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ABSTRACT

Embedded microcontrollers were used to control the X-Y (or horizontal) motions
of a high-speed, low-cost industrial robot. The design and implementation were based
on the Intel 8031 (the ROMless version of the Intel 8051) microcomputer. The X-Y or
horizontal motions of the robot were accomplished by using four four-phase stepper-
motors (two for each axis). Two microcontrollers, one for each axis, were used to step
and control the stepper-motors. An IBM PC/AT was used as the main system
controller, which transmits both data and instructions to the microcontrollers.

A twisted pair was used to establish the serial communications between the IBM
PC/AT and the microcontrollers. The communication protocol that was chosen uses the
built-in serial communication feature of the Intel 8031. A user-friendly BASIC
program was written to allow the robot user to download data and send instructions to
the microcontroller of the robot system. However, assembly language routines, to be
called by the main program, were necessary in order to transmit data in the nine-bit
format required by the serial communication mode of the microcontrollers.

A second BASIC program was written to convert informations, entered into the
IBM PC/AT by the user as moves or tasks for the robot, into "move" data for the X and
Y microcontrollers. A third BASIC program was also written to convert acceleration
and deceleration profiles of the stepper-motors into "ramp-up" and "ramp-down" data

for the Intel 8031 microcontrollers.
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CHAPTER 1

INTRODUCTION

The International Business Machines Corporation (IBM) is currently involved
with the University of Tennessee in a Technical Interchange Program (TIP). This
program enables universities to do research on IBM-sponsored projects. One such
project involves the design and prototyping of a high-speed, low-cost industrial robot.
This project has supported three Mechanical Engineering senior design classes. It also
supported for a year one graduate student in Electrical and Computer Engineering and
one graduate student in Mechanical Engineering.

Currrent industrial robots are too expensive and slow to be used for light and
simple assembling tasks on the assembly line. There is a definite need for a high-
speed, low-cost industrial robot to accomplish placement tasks. IBM therefore
suggested to the Mechanical Engineering department of the University of Tennessee,
Knoxville that a project be established to design and build a stepper-motor-driven robot
with open-loop control having a simple Cartesian mechanical layout. The use of
stepper-motors would provide a very inexpensive way to control the positioning of the
robot. The motors are also capable of performing at high speed. The open-loop
control was desirable because it not only could cut down on the cost of the electrical
* hardware, but it also could make the control design less complex, eliminating the need
for microcontrollers with high computing power. A Cartesian mechanical layout would
keep the cost of the mechanism low and would greatly simplify the kinematics and
dynamics involved in the control of the robot. In simple terms, the robot has to be low-

cost, high-speed, and easy to control and use.



In controlling the robot, IBM has envisioned using the IBM PC/AT as the main
controller of the robot system. IBM has therefore graciously provided an IBM PC/AT
along with the necessary technical literature for use in the project.

The microcomputers used for controlling the stepper-motors were the Intel 8031.
The desigr. of the Intel 8031 single-chip microcomputer is optimized for control
applications. Extensive on-chip support is provided for one-bit variables as a separate
data type, allowing direct bit manipulation and testing in control and logic systems that
require Boolean processing [1]. It also has a larger program and data memory, more
flexible I/O and peripheral capabilities, greater speed, and lower system cost than any
previous-generation single-chip microcomputer [1]. The Intel 8031 is therefore
extremely well suited to be used as the microcontroller for each degree of freedom of
the robot. In addition, the Intel Corporation has been a close business partner of IBM
and the use of Intel chips for an IBM-sponsored project will surely be appreciated by

both corporations.

1.1 Description of the Robot Mechanism

The mechanism for the X-Y motion of the robot was designed and built by the
Mechanical Engineering graduate student, Mark Granger. The maximum speed for
motion along each axis is 35 inches per second. The mechanism for another linear (the
vertical or Z-axis) and three rotary degrees of freedom is still in the design stage.
Therefore, the controls related to those four additional degrees of freedom have not as
yet been implemented.

The prototype of the industrial robot is shown in Figure 1.1. A conceptual Z-
arm is included to depict what a finished robot will look like. The gripper (not shown

in the Figure 1.1) will be at the base of the Z-arm. The control tube labeled p is driven




Figure 1.1 Prototype of the Robot with the Conceptual Z-Arm



by stepper-motors A and C, and the control tube labeled q is driven by stepper-motors
B and D. Control tube p controls motion in the X direction and control tube q controls
motion in the Y direction. For the control tube p to move, slider bracket e was fixed
to a timing belt that is mounted on a timing gear on the stepper-motor A, and slider
bracket g was fixed to another timing belt mounted on a timing gear on the stepper-
motor C. Similarly, control tube q has slider brackets f‘and h fixed to timing belts
that are mounted on timing gears on stepper-motors B and D respectively (the timing
belts are not shown in Figure 1.1).

Since the robot designed is X-Y Cartesian based, it was useful to define
coordinates (0,0) as being the home position. In reality, this home position , (0,0), is
the position of which the slider brackets e and f can get as close to the corner bracket
(which houses stepper-motors A and B) as possible without any physical contact being
made between them. (Please see Figure 1.1 for clarity.)

The stepper-motors used are 2.1-amp, four-phase, and 1.8 degree per step (or
200 steps per revolution) motors. Each stepper-motor requires its own driver, and
IBM has provided all of them. These stepper-motor drivers are modified from

scrapped IBM Proprinter boards which come with their own power supplies.

1.2 Description of the Robot Control System

The block diagram in Figure 1.2 shows the layout of the robot control system.
An IBM PC/AT is used as the system or main controller which transmits data to the X
and Y microcontrollers. Data flow was designed to flow one way from the IBM
PC/AT to the microcontrollers, but a seperate line to be used by the microcontrollers to
interrupt the PC (when the robot loses its "stepping” and needs to be reset) is forseeable

in the final design. The system controller (which is the PC) will not be tied real-time to
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the microcontrollers and can be used to perform other tasks once the downloading of
data and the sending of instruction(s) is completed. The physical link between the main
controller and the microcontrollers was a twisted pair (a wire for the transmission line
and a wire for the common ground).

The X microcontroller “teps and controls both the A and C stepper-motors at the
same time through their drivers. Therefore, stepper-motors A and C operate
identically. The Y microcontroller controls the B and D stepper-motors the same way.
A single crystal was used on the two microcontrollers to achieve synchronization.

The stepper-motor drivers used are converted from IBM Proprinter boards.
They can drive stepper-motors at either full current (2.0 amp) or half current (0.8 amp).
This feature made it possible to conserve energy and prevent heating while the stepper-

motor is not "stepping”.



CHAPTER 2

HARDWARE DESIGN OF THE ROBOT
CONTROL SYSTEM

This chapter first discusses the useful features of the Intel 8031. The hardware
design considerations and their corresponding implementations for the robot control
system is next discussed as follows:

« Parallel communication vs serial communication

« External memory of the microcontrollers

« Control lines from the 8031 to the stepper-motor drivers
« Stepper-motor driver used to test the 8031 programs

« Hardwares and interfaces of the X and Y microcontrollers

2.1 Features of the Intel 8031 Microcomputer

The Intel 8031 is a high-performance single-chip microcomputer designed for
use in sophisticated real-time applications. The 8031 integrates on a single chip an
eight-bit CPU, 128 bytes of internal RAM (read/write data memory), a Boolean
Processor, several Special Function registers, four 8-bit I/O ports of which two (ports
PO and P2) are used in accesses to external memory, serial /O port for either multi-
processor communications or full duplex UART, 111 assembly language instructions,
and has the capability of addressing up to 64K bytes of external program memory and
up to 64K bytes of external data memory. It also features two four-mode

timer/counters and a five-source interrupt structure with two priority levels.

The 1/O port P3 also serves the functions of various special features of the 8031




as listed below:

PORT PIN ALTERNATE FUNCTION
P3.0 RXD (serial input port)
P31 TXD (serial output port)
P3.2 INTO (external interrupt 0)
P3.3 INT1 (external interrupt 1)
P34 TO (timer O external input)
P3.5 T1 (timer 1 external input)
P3.6 WR (external data memory

write strobe)
P3.7 RD (external data memory
read strobe)

The Intel 8031 utilizes an oscillator frequency in the range of 3 MHz to 12 MHz.
Each machine cycle consists of 12 oscillator periods. The 8031 also features a reset pin
RST. A reset is accomplished by holding the RST pin high for at least two machine
cycles (24 oscillator periods) while the oscillator is running. The CPU responds by
executing an internal reset. The reset reconfigures all the Special Function registers,
but leaves the internal RAM contents unchanged. The pin-outs and Special Function

registers of the 8031 can be found in Appendix A.

2.2 Parallel Communication vs Serial Communication

Communications (or data transfer) can be established either in parallel or in
serial. Parallel communication allows for more data to be transmitted per second. It
also requires a simpler interface and a less complex software [2]. However, parallel
commuication is more susceptible to noise, especially in an assembly area where high
voltage machinery operates. Parallel communication also requires more lines because it
needs one line per bit (each bit-line will also need a ground coupling to help reduce the

noise problem).



Serial communication has the advantage of requiring only a twisted pair. Itis
also less susceptible to noise, especially when the physical link uses the RS-232C
format which transmit digital signals in the -12 to +12 volts range. But, serial
communication tends to be slower, and the hardware and sofware more complex [2].

The IBM PC/AT came with a serial/parallel communications adapter that
provides a parallel port and a serial port. The parallel port makes possible the
attachment of various devices that accept eight bits of parallel data at standard TTL
levels [3]. The serial portion of the adapter is fully programmable and start, stop, and
parity bits can be added or removed. It also has a programmable baud-rate generator
that allows operation from 50 baud to 9600 baud [3].

Since, the robot can be expected to be operated in a "noisy” environment and
there will be at least six microcontrollers (one for each degree of freedom of the robot)
that requires communications with the main controller, serial communication seems to
be the best solution. The Intel 8031's capability for multiprocessor communication,
which is a form of serial communication, also supported this choice. Although the
hardware for serial communications is more complex, both the IBM PC/AT and the
Intel 8031 already had them incorporated. The biggest advantage of using the
multiprocessor communication feature of the the 8031 comes from the fact that only a

twisted pair is needed betweeen the microcomputers.

2.3 External Memory of the Microcontrollers

The 8031 can address up to 64K bytes of external program memory. Since, the
external program memory can only be read (not written ), some kind of ROM has to be
used. An MCS-51 Macro Assembler Development System was not available for this

project. Therefore, the checking and testing of 8031 programs has to be done on the



prototype. This means that the 8031 program will have to be in the ROM first. In
order to be able to change or alter the program in the ROM readily, an Erasable and
Programmable ROM (an EPROM) has to be used.

The 8031 can also address up to 64K bytes of external data memory. The
external data memory must provide the acces: f stored data (reading) and the ability to
alter the stored data (writing). A RAM will have to be used for external data memory.
There are two basic types of RAMs - static and dynamic. Dynamic RAMs are noted for
high capacity, moderate speed and low power consumption. However, they require
periodic charge refreshing to maintain the data storage [4]. This means that the circuitry
to handle the dynamic RAM subsystem refresh will have to be added. Static RAMs
store ones and zeros (data) using traditional flip-flop logic-gate configurations [4].
They retain their content as long as the power remains on. They are faster and require
no refresh circuitry.

In determining the EPROM and RAM size to be used, there were two important
considerations. The first involved the size of the final 8031 program code. The second
was should the "ramp-up" and "ramp-down" data be stored in the EPROM or in the
RAM. After the programs were developed for the X and Y microcontrollers, it was
found that their program code were less than 1K bytes each. The total of the "ramp-up”
and "ramp-down" data turned out to be about 1.4K bytes. The "move" data which will
be stored in the RAM was designed to be in a "compact” form (the "move" data format
is discussed in chapter 3). Therefore, both the external program memory and external
data memory requirements turned out to be rather low.

A 4K bytes EPROM was consequently chosen to store the 8031 program code.
To be compatible with the 8031, the generic Intel 2732 EPROM was used. The present

"ramp-up"” and "ramp-down" data could periodically be revised or changed due to the
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changes in the mechanical design of the robot. This made it more practical to have the
“ramp-up" and "ramp-down" data in the RAM. Since, there is no need to use a high
capacity RAM for the data memory, static RAM was used so as to avoid having to
incorporate the extra circuitry required by the high capacity dynamic RAM. The static
RAM used was the generic 2016 which has 2K bytes of storage space. The static RAM *

"on " n

therefore provided storage for the "ramp-up”, "ramp-down", "move", and "robot" data.

2.4 Control Lines from the 8031 to the Stepper-Motor Drivers

The stepper-motors used in the robot have four-phases. The four phases are A,
A, B, and B. Since two of the phases are always the complement of each other, the
Proprinter driver took advantage of this by only requiring the controller to supply
phases A and B. It generates phases A and B internally. The Proprinter also has the
capability of driving the stepper-motor at full or half current, selected by setting a bit
high or low, respectively. When the stepper-motor is "stepping"” it requires the full
current (2.0 amp) to generate sufficient torque. However, the stepper-motor still needs
to maintain some kind of torque to hold its position (assuming that the load is light)
when it is not "stepping”. The half current therefore keeps the stepper-motor "locked"
and at the same time cuts down on the power consumption.

Three control lines were needed by each driver. The I/O ports P1.4 and P1.5 of
the 8031 were used to control phases A and B of the stepper-motor, respectively. The
current was controlled by the I/O port P1.0. Figure 2.1 shows where the three control
lines are to be connected on the modified Proprinter board. Since, both the X and Y
microcontrollers controls two stepper-motors each, their corresponding drivers will

share the same three control lines. This is shown in Figure 2.2. below.
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Figure 2.1 Diagram of the Modified Proprinter Board
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Figure 2.2 Control Lines for Stepper-Motor Drivers
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2.5 Stepper-Motor Driver Used to Test the 8031 Programs

In the initial testing of the 8031 programs, neither the modified Proprinter board
nor the 2.1 amp stepper-motor were used. A 1.1 amp, four-phase, 1.8 degree per step
motor was used instead. The stepper-motor driver used to drive this 1.1 amp motor
was built by using a - “epper-motor driver chip (SanKen SI-7301) provided by IBM.
The schematic of the stepper-motor driver circuit is shown in Figure 2.3. This driver
requires the controller (the 8031) to provide all the four phases - A, A,B,and B. It
also requires the controller to provide a current control signal to set the stepper-motor at
either full or half current - just like the modified Proprinter board's Current Control
line. The I/O ports P1.4 to P1.7 of the 8031 were used to provide the four phases A,
B, A, and B respectively. I/O port P1.0 provided the current control signal.

Although both the 1.1 amp stepper-motor and its driver used for testing the 8031
programs were not incorporated in the final robot design, it was extremely helpful to

have them. They were used regularly to test and debug the 8031 programs.

2.6 Hardware and Interface of the X and Y Microcontrollers

This section discusses how the hardware and interfacing electronics used on the
microcontrollers were organized and laid out. Since, both the X and Y microcontrollers
have similar circuitry, only one of them will be discussed.

The serial adapter port of the IBM PC/AT uses a nine-pin D-shell connector that
is classified as an RS-232C port. The functions of the nine pins are shown in Figure
2.4. Of the nine pins, only pin three (Transmit Data pin) and pin five (Ground) are
needed since the communication is only one way. On the receiving end, the 8031's
serial input port (RXD) uses the TTL format. In order to interface the RS-232C
Transmit Data line to the TTL RXD line, an RS-232C to TTL converter (1489A) was

13
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Figure 2.4 Pin-Outs of the D-Shell Connector of the Serial/Parallel Adapter
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used as shown in Figure 2.5. A data transmission rate of 1200 baud was used.

The output of the 1489A will be connected to the serial input ports (RXDs) of all
the microcontrollers in the robot system (multiprocessor mode). Therefore, the drive
capability of the 1489A had to be determined to avoid overloading the device. The

calculations are as follows:

At high state, maximum current the 1489A sources, Ioy =-0.5 mA
At high state, maximum input current for RXD, Iy = 0.1 mA
The worst case loading at high state for 1489A is 0.5/0.1

=5 devices
At low state, maximum current the 1489A can sink, Iop= 10 mA
At low state, maximum current RXD sources, I, = -0.5 mA

The worst case loading at low state for 1489A is 10/0.5
= 20 devices

The above calculations show that each RS-232C to TTL converter (1489A) can
drives at most five different 8031 serial port inputs (RXDs). Each 1489A chip comes
with

The 8031 has two types of accesses to external memory - accesses to external
program memory and accesses to external data memory. Accesses to external program
memory (the EPROM) use signal PSEN (program store enable) as the read strobe.
Accesses to external data memory (the static RAM) use RD or WR (alternate functions
of P3.7 and P3.6) to strobe the memory. Fetches from external program memory
always use a 16-bit address. Accesses to external data memory can use either a 16-bit
address or an 8-bit address [1].

Whenever a 16-bit address is used, the high byte of the address comes out on

port P2, where it is held for the duration of the read or write cycle. The low byte of the
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Figure 2.5 Serial Communication Interface of the Main Controller to a Microcontroller
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address is time-multiplexed with the data byte on port PO. The signal ALE (Address
Latch Enable) was used to capture the address byte into an external latch. The external
latch used was the 74374 Octal D-type flip-flops with tri-state bus-driving outputs. The
address byte is valid at the negative transition of ALE. Then, in a write cycle, the data
byte to be written appears on the port PO just before WR is activated, and rema: _s there
until after WR is deactivated. In aread cycle, the incoming byte is accepted at port PO
just before the read strobe is deactivated. The interfacing of the external program
memory (EPROM) and external data memory (static RAM) to the 8031 is shown in
Figure 2.6. The 8031 also requires that the signal EA be activated (tied low) to enable
the program bytes to be fetched from the EPROM.

Only the lower four of the eight high-address bits of port P1 are needed for
addressing the external program memory because the EPROM is only 4K bytes (see
Figure 2.6). As for the addressing of external data memory in the static RAM, only the
lower three of the eight high-address bits of port P1 are needed as the RAM size is only
2K bytes.

Figure 2.6 also shows the set-up for a power-up reset and a manual reset using
the RST pin of the 8031. The manual reset is initiated by pushing a push-button. A
10-MHz crystal and two 30-pf capacitors are used for the oscillator circuitry.

In Figure 2.7 the complete lay-out of the hardwares and interfaces of the X and
Y microcontrollers is found. This lay-out is useful for locating the actual locations of

the different components on the breadboard.
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CHAPTER 3

SOFTWARE DESIGN OF THE ROBOT
CONTROL SYSTEM

The software design is the core of this thesis. Programs had to be developed for
both the main controller and the microcontrollers. For the main controller there is a
wide choice of language to use as the IBM PC/AT is a very popular machine of which
most if not all programming languages are supported. Since the function of the main
controller involves communications, a language that allows that feature to be easily
programmed would be the best choice. The programming on the main controller was
also expected to involve assembly language, but as much of a higher level language as
possible was used.

Three higher-level languages were considered and used at one time or another.
They were FIFTH (a version of FORTH), BASIC, and C. FIFTH, which is a more
user-friendly version of FORTH, was the first language to be used. However, many
problems were encountered with FIFTH as it was a recently created language without a
proper manual. The language still had bugs in it, and the so-call manual was not
entirely accurate. There were also very few books on FORTH (which is the only way
to learn FIFTH), and not too many people were familiar with this language. The
version of FIFTH purchased is not the "professional” version and did not have some of
the capabilities to access the peripherals and hardwares of the PC which FORTH has.
(FORTH was tried, but it was decided that the costs of the software would be too

high.) BASIC, which was free and was much preferred by IBM, was then used.
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BASIC was extremely easy to use and the number of books written on it makes it an
unbeatable choice. The BASIC interpreter also made programming and debugging less
time consuming. The Turbo C version of the ever popular C language was also
acquired. It was intended that both C and BASIC be used to do the same job, and from
their performance, program size, and program flexibility (like making additions and
changes to program), determine one as the more suitable languagc to be used for
writing the main controller program. Several simple program modules in C were
written during the learning process. Unfortunately, time did not permit the C program
to be developed. Therefore, BASIC was the final and only high level language used.
Programming also involves the microcontrollers. The MCS-51 assembly
language, which is the machine language of the 8031, was used. Unfortunately, an
MCS-51 development system was not available. All the 8031 programs were wirtten
and assembled on the IBM PC/AT. An MCS-51 cross-assembler was used on the PC
to assemble the 8031 programs. To test an 8031 program, the assembled codes had to
be programmed into an EPROM and tested on the prototype (usually the 1.1 amp
stepper-motor and its single-chip motor driver were used). Due to the lack of the MCS-

51 development system, the EPROM had to be erased and reprogrammed constantly.

3.1 Types of Data and Instructions for the Microcontrollers

Before getting into the programming, it is necessary to explain what the different
data and instruction types are and also how the different data types are organized.
There are three types of data that have to be downloaded into the microcontrollers.
They are "ramp" data (which consists of two kinds - "ramp-up" and "ramp-down"),
"move" data, and "robot" data (the number of repetitions).

The "ramp-up" data is actually a table of converted stepper-motor delay times. A
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stepper-motor delay time is the time in-between the motor step advancements. The
"ramp-up" data therefore contains delay times that decreases in value, causing the
angular velocity of the motor to increase as it steps. Conversely, the "ramp-down" data
contains delay times that increases in value, causing the angular velocity of the motor to
decrease as it steps. There is only one set of "ramp-up"” data and one set of "ramp-
down" data for both the X and Y microcontrollers This is because the mechanisms
used for both the X and Y directions were identical (see Figure 1.1). The "ramp-up"”
and "ramp-down" data were converted from the acceleration and deceleration profiles of
the 2.1 amp stepper-motor using the program named RC (the program is discussed later
in this chapter). The acceleration and deceleration profiles used were obtained by the
mechanical engineering graduate student.

The 8031 is an eight-bit machine. Stepper-delay times are typically in the range
of ten milliseconds to 400 microseconds. Due to the constrains of the microcontrollers,
it was determinded that the resolution of the stepper-motor delay time can best be about
ten microseconds. Therefore, the "ramp"” data also has that ten microseconds

resolution. The number of possible "ramp" data is therefore computed as follows:

Number of possible "ramp” data = (10 msec - 400 usec) / 10 usec
= 960
Because a byte can only handle 256 different delay times, two bytes (a high byte and a
low byte) had to be used to represent all the possible "ramp" data.
The "move" data are data used by the microcontrollers to move the control tubes
p and q (see Figure 1.1) from one point to another, and in the process carries the Z-
arm from one point to another. Since the control tubes for the X and Y directions move

independently of each other, their "move" data are therefore different. However, their
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"move" data format is the same. Each "move" data contains the following

informations:
a. Direction-of-move/no-move/end-of-move (1 byte)
b. Total number of ramp-up steps (2 bytes)
c. Total number of constant-speed steps (2 bytes)
d. Total numb- - of ramp-down steps (1 byte)
e. Idle time (1 byte)

The direction-of-move/no-move/end-of-move data is a byte of data that the X and
Y microcontrollers use to find out whether they need to step their stepper-motors or
not, and if they do the direction to step the stepper-motors (clockwise or counter-
clockwise). If this byte of the X microcontroller contains a one, the X microcontroller
will know that the stepper-motors A and C are to be stepped in the clockwise direction
causing the control tube p to move in the positive direction (away from the home
position) of the X-axis. A two in this byte does the reverse. The stepper-motors A
and C will be stepped in the counter-clockwise direction, causing the control tube p to
move in the negative direction (towards the home position) of the X-axis. A three in
this byte of the X microcontroller implies that a move along the X-axis is not required.
All the X microcontroller has to do, if this byte is a three, is to wait for the Y
microcontroller to get done with its move. This no-move feature allows the Z-arm to
move along the other axis (which is the Y-axis) to get to a certain position, while this
microcontroller (the X microcontroller) waits for it to get there, so that the next task or
move can be accomplished in proper synchronisation. There can be one or more
"move" data in a "move" data set. The last data of a "move" data set is always a zero
and it will appear in this byte (i.e. in the direction-of-move/no-move/end-of-move

byte). A zero in this byte means that all the required moves have been executed.
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The ramp-up steps data consist of two bytes. The microcontroller interprets the
high byte as multiple of a 100 steps and the low byte as unit steps. Therefore, if the
high byte contains three and the low byte contains 75, the total number of ramp-up
steps is 375. The ramp-up steps corresponds with the "ramp-up" data set. If the ramp-
up steps is 375, than the stepper-motor will be stepped until it reaches the 375th "ramp-
up” data. The number of ramp-up steps should therefore never be greater than the
number of "ramp-up" data. The ramp-up steps will also bring the stepper-motor to
aconstant speed.

The constant-speed steps data also consist of two bytes and is interpreted the
same way ramp-up steps data are. Therefore, the maximum number of constant speed
steps is 25,600 (255 x 100 + 100). The time delay used for constant-speed stepping is
always that of the last ramp-up step.

Owing to friction, the ramp-down process requires less steps. For both the X
and Y directions, it took less than 255 steps to ramp-down to a halt from the maximum
speed. Therefore, the ramp-down steps data can fit into a byte. The microcontrollers
need this ramp-down steps data to compute which "ramp-down" data to use to start the
ramp-down, so that the ramp-down process runs smoothly and always end at the last
"ramp-down" data. Figure 3.1 shows a rough sketch of the ramp-up, constant-speed,
and ramp-down segments of a typical stepper-motor move.

The last "move" data is the idle time requested by the user. This is incorporated
so that the robot can be synchronised with the outside world, like waiting for the parts
to be assembled to come down the assembly line, etc.

Each "move" data therefore consist of seven bytes. In order for the robot to
perform a complete task, like go to point A to pick something to be placed at point B

and so on, several "move" data are grouped together to form a single "move" data set.
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Figure 3.1 Rough Sketch of the Segments Involved in a Typical Stepper-Motor Move

The "robot" data is actually the number of repetitions. The microcontrollers use
these data to determine how many times to repeat a task or, in other words, how many
times to repeat the moves in a "move" data set. Since, the "robot" data is only a byte in
size, there can only be a maximum of 255 repetitions.

All these data ("ramp-up”, "ramp-down", "move", and "robot") are stored in the
static RAM once they are received from the main controller. In fact, the "ramp-up" and
"ramp-down" data could have been in the EPROM (as discussed in chapter 2), because
they remains the same. The "move" and "robot" data will have to be reloaded if a

different task is required or if the number of repetitions to perform a task is to be

changed.
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Instructions are also downloaded from the main controller to the two
microcontrollers. They differ from data in that they are not stored in the static RAM
once they are received. Only two types of instructions were used - execution and reset.
The execution instruction is used to instruct the microcontrollers to start executing their
moves. Therefore, it is imperative that all the data types are already downloaded and
stored in the static RAM of the microcontrollers before the execution instruction is sent.

Initially the reset instruction was used to initialize the robot to a known position
called the home position without the use of sensors. The home position, based on the
X-Y coordinates, is at point (0,0). This automatic reset was achieved by letting the X
and Y microcontrollers step the stepper-motor slowly at half current in the counter-
clockwise direction until it physically encounters an obstacle - the corner bracket at
(0,0). In order for the robot to be initialized from any unknown position, the total
number of steps used was based on the assumption that the Z-arm is at the furthest
possible position from the home position. This presents a problem when the Z-arm is
not at the furthest position. This is because the stepper-motors will continue to step at
half current until all the steps are done, even the though Z-arm is already at the home
position. There were no bushings used to reduce the impact between the corner and the
slider brackets. Therefore, the comer bracket at location (0,0) and the slider brackets e
and f could easily be damaged, not to mention the stepper-motors themselves. This is
definitely a poor way to re-initialize the robot without the use of sensors. Hence, the

reset feature of the microcontroller programs was taken out and put on hold

3.2 Robot Control Program for the Main Controller
The robot control program on the main controller was written in BASIC (with

assembly language routines) and is called ROBOT3. This program is used to transmit
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data and instructions (execute and reset instructions) to the X or Y microcontrollers.
Since, the robot will eventually be operating in an assembly line by a factory worker,
the program was designed to be user-friendly requiring no prior knowledge of
programming by the user (as long as the user understands English and knows how to
"hit" the keyboard). Simple windows and ment . were used to prompt the user. The
user responds by typing specific keys, and if the user makes a mistake by hitting an
invalid key, the speaker in the PC will "beep" to notify the user of the mistake.

In writing this program, there is a need to take the 8031 microcontrollers into
consideration. In order for the 8031 to use its multiprocessor communications feature
(mode 3), data has to be in the 9-bit format. The lower eight bits consist of the actual
byte of data while the ninth bit is a sort of addressing bit. A one in the ninth bit causes
a serial communications interrupt to occur in all the 8031s, while a 0 in the ninth bit
does not. In general, the lower eight bits of data will be an address code if the ninth bit
is a one. The details of how the 8031s handle the incoming data, discerning address
byte from data byte, etc. is discussed in section 3.4.

In transmitting data to the microcontrollers, the main controller must include
information on the address of the 8031 to which the data is to be downloaded. This
address is in the high nibble of the lower eight bits of the very first nine-bit data to be
sent. A nibble is sufficient for the address code because the program was written to
have the capability to address three 8031s (the X, Y, and Z microcontrollers). Since
there are three different data types (as discussed in section 3.1), the low nibble of this
byte was used to inform the microcontrollers what data types are being transmitted.
The term Address Code will be used to describe the information this first byte of data

gives. The Address Code used for the X, Y, and Z microcontrollers are as follows:
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DATA ADDRE ODES IN HEX

IYPE X Y Z

"ramp" 15 25 45
"move" 16 26 46
"robot" 13 23 43

In general, the second byte transmitted is the data itself. However, there are two
kind of "ramp" data - "ramp-up" and "ramp-down" - and the microcontrollers need to
know which one it is receiving. Therefore, the second byte is used to contain this
information. It is convenient to call this second byte the Data Code byte. The Data
Code byte is also used when transmitting "move" data as there is a future possibility
that several "move" data sets (different robot tasks) might be kept in the static RAM of
the microcontroller. As for the "robot" data transmission, the second byte itself is the
data (i.e. the number of repetitions).

Instructions are also transmitted to the microcontrollers. Instructions always
affect all the microcontrollers. Although two instructions were used at the initial stage
of this project, only the execute instruction remained active. The reset instruction,
although still available, does not require the microcontrollers to take any action. The
execute instruction, which is merely the first btye of data itself (with a one in the ninth
bit), is used to interrupt all the microcontrollers to let them know that they are to start
executing their moves.

The main controller program, Robot3, always expects data to be in a disk file
except for the "robot" data which is to be entered by the user when asked. The user has
to give the name of the disk file that contains the data that is to be transmitted. Robot3
then opens the file and places the data in an array. Data is then transmitted one byte at a

time from that array, right after the Address Code byte (first byte) and Data Code byte
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(second byte). At the end of the transmission the screen of the main controller (the PC)
will inform the user of the Address Code and Data Code used. This permit the user to
verify which of the microcontrollers is getting the data transmitted.

The only way data can be in the nine-bit format is to include the parity-bit.
Although BASIC supports serial communications, it does not give the programmer the
leisure of specifying the parity-bit if the data itself is more than seven bits (ASCII codes
use seven bits). This does not mean that BASIC does not use the parity-bit during the
actual transmission of eight-bit data. It just means that BASIC will not support parity
check as a way of detecting error in data transmission/reception if the data has eight
bits. To get around this problem a more flexible language had to be used and none is
more flexible than the machine language itself. Machine or assembly language routines
are therefore used to do the actual transmission of the nine-bit data. The BASIC
program Robot3 was first compiled and then linked with the assembly language
routines to produce an executable file, Robot3.exe.

The way the data transmission from the main controller to the X and Y
microcontrollers is set up now, the user has to separately download the data even if the
data is the same for both. For example, the "ramp-up" data, although similar for both
the X and Y microcontrollers, can only be received by the microcontroller that matches

the Address Code in the first byte.

3.3 Assembly Language Routines for Serial Communications

The assembly language routines were written to control the serial port (COM1)
of the serial/parallel communication adapter. The function 0 Hex of the BIOS (Basic
I/O System) interrupt function 14 Hex was used to initialize the COM1 port to 1200

baud, appropriate parity, one stop bit, and eight data bits.
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As discussed earlier, the parity bit (of which the 8031s see as the ninth-bit) is
extremely important. The parity bit should only be a one when it is going to interrupt
all the 8031s. Hence, only the first byte which contains the Address Code (see section
3.2) and instructions (execution and reset) can have a one in the parity bit. This is done
by deliberately making ...1 Address Codes and instructions odd-parity, and initializing
the COM1 port to transmit data using even-parity, resulting in a parity bit (or ninth-bit)
of one.

In order to avoid interrupting the unaddressed microcontrollers, the ninth-bit
associated with the Data Codes and data must be a zero. Since, it was highly impratical
to deliberately make all Data Codes and data (especially) even-parity and initializing
COM1 port to transmit them using even-parity so as to get a zero in the ninth-bit, a
more suitable solution was used. In order to set the COM1 port to always transmit a
parity bit of zero, the parity of the data (and Data Codes) had to be determined first.
The microprocessor of the IBM PC/AT ,which is the Intel 80286, features a parity flag,
PF, in its flag register that is affected whenever an arithmetical or logical operation is
being performed. This flag is set if the low-order byte contains an even number of
ones resulting from the operation. Therefore, each data (or Data Code) is first logically
ORed with a Hexadecimal value FF to to get the parity flag set accordingly. If the
parity flag is set, the COM1 port will be initialize with even-parity. COM1 port will be
initialize to transmit data with odd-parity if PF is not set. In this way, data will always
be transmitted with a parity bit of zero.

The IBM PC/AT is a very fast machine, and not all the hardware peripherals it
uses can handle its speed. The COM1 port which uses the National Semiconductor
8250 UART is one example and this was found out the "hard way". The COM1 port

had to be reinitialized everytime data was to be transmitted so that the parity bit can be
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set correctly. As discussed earlier, only instructions or the Address Code byte should
interrupt all the microcontrollers. Unfortunately, the transmission of data was also
interrupting all the microcontrollers putting the multiprocessor serial communication
protocol in disarray. The BASIC program, assembly language routines, and the 8031
programs were thoroughly checked for "bugs" and none were fc _nd. Finally, the data
coming off the transmission line was observed using a logic analyzer. It was found
from the logic analyzer display that the eight bits of data themselves were being
transmitted corrrectly. But, the parity bit (or ninth-bit) was not always zero when data
(or Data Codes) were transmitted. This indicated that the COM1 port must not have
been re-initialized properly, putting parity bits of one at certain times when they should
have always been zero when data (or Data Codes) are being transmitted. A delay was
then inserted in-between data transmissions to see if it made any difference. With a
"long enough" delay inserted, the parity bits transmitted were oberved to be correct.
With the help of the logic analyzer, it was determined that the delay had to be at least 9
milliseconds. It was therefore concluded that the COM1 needed about 9 milliseconds

for each initialization to be completed - which is very slow as far as the PC is concern.

3.4 Program for the X and Y Microcontrollers

The machine language of the 8031 is known as MCS-51 Assembly Language.
The programs for X and Y microcontrollers were developed and assembled on the IBM
PC/AT. Their codes are then transfered into two separate EPROMs to be used as the
external program memory for the X and Y microcontrollers. The programs for the X
microcontroller, called ROX, and the Y microcontroller, called ROY, are the same
except for their Address Codes. The program ROY can be found in appendix I. The

discussion in this section is therefore applicable to either microcontroller.

32



The main routine of the 8031 program is used to set the stage for the reception of
data and instructions using multiprocessor serial communications mode 3, to set the
timerQ to auto-reload with a count-down time of 0.1 millisecond to be used in the
timing delays for the stepper-motors, to set the timerl for 1200 baud, to enable the
serial port interrupt, and also to initialize the stepper-motors with a known phase pattern
at half current. When a serial port interrupt is generated by the first byte of a data
stream or by an instruction, it is serviced by the interrupt service routine. The first
thing done by the interrupt service routine is to fetch the eight bits of data (which is
either an Address Code or an instruction code), and check to see if it is a reset
instruction code, an execute instruction code or an Address Code. The simplified
flowchart in Figure 3.2 shows the "main routine” of the interrupt service routine (ISR).
A reset requires no action (the initial implementation was discarded). An execute
instruction causes the microcontroller to start stepping the stepper-motors it controls.

If it is an Address Code, the microcontroller will have to use it to check and
make sure that it is being addressed. If it is not, it simply exits the interrupt service
routine and waits for another serial port interrupt to occur. If the microcontroller is
being addressed, it goes into a subroutine (the simplified flowchart is shown in Figure
3.3 below) to commence receiving data. First, the subroutine needs to clear bit SM2 of
the SCON (Serial Port Control) register to allow for the RI (Receive Interrupt) flag to
be set when the received ninth bit is zero. For the microcontrollers that are not
addressed (i.e. their addresses do not match the Address Code), their SM2 bits
remained set. Therefore, the microcontrollers that are not addressed will be unable to
set their RI flags when the ninth bit of the data they received is a zero. In this way, the
microcontrollers can tell, by checking the RI flag, that a data byte has arrived at the

serial port. This is how the multiprocessor serial communications of the 8031 works.
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Figure 3.2. Simplified flowchart of Interrupt Service Routine
(ISR) for the Microcontroller
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The Address Code also contains information on the type of data the microcontroller is
going to receive so that the data can be stored in the correct RAM location or address
after they arrived. Since there are two kinds of "ramp" data, "ramp-up" data and
"ramp-down" data, the microcontroller needs more information to tell which it is
receiving. Hence, the second byte associated with the "ramp"” data stream is u.2d to
contain that information. For the "move" data type, this method is also used. This is
actually not necessary because there is at present only one kind of "move" data set.
However, it is incorporated so that a different "move" data set can be used if needed or
desired at a later time. For "robot" data, the second byte is not a Data Code but rather
the number of repetitions itself.

When data is being received by the addressed microcontroller, the RI flag is
automatically set by hardware. The subroutine then clears the RI flag and goes on to
load the received data into its approriate static RAM location. No error detection or any
type of checksum is performed on the data received. Also the microcontroller does not
know before-hand how many data bytes it is going to receive. In order for the
microcontroller to know that all the data have arrived, a subroutine is used to monitor
the RI flag every 0.4 milliseconds for a time period of about 50 msec (note that it takes
only about 10 milliseconds in-between data transmissions). If that time runs out and
the RI flag is still not set, it quits reception of data by setting bit SM2 of the SCON
register and jumps out of the interrupt service routine.

The microcontroller is also programmed to turn on an LED via I/O port P3.5
when it is receiving data so that the user can see that the data transmitted from the main
controller is being received by the correct microcontroller(s). This LED is turned off at
the end of the data reception subroutine.

As it is shown in Figure 3.2, the serial-port interrupt service routine has to call a
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subroutine that executes or moves the robot if the first byte that it receives from the
main controller is an execute instruction. For the robot (or the Z-arm) to move, the
stepper-motors would have to be stepped. The stepper-motors that are used have four
phases or windings each. To make a stepper-motor step, these four phases have to be
energized (1) and de-energized (0) properly. Figure 3.4 shows how these four phases
must be energized or de-energized to make a stepper-motor turn in the clockwise
direction. Figure 3.5 shows the sequence for energizing (1) and de-energizing (0) the
four phases to make the stepper-motor step in the counter-clockwise direction.

When the modified Proprinter is used to drive the stepper-motor, only phases A
and B need to be directly controlled by the microcontroller. The phases for A and B,
which are complements of A and B, are generated by the Proprinter board. Two phase-
pattern tables, which are derived from Figure 3.4 (for the clockwise direction) and
Figure 3.5 (for the counter-clockwise direction), are set up in the internal RAM of the
microcontroller. A pointer is used to keep track of the phase pattern with which the
stepper-motor is being energized. Phase A comes from I/O ports P1.4 and phase B
from the I/0O port P1.5. The current-control bit, which allows the stepper-motor's
windings to be energized at either full current (2.0 amp) or half current (0.8 amp), is
also incroporated in these two phase-pattern tables. The current-control bit is always a
one in the phase-pattern tables so that the phases to be energized will be energized at
full current. The I/O port P1.0 is used to send the current-control signal to the stepper-
motor driver.

When executing a move, the first thing the microcontroller does is to fetch the
seven bytes of "move” data. From the first byte, one of the following pieces of
information is obtained - the direction of the move, no move, or the end of move. The

next two bytes contain the total number of ramp-up steps needed in order to ramp-up to
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the speed desired (by the user). This is done by using the number of ramp-up steps to
know how far down the "ramp-up" data table (which is in stored in the static RAM) it
needs to go. On reaching the last ramp-up step, the "ramp-up" data to be used will
translate into the speed desired by the user. This same "ramp-up" data is to be used by
the next two bytes of "move" data, which contains the nui._ber of constant speed steps
required. Only this "ramp-up” data will be used by all the required constant speed
steps, causing the stepper-motor to step at a constant speed. The sixth byte contains the
number of ramp-down steps. In order to know which "ramp-down" data to start with,
the microcontroller must first compute the address of the first "ramp-down" data to use.
For example, if the user had chosen the maximum speed (35 inches per second), then
the first ramp-down step will get its "ramp-down" data from the very beginning of the
"ramp-down" data set location in the RAM. However, if the user used a speed that is
lower than the maximum, the microcontroller needs to compute the start address, A, of
the "ramp-down" data it needs to use by subtracting the number of ramp-down steps,
R, from the location or address of the last "ramp-down" data, A;. Therefore, the start

address is:
A; =R - AL

By starting at the "ramp-down" address Ag, the last ramp-down step will end up using
the last "ramp-down" data of the "ramp-down" data set. The seventh and last byte of
information of a "move" data contains the idle time. The is the time for which the robot
remains idle after reaching its destination.

At the end of the idle time the microcontroller pulls its I/O port P3.4 high and
monitors its I/O port P3.3 waiting for it to go high. The I/O port P3.4 of the X

microcontroller is linked to the I/O port P3.3 of the Y microcontroller, and the I/O port
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P3.4 of the Y microcontroller is linked to the I/O port P3.3 of the X microcontroller.
This is done so that the X and Y microcontrollers can synchronize themselves for the
next move. Figure 3.6 shows how this is accomplished by the use of an AND gate

when there are more than two microcontrollers in the robot system.

From P34 1 [—— ToP33
of all 8o3ts ———] AP [——— of all 8031s

Figure 3.6 Using an AND Gate to Synchronize Moves When
More Than Two Microcontrollers are Used

The last data of a "move" data set is always a zero. This last "move" data, a
zero, is used to let the microcontroller know that all the moves coded in the "move" data
set has been executed. The program than checks the "robot" data to see if there is any
repetition of the moves required. If so, it decrements the "robot" data (or number of
repetitions) by one and goes on to execute the moves again. This continues until the
"robot" data is decremented to zero.

The X and Y microcontrollers used a 10-MHz crystal as the oscillator. Each
machine cycle, which consists of 12 oscillator periods, is therefore 1.2 microseconds.

Since, the "ramp" data (time delay between steps) is extremely critical, the time used up
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by all the machine language instructions that will affect the "ramp" data has to be
computed and taken into consideration. The NOP (no operation) instruction was also
frequently used to make the timing work out correct. This is necessary because the
control of the timing delay and phase pattern of the stepper-motor steps involves several
stages. Each stage was broken down into a different routine. To get the timing right
some of these routines had NOPs added to them. The timing overhead (extra time
needed) of the routines involved in the control of the timing was found to be about 90
microseconds. Therefore, the "ramp" data being used are actually 90 microseconds
less than the actual step delay times. Section 3.7 explains how this 90 microcseconds
overhead is being taken into account when the "ramp-up” and "ramp-down" data set

were being created by the BASIC program RC.

3.5 Programming of the EPROM

After the microcontroller program was assembled on the IBM PC/AT by the
MCS-51 cross-assembler, the object codes had to be programmed into an EPROM to
be used as the external program of the microcontroller. An EPROM programmer was
used (on the IBM PC/AT) to program the 2732 EPROM. However, there were some
initial problems involved with the programming of the EPROM. The cross-assembler
was adding some extra codes (possibly program name codes and directive codes) into
different sections of the program's object codes. Therefore, in order to program the
EPROM correctly, the so-called object codes of the microcontroller program had to be
loaded into the memory buffer of the EPROM programmer and compared with the
listing of the assembled program. The EPROM would then be programmed in stages,
making sure that the extra codes were not programmed into the EPROM. It has not yet

been determined why the extra codes were added by the cross-assembler. However, it
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is suspected that they could be there so that an Intel MCS-51 development system could
interface properly with the IBM PC/AT. An MCS-51 development system was not

available for this project.

3.6 Program to Create the " move" Data Set

This program is written so that a user who plans to create moves or "tasks" for
the robot can do so with ease (i.e. not having to know the technical details of the
robot). This user-friendly program was written in BASIC and is named MOVE.

MOVE is set up based on the X-Y Cartesian coordinates. The coordinates are
measured in inches. The home position (for the Z-arm) is at (0,0). The furthest point
the Z-arm can go from the home position is (41,41). With the pulley used on the
stepper-motor shaft, each step of the stepper-motor translates into about 0.0157 inches.
At the start of the program, the disk files containing the "ramp-up" data and "ramp-
down" data of the stepper-motor are opened and their data loaded into two separate
arrays. This is needed in order to compute the ramp-up steps, constant speed steps,
and ramp-down steps based on the speed (for the robot's move) given by the user. The
user will first be prompted to enter separately the initial X and Y coordinates (or the Z-
arm coordinates) in inches. Then, the user will be required to enter the final X and Y
coordinates. Next, the idle time (the time in which the robot just sits idle after reaching
its destination) for X and Y will have to be entered. Finally, the speeds for the X and Y
directions are specified by the user. These speeds are actuallly the constant speeds to
be reached by the stepper-motors at the end of their ramping-up. Based on all this
information the program will have to come out with the "move" data that must contain
the following - direction-of-move/no-move/end-of-move code, the number of ramp-up

steps, the number of constant speed steps, the number of ramp-down steps, and the
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idle time.

The direction-of-move/no-move/end-of-move code is computed from the initial
and final coordinates. The initial coordinate (X; for the X axis) is subtracted from the
final coodinate (Xy¢), i.e. X5 - X, and if the result is positive, it means that the
stepper-motors should step in the clockwise direction to move the control :ube away
from the home position. The code used in this byte for the clockwise direction is one.
A negative result means the stepping should be in the counterclockwise direction
pulling the control tube towards the home position. Two is the code used for the
counter-clockwise direction. The absolute value of the result is then divided by 0.0157
to convert the distance in inches into the number of required stepper-motor steps, T. If
the result of X - X; is zero, it means that no move is required. Three is the code
used for representing no-move. The end-of-move, which has a code of zero, is
associated with the very last data of a "move" data set. So essentially all that needs to
be done is to attach an extra zero at the very end of a "move" data set for this code.

The speed given by the user is used along with the "ramp-up" and "ramp-down"
data in the two arrays to compute the number of ramp-up steps, number of constant
speed steps, and the number of ramp-down steps. To compute the number of ramp-up
steps for a particular move, the program converts the given speed into a step delay time
and matches it with the step delay time of the "ramp-up"” data array one at a time. When
a match is found, that position of the array is the number of ramp-up steps required. If
the number of ramp-up steps is R, then R is converted into two bytes of data of which
the high byte is a mutiple of 100 steps and the low byte the unit steps. If the speed
given by the user is found to be too high, meaning that the delay time converted from
the given speed is smaller than the delay time of the last "ramp-up" data, the program

simply quits after informing the user that the maximum speed allowed is 35 inches per
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second. The number of ramp-down steps is to be computed next. The delay time
converted from the given speed is matched with those delay times in the "ramp-down"
data array. When a match occurs, the array position of the "ramp-down" data that
matches the converted delay time is subtracted from the array position of the last "ramp-
down" data. This gives the number of required ramp-down steps, D. To get the total
number of constant speed steps, C, all it needs to do is to subtract the number of ramp-
up steps, R, and the number of ramp down steps, D, from the total number of steps,
ie. T- R +D). If C is negative, then it knows that the speed chosen by the user for
that move is too high, because it simply takes too many steps to ramp-up to that speed.
The program therefore informs the user that he has selected an invalid speed, and all the
user has to do is to enter a lower speed. This will go on until C works out to be a
positve value or a zero. (A zero in C simply means that there is no constant-speed
step.) Once a positive value of C is obtained, it is converted into a high byte and a low
byte just like the way the ramp-up steps is represented. The last byte of the "move"
data is the idle time which requires no computation as it comes straight from the user.
These seven data bytes constitute one "move"” data. More "move" data can be created
the same way and the program automatically appends them to the first to form a single
"move" data set.

After the user has programmed all the moves needed (to perform a certain task),
the "SPACE" key can be used to save the "move" data on two separate disk files (one
for the X and one for the Y microcontrollers). The "move" data created can also be
viewed on the screen by typing the "ESC" key. This feature was included mainly as a
debugging tool. The "move" data that is created will be "lost" if they are not saved in
the disk files. That is why the program is written such that the user cannot quit the

program without having to save it first (unless the user specified a speed which is
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greater that 35 inches per second which automatically caused the program to stop and
display message). While saving the "move" data in the disk files, the program always
sticks an extra zero (which is transparent to the user) to be the last data of a "move" data
set. This last data (a zero), when used by the microcontroller, will appear as the
direction-¢” move/no-move/end-of-move data to let the microcontroller know that all
the required moves have been performed. The size of the "move" data is restricted by
the size of the external static RAM of the microcontroller. At the present, there can only
be a maximum of 631 bytes in a "move" data set, giving a maximum of 90 moves (each
"move" data consists of seven bytes, and each "move" data set has a byte added to it as

the last data).

3.7 Program to Convert Acceleration and Deceleration Profiles
to "ramp-up" and "ramp-down" Data

The acceleration profile is a table of delay times that will bring a stationary
control tube (p or q) to its maximum possible (and practical) speed. A deceleration
profile is a table of delay times that will bring a control tube moving at its maximum
speed to a halt. These profiles are therefore required by the microcontrollers so that the
stepper-motors they control can be properly brought to a maximum speed from a halt,
or be brought to a halt from a maximum speed. In order for the microcontroller to use
these delay times they must first be converted into "ramp” data.

The BASIC program called RC was written to do the conversion. The converted
data are known as "ramp-up” data (for acceleration) and "ramp-down" data (for
deceleration). As discussed and shown in section 3.1, these "ramp"” data require two
bytes each. As far as the microcontroller is concerned, the high byte of a "ramp" data

represents a multiple of 0.1 millisecond, and the low byte represent a multiple of 0.01
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millisecond (the resolution of a "ramp" data is 10 microseconds). Due to the timing
overhead of the microcontroller program, the "ramp"” data had to be adjusted to make
the delay times work out right. The program RC therefore subtracts 90 microseconds
(which is the overhead time of the microcontroller program) from the delay time entered
by the user. The result is then rounded off to the -earest 10 microseconds. Next, by
applying simple arithmetical operations, the result is converted into the two bytes of
"ramp" data. Both the "ramp-up" and "ramp-down" data used were created by this
program. Before a user quits the program, the "ramp-up" or "ramp-down" data must
be saved in disk files.

All the BASIC programs written were compiled and linked to produce executable

files. In this way, the programs execute much faster than when they are being executed

in an interpreter environment.




CHAPTER 4

SUGGESTIONS FOR FUTURE IMPROVEMENTS
AND ADDITIONS

This high-speed, low-cost industrial robot project does not end with this thesis.
This project is still being actively pursued by IBM and the University of Tennessee,
Knoxville. Therefore, this section could come in useful to future designer(s) of the
control for the Z-arm (including the gripper, etc) of this robot.

One disadvantage of using the serial port interrupt service routine to send the
execute instruction to start executing the robot's move(s) is that another serial port
interrupt cannot occur until the routine being serviced is completed. This means that a
manual reset (by pushing the reset push-button) has to be used to stop a malfunctioning
robot. A better solution would be to use another interrupt of a higher priority (like
INTO ) to interrupt the robot and make it do a reset in the interrupt service routine of the
interrupt (INTO). This interrupt (INT0) can be initiated from the IBM PC. However,
the disdvantage is that it will require the presence of the user to detect the malfunction
and to send the interrupt signal to the microcontrollers. This therefore require an extra
line to carry the interrupt signal from the main controller to the microcontrollers.
Optical encoders could be incorporated on the motor shaft to detect the "missing” of a
step, but this essentially amounts to a closed-loop rather than an open-loop system.

The reset feature that was abandoned would have worked if the corner bracket at
the home position (0,0) and slider brackets e and f had some kind of cushion on it (like

rubber bushings). It would have worked because the stepper-motor would be
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energized at only half current (to keep the motor torque low) and the speed would be set
to be sufficiently low to avoid any major impact between the corner bracket and the
slider brackets. A better method would involve the use of microswitches mounted on
the corner bracket (0,0) in such a way as to cause a reset; that will freeze the stepper-
motors when the slider brackets e and f come in contact with them. Hence, an impact
between the slider brackets and the corner bracket can be prevented. Optical detectors
can also be used to serve the same purpose.

Due to the problems experienced with programming the EPROM (with the
correct codes and not directive codes) and debugging the program on the prototype, it is
almost imperative that an MCS-51 development system be acquired. At the present, the
"ramp-up”, "ramp-down", and "robot" data have to be downloaded separately into the
X and Y microcontrollers even though they are identical. This can be avoided by
making the Address Code for the X and Y microcontrollers the same. However, the X
and Y microcontrollers must still be able to tell who the incoming "move" data is for.
This can be acomplished by making use of the second data byte, the Data Code byte.
As discussed in section 3.4 this feature of differentiating "move" data is already
incorporated. All that is needed is to establish different Data Codes for "move" data in
the X and Y microcontrollers.

An even better solution would be to program the "ramp" data into the external
program memory, the EPROM. This means that no "ramp" data whatsoever has to
been downloaded from the main controller to the microcontrollers. This will make the
start-up process of the robot system much simpler and much faster. Without putting
the "ramp" data in the EPROM, a user can be expected to send six sets of "ramp-up"
data, six sets of "ramp-down" data, six sets of "move" data, and also six sets of

"robot" data to a final completed robot that has six degrees of freedom.
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Although, there are three BASIC programs written to make the robot accessible
to the user, two of them could have been put together to form a single program. The
two programs are ROBOT3 and MOVE. In this way, the user need not switch program
if a different set of "move" data has to be created for a new task. The static RAM size

should definitely be expand.Jd to allow for more moves, and maybe even for different

sets of moves.




CHAPTER 5

RESULTS AND CONCLUSIONS

The robot has been tested extensively with the "move” daia created by the
program MOVE. The main reason was to find out if the robot was able to go to the
same positions if the moves were repeated several times. The results indicated that the
MOVE program used for creating the "move" data for the robot works. The robot was
able to return to the same positions of the moves at every repetition.

The transition of the ramping-up, constant speed, and ramping-down stages in a
move was found to be very smooth. Therefore, the program RC was to be able to
convert the acceleration and deceleration profiles of the stepper-motor into "ramp" data
correctly.

The data transmission from the main controller to the microcontrollers has not
presented any more problem after the short delay was inserted between the initialization
of the COM1 port of the PC (as discussed in section 3.3). No bad or erroneous data
(due to noise problem) was found to be transmitted either.

This high-speed, low-cost industrial robot when completed, could be a great
contribution to the assembly-line type industry. It can be easily dismantled (due to its
simple design), transported to another location (due to its relatively light weight), and
set-up in a short period of time. However, for such a robot to be cheap and simple the
design for the electrical controls must also be simple. That is why an open-loop type
control was used.

The use of the Intel 8031 microcomputers as microcontrollers not only helped

keep the cost of the electrical hardware low, but also make the communications between
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the main controller and the microcontrollers very simple. The RS-232C is a very
standard port and is relatively noise-immune as its transmission line operates in the +12
to -12 voltage range. Although, a PC is required as the main controller, the PC is free
to perform other tasks most of the time. This is because once the robot is started-up
(i.e. "ramp" data, "move" data, and "robot" are already received and placed in the
external RAM), all that is required is for the user to send the execute instruction (by
hitting the "ENTER" key at the prompt of the main controller program), and the robot
starts working on its own. Then, the main program can be exited so that the PC can be
used for doing something else.

This project has been a great learning experience requiring work in robotics,
electrical-to-mechanical interface, computer-to-computer interface and communications,
hardware, and software. It also required an indepth study of the architectures of two

entirely different microcomputer systems - the IBM PC/AT and the Intel 8031.
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APPENDIX B

Flowcharts of the BASIC Program ROBOT3




ROBOT3.BAS

Call subroutine to draw window
and put message and instructions
on the screen.

Is the key
typed “"ENTER" (to
continue)?

Beep since the key
typed is not
"ENTER" or "ESC"

Is the key
typed "ESC" (to quit)?

Yes

y

Set FLAG = 1

<>

<>
7T

Call subroutine MENU

8

Flowchart of ROBOT3.BAS
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Call subroutine EXECUTE

6

Call subroutine RESET

5

Call subroutine DOWNLOAD

Is RBFLAG = 1?
Yes

Call subroutine to put "DOWNLOAD
ROBOT DATA" on the screen.

Flowchart of ROBOT3.BAS (continued)
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No

Yes

(D

Call subroutine to put "DOWNLOAD
MOVE DATA" on the screen.

Call subroutine to put "DOWNLOAD
RAMP DATA" on the screen.

Flowchart of ROBOT3.BAS (continued)
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Call subroutine AXIS

Call subroutine XROBOT

Call subroutine YROBOT

Call subroutine ZROBOT

Flowchart of ROBOT3.BAS (continued)
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Call subroutine AXIS

Use logical AND operation
to get ADDRESS and MOVE
codes for X into the high
and low nibbles of FIRST%

Use logical AND operation
fo get ADDRESS and MOVE
codas for Y into the high

and low nibbles of FIRST%

Use logical AND operation
to get ADDRESS and MOVE
codes for Z into the high

and low nibbles of FIRST%

y

Call subroutine LOADMOVE

v

Set SECAN% = MOVEDAT%.
Display FIRST% and SECAN%
on the screen.

Flowchart of ROBOT3.BAS (continued)
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Call the assembly language routine
ADDRESS to transmit the address
and data codes in FIRST% and
SECAN% respectively

v

Set TX = 1

l‘

Set data DATOUT% = M(TX).
Call the assembly language routine
XMIT to send the data DATOUT%.

No

TX=TX +1

Yes

Informs the user that the MOVE
data set has been transmitted

v

Clear flags DLFLAG and MVFLAG

Is the key
typed "ENTER"?

Set MVFLAG = 1 —#@

Beep since the key
typed is not "ESC",
"ENTER" or "SPACE"

is the key
typed "ESC* ?

Is the key
typed "SPACE"?

Set DLFLAG = 1 —»@

Flowchart of ROBOT3.BAS (Continued)
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Call subroutine AXIS

Use Icgical AND operation
to get the RAMP and MOVE
codes for X into the high
and low nibbles of FIRST%

Use logical AND operation
to get the RAMP and MOVE
codas for Y into the high
and low nibbles of FIRST%

Use logical AND operation
to get the RAMP and MOVE
codes for Z into the high
and low nibbles of FIRST%

!

Call subroutine RAMPTYPE 1o let
the user select either ramp-up
or ramp-down data type.

Flowchart of ROBOT3.BAS (continued)
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Set SECAN% = RAMPDAT1% —»

Is R2FLAG = 1? Set SECAN% = RAMPDAT2% [—

Is DLFLAG = 1?

'

Ask the user to enter the name
of the ramp data disk file

!

Open given file for input as #2

!

Set TOT =1

Flowchart of ROBOT3.BAS (continued)
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End Of File
for input file #2?

Put ramp data in the
array R(TOT).
Set TOT = TOT + 1

Close input file #2

'

Display FIRST% and SECAN% in
hexadecimal on the screen

‘

Call the assembly language routine
ADDRESS to transmit the address
and data codes in FIRST% and
SECAN% respaectively

!

Set TX =1

Set DATOUT% = R(TX)

!

Call the assembly language routine
XMIT to send the data DATOUT%

Flowchart of ROBOT3.BAS (continued)
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®

No
TX=TX+1 —P@

Yes

Informs the user that the RAMP
data set has been transmitted

!

Clear flags DLFLAG and RPFLAG

Is the key
typed "ENTER"?

Set RPFLAG = 1 —>®

Is the key
typed "ESC" ?

Is the key
typed “SPACE"?

Sot DLFLAG = 1 —»@

Beep since the key typed is not
"ENTER", "ESC" or "SPACE"

Flowchart of ROBOT3.BAS (Continued)
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Clear the flags EXFLAG,
RSFLAG, and DLFLAG

Is the key typed "1"?

Is the key typed "2°?

Set EXFLAG = 1

Set RSFLAG =1

Set DLFLAG = 1

Beep since the key typed is
not "ESC”", "1", *2" or "3"

Cazrum

Flowchart of subroutine MENU of ROBOT3.BAS
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Is the key

typed "ENTER"? Call subroutine SENDEXE

Is the key
typed "ESC*?

Beep if the key typed is not
"ENTER" or "ESC"

y

Flowchart of subroutine EXECUTE of ROBOT3.BAS

Cemoexe)

Call the assembly language routine
COMMAND fo transmit the
EXECUTION code to the ROBOT

v

Informs the user that the
EXECUTION coda is transmitted

Crerum)

Flowchart of subroutine SENDEXE of ROBOT3.BAS
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Clear the flag FLAG

Is the key typed "ESC"?

Is the key
typed "ENTER"?

Beep since the key typed
is not "ESC" or "ENTER"

!

Call the assembly language routine
COMMAND to transmit the reset
code in RESETT% to the ROBOT.

Gero

Flowchart of subroutine RESET of ROBOT3.BAS
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DOWNLOAD

Clear the flags RBFLAG,
MVFLAG, and RPFLAG

Set RBFLAG = 1 —P

Set MVFLAG =1 |—

Set RPFLAG =1 [—

Beep since the key typed is
not "ESC®, "1", "2" or "3"

Ceron

Flowchart of subroutine DOWNLOAD of ROBOT3.BAS




Clear the flags XFLAG, YFLAG,
ZFLAG, and DLFLAG

Beep since the key
typed is not "ESC",
"SPACE", "1°, 2"
or "3"

Is the key Yes

typed "ESC"?

Is the key

typed "SPACE"?

Set DLFLAG =1

Is the key typed "1°?

Set XFLAG = 1

Is the key typed "2"?

Set YFLAG = 1

Is the key typed "3"?

Set ZFLAG = 1

Cremum)

Flowchart of subroutine AXIS of ROBOT3.BAS
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XROBOT

Use logical AND operation to get
X's address and repetition codes
into the high and low nibbles of

FIRST%

Get the number of repetitions
from user and put it in REPS%

v

Use the assembly language routine
ROBOT to transmit the address
code and number of repetitions in
FIRST% and REPS% respectively

v

Clear flags RBFLAG and DLFLAG

Beep since the key
typed is not "ESC"
"ENTER" or "SPACE"

Is the key
typed "ESC" ?

Is the key
typed "ENTER"?

Is the key
typed "SPACE"?

Set RBFLAG = 1

Set DLFLAG = 1

Flowchart of subroutine XROBOT of ROBOT3.BAS
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YROBOT

Use logical AND operation to get
Y's address and repelition codes
into the high and low nibbles of

FIRST%

Get the number of repetitions
from user and put it in REPS%

y

Use the assembly language routine
ROBOT to transmit the address
code and number of repetitions in
FIRST% and REPS% respectively

v

Clear flags RBFLAG and DLFLAG

Beep since the key
typed is not "ESC"
"ENTER" or "SPACE"

Is the key

typed “ESC" ?

Is the key
typed "ENTER®?

Set RBFLAG = 1

Is the key
typed "SPACE"?

Set DLFLAG = 1

Flowchart of subroutine YROBOT of ROBOT3.BAS
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ZROBOT

Use logical AND operation to get
Z's address and repetition codes
into the high and low nibbles of

FIRST%

Get the number of repetitions
from user and put it in REPS%

v

Use the assembly language routine
ROBOT to transmit the address
code and number of repetitions in
FIRST% and REPS% respectively

y

Clear flags RBFLAG and DLFLAG

Beep since the key
typed is not "ESC*
"ENTER" or "SPACE"

Is the key
typed "ESC" ?

Is the key
typed "ENTER"?

Is the key
typed "SPACE™?

Set RBFLAG =1

Set DLFLAG = 1

Flowchart of subroutine ZROBOT of ROBOT3.BAS
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LOADMOVE

Ask the user to enter the name
of the MOVE data file

!

Open given file for input as #3

y

Set K =1

End Of File
for input file #3?

Put MOVE data in the array M(K)

!

SetK =K +1

v

Close the input file #3

Crerurn

Flowchart of subroutine LOADMOVE of ROBOT3.BAS
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RAMPTYPE

Clear the flags R1FLAG,
R2FLAG, and DLFLAG

is the key
typed "SPACE"?

Is the key typed "1"?

Set DLFLAG = 1

Set RIFLAG = 1

Set R2FLAG = 1

Beep since the key typed is not
"ESC", "SPACE", "1® OR "2°

<>

Flowchart of subroutine RAMPTYPE of ROBOT3.BAS
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APPENDIX C

Flowcharts of the Assembly Language Program ROBOT




Coomman>

Get the EXECUTE or RESET code
from the stack area

v

Call the subroutine FIRST to send
EXECUTE or RESET code to ROBOT

D

Flowchart of routine COMMAND of ROBOT.ASM

ROBOT

Fetch the ADDRESS code of the
8031 from the stack

!

Call subroutine FIRST to sent the
ADDRESS code to the 8031

!

Delay for approximately 8 msec
before transmitting another data

v

Get the numbaer of repetitions for
ROBOT's moves from the stack

v

Call subroutine SEND to send the
number of repetitions to the 8031

Creruns

Flowchart of routine ROBOT of ROBOT.ASM
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ADDRESS

Get the ADDRESS code of the
8031 from the stack

v

Call the subroutine FIRST to send
the ADDRESS code to the ROBOT

v

Delay for approximately 9 msec
before transmitting another data

v

Get the MOVE or RAMP code from
stack. Call subroutine SEND to
send the MOVE or RAMP code

Crerury D

Flowchart of routine ADDRESS of ROBOT.ASM

Get the MOVE or RAMP data to be
transmitted from the stack

y

Delay for approximately 9 msec

!

Call subroutine SEND to sent the
MOVE or RAMP data to the ROBOT

Crerumn D

Flowchart of routine XMIT of ROBOT.ASM
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Cormst>

Initialize the COM1 port of PC to
1200 baud rate, 9-bits format
(8 bits for data and 1 bit for the
parity), with the parity bit or
9th bit being 1 so as to interrupt
all 8031 microcontrollers of the
ROBOT system

!

Call BIOS function number 0 of
INT 14H to activate initialization

Get the line status of COM1 port
to see if the Transmitter Hoiding
Register is empty

is the
Transmitter Holding
Register empty?

No

Transmit a data (9 bits) through
the Transmitter Holding Register

<>

Flowchart of subroutine FIRST of ROBOT.ASM




Use logical operation OR on the
data to set the parity flag bit

Initiatize the COM1 port of PC to
1200 baud rate, odd parity, 9-
bits format (8 data bits and 1
parity bit) with the parity bit or
9th bit being 0 (fo prevent the
interruption of the 8031s)

!

Call BIOS function number 0 of
INT 14H to activate initialization

Is the

parity of data odd?

Initialize the COM1 port of PC to
1200 baud rate, even parity, S-
bits format (8 data bits and 1
parity bit) with the parity bit or
9th bit being 0 (to prevent the
interruption of the 8031s)

!

Call BIOS function number 0 of
INT 14H to activate initialization

Get the line status of COM1 port
to see if the Transmitier Holding
Register is empty

Is the

Transmitter Holding
Register empty?

Transmit a data (9 bits) through
the Transmitter Holding Register

Creruny

Flowchart of subroutine SEND of ROBOT.ASM
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APPENDIX D

Flowcharts of the MCS-51 Assembly Language Program ROX




CRoxse>

Initialize the stack pointer to start
at internal RAM location 50 Hex

!

Set timer 0 and timer 1 to mode
2, with automatic reload

!

Use reload value of -76 for timer
0 to get a delay time of 0.1 msec

v

Use reload value of -22 for timer
1 to get a baud rate of 1200

!

Enable ail the interrupts.
Enable the Serial Communication
port interrupt.

!

Start the baud rate timer. Tum the
LED indicator at I/0 pin P3.5 off.

v

Use 1/0 port 1 to initialize phase A
and B of stepper motor to 0 and 1
respectively. Set stepper motor
current to 0.8 amp using pin P1.0

!

Save the address of the next phase
pattern in direct RAM DIR_XX

4
L BB

NOP (wait here for the Serial
Cummunication port interrupt)

Flowchart of main routine of 8031 program ROX.SRC
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D

Selects register bank #1

v

Disable R! (Receive Inierrupt) flag

v

Put the first byte of data received
in FIRST and in accumulator A

Is the code
in Aa RESET coda?

Is the code
in Aan EXECUTE
code?

Call subroutine EXECU —9»

Mask off the low nibble of A

Is the high

nibble of A an ADDRESS
code of X?

Allow Rl flag to be set.
Call subroutine DOWN- =
LOAD

Enable SM2 to allow for Serial
Communication mode 3

y

Selects register bank #0

Flowchart of Interrupt Service Routine RECEIVE of ROX.SRC
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DOWNLOAD

Put FIRST in accumulator A

Is the
code in A a ROBOT
data code?

Turn LED at I/O pin P3.5 on

!

Get the ROBOT data (which
is also the number of MOVE
repetitions) from the SBUF
and place it in the external
RAM location named ROBOT

!

Turn LED at /O pin P3.5 off

d

Is the
code in A a MOVE
data code?

second byte received?

Put second byte in Acc. A

No Is the code

in A a MOVE data
code?

Set Data Pointer to point at
external RAM location MOVE

v

Call subroutine RECX

v

Turn LED at 1/O pin P3.5 off

Flowchart of subroutine DOWNLOAD of ROX.SRC
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Is the

code in A a RAMP
data code?

Tum LED at I/O pin P3.5 on

second byte received?

Put second byte in Acc. A

Set Data Pointer to point at
the external RAM location
named RAMP-UP

Is the code
in A a RAMP-DOWN
data code?

!

Set Data Pointer to point at
the external RAM location
named RAMP-DOWN

Call subroutine RECX

!

'

Call subroutine RECX

Turn LED at 1/0 pin P3.5 off

'

Turn LED at I/0 pin P3.5 off

!

®

Flowchart of subroutine DOWNLOAD of ROX.SRC (continued)



Put 120 in direct RAM WAIT

[

Is the Rl flag set?

Clear or reset the Rl flag

!

Place the data received in the
external RAM location pointed
fo by the Data Pointer

!

Increment the Data Pointer

y

Y

Delay for approximately 0.4 msac

!

Decrement WAIT by one

s WAIT=0?

Yes

Creros

Flowchart of subroutine RECX of ROX.SRC
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9

Turn LED at I/0 pin P3.5 on

v

Number of repetitions in RO

Is RO = 07

Put the address of MOVE
data in MOV_XX

T

Clear EOM bit (/O pin P3.4)

!

Call subroutine MOV_IN

Is R1=0

for End of MOVE?

Go to the address of the
last phase pattern used
for the stepper motor by
decrementing DIR_LO

v

Decrement RO by one

Yes

No

Turn LED at 1/0 pin P3.5 off

Crerury

Flowchart of subroutine EXECU of ROX.SRC
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Is R1=1 for
clockwise direction?

y

Load DIR_XX with address
of clockwise phase pattern

Is R1=2
for counter-clockwise
direction?

Put address of counter clock-
wise phase pattern in DIR_XX

:

Call subroutine UP_RAMP.
Call subroutine DN_RAMP.

v

Call subroutine EXE_UP

Call subroutine EXE_CS

Is the
ramp-down steps,
R6=07

Call subroutine EXE_DN

Flowchart of subroutine EXECU of ROX.SRC (continued)
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Set the steppar motor phase
current to 0.8 amp by clearing
the /O port pin P1.0

!

Call subroutine MV_DELAY

!

Write a one to /O port pin
P3.3 before reading it

!

Set 1/0 port pin P3.4 to one
to indicate the end of MOVE(s)

<

Read the 1/O port pin P3.3

Is the 11O
port pin P3.3x1?

Flowchart of subroutine EXECU of ROX.SRC (Continued)
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Crovud

Set Data Pointer to point at address
of MOVE data (in external RAM)

v

Get the first MOVE data into R1.
Increment the Data Pointer by 1.

!

Get the second MOVE data into R2.
Increment the Data Pointer by 1.

!

Get the third MOVE data into R3.
Increment the Data Pointer by 1.

!

Get the forth MOVE data into R4.
Increment the Data Pointer by 1.

!

Get the fifth MOVE data into RS.
Increment the Data Pointer by 1.

!

Get the sixth MOVE data into R6.
Increment the Data Pointer by 1.

!

Gel the 7th MOVE data into STAY.
increment the Data Pointer by 1.

!

Save the address of the next MOVE
data in the direct RAM MOV_XX

Crerum

Flowchart of subroutine MOVE_IN of ROX.SRC
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UP_RAMP

Put the address of the ramp-up
data in the Data Pointer

v

Save the address in the Data
Pointer in direct RAM RPU_XX

Crerm

Flowchart of subroutine UP_RAMP of ROX.SRC

DN_RAMP

Put the address of the last ramp-
down data in the Data Pointer

v

Get the number of ramp-down
steps required from R6.

!

Subtract number of ramp-down
steps from the low byte of the

Data Pointer to get the starting
address of the ramp-down data

v

Save the starting address for
the ramp-down data in RPD_XX

Creruny>

Flowchart of subroutine DN_RAMP of ROX.SRC
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€D

Put 100 in COUNT

O

Use the data address saved
in RPU_XX to get the two
bytes of ramp-up data into
DLY_Hland DLY_LO

Is ramp-up
steps, R3=0?

Is >100
ramp-up steps,
R2=07?

Save the address of next
ramp-up data in RPU_XX

Yy

Call subroutine SPIN

y

Decrement R3 by one

Is ramp-up
steps, R3=0?

Save the address of next
ramp-up data in RPU_XX

!

Call subroutine SPIN

v

Decrement COUNT by cne

No

Yes

Decrement R2 by one

Is ramp-up
steps, R3=07?

Flowchart of subroutine EXE_UP of ROX.SRC
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Cexecd

Put 100 in COUNT

©,

!

Use the dala address saved
in RPU_XX to get the two
bytes of constant speed data
into DLY_Hl and DLY_LO

Yes

Is the C.S.
steps, R5=07?

Call subroutine SPIN

y

Dacrement R5 by one

Is the C.S.
steps, R5=0?

constant speed steps,

Is >100

R4=0?

Call subroutine SPIN

v

Decrement COUNT by one

Yes

Decrement R4 by one

is the C.S.

steps, R5=0?

Flowchart of subroutine EXE_CS of ROX.SRC
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Cexeo)

Use the data address saved in
RPD_XX to get the two byles
of ramp-down data into DLY_HI
and DLY_LO

Save the address of the next
ramp-down data in RPD_XX

l

Call subroutine SPIN

;

Dacrement the ramp-down
steps counter, R6, by one

Is the ramp-
down steps, R6=07

Flowchart of subroutine EXE_DN of ROX.SRC
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Use the address saved in DIR_XX
to get the phase pattern for the
stepper motor.

!

Send the phase pattern to stepper
motor driver through /O port P1

!

Perform step delay for time given
by DLY_Hland DLY_LO

!

Save the next phase pattem for
stepper motor in DIR_XX

!

Decrement PHASE by one

No

Yes

Reload DIR_XX with the starting
address of phase pattern table
(based on the direction in R1)

!

Put four in direct RAM PHASE

Flowchart of subroutine SPIN of ROX.SRC
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Cuv_petat

Transfer the value in STAY
into the accumulator A

Is accumulator A=0?

@—>

Put 50 in direct RAM TIME1

1

Put 100 in direct RAM TIME2
y

Set bit TRO to start timer0

<

Is timer 0
ovarflow flag, TFO, set?

No

Flowchart of subroutine MV_DELAY of ROX.SRC
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Clear timer 0 overflow flag, TFO

!

Clear bit TRO to stop timer 0

Y

Decrement TIMEZ by one

=—(1)
Yes

Decrement TIME1 by one

()
Yes

Decrement STAY by one

Flowchart of subroutine MV_DELAY of ROX.SRC (Continued)
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APPENDIX E

Flowcharts of the BASIC Program MOVE
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Open ramp-up file for input as #1

End Of File
for input file #1?

Close input file #1

v

Add an extra ramp-up data pair (10
microsecond less than the last) and
two zeros into the data array R

!

Open ramp-down file for input as #2

Put ramp-up data into
array R(J,1) and R(J,2)

End Of File
for input file #2?

Close input file #2

!

Add one zero into the data array RD

!

Prompt user to enter initial X and Y
coordinates of ROBOT (in inches)

Flowchart of MOVE.BAS
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Put the ramp-down data
into array RD(M,1)




®
v

Prompt user to enter the final X and
Y coordinates for ROBOT (in inches)

!

Ask user for the MOVE delay time
and put it in MOVX(K,7) for X and
in MOVY(K,7) for Y

'

Calculate the X and Y distances
based on the stepper motor steps

I

Determine the direction of MOVE for,
X & Y, and put their direction codes
in MOVX(K,1) and MOVY(K,1)

!

Calculate the total number of step-
per motor steps for both X and Y

Call subroutine to put zeros

Is total number of
steps for X = 0?7

“NO MOVE FOR X*

Get the user to enter the speed for
X. Convert the speed for X into
stepper motor delay time

'

Compare delay time to ramp-up data
and picks the closest data for the
constant speed and for calculating
the number of ramping up steps

Flowchart of MOVE.BAS (Continued)
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in MOVX(K,2) to MOVX(K,6) e
and to display the message



x100 ramp-up steps in MOVX(K,2)
x1 ramp-up steps in MOVX(K.3)

v

Compare delay time to the ramj-
down data array to get X's ramping
down steps. Put X's ramping down
steps in MOVX(K,6)

v

Calculate the number of constant
speed stepper motor steps for X

Is X's constant speed
steps less then 0?

Put x100 constant speed steps for
X in MOVX(K,4), and x1 constant
speed steps for X in MOVX(K,5)

Is total number of
steps for Y = 0?

No

Informs the user that _@
speed given is invalid

Call subroutine to put zeros
in MOVY(K,2) to MOVY(K,6)
and to display the message
"NO MOVE FOR Y*

Get the user o enter the speed for
Y. Convert the speed for Y into
stepper motor delay time

y

Compare delay time to Y's ramp-up
data and use the closest data for

the constant speed of Y. Use chosen
data to calculate Y's ramp-up steps

_.@

Flowchart of MOVE.BAS (Continued)
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x100 ramp-up steps in MOVY(K.,2)
x1 ramp-up steps in MOVY(K,3)

!

Compare delay time to the ramp-
down data array to get Y's ramping
down steps. Put Y's ramping down
steps in MOVY(K,6)

!

Calculate the number of constant

speed stepper motor steps for Y

Is Y's constant speed
steps less than 07

Informs the user that
speed given is invalid

Put x100 constant speed steps for
Y in MOVY(K,4), and x1 constant
speed steps for Y in MOVY(K,5)

Beep if key typed
is not "ENTER",
"ESC" or "SPACE"

7 3

Is the key
typed "ENTER" (for the
next MOVE)?

Is the key
typed "ESC" (to display
MOVE data)?

typed "SPACE" (to save
MOVE data in disk)?

Call subroutine SCREEN

Calil subroutine SAVE

—~®

Flowchart of MOVE.BAS (Continued)
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Dispiay all the X and Y MOVE data
already created for desired MOVEs

Is the key

typed "ENTER" (for the Call subroutine SCREEN

next MOVE)?

Beep if key typed
is not "ENTER"
or "SPACE"

Is the key
typed “SPACE" (fo save
MOVE data in disk)?

Yes

v

Call subroutine SAVE

Flowchart of MOVE.BAS (Continued)

<

Final X and Y coordinates of the
MOVE becomes the initial X and Y
coordinates of the next MOVE

v

[ K=K+1 ]

Creruny

Flowchart of subroutine SCREEN of MOVE.BAS
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Ask the user to enter the disk file
name to save the X's MOVE data

!

Ask the user to enter the disk file
name to save the Y's MOVE data

'

Open the given file for X as output
file #1 and the given file for Y as

output file #2

Write all the X and Y MOVE data
into their respective disk files

:

Put a zero as the last data in both

the files

Close output files #1 and #2

Creruan

Flowchart of subroutine SAVE of MOVE.BAS
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APPENDIX F

Flowchart of the BASIC Program RC




RC.BAS

Ask the user to enler “ramp step”
delay time (in milliseconds)

v

Subtract 80 microseconds from
the given delay time

v

Convert delay time into two data
format - x0.1 msec and x0.01 msec

v

Put x0.1 msec value in R(l,1), and
x0.01 msec value in R(l,2)

v

l=l+1

Is the key
typed "ENTER" (for the
next data)?

Beep if "ENTER"
or "ESC" key is
not typed

Is
the key typed
"ESC" to save and display
converted data2

Ask user for file name to save data.
Open named file for output as #2.

v

Write data to be saved into file.
Close output file#2.

v

Display all the converted data

Flowchart of RC.BAS
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APPENDIX G

Listing of BASIC Program ROBOT3.BAS




10
20
30
40
S0
&0

80

220
230
240
250
260
270
230
290
300
310
320
330
340

R R IR I LR R R R N R g g B H e S B Je PN R W e e NN N

K 2 3

T ROBOT3.bas by Siak Thang Yeo

T { 3/9/1988 )

bE 2 3

b 2 NOTE : This program needs toc be compiled by a BASIC
Tew Compiler because it involves the calling of
B2 Assembly Language subroutines to perform

T Serial transmission of data to the 8031.

£

R 3
*
x* ¥
»* 3
%
*
* %
¥* %
¥*

* FE I I I NI T I I I I I I I I I I I I 6 I 6 I I I TE I I J I I T A6 eI I I I I 36NN N

El

OPTION RASE 1 ‘lowest value of array subscript is 1
DIM M(&35), R(1145)

ADRSX%=31 *address of X—axis is hex 1F
ADRSY%=47 *address of Y—-axis is hex 2F
ADRSZ%=79 ’address of Z-axis is hex 4F
ROROT%=246 ’code for ROBOT data is hex F6&
MOVEY%=243 *caode for MOVE data is hex F3
RAMP%=245 ‘code for RAMP data is hex FS
EXECU%="7 ‘code for move EXECUTION
RESETT%=224 ‘code for RESET

MOVEDAT%=10 ‘code for ist MOVE data
RMFDAT1%=3 ‘code for RAMF-UF data
RMPDAT2Y= ‘code for RAMFP~-DOWN RAMF data
CLS

COLOR 15,0

BGOSUB 4240 ‘put window on screen

GOSUB 4740 *put title and name on screen

REM #x# Informing the user which key to use *#**
LOCATE 20,30,0
COLOR 27.7 : PRINT " ENTER "3
COLOR 15,0 : PRINT " to CONTINUE "
LOCATE 22,30 : COLOR 10,7: FRINT * ESC "3

COLOR 15,0 : PRINT " to QUIT ©

AS=INKEY$

IF As= "" THEN 360

IF LEN(AS) <> 1 THEN 360 ‘get key again if more than 1 character
IF ASC{(A%) = 13 THEN FLAG=1 : GDTO 430 TENTER so continue

IF ASC(A%) = 27 THEN 430 ’ESC so quit

BEEP

GOTO 3&0

IF FLAG <> 1 THEN GOTO 4%&0 ‘quit if flag is not set

GOSUE 19350
IF EXFLAG=1 THEN GOSUEB 2180
IF RSFLAG=1 THEN GOSUE 24&0 60TO 440 TRESET???
IF DLFLAG=1 THEN GOSUR 2410 GOTOD 490 "DOWNLOAD???
GOTO 4960 ‘Auit
IF RRFLAG=1 THEN GOSUR 2820 6070 S50 "ROBOT data??
IF MYFLAG=1 THEN GOSUE 28640 GOTO 670 "MOVE data??
IF RPFLAG=1 THEM GOSUE 2700 GOTO 1260 ‘*RAMF data??
GOTO 440 "goto MAIN MENU
REM ##%x This section of the praogram handles the down— =x%»
REM  #*%%  loading of ROBOT data to the micracontrollers  wxxx
COLOR 11,0 : GOSUR 4370
GOSUR 2950
IF XFLAG=1 THEN GO3UER 3180 : GOTO &20 "X microcontroller??
IF YFLAG=1 THEN GOZUR 2430 : GATN &20 Y microcontroller??
IF ZFLAG=1 THEM GOSUE 3680 : GOTO 620 "2 micvoccontiroller??
IF DLFLAG=1 THEN 470

GOTO 440 TEXECUTE???

G070 449 ‘goto MAIN MEMLL
IF REFLAG=1 THEN 4%0 Tdownload ancther ROROT data set
IF DLFLLAG=1 THEM 470 Tgoto DOWNLOAD menu
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GOTO 440

&40

&S0 REM *%% This secticn of the program hamdles the down— »**
660 REM *%% lcading of MOVE data to the microcontrollers »xs
670 COLOR 11,0 : GOSUB 437¢

&80 GOSUB 2950

4690  IF XFLAG=1 THEN 740

700 IF YFLAG=1 THEN 810

710 IF ZFLAG=1 THEN 880

720 IF DLFLAG=1 THEN 470

730 GOTO 440 *gotc MAIN MENU

7640 CLS : tOCATE 2,16 : COLOR 10,5

730 PRINT " DOWNLOAD MOVE DATA FOR X-AXIS MICROCONTROLLER *

760 FIRST%=ADRSX% AND MQVEY%

770 BOSUER 3240 *to get MOVE data set from user

780 CLS : LDCATE 2,16 : COLOR 10,5

790 PRINT " DOWNLOAD MOVE DATA FOR X—-AXIS MICROCONTROLLER "

80C¢ GOTO 980

810 CLS : LOCATE 2,16 : COLDR 10,3 .

820 PRINT " DOWNLOAD MOVE DATA FOR Y-AXIS MICROCONTROLLER "

830 FIRST%=ADRSY% AND MOVEY%

840 GOSUB 3940 "to get MOVE data set from user

850 CLS : LOCATE 2,16 : COLOR 10,3

860 PRINT " DOWNLOAD MOVE DATA FOR Y-AXIS MICROCONTROLLER "

870 GOTO 980

880 CLS : LOCATE 2,16 : COLOR 10,5

870 PRINT " DOWNLOAD MOVE DATA FOR Z2-AXIS MICROCONTROLLER "

00 FIRST%=ADRSZ% AND MOVE4%

P10 GOSUB 3940 *to get MOVE data set from user

720 CLS : LOCATE 2.16 : COLOR 10.6

930 PRINT " DOWNLOAD MOVE DATA FOR Z-AXIS MICROCONTROLLER "

940 REM *%% This part of the program transmit the MOVE data #%*%
S0 REM *#%* gset toc the addressed microccontreller by calling *
P50 REM »#% the rcutines ADDRESS and XMIT of the assembly * %%
P70 REM #*%*%* language program ROEBOT.ASM. ’ * %

80 SECANY%=MOVEDAT%
970 HX1%=HEX$(FIRST%)

1000 HX2%=HEX$(SECANY%)

1010 LOCATE 6,17 : COLOR 10,3

1020 PRINT " ADDRESS code = "$HX1%3" Hex DATA code = "iHX2%:" Hex
1030 CALL ADDRESS(FIRST%. SECANY%)

1060 FOR TX=1 TO K-1

1050 DATOUT%=M(TX)

1060 CALL XMIT(DATOUT%)

1070  NEXT

1080 LOCATE 12,25 : COLOR 15,3

1090 PRINT " MOVE data set sent to robet "

1100 LOCATE 18,20 : COLOR 11,7 : PRINT " ENTER "3

1110 COLOR 15,0 : FRINT " to download ancther set of MOVE data”
1120 LOCATE 20,20 : COLOR 11,7 : FRINT " SFACE "3

1130 COLOR 15,0 @ FRINT " to return to DOWNLOAD menu”

1140 LOCATE 22,20 : COLCR 11.7 : FRINT * ESC "3

1180 COLDR 15,0 : PRINT " to return to MAIN MEMNU"

1160 DLFLAG=0 : MVFLAG=O

1170 Z1$=INKEY®$

1180 IF Z1%="" THEN 1170

1190 IF LEN{(Z1%) <> 1 THEN 1170

1200 IF ASC{(Z1%) = 13 THEM MVFLAG=1 : GOTO SO0

1210 IF ASC(I1%) = 27 THEN 440

1220 IF ASC(I1%) = 32 THEN DLFLAG=1 : GCTO 470

1230 ®BFEF : GOTO 1170 )

1240 FEM  *#** This secticn of the program handles bhe dows- see
1250 FEM =*% loading of ROMP data to bthe microconbtrel lers <k
1260 COLOR 11,0 : GOSUB 4370




1270
1230
1290
1300
1310
1320
1330
1340
135

1360
1370
1380
1390
1400
1410
14620
1430
1440
1450
1460
1470
1480
1430
1500
1510
15280
1530
1540
1550
1560
1570
1580
1590
1600
1610
1620
1630
14640
1650
1660
1670
1680
16290
1700
1710
1720
1730
1740
1750
1760
1770
1780
1730
1300
1810
1320
1330
1840
1330
1360
1870
1380
1370

GOSUR 2930

IF XFLAG=!1 THEN 1330

IF YFLAG=1 THEN 1400

IF ZFLAG=1 THEN 1470

IF DLFLAG=1 THEN 470

GOTO 440 ‘goto MAIN MENU

CLS : LOCATE 2,146 : COLOR 14,5

FPRINT " DOWNLOAD RAMF DATA FOR X—-AXIS MICROCONTROLLER *
FIRST%=ADRSX% AND RAMFY%

GOSUE 4050 ’select the RAMP? data for downleading
CLS : LOCATE 2,16 : COLOR 14,5

FRINT " DOWNLOAD RAMF DATA FOR X-~AXIS MICROCONTROLLER *
GOTO 1530

CLS" : LOCATE 2,16 : COLOR 14,3

FRINT " DOWNLOAD RAMF DATA FOR Y-AXIS MICROCONTROLLER *
FIRST%=ADRSY% AND RAMF%

GOSUB 4050 select the RAMF? data for downloading
CLS : LOCATE 2,16 : COLDR 14,3

PRINT " DOWNLOAD RAMF DATA FOR Y-AXIS MICROCONTROLLER *
GOTO 1530 .

CLS : LOCATE 2,16 : COLOR 14.56
FRINT * DOWNLOAD RAMF DATA FOR Z-AX1S MICROCONTROLLER »
FIRSTA=ADRSZ% AND RAMFY

GOSUR 4050 ‘select the RAMF? data for downleoading
CLS : LOCATE 2,16 : COLOR 14,6
FRINT " DOWNLOAD RAMF DATA FOR Z-AXIS MICROCONTROLLER "

IF RIFLAG=1 THEN SECAN%=RMFDAT1% : GOTO 1590
IF REFLAG=1 THEN SECAN%=RMFDAT2Y% : GOTO 1520
IF DLFLAG=1 THEN 47O

GOTO 440
REM #*#% This part of the program transmit the RAMP data #%x*
REM ##x cset from a file te the micrccontraller * %

LOCATE 12,20 : COLOR 15,0

INFUT "Name of RAMP data file:— ", RDATS

OFEN RDAT% FOR INFUT A5 #2

TOT=1

WHILE MOT EOF(2)

INFUT #2, R(TOT) ‘puts RAMP data intoc an array

TOT=TOT+1

WEND

CLOSE

HY1%=HEX$(FIRST%)

HY2%=HEX$ (SECANY%)

LOCATE 6,17 : COLOR 10,3

FRIMT " ADDRESS code = "iHY1%:" Hex DATA cude = "iHY2%:" Heyx "
CALL ADDRESS(FIR3T%, SECAN%)

FOR TX=1 TO TOT-1

DATOUT%=R(TX)

CALL XMIT(DATOUT%)

NEXT

LOCATE 12,20 : COLOR 1S.,0 : PRINT ™ "

LOCATE 12,25 : COLOR 15,3

PRINT " RAMP data set sent to roboat "

LOCATE 13,20 : COLGR 11.7 : FRINT " ENTER “:

COLOR 15,0 : PRINT " to download ancother set of RAMF data
LOCATE 20,20 : COLOR 11,7 : FRINT " SFACE "3

COLOR 15.0 : FRINT " to veturn to DOWNLOAD menu"
LOCATE 22.20 : COLOR 11,7 @ FRINT " ESC "3
COLOR 15,0 : PRINT “ to return to MAIN MENU"
RLFLAG=O : RPFLAG=O

ZE2s=IMEYS

IF J32%="" THEN 1370

IF LENCIFS) <> 1 THEN 1879



1900
1210
1920
1930
1940
1950
1960
1970
1980
1990
2000
2010
2020
2030
2040
2050
2060
2070
2080
2090
2100
2110
2120
2130
21460
2150
2160
2170
2130
21390
2200
2210
22820
2230
2240
2250
2260
23270
2280
2270
2300
2310
2320
2330
2340
R350
2360
2370
2330
2370
2400
2410
2420
2430
2440
2450
2440
2670
2430
24910
2500

S10

asaon

IF ASC(Z2s) 13 THEN RFFLAG=! : GOTQ Sio
IF ASC(Z2%) 27 THEMN 440
IF AZC(Z2%) 32 THEN DLFLAG=1 : GOTO 470

BEEF : GOTO 1870

Hoah

REM ##% Subroutine MENU to put main menu on the screen %%

COLOR 7,0 : CLS
COLOR 14,0 : GOSUE 4370

LOCATE 2,32 : COLOR 14,3 : PRINT " MAIN MENU "
LOCATE 5,28 : COLOKR 14,7 : PRINT " t »; '
COLOR 15,0 : PRINT " to EXECUTE robat"

LOCATE 7,28 : COLOR 14,7 : FRINT " 2 "3

COLOR 15,0 : PRINT * to RESET robot system”
LOCATE 9,28 : COLOR 14,7 : FRINT “ 3 "3

COLOR 15,0 : PRINT " for DOWNLOAD menru"

LOCATE 20,28 : COLOR 14,7 : FRINT » ESC "3

COLOR 11,0 = PRINT " to GQUIT"

EXFLAG=0 : RSFLAG=0 : DLFLAG=O

E$=INKEY$

IF B#%="" THEN 2070

IF LEN(BS$) <> 1 THEN 2070

IF ASC(E%) THEN RETURN

IF ASC(E%) 49 THEN EXFLAG=1 : RETURN

IF ASC(E®) S0 THEN RSFLAG=1 : RETURN

IF ASC(ES$) 31 THEN DLFLAG=1 : RETURN

BEEFP : GOTO 2070
REM *##% Subroutine EXECUTE to send the EXECUTION code to
REM x#% the robot system (X, Y, and Z micreocortreallers)
REM #%#% so that it will start to execute the movels).

CLS

LOCATE 2,10 : COLOR 11.2 : PRINT * EXECUTION "

LOCATE 18,30 : COLOR 27,7 : FRINT " ENTER ":

COLOR 10.0 : FRINT " to EXECUTE move"

n
~

ouonon

LOCATE 20,30 : COLOR 11,7 : FPRINT " ESC ":
COLOR 10,0 : PRINT " to return to MAIN MENU™
Cs=INKEYS$

IF Cs="" THEN 2240

IF LEN(C3) <> 1 THEN 2240
IF ASC(C3) = 13 THEN GOSUER 2320 : GOTO 2240

IF ASC(C3) 27 THEN RETURN
BEEF : GOTO 2240
REM ##% BSubroutine that calls the assembly language *ne

REM *%¥% routine to transmit the EXECUTE command code. »#%
LOCATE 12,22 : FRINT * "
CALLL COMMAND(EXECU%)

FOR DELAY=1 TO SO0 : NEXT DELAY

COLCR 15,0 : LOCATE 11.21

FOR BOX=21 TD &2 : FRINT "2"; : MEXT BEOX

LOCATE 12.21 FRINT "W

LOCATE 12.62 : PRINT "B

LOCATE 13,21 : FOR BOXZ21 TO 62 : PRINT "®": : NEXT EOX

COLOR 14,1
LOCATE 12.82
LOCATE 18,54

PRINT " EXECUTE command transmitted tc ROROT
COLOR 26,0 : PRINT "again"

¥* 3% %
¥
* &%

RETURN
REM *#% Subroutine RESET that allows for the RESET code »*%
FEM %% to be transmitted to all the microcontrallers * %%
CLs
LOCATE 2,10 : COLOR 14.2 : PRINT " S3Y3TEM RESET

ILOCATE 18,30 : COLOR 30,7 : FRINT " ENTER "3
COLOR 10.0 : FRIMT " bo RESET robot system”

tLOCATE 20,30 @ COLOR 14.7 3 FRINT " ESC "3
COLOR 10,0 : FRINT " bo return to MATN MENUY »
FLAG=O
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2530
23490
2550
2350
257G
2580
2590
2600
2610
2420
2630
2640
2650
2660
24670
2630
2490
a7a0
2710
2720
2730
2740
2750
2760
2770
2780
27790
2800
2810
2820
2830
2840
2850
2860
2870
2380
2870
2900
2910
2720
2730
2940
2950
2960
2970
a980
2790
3000
3010
3020
3030
30490
3050
3060
3070
3G380
3070
3100
3110
3120
3130
3140
3150

DH=1INKEYS
IF D$="" THEN
IF LEN(D3®)
IF ASC(D%)
IF ASC(D%)»

2330

1 THEN 23530

13 THEN CALL COMMAND(RESETTY H
27 THEN RETURN

RETURN

BEEF : GOTO 2530
REM  #%% Subroutine DOWNLOAD to put the dowrload menu R
REM =%+ (ROEOT, MOVE cor RAMF data type) cin the screen *x%
COLOR 7,0 : CLS :
LOCATE 2,10 : COLOR 15.2
FRINT " DOWNLDAD MEMU " : GOSUB 436¢-
LOCATE S,2B : COLOR 15,7 : FRINT " | ":
COLOR 14,0 : PRINT " to download ROBOT data”
LOCATE 7,28 : COLOR 1S,7 : FRINT " 2 "3
COLOR 14,0 1 FRINT " to download MOVE data”
L.OCATE 9,28 : COLOR 15,7 : FRINT " 3 n;
COLOR 14,0 : PRINT " to downlcad RAMP data”
LOCATE 22,28 : COLOR 15,7 : FRINT " ESC “3
COLOR 10,0 : PRINT " te return to MAIN MENUY
REFLAG=0 : MVFLAG=0 : RFFLAG=0 ‘reeet flags
E1$=INKEY%
IF Els="" THEN GOTO 2730
IF LEN(E1$) <> 1 THEN 2730
IF ASC(EL13) = 27 THEN RETURN
IF ASC(EL1%) = 49 THEN REFLAG=1 : RETURN
IF ASC(EL1$) = S0 THEN MVFLAG=1 : RETURN
IF ASC(E1%) = 51 THEMN RFFLAG=1 : RETURN
BEEF : GOTO 2730
REM  x#% Subroutine to put title on the screen (RDEOT) s#x
CLS : LOCATE 2,10
COLOR 11,4 : PRINT " DOWNLOAD ROROT DATA ¢
RETURN
REM ##% Subroutine to put title on the screen {MOVE) =%
CLS : LOCATE 2,10
COLOR 11,5 : PRINT " DOWNLDAD MOVE DATA
FETURN
REM %% Subroutine to put title on the screen (RAMF)  »xx
CLS : LBOCATE 2,10
COLOR 11,6 : PRINT " DOWNLOAD RAMF DATA *
RETURN
REM  #%%  Subroutine AXIS that allows the user to select the
REM #%% X, Y, or Z microcentrcller for the data to be sent
LOCATE 5,25 : COLOR 11,7 : FRINT " 1 "3
COLOR 15,0 : PRINT " faor X-axis Microcontroller"
LOCATE 7,25 : COLOR 11,7 : FRINT " 2 *3
COLOR 15,0 : PRINT " for Y-axis Microcontroller”
LOCATE 2,25 : COLOR 11,7 : PRINT * 3 “;
COLDR 15,0 : PRINT " for Z-axis Microcontroller®
LOCATE 20,85 : COLOR 11,7 : FRINT " SFACE "3
COLOR 15,0 3 FRINT " to return to DOWNLOAD menu®
LOCATE 22.25 : COLOR 11.7 : FRINT “ ESC "
COLOR 15,0 FRINT "  to veturn to MAIN MENU"
IFLAG=0 1 YFLABG=0 ; ZFLAG=0 : DLFLAG=0 ‘reset flans
ESs=INKEY$
IF EZ%="" THEM GOTD 3060
IF LEM(EZS) <> 1 THEN 3060
IF ABC(ER$) = 27 THEN FRETURNM
IF ASCI{ER%) = 32 THEN DLFLAG=1 : FETURN
IF ASCLEPS) = 49 THEMN XFLAG=1 : RETURM
IF ASC(EES) = S0 THEM YFLAG=1 : RETURNM
IF ABC(EE$) = 51 THEN ZFLAG=! RETURM
BEEF : GOTO 3080
M w%%  Subvoutine XROBOT to get the rumber of repeti- LR T
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31&0
3170
3130
3190
jct=ale]
3210
23220
3230
3240
3230
32460
3270
3280
3290
3300
3310
3320
3330
3340
3350
3360
3370
3380
3390
3400
3410
3420
3430
3440
3450
3440
3470
3480
3490
3500
3510
3520
3530
3540
3550
3560
3570
3580
3590
3600
3610
3620
3630
3640
3650
3&660
3670
3680
34690
-3700
3710
3720
3730
3740
3750
3760
3770
3730

FEM  %#¥¥ tions for the "moves" from the uzer to be sent
FREM  ##% to the X-Microcontraller as ROEBOT data

CLS @ LGCATE 2.186 : CCLOR 14,5

FRIMT " DOWNLOAD RORCOT DATA FOR X-AXIS MICROCCGMNTROLLER ¢

FIRSTYA = ADRSXY4 AND ROROT%

LOCATE 10,20 : COLOR 13,0

INFUT “"Number of irepetiticns”; REPSY

CALL ROBOT(FIRST%. REFS%)

LOCATE 14,20 : COLOR 0,2

FRINT " ROROT data downloaded to X-axis Micrcoccontiroller ©

I.LOCATE 18,20 : COLOR 15,7 : FRINT " ENTER "3

COLOR 10,0 : FRINT " to download another set of ROEBOT data”

LLOCATE 20,20 : COLOR 15,7 : FRINT " SFACE "3

COLOR 10,0 : FRINT " to retuwn to DOWNLOAD menu

LOCATE 22,20 : COLOR 1S,7 : PRINT " ESC "3

COLOR 10,0 : PRINT " to return to MAIN MENU

REBFLAG=0 1 DLFLAG=O0 ‘reset Tlags

E3®=INKEYS

IF E3%="" THEN BOTO 3330

IF LEN(E3%) <> 1 THEN 3330

IF ASC(E2%) = 13 THEM REFLAG=1 : RETURN

IF ASC(E3%) = 27 THEN RETURN

IF ASC(E3%) = 32 THEN DLFLAG=1 : RETURN

BREEF : GOTO 3330
REM #%% Subroutine YROBOT to get the number of vepati-
REM *#%% tions Tor the "moves" from the user to be sent
REM *%** to the Y-Microcontroller as ROBOT data

CLS : LOCATE 2.,16 : COLOR 1.7

FPRINT " DOWNLOAD ROEBOT DATA FOR Y-AXI3 MICROCONTROLLER "

FIRSTY = ADRSY”% AND ROROT%

LOCATE 10,20 : COLOR 1S,0

INFUT "Number of repetiticns”i REFSY%

CALL ROBOT(FIRSTY. REF3%)

LOCATE 14,20 : COLOR 0.2

FRINT " ROBOT data downloaded to Y-axis Microcontroller

LOCATE 18,20 : COLCOR 1S,7 : FRINT " ENTER "3

COLOR 10,0 : PRINT " to doewnload ancther set of ROEBOT data”

LOCATE 20,20 : COLOR 15,7 : FRINT " SPACE "3

COLOR 10,0 : FRINT " to return to DOWNLOAD menu”

LOCATE 22,20 : COLOR 1S,7 : FRINT " ESC "3

COLOR 10,0 : PRINT " to return to MAIN MENU ¢

FEFLAG=0 : DLFLAG=O

E4s=INFEYS

IF E4as="" THEN GOTO 3580

IF LEM(E4%) <> 1| THEN 3580

IF ASC(E4%) 13 THEN REFLAG=1 : RETURN

IF ASC(E4%) 27 THEN RETURN

IF ASC(E4%) 32 THEM DLFLAG=1 : RETURN

BEEP : GOTOD 3580
REM #%% Subircutine ZROBROT to get the number of repeti-
REM ##% ticns foi- the "moves” from the user to be sent
FEM ##% to the Z-Microcontiroller as ROBOT data

CLS : LOCATE 2,16 : COLOR 12.1

PRIMT " DOWNLOAD ROBOT DATA FOR Z-AXIS MICROCONTROLLER

FIRST% = ADRSZ% AND ROEBOT%

LOCATE 10,20 @ COLOR 15,0

IMFUT "Mumber of repetitions": REFPSY

CALL ROBOT(FIRST%. REFS%)

LOCATE 14,20 @ COLOR ©,2

FRIMT " ROROT data downloaded to T-azis Micreconmtirolles

LOCATE 13.20 : COLOR 15,7 : FRINT " ENTER "3

COLOR 10.0 ¢ FRINT *  to downtcad asoth zet of ROBOT data”

ILNCATE 20,320 @ COLOR 15.7 @ FRINT Y ZFACE "3

nou i
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3770
3300
3310
3820
3830
340
38S0
3860
3370
3880
3890
3900
3910
37920
3730
3940
3950
3260
3970
3980
3990
4000
4010
4020
4030
L4040
4GOS0
4060
4070
4080
4090
4100
4110
4120
4130
4140
4150
4160
4170
4180
4170
4200
4210
4220
4230
4240
4R50
4260
4270
4280
4230
4300
4310

4350
4360
4370
4380
4370
L4010
G410

COLDR 10,0 @
LOCATE 22,80
COLOR 10,0 @

FRINT ta rebwrn
: COLOR 1S.7 FRINT
FRINT "  to veturn t

REFLLAG=0 : DLFLAG=Q

SE=INKEY$
IF ES$="" TH
IF LEN(ESS)
IF ASC{ESS$)
IF ASC(ESS)
IF ASC(ESS)

BEEF : GOTO
REM  #%%
REM #x%#%
REM  %#%
REM  #x%

LOCATE 12,20

INFUT "Name

OFEN MDATS F
K=1
WHILE NOT EO
INFUT #3, M(
K=k+1
WEND
CLOSE
RETURN

REM  *%%
COLOR 14,0 :
LLOCATE 7,22
COLOR 15,0 :
LOCATE 11.22
COLOR 15,0
LOCATE 20,22
COLOR 15,0 =
LOCATE =2.22
COLCR 1S.0
RIFLAG=0 : R
Fes=IMNKEYS
Fas="" TH
LEN(F2%)
ASC(F2%)
ASC(F2%)
ASC{FZ2%)
ASC(F2%)
REEF : GOTD

REM  #%%
CLS : COLOR
LOCATE 44,102
GCOSUR 4600
LOCATE 4.70
FOR J=1 TO 1
LOCATE 4+J,1
MEXT J
LOCATE 15.10
GOSUR 4600
LOCATE 15.70
RETURN

FEM %
COLOR 15,0
LOCATE 3.10:
GOSUER 4600
LOCATE 3.70
FOR J=1 T0 7
LOCATE 3+J.1

EN GOTO 33830

1 THEN 3830
13 THEN REFLAG=1 :
27 THEN RETURN
32 THEN DLFLAG=1 :
3830

Subrcutine LOADMOVE
MOVE data file from
MOVE data intc an ar
being transmitted to
: COLOR 15,0
of MOVE data file:-—
OR INFUT A5 #3

<

[ ]

F{3)
KD

o DOWNL.DAD mern”
" E3C s
o MAIN MENL ©

RETURN

RETURN

that gets the name of the
the user, and then out the
ray M(K) before they are

the microcontreller

"y MDATS

* N
* X% %
* ¥

a2

Subroutine RAMFTYFPE to display the RAMP data tvpe

GOSUER 4490

: COLOR 14,7 : FRINT
FRINT " to download
: COLOR 14,7 : FRINT
FRINT " ta download
: COLOR 14,7 : PRINT
PRINT "  te vreturn t
: COLOR 14,7 : FRINT
FRINT " to return t

2FLAG=0 : DLFLAG=0

EN 4130

“x 1 THEM 4150

= 27 THEN RETURN

= 32 THEN DLFLAG=1 :

= 49 THEM RIFLAG=1 :

= 50 THEN R2FLAG=1 :

4150
Subrocutine to draw a

15,0

PRINT "ﬁ";

3 PRINT "o
C) n
0O ¢ FPRINT "”“ s @ LOC
fFRINT "Ik
s FRINT "y»
Subroutive to draw w

PRINT " ps
: PRINT "y

0 FRIMT ””“ L.ac

116

"ol
RAMP-UF data "
"2
RAMF-DOWN data*
" SFACE "3
o DAOWNL.OAD menu”
"OESC "
o MAIN MENU"
‘reset flags

RETURN
RETURN
RETURN
window on the screen **%
ATE 70 3 PRINT "n"
vndow an the screen  #x#*

ATE 79 FRIMT "y
n

%%



Q4420
G430
{440
4450
444560
4470
4480
L4490
4300
4510
4520
4530

S40
4550
4560
4570
4580
4590
44600
44610
4620
4630
4640
45650
46460
4670
4630
4630
L4700
4710
4720
4730
4740
4750
4760
4770
4730
47%0
4800
4810
4820
4830
4840
4850
4360
43870
4880
4890
L4500
4910
4220
4930
4940
4930
4760
42370
4330

NEXT J
LOCATE 11,10 :FRINT "f";
BOSUE 4600
LOCATE 11,70 : FRINT "y
RETURN
REM *%% Subrcocutine to draw window on the screen #xs
COLOR 15,0
LOCATE 3,16: FRINT "ﬁ";
GOSUEB 4660
LOCATE 3,64 : FRINT "ﬂ"
FOR J=1 TO 12

LOCATE 3+J.,16 : PRINT "”" i ¢ LOCATE .84 :@: FRINT "”"
MEXT J

LOCATE 15.146 :PRINT "L":

BGOSUR 4660

LOCATE 1S.64: FRINT "y*

RETURN

REM *%%  Subroutine toc put "==" on the screen ***
FOR I=1 TO S9
LOCATE 10+I
PRINT"="3
NEXT
RETURN
REM *#%% Subrcutine to put "==" on the screen ***
FOR I=1 TO 48
LOCATE ,16+1

FRINT"="3

NEXT

RETURN
REM  #*x%% Subroutine to put program’s name and **#
FEM %% writer’'s name with green and blue * X
REM  ®*x background inside the window. e

LOCATE 7,21 ¢ COLDR O,2

GOSUR 4910

LOCATE 3.2t
GOSUE 4910

LOCATE 9,21 : COLOR 0,2 : FRINT * "3

COLOR 15,1 : PRINT * Dowrlcading Frogram "3
COLOR 0.2 : PRINT " "

LOCATE 10,21 : FRINT " "3

COLOR 15,1 : PRINT * by Siak Thong Yeo "3

COLOR 0.2 : PRINT "
LOCATE 11,21 : COLOR 0,2
GOSUE 4910
LOCATE 12,281
GOSUE 4910
COLOR 7,0
RETURN
REM *#% Subroutine to put color strip on the scieen
FOR I=1 TD 40
FRIMT * "3
NEXT
FRETURN
FEM ##% The end of the ROBOT program **%
COLGR 7.0
CLs
END

¥* % ¥




APPENDIX H

Listing of the Assembly Language Program ROBOT.ASM
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IBM Personal Computer Assembler Version 2.00 Page 1-1
ASM. ILANG. ROUTINES FOR ROBOT3.BAS 04-11-88

$ T 36 I I I W I I N6 I I I I I I I T NN W NS
A2 222 SRSl e dd sl sy sl S B
.

ROBOT.ASM

Subroutine to be called by basic program.
The job of this subroutine is to transmit
9-bit data (8 data bits and 1 parity bit)
through the Serial Comm. port COM1. The
9 bit format is necessary in order to use
the multi-processors serial communication
feature of the 8031 microcomputer.

We we W we W Wi WE we VI Wi w

E2X XTI RS2SRSS 222 2 A2 XA e s R 2Rl L B
(2222222 222 2222 2 222 2 R i i 2ol sl sl sl st

WA we WE W s we W we WE wE We wa We

TITLE ASM. LANG. ROUTINES FOR ROBOT3.BAS

3 636 3 3 I 3 3 I I I I I 6T I T I I I T I T e e TR

A Equates *
;******'**’*********%***i******ﬁ**************

03F8 THR EQU 3F8H sXmitter holding reg.
O3FD LSTAT EQU 3FDH s;line status port no.

3 3 I B I N W I e I I A I I I I T A I 6 I I K

HAg Define constants *
;********************i*******i****************

0000 CONST SEGMENT WORD PUBLIC *CONST”?
0000 07 EXECU DB 074

0001 EO RESETT DB OEOH

0002 CONST ENDS

3 I I I I I I I I WA I K I I I I W I I I A I WA I I

3 * Define variables *
;*******l*&***************************{*****i*

0000 DATA SEGMENT WORD PUBLIC ’DATA’
0000 77 TEMP DB ?
0001 DATA ENDS

DGROUP GROUP DATA, CONST

RAEE SRS SRS LISl il it SREY 23

3 Program source code segment »
By R R T N e Y T
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IBM Personal Computer Assembler Version 2.00 Page 1-2
ASM. LANG. ROUTINES FOR ROBQT3.BAS 04-11-88
0000 CODE SEGMENT BYTE PUBLIC *CODE”’
PUBLIC COMMAND, ROBOT, ADDRESS, XMIT
ASSUME CsS:CODE, DS:DGROUP
jroutine to send EXECUTE or RESET command code
sto robot system (B8031s)
0000 COMMAND PROC FAR
0000 35 PUSH BP
0001 8B EC Mav BP, SP
0003 8B SE 06 MOV BX, [BP1+6 j;get EXECUTE or RESET
0006 EB Q04F R CALL FIRST jcode & then send it
0009 5D POP BP
000A CA 0002 RET 2
000D COMMAND ENDP
sroutine to send the Address byte (includes
sthe data type codes), and then the two ROBOT
sdata (no. of reps & no. of moves)
000D ROBOT PROC FAR
000D 55 PUSH BP
O00E 8B EC MoV BP, SP
0010 8B SE 08 MOV BX, [(BPJ1+8 iget Address byte
0013 EB O04F R CALL FIRST isend Address byte
0016 B9 1194 MOV £X, 43500
0019 E2 FE HERE2: LOOP HERER2 sdelay for 9 msec
001B 8B St 06 MOV BX, [BPl+6 iget no. of reps
Q01E EB 0067 R CALL SEND sisend reps data
0021 SD POP BP
0022 CA 0004 RET 4
002s ROBOT ENDP
sroutine to send Address byte (data type is
jalso encoded in this byte), then the MOVE
jor RAMP type byte
0025 ADDRESS PROC FAR
0025 SS PUSH BP
0026 BB EC MOV BP, SP
0028 8B SE 08 MoV BX, [BPJl+8
002B EB 004F R CALL FIRST isend address byte
O02E B9 1194 MoV CX, 4500
0031 E2 FE HEREl: LOOP HERE! sdelay for 9 msec
0033 8B SE 0& MOV BX, [BPl+4 ;send MOVE code or
0036 EB 00687 R CALL SEND sRAMP type code
0039 SD POP BP
003A CA 0004 RET 4
003D ADDRESS ENDP

sroutine to tranmnmit data
smicrocontroller

120

byte to the addressed
(8031)




IBM Personal Computer Assembler Version 2.00 Page 1-3

ASM. LANG. ROUTINES FOR ROBOT3.BAS ou-11-88
003D XMIT PROC FAR
003D S5 PUSH BP
003E BB EC MOV BP, SP
0040 BB SE 0é& MOV BX, [BP1+& jget MOVE or RAMP data
0043 B9 1194 MOV CX, 64500 sdelay for 9 ms before
, 0046 E2 FE TEST2: LOOP TEST2 jreinitializing COMI
; 0048 EB 0067 R CALL SEND
! 004B SD PoP  BP
004C CA 0002 RET 2
004F XMIT ENDP

;Subroutine to Xmit command/address byte with
sthe 9th (parity) bit equals to 1

004F FIRST PROC NEAR

004F B4 00 MOV AH, O sfunc. O of INT 14H to

0051 BO &B MOV AL, 9BH sinitialize COM!1 to

0053 BA 0000 MOV DX, © 31200 BPS, even parity

00S6 CD 14 INT 14H 3(2th bit = 1), 8 data
sbits, 1 stop bit

0058 BA 0O3FD MOV DX, LSTAT sget line status and

0058 SEROUT1: ssee if the Xmitter

005B EC IN AL, DX sholding register is

00SC A8 20 TEST AL, 20H sempty

O0SE 74 FB J2 SEROUT! snot empty - re—-check

0060 BA 0O3F8B MOV DX, THR

0063 BA 07 MOV AL, [BX] jdata in AL to be

0065 EE ouT DX, AL ;sent thru’ THR

0066 C3 RET

0067 FIRST ENDP

;Subroutine to check parity before setting the
sparity bit so as to force the 9th (parity) bit
s;to be always O while xmitting data

0067 SEND PROC NEAR

0067 8A 07 MOV AL, (BX]

00462 OC 00 OR AL, OOH suse logical operation
;to set Parity Flag

006B 24 FF AND AL, OFFH

006D 7B OC JPO oDp

sparity of 8 bit data is even so init. the COM1
sport to send data with even parity so that the
sthe th bit will be a zero

006F B4 00 MoV AH, OH sfunction number O

0071 BO 9B MOV AL, ¥BH 31200 BPS, even parity,
i1 stop bit, 8 data bits

0073 BA ©000 MOV DX, O

Q076 CD 14 INT 14H sBIOS to initialize COM1

Q078 EB OA 90 JMP TXD

sinitialize the serial communication port
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ASM. LANG. ROUTINES FOR ROBOT3.BAS 04-11-88
0078B B4 00 0DD: MOV AH, OH
007D BO 8B MoV AL, 8BH 31200 BPS, odd parity,
31 stop bit, 8 data bits
007F BA 0000 MOV DX, ©
o082 CD 14 INT 14H sBI0OS to init. COM1

! ssend a 9-bit data thru’ serial port COM!

0084 BA O3FD TXD: Mov DX, LSTAT ;get line status &
0087 SERQUT2: ;see if the Xmitter
0087 EC IN AL, DX sholding register
0088 A8 20 TEST AL, 20H iis empty
008A 74 FB Jz SERQUTZ2 ;not empty — re-check
008C 8A 07 Mov AL, [BX] jdata in AL to be
008E BA 03F8 MOV DX, THR
0091 EE ouT DX, AL ssent thru’ THR
o092 C3 RET
0093 SEND ENDP
0093 CODE ENDS

END

122




APPENDIX I

Listing of the MCS-51 Assembly Language Program ROY.SRC




MCS-51 MACRO ASSEMBLER ROY
03/28/88 PAGE 1

DOS 3.0 (038-N) MCS-351 MACRO ASSEMBLER, V2.2
OBJECT MODULE PLACED IN ROY.OBJ
ASSEMBLER INVOKED BY: C:\MSi1\ASMSt.EXE ROY.SRC

LOC OBJ LINE SOURCE
' 1 R R Ry Y I I T A T e

2 3% %
3 e ROY.SRC by SIAK THONG YEO %
4 e -
] sHE 8031 ASSEMBLY LANGUAGE PROGRAM FOR THE *%
&6 2 ROBOT SYSTEM’S Y-MICROCONTROLLER. THIS *n
7 23 PROGRAM RECEIVES DOWNLOAD, EXECUTE, AND ¥
8 Hal RESET COMMANDS FROM THE IBM PC/AT WHICH %
9 3 IS THE ROBOT SYSTEM’S MAIN CONTROLLER. *%
10 5 % * %
11 5 DOWNLCAD -- The four types of data to be ##
12 g received by the 8031 are:- * %
13 HE 2 RAMP-UP, RAMP-DOWN, MQOVE, * %
14 2 and ROBOT. (ROBOT is the *© *
15 R4 number of MOVE repetition.) * %
16 HE 2 **
17 5% EXECUTE —-- This command tells all B803ls »*
18 5 to execute their moves (with %
19 2 the desired no. of reps.) * %
20 2 * %
21 2 RESET -~ Initializes the Robot system %
22 HER S to a known or predetermined %
23 § e location/coordinates (this * %
24 s is not implemented at yet.) -
25 SRR * %
26 L e R R e s e T
27
28 J M ———————m %
29 2 EQUATES %
30 3w - - * %
31

OOEO : 32 RSET EQU OEOH ;RESET code

0007 33 EXEC EQU O7H $EXECUTE code

0020 34 Y_ADDR EQU 20H saddress of microcontroller

0025 35 Y_RAMP EQU 25K 3in hi nibble and type of

0023 36 Y _MOVE EQU 23H sincoming data in lo nibble

0026 37 Y_RBOT EQU 26H sof first byte received

000A 38 MOVDAT EGQU ORH scode for MOVE data

0003 39 RU_DAT EQU 03H jcode for RAMP_UP data

0004 40 RD_DAT EQU O4H ;code for RAMP_DN data
41
42 5 %w e e %
43 L DATA INITIALIZATION IN INTERNAL RAM P2
G4 R et e * %
43

0000 LY-) FLAG BIT 20H.0 3bit0 of 20H is used as a
47 3flag for constant speed step

ooze2 48 PHASE DATA 22H jkeeps track of phase patterns

o023 49 WAIT DATA 23H jdelay for polling RI flag

0024 50 TEMP DATA 24H jinternal RAM location 244

124




MCS-51 MACRO ASSEMBLER RQOY

LOoC 0OBJ

0025
00246
0027
0028
0029
o02A
002B
oozC
002D
002E
002F
0030
0031
0032
0033
0034
0035
0036
0037
0038
0039
003A

0000
0000 802C

0023
0023 0153

00285 61

0026 31
0027 91
0028 C1
0029 &1

o02A C1
002B 91
002C 3t
002D &1

03/28/88

LINE

PAGE a

SOURCE

sused for temporary storage
COUNT DATA 25H 3C.S. step’s factor of 100
RPU_LO DATA 2&6H jlow byt of ramp-up address
RPU_HI DATA 27H jshigh byte of ramp-up address
DIR_LO DATA @28H jdirection address ptr - low
DIR_HI DATA @29H jdirection address ptr - high

STEP DATA 2AH jcontain no. of steps

SPEED DATA 2BH jdelay value for speed

HUNMS DATA 2CH j;factor for getting x10 ms
TENMS DATA 2DH j;factor for getting x0.1 ms
FIRST DATA 2EH jholds first data received
PAUSE DATA 2FH jwait time for incoming data

M_COUNT DATA 30H j;stores no. of moves reguested
DLY_REG DATA 3iH jiholds delay value for speed

MOV_LO DATA 32H jholds low addr. of MOVE data
MOV _HI DATA 33H jholds high addr. of MOVE data
RPD_LO DATA 34H jsholds low addr. of ramp down
RPD_HI DATA 35H jholds high addr. of ramp down
DLY_LO DATA 36H jholds factor of 0.01 ms delay
DLY_HI DATA 37H j3holds factor of 0.1 ms delay

TIMEL DATA 384 jto get 0.5 sec in MV_DELAY
TIME2 DATA 39H jto get 10 ms in MV_DELAY
STAY DATA 3AH jto hold user inserted delay

;#%% Using the ORG directive to skip Main program
s#%% gver interrupt vector area

ORG OH

SIMP MAIN

sx%% Interrupt vector of Serial Port interrupt
ORG 23H
AJMP  RECEIVE

TR 2 e L L e e e * %

A DATA STORAGE INITIALIZATION AND * %

F e RESERVATION IN PROGRAM CODE AREA [ 2

SN —— - -— %

BUFFCW: DB 61H sextra pattern for proper
jinitialization of next MOVE

CW_DRt: DB 31H ;phase patterns for the

CW_DR2: DB 91H sclockwise direction

CW_DR3: DB OCtH

CW_DR4: DB 61H jalso used as an extra phase
spattern (like BUFFCW above)

CCW_DRt: DB OC1H sphase patterns for the

CCW_DR2: DB 9F1H scounter-clockwise

CCW_DR3: DB 31H jdirection

CCW_DR4: DB 61H

timers’ mode (timerO for 0.1 ms delay

: Main program to set up the Stack loc.., HE
: and timerl for 1200 baud rate), intrpt. ]
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03/28/88 PAGE 3
LOC 0OBJ LINE SOURCE
106 HER mask registers, serial communication s
107 HE port for multiprocessors mode (3), and HH
108 HE initializes the stepper motor’s phase HE
109 HE pattern to A=0 and B=1. Then it will HH
110 s wait for a serial comm. intrpt to occur. ::
111 HHH HH
112 sesrsasreararsroloreIaoTrolLLILIILOSIOLOLlOoLTIIOIILIGSOEIGLTGE
113 MAIN:
002E 7S5SB14F 114 MoV SP, #4FH 3jinitialize stack ptr to
115 sinternal RAM location SOH
0031 758922 116 MOV TMOD, #22H jtimers O & 1 in mode 2
0034 758CB4 117 MOV THO, #(-76) jauto reload value for
118 50.1 msec per count-down
0037 75S8DEA 119 Mav TH1, #(-22) j3set timerl far 1200 bps
003A 7598F0 120 MOV SCON, #OFOH jmultiprocessors serial
121 scommunication (mode 3)
003D D2AF 122 SETB IE.7 jenable all interrupts
003F DeAC 123 SETB IE.4 jallow serial port intrpt
C041 D28sE 124 SETB TR1 ;start baud rate timer
0043 C2BS 125 CLR P3.5
0045 759060 126 MoV P1, #&60H sinit. stepper motor,
127 jwith current at 0.8 amp
0048 900026 128 Mav DPTR, #CW_DR1 iput address of next
004B 858228 129 MoV DIR_LO, DPL iphase pattern in
004E 858329 130 MoV DIR_HI, DPH sdirect RAM DIR_XX
0051 80OFE 131 SIMP % sat half current
132
133 BE T R R 2 Y T Y Ty T e ey 1
134 2 *%
135 A Interrupt Service Routine for the multi- %%
136 A processors Serial Communication intrpt. -
137 2 This routine will only take place when *
138 ] the 9th bit of the data it received is a #*»
139 3R 1. The first byte of data received will #=
140 HE A be decoded for the EXECUTE command, the * %
141 § RESET command, or the ADDRESS command * %
142 5 % (returns to Main program with noc action *3%
143 HE 2 taken if the first byte is none of the *%
144 3 % above commands) * %
145 HE 2 2 * %
146 B Ty X 2 LTS
147 RECEIVE:
0053 D2D3 148 SETB RSO sselect register bank 1
0055 C298 149 CLR RI jclear Receive Intrpt flag
0057 ES99 150 MoV A, SBUF sget the first byte in ACC
0059 FSeE 151 MoV FIRST, A jsave first byte in FIRST
Q0SB B4%EOO2 152 CINE A,H#RSET,EXE_RT ;RESET code?
133 H ACALL RESETT sroutine to initialise
154 $ROBOT to known location
00SE 0170 155 AJMP RET_MAIN
156
157 EXE_RT: $EXECUTION routine
0060 B40O704 158 CINE A,#EXEC,ADD_RT SEXECUTE code?
0063 11E8B 159 ACALL EXECU

0065 0170 160 AJMP  RET_MAIN
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03/28/88 PAGE 4
LoC 0BJ LINE SOURCE
161
162 ADD_RT: sADDRESS routine
0067 354F0 163 ANL A, HOFOH smask off lo nibble
00469 B42004 164 CINE A,#Y_ADDR,RET_MAIN sdata for Y?
006C C29D 165 CLR SsM2 ;allow RI flag to be set by
166 sreceived data (9th bit=0)
Q0&E 1175 167 ACALL DOWNLOAD
168
169 RET_MAIN:
0070 D29D 170 SETB SM2 ;Serial Communication mode 3
0072 Cabh3 171 CLR RSO
0074 32 172 RETI
173
174 5... Subroutine to decode the second byte received
175 ... for the type of data that will be received
176 $... (i.e. MOVE, ROBOT, RAMP_UP, or RAMP_DN ) and
177 ... store them in their respective external RAM
178 5... locations
179
180 DOWNL.OAD:
0075 ESZ2E 181 MoV A, FIRST iget first byte received
0077 B42610 182 CINE A,#Y_RBOT,DL_MOV sROBOT data?
007A D2B3 183 SETB P3.5 sLED indicator on
007C 9000FF 184 MoV DPTR, #ROBOT sget storage location
007F 3098FD 185 JINB RI, & sloop here until data is
0082 C298 186 CLR RI sreceived; then clear RI
0084 ES399 187 MOV A, SBUF sdata received into ACC
0086 FO 188 MOVX aDPTR, A sthen into ext. RAM loc.
0087 C2BS 189 CLR P3.9
00859 22 190 RET
191
192 DL_MOV: sjroutine for getting MOVE data
008A B42314 193 CINE A,#Y_MOVE,DL_RMP sMOVE data??
008D DeBS 194 SETB P3.5 sturn LED on
008F 3098FD 195 INB RI, $ swait till 2nd byte is rec’d
0092 C298 196 CLR RI sreset RI flag
0094 ES99 197 MOV A, SBUF
0096 B4OAZA 198 CINE A,#MOVDAT,DL_RET
0099 F00574 199 MOV DPTR, #MOVE
009C 11C4 200 ACALL RECX
009E C2BS 201 CLR P3.5 sturn LED indicator off
00A0Q 22 202 RET
203
204 DL_RMP: sroutine for getting RAMP data
00A1 B4251F 205 CINE A,#Y_RAMP,DL_RET sRAMP data?
O0A4 D2BS 206 SETB P3.5 sturn LED on
Q0AL 3098FD 207 JNB RI, jwait for RI flag to be set
00AT C298 208 CLR RI
Q0AB ES99 209 Mav A, SBUF
00AD B40308 210 CINE A,#RU_DAT,DL_RMP_D ;RAMP_UP data?
00BO 900100 211 MOV DPTR, #RAMP_UP sstore RAMP_UP data
00B3 11C4 212 ACALL RECX 3in external RAM
00BS C2BS3 213 CLR P3.5 jturn LED off
00B7 22 214 RET
215

127
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03/28/88 PAGE 5
LOC 0OBJ LINE SOURCE

216 DL_RMP_D:
00B8 B40408 217 CINE A,#RD_DAT,DL_RET ;RAMP_DN data?
00OBB 900001 218 HOV DPTR, #RAMP_DN sstore RAMP_DN
OOBE 11C4 219 ACALL RECX sdata in ext. RAM
00C0 CaBS 220 CLR P3.5 sturn LED off

i ooce 22 221 RET

222

223 DL_RET:
00C3 22 224 RET

225

e26 ... Subroutine to get MOVE or RAMP data from the

’
227 5... SBUF into ACC and then into the corresponding
228 ... external storage RAM location one byte at a
229 5... time. This routine need not know how many
230 ... bytes is incoming because it will exit (from
231 i... this routine) if no data is received after a
232 5... 50 msec wait.
233
234 RECX:
00C4 752378 235 MOV WAIT, #120 j3;value to make S0 msec
236 RI_CHK:
00C7 209809 237 JB RI, RECDAT jcheck RI for rec’d data
00CA 732F04 238 MOV PAUSE, #4 svalue for 0.4 msec
00CD 11DB 239 ACALL DELAY sdelay
00CF DS23FS 240 DINZ WAIT, RI_CHK
oop2 22 241 RET
242
243 RECDAT: ;get data into external RAM
00D3 C298 244 CLR RI
00DS ES99 245 MOV A, SBUF jstores rec’d data in
00D7 FO 246 MOVX 2DPTR, A sexternal RAM lgocation
00D8 A3 247 INC DPTR spointed by DPTR
00D? 80E9 248 SIMP  RECX sget next data, if any
249
250 ... Subroutine DELAY for 0.1 msec delay
251 DELAY:
00DB D28C 252 SETB TRO sstarts timerO
00DD 308DFD 253 JINB TFO, %
O0EQ C28C 254 CLR TRO
OOE2 C28D 253 CLR TFO sclear timerO flag
Q0E4 DS2FF& 256 DINZ PAUSE, DELAY
Q0E7 22 257 RET
258
259 ... Subroutine EXECU to execute robot’s movel(s)
260 $3... specified by the ROBOT and MOVE Xdata
261
262 EXECU:
O0EB D2BS 263 SETB P3.5
OOEA 9000FF 264 mMav DPTR, #ROBOT jget ROBOT address
OOED EO 265 MOVX A, JDPTR
OOEE FB 266 Mav RO, A sno. of reps in RO
OOEF B8B0002 267 CIJNE RO, #0,REPS ;at least 1 rep?
00F2 21C6 268 AJMP EXECU_RET squit if RO=0
269

00F4 00574 270 REPS: MoV DPTR, #MOVE j;get MOVE data address
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LoC

OOF7
Q0FA

O0FD
OOFF
0101
0104

0106

0108
010B
010E
O10F

o110
0113
0116
0119
011C
O11F
o122

0124
o127
012A
012D
0130
0133

0135
0138
013B
013E
0141
0144

0146
0149
0t4C
O146F
0152

0154
0157
015A
01SD
0160
0163
0166

0148
0168

0BJ

858a3a
858333

CaB4s
31CB
BooOO2
21C4

1528

852882
852983
E4
93

B?0141
B4C10E
200029
8582328
858329
752201
8074

B4910E
200028
858228
858329
752202
80463

B6310E
00027
858228
858329
752203
8032

200026
858228
858329
752204
8044

B902SE
B4310E
?0002D
858228
858329
752201
8030

B4910E
90002C

03/728/88

LINE

271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
316
315
316
317
318
319
320
321
322
323
324
325

PAGE

SOURCE

M_DATA:

CWi:

cWa:

CW3:

CWs:

CCW1:

CCwW2:

&

MOV
MoV

CLR
ACALL
CJINE
AJMP

DEC

MOV
MOV
CLR
MOVC

CINE
CINE
MOV
MOV
Mov
MOV
SIMP

CINE
MOV
MOV
MOV
MOV
SJIMP

CINE
MOV
MOV
MOV
MoV
SIMP

MoV
MoV
MoV
MOV
SIMP

CINE
CINE
MOV
MOV
MOV
MoV
SIMP

CINE
Mav

MOV_LO, DPL j3save MOVE data address
MOV_HI, DPH 3in direct RAM MOY_XX

P3.4 sclear EOM indicator

MOVE _IN sget MOVE data into regs.
R1,#0,CW1 scheck Rl for end of move
REP_CHK 3if R1=0 goto to REP_CHK
DIR_LO 5go back to the addr. of

sthe last phase pattern
DPL, DIR_LOD js;get phase pattern (last
DPH, DIR_HI jused) into the ACC

A

A, dA+DPTR

R1,#1,CCW1 sclockwise direction?
Ay HOC1IH,CW2 sphase pattern ClH?

DPTR, #CW_DR&4 jaddr. of 61H pattern
DIR_LO, DPL ssaves address of &61H
DIR_HI, DPH 3in direct RAM DIR_XX

PHASE, #1

CHK_END

A, #91H,CW3 sphase pattern 91H?
DPTR, #CW_DR3 jaddr.. . of ClH pattern
DIR_LO, DPL ssaves address of CIH
DIR_HI, DPH sin direct RAM DIR_XX
PHASE, #2

CHK_END

Ay #31H,CWa sphase pattern 31H?
DPTR, #CW_DR2 jaddr. of 91H pattern
DIR_LO, DPL jsaves address of %1H
DIR_HI, DPH 5in direct RAM DIR_XX
PHASE, #3

CHK _END

DPTR, #CW_DRt jaddr. of 31H pattern
DIR_LO, DPL ssaves address of 31H
DIR_HI, DPH 5in direct RAM DIR_XX
PHASE, #4

CHK_END

R1,#2,NO_MOV scounter cw dir.?

A,#31H,CCW2 sphase pattern 31H?
DPTR, #CCW_DR4 saddr. of CCW’s &61H
DIR_LO, DPL ssaves &1H (CCW)
DIR_HI, DPH saddress in RAM
PHASE, #1

CHK_END

A, #91H,CCW3 sphase pattern 31H?
DPTR, #CCW_DR3 jaddr. of CCW’s 31H
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Lac

016E
0171
0174
0177

0179
017C
O17F
o182
0185
oies

o18A
018D
0190
0193
0196

0198
019A
019C
019E
01A1
O1A4

01R6
01A7

01AB
01AA
01AB
O1AC
O1AD

O01AE
01B1

01B3

01BS
0187
01B9
01BB
O1BD
01C0
oic1
oica

01Ca

0BJ

858228
858329
752202
801F

B4C10E
200028
858228
858329
752203
800E

0002A
858228
858329
752204
8000

31EE
31F8
Si23
BCOOOS
BDOOO4
8008

BEQOO2
[={eler=

SiBé6

caoo
7117
DEB3
D2B4
30B3FD

03/28/88

LINE

326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
35¢
355
356
357
358
359
340
361
362
363
364
365
366
367
368
369
370
371
372
373
374
373
376
377
378

PAGE 7

SOURCE

MOV
MOV
Mav
SIMP
CCW3:
CINE
MOV
MOV
MOV
MOV
SIMP
CCW4 s
MoV
MoV
MOV
MOV
SIMP

CHK_END:
ACALL
ACALL
ACALL
CINE
CINE
SIMP

CS_NOP:
NOP
NOP

CS_CALL:
ACALL
NP
NOP
NOP
NCP

DN_CHCK :
CINE
SIMP

DN_CALL:
ACALL

NO_MOV:
CLR
ACALL
SETB
SETB
INB
NOP
NOP
AIMP

REP_CHK:
DINZ

EXECU_RET:
CLR

130

DIR_LO, DPL ssaves 31H (CCW)
DIR_HI, DPH s;address in RAM
PHASE, #2

CHK_END

A, #OC1H,CCWa
DPTR, #CCW_DR2
DIR_LO, DPL
DIR_HI, DPH

PHASE, #3
CHK_END

DPTR, #CCW

_DR1
DIR_LO, DPL

sphase pattern ClH?
;addr. of CCW’s FLH
ssaves F1H (CCW)
;address in RAM

saddr. of CCW’s ClH
ssaves ClH (CCW)

DIR_HI,DPH saddress in RAM
PHASE, #4

CHK_END

UP_RAMP ;get ramp up address
DN_RAMP jget ramp down addr.
EXE_UP sexecute the ramping up

Ré4 , #0,CS_NOP
RS, #0,CS_CALL

DN_CHCK

EXE_CS

52100 C.S. steps=07?
sunit C.S. steps=07
sno C.S. stepping

sexecute const. speed

s34 NOPs added to make the
;timing from SPIN in EXE_CS
sto SPIN in EXE_DN 38 instr.
scycles long

R&, #0,DN_CALL

NO_MOV
EXE_DN sexecute the ramping down
P1.0 ;set current to 0.8 amp
MV _DELAY sdelay requested by user
P3.3 swrite a 1 before reading
P3.4 sturn EOM indicator on
P3.3, $ ;wait for all controllers
;to finish their moves and
sread their P3.4 pins
M_DATA ;get next MOVE data set
RO, J_REPS jreduce repetitions by !
;end of execution routine
P3.3

sR.D. steps=07
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L0C OBJ L INE SOQURCE

oi1c8 22 381 RET
38a
383 J_REPS: sdo another repetition
, 01C9 OiF4 . 384 AJMP REPS
k 385
386

387 ... Subroutine MOVE_IN to load end-of-move (0)/

y
388 5... direction (1 or 2)/noc-mave (3) into R!, ramp-
389 5... up steps (x100) into R2, ramp-up steps (unit)
390 $... into R3, constant speed steps (x100) into R4,
391 ;... constant speed steps (unit) into RS, rampdown
392 ... steps into R4, and the user specified delay
393 $... time (x0.5 sec) into the direct RAM STAY.
394
395 MOVE_IN:
01CB 853282 396 MOV DPL, MOV_LO j;get address of MOVE?
O1CE 853383 397 MOV DPH, MOV_HI jdata into DPTR
01D1 EO 398 MOVX A, JDPTR
01D2 F9 399 MOV Ri, A ;jdir./e.a.m./n.m. into R1
01D3 A3 400 INC DPTR
01Db4 EO 401 MOVX A, ADPTR
01DS FA 402 Mav R2, A X100 ramp-up steps in R2
01D6 A3 403 INC DPTR
01D7 EO 404 MOVX A, JDPTR
01D8 FB 405 MOV R3, A junit ram—up steps in R3
01D9 A3 406 INC DPTR
01DA EO 407 MOVX A, 2DPTR ;X100 constant speed
O1DB FC 408 MOV R4, A ssteps in R4
01DC A3 409 INC DPTR
0i1DD EO 410 MOVX A, IDPTR sunit constant speed
O1DE FD 411 MOV RS, A ssteps in RS
01DF A3 412 INC DPTR
01EO EO 413 MOVX A, 2DPTR junit ramp-down steps
O1E1 FE 414 MoV R&, A 5in R&
O1E2 A3 415 INC DPTR
O1E3 EO 416 MOVX A, 2DPTR sdelay time (in sec.) by
O1E4 FS3A 417 MOV STAY, A suser in direct RAM STAY
O1E6 A3 418 INC DPTR
01E7 858232 419 MOV MOV_LO, DPL j;save address of next
OlEA 858333 420 MOV MOV_HI, DPH ;MOVE data set in MOV_XX
O1ED e2 421 RET
422
423 $... Subroutine UP_RAMP to load the ramp up data
424 ... address into direct RAM RPU_XX
425
426 UP_RAMP:
O1EE 900100 427 MoV DPTR, #RAMP_UP
O1F1 858226 428 MoV RPU_LO, DPL
O1F4 BS8327 429 MoV RPU_HI, DPH
01F7 22 430 RET
431
432 ... Subroutine DN_RAMP to calculate the start

H
433 ;... address of the 2-bytes ramp down data and
434 $... then load that address into direct RAM RPD_XX

433




MCS-S1 MACRO ASSEMBLER ROY

03/28/88 PAGE 9
LOC 0OBJ L INE SOURCE
436 DN_RAMP: .
01F8 FO000FE 437 MOV DPTR, #R_D_L jget end address of
438 ‘ramp down data in DPTR
O1lFB EE 439 MOV A, Ré& sget no. of ramp-dn steps
. O1FC C3 440 CLR c sclear Carry bit for sub.
f O1FD 23 441 RL A smultiply by 2
O1FE FSFO 442 MOV B, A sput result in B register
0200 ES82 443 MOV A, DPL
o202 C3 444 CLR Cc
0203 95F0 443 SUBB A, B scalc. ramp-dn start addr.
0205 04 44b INC A spoint at ramp-~dn addr.
0206 F334 447 MoV RPD_LO, A sramp—-dn start addr.
0208 858335 448 MOV RPD_HI, DPH 3in direct RAM RPD_XX
020B 22 449 RET
450
451 ... Subroutine GET_DIR to get address of phase

’
432 ... pattern for the direction specified in R2
433 ... into "direct" RAM storage DIR_LO and DIR_HI
4354
43S GET_DIR:
020C B9010A 456 CINE R1,#1,MOV_CCW ;C.W. direction??
020F 900026 457 MOV DPTR, #CW_DR1 jaddress of pattern
458 sfor C.W. dir
0212 858228 459 Mav DIR_LO, DPL ssave lé-bit address
0215 858329 460 Mav DIR_HI, DPH 3in direct memory
0218 22 461 RET
462
463 MOV_CCW:
0219 90002A 464 MoV DPTR, #CCW_DR! jaddress of pattern
465 ;for C.C.W move
021C 858228 4bb MOV DIR_LO, DPL
021F 858329 4&7 MOV DIR_HI, DPH
o222 22 468 RET
469
470 5... Subroutine EXE_UP to execute the ramping up
471 ... part of a "move" by knowing the number of
472 5... steps to ramp up (with each ramp-up data
473 ;... being equivalent toc one step). NOPs are
474 ... widely used to achieve the proper timing
473 5... for stepper-—motor delays.
476
477 EXE_UP: ;38 instr. cycles in-between SPIN routine
0223 752564 478 Mav COUNT, #100 smultiple of 100 steps
479 NEX _RU:
0226 732603 480 MoV TEMP, #3 ja total of 8 instr.
0229 DS24FD 481 DINZ TEMP, $ scycles added
0o22C 852682 482 MOV DPL, RPU_LD sget ramp-up data
022F 852783 483 MOV DPH, RPU_HI ;jaddress into DPTR
0232 EO 484 MOVX A, IDPTR sget x0.1 msec data
0233 F537 4835 MoV DLY_HI, A 5;x0.1 msec in DLY_HI
0235 A3 486 INC DRPTR
0236 EO 487 MOVX A, IDPTR sget x0.01 msec data
0237 FS5S36 488 mMov DLY_LO, A 3x0.01 msec in DLY_LO
0239 A3 489 INC DPTR spt. at next ramp-up dat

023A BAOOOY 490 CINE R2,#0,MUL_RU 3>100 ramp-up steps”?




MCS-51 MACRO ASSEMBLER ROY
03/28/88 PAGE 10
LOC 0OBJ LINE SOURCE
023D BB0018 491 CINE R3,#0,UNT_RU ;0 ramp-up steps?
0240 22 492 RET s"RET" if R2=0 & R3=0
6493
; 494 MUL_RU: sfor >100 ramp-up steps
) 0241 00 495 NOP ;1NOPs to make timing equal
' o242 00 64946 NOP sto the UNT_RU routine
0243 8582246 497 MOV RPU_LO, DPL saddr. of next ramp-up
0246 858327 498 MOV RPU_HI, DPH sdata in RPU_XX
0249 S51DS 499 ACALL SPIN jadvance one step
024B D5S25046 500 DINZ COUNT, NOP_RU j;more ramp-up steps?
O24E DAD3 501 DINZ R2, EXE_UP snext 100 steps if R2
502 5is not O
0250 BBOOD3 503 CINE R3,#0,NEX_RU ;R3=07
0253 22 504 RET sRET if R2=0 & R3=0
505
506 NOP_RU: stotal of 4 instr. cycles
0254 00 S07 NOP sNOPs to compensate for timing
0255 00 508 NOP sdifference of the other path
0256 80CE 509 SIMP NEX_RU
510
511 UNT_RU: sfor <100 ramp-up steps
0258 858226 Si12 Mav RPU_LO, DPL j3addr. of next ramp-up
0258 858327 513 MOV RPU_HI, DPH jdata in RPU_XX
02SE S51DS Sta ACALL SPIN ;advance one step
0260 DBF2 515 DINZ R3, NOP_RU sR3=0 after decrement?
o262 00 S16 NOP sadds 4 NOPs to make total
0263 00 517 NOP sof 8 instr. cycles after
0264 00 318 NOP sthe SPIN routine to get
0265 00 S19 NOP sproper timing
0266 22 320 RET $RET since R3=0
521
522 3... Subroutine EXE_CS to execute constant speed
523 5... stepping
524
Sas EXE_CS: ;38 instr. cycles in-betwn SPIN routine
0267 732564 S2é& MOV COUNT, #100
527 NEX_CS:
026A 752401 528 MOV TEMP, #1 36 instr. cycles added
026D DS24FD 529 DINZ TEMP, ¢ ;for proper timing
0270 852482 530 MOV DPL, RPU_LO sthe last ramp-up data
0273 852783 531 MOV DPH, RPU_HI 5is now the c.s. data
0276 EO 532 MOVX A, IDPTR ;get x0.1 msec delay
0277 F337 533 MOV DLY_HI, A sdata in DLY_HI
0279 A3 534 INC DPTR
0274 EO . 535 MOVX A, IDPTR sget x0.01 msec delay
027B F3S36 536 MOV DLY_LO, A sdata in DLY_LO
027D BCOOOY4 537 CINE R4,#0,MUL_CS 3>100 c.s. steps?
0280 BDOO26 538 CINE RS,#0,UNT_CS 50 const. speed step?
0283 a2 539 RET 3"RET" if R4=0 & RS=0
S40
S41 MUL_CS:
0284 00 S42 NOP sadd 2 NOPs for the
0285 00 543 NOP stiming delays
0286 S51DS Sa4 ACALL SPIN sadvance by 1 step

0288 00 545 NOP




MCS-51 MACRO ASSEMBLER

LaoC

0289
028A
028D

028F
0292

0293
0296

0299
0z29C
029F

02A1
02A4
02R7

02A%
02AB
02AC
02AD
O2AF
oz2Be
0285

0286
02B?
02BC
02BD
O2BF
02C0
02Ct
02C3
o2C4
0z2c7
02CA
oacc
02CF
ozpa
0z2Dh4

0BJ

00
D5a506
pCi2

BDOOQO7
aa

752401
D324FD

752402
DS24FD
80C9

752402
DS24FD
80BE

833482
853583

03/28/88

LINE

346
547
548
349
530
351
352
553
554
555
556
357
358
559
560
Sé1
362
563
S64
565
566
567
568
569
370
S71
572
373
574
375
576
577
578
579
380
381
Saz
583
S84
585
586
587
588
389
590
S91
S92
593
594
3595
596
597
598
599
600

PAGE 11
SOURCE
NOP
DINZ COUNT, NO1_CS jsmore c.s. steps?
DINZ R4, NO3_CS snext 100 steps if R&4
sis not O
CINE RS, #0,N02_CS 3R3=07
RET
NO1_CS:
MoV TEMP, #1 stotal of 4 instr.
DINZ2 TEMP, ¢ scycles added
NO2_CS:
Mov TEMP, #2 sgives & instr. cycles
DINZ TEMP, % sfor timing delay
SIMP NEX_CS
NO3_CS:
MOV TEMP, #2 36 instr. cycles for
DINZ TEMP, % jtiming delay
SIMP  EXE_CS
UNT_CS:
ACALL SPIN sadvance by 1 step
NOP
NOP
DINZ RS, NO1_CS ;R5=0 after decrement?
MOV TEMP, #1 sa total of 4 instr.
DINZ TEMP, $ scycles added
RET $"RET" since RS=0
5... Subroutine EXE_DN to execute ramping down
EXE_DN: 338 instr. cycles in-betwn SPIN routine
MoV DPL, RPD_LO saddress of ramp-down
MOV DPH, RPD_HI sin DPTR
MOVX A, 9DPTR sget x0.1 msec ramp-—
MOV DLY_HI, A jdown data in DLY_HI
INC DPTR
MOVX A, 2DPTR sget x0.01 msec ramp-—
MOV DLY_LO, A jdown data in DLY_LO
INC DPTR
MGV RPD_LO, DPL jsave address of next
MOV RPD_HI, DPH jramp-dn data in RPD_XX
ACALL SPIN sadvance by 1 step
MOV TEMP, #7 sgives 12 instr. cycles
DINZ TEMP, $ sfor timing delay
DINZ Ré6, EXE_DN smore ramp-down steps?
RET
... Subroutine SPIN to output phase pattern to
3... port P1, make a delay, and then increment
$... the pointer DPTR to the next phase pattern.
5... 2 NOPs have been added to make total timing
... "overhead” equal 79 instr. cycles or 74.8
... usec (need to subtract 90 usec from actual
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L0C O0BJ LINE SOURCE
601 ... delay time prior to downloading the RAM)
602 5... Overhead = 38 (SPIN to SRPIN) + 41 (within
603 5. . SPIN and including S from the SM_DELAY
&04 $... subroutine) = 79 instruction cycles
) 605
/ 506 SPIN: ;a total of 41 instruction cycles
02DS 00 607 NQOP
02Dé& 00 508 NOP
02D7 852882 609 MOV DPL, DIR_LO sDPTR points at
02DA 852983 610 MoV DPH, DIR_HI sphase pattern
02DD E&4 611 CLR A
02DE 93 612 MOVC A,dA+DPTR sget phase pattern
02DF A3 613 INC DPTR spoints at next pattern
02E0 FS590 614 MOV Pi, A joutput phase pattern
02E2 SiFC 615 ACALL SM_DELAY
02E4 858228 616 MoV DIR_LO, DPL ssave address of next
02E7 858329 &817 MOV DIR_HI, DPH spattern in direct RAM
O2EA D32206 618 DINZ PHASE, RET_SPIN
O2ED 310C &19 ACALL GET_DIR srelcad phase pattern
Q2EF 732204 620 MOV PHASE, #4 ;reload phase counter
02F2 22 621 RET
&22
623 RET_SPIN: sthis routine is set up for
02F3 00 624 NOP 516 instr. cycles so as to
02F4 00 625 NOP smake the timing (delay)
028FS 752405 626 MOV TEMP, #5 jsimilar to the other path
02F8 DS24FD &27 DINZ TEMP, $ sthat requires a phase
O02FB a2 628 RET spattern reload
629
630 ... Subroutine SM_DELAY for the stepper motor
&31 $... delays. (With a S cycles overhead)
632
633 SM_DELAY: 30.0996 msec achieved instead
02FC Dasc 634 SETB TRO jof 0.1 msec
O2FE 308DFD 635 INB TFO, ¢ sgives 0.0912 msec here
0301 C2a28C 636 CLR TRO
0303 Casb 637 CLR TFO sclear timerO flag
0305 D337F4 638 DINZ DLY_HI, SM_DELAY
0308 E& 639 CLR A soverhead of 1
0309 BS3601 &40 CINE A,DLY_LO, DLAY joverhead of 2
030C 22 6461 RET soverhead of 2
&42
643 DLAY: ;to give 0.01 msec delay
030D 00 b4a4a NOP swith an error of -0.0004 msec
030E 00 645 NOP ;i.e. the actual time achieved
030F 00 &4é4 NOP sjis only 0.009&6. A carefully
0310 00 647 NOP ;selected crystal freguency
0311 0O &48 NOP swill eliminate this error
0312 00 649 NOP
0313 DS36F7 650 DINZ DLY_LO, DLAY
0316 22 651 RET
652
633 ... Subroutine MV_DELAY for "end-of-move" delays
654 $... requested by user, in factor of 0.3 second up
’

... to a maximum of 127.5 sec or 2.125 min. No

4653
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03/28/88 PAGE 13
LoC OBJ LINE SOURCE
656 ... delay for Y microcontroller if STAY=0.
657 MV_DELAY:
0317 ES3A 658 MOV A, STAY
0319 B40002 659 CINE A,#0,SECON jdelay time=07
X 031C 8018 660 SIJMP  MV_D_RET
! 661
662 SECON:
031E 733832 663 MOV TIMELl, #5350 sto get 0.5 second
=Y-13 ONE_S:
0321 7353964 665 MoV TIME2, #100 ;to get 10 msec
666 TEN_MS:
0324 DasC &6&7 SETB TRO
0326 308DFD &68 JNB TFO, % slecop till TFO=1
0329 Casc &69 CLR TRO
032B C28D 670 CLR TFO
032D DS39F4 671 DINZ2 TIME2, TEN_MS
0330 DS3BEE 672 DINZ TIMEL1l, ONE_S
0333 DS3AESB 673 DINZ STAY, SECON
674 MV_D_RET:
0336 22 675 RET
676
677
678 PRR——m—— e ————— e — e — e * %
679 3 *% EXTERNAL DATA STORAGE INITIALIZATION *%
&80 3% AND RESERVATION IN THE EXTERNAL RAM *%
&81 HE D e - ————
682
683 ;External RAM size used is only 2K byte (2016)
684
—-—— 685 XSEG AT 1t
686
0001 &87 RAMP_DN: DS 253 ja total of 127 ramp down
OOQFE 688 R_D_L: DS 1 ssteps (with 2 bytes each)
OOFF &89 ROBOT ¢ DS 1 sMOVE reptetition value
0100 690 RAMP_UP: DS 1140 smax. of 570 ramp~up steps
0574 691 MOVE : DS 630 smaximum of 90 MOVESs

692
593 END § ARAAANAAAANANAAAAANANNANAS

AAAAAAAAAAANAANA




APPENDIX J

Listing of the BASIC Program MOVE.BAS
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10

20

30

40

S0

&G

70

80

50

100
110
120
130
140
130
160
170
180
190
200
210
220
230
240
280
260
270
280
230
300
310
320
330
340
350
360
370
380
390
H00
410
420
430
440
4350
460
470
480
490
SO0
S10
20
£30
S40
5350
560
S70
580
590
&OO
610
HEO
L3I0

MOVE .bas (MOVE data conversion pirogram)

> Definition of labels:-

* R - ramp-up step delay time (1 for x0.1 msec, & for x0.01 msec
* RD ~ ramp-down step delay time ( - " - . - -
> XETEP — total number of steps fovr X

* YSTEF - total number of steps for Y

* MOVX - the seven parameters fTor X

* MOVY -~ the seven parameters for Y

P OMOV(E.1) = direction (1 or ) / no move (3) / end of move (D)
P OMOVIK,.E) - ramp-up steps (x100)

T OMOV(E:3) - ramp-up steps (1)

T MOV(K,4) — constant speed steps (:100)

P OMOV(K,.S) ~ constant speed steps (1)

T OMOV(KE.S) - ramp-down steps (x1) .

* MOV(K,.7) - delay time added by user (z0.5 sec)

> INFUT FILES NEEDED:-
? 1. Rampup -— ramp-up data (2 bvtes per data format)
* 2. Rampdown -~ vamp~down data (2 bytes per data farmat)

OFTION ERASE 1

COLOR 13,0 @ CLS

DEFIMNT A-Z

DIM R(LQ0.2), RD(200,2), XSTEF%(100), YSTEPA(100)

DIM MOVX(100.7) s MOVY(10QQ.7)

LOCATE 2,10 : COLOR 14,4

FRINT * FROGRAM TD CREATE MOVE DATA FOR X AND Y MICROCONTROLLERS
COLOR 15.0

RDAT$="RAMFLIF" : RDDAT$="RAMPDOWN" *ramp—up arnd ramp—down files
OFEN RDAT$ FOR INFUT AS #1

J=1 : k=t : STF!=.0157 ‘each step is equivalent to 0.0157 inch
WHILE NOT EOF(1)

INFUT #1. R(J.1) @ INFUT #1, R(J.2)

J=J+1

WEND

CLOSE

R{J+1)=R(J-14+1) : R(J.2)=sR(J-1.2)-1

J=J+1

R(J,1)=0 : R(J,2)=0 s FRINT J

M=1

OFEN RDDATS FOR INFPUT AS #2

WHILE NOT EOF(2)

INFUT #2, RD(M.1) ¢ IMFUT #2, RD(M.2)

M=M+1

WEND

CLOSE

FD(M.1)=0 ‘add O for "end of data" indication

LOCATE 646 -

FRINT "Inittial X coovrd. (inches)= O
LOCATE 6433 : INFUT "".X1!

X1%=X1t/5TF! *Find egquivalent number of steps for given locatiown
A1 =Y 1L %#5TR! ‘computes the exact lacaticn based on the steps

LOCATE 4.6 : FRINT "Actual i1nmitial X coocrd. ="3%1)

LOCATE &.44

FRIMT "Initial ¥ cocrd. (1nches)= 0"

LOCATE &.71 @ THFUT "".Y1)

YiUu=Y1 1 /3T *Find egulvalent ruuber of steps for given location
Y1V = 1N AETH ‘computes the exact lacation based (o the =teps
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L5460
&50
&LH50
6870
&30
&90
700
710
720
730
740
730
760
770
780
770
00
810
820
330
240
8350
860
370
380
g90
OO
F10
F20
F30
40
90
260
70
F80
F0
10G0
1010
1020
1030
1040
1030
1060
1070
10380
1090
1100
1110
1120
1130
1140
1150
1150
1170
1180
1190
1200
1210
1220
1230
18240
1250

1AH0

LLOCATE &.44 : PRINT "Actual 1nitial Y  cocord. ="3YL1S
LOCATE 7.6
INFUT "Final X coord. (inches)= ". X2}

X2%=X2' /STF! "find equivalent number of steps for given lecation

X2I=X2%*STF! ‘computes the exact lccaticn based on the steps
LAOCATE 7,6 : FRINT "Actual fimal X coord. ="iXxa!l

LOCATE 7,44

INFUT "Final Y ccord. (inches)= ", Y&!

Y2%=Y2!/3TF! *find equivalent number of steps for given location

Y2i=Y2%U*STF! *computes the enact locotion based on the steps
LOQCATE 7,44 FRINT "Actual final Y coord. ="3iv2!

ADATI=X2!1-X1
YDATI=Y21-Y1
LOCATE 8.6
LLOCATE 8.44
LOCATE 9.6

IMFUT "X's delay time (:0.5 sec)= ", MOVIXIK.7)
INFUT "Y s delay time (0.5 sec)= ", MOVYIH,7
FRINT "Actual distance for X ="i1XDAT!
LOCATE 744 FRINT "Actual distance far Y =" YDAT!
MOVX(K41)=3 : MOVY(k.,1)=3

IF XDAT!I>0O!) THEM MOVX{K.1)=1

IF XDAT!I<0 THEMN MDVX(K,.1)=2 : XDAT!=-XDAT!

IF YDAT!>O! THEMN MOVY(K,1)=1

IF YDAT!<0OV THEN MOVY(K,1)=2 : YDAT!=-YDAT!
XSTEFI=XDATI/STF! : YSTEF!=YDAT!/3TF!

XSTEF% (K)=XSTEF! s YOSTERU(E)I=YSTEF!

IF XSTEPRP%()=0 THEN MOVX(K.1)=3

IF YSTEF%(K)=0 THEN MOVY(K.1)=3

LOCATE 10.6 : FRINT "Directicn aof MOVE Tor X
LOCATE 10.44 : FRINT "Directicn of MOVE fov Y

MOVX (1)
MOVY (k. 1)
XSTEFY% (KD
YRTEFY% (K)

LOCATE 11,6 FRINT "Tatal rumber of X steps
LOCATE 11,44 FRINT "Tatal number of Y steps
IF XSTERAU{(K)=0 THEN GOSUE 2350 : GOTO 1340
LOCATE 12.6 : INFUT "X's Censtamt Speed (in/s)= ", ACS!
LOCATE 15,2 : PRINT " "
CSX!1=8TF!1/ACS8! %1000 “get delay time of c.s.
CAA=CSX ! #100 ‘thange delay time ta 10 microsec
CX%=CX%—-9 ‘subtiract overhead of 90 micvrosec
CYHI%=CX%/10 : CXLOU=CX% MOD 10O
IF CXLO%r4 THEM CXHI%=CXHI%-1
REM *%% This part of program calculates the reqguired number
FEM *%»* of ramp-up steps for % in the form of 2100 and 1.

o

‘an ey cas

FOR H=1 TO J *to calculate ramp-up steos

IF R{H,1)=0 OR R(H+1.1)=0 THEN GG3UE 2030 : GOTO 1890

IF CXHI%<R(H,1) THEN GOTO 1100

=0

GOSUER 2100 ‘check if R(H) or R(H+1) is closer to CX
IF FLAG=O THEN 1110

MEXT H

RiJX=H-1 “ramp up steps is H-1

PRIMT "User®s time: Hi1="3CXHI%
FRINT "Lo="3CXLO%

LAOCATE 1S.6 FRINT "Chosen time: Hi="i1R{Hs1)

LOCATE 15.29 FRINT "Lo="iR{(H.2)

MOVX (K 2)=RUX /100 ¢ MOYX (K,3)=RUX MOD 100

IF MOVX (K .3) 549 THEM MOVX(HE.2)=MOVA(FEE)-1

REM *#% Required number of ramp-dowin steps calculated here

FOR H=1 TO M *to calculate ramp-down steps
TEMF3=RD(H. 1) %10 + RD(H.2)
TEMFG=RD(H+1,1)%10 + RD(H+1.2)
LO=ABS(TEMF3 - CTEMF)
HI=ARS{TEMPs ~ CTEMF)

IF LOGHI OF LO=HT THEN MEXT H
MOVA(E 46 )=M-H ‘o, of vamp down STepRs
CHEX=X5TEFA(E) - RUX ~ MOVX(E &) Tratal comstant speed steps oy X

LOCATE 14,56
LOCATE 14,27

- e e e
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1270
1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1430
1490
1500
1510
1520
1530
1560
1550
15460
1570
1580
1590
1600
1610
1620
1630
1440
16350
1660
1670
14680
1690
1700
1710
1720
1737
1740
1750
1760
1770
1780
1720
1300
1810
1320
1330
1340
1850
1860
1870
1630
1890

IF CBX:{0 THEN GOSUR 2210 @ GOTD <S0

MOVY (E ) =C3X /100 @ MOVX(K.3)=CSX naD 100

IF MOVXA(E S) 549 THEN MOVX(E..4)=MOVX{H4)~1

LOCATE 16,6 @ FRINT "R.U. steps: «#100="iMOVX(E.2)3" Al=" MOV (L, 3)
LOCATE 17.46 : FRINT "C.5. steps: #100="i1MOVX (K .4)

LOCATE 17,29 : FRINT "x1="iMOVYX(k,3)

LOCATE 18+.6 : FRINT "R.D. steps: #1="IMOVX (K. 6)

IF YSTERP%(E)=0 THEN GOSUR 2420 : GDTD 1750

LOCATE 12,44 : INFUT "Y's constant Speed (in/s)= ", YCS!
LOCATE 15,40 : PRINT * "
CSYI=STFI/YCSI*1000 ‘get delay time of constant step for Y
CYU=C5Y!*1Q0Q ‘change delay time to %10 microsec
CYU=CY%-2 ‘subtract cverhead of ?0 microseconds
CYHI%=CY%/10 1 CYLOU=CY¥% MOD 10O

IF CYLO%>4 THEN CYHI%=CyHI%—-1

CXHI%=CYHI% : CXLO%=CYLO%

REM *#%% This part of program calculates the required number  *¥s
REM #%% of ramp-up steps for ¥ in the form of %100 and «i. #HR®
FOR H=t TO J *to calculate ramp-up steps

IF R(H,1)=0 ORF R(H+1,1)=0 THEN (GOSUER 2030 : GOTO 1890
IF CYHI%<R(H,1) THEN GOTO 1510

A=38

GOSUER 2100 *check 1f R{H) ar R{H+1) is a closeir step delay time
IF FLAG=0 THEN 1520

MEXT H

RUY=H-1 ‘ramp up steps is H-t

FRINT "User’'s time: Hi="iCYHI%
I.OCATE 14,67 FRINT "Lo="3CYLO%
LOCATE 1S5.44 FRINT "Chosen time: Hi="iR(H.1)
LOCATE 15,67 : FRINT "Lo="iR(H.2)
MOVY (E,2)=RUY /100 : MOVY(k,3)=RUY MOD 100
IF MOVY (K,.3)>49 THEN MOVY (K,2)=MOVY (K.2)-1
FREM *»%% Reqgulred number of ramp—down steps calculated here %%
FOR H=t TO M “to calculate ramp—down steps
TEMP3=FRD(H,1)%10 + RD{H.2)
TEMFO=RD(H+1,1)%10 + RD(H+1,2)
LO=ABS{TEMF3 ~ CTEMP)
HI=AKS(TEMF4 - CTEMF)
IF LO*HI DR LO=HI THEM NEXT H
MOVY (K. b)=M-H ‘no. of ramp down steps
CSY=YSTEP% (LK) — RUY — MOVY (K .6) “total constant speed steps for 7
IF CSY<0 THEN GOSUE 2470 : GOTO 13S0
MOVY (K, 4)=C5Y/100 : MOVY(kK,S5)=C5Y MOD 100
IF MOVY (K,8)549 THEN MOVY (K.4)=MOVY {(K.4)-1
LOCATE 16,44 FRINMT "R.U. steps: x100="3iMOVY(K,.2)3" #1="SsMOVY (K, 3)
LOCATE 17.44 FRINT "C.5. steps: x100=":iMOVY(K.4)
LOCATE 17.67 FRINT "xl="iMOVY (K..3)
LOCATE 18.44 FRINT "R.D. steps: M1="1MOYY (K . 8)

LOCATE 14.44

LOCATE P1.6 : COLOR 11.7 : FRINT " ENTER "3
COLCR 11,0 ¢ FRINT » for neut MOVE data"
LOCATE 21,44 : COLOR 11,7 : FRINT " ESC "3

COLOR 11,0 : FRINT " to display MOVE data"
LOCATE 23.22 : COLOR 11.7 : FRINT " ZFACE ":
COLOR 11,0 5 FRINT " to save MOVE data in a disk file®
COLOR 1S.0

AARE=INKEYS

IF AA%="" THEN GOTO 1320

IF LEMN(AA%) <1 THEN 1820

IF ASC(AAS) = 13 THEM GOEUR 1520 : GOTO 650
1IF ASCiARS) 27 THEN 2570

IF ASCIAAS) A2 THEN GOSUE 2370 : GGTO 1890
BREEF : GOTO 1320

COLOR 7.0 = END

it N
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13200 REM *#% Subroutine (SCREEM) to get the scvreen dieplay  #ex
1910 REM x#% yeady for entering the mext set ot MOVE data ek
1920 COLOR 15,0

1930 X11=X2! : Y1i=yY2!

1940 K=K+1

1950 CLS

1760 LOCATE 2,10 : COLOR 14.4

1970 FRINT * FROGRAM TO CREATE MOVE DATA FOR X AMD Y MICROCOMTROLLERS
1980 COLOR 15,0

1990 LOCATE 6,6 : FRINT "Initial X coord. (inches)="3X1!

2000 LOCATE 46,44 3 PRINT "Initial Y cocord. (inches)="iY1!

2010 RETURN

2020 REM **% Inform uger speed is out of range and quits »*»*»

2030 CLS : LOCATE 11,84 : FRINT "Speed cselected 1s OUT OF RAMGE

2040 LOCATE 13,20

2050 COLOR 14,7 @ FRINT " MAXIMUM SPEED ALLOWED IS5 3% IN/BEC

2060 COLOR 7,0

2070 RETURN

2080 REM *#% Routine to check if the present déelay value R(H) o the
2090 REM %% next R(H+1) is to be used &s the last ramp—-up data
2100 FLAG=O

2110 TEMP1I=R(H,1)%#10 + R(K.2)

2120 TEMPE2=R(H+1,1)%10 + R{(H+1,2)

2130 CTEMF=CXHI%*10 + CXLO%

2140 UND= ARS(TEMF1 - CTEMF)

2150 OVR= ABRS(TEMF2 - CTEMF)

2160 IF UMD < OVR THEM RETURN

2170 FLAG=1 : COLDOR 10,90

2180 LOCATE 1S5.6+A : FRINT "U="3iUND

2190 LOCATE 1S,16+A : PRINT "0O=":;0VR

2200 COLOR 15,0 : RETURN

2210 REM *#%¥% Routine to inform user of speed i1nvalidity for X ##x%
2220 LOCATE 12,32 1 FRINT " "

2230 FOR AG=1 TO 7

2240 LOCATE 14.AG*S

2250 FRINT »

22860 LOCATE 1S.AG*S

2270 FPRINT "

2280 NEXT AG

2270 LOCATE 15.2 : COLOR 14,5

A300 PRINT " X°s speed in MOVE("S$HE:;")"3i"is not valid! "

2310 COLOR 15,0

2320 RETURN

2330 REM *##  Subirocutine to put zeros 10 MOVX(E,2) to MOVX(K.S)  ##*»
2340 REM *#% and then display "NO MOVE FOR X MICROCONTROLLER" "%
2350 FOR Q=2 70 &

2360 MOVX(KE,.Q)=0

2370 NEXT @

23380 LOCATE 16,6 : PRIMNT “NO MOVE FOR X MICROCONTROLLER"

2370 RETURN

2400 REM *»%%  Subrcocutine to put zerocs 10 MOVY(E.2) toc MOVY(K.S) *
2410 REM %% and then display '"NO MOVE FOR Y MICROCONTROLLER" %
2420 FOR FP=2 70O &

2430 MOVY (K ,F)=0

2440 NEXT F

2450 LOCATE 1bh.44 : FRIMT "NO MOVE FOR Y MICROCONTROLLER"

2460 RETURN

2470 FEM #*»# FRoutine to 1nform user of speed invalidity for Y =»
2480 LOCATE 12,70 : FRINT © "

2670 FOR AG=G TO 1S

2500 LOCATE 14,AG*S

2510 FRINT ¢ "

2520 LOCATE 15,AG*S
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2530
2540
2550
2560
2570
2580
2590
2600
2610
R&20
2630
2640
2650
2660
2670
2680
2670
2700
2710
2720
2730
2740
2790
2760
2770
2780
2730
2800
2810
2820
2830
2840
2890
2860
2870
2880
2890
2700
2710
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
020
3030
3040
3050
3060
3070
3080
3090
3100
3110
31RO
3130

FRINT © "
NEXT AG
LOCATE 15.41 : COLOR 14.5
FRINT " Y's gpeed in MOVE("iK:i")"i"is noct valid!l "
COLOR 15,0
RETURN

KEM #%% Routine to display MOVE data on screen ##%
CLS
LOCATE 1,11
LOCATE 1,47
FOR N=1 TO K
LOCATE .2
COLOR 14,0
COLOR 15,0
LOCATE 11t
LOCATE 1S
LOCATE +19
LOCATE .24
LOCRTE .29

OLOR !441 ¢ FRINT ™ ¥'s MOVEs !

: C
:» COLOR 14.1 FRINT " Y's MOVEs ¢

PRINT "MOVE"$MN:

FRINT MOVX(NMN.1)3
FPRINT MOVX(N.2)3
FRINT MOVX{N.3)s
FRINT MOVX(N.4)3
FRINT MOVX(N,S)3

LLOCATE 34 FRINT MOVX(N.&) 3
LOCATE .39 FRINT MOVX(N.T)
LOCATE .47 FRINT MOVY{(N,1)

FRIMNT MOVY{(N.2)
FRINT MOVY(N.3)
FRINT MOVY(N.&)
FRINT MOVY (NS
FRINT MOYY (N, 62
FRINT MOVY (N,7)

LOCATE 51
LOCATE .55
LLOCATE &0
LOCATE .60
LOCATE 70
L.LOCATE +7S

an ae ve we ae 38 e ae
‘an cas ew ‘ms s ss se

MEXT N

LOCATE ,22 : FRINT "

LOCATE ,22 : COLOR 11,7 : PRINT " ENTER "3
COLOR 11,0 : PRINT “ for next MOVE data

FRINT "*
COLOR 11,7 : FRINT " SFACE "3
FRINT " to save MOVE data in & disk file”

LOCATE .&2
LOCATE a2
COLOR 11,0
AAS=TNKEYS
IF aA%s="" THEN GOTO 2830

IF LEN(AAS$)>1 THEN 2880

1IF A3C(AAS) = 13 THEN GOSUE 1720
IF ASC(AA%) = 32 THEN GOSUR 2970

5070 650

G0OTO 1870

BEEF : GOT0O 2880
RETURN

REM #%* Subroutime (SAVE) to save both X and Y MOVE data SEt  wEx

REM #%% in disk files with names to be given by the user * %%
CL5 : LOCATE 2,10 : COLOR 14.4
FRINT " FROGRAM TO CREATE MOVE DATA FOR X AND Y MICROCOMTROLLERS "
COLOR 15,0

LOCATE 10,20 : INFPUT “"File name to store X's MOVE data:- "LOXFILES
LOCATE 12,80 : IMFUT "File name to store Y's MOVE data:- "WYFILES
OFENM XFILE$® FOR OUTFUT AS #1

OPEN YFILE® FOR QUTFUT AS #2

FOR 3=1 TO K ‘te save all the MOVESs

FOR T=1 TO 6 ‘the first six MOVE data

FRINMT 81, MOVX(S.T):

FRINT #2, MOVY(5,7)3

MEXT T

FRINMT #1, MOVX(S,7) @ FRINMT #2, MOVY(S,7)

MEXT 3

FRINT #1. O : FRIMT ®2, O

CLOSE

FETURM
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APPENDIX K

Listing of the BASIC Program RC.BAS
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10

20

30

L0

S0

&HOQ

70

80

20

100
110
120
130
140
180
1460
170
180
170
=00
210
220
230
240
250
260
270
280
270
300
310
320
330
340
350
3560
370
380
390
400
410
420
430
440
450
G460
470
4380
490
500
510
520
230
S40

’ RC.BAS ——- To convert ramp delav time inte Z-bvite data |
? (with program overhead of 8031 taken into consideraticm) |
? for the 8031 microcontrollers of the RORDT =system. The |
* data will then ke stored in disk file for future use. !

OFTION BASE 1
DEFINT A-2
DIM R(600.2),
I=1

CLS : LOCATE 3,8 : COLOR 14,3

FRINT " FROGRAM TO COMVERT RAMF DELAY TIME INTO 2-BYTE DATA
IF I>1 THEN GOSUER 220

COLOR 15,0 : LOCATE 11,10

INFUT "Ramp step delay time in msec = ", RSTFICD)
RSTFA=RETF ! (1) *100

RSTF! (600)

FOR THE 8031l=s

RUN=RETF%-9 ‘subtract 70 microssconds due to Moverhead”
FHI%=RU%/10 : RLO%=RU% MOD 10

IF RLO%:4 THEN RHIY=RHI%-1

REIL1y=RHI% : R(I,.2)=RL0O%

LOCATE 13,81 ¢ FPRINT © .1 msec value = "3R{Iy133" "
LOCATE 14,21 : FRIMT "u0.01 msec value = "iR{I.3)
LOCATE 16,21 ¢ FPRIMT "Mo. of entries = "3l : I=1+1
LOCATE 13,20 : COLOR 14,7 : PRINT ' ENTER "j

COLOR 14,0 : PRINT " to convert next RAMP data”
LOCATE 20,20 : COLOR 14,7 : FRINT » ESC "3i

COLOR 14,0 : FRINT " to save and display ramp data”
AS=INKEY®

IF As="" THEN 2%0

IF LEMN{(AS)Y<:1 THEN 2990

IF ASC(AB) = 13 THEN 120

IF ASC(A%) = 27 THEN GOSUR 3&0 : GOTO 3S0

BEEF : GOTC 290

END

COLOR 15,0 : CLS : LOCATE 3,20

INFUT "Enter file name to save RAMF data: ", RR%
OFEN RR3% FOR OUTFUT AS #2

FOR L= TO I-1

PRINT #2, R(Ls1)5: R(L,2)}

NEXT L

CLOSE

LOCATE 5,10

FRIMT "Delay Time", "x0.1 value", " #Q0.01 value”
LOCATE 10 @ FRINT " {msec) 'y " (msec) et (mgec) "
FOR L=t 7O I-1

LOCATE 412 : FRINT R3TRP!I L)

LOCATE 31 : PRINT R(Ls1)3

LOCATE .50 : PRINT R(L.2)

NEXT

RETURN

LOCATE 2.10 : COLOR 14,1

FRINT " Entry number"iI-13"="3iRSTF!'(I-1)3i"msec "
RETURN
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