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ABSTRACT

This thesis covers the author’s design and implementation of the electronics and
software used to operate a microcontroller-based pill counter. Development was carried
out in two phases. First, a personal computer was used to test the conceptual design.
With some modifications to improve the device, a prototype was developed using the
Motorola 68HC11EVB. This document describes the systems used to make up the pill
counter including stepping motor drivers, photoelectric counters, keypad and LCD display.

The theory behind the operation of the pill counter is to separate a bulk of pills
into a single-file "stream” where they are counted using optical means. Separation of the
pills is accomplished first by an augured drum, and second by a rotating cone platform.
The drum serves as a reservoir for pills and when turning, slowly feeds pills onto the
rotating cone, which carries them to an exit chute for counting. The 68HCII
microcontroller has many interesting features that are used to the benefit of the pill
counter, and are described in this thesis. Software development followed modern
software engineering techniques, specifically those of structured programming, that are
described in this document. The motivational factors behind these techniques are also

discussed.



TABLE OF CONTENTS

1O Introduction . ........ .. . . . . .. .. ... 1
1.1 Conceptual Design . ... ... .. . . . 4
2.0 PC Implementation ... ... ... ... .. .. .. . . .. .. ... 6
2.1 Stepping Motor Control .. ... ... .. ... . 7
2.2 COUNLEIS . o ot ittt et e e e e e e e e 8
2.3 Operation . . ..ot 9
3.0 68HCI11 Evaluation Board Implementation .. ..................... 11
3.1 The 68HCI11 and Evaluation Board .. ....................... 11
3.2 System OVEIVIEW . . . oo I3
3.3 Keypad ..o 13
3.4 Liquid Crystal Display . . . ... ... .. 17
3.5 Stepping Motor Drive System ... ........ ... ... oL 19
3.6 Counter CIrCuitry . . .. .. .t 20
4.0 Software . . ... .. 22
4.1 Programming Language .. ........... ... 25
4.2 Conceptual Design Phase . . ... ... .. i 25
4.3 Evaluation Board Phase ... ... .. .. . i 26
5.0 Conclusion . ... .. ... 30
List of References . . . ... ... . ... 33
APPeNdiCeS . . . . ... 35
Software C Code .. ... . i 36
Operational Description . .. ... .. 72
VA . . e 75



LIST OF FIGURES

Figure 1-1: Drawing showing alternative pill counter. .................... 3
Figure 1-2: Conceptual drawing of the pill counter. .. ................... 5
Figure 2-1: Diagram of personal computer and pill counter used in the conceptual
design. .. 7
Figure 2-2: PC interface to the IMS stepping motor drivers. . .............. 9
Figure 3-1: Block diagram of the pill counter (68HCI1EVB version). . ... ... .. 14
Figure 3-2: Pin connections from the 68HCI1EVB to the external electronics. . .. 15
Figure 3-3: Schematic of keypad connections. .. ......... ... ........... 16
Figure 3-4: Schematic of connections to the LCD display module. . .......... 18
Figure 3-5: Diagram showing timing requirements for the LCD module. .. ... .. 19
Figure 3-6: Photoelectric counters connected to the 68HCIIEVB. . ........ .. 21
Figure 4-1: Software life cycle. .. ... . .. .. . . 23
Figure 4-2: PCmain menu. . ..... ... i i 26
Figure 4-3: Pill counter operational flowchart (68HC11 Version). . ......... .. 29

vi



CHAPTER 1

1.0 Introduction

Odds are, if you went to fill a prescription at your local pharmacy, you would find
the pharmacist counting out pills manually, with a broad plastic utensil. Or, in a more
advanced pharmacy, the pills would be slowly administered into a bulky electronic
machine that passes them through a series of funnels. The most advanced machines for
counting pills, found only in large facilities such as hospitals. take up an entire wall with
cartridges custom fit to dispense only a certain size pill.

Most automated pill counters available today are designed to have modules for
every size and shape of pill, tablet, or capsule made. This takes up a large amount of
space and is too costly for the average pharmacy.  Other counters have only one
mechanism which must be calibrated for a specific tablet size. Recalibration is often
difficult and slow.|1]

In a search for patents related to the counting of pills, none of the pill counters
were microprocessor controlled. They all used purely mechanical means or extensive
solid-state circuitry to count the pills. Most of the pill counters relied heavily on
complicated mechanical pieces to operate and were designed for only one size of pill.

As an example, one patent uses a constant RPM motor to rotate the pill
bowl.[2] A solid-state counter switches a mechanical gate to divert the pills once the
programmed number of pills has been reached. While this device was able to handle
different sizes of pills, experimentation showed that it was inaccurate for certain shapes

of pills.



On another pill counter, the pharmacist is required to slowly shake pills out of a
bottle onto the top of a helical inclined plane.[3] Pills slide down the plane and pass
over a detector. The detector is connected to a combination counter and three-digit
display. This pill counter requires the constant attendance of the pharmacist, not only to
watch the count, but to administer the pills as well.

Figure 1-1 shows another more automated pill counter that uses two counter-
rotating turn-tables to put pills into an adjustable-width passage.[4] At the end of the
passage is a photoelectric sensor used for counting. A mechanical gate connected to the
counter, switches in front of the pill path to deflect pills into an overflow bin once the
desired quantity of pills has been reached. This pill counter requires adjustment of the
discharge passage width each time a different size pill is to be counted. A pill
"decapper", which prevents the stacking of pills, also must be adjusted by the pharmacist.

The need for a more efficient pill counter with the ability to easily handle
universal size pills became apparent through these observations. This laid the foundation
for the development of an electronic device that automatically counts a specified number
of small objects. Objects may range in size and shape, but the device is specifically
designed for the counting of various size pharmaceutical pills, tablets, capsules, etc. The

device is referred to as the pill counter.



Figure 1-1: Drawing showing alternative pill counter.

Source:

United States Patent Number 3,837,139, Inventor:

Harry G. Roseberg.




1.1 Conceptual Design

Dr. Frank H. Speckhart, a professor in mechanical and acrospace engineering at
the University of Tennessee, originated the idea for the mechanical aspects of the pill
handling. He designed and built the mechanical hardware that makes up the pill counter,
thus providing the framework from which the electronics and software were developed.
The following describes the conceptual design.

The theory behind the operation of the pill counter is to separate a bulk of pills
into a single-file "stream” where they are counted using optical means. Separation of the
pills is accomplished first by an augured drum, and second by a rotating cone platform
as shown in Figure 1-2. The motion of the pills begins at the base of the drum. Pills are
augured up the drum onto the cone where they are rotated around until they fall down
through the exit chute where they are counted. The operation continues until the specified
number of pills have fallen down the chute.

This thesis describes the development and implementation of the electronics and
software that are used to operate the pill counter. Chapter 2 presents the conceptual
design and the testing of its feasibility with the aid of a personal computer. An
explanation of the conversion from conceptual design to a fully operational prototype
follows in Chapter 3. Software goals and development through all phases of the project

are the topic of Chapter 4.






CHAPTER 2

2.0 PC Implementation

In the conceptual design, the following was determined to be the basis of operation
of the pill counter. The drum serves as a reservoir for pills and when rotated, slowly
feeds pills onto the cone. At the base of the pill counter are two bins. At the completion
of one cycle, the left bin holds the desired quantity of pills. The right bin serves as an
overtlow and so contains all excess pills that were initially put into the drum.

In a design of this magnitude, it is important to know if the concept is feasible.
A flexible electronic system used to control the mechanical system aids in the develop-
ment of a complex device such as the pill counter. This type of electronic system not
only provides the mechanical systems designer with a way of testing the mechanical
system, but also a way to quickly and easily change the characteristics of the machine.
A microprocessor-based system provides ample flexibility. The most efficient way to
verify the feasibility of the conceptual design is by using a readily available personal
computer (PC). Figure 2-1 shows the PC with components used to test the conceptual
design. By using the keyboard and monitor to interface to the user, additional hardware

for this purpose was not needed.
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Figure 2-1: Diagram of personal computer and pill counter used in the conceptual
design.

2.1 Stepping Motor Control

The given conceptual design contains two mechanical devices, the drum and the
cone, that need to be controlled by the microprocessor. Since the cone’s speed and
direction change during operation, a stepping motor drive would allow for the most
versatile operation. The drum’s speed is also variable, so a stepping motor is also used
for its drive.

In order to save development time, Intelligent Motion Systems’ (IMS) commercial
stepping motor drivers were initially used. These drivers could be easily interfaced to the

PC and did not require time to design and assemble a discrete logic driver. The IMS



driver has four logic input lines that control the motor. Their labels and functions are as
follows:

* Enable - A logic low enables the driver, applying a holding torque to the
motor. A logic high disables the driver, so that no current is flowing through
the motor. This line is used to disable the motors when the pill counter is not
in operation, thereby preventing heat build-up in the motors and drivers.

e Half/Full - This line chooses between half and full step drive. For the 1.8°
stepping motors used, there are 200 full steps per revolution and 400 half steps
per revolution. Full step motion is rough, allowing for more separation of the
pills, and is used with both the cone and drum. Half step motion is smoother

than full step and is used with the cone to count out the last few pills.

» CW/CCW - This line chooses the direction of motion for the motor and is
used to reverse the cone when emptying the pills into the overflow bin.

¢ Step Clock - A falling edge on this input steps the motor in the direction and
step mode specified by the CW/CCW and Half/Full lines. The enable line
must be low for the motor to step.

The interface from the PC to the drivers is shown in Figure 2-2. By controlling the input

lines to the IMS drivers, the PC operated the cone and drum motors exactly as desired.

2.2 Counters

The other electronics required to test the conceptual design are the counters.
Photoelectric devices provide a very fast response time and are inexpensive. They only
give inaccurate results when two pills pass the photosensors side by side. In order to
maximize the accuracy of the pill counter, two sets of photosensors were implemented.
One LED-phototransistor pair is located at the top of the chute and another pair is located

at the bottom of the chute. The microprocessor keeps track of the number of pills that



IMS Driver
Drum
Enable Stepping Motor
Logic GND 0A White
H/F OA~* Red
Step Clock OB Black
CW/CCw OB* ——— Green
PC
Parallel
Port IMS Driver
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Enable Stepping Motor
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H/F A Red
Step Clock 0B — Black
CW/CCW O0B* — Green

Figure 2-2: PC interface to the IMS stepping motor drivers.

pass through each pair of photosensors and assumes the highest count to be the most
accurate. A dual 4-bit counter chip helps the microprocessor keep track of the separate

counts.

2.3 Operation

Once the designer has entered the operational parameters and a desired quantity
of pills using the computer keyboard, the drum motor begins to turn, dropping pills onto
the cone. The cone motor rotates carrying the pills to the exit chute. By alternating
between stepping the motor a few steps and stopping for a step, a vibration was
introduced into the cone that enhances pill separation. The computer screen is continually
updated to display the present count. Once the counted quantity reaches to within two

of the desired quantity, the drum and cone slow down to count the final few pills. In



order to clear the device, the drum rotates quickly and the cone rotates in reverse so that
extra pills are deposited into the overflow bin.

There are many parameters that affect the accuracy and characteristics of the pill
counter, such as the speed of the drum and cone, the vibration mode of the cone, and the
length of time that the cone runs in reverse for emptying pills. Any of these parameters
can be changed at run-time to enable the mechanical systems designer to fine tune the
system for optimal performance without the assistance of the programmer.

During testing, it was discovered that pills would fall out of the drum in an
irregular fashion corresponding to the internal threads of the drum. The resulting empty
areas on the cone indicate an inefficient counting process. A more even distribution of
pills is achieved if the drum is rotated slowly when the pills are falling onto the cone, and
rotated quickly when the pills are not coming out of the drum. A proximity detector was
added to the system to tell the PC when pills are not falling out of the drum. The PC
now knows when to speed up the rotation of the drum to move past the area where pills
are not coming out.

With this addition, the conceptual design of the pill counter proved to work as
desired, so design continued with the objective of making the device more self-contained.
[t was evident that a separate microcomputer from the personal computer would be

selected to run the pill counter.
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CHAPTER 3

3.0 68HC11 Evaluation Board Implementation

The personal computer supplied an excellent platform for the development and
testing of the conceptual design of the pill counter. However, the PC is too large and
expensive to use for this task. A self-contained unit using an embedded microprocessor
would yield a more attractive product. The Motorola 68HCI11 1s the microprocessor
chosen to operate the pill counter.

Other components had to be integrated with the self-contained unit to take the
place of the PC’s keyboard and monitor. A 16-key keypad allows the user to specify the
number of pills to be counted and the mode of operation. A 2-line by 16-character liquid

crystal display (LCD) shows the status of the machine and provides feedback to the user.

3.1 The 68HCI11 and Evaluation Board

A microcontroller is a microprocessor with memory systems and peripheral
devices built into one compact integrated circuit. By using the Motorola 68HCI1
microcontroller, the amount of external circuitry needed to operate the pill counter is
greatly reduced, compared to using a base microprocessor. Using the microcontroller also
simplifies and reduces the size of the circuit board needed for the final product.

The 68HC11 is an §-bit microcontroller unit (MCU) produced using high-density
complementary metal-oxide semiconductor (HCMOS) technology. On-chip memory

systems include 256 bytes of random-access memory (RAM), 8K bytes of read-only
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memory (ROM), and 512 bytes of electrically erasable programmable ROM (EEPROM).
Some of the major peripheral functions include an §-bit analog-to-digital converter,
asynchronous serial communications, a timer system, and an 8-bit pulse accumulator
system.[5]

The 68HCI11 microcontroller has many interesting features that are used to the
benefit of the pill counter. First, the 512 bytes of on-chip EEPROM are used to store
parameters controlling the speed and length of time the drum and cone motor run.
Second, the event counter serves as a means to keep track of the count in one part of the
chute. Also, the edge-triggered interrupt line of the input capture system provided a
means to create an additional internal counter. A self-strobing feature eliminated complex
hardware decoding and software to interface to the liquid crystal display. The features
used in the implementation of the pill counter are described in more detail as needed.

To aid in the development of a system based around the 68HC11, Motorola has
designed and manufactured an evaluation board called the 68HCIIEVB. An easy to
connect interface between the 68HCI11 and the components that operate the pill counter
is provided by this evaluation board. There is a 52-pin connector on the EVB that "looks
like" the 52-pin 68HC11. The 68HCI1EVB (EVB) is such an accurate emulation of the
68HC 11, that once the software program has been developed and the electronics finalized,
the EVB can be replaced directly with the 68HCI11 microcontroller.

By using the EVB during development, testing of the program and attached
hardware is much simpler and faster than using the straight MCU. The EVB is set up for

serial communications to a PC, providing a fast method of cross-assembly, downloading,

12



and testing of programs. BUFFALO, the monitor program used to run the EVB, allows
the designer to set break points and step through the downloaded code to aid in the

debugging of both the software and electronic hardware.

3.2 System Overview

An overall block diagram of the system is shown in Figure 3-1. The pill counter
electronics can be broken down into the control unit (EVB board) and four subsystems:
the keypad, liquid crystal display module, stepping motor drive system, and counting
circuitry. Each of these subsystems is described below. A detailed diagram showing the

connections between the EVB and the external electronics is in Figure 3-2.

3.3 Keypad

A 4x4 matrix keypad provides a straight-forward method for the user to
communicate with the pill counter. As seen in Figure 3-3, the keypad is interfaced to
Port C of the 68HC11, which provides both input and output lines. Lines 4-7 of Port C
are configured as outputs and are connected to the four column-pins of the keypad. Lines
0-3 of Port C are configured as inputs and are connected to the four row-pins of the
keypad.

In order to tell if a key has been pressed, bits 4-7 of Port C are set to logical zeros
and bits 0-3 are monitored. If any key is pressed, contact is made between a row and
column line causing one of the row-pin’s voltage to drop as current flows through the

pull-up resistor. By reading Port C, the microcontroller can tell which row the key
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Figure 3-1: Block diagram of the pill counter (68HCI1EVB version).

depressed was in. The exact key can be determined by sequentially setting each column

low, and checking the row value for a logic zero.
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Figure 3-2: Pin connections from the 68HC11EVB to the external electronics.
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Figure 3-3: Schematic of keypad connections.
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3.4 Liquid Crystal Display

The Philips LTN211 is a two line by sixteen (2X16) character LCD module, with
each character consisting of a 5X7 dot matrix and cursor. All the controls and memory
needed to operate the LCD are built into the module. A simple 8-bit interface to the
MCU shown in Figure 3-4 is all that is needed to provide the module with the characters
that are to be displayed on the LCD screen. The interface consists of eight data lines
(DO-D7), a register select line (RS), a read/write select line (R/W), and an operation
enable line (E).|6]

The data bus from the 68HC11 to the LCD module is set up through the 8-bit
output Port B. Since Port B is a straight output port, and the timing requirements for
writing to the module can be met, the read/write signal on the module was tied low rather
than interface it to the MCU. Therefore, the data bus is only in one direction, from the
MCU to the LCD module.

The register select signal tells the module whether the incoming data is an
instruction or a character to be displayed. Sending instructions allows positioning of the
cursor and access to special modes. Bit 1 of Port D is used to control the RS line.

To complete the interface, the final signal needed is the enable line used to latch
in the data on the bus. Figure 3-5 shows the timing requirements to ensure the LCD
module receives the correct data. The 68HC11 provides a simple strobe mode for the
handshake 1/O subsystem associated with Port B that meets these timing requirements.

By connecting the STRB (strobe-B) pin of the 68HCI11 to the E line of the display, values

17
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Figure 3-5: Diagram showing timing requirements for the LCD module.

written to Port B are automatically latched into the display module. Once the cursor is

positioned, a string of characters written to Port B will appear on the display.

3.5 Stepping Motor Drive System

The stepping motor is the ideal instrument for computerized motion control since
each revolution of the rotor is divided into discrete steps. The motors used in this
application have 200 steps per revolution. Speeds of the motors are easily controlled by
the microprocessor by varying the frequency of the steps. In order to drive the stepping
motors in bipolar mode, a single-chip chopper/driver (SGS-Thomson TEA3718) is used
for each winding of the motor. These drivers use 12 volts as their source and utilize
internal chopping circuitry to limit the current applied to the motors.

There is only a small number of control lines needed to drive each motor. The
drivers require two lines to step each motor using full step (200 steps per revolution) as

is done on the drum motor. Since the cone motor is driven using both full and half steps
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(400 steps per revolution), two additional control lines are needed. The lines from the
68HCI11EVB to the chopper/drivers are allocated between Port A and Port D according

to Figure 3-2.

3.6 Counter Circuitry

In order to check the quantity of pills falling down the chute into the bin, optical
sensors were used. By placing an LED and a phototransistor facing each other on each
side of the chute, objects that break the light beam from the LED are detected by the
phototransistor. Optically matched pairs of phototransistors and LEDs were chosen so
external light from the room would not affect their performance.

Rather than connecting the LEDs through a resistor to V., they are powered
through a latch controlled by the 68HCI1. This connection gives the software program
control over whether the LEDs are on or off. The reason this was done will be described
in Chapter 4.

The event counter available on the 68HCI11 is an ideal choice to count the pills
as they come down the chute. The phototransistor is connected through a Schmitt-Trigger
invertor to reduce noise before it is connected to the event counter through bit-7 of
Port A. In order to increase the accuracy of the total system, two counters are needed,
but only one is available on the 68HC11. To create another counter, the input-capture
system is used to generate an edge-triggered interrupt each time a pill breaks the light
beam. When this occurs, the interrupt service routine increments a variable counter.

Figure 3-6 shows how the LEDs and phototransistors are wired.
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CHAPTER 4

4.0 Software

In order to control the electronics and hardware of the pill counter, a sophisticated
software program is required. During operation, the microcontroller not only controls the
motors and display, but also must simultaneously monitor the counters and keypad. To

accomplish these tasks without a detectable loss of performance, the software must be

designed efficiently. The significant complexity of the required software demanded that
the program be written in an organized and thoughtful way. Technigues of modemn
software engineering, specifically those of structured programming, were followed with
the utmost attention.

The life cycle of software covers the period of time from the conception of an idea
to the retirement of a given software product. A traditional software life cycle model is
shown in Figure 4-1.]7] The model shows that 67 percent of all life-cycle costs are
attributed to the maintenance phase. Therefore, it is important during the development
cycle to create a program that can be maintained easily. When this is done successfully,
the resultant program is called maintainable. Another important characteristic of a well-
written program is testability. This is the ease to which test criteria can be established

and the code can be evaluated for correctness.| 8]
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Figure 4-1: Software life cycle.
Source: Lowell Jay Arthur, Software Evolution (New York: John Wiley & Sons, Inc.,
1988), p. 4.

There are various rules to follow during software development that will aid the
programmer in creating a maintainable and testable program. The following paragraphs
describe some of the guidelines used in the development of the pill counter software and
the motivation behind these guidelines.

From the beginning of software development, code was separated into pre-
determined modules and written using a top-down style of programming. The functional
modules were developed and tested separately, and later brought together to make up the
final product. A description of the individual modules is given in Table 1.1.

Modular programming reduces the complexity of the problem by breaking up a
software package into a number of simpler pieces. These pieces are manageable in size,
separately testable, and separately modifiable.|9] The software that results from using
modular programming techniques is more easily testable and maintainable.

Even though the code developed to operate the pill counter is extensive, it can be

maintained by someone other than the author. For example, if a problem occurs with the
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Table 1.1 Modules that make up the pill counter software
L ________________________________________________________________________ ]

Name Description

Main: Initializes system and begins execution.
Display: Contains all functions controlling the display.

Keyboard: Reads keys from the keypad. Converts separate keystrokes into
a value and mode; and returns this information.

User: Controls the user interface.

Control: Synchronizes all operations while counting pills, including running
the drum and cone.

Count:  Contains all functions relating to the counters. Keeps track of the
present count and the quantity desired. Returns parameters to the
control module to tell when to slow down the drum and cone and
when to stop.

Init: Responsible for initializing electronics and appropriate variables
upon power-up.

keypad, then the maintenance programmer can look at the keyboard module without

needing to know the details of any other modules. Other techniques add to the maintain-
ability of this software:

» Each function within a module begins with a header that describes its purpose,

any input variables, return variables, and/or modifications to global variables.

* Descriptive variable and constant names along with in-line comments make the
code much more readable.

*  GOTO statements are never used, only structured programming constructs such
as IF, CASE, FOR, and WHILE.
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* Variables are kept local to the function or module whenever possible. Global
variables make code extremely hard to understand because the programmer
must search through all the modules to find out where these variables are used
or modified.

4.1 Programming Language

Software was developed using the high-level language C. C was chosen for its
powerful high-level instruction set, while retaining the ability to manipulate expressions
at the bit level. The ability of a language to use the same code on different microproces-
sors is called portability. C is considered a portable language, especially since ANSI
(American National Standards Institute) developed a standard for compiler developers to
follow. ANSI C compilers are available for both the PC and the 68HCI11, so the code
developed for the PC was directly transferable to the 68HCI1. Another important benefit

of C is its popularity and broad usage, adding to maintainability of the software.

4.2 Conceptual Design Phase

During the conceptual design phase, using C with the personal computer provided
an easily implemented user-interface with the ability to control the pill counter. An
important design goal was to make the system flexible for the mechanical systems
designer. By allowing parameters that affected how the pill counter operated to be
changed by the user at run-time, the mechanical systems designer was able to fine-tune
the system quickly and without programmer assistance. The main menu used for the

conceptual design is shown in Figure 4-2.
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Prescription Pili Counter Controlier

Press:
1 to change parameters
2 to list parameters
3 to run pcc
0 to quit
Selection:

Figure 4-2: PC main menu.

The PC aided in the development of additional software that was used in the
68HCI1EVB prototype. Using Turbo C, the keyboard and display modules were indepen-
dently developed and tested. Communication with these peripheral devices was done
through the parallel port of the PC. The tested software was later combined with the

other modules running on the 68HCHIEVB.

4.3 Evaluation Board Phase

In order to take advantage of the C code already developed during the conceptual
design phase, it was decided that a C compiler for the 68HC11 was needed. A C cross-
compiler that runs on the PC compiles C code into 68HCI1 machine code. With a few
hardware-specific changes to the existing code and by bringing together the independent
modules, a new version of the software was running on the 68HCIIEVB within a day.

As mentioned in Chapter 3, the top photodetector was connected to the 68HC11's
8-bit on-chip event counter. Slight modifications in the count module were made to

account for this change. At the beginning of each new set of pills, the event counter is
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set to zero. During operation, the program monitors the PACNT register to see how
many pills have fallen through the top part of the chute. Another counter was needed for
the photodetector at the bottom of the chute. The easiest way to implement this was to
have a counter chip connected to the photodetector as was done during the conceptual
design phase. In order to save having an additional chip on the circuit board, however,
a software counter was implemented using an edge-triggered interrupt. Each time a pill
falls through the bottom part of the chute, the program is interrupted to increment a
variable keeping track of the count. An interrupt service routine was written for this
purpose.

The software on the PC allowed the mechanical systems designer to change
operational parameters during run-time. This feature had added so much flexibility into
the system that it was carried over into the 68HC11 version. Modifications to the
software were made so that these parameters are stored into the on-chip EEPROM. By
storing them into non-volatile memory, the operational characteristics are remembered
when the power is turned off. This feature allows each production pill counter to be
tailored to a specific application.

A self-testing system has the ability to independently check itself for component
malfunction. This feature increases the reliability of a system by alerting the user of any
detected failures. A self-test function was added to the software to check the most critical
component of the pill counter, the counter circuitry. Before each new batch of pills, the
function flashes the LEDs on and off, and checks the phototransistors for a response. If

there is no response due to a failure or an obstruction blocking the light from the LEDs



to the phototransistors, then a message appears on the display alerting the user to the
problem. Considering that the lens of the LEDs and phototransistors may become
smudged or dusty over time, the diagnostics also serves as a means to ensure that a clean
path is maintained, preserving the accuracy of the device.

Another modification made from the PC version of the software was to write a
new user interface to utilize the keypad and display. A user-oriented interface was
created to replace the interface designed for the development engineers. For example,
upon power-up, the display now asks the user for a quantity of pills to count rather than
displaying a menu. Further description of how the software interacts with the user is
presented in Appendix B.

A special repeat mode was added to allow for different counts of the same pill.
In this mode, once the desired count has been reached, the pills remain in the cone and
drum instead of being transferred into the overflow bin. A pharmacist would be able to
administer 5000 pills into the drum and set it to count out sets of 200. Bulk containers
of vitamins, for example, could be filled using this feature, without constant attendance
during each count.

A flowchart showing the major tasks and decisions of the software is shown in
Figure 4-3. A listing of the C code operating the pill counter with the 68HCIIEVB is

found in Appendix A.
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CHAPTER §

5.0 Conclusion

The pill counter described in this thesis is an apparatus that counts pills by putting
them in a single-file line and passing them through optical counters. Microprocessor-
based electronics were intentionally used instead of conventional solid-state electronics
to give the system the greatest tiexibility during development and operation. After testing
the conceptual design, a prototype of the pill counter was built. This prototype was used
to test the correctness of the electronics, while also providing a platform for the
development of the mechanical system.

The accuracy of the machine relies upon the ability to separate the pills into a
single-file stream as they pass through the counters. This separation is created by the
mechanical system which has not fully evolved. With this in mind, some special
considerations in the development of the electronic system were taken into account. The
software was written to allow future designers to adjust the operational characteristics of

the mechanical system through the keypad. Some of the characteristics include:

» the various speeds of the drum,
* the speeds and vibration modes of the cone, and

» the length of time to spend emptying pills into the overflow bin.
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By adjusting these parameters through the keypad, a mechanical system can be "tuned"
to provide the furthest separation without any software editing or compilation.

With this kind of flexibility, the electronics could easily be connected to another
mechanical system that would count items other that pills or tablets. As long as the
system uses a stepper motor drive system and the designed optical means of counting, no
modifications in the electronics or software are needed. Also, different types of counters
could be developed using other drive systems by modifying the existing interfaces and/or
software on the pill counter.

Chapter 3 described the use of the 68HCI1EVB evaluation board to control the
pill counter. Since this was only meant as a prototype, the next logical step towards
production is to consolidate the electronics into one circuit board. This can be done by
replacing the evaluation board with the 68HC11. A memory chip is not needed if a mask
is made for the built-in ROM. This mask can be made by Motorola by sending them the
compiled software. The 68HCl1l1s they return can then take the place of the large
evaluation board, providing a more compact unit.

If the cost of having a mask made on the 68HCI11 (approximately $2500) is
prohibitive, then an external ROM can be used to store the program. Unfortunately, the
communication lines between the 68HC11 and the ROM need to use some of the ports
already in use by the pill counter. Motorola has addressed this problem by creating a
Port Replacement Unit (PRU) that allows an external memory chip to be used and still

have all of the ports on the 68HC11 available. By using the combination of a PRU and
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a ROM, the initial expense of having a mask made is saved. However, this increases the
individual cost of each pill counter by adding these extra chips.

Another option to avoid having a mask made is to use a special version of the
68HC11 called the 68HC11F1. The 68HC11F1 has extra ports available for interfacing
to a memory chip. This larger 68-pin chip is slightly more expensive than the original
68HC11, but the difference is less than the cost of the PRU. Using an EPROM for the
memory on this system allows for easy revisions and updates of the software either before
or after production. This option has been implemented as a continuation of this thesis

work and has proved to work as intended.
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File kbd.c -- contains mostly functions concerncd with rcading the key

pad. Also includes function init_ports() which initializcs the ports on

the 68HCI1 microcontroller.

Last modificd: 6-13-90
Modificd by: John C. Wilson

* X R OF ¥ ¥

*/

#include <stdio.h>
#include <register.h>
#include "keys.h" /* file where key pad constants are defined */

/* Here arc the function in keys.c */
void init_ports();

mt key_hiw);

int reset_hit();

int key_scan();

int get_cntry();

#dctinc INTBUFSIZE 4 /* bulfer sizc for numbcr cntry */
cxicrn num_pills;
int waiting; /* if we arc wailing for key to be relcased */

/***************************************************************************

*  Function key_hit returns a boolean value which tells if a key on the
* key-pad is being pressed.
* Rcwms: TRUE if any key is being pressed

* FALSE if no kcy is being pressed
*/
int key_hit() {
PORTC = 0x00; /* pull outputs low */
il (PORTC & 0x0F) == 0x0F)
rclurn{FALSE); /* no key pressed */
clsc
rcturn(TRUE); /* key pressed */
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*  Function rcsct_hit returns a boolcan value which tells if the reset key

* on the key-pad is being presscd.

* Returns: TRUE if the resct key is being pressed

* FALSE if the reset key is not being pressed
*/
int reset_hit(y
PORTC = OxE(); /* output 1110 */
il ((PORTC & 0x0F) == 0x07)
rcturn(TRUE); /* reset key pressed */
clsc
rclurn{FALSE); /* reset key not pressed */

}

kRl sk sk kot ok ol okl sk skl s s skok ko sk b ok sk kel kool sk sk ok ok R R SR KRR R R K

*  Function kcy_scan rcturns the value of any new key being pressed.
* If there is no ncw key being pressed, the value returned is NO_KEY.
*  The other values recturned arc:

* key valuc

P

* 0-9 the intcger valuc of the key

* strt START

* repeat REPEAT

* resct RESET

* hold HOLD

* small SMALL

* repcat small  REPEAT_SMALL

sk

*

Thesc constants arc defined in the filc keys.h
*/
int key_scan() |

unsigned char key; /* valuc of key pressed */

if (key_hit() == FALSE) |{ /* if no key is being pressed */
waiting = FALSE; /* no longer waiting */
rcturn(NO_KEY);

} clsc /* a key is being pressed */
if (wailing == TRUE) /* waiting for old key to be released */

rcturn(NO_KEY);

/* here if a ncw key has been pressed */
waiting = TRUE; /* must wait till key is rclcasced */
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PORTC = 0xEQ; /* output 1110 */
switch (PORTC & O0x0F) {
case 0x07 :

key = RESET;
brcak;
casc 0x0b :
key = 0;
brecak;
casc 0x0d :
key = HOLD;
break;
casc 0xOc :
key = REPEAT_SMALL,;
}

PORTC = 0xDQ0; /* output 1101 */
switch (PORTC & 0x0F) |
casc 0x07 :

key = 7;
break;
casc 0xOb :

key = 8;

break;
casc 0x0d :

key = 9;

break;
casc 0xQOc :

kcy = REPEAT;
}

PORTC = 0xB0; /* output 1011 */
swiltch (PORTC & 0x0F) {
casc 0x07 :

key = 4;
brcak;
case 0x0b :

key = 5;
break;
casc Ox0d :
key = 6;
brcak;
casc 0x0c :
kcy = SMALL;
}
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PORTC = 0x70; /* output 0111 */
switch (PORTC & 0x0F) {
case 0x07 :
key = 1;
break;
casc 0x0Ob :
key = 2;
brecak;
case OxOd :
key = 3;
break;
case OxOc :
key = START;
}
| PORTC = OxF0; /* resel outputs Lo high */
return(key);

} /* end key_scan() */
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* Function get_cntry returns the mode of operation the uscr has sclected.

* The number of pills cntered by the user is put into the global variablc
* num_pills.

*/
int get_cntry() |

char bufl[INTBUFSIZE|; /* bulfer 1o hold number */
int key; , /* value of key pressed */
inti=0;

disp_entry(); /* Place cursor for printing */
itob(num_pills,buf,10); /* init bufl to num_pilis */
disp_prini(bul}; /* print valuc of num_pills */
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)

switch(key) {

casc (): casc 1: casc 2: casc 3: casc 4:
casc 5: casc 6: casc 7: casc 8: casc 9

disp_cntry();
if (i < INTBUFSIZE-1) {
buffi++] = key + '07;
buffi] = \0’;
}
disp_print(buf);
break;
casc RESET:
disp_cntry();
buf[0] = °0’;
bulll} = "\);
i=0;
disp_print(buf);
break;
case START:
num_pills = atoi(buf);
while (key_hit() == TRUE)
/* wait ull key is released */
rclurn(START);
casc REPEAT:
num_pills = atoi(buf);
while (key_hit() == TRUE)
/* wait till key is relcased */ ;
return(REPEAT);
casc SMALL:
num_pills = atoi(buf);
while (key_hit() == TRUE)
/* wait ill key is rcleased */ ;
return(SMALL);
casc REPEAT_SMALL.:
num_pills = atoi(buf);
while (kcy_hi() == TRUE)
/* wait till key is relcased */ ;
rciurn(REPEAT_SMALLY;
dcfault:
break;
}

/* end gct_cntry */

for (key = key_scan(); 0 == 0; kcy = key_scan()) {

/* position cursor */

/* if room */

/* convert o ASCII */
/* inscrt null at end */
/* print ncw number */
/* position cursor */

/* rcscl string to zcro */

/* reset counter */

/* sct num_pills */

/* sct num_pills */

/* sct num_pills */

/* set num_pills */
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/* Filc pce_cnt.c -- Contains all functions relating (o the counter */

#include <stdio.h>
#include <register.h>
#include "pec_cntl.h"

ftdcfinc PAOVFMASK 0x20 /* mask location of Pulsc Accum. overflow flag */

cxtern num_pills; /* number of pills to count */

int tot_cntl; /* total count of lower counter */

int tol_cnt2; /* total count of upper counter */

int last_tot_cnt; /* highest total count */

tinyint last_cntl; /* last statc of counter chip (lower) */

tinyint last_cnt2; /* last statc of counter chip (upper) */

unyint ¢nt2; /* present state of counter chips */

int tot_cnt; /* highest presct count */

tinyint num_ovil; /* number of Pulse Accumulator overflows */

/****************************************************************************

* function resct_count resets the counters chips and all software counters
*in preparation 1o count another sct ol pills
*/

void reset_count() |

PACNT = () /* reset cvent counter */
tot_cntl = 0;

toL_cn2 = (;

last_c¢ntl = PACNT;

last_cnt2 = (;

last_tot_cnt = 0

num_ovil = (;

!

/* inc_counter is a interrupt scrvice routine that is called when the lower
*photodetector is blocked. The photodetector is connected through an

* inverter 10 IC1 of PORTA. When ICI detects a falling cdge, it gencrates
* an interrupt. The service routine increments the software counter (

* (tot_cnt2), clears the interrupt, and returns.

*/

void inc_counter() {
TFLG1 = 0x04; /* Clear interrupt */

tOL_Cnt2++; /* increments bottom counter */

}
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* function print_count displays the total # pills counted on the sccond
* linc of the LCD display
*/

void print_count() {

char buffer|17}; /* character buffer for text */
char num_buft5]; /* character buffer for number pills */

strepy(buffer,"Counted ");

itob(tot_cnt,num_buf,10); /* convert integer to string (number pills) */
strcat(buffcr,num_buf); /* append number of pills counted */
clear_two(); /* move cursor to hcad of linc two */
disp_prini(buffer); /* print "Counted XXX */

}

[ s okl ok ok okl stk kel sk sk ok ook sk ks kool ok sk ok sk ks sk okl otk ok ook sk ok ok ke stk sk o ok o sk ok o ko
* function check_leds tests the counting circuitry 1o scc if it is operating

* correctly. The function wrns the LEDs on and then back off again, then checks

* the counters 10 sce if they were incremented.  The function returns:

* 0: No crror dciccted

* I: Error in top LED

* 2: Error in bottom LED

* The LEDs arc turned off at the end of this function

*/

int check_leds() |
last_cntl = PACNT; /* find present state of event counter*/
last_cnt2 = tot_cnt2; /* find present state of counter 2 */
PORTD = 0x39; /* flashcs LED’s */

my_dclay(10);
PORTD = 0x3D;
my_dclay(40);

/* now check if counters were incremented */
if (PACNT == last_cntl)

return(1); /* crror in LED 1 */
if (tot_cnt2 == last_cnt2)

rcturn(2); /* crror in LED 2 */
clse

rcturn(0); /* no crrors */
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void check_op() {

int i;
char buffer| 16];

for (1 = 0: (i < 80) Il (check_leds() = 0); i++) |

if (check_leds() == 1) |
strepy(buffer,"Check top LED ");
clear_one();
disp_print(buffer);
strepy(bulfer,”" & press reset ');
clear_two();
disp_print(bulfcr);
whilc(key_hil() == FALSE) ;
whilc(kcy_hit() == TRUE) ;

)

if (cheek_leds() == 2) {
strepy(buffer,"Check exit LED");
clear_onc();
disp_print(buffcr);
strepy(buffer,” & press resct ");
clear_two();
disp_prinubulfcr);
whilc(kcy_hit() == FALSE) ;
while(key_hit() == TRUE) ;

/* wait for key to be hit */
/* wait for key to be rcleased */

/* wait for key to be hit */
/* wait for key to be relcased */
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*function updatc_cnt first rcads in the valucs of the counter chips from

the printer port. It comparcs them with last_cnti and last_cnt2 1o see

il there has been a change since they were last read.  If there has been

a changc then the appropriate total count variable is incremented.
Update_cnt then compares the highest count with num_pills to sce if the
cone should be slowed down or stopped. If the count is within 2 of the
number of pills to be counted then update_cnt returns SLOW. I the count
is greater than or cqual to the number counted, then update_cnt retums
STOP, othcrwisc it returns RUN.

* % ¥

* X ¥ ¥ %

*/
int update_cnt() {

char buffer[4];

il (PACNT != last_cnul) |

if ((TFLG2 & PAOVFMASK) !1=0) | /* if pulse accum. overflow */
num_ovil++;
TFLG2 = PAOVFMASK; /* clcar P. A. overllow flag */

}
toL_cntl = ((inh)num_ovil << ) + PACNT;
last_cntl = PACNT,;
}
if (tot_cntl > tot_cnt2)
tot_cnt = tot_cntl;
clse
tot_cnt = tot_cnt2;

if (last_tot_cnt '= tot_cnt) |

itob(tot_cnt,buffcr,10); /* convert to string */
linc_two();
disp_print(buffer); /* print updatcd count */

last_tot_cnt = tot_cnt;

)

if (tot_cnt < (num_pills-2))
relurn(RUN);

clsc if (tot_cnt >= num_pills)
return(STOP);

else |
if (tot_cntl > 1o01_cn12)

tot_cnt2 = tot_cntl;

return(SLOW);

)

)

46



/* File kcys.h */

#definc NO_KEY 10

#dcfinc RESET 11

#dcfinc REPEAT 12

#dcfinc START 13

#dcfinc HOLD 14

#dchinc SMALL 15

#dcfine REPEAT_SMALL 16
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Filc disp.c -- contains mostly functions concerned with controling the LCD

display. Also includes function my_delay() which is a gencric delay loop

and dclay_ten() which dclays preciscly 10 milliscconds.

Last modificd: 4-26-90
Modificd by: John C. Wilson

* R X ¥ X ¥

*/

#include <stdio.h>
#include <register.h>

/* Herc are the (unctions in disp.c */
void my_dclay(int ume); /* gencric delay loop */

void dclay_ten(); /* dclays preciscly 10 milliscconds */

void disp_print(char *ptr); /* prints a string to the LCD display */
void disp_cntry(); /* move cursor to 14 pos. of linc onc */
void linc_onc(); /* move cursor to linc onc of the display */
void linc_two(); /* move cursor to linc two of the display */
void init_disp(); /* iniualize the display */

void clear_one(); /* clear linc onc of the display */

void clear_two(); /* clear linc two of the display */

void clear_disp(); /* clear both lines of the display */

JR koo ok ok ek ko ok sk ok ok sk skok ok ok sk otk ko ook s skostok okl stttk okokok ok ok sk ook ok ok
* Function my_dclay counts up to "time" and rcturns. Its purposc is to

* wasltc time.

*/

void my_dclay(int time) {

int i;

for (i = 0; 1 < timg; i++); /* delay for time */

}

/******************************************************************************

* function delay_ten() uscs up 10ms of time. It is cxited preciscly 10ms after
* it was cntered. Its main usc is for a 10ms delay when programming the

* on-chip EEPROM. */

void declay_ten() |

TOCI1 = TCNT + 20000; /* load comparc reg corrcs. o 10ms */
TFLG1 = 0x80; /* clear timer flag onc */
while (TFLG1 & 0x80) == 0x00) /* wait till umer flag onc is sct */

; /* do nothing */
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* Function init_disp initializes the LCD display alter power-up.

*/

void init_disp() {

PORTD = (0x3D;

PORTB = 0x38; /* sct for 8-bit data transfer */
dclay_ten(); /* dclay 10ms */

PORTB = 0x38;

my_dclay(300);

PORTB = 0xQc; /* wm on display and cursor */
my_dclay(40);

PORTB = 0x00; /* sct o write across display */
my_declay(40);

PORTB = 0x0l; /* reset and clear display */
delay_ten(); /* delay 1en milliscconds */

!

/*****************************************************************************

* Function disp_entry moves the cursor to the 14th position on linc onc and
* clears 1o the end of the linc. This is the position where the count of

* pills is usually displaycd.

*/

void disp_cntry() |

char buf[4]; /* buffcr 10 usc for clearing to cnd of line */
PORTB = 0x8d; /* sct cursor o 14th position on first linc*/
strepy(buf,”  "); /* storc blanks for clearing to end of line */
disp_print(buf); /* clcar to cnd of linc */

PORTB = 0x8d; /* sct cursor to 14th position on lirst line*/

|

/*****************************************************************************
* Function linc_onc¢ moves the cursor to the home position on line onc.
*/

void linc_onc() {

PORTB = (x80; /* set cursor 10 first ling*/
my_dclay(10);
}
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/*****************************************************************************

* Function linc_two moves the cursor 1o the home position on linc two.
*/
void linc_two() {

PORTB = 0xc0; /* sct cursor to sccond line*/

AR R sk sk ok ok ok sk ok sk ok o sk ok ok ok ok ok ook ok ok ks skl sk ok ook sk ok ok sk sk ok skl ek ok koo et kol ook

* Function clcar_onc clcars linc number onc and puts the cursor at the home

* position.

*/

void clcar_onc() {
char buf[17}; /* buffer for clcaring to end of line */
linc_one(); /* movce cursor to line one */
strepy(buf," "); /* storc buffcr for clcaring */
disp_print(buf); /* clear linc onc */
line_one(); /* return cursor 10 home position */

Jorkksk sk ok ok otk kb ak ok ko sk Rk ok sk sk Rk ko sk s o ok ok ks stk sk ok kol ko ok ok

* Function clear_two clears line number two and puts the cursor at the home
* position (of linc number two).
*/

void clear_two() {

char bull17}; /* buffer for cicaring to cnd of linc */
linc_two(); /* move cursor 10 line two */
strepy(buf,” ") /* store buffer for clcaring */
disp_prini(buf); /* clcar linc two */

linc_two(); /* return cursor to home position */

ook ook ok otok ok Roksk ok sk sk o sk o sk ok sk ok sk kot e kol Rk R R R R R ok

* Function clcar_disp clcars the display and puts the cursor at the home
* position of linc onc.

*/

void clear_disp() |

clcar_two();
clcar_onc();
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* Function disp_print prints the character string pointed o by ptr, out 10
* the LCD display starting at the current cursor position.  ptr musl be a
* null werminated string.

*/

void disp_prinychar * pir) {

PORTD = PORTD | 0x02; /* sct RS bit */
while (*ptr 1= "\0) {

PORTB = *ptr; /* output character 1o PORT B */
plr++; /* next char */
my_dclay(l); /* must delay slightly or outrun display */

}
PORTD = PORTD & 0xFD; /* reset RS bit */



/* Filc PCC.H -- Program begins here */

/* these variables had o be global since they */
/* arc all stored in EEPROM (cxcept num_pills) */

int lg_[{d_tim¢ = 17, /* drum "fast mode” - delay between motor steps */

int lg_sd_time ="28; /* drum “slow modc” - delay between motor steps */
int sm_{d_tim¢ = 25; /* drum "fast mode” - for small pills */

int sm_sd_time = 36; /* drum "slow modc” - for small pills */

int lg_vc_time = 40; /* cong: delay between on cycles - for large pills */

int sm_vc_tine = 40); /* conc: delay between on cycles - for small pills */

int ve_onsieps = 3; /* number of steps cone is on during vibration */

int ve_offsteps = 2; /* number of steps cone is off during vibration */

int fd_steps = 50; /* number of drum steps in fast mode */

int norm_rev_steps = 150;/* number of steps to reverse conc after

pills have been counted */
int ¢_slow_time = 90;  /* time between steps when almost tinished counting */
int d_slow_time = 90; /* time between steps when almost finished counting */

int¢_rev_time = 45; /* ume between cone steps when reversing */
int d_rev_time = 45; /* time between drum sieps when reversing */
ncar int num_pills; /* number of pills 10 count */

/*****************************************************************************

* function main runs the pill counter. Upon power-up, cverything is
* initialized, and run_ppc() is cxecuted till power-down. */

main() {
init_ports(); /% initialize ports for rcading and writing */
init_disp(); /* initalizc display after power-up */
mnit_cntl(); /* initialize control paramcters */

clear_disp();

while(() == () {
run_ppe();

}



/* File PCC_CNTL.C -- controls the overall operation of the pill counter */

#include <stdio.h>
#include "pce_cnil.h”
#include "keys.h"
#include "register.h”

/* these variables arc all integers and arc stored in EEPROM */
cxtern far fg_fd_time; /* drum "fast mode” - delay between motor sieps */
cxtern far lg_sd_time; /* drum “slow modc” - delay between motor steps */
cxtern far sin_fd_time;  /* drum "fast modce” - for small pills */
cxtern far sm_sd_time;  /* drum "slow modc” - for small pills */
cxiern far lg_ve_time;  /* cone: delay between on cycles - for large pills */
cxtern far sm_vc_time;  /* cone: delay between on cycles - for small pills */
cxtern far ve_onsteps; /* number of stcps cone is on during vibration */
cxtern far ve_olfsicps;  /* number of sieps conc is off during vibration */
cxtern far fd_steps; /* number of drum steps in fast modc */
cxtern far norm_rev_steps;/* number of steps to reverse cone after

pills have been counted */

cxtern far ¢_slow_time;  /* time between cone steps when almost done counting */
cxtern far d_slow_time;  /* time between drum sieps when almost done counting */
extern far ¢_rev_time;  /* time between cone steps when reversing */
extern far d_rev_time; /* time between drum sieps when reversing */
cxtern far transition_pausc;/* pause between RUN mode & SLOW mode */

/* this variablc is stored in RAM (that’s why it is ncar) */
cxtern ncar num_pills;  /* number of pills to count */

/* these variables arc LOCAL 10 this module */

tinyint fd_time; /* fast drum time (local to module) */

linyint sd_tinc; /* slow drum time (local to moduic) */

tinyint vc_timge; /* cone delay between on cycles */

Int rev_steps; /* number of reverse steps for clearing pills */

tinyint d_ramp|RAMP_STEPS+1]; /* array of dclay valucs to allow drum
to ramp {rom slow (o fast mode */

unsigned char ¢_mtr_state[4];

unsigned char d_mtr_staic|4];

linyint ¢_sLalc; /* conc motor drivers state */
tinyint d_statc; /* drum motor drivers state */
tinyint ¢_wait; /* counters */

tinyint d_wait;

tinyint conc_modc; /* conc motor statc (ON or OFF) */
tinyint off_step_count; /* conc counter */

tinyint on_sicp_count; /* conc counter */
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* functon init_cntl initializes all variables needed after power-up.  */
void mit_cntl() {

imit_vars(c_mur_state, d_mur_state);
num_pills = 0;

c_wait = (;

d_wait = ();

conc_modc = ON;

on_step_count = 0;

/***************************************************************************

*function step writes out the present state of soltware steps to the
* hardwarc through port A. It was created in order to conscrve ROM space
* (the C statement compiles into 17 assembly statements), since this
* statement is cxecuted quite often. */
void step() |
PORTA = c_mitr_statc[c_state] | d_mitr_statc|d_statc];

voud step_conc(int dircction) |

if (c_wail >= vc_time) | /* has ve_time clapsed? */
if (conc_modc == ON) { /* do we step this time? */
if (on_step_count >= ve_onsteps) | /* have stepped ve_onsteps? */
ofi_stcp_count = ();
conc_modc = OFF: /% don’t step next time */
}
clse | /* we will step now */

if (dircction == FORWARD)
c_state = ++¢_state & 0x03;  /* compute next forward step */

clsc
¢_state = --c_statc & 0x03; /* computc next reverse step */
step(); /¥ slep cone motor */
++0n_siep_count;
}
}
clse | /* conc_mode == OFF */

il (off_step_count >= vc_offsteps) |
on_step_count = ()
conc_mode = ON:

}
clse
off_sicp_count++; /* artiticial slep */
}
c_wait = (; /* reset cone wail variable */
} clsc
++C_wail; /* wait again, don’t step this time */
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*function falling controls the pill counter while the pills arc falling

* from the drum into the conc. At this time, the drum is turning "slow"
* and the cone is vibrating. The procedurc is exitcd when the drum
*detector scnses the foil.

*/

void falling() {

tinyint d_time;
tinyint check_kbd = 0;

d_time = sd_timg;

whilc ((PORTA & DRUM_MASK) != FOIL_PRESENT) ({
step_conc(FORWARD);

if (d_wait >= d_time) |

d_state = ++d_stae & 0x03; /* figurc ncxt siep */
step()s /* steps drum motor */
d_wait = 0;
}
clse
++d_wall,

il (++check_kbd >= 170) { /* check for uscr interrupt */
check_kbd = 0;
if (resct_hit() == TRUE)
relurn;
! .
il (updatc_cnt() '= RUN)
return;

} /* end while loop */
! /* end function falling() */
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*
*
*

*

*/

Function not_falling controls the pill counter while pills are not
{alling from the drum into the conc. At this time, the drum is turning
"fast” and the conc is vibrating. The procedure is exited after

the drum has taken {d_step steps.

int not_lalling() {

!

tinyint d_step_count = ();
tinyint d_time;
tinyint i;

d_time = d_ramp|0]; /* inualize with first value of accel ramp */

/* drum will acccelerate 1o a laster speed in this while loop. */
whilc (d_stcp_count < fd_stcps) |
step_conc(FORWARD);

if (d_wait >= d_time) |
d_statc = ++d_staic & 0x03; /* figurc next step */
step(): /* stcp drum motor */
++d_stcp_count;
d_wait = O;
if (d_step_count < RAMP_STEPS)
d_time = d_ramp{d_step_count};
clsc
d_time = d_ramp|RAMP_STEPS];
}
clse
++d_wait;

++i; /* cquilize speeds of {alling and not_falling */

il (updatc_cnt() '= RUN)
rewmn(SLOW);
} /* end while */
rcturn(RUN);




/*****************************************************************************
* Function backwards clcars the drum and cone of pills. It runs the drum

* forward and the conc backwards 10*"rcv_sleps” times. */

void backwards() {

int1; /* counter */
(Nl num_rev_sleps; /* number of reverse steps */

num_rev_steps = rev_steps* 10; /* increase numbcr of reverse sieps */
for (1= 0; (i < num_rev_steps) && (reset_hit() '= TRUE); ) |

step_conc(REVERSE);
if (d_wait >= d_rev_time) { /* check if time 10 step drum */

d_statc = ++d_state & 0x03; /* figurc next drum step */
step(): /* step drum motor */
d_wait = (); /* reset drum counter */
1++; /* add onc to count */

}

clsc
++d_wail;

updatc_cnu(y;
} /* end for loop */
}

/****************************************************************************

*  Function finish counts out the last few pills while rotating the cone and

*  drum slowly. Oncc update_cnt() returns STOP (pills have been counted),
*  function backwards is called.

*/

void finish() |

unsigncd char cnablef8]; /* cnablc array (uscd for hall step) */
unsigned char hall_stcp_phasc(8];
int i;

cnablc[0] = 0x05;
enable|[ 1] = 0x25;
cnable|2] = 0x05;
cnablel3] = 0x15;
cnable[4] = 0x05;
cnable|5] = 0x25;
cnable[6] = 0x05;
cnable|7] = 0x15;
half _stcp_phasc{0] = 0x00;
hal(_stcp_phasc[1] = 0x40;
hall_step_phasc|2] = 0x40;
half_step_phase|3] = 0x60;
hall_step_phasc|4] = 0x60;
hall_stcp_phase| 5] = 0x20);
half_stcp_phasc{6] = 0x20;
half_stcp_phasc[7] = 0x00;



/% stop cone and drum for "transition_pausc” * 10ms */
/* in order 1o stop pills before slowing down cone */
for (i = 0; 1 < transition_pausc; i++) |
delay_ten(): /* delay 10ms */
update_cnt();

!

/* move cone and drum slowly till last pill comes through */
whilc (updatc_cnt() '= STOP) |

il (c_wail >= ¢_slow_ume) { /* check if time to step cone */
c_statc = ++¢_state & 0x07; /* figurc next conc step */
PORTA = half_step_phasc[c_state] | d_mtr_statc[d_statc];

PORTD = ¢nablc[c_statcl; /* step cone motor */
¢_wait = (0 . /* reset cone counter */

]

clse
++C_wail;

il (d_wait >= d_slow_time) { /* cheek if time to step drum */
d_state = ++d_state & 0x03; /* figurc ncxt drum step */

PORTA = half_step_phasclc_state] | d_mir_statcfd_statcl;
/* step drum motor */

d_wait = 0 /* reset drum counter */
}
clse
++d_wail;
if (reset_hit() == TRUE) /* cheek o see if user interupt */
return;
} /* end while */
¢_state = 0; /* resct cone statc */
PORTD = ENABLE; /* cnsure that the motors arc cnabled */
backwards(); /* clear pills */
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*function sct_params will sct the run-time parameters depending upon which

* modc the user has sclected. Caleulates the ramp delays for drum motor.*/

void sct_params(mode)

linyint modc; {

Linyint 1;
unsigned it aceel,denom, last;

if ((mode == SMALL) ll (mode == REPEAT_SMALL)) | /* il small ptil mode */
fd_time = sm_{d_timge; /* sct fast drum speed */
sd_time = sm_sd_timc; /* sct slow drum speed */
ve_time = sm_ve_time; /* sct conce speed */
J
clse | /* sct variables for large pills */
{d_ume = Ig_fd_timc; /* sct fast drum speed */
sd_time = lg_sd_time; /* sct slow drum speed */
ve_time = lg_ve_time; /* sct cone speed */
}

accel = (unsigned inty (160*(sd_time - 1d_tine))/ RAMP_STEPS;
d_ramp|(}} = sd_time;
last = sd_timg;
for 1= 1; 1 < RAMP_STEPS: i++) {
denom = 800 + (10*accel/sd_time*las/td_time*lasy/(sd_time+fd_time));
last = (800*last)/dcnom;
d_rampli] = last;
}
d_ramp|RAMP_STEPS] = Id_time;
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* function run_ppc starts and controls operation of the pill counter.
*/
void run_ppc() |

char buffer{17]; /* character buffer */
char num_buf[5];

linyint statc = RUN;
tinyint modc;
void reset_count(); /* declare function 1o be called */

clear_onc();

strepy(buffer,"Enter Number ");

disp_prini(buffcr);

mode = get_cntry();

if (num_piils == 987) |
change_params();

rcturn(FINISH);

}

clear_onc(); /¥ clear line one of display */

strepy(bulfer,”Checking...");

disp_print(butfcr); /* print "Checking” */

check_op(); /* check out operations */

sct_params(modc); /* sct up parameters dependent upon mode */

if ((mode == REPEAT) Il (mode == REPEAT_SMALL)) { /* il repeat mode */
rev_steps = 0; /* no reversing ¥/
strepy(buffer,"Repeat o ");

}clse |
rev_sICps = nOrm_rev_sileps,; /* repeat in nomal mode */
strepy(buffer,"Counting to: ");

}

resct_count(); /* rescl counters */

clear_onc(); /* clear line onc of the display */

itob(num_pills,num_buf,10);  /* convert integer to string (number pills) */
streat(bulter,num_but); /* append number of pills to count */
disp_prini(buffer); /* print "Counting to:" number ol pills */

strepy(bulfer,”0 Counting...");

linc_two(); /* move cursor 1o head of linc two */
disp_print(buffer); /* print "0 Counting..." */
PORTD = ENABLE; /* cnables motors */
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/************ RUNS HERE *********/
while ((reset_hit() == FALSE) && (statc == RUN)) |
failing():
statc = not_lalling();

)

if (statec '= RUN)
finish();

print_count(); /* print # pills actually counted */

il ((mode == START) Il (modec == SMALL)) /* il not repeat mode */

num_pills = (; /* resct num_pills to 0 */
PORTD = DISABLE; /* disablc motors o reduce heat */
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/* File pec_catlh -- Include file 10 pec_cntl.c */

#dcfinc FOIL_PRESENT 0x00 /* Value rcad in if drum detector sees loil */
#dcfinc DRUM_MASK 0x01 /* Masks out all bits cxcept bit 0 */

#detine CNT_MASK 0x78 /* Masks out bits 0,1.2,7 */

#dclinc ENABLE 0x05 /* Enables motors for running */
#dcline DISABLE 0x3D /* Disablcs motors to reduce heat */
#dcline ON 1 /* conc motor o step when ON */
#dcline OFF 0 /* conc motor not 1o step when OFF */

#dclinc STOP 0O

#dcfinc RUN 1

#dcfinc SLOW 2

#dchine RAMP_STEPS 7

#dcline PASS 1
#detine FAILURE 0

#dcline FINISH |
#dctine NOT_FINISH 0

#dcline FORWARD 1
#dcfine REVERSE 0

typedef unsigned char tinyint;
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/* File INIT.C -- contains functions to initialize hardwarc ports, variables upon
* cach ncw count, and functions 10 work with thc EEPROM #/

#include "pee_cntl.h”
#include "register.h”

/* these variables are all integers and arc stored in EEPROM */
cxtern far lg_fd_time; /* drum "fast mode” - delay between motor steps */
extern far Ig_sd_time;  /* drum "slow modc" - delay between motor sieps */
cxtern far sm_{d_time;  /* drum "last mode” - for small pills */
cxtern far sm_sd_time;  /* drum "slow modc” - for smail pills */
cxtern far Ig_vc_time;  /* conc dcelay for large pills */
cxtern far sm_ve_time;  /* conc dclay for small pills */
cxtern [ar ve_onsteps;  /* number of steps cone is on during vibration */
cxtern far ve_offsteps;  /* number of steps cone is off during vibration */
cxtern far [d_steps; /* number of drum steps in fast mode */
cxtern far norm_rev_s(eps: /* numbcer of sieps Lo reverse cone alter

pills have been counted */

extern far ¢_slow_time;  /* time between steps when almost finished counting */
extern far d_slow_time;  /* time between steps when almost finished counting */
extern far ¢_rev_time; /* lime between cone steps when reversing */
extern far d_rev_umge; /* time between drum steps when reversing */

void iniL_ports();
void inil_ccprom();
voud init_vars();
void cc_crasc();
void cc_store();

/***************************************************************************

*  Function inil_ports initializcs the 68HC11 for running the pill counter.
* [t is meant to be called once upon power-up. Rcturns nothing. */
void init_ports() |

linyint *ptr;

ptr = 0x4000; /* these 2 lines only for Evaluation board */
*ptr = 0x(0); /* switch RXD pin from monitor to display */
SPCR = 0x(4; /* wumn off scrial port */
SCCR2 = (x00; /* turn off scrial comm. on port D */
#asm
SEI
#endasm
HPRIO = 0x08; /* sct input capture 1 as highest priority inter. */
#asm
CLI
#endasm



TFLGI = 0x04; /* clear interrupt flag */

TCTL2 = 0x20; /* capturc on falling cdges */
TMSKT1 = 0x04; /* counting intcrrupt request cnabled */
PACTL = 0x40); /* sct bit 7 of port A as input to Pulse accumulator */
/* Sct to cvent counter and 10 count on falling cdges */
PORTA = Ox(0; /* Motors starting point */
DDRC = OxF0; /* 0-3 inputs, 4-7 outputs (for keyboard) */
PORTC = OxF0; /* inualize keyboard outputs high */
DDRD = 0x3F; /* sct bits 0-5 for output (bits 0-1 for display), */
/* bit 2 uscd as output 10 LEDs, 3-5 motor cnable */
PORTD = 0x3D; /* LED’s on and Motors disabled */
PIOC = 0x02; /* Seleet simple strobe active low for STRB */

}

/*****************************************************************************
*function init_vars initializes the two arrays that control the operation of

* the conc stepper motor driver and the drum stepper motor driver. Also

* initializes the EEPROM by calling init_ccprom(). */

void init_vars(c_mtr_state, d_mitr_statc)

unsigned char *¢_mtr_state, *d_mtr_state; |

c_mitr_statcf{0} = 0x00;
c_mtr_state[ 1] = 0x40;
c_mtr_staic|2] = 0x60;
¢_mitr_state| 3] = 0x20);

d_mir_stac[0] = 0x00;
d_mtr_staic{1] = 0x10;
d_mtr_suate[2] = 0x18;
d_mtr_statcf3] = 0x08;

init_ccpromy);

)

/******************************************************************************
* function ce_crasc crascs onc byte of EEPROM at location "addr" */

void cc_crasc{addr)

unsigned char *addr; |

PPROG = 0x16; /* set to BYTE crasc mode */

*addr = 10; /* write any data 10 EEPROM address */
PPROG = 0x17; /* sct EEPGM bit -- start crasing */
dclay_ten(); /* delay 10ms */

PPROG = 0x((); /* wrn off high vollage & sct to read mode */
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function cc_store stores an integer (2 bytes) "data” into EEPROM at
location "addr". "data" is first split into its high and low bytes since
thc EEPROM can only be programmed one bylc at a time.

A characier pointer, "byte_addr”, is introduced and sct cqual to the

int pointer "addr” so when incremented, the compiler will only add onc
10 "byte_addr” (as opposcd to adding two to the int pointer). The low
and high bytes arc crascd scparately, and then programmed 10 be equal
o “data”, */

void cc_store(addr, data)

int *addr, data; |

*

unsigned char Isb_byic, msb_bytc; /* lcast and most significant byic */
unsigned char *byte_addr; /* pointer for byte addressing */
Isb_byte = data; /* The msb of data is discarded */
msb_byic = (data >> 8); /* load msb of data */

bytc_addr = (char *) addr; /* sct byte_addr to point to data */
ce_crasc(byte_addr); /* crasc msb at bytc_addr */
ce_crasc(bytc_addr+1); /* crasc Isb at byte_addr */

PPROG = (x02; /* set EELAT bit -- rcady to program */
*byte_addr = msb_byic; /* storc MSB bytc to EEPROM address */
PPROG = 0x03; /* sct EEPGM bit -- start programming */
delay_ten(); /* delay 10Oms */

PPROG = 0x02; /* wrn off high voltage */

*(bytc_addr+1) = Isb_bytc; /* storc LSB bytc 10 EEPROM address */
PPROG = (x03; /* sct EEPGM bit -- start programming */
delay_ten(); /* delay 10ms */

PPROG = 0x00; /* wrn off high voltage & sct 1o rcad mode */
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* function init_ccprom checks an arbitrary variable stored in EEPROM

* 10 see if it has been cither crased or never programmed (its value would

* OxFFFF). Hf the EEPROM nceds to be reprogrammed, then it does so,

* othcrwise the function cxits */

void init_ccprom() |

il (Ig_fd_time == OxFFFF) { /* if ccprom has been crased */
cc_storc(&lg_fd_time,17);
cc_store(&lg_sd_time,28);
cc_store(&sm_fd_time,25);
cc_storc(&sm_sd_umc,36);
cc_storc(&fd_steps,30);
ce_storc(&ve_onsteps,S);
ce_storc(&ve_ollsteps,2);
ce_storc(&lg_ve_time,40);
ce_storc(&sm_ve_ume,45);
ce_store(&e_slow_time,90);
cc_storc(&d_slow_time,150);
cc_store(&norm_rev_sieps,150);
ce_store(&c_rev_time,45);
ce_store(&d_rcv_time,35);
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/* Filc pee_user.c -- Contains code 10 read input from

#include "kcys.h"

cxtern far lg_fd_time;
cxtern far lg_sd_timc;
extern far sm_fd_ume;
extern far sm_sd_ting;
cxtern far ve_onsteps;
extern far ve_olfsieps;
cxtern far lg_vc_time;
extern far sm_ve_time;
extern far {d_steps;
cxlern far norm_rcv_steps;
cxtern far ¢_slow_ume;
extern far d_slow_timg;
extern far ¢_rev_timc;
cxtern far d_rev_timg;
cxtern num_pitls:

void cc_store();

/***************************************************************************

* % X X ¥

is variable "old_var"
*/
int update(int old_var) {

inl new_var;

num_pills = old_var;
get_entry();

il (num_pills == old_var) {

new_var = old_var;
]

clse

new_var = num_pills;

rewurn{ncw_var);

/% il nothing was cntcred */

/* clsc somcthing was cntered */
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the user */

function updatc interprets the uscr input for changing a variable and
returns the appropriatc valuc. I the user enters a new value, then
updatc rcturns that value. If the user docs not cnter a valuc by

just pressing the cnter key, then update returns the old value which



/**************************************************************************
* function change_params prints a briel description of cach variable

* and its current value. change_params calls update to allow the uscr

* 10 opuonaily change the value of the variable.

*/
void change_params(){

char bufl{17];

clear_disp();

strepy(bufl,"Changing params”);
line_two();

disp_print(buf1);
strepy(bufl,"lg_{d_time");

clear_onc();

disp_print(buf1);

cc_store(&lg_{d_time, update(lg_fd_timc));

strepy(bufl,"lg_sd_time");

clear_onc();

disp_print(buf 1);

ce_store(&lg_sd_time, update(lg_sd_time));

strepy(butl,"sm_{d_time");

clear_onc();

disp_prini(bull);

cc_store(&sm_fd_time, updatc{sm_fd_time));

strepy(bufl,"sm_sd_time ");

clear_onc();

disp_print(bul1);

ce_storc(&sm_sd_time, update(sm_sd_time));

strepy (bul1,"(d_steps ");

clear_onc();

disp_print(buf'1);

ce_store(&ld _steps, update(fd_sieps));

strepy (bufl,"onsteps ");

clear_onc();

disp_print(buf1);

ce_store(&ve_onsteps, updale(ve_onsieps));

strepy(bufl,"otlsteps ");

clear_onc();

disp_prin(buf1);

ce_store(&ve_olfsteps, update(ve_olfsieps));
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strepy(bull,"lg_ve_time ");

clear_onc();

disp_print(buf1);

cc_store(&lg_ve_time, update(lg_ve_time));

strepy(bull,"sm_ve_time "),

clear_onc();

disp_print(bufl);

cc_storc(&sm_ve_time, update(sm_ve_time));

strepy(bufl,"rev_sicps/10 );

clear_onc();

disp_prini(buf1);

cc_storc(&norm_rcv_steps, update(norm_rev_sieps));

strepy (bull,"c_rev_time ");

clear_onc();

disp_print(buf1);

ce_store(&c_rev_lime, update(c_rev_time));

strepy(bufl,"d_rev_time ");

clear_onc();

disp_prini(bufl);

ec_store{&d_rev_time, update(d_rcv_time));

strepy(bufl,"c_slow_time ");

clear_onc();

disp_print(buf1);

ce_store(&c_slow_time, update(c_slow_time));

strepy (bufl,"d_slow_time ");

clear_onc();

disp_prini(bul1);

ce_store(&d_slow_time, update(d_slow_timc));
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/* File register.h -- Contains all memory mapped ports */
/*****************************************************************/

/* "Non PAGE 0" INTERNAL REGISTER BLOCK - BYTE and WORD EXTERNS */

JHARRIK A KoK KK R oK SR R K kbok KKK R KRR R Rk kR kR ok ok

cxtern far unsigned char

[rEEEx ()R 1:9 2:A 3B 4:C 5:D 6:E T:E *¥/
PORTA, PIOC, PORTC, PORTB, PORTCL, DDRC,
PORTD, DDRD, PORTE, CFORC, OCIM, OCID,

TCTL1, TCTL2, TMSKI1, TFLGI1, TMSK2, TFLG2, PACTL, PACNT,
SPCR, SPSR, SPDR, BAUD, SCCRI1, SCCR2, SCSR, SCDR,
ADCTL, ADRIi, ADR2, ADR3, ADR4,

OPTION, COPRST. PPROG, HPRIO, INIT, TESTI, CONFIG;

cxtern far unsigned int

TCNT,
TICI. TIC2, TIC3, TOCH,
TOC2, TOC3, TOCH, TOCS;

/***************************************************************/

/* INTERNAL REGISTER BIT ADDRESS DEFINES */
/***************************************************************/
cxtern far struct |

unsigned int _7 : 1

unsigned int _6: 1

unsigned int _S5 ;1

unsigned int _4 : 1;

1

1

1

1

L)

unsigned int _3:
unsigned int _2 :
unsigned int 1 :
unsigned int_0 :
} _INIT:

/* INIT (RAM and 1/0 Mapping Registcr) bits */

#dcfinc RAM3 _INIT._0  /* Si03D.7 RAM3 - RAMO = RAM map position */
#definc RAM2  _INIT._1  /* Si03D.6 ¥/

#dcfinc RAMI  _INIT._2  /* Si03D.5  */

#define RAMO  _INIT._3 /> $i03D4 %/

#deline REG3  _INIT._4  /* $i03D.3  REG3 - REGO = 64-bytc register */
#dcfinc REG2  _INIT._S /* Si03D.2 block position  */

#dcfinc REG1  INIT. 6 /* Si03D.1  */

#dclinc REGO  _INIT._7 /*Si03D.0 %/
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/* Filc stdio.h */

/* STDIO.H

Includc file for C88 input/output. */

/* a 'FILE’ is simply an intcger in this implementation
typedefl int FILE;

/* Standard input, standard output and standard crror. */

#dcfine sidin
#dcfinc stdout
#dcfinc siderr

#dctine NULL
#delinc TRUE
#dclinc FALSE
#tdclinc EOF
#dclinc ERR

0
1
2
0
0

-1
-1
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APPENDIX B

Operational Description



Once the compiled program "pce.h"” has been down-loaded into the 68HC11EVB,

the BUFFALO command "G CO000" is entered from the personal computer. All
commands to the pill counter are now given from the keypad. The LLCD display now

reads:

Enter Number 0

showing that the pill counter is waiting for a value. A greater number of pills is
deposited into the drum. The user enters the quantity of pills desired and then presses
a mode select key for counting to begin. These keys along with their actions are

described in the following table.

Key Action

START Counts to the entered quantity and then deposits
all extra pills into the overflow bin.

REPEAT Counts to the entered quantity and stops.

LARGE PILL Same as START but the cone and drum move
START faster for more expedient counting.

LARGE PILL Same as REPEAT but the cone and drum move
REPEAT faster for more expedient counting.

Once one of these buttons is pressed, the system performs a self-test by checking the
photoelectric counters. If everything is satisfactory, the drum and cone go into motion.

The drum rotates smoothly allowing the pills to fall onto the cone approximately one at
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a ime. To increase the separation of the pills, the cone vibrates while rotating. The pills
flow around the edge of the cone and into the chute where they are counted. The display

shows the up-to-date quantity:

Counting to: 75
28 Counting...

or

Repeat to: 75
28 Counting...

in the repeat mode of operation.

Once the counted quantity reaches to within two of the entered quantity, the drum
and cone slow down to count the final few pills. If the user had selected repeat mode,
the drum and cone will stop. In a normal mode, the drum rotates quickly and the cone
rotates in reverse so that extra pills are deposited into the overflow bin. The display now
shows that the pill counter is ready to operate again:

Enter Number: 0O
Counted 75

or

Enter Number: 75
Counted 75

following the repeat mode.
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