

	

	

	

	

	

	

	


Table 1:  Summary of Test Results

6. Conclusions

6.1. Executive Summaries

Nick Sitarski

The incandescent lighting system would be used when 360 degree illumination is required for a machine vision application.  Four 35 watt halogen light bulbs can be placed around an object that a camera is looking at.  Each light’s intensity can be controlled locally or remotely via the internet.  

This system uses a linear power supply.  There are several voltage regulators providing the correct voltage for each of the internal circuits.  The intensity of each light is controlled via a PWM signal.  Within the system there are four local PWM generators running at 40 KHz.  As the PWM signal changes an enhancement mode MOSFET switches.  As the MOSFET is switching it is ran through a low pass filter.  Although the lights act as a low pass filter, and we may not have needed an additional low pass filter, it was decided to use a low pass filter in order to get as close to a DC value across the lamps as possible.  The light’s voltages have a slight ripple (in the 100 millivolt range).  Due to no voltage regulation across the lamps, a slight loading affect can be seen when operated in local mode.

When in remote mode the user adjusts the intensity of each lamp via the internet.  Once the user has the light at the correct intensity the microcontroller reads the voltage across the lamp and puts it in memory.  As the line voltage changes the microcontroller compares the voltage across each lamp to the voltage stored memory for each lamp.  The microcontroller then adjust each of the four PWM signals to maintain the desired voltage across each lamp, in other words the microcontroller acts as a voltage regulator when operating in remote mode.

Blaine Thompson

Brandon Harris

Dave Chronicle

Vladi Gergov

The control for the three lighting systems is achieved with a small computer based on the PC104 standard. This embedded computer has a digital input output expansion card which provides the embedded pc with control over a multitude of digital and analog inputs and outputs.
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