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1. Futaba S3003 (servo motors)

2. PIC Microcontroller 16f84A


3. Serial Port (RS232)

4. 7805 voltage regulator (+)

5. Step-down transformer (9v)

Economic Issues 
Environmental Issues 
Sustainability Issues
Manufacturability Issues

Ethical Issues

Health and Safety Issues

Social  Issues

Political Issues

Scope and Limitation


The Robotic Arm is limited to only 6 degrees of freedom


The interface of the arm to the pc is limited to the speed of the serial port and the only mode of transfer used is the asynchronous transfer of data wherein the sequence of the data that is needed to be transferred from pc to robot is in this format:


First byte = 0


Second byte = address of the motor ( from 0 – 5)


Third byte = data or position of the motor ( 0 deg min – 180 deg max )

Suggestions on Improvements



The most popular PICMicro used to teach new users is the 16F84. This device uses a "mid-range" PICMicro processor, with 1024 instructions of "Program Memory" and 68 bytes of Random Access Memory ("RAM") memory (which are also known as "file registers"). The "Program Memory" is made up of a serially programmable array of "Electrically Eraseable Programmable Read Only Memory" ("EEPROM") cells which can be serially programmed by the user. Internally to the chip, there is a timer, an interrupt controller and 64 bytes of EEPROM that can be used for data storage. The chip itself comes in an eighteen pin package with thirteen pins available for digital input and output. The photograph at the top of this article is of a PICMicro 16C61 which is roughly equivalent to the 16F84, but uses EPROM program memory instead of EEPROM. The 16C61 chip shown above is a "JW" part, which is Microchip's designation for the parts which have "windows" for allowing UV light to be used to erase the program memory's contents. 
Just a point to help stem confusion later. The Microchip microcontrollers which have electrically erasable reprogrammable memory (which I sometimes call "Control Store") are described as having "Flash" program memory. This isn't quite true as "Flash" is a technology where blocks of memory are erased and then programmed. The Microchip parts can have any instruction address changed (including erased) without affecting any other addresses. This configuration of electrically erasable programmable memory is really "EEPROM" and you'll see some people become irate over the idea that Microchip calls their EEPROM devices "Flash". When the microcontrollers are programmed, the program memory is normally erased in one fell swoop which makes the operation similar to that of "Flash". 
There are three PICMicro families. The "low-end" is a family of devices which use a simple processor which executes an one of 33 twelve bit instructions. The low-end processor can "call" subroutines, but it is important to note that only two levels of "nesting" is possible with this device. In earlier books and PICMicro references, the low-end devices (most notably the 16C54) were used as the primary learning tools. Many of the low-end devices used in applications can (and should) be substituted for mid-range devices such as the 16F84 for most teaching situations. The low-end device part numbers are in the format: 16C5xx.
The reason why it is not suggested that the 16C54 is not used for learning about the PICMicro is it's use of "Erasable Programmable Read Only Memory" ("EPROM") instead of the EEPROM of the 16F84. EPROM requires purchasing "JW" (windowed) parts and a "UV-Light" EPROM eraser while the EEPROM PICMicros can be erased at the programming station. Another advantage of the 16F84 devices is their use of the "InCircuit Serial Programming" ("ICSP") protocol which allows the mid-range devices to be programmed with a minimum amount of I/O pins used where the low-end devices use a parallel protocol which requires fourteen pins to be accessed. This large number of pins makes it much more difficult to build your own programmer. Mid-range devices have part numbers in the formats: 14000 and 16Cyx(x) where "y" is a number greater than "5". 
The mid-range devices are the true workhorses of the PICMicro line with quite a variety of different options available. Along with the devices which enhance the low-end with interrupt controllers and several more instructions, they also have such built in hardware Input/Output ("I/O") capabilities as analog input, serial (synchronous and asynchronous) I/O, microprocessor bus interfaces and LCD direct control. Along with these features, the processor has been "tweaked" to allow for more control registers and file registers ("RAM") and utilizes a 14 bit instruction word. 
The high-end devices have full sixteen bit instruction word processors with somewhat limited I/O capabilities. While having serial I/O capabilities, these devices are primarily designed for applications which require bus memory (RAM and ROM) and can be more difficult to wire than the low-end or mid-range devices in an application. The processor enhancements allow data to be handled more efficiently than in the other two PICMicros, but is somewhat more difficult to develop applications for. 
Overview of a Servo Motor

A servo motor is a dc, ac, or brushless dc motor combined with a position sensing device(e.g. a digital decoder). In this section, our discussion will be focused on the three-wire DC servo motors that are often used for controlling surfaces on model airplanes. A three-wire DC servo motor incorporates a DC motor, a geartrain, limit stops beyond which the shaft cannot turn, a potentiometer for position feedback, and an integrated circuit for position control.Of the three wires protruding from the motor casig, one is for power, one is for ground, and one is a control input where a pulse-width signals to what position the motor should servo. As long as the coded signal exists on the input line, the servo will maintain the angular position of the shaft. As the coded signal changes, the angular position of the shaft changes.

Servos are extremely useful in robotics. The motors are small and are extremely powerful for thier size. A standard servo such as the Futaba S-148 has 42 oz/inches of torque, which is pretty strong for its size. It also draws power proportional to the mechanical load. A lightly loaded servo, therefore, doesn't consume much energy. The guts of a servo motor are shown in the picture below. You can see the control circuitry, the motor, a set of gears, and the case. You can also see the 3 wires that connect to the outside world. One is for power (+5volts), ground, and the white wire is the control wire.

How does a servo work?
So, how does a servo work? The servo motor has some control circuits and a potentiometer (a variable resistor, aka pot) that is connected to the output shaft. The potentiometer allows the control circuitry to monitor the current angle of the servo motor. If the shaft is at the correct angle, then the motor shuts off. If the circuit finds that the angle is not correct, it will turn the motor the correct direction until the angle is correct. 
The output shaft of the servo is capable of travelling somewhere around 180 degrees. Usually, its somewhere in the 210 degree range, but it varies by manufacturer. A normal servo is used to control an angular motion of between 0 and 180 degrees. A normal servo is mechanically not capable of turning any farther due to a mechanical stop built on to the main output gear. The amount of power applied to the motor is proportional to the distance it needs to travel. So, if the shaft needs to turn a large distance, the motor will run at full speed. If it needs to turn only a small amount, the motor will run at a slower speed. This is called proportional control. How do you communicate the angle at which the servo should turn? The control wire is used to communicate the angle. The angle is determined by the duration of a pulse that is applied to the control wire. This is called 
Pulse Coded Modulation. The servo expects to see a pulse every 20 milliseconds (.02 seconds). The length of the pulse will determine how far the motor turns. A 1.5 millisecond pulse, for example, will make the motor turn to the 90 degree position (often called the neutral position). If the pulse is shorter than 1.5 ms, then the motor will turn the shaft to closer to 0 degress. If the pulse is longer than 1.5ms, the shaft turns closer to 180 degrees.


As you can see in the picture, the duration of the pulse dictates the angle of the output shaft (shown as the green circle with the arrow). Note that the times here are illustrative, and the actual timings depend on the motor manufacturer. The principle, however, is the same.

ANATOMY OF A SERVO MOTOR
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Anatomy of a servo
	 

	
	01. Uppper case

	
	02. Middle case

	
	03. Bottom case

	
	04. Metal Bearing 

	
	05. Metal Bearing

	
	06.Potentiometer

	
	07.Potentiometer Drive Plate

	
	08.Motor

	
	09.Motor Pinion 

	
	10.Screw

	
	11.1st Gear

	
	12.2nd Gear 

	
	13.3rd Gear 

	
	14.Final Gear 

	
	15.Intermediate Shaft 

	
	16.2nd Shaft 

	
	17.Servo horn

	
	18.Screw

	
	19.Circuit Board 

	
	20.Connector & cable 

	
	21. Cable Bushing

	
	22. Main Assembly Screw

	
	23. Nameplate


Serial Port (EIA – 232 / RS232 )
Interfacing the Serial / RS232 Port The Serial Port is harder to interface than the Parallel Port. In most cases, any device you connect to the serial port will need the serial transmission converted back to parallel so that it can be used. This can be done using a UART. On the software side of things, there are many more registers that you have to attend to than on a Standard Parallel Port. (SPP) 

So what are the advantages of using serial data transfer rather than parallel? 

1.

Serial Cables can be longer than Parallel cables. The serial port transmits a '1' as -3 to -25 volts and a '0' as +3 to +25 volts where as a parallel port transmits a '0' as 0v and a '1' as 5v. Therefore the serial port can have a maximum swing of 50V compared to the parallel port which has a maximum swing of 5 Volts. Therefore cable loss is not going to be as much of a problem for serial cables than they are for parallel. 

2.

You don't need as many wires than parallel transmission. If your device needs to be mounted a far distance away from the computer then 3 core cable (Null Modem Configuration) is going to be a lot cheaper that running 19 or 25 core cable. However you must take into account the cost of the interfacing at each end. 

3.

Infra Red devices have proven quite popular recently. You may of seen many electronic diaries and palmtop computers which have infra red capabilities build in. However could you imagine transmitting 8 bits of data at the one time across the room and being able to (from the devices point of view) decipher which bits are which? Therefore serial transmission is used where one bit is sent at a time. IrDA-1 (The first infra red specifications) was capable of 115.2k baud and was interfaced into a UART. The pulse length however was cut down to 3/16th of a RS232 bit length to conserve power considering these devices are mainly used on diaries, laptops and palmtops. 

4.

Microcontroller's have also proven to be quite popular recently. Many of these have in built SCI (Serial Communications Interfaces) which can be used to talk to the outside world. Serial Communication reduces the pin count of these MPU's. Only two pins are commonly used, Transmit Data (TXD) and Receive Data (RXD) compared with at least 8 pins if you use a 8 bit Parallel method (You may also require a Strobe).

Pin designation for the 25-pin and 9-pin DB connector

includes equivalent CCITT V.24 identification, and signal direction 


