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Introduction

The purpose of this report an presentation is to familiarize the members of this years Gateway Concurrent Engineering Project with the research done by the University of Pennsylvania team into electronics as applied to the goal of a wheelchair-mounted robotic manipulator for use by handicapped persons, children in particular.

This report and its presentation will be divided into four parts, an introduction to this material, a breakdown of the major components, considerations and examples, and finally appendixes for illustration of material.  The general goal of this particular project in the Gateway Concurrent Engineering initiative is to create, and/or modify and enhance on previous designs of, a robotic manipulator for handicapped persons, to enable them to control objects as they would if they had full use of their extremities.  These objects can be located at both table height and floor height.  

Abstract


The basic goals of the electronic system is to give an operator simple control of a robotic arm through the use of a controller.  The controller will input user commands as analog data and either convert to digital or simply transmit as analog to a computer.  The computer will then process the information along with feedback information from the robotic device and perform operations accordingly.  These operations will be outputted to an I/O board, data acquisition board, a parallel or serial port or any other type of port to the motors.  Where the majority of computations take place is mostly up to the designer and can be at nearly any point between the controller and the motors.  All calculations and data manipulations are controlled through C code written specifically for the hardware used.

                                                       

                Part II


Basic Electronic Design


The first step in producing an electronic control system is to analyze the goals desired.  For our case we are looking for transmission of information from a user to a set of independently controlled motors.  In this process we will need to translate the user input into data through a transducer.  At this point the data must be manipulated so that it represents the form necessary to move the motors in the desired way as according to the user.  A number of alternatives for this objective are available and we will start analyzing them with the breakdown of possible electronic components needed.  There will also be a need from electronic equipment such as power supplies, wiring and other miscellaneous items, which are not in the focus of this report.

Component Alternatives


In this section we will break down necessary equipment into various alternatives, what their purpose is and briefly discuss how each is used.

INTPUT DEVICE—This device, or transducer, acts to take in data from a user and transmit it to a processor.  The most common form of transducers on the market today for electronics include mice, keyboards, joysticks and game controllers.   Other technologies are becoming available constantly and provide strong alternatives such as voice activation or infrared remote controllers.  Last year the Gateway team picked a standard off-the-shelf joystick because of users high familiarity  rate with the transducer type and because of its ability to control up to three axes with the proper type.  Joysticks are prevalently analog transducers and this held true with last years’.  This led to its only flaw in that it was inaccurate at high precision levels.  Other than that the joystick proved to be easy to use, program and to operate with the system.  It is usually connected to either a communications port or a game port on a computer.   For this year, transducers suggested include a joystick by Microsoft that is digital and contains all axes in easy forms of buttons and slides.  This will keeps the simplicity of the previous years design along with the same success and at the same time eliminates the precision problem.  Voice recognition is simply not a viable option for easy operator control.  Keyboard use is very simple and would yield 100% accuracy all of the time but would be bulky.  Mice and related trackballs just don’t have the flexibility to control the three axes needed.  Remote infrared control is another viable option.  As interesting as is seems, remote functionality is not needed as the entire system is within inches of the controller at all times.

CODE—This is the part of the electronics system that acts as the glue to hold everything together and make it all function properly.  Without getting into the high level coding, the electronics code deals with the actual high and low bit data travel between components.  Unlike the controller, there are a number of different possible approaches to the use and construction of code.  One of the main questions you must ask is how much work do you want done and where.   If you are using a central computer to do most of the processing, most of your code is going to run on the computer.  In this case a generally accepted language is C.  There are many alternatives to this language, all with their benefits, but for our standpoint, C code is the most widespread and easy to use.  It will allow easy manipulation by all experienced designers and will allow for future enhancements by non-team members.  Another option would be to lessen or eliminate the use of a computer and transfer responsibilities of processing power to other sources and eliminate all coding.  This option will be discussed in more detail below.  An important question when programming your devices: How much of your work needs to be done in real-time?  The use of interrupts for PCs is common in real-time coding.  This is the process where the computers tasks are interrupted at certain periodic intervals to do a predetermined job, in this case, determining user input relative to motor position or speed or both, calculating corrections and sending them.  This option is relatively hard to work with for a programmer because it creates computer malfunctions when erroneous code doesn’t work properly.  The alternative is not to use interrupts.  This method does not provide the most prompt responses and is less accurate, however it is much easier to work with and allows the use of operating systems such as Windows and other high level OSs.  This is the technique we suggest since the time lag is of minor consequence since it is usually only a small fraction of a second.  We suggest doing some of the work by small microprocessor boards, which do run in real-time.  We can then write less code and not worry about real-time issues.

BOARDS—These are the circuit boards that carry out all of the functions not performed by the transducer and the central computer, if one is used.  There are many different configurations and arrangements of boards that could be used to accomplish the tasks at hand, including putting all of the functions as hardwired logic gates on a single printed circuit board.  The most generally accepted practice is to use a computer for processing power, at least to start the design phase.  If this is the case, then a data acquisition board or data I/O board will be required to interface the computer and transducer(s) to the motor controllers and motors.  There are a number of possible digital I/O boards available as well as analog.  Since we are using a computer that works digitally and a motor that works with digital control, it makes sense to use a digital controller.  Whether a PCI or ISA or an alternative bus method is used is really irrelevant.  The motors also need to be controlled in a certain way (we suggested using small microcontrollers).  This could be one through code and the use of the computer, however, this requires extensive programming and reduces system efficiency.  There have been alternatives created on the market for this problem.  Motion control chips are small simple purpose processors that do a few tasks cheaply and efficiently.  The CPU in the computer would be wasted if it had to do all of the trajectory and calculations required for the motors itself.   Therefor the use of a motion controller chip represents a way to reduce the load required by the computer and increase response time as well as efficiency.  However, we could not find any all-in-one boards that work as data acquisition as well as motion controller and amplifiers.  So the process needs to be elongated through the introduction of a motion control  board.  These are readily available on the market but lack the definition needed for a project as specific as ours without large costs.  The advantage is that all final calculations and amplification as well as feedback is processed outside the computer, out of the scope of code, providing efficiency and easy of operation and design as well as reduced costs of design.  The solution we suggest is to create an in-house board with a motion controller chip, amplifier [image: image2.png]


and a digital clock for time stamping and other basic functions.  If this is to be the case, breakout boards might be needed to differentiate between wires and their functionality, at least in the prototyping stage.  These are relatively standard and any will do.  Of the chips on the market used for motion control, the most cost effective and efficient found was made by National Semiconductor, called the LM629.  Information on these and other National Semiconductor chips can be viewed at http://www.national.com/pf/LM/LM629.html.  Other manufactures of microcontroller and driver chips can be viewed at http://www.newmicros.com/txs7056.html.  

MOTORS—These are the instruments for the movement of the arm links.  The motors basic requirements are to be able to move at a specified speed with a specified torque, to report position and speed data through the use of an encoder, to be cost effective and be able to integrate into a system with our configuration.  Last years motors were chosen from Pittman for two main reasons.  First, they fit the space and torque requirements with the use of gearboxes and gear trains.  Second, they were very cost effective compared to competition. These models also come with encoders for quadrature use.  This means that there are two signals sent relaying the position of the motor relative to the encoder at 90(  phase shift, giving four times the accuracy.  We used a model last year with a 500-line encoder and quadrature, producing 2000 counts for every revolution. Another advantage of Pittman motors is that their encoders are bi-directional, meaning that they work both in forward and reverse.  So with the 2000 counts, ample torque production and bi-directional functionality, these motors still represent the best alternative.  This year we are recommending the same motor and encoder combination from Pittman, only with a little less mass and torque output due to the reduced size requirements of the arm. 

COMPUTERS—Control of the processes and processing power is usually concentrated within the computer through use of controller code and a central processing unit.  Computers can vary greatly but the most common platform is that of the PC.  Ranging from 8088 based Intel computers to power PCs to Alpha, Sun and other workstations and on up.  For our purposes the minimum cost is the highest priority assuming they all can accomplish the same tasks effectively.  Last year we used an old Intel based 286 computer.  This year our designs have been based on the same platform since it accomplished all of the necessary tasks last year and proved to be very cost effective.  The only concern with using this as a processing and controlling unit is that it cannot be readily fit onto a wheelchair with all of the additional equipment needed.  The conclusion is that a smaller processing and control unit must be used.  One option is the aforementioned printed circuit board in which all functions of the electronics except the transducers and motors are kept on the same silicon board, roughly the dimensions of a small stack of paper.  This would reduce the size of the entire arm drastically and increase efficiency of production comparatively.  The problems arise in the design of such a board and the manufacturing.  Design and debugging time and costs would reach astronomical levels for such a project and all manufacturing would need to be outsourced. Another option would be to use a microcomputer-on-a-board system.  In such a system all of the key functions of a motherboard are shrunk to roughly 5”x 7” or smaller and there is room for addition of any Intel based processor or similar type as well as ram and an expansion board that would be used for the digital I/O.  With programs being stored in flash ROM, there would be no need for a hard drive, floppy drive or other peripherals that take up much needed space.  In fact, even the power supply can be substituted for the wheelchair’s on-board power, as with the rest of the arm functionality.  Examples of this type of product are covered extensively on the World Wide Web.  Some example manufactures include Versa Logic and Advantech.  Prices are around $900 for a Pentium class board with plenty of RAM and ROM.

     









    Part III

Possible Designs & Configurations

With the components mentioned above, it is very easy to visualize many different design alternatives, ranging from the all-on-a-board idea with one circuit board, transducer and a set of motors with no coding used, to a highly decentralized process where there isn’t even a central computer.  Some of the most feasible and cost effective options are the following:

1. Printed Circuit Boards

Pros:

· Very centralized

· Compact

· Low power requirements

· Easy to manufacture and assemble in large quantities

Cons:

· Very high design costs and complexity

· Difficult to diagnose problems

· Debugging complexity

2. Central Computer

Pros:

· Easy to design effective systems

· Common platform, interoperability

· Plenty of processor power with easy interface

Cons:

· Can be expensive

· Too bulky, must be minimized after testing

· High power consumption

3. Mini-Computer 

Pros:

· Small and easily reproduced

· All functionality required of a desktop

· Relatively easy to program

· Low power consumption

Cons:

· Fairly expensive

Cost, Performance & Realism

The cost of the items above range widely.  A digital I/O board or data acquisition board can have A/D or D/A or both onboard plus mounds of other functions built in.  Price range from a few tens of dollars to ten thousand and even some higher than that for special purposes.

Example Configuration 

In this section we will discuss one example configuration that we have completed extensive designs for and have been working on the synthesis of a prototype.  We will explain in detail all of the components of its electrical system here, what they do and how they do it.


In our system, the flow of data is basically a circular pattern with the exception of the transducer, which never receives data, but always transmits.  The rest of the cycle can continue on from the computer, which receives data from both the transducer (joystick) and the encoder.  From the computer data travels to the digital I/O board to the breakout boards and on to the motor control boards mentioned above that we constructed in house.  Next the signal is sent through an amplifier to beef up current and then sent on the to motors. The motors position is determined using the encoder which in turn transmits it back to the motion controller chip and from there back to the digital I/O in the computer where the computer reprocesses the new position data and calculates relative velocity data from that.


The different components include:

ENCODER—an encoder works by attaching a disk with notches on its perimeter where light can pass.  A light emitting diode (LED) is able to show through the encoder at certain positions only.  On the opposite side of the disk from the LED is a photoreceptor or a phototransistor.  This relays position data to the system.  By having two LED’s you can effectively quadruple the position data.  Through position over time analysis you can determine effective velocity.

DECODER AND COUNTER—The analog signal from the encoder is sent back to the motor control boards where it is time stamped by a counter measured by an on-board clock.  The number is converted to digital using binary from 20 to 231.  This is done using high as a 1 and low as a 0, standard for digital logic.  A 1 usually is represented with a dc 5V impulse and 0 by 0V.  The 1’s and 0’s  are assigned a bit from 0 to 7 to generate the digital number used by the computer.  Usually 8 bits of data are sent at once but larger numbers can be used.  Reading each channel separately allows the data to be received eight bits at a time and a 32-bit number is created by adding.

DIGTIAL I/O BOARD—Once the number is produced by assigning ones to the appropriate slots from 0 to 7, the information is set to a digital I/O board.  The I/O board consists of an average of 96 bits.  Each eight bits consists of a port, which is assigned a location in the computer’s memory.  The eleven outputs (eight bit locations and three selection slots) of the motor controller are connected to slots on the board.  After a number is requested in the software it is then transmitted back to the I/O board where the information is received by the amplifier.  Digital I/O is a method of sending and receiving data.  Each bit can be set high or low to perform a task.  Eight bits together can be read to receive a number.  In comparison, A/D or D/A boards receive or send variable levels of voltage instead of dc 5V and 0V.  The voltage signal is converted to a number by the A/D board by assessing the best estimate of position with respect to time and converting this data to binary for digital use.  This method is slower than digital I/O and can cost thousands of dollars for good equipment.  We chose a 192 bit digital I/O.

AMPLIFIER—This simply amplifies the signal to be sent to the motors so that it has enough power to drive the motors.  Since the motor control board was the last stop for the signal before reaching the motors, there is a power supply connection on the motor control boards for the actual motors.  This runs through an amplifier modulated by the weak signal of the controller chip.  This weak signal is duplicated by the power supply signal only in a highly amplified state through the use of pnp or npn junctions.  The motor is then driven by this signal.

MOTION CONTROL—There are several methods of motion control available as discussed above.  Motion control involves gathering data on position and calculating velocity data from this data and together with user input data is translated into a new desired behavior for the motors by the processing unit involved, whether it is a CPU on a computer or a motion controller chip.  We chose to use a motion controller chip because it allows easy time stamping and efficient calculations without using up large portions of system resources of the computer.  Another reason for this method is the availability of  quasi-real time data flow and computation.  By having a clock on the motor control boards with the motion controller chip, we can time stamp data and all computations done by the motion controller chip.  At the same time we don’t need to use interrupts on the computer which can cause extreme instability during the design phase.  Real time control also requires a large amount of coding.  The large code needed to execute makes the process slower.  Imagine if you had to execute the code in your C program 1000 times a second.  That would slaughter resources and produce drastic lags and inefficiency.











      Part IV

Appendix A—Cost Structure 

Number
Component
Cost
Quantity
Total

1
192-bit I/O
$200
1
$200

2
Cabling
$15
5
$75

3
Breakout Board
$50
3
$150

4
Power Supply
$100
1
$100

5
LM629 & Board
$175
4
$800

6
Clock
$4
4
$16

Total



$1,341
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