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Section 1. General Description

1.1 Introduction

Motorola is a leader in automotive electronics. It has stated its leadership by
being the number one seller of microcontrollers for automotive applications.
Now, Motorola has developed this reference design for a low-cost
high-performance ultra-thin taximeter.

1.2 Taximeter Overview

The taximeter layout is compact and thin. The physical proportions allow it to
be manufactured as a very portable electronic device. The taximeter hardware
is a low-cost microcontroller-based system which controls:

* Six displays

» Five push buttons

* Awheel turn indicator

* A programming interface

This reference design follows the NOM-007-SCFI-1997 regulation, which
defines the requirements for taximeters in Mexico. This regulation is similar to
regulations all over Latin America and can be found at:

http://www.se.gob.mx

The taximeter software was developed in "C” programming language using
Metrowerks CodeWarriror; therefore, it is very flexible and easy to manipulate.
The modular architecture makes further development easy to integrate. The
reference design includes an API that has been developed to facilitate and
optimize the creation of new modules. For further information about
CodeWarrior visit:

http://www.metrowerks.com

This reference design can be used as a development board because it
includes:

« MONOB8 connector for development purposes
* Programming software design (PC, Windows based)
« Emulation and testing board design

Taximeter Reference Design Using the MC68HC908JL3 DRMO053
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General Description

The taximeter also has an 8-bit expansion port which can be used in the MCU
for customer specific applications. The most common applications are:

e Thermo-printer
* RF communication module (Tango-Romeo)
« GPS

PRINTER

RF MODULE

WHEEL TURN INDICATOR

Figure 1-1. Common Taximeter Add-Ons

1.3 MC68HC908JL3 Microcontroller
The MC68HC908JL3 microcontroller has the following characteristics that are
relevant to this design:
* Pin count: 28 pins
* FLASH memory size: 4096 bytes
* In-system FLASH programming
» 128 bytes of on-chip random-access-memory (RAM)
* Timer interface module
* 23 general-purpose I/O ports
» Efficient C language support

DRMO053 Taximeter Reference Design Using the MC68HC908JL3
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2.1 Introduction

Section 2. System Requirements

Most of the requirements for this reference design are stated by Mexican
regulations. Other requirements were added in order to improve the
functionality and resistance, and to reduce the cost and design time.

The Mexican regulation can be found at:
http://www.se.gob.mx

2.2 General Requirements

The taximeter has the following general requirements:

The user interface must be simple

The contact area of push buttons should be at least 50 mm?
The energy source must be provided by a car

It must be able to show its serial number and the license plates
The cost of production should be low

The software architecture must be modular

The design should include the possibility of being used as a
development board for new modules

2.3 Functional Requirements

The taximeter has the following functional requirements:

It must be able to handle different fares

It must be able to change the number of fares and the cost of them in

less than 15 minutes
It must be able to perform the following functions:

— Change from FREE - IN SERVICE - PAY with a single button

— Show taximeter information
— Keep track of accumulators

Taximeter Reference Design Using the MC68HC908JL3
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System Requirements

2.4 Dimensional Requirements

The outer box should be at least 14 cm long, 5 cm high, and 2 cm deep. The
outer box shouldn’t be bigger than 18 cm long, 9 cm high, 16 cm deep.

2.5 Memory Requirements

Read-only memories should be able to hold data for five years (even if the
device is not used).

The taximeter must store in memory:
» Total distance traveled by the automobile
» Total distance traveled in-service
» Total number of travels in-service
» Total number of increments of the amount to pay

 Total income

2.6 Display Requirements

Display requirements include:
* It must have at least five digits
* It must have one display that shows the active fare at all times
* The digits must be at least 12.7 mm high

2.7 Wheel-Turn Indicator Requirements

The wheel-turn indicator must work in the speed range of 0 Km/h to 120 Km/h.
For this reference design, the assumption was made that the wheel’s perimeter
is 1 meter. This assumption affects how the speed of the car is calculated.
However, it doesn’t affect how the accumulators (distance in-service distance
traveled) are kept, since what the taximeter accumulates is the number of
wheel revolutions.

NOTE: The actual perimeter of the wheel may vary from one car to another.

DRMO053 Taximeter Reference Design Using the MC68HC908JL3
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Section 3. Hardware Design

3.1 Introduction

A taximeter is a device that indicates the amount to be charged for use of a taxi.
As discussed in this section, the taximeter is controlled by five buttons; with
these buttons the user may select between many different functions.The
taximeter must also have visual feedback (displays).

3.2 Hardware Design Goals

This hardware design was developed with the following goals:

» Compliance with the Mexican regulation NOM-007-SCFI-1997. This
regulation establishes many requirements: mechanical, dimensional,
interface, external conditions, etc. Refer to Section 2. System
Requirements for further information.

» EMI proof — since it will be surrounded by automotive systems, the
taximeter must be able to work even in a noisy environment

* Small — as small as possible to save on cost of materials
» Without glue logic — to make it cost-competitive and easily upgradeable

» Serve as development board — the design also provides a development
board for software.

3.3 Block Diagram

Figure 3-1 shows the taximeter hardware block diagram.

3.4 Block Description

Table 3-1 provides a description of each block.

3.5 Schematics

Figure 3-2 shows the taximeter schematics. Also, the schematics are available
for download at:
Motorola (http://www.motorola.com) > Semiconductors > Microcontrollers >
Reference Designs

Taximeter Reference Design Using the MC68HC908JL3 DRMO053
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Block

r - - - - - - - - - - - — — al
| MC68HC908JL3 |
' |
| CPU0S | <|
| RAM KBI -< 'g T DISPLAY ENABLE
& |\ V| PUSHBUTTONS
' FLASH | |
| o |
MONO8 INTERFACE |—i MON < e |/ DISPLAY SEGMENTS
| S [\ V| PROGRAMMING
BRK |«
< INTERFACE (PBO)
! ADC [ |
| SIM | o |
| & K 8 ) EXPANSION PORT
WHEEL TURN INDICATOR IRQ = S (\—
! TIM < I
| COP |« |
' |
| Wl | 0SC |

Figure 3-1. Taximeter Hardware Block Diagram

Table 3-1. Block Description

Description

Microcontroller

The taximeter hardware is based on the Motorola microcontroller MC68HC908JL3.

Wheel turn indicator

Every time the wheel turns, a pulse is sent to the the IRQ pin. To avoid high-frequency noise that
could cause multiple IRQ requests within one revolution, a passive low-pass filter is included.

MONO8

Connector MONOS is included. Through this connector the microcontroller can be programmed.
Therefore, this reference design can also be used as a development board

Display enables

Port A is designated to perform two tasks. The first task is to enable the six displays at given
times. Since multiplexing is taking place, a minimum current of 200 mA is needed in order to
reach the 350uCD (needed luminosity) per segment. Since Port A is not capable of supplying that
amount of current, NPN transistors are included.

Push buttons

Port A’s second task is to read five push buttons. The push buttons are connected to port A
before the transistors that lead to the common anode of the displays. The push buttons have
pull-down resistors, so the microcontroller must enable its internal pull-up resistors while reading
the push buttons.

Display segments

Port B is designated to send data to the displays’ segments. However, port B is not capable of
draining the needed current since through each segment flows from 20 to 25 mA. Therefore, PNP
transistors are also included.

Programming interface

Pin O of port B has a dual purpose. It turns on or off a segment of the displays and it is also the
programming interface for the taximeter.

Expansion port

Port D is free for custom applications

DRMO053
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3.5.1 Display Circuit

Freescale Semiconductor, Inc.

Hardware Design
Schematics

The displays are multiplexed in time. Since the microcontroller can not provide
enough current to power the displays, it serves only as a trigger for the
transistors that power them. Each segment of the displays must flow around
25 mA (to be able to achieve the 3500 pcd — needed luminosity). Afterwards,
port B (bits 0—7) must drain the current of each segment (around 25 mA). Since
port B can not drain that amount of current, transistors (triggered by port B) are
the drainers.

Figure 3-3 shows the display circuit.

D1

4 | 21 R9

| oscapras PTE2 S 2 FBI -
PTES | > FB3 MMET_3906

. FTE4 |15 2 FB4 PE -

] rezET PTES 5 ; Egg
PTEE

19 ket trop Lt —— £ GND
oot |12 > Ex2 DISF2
i ] S ExX3 3 \ > F
pTos |22 > Exd A b '_, {] s Jx]
FTD4 L > EXA DD B 5 p ™ [
PTDS |25 2 EXE £ 1 D S Ca
pToE |4 2 ExI ne e ‘ 0
pTor |12 > EXE B ' d I
Pra0 |2 & PAD Cr
PTad < PAT pag MMBT3904
PTaz |2 J PAl
Paz |2 g PA3 CA2
PTag |22 g FAd
Pras |22 > PAS

HCO0EJL3 DWW
Figure 3-3. Display Circuit
Taximeter Reference Design Using the MC68HC908JL3 DRMO053
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Hardware Design

3.5.2 IRQ Circuit

Pulses are received through the IRQ pin. These pulses are generated every
time the wheel turns. However, to avoid noise that causes IRQ requests, a
passive low-pass filter was added. It is important to note that the filter
diminishes the amplitude of the signal (the higher the frequency the more it is
diminished). Therefore, the filter must let through the signal produced by the
taxi going at maximum speed. The cut frequency for this filter is around 106 Hz.
Assuming that the perimeter of the wheel is 1 meter, the filter allows the car to
go up to 380 Km/h .

Figure 3-4 shows the IRQ circuit.

D1

—] O3C PTEO
PTE1
——] OSCAPTAS  PTB2
PTEZ
58 PTE4
—==(] RESET PTEZ
PTBE
PTET

. 1
irg IR <:’—C IR

PTDO
PTLA
PTDZ2
PTD3
PTD4
PTDS

PTDG
GHD PTDT

PTAD
PTA
PTA2
PTAS
PTid
PTAS

HCS08L30W

Figure 3-4. IRQ Circuit
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3.6 Bill of Materials

Table 3-2. Taximeter Bill of Materials

Hardware Design
Bill of Materials

Qty. Value Device Package Description Part
Qty | Value Device Package Description Part
6 7SEG-CA 7SEG-13 7-segment display DISP1 — DISP6
1 JP1E Jumper JP1
1 JP2E Jumper JP4
1 JP5Q Jumper JP3_EXT. INTERFACE
1 JP8Q Jumper JP2
1 22K R-US_M1206 M1206 Resistor R18
1 3K R-US_R1206 M1206 Resistor R3
1 4.9152 MHz MM39SL MM39SL Crystal Y1
5 10K R-US_M1206 M1206 Resistor R13 - R17
1 10 uF C-UsC2012 C2012 Capacitor C5
1 15K R-US_M1206 M1206 Resistor R4
2 22 pF C-USC2012 C2012 Capacitor C1,C2
1 100 K R-US_M1206 M1206 Resistor R2
1 100 nF C-USC2012 C2012 Capacitor C3
8 150 R-US_M1206 M1206 Resistor R5 - R12
1 470 K R-US_M1206 M1206 Resistor R1
1 470 nF C-USC2012 C2012 Capacitor C6
1 470 uF C-USC2012 C2012 Capacitor (o7}
1 7805T TO220H Positive voltage regulator IC2
1 HC908JL3DW HC908JL3_SOIC8 Microcontroller Dw1
6 NPNSOT23 SOT-23 NPN transistor Q0 -Q5
8 BCX71SMD SOT23 PNP transistor Q6 — Q13
1 PMLL4150 soD8oC Diode D1
5 TL1100E Push button SW1 - SW5
Taximeter Reference Design Using the MC68HC908JL3 DRMO053
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Hardware Design
3.7 Layout
Figure 3-5 shows the taximeter layout.
o o o A
Programming H — — — —
Interface (C): I _I _I _I _I I
Expansion 8 I I_ _I I_ _I I
Port 5cm
o} o) o)
Vol
Dsﬁggﬁfeand O O O O O
S IRQ MONINS o 5 o o '
< >
14 cm
Figure 3-5. Taximeter Layout
DRMO053 Taximeter Reference Design Using the MC68HC908JL3
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4.1 Introduction

4.2 PCB Layout

4.2.1 Top Layer

Section 4. Print Circuit Board (PCB) Design

Since one of the hardware design goals for the taximeter was to be EMI proof,
special attention was taken for the PCB design. Electronic devices carried in an
automobile have to deal with many interference sources, such as radio
frequency interference, electrostatic discharges, power line electricity, and
magnetic fields, among many others. Therefore, automotive electronics must
be designed in a careful way so they comply with such demands.

The taximeter PCB design follows IPC (Institute for Interconnecting and
Packaging Electronic Circuits) regulations. Moreover, the design was
enhanced to achieve better results.

The top and bottom layers of the PCB are shown in this subsection.

Figure 4-1 shows the top layer of the taximeter PCB. The gerber files are
available for download at:
Motorola (http://www.motorola.com) > Semiconductors > Microcontrollers >
Reference Designs

Oe O
O O O
O
ok O O Q0
Figure 4-1. Taximeter PCB (Top Layer)
Taximeter Reference Design Using the MC68HC908JL3 DRMO053
MOTOROLA Print Circuit Board (PCB) Design 23
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4.2.2 Bottom Layer

Figure 4-2 shows the bottom layer of the taximeter PCB. The gerber files are
available for download at:
Motorola (http://www.motorola.com) > Semiconductors > Microcontrollers >
Reference Designs

Qs O O O =0

Figure 4-2. Taximeter PCB Bottom Layer

4.3 Mechanical Characteristics

This subsection discusses the mechanical characteristics.

4.3.1 Conductor Widths

There are two classes of nets in this PCB design: the power type and the
default type. The power type is used exclusively for supply lines (GND and
Vpp) While the default is used for buses and signals in general. The
characteristics are as follow:

Class Width Clearance Drill
Default 10 mil 10 mil 28 mil
Power 20 mil 10 mil 28 mil

The line widths were calculated based on the values of current and temperature
to be supported by the lines. The clearance field describes the minimum
distance allowed between two traces. The drill measure indicates the drill’s
diameter to be used when transferring a track from one layer to the other (vias
or plated through-holes). These measures were based on standards by the IPC
and were chosen in order to ease the manufacturer of the board by giving
regular sizes.

DRMO053 Taximeter Reference Design Using the MC68HC908JL3
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4.3.2 Trace Angles

4.3.3 Trace Distances

Freescale Semiconductor, Inc.

Print Circuit Board (PCB) Design
Noise-Reduction Characteristics

A source of RFI is an abrupt change of direction of a PCB track, which
effectively looks like impedance discontinuities and will radiate accordingly. For
HCMOS designs it is important to ensure that 90-degree track-direction
changes do not occur. Also, from the mechanical point of view, a 90° angle is
more likely to be detached from the board.

Distances between lines and components were taken from IPC guidelines.
Some measures include the following:

PCB Parts Distance
Copper/Dimension 30 mil
Drill/Hole/Copper 10 mil
Mask 1 mil

The distances between elements are very important because they protect
signals in each trace. Spacing between traces in each layer should be
maximized whenever possible.

4.3.4 Silk Screen Content

4.3.5 Layout

Following IPC specifications, it is recommended that all parts, pins, and
connectors are properly labeled.

In order to make the production of the board faster, all elements were placed
parallel of perpendicular to the border. This also helps optimize the flow of
cooling air and presents an orderly appearance. The layout also shows six
holes around the push buttons, these were placed there to support the extra
pressure obtained when pressing the buttons. There are also tiny mounting
holes, this was done to ease the orientations at assembly.

4.4 Noise-Reduction Characteristics

This subsection discusses the noise-reduction characteristics.

4.4.1 EMI-Reduction Measures

The current flow induces electromagnetic fields that can be the source of EMI.
In order to decrease this source of noise, Vpp and GND are traced parallel to
each other. This type of tracing reduces (by cancellation) the EMI caused by
the current.

Taximeter Reference Design Using the MC68HC908JL3 DRMO053

MOTOROLA

Print Circuit Board (PCB) Design 25

For More Information On This Product,
Go to: www.freescale.com



4\ Freescale Semiconductor, Inc.

Print Circuit Board (PCB) Design

4.4.2 Oscillator Circuit, MCU, and Power Supply

The most delicate parts of the PCB design are the oscillator circuit, the
microcontroller, and the power supply. Different factors were taken into account
for this part of the board. Important layout considerations include:

1. Abalanced Vpp and GND directly underneath the microcontroller
decreases noise that could affect the microcontroller.

2. The distance between the oscillator circuit and the microcontroller

should be minimized. This reduces the risk of interference in the OSC
tracks.

a. Special attention is needed to have the lines from the crystal pins
to go directly to the OSC pins in the microcontroller without
switching layers. Vias or through-holes, affect the frequency of the
crystal.

b. The oscillator circuit is one of the most sensitive parts of the design;
therefore, isolation of the crystal and capacitors from the rest of the
circuit is needed. No other lines or signals must flow near the OSC
circuit.

3. A GND trace encircling the oscillator is needed. According to studies
realized by Motorola Italy, a GND trace encircling the oscillator circuit
minimizes the susceptibility to radiated interference.

4. Add asimple decoupling circuit made from a capacitor between Vpp and
Vsg, Which can help reduce the risk of power perturbations near the
microcontroller. That is why there is a capacitor right next to the power
supply pins.

5. Supply the microcontroller with isolated traces for Vpp and Vgg. This
ensures that no current is taken from, or at the microcontroller by

external sources. Thus, protecting the microcontroller from noise
generated in other parts of the board.

Figure 4-3 shows the oscillator circuit and MCU.
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Figure 4-3. Taximeter Oscillator Circuit and MCU
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4.4.3 Separated Ground Traces

Separated GND traces protect different parts of the board. Basically, there are
three different traces:

* One exclusively for the microcontroller and the oscillator circuit

* One for the LED displays

* The general one
The separations help control the noise in each sector. For instance, there is a
net underneath the displays that absorbs the noise generated from the
switching LEDs and that is drained by a single trace of GND with no contact

with any other. This separation allows the draining to take place without
disturbing the rest of the system.

Figure 4-4 shows the ground net underneath the LED displays.
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Figure 4-4. Ground Net Underneath the LED Displays
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The voltage regulator has a special area in the bottom layer. This area has two
principal reasons:

* To help dissipate the heat produced by the regulator
* To absorb the noise created by the power supply

In the bottom layer, the traces were all done parallel to each other. This helps
to cancel EMF created by the electron flow.
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5.1 Introduction

NOTE:

Section 5. Programmer and Testing Board

The taximeter’s programmer allows the PC to communicate with the taximeter
so that it's data tables can be modified.

This programmer DOES NOT allow overwriting of the software running on the
microcontroller. It is used only to modified the data tables.

The microcontroller has one bidirectional serial communication port (pin PTBO).
This port is used for both sending and receiving. The taximeter’s programmer
is used to couple a PC’s serial port to the bidirectional serial communication
port in the microcontroller.

The testing board allows the designer of taximeters to:
* Emulate the input received from the car
» Test the taximeter as if it was operating in a taxi
This board generates a square signal (frequency can be modified through a

variable resistor) which emulates the pulses received each time the wheel
turns.

5.2 Programmer and Testing Board Design

5.2.1 Schematic

Since both boards (programmer and testing) are very simple boards, this
reference design has merged them into a single board. The programmer
section uses a MAX232 converter and 3-state non-inverting buffer. This design
is the same as the one described in the monitor ROM (MON) section of the
MC68HC908JL3 Technical Data (Motorola order number MC68HC908JL3/H).
The testing section uses an a stable timer to emulate the pulses received from
the wheel turns.

Figure 5-1 shows the programmer and testing board schematic. The
schematic is available for download at:
Motorola (http://www.motorola.com) > Semiconductors > Microcontrollers >
Reference Designs
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Figure 5-1. Programmer and Testing Board Schematic
5.2.2 Layout
Figure 5-2 shows the programmer and testing board layout.
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Figure 5-2. Programmer and Testing Board Layout
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5.2.3 Bill of Materials
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Table 5-1 shows the programmer and testing board bill of materials.

Table 5-1. Programmer and Testing Board

Bill of Materials

Programmer and Testing Board Design

Taximeter Reference Design Using the MC68HC908JL3

Qty. Value Device Description Part
1 IN7776 Diode D1
1 JP1Q Jumper JP1
1 JP2E Jumper JP2
1 MO9HP DB9 connector DB9
5 A uF C-EU025-024X044 Capacitor C1-C5
1 1uF CPOL-USTAP5-50 Capacitor Cc8
2 10K R-US_0207/12 Resistor R1-R2
1 10 nF C-EU025-024X044 Capacitor C7
1 10 uF CPOL-USTAP5-50 Capacitor Cl1
1 100 K POTPOT Variable resistor Pot
1 470 pF CPOL-USTAP5-50 Capacitor C10
1 7805T Voltage Regulator IC3
1 74125 3-state buffer V1
1 LM555N A stable timer IC2
1 MAX232 IC1
DRMO053
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5.2.4 PCB
Figure 5-3 shows the programmer and testing PCB. The gerber file is available
for download at:
Motorola (http://www.motorola.com) > Semiconductors > Microcontrollers >
Reference Designs
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Figure 5-3. Programmer and Testing PCB
DRMO053 Taximeter Reference Design Using the MC68HC908JL3
32

Programmer and Testing Board MOTOROLA

For More Information On This Product,
Go to: www.freescale.com


http://www.motorola.com

Freescale Semiconductor, Inc.

Designer Reference Manual — DRMO053

Section 6. Software Design

6.1 Introduction

The purpose of a taximeter is to indicate the amount to be charged for the use
of a taxi. This amount increases depending on several factors, such as time
and distance. Moreover, the taximeter must be able to perform many other
functions, such as displaying information, keeping statistical records, etc.

6.2 Software Design Goals

This software design pursues the following goals:

* Compliance — Compliance with the Mexican regulation
NOM-007-SCFI-1997. This regulations establishes many functional and
procedural requirements. See Section 2. System Requirements for
further information.

* Modularity — The software must be completely modular and with as little
cohesion as possible. This modularity should be reflected by the ease in
making changes and adding new functionality.

» Small size — The limited amount of FLASH memory must be taken into
account. In less than 4 Kb of memory, the software must be able to be
fully functional.

» High-level programming — As much as possible, the software must be
programmed in ‘C’, making future improvements easy and reducing
development time.

6.3 General Software Architecture

In general, the software is divided into layers (see Figure 6-1) which are
described following the figure.

STATE MACHINE

FLASH PROGRAMMING TAXIMETER EXTERNAL MODULES
API API API
HARDWARE

Figure 6-1. Software Architecture Layers
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Taximeter API
Interacts with the hardware and is in charge of timing, ISR, and managing
the hardware (displays, push buttons). It serves all upper layers.
(taxi_api.c)

FLASH Programming API
Facilitates the FLASH tables programming. It interacts with the taximeter
API and serves the state machine. (taxi_flash.c)

External Modules
Specific routines needed to control external devices through the expansion
port, i.e., printers, GPS modules, RF modules, etc.
(external_ [name_of _module].c)

State Machine
Event-driven functions that perform the high-level routines that give
functionality. (taxi_states.c).

6.4 State Machine Description

DRMO053

Each state has a specific function. The change from one state to another is
triggered by push buttons or by time. The 11 states that build the state machine
are:

1. FREE
2. IN-SERVICE

3. PAY

4. PROGRAM

5. EXTRAS

6. FARES

7. SPEEDOMETER
8. PULSES

9. CLOCK

10. INFO

11. OFF

Table 6-1 describes what is done at each state of the state machine.

Taximeter Reference Design Using the MC68HC908JL3
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Table 6-1. Description of States

State

Description

FREE

Idle state

IN-SERVICE

Disables any other function

Backups the distance traveled not in service

Displays the fare type selected

The initial charge and the extra charges are added to the trip cost

Displays the trip cost

The cost of the trip is incremented every given time or every given
distance (whichever happens first)

PAY

Backups the distance traveled in service, total income, number of trips
and number of cost increments
Toggles the display of the label “PAY” and the trip cost

EXTRAS

Displays label “EXTRA” for a given time
Lets choose the type of extra charge

FARES

Displays label “FARE” for a given time
Allows to choose the fare type

CLOCK

Displays the time

SPEEDOMETER

Displays the speed

PULSES

Counts the number of wheel turns (used to verify that the wheel-turn
indicator is working properly)

INFO

Display important information about the taximeter and its
accumulators. The accumulators are displayed in the following
sequence:

Total distance traveled

Total distance traveled in service
Total number of travels

Total number of cost increments
Total income

PROGRAM

Displays label “PROGR” for a given time
Programs FLASH memory in order to change fares, labels, etc.

OFF

Displays label “OFF” for a given time
Turns displays off

Taximeter Reference Design Using the MC68HC908JL3
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6.5 State Machine Diagram
Figure 6-2 shows the state machine diagram

B1 @ B1 B1
PAY
B5 ||ty
B2 @ B2 B2IB5 |t
FARES
@ : @ : ‘ : @ . @
SPEED-
OMETER
B4 B4
INFO
B5 B1||B2| B2|| B4
——— > OFF
B5 +t, ‘
PROGRAM
B1: Button 1 B4: Button 4 t,: 10 seconds
B2: Button 2 B5: Button 5 t,: 6 seconds
B3: Button 3

Figure 6-2. State Machine Diagram
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6.6 Push Button Actions

6.7 Memory Map

6.7.1 FLASH Memory

Taximeter Reference Design Using the MC68HC908JL3

Software Design
Push Button Actions

Each of the five push buttons triggers a different action depending on the active
state of the program. Table 6-2 shows the actions triggered by each push
button on each state.

Table 6-2. Push Button Actions

State Button 1 Button 2 Button 3 Button 4 Button 5
FREE SERVICE FARES CLOCK INFO PROGRAM | OFF
SERVICE PAY — — — —

PAY FREE — — — —
EXTRAS — FARES extra ++ — Select extra; FREE
FARES — FREE fare++ — Select fare; FREE
CLOCK hours ++ minutes ++ S&EEES — —
32?;'30' — — PULSES — —
PULSES reset freeze FREE — —
INFO — — Info++ FREE —
PROGRAM — — — — —
OFF FREE FREE FREE FREE —

This subsection provides memory map information for both the FLASH memory
and the random-access memory (RAM).

FLASH memory is divided into three basic sections:

1. Tables section — where modifiable data are stored.

2. Backup section — this area is a blank area (64 bytes long) used for
global variables backup (stored in RAM) while FLASH reprogramming.
This section is needed since the RAM area is used for FLASH
reprogramming purposes.

3. Code section — area where all code is stored.

The tables section is further divided into three small subdivisions: FLASH
tables, FLASH variables, and FLASH integrity-verification byte. The FLASH
integrity-verification byte is checked at the beginning of the program to ensure
integrity of FLASH tables and variables. When FLASH tables and variables are
erased, this byte is automatically erased (and must be written to its original

value).

DRMO053
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For the name, content, and exact location of each FLASH table and FLASH
variable refer to file A.4 taxi_tables.c.

Figure 6-3 shows the FLASH memory sections.

OXECO00 FLASH TABLES
(128 BYTES)
TABLES SECTION FLASH VARIABLES
(182 BYTES) (63 BYTES)
FLASH INTEGRITY VERIFICATION
OXECBF (1 BYTE)
OXECCO BACKUP SECTION
OXECDE (64 BYTES)
OXEDOO
CODE SECTION
(3839 BYTES)
OXFBFF

Figure 6-3. FLASH Memory Sections

6.7.2 Random-Access Memory (RAM)

DRMO053

RAM is divided into two sections: global variables section, and stack section.
All local variables are stored in the stack. Global variables section has two
areas: the area used during FLASH programming and the area not used during
FLASH programming. FLASH programming needs to use the Global variables
section from address 0x0088 to Ox00AB (refer to FlashManager()
documentation in taxi_flash.c). All data within this addresses is overwritten
(but can be backed up previously). However, when FLASH programming is not
taking place, this area is used for global variables. The area not used for
FLASH programming is reserved to allocate variables that need to be read
during FLASH programming (and that indicate the values that must be
programmed).

Figure 6-4 shows RAM sections.

For the name and type of each variable refer to file A.12 taxi_variables.h

Taximeter Reference Design Using the MC68HC908JL3
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0x0080 NOT USED IN FLASH PROGRAMMING
(8 BYTES)
GLOBAL VARIABLE USED IN FLASH PROGRAMMING
AREA (36 BYTES)
(48 BYTES)
NOT USED IN FLASH PROGRAMMING
OXO0AF (4 BYTES)
0X00BO
STACK AREA
(80 BYTES)
OXOOFF

Figure 6-4. RAM Sections

The software file structure is explained in Table 6-3.

Table 6-3. Software File Structure

File Description
taximeter.c Defines the main( ) function and the ISRs
taximeter.h taximeter.c header file
taxi_tables.c Initializes FLASH tables and variables
taxi_tables.h Declares FLASH tables and variables
taxi_api.c Defines the taximeter API
taxi_api.h taxi_api.c header file
taxi_FLASH.c Defines the FLASH-programming API
taxi_FLASH.h taxi_FLASH.c header file

taxi_[module_name].c

Defines the specific external module API

taxi_[module_name].h

taxi_[external_module_name].c header file

taxi_states.c

Defines the State Machine states

taxi_states.h

taxi_states.c header file

taxi_variables.h

Declares all global variables stored in RAM

taxi_tables.h

Declares FLASH tables and FLASH variables

taxi_messages.h

Defines all the alphanumeric messages that are to be displayed

taxi_config.h

Defines the taximeter global configuration

taximeter.prm

Defines the sections into which the RAM and FLASH are divided

Taximeter Reference Design Using the MC68HC908JL3 DRMO053
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6.9 Naming Conventions

The project follows the naming conventions given in Table 6-4.

Table 6-4. Naming Conventions

function’s name is capitalized.

Structure Convention Example
All macros are written in all .
Macros UPPER CASE. #Define DAY 0
Functions The first letter of each word of the void CleanUp (void)

Global variables

All global variables are written in
lower case. If the variable has
more than one word, they are
separated with underscores.

Byte current_state

Variables and tables
located in FLASH

All variables and tables located in
FLASH are written in all upper
case. If the variable has more
than one word, they are separated
with underscores.

const BYTE INFO_TABLE[45]

Local variables

All local variables are written the
same way as global variables but
preceded by an underscore.

Byte _cancel_buttons.

Assembly labels

All assembly labels are written in
all capital letters preceded by an
underscore.

_RECEIVE_BYTE:

6.10 Taximeter ISRs Description

6.10.1 IRQ ISR

DRMO053

This subsection describes the taximeter ISRs.

The IRQ is activated every time the wheel turns (in some cars it might be twice
for each wheel turn). This interrupt is used to count the distance traveled while
in service and the total distance traveled. When the taxi is in service, it also
updates the amount to charge (every n number of interrupts). Finally this
interrupt also increments a general-purpose IRQ counter.

Taximeter Reference Design Using the MC68HC908JL3
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6.10.2 Timer ISR

The timer interrupts every 1 millisecond (this is the frequency needed to
correctly multiplex the displays). The timer interrupt service routine performs
the following tasks:

1. When the taxi is in service, it updates the amount to charge (every n
number of interrupts)

Increments a general-purpose time counter (used by taximeter API)
Every 30 interrupts it scans the push buttons

Enables one out-of-six displays and writes the data

Manages the clock

a bk wn

6.11 Taximeter API Description

The taximeter API provides service to upper layers. It interfaces with the
taximeter hardware (displays and buttons) as well as with the microcontroller
modules (TIM).

6.11.1 Delay

The delay function creates a pause in the software. This pause can be
configured to be interruptible by the push buttons.

Prototype: void Delay(Word _ms, Byte _cancel_buttons)

Parameters: _ms — number of milliseconds the pause lasts.
_cancel_buttons — buttons that might cause the pause to end
even if time has not ran out

Remarks: The taximeter displays are refreshed even when the software
is paused.

6.11.2 WaitForButtonsRelease
The WaitForButtonsRelease function pauses the software until all buttons are
released.
Prototype: void WaitForButtonsRelease(void)
Parameters: none

Remarks: Even when this function is a simple variation of Delay, it is
profitable to have because it appears many times throughout
the code and it uses less stack and less overhead in the call.
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6.11.3 DisplayMsg

Sends display strings to the taximeter. This function is used to display
alphanumeric messages to the user.

Prototype: void DisplayMsg (char *_str)
Parameters: _str - pointer to the string to be displayed.

Remarks: Only the first five characters of *_str will be displayed.
Since this function uses tables to convert form ASCII to
7-segment-display format, only capital letters can be used as
parameters.

6.11.4 DisplayNum

Sends number displays to the taximeter. This function is used to display
numeric messages (or amounts) to the user.

Prototype: void DisplayNum (ulong _num)
Parameters: _num - number to be displayed.

Remarks: _hum must be a 5 digit number, where the last two digits
represent decimal values. For example: if _num = 12345,
the number displayed will be 123.45.

If the number is larger than 5 digits long, it might not be
displayed correctly.

The use of this function needs to be carefully determined. Due
to the large amount of stack it uses it is not recommended to use
it from more than two functions deep; it may overflow the stack.

6.12 Software Modification Procedures

Before making any modifications to the software there are certain general
issues that must be kept in mind.

1. RAMfree space for global variables — Only 3 bytes that can be used
for declaring global variables (at addresses OXAA — 0XAC). As described
in 6.7 Memory Map, from address OXAD to OxAF is used for specific
variables needed in FLASH programming. If more global variables are
declared it exists the risk that the stack overwrites them.

2. Stack size — Care with the stack size should be taken when adding new
functions. It is important to remember that stack area is shared with
RAM. If stack is over-used, RAM might be overwritten.

3. FLASH free space — Even when the code may be far from reaching 4
Kb of memory, it is important to remember that the 4 Kb is not used for
code alone. For FLASH-programming purposes (refer to 6.7 Memory
Map) 256 bytes of FLASH are reserved.
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If more stack, RAM and/or FLASH memory are needed, the microcontroller can
be replaced by the MC68HCHC908JL8. The MC68HCHC908JLS8 is pin-to-pin
compatible with the MC68HC908JL3 but in has 8 KB of FLASH and 256 bytes
of RAM as opposed to 4KB of FLASH and 128 bytes of RAM.

6.12.1 How to Add an External Module

Adding an external module implies two basic actions:
1. Create an API or driver to handle the external module (if needed)
2. Create a new state in the state machine

6.12.2 How to Create a New State

To create a new state follow this procedure:

1. Define a name for the new state.
Example, PRINT.

2. Define the previous and next states (which state is before the new state
and which is next).
Example, previous state = SERVICE; next state = PAY.

3. Define the action that will trigger the change to the new state.
Example, Button 1.

4. Add a case statement in main function at taximeter.c.
Example, CASE PRINT: Print();

5. Modify the previous state so that when the appropriate action happens
it leads to the new state.
Example, Inside SERVICE — current_state = PRINT,;

6. Create the body of the new state.
Example, void Print () {...}

7. Atthe end of the new state, modify variable current_state so it leads to
the next state(s).
Example, current_state = PAY.

6.12.3 How to Display Scrolling Messages

Refer to state Info( ) in the code (taxi_states.c — A.10 taxi_states.c).
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6.12.4 How to Add FLASH Tables and/or Variables

FLASH tables are declared in taxi_tables.h. In order to add a FLASH table
open this file and declare a new table. There are two types of tables: tables
used for static values (such as table TRANSLATE_NUMBER) and tables used
for dynamic values that can be changed through FLASH reprogramming (such
as EXTRA_TABLE). If the new table is static no further action is needed;
otherwise, the following actions must be taken:

1. Verify that the new table doesn’t exceed the 128 bytes reserved for
FLASH tables. If the space is not enough, the taximeter.prm file should
be modified. Within this file, the section FLASH_VARIABLES can be
removed and FLASH_TABLES incremented in size. If this action is
taken, the FLASH variables must be relocated (taxi_tables.c) and the
functions that deal with them must be updated (such as
BackupAccumulators).

2. Verify that the new table doesn’t overlap with FLASH variables. If it does,
change the location of FLASH variables and mirror this change in
BackupAccumulators( ) function. Refer to BackupAccumulators()
information in file taxi_flash.h.

3. Declare the new table after all existing tables.

To add a FLASH variable just declare it in taxi_tables.h inside the subdivision:
FLASH_VARIABLES

6.12.5 How to Change FLASH Programming Routines

DRMO053

FLASH programming routines are very delicate. A complete understanding of
programming resident ROM routines is needed (please read the application
note entitled Using MC68HC9080n-Chip FLASH Programming Routines,
Motorola document order number AN1831/D).

FLASH programming routines use part of the RAM as a buffer to store the data
that is to be programmed into FLASH. Therefore, this section in RAM must be
backed up (and restored later) or it will be overwritten (refer to 6.7 Memory
Map). The backing up (and restoring) procedure has two phases:

1. Manually backing up the first four bytes into stack
2. Automatically backing up the rest into FLASH

After setting up RAM, the FLASH programming routine might be used for
anything that is wanted. If FLASH programming is used to modified FLASH
tables and/or FLASH variables there are certain considerations to take:

1. Verify the location of tables and variables.
2. If needed, mirror their location in RAM to their location in FLASH.

3. Remember that interrupts are disabled after using FLASH programming
routines.
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Software Modification Procedures

Before the FLASH programming routine is finished, the FLASH
integrity-verification byte must be set and RAM must be restored from backup.

6.12.6 How to Translate the Taximeter to Another Language

All alphanumeric messages are stored in the file taxi_messages.h. To
translate the taximeter to another language (it currently supports Spanish,
English, French, and Portuguese) open taxi_messages.h and define the new
language. Then, open file taxi_config.h and define the new language as the
active language.

6.12.7 How to Program the Entire FLASH

Connector MONOS is included in hardware because any programmer interface
with a MONO8 connector can program the taximeter. For example, an in-circuit
programmer can be connected to the taximeter through the MONOS8 connector.
Once this is done, the MCU is programmed as if it were on the in-circuit
programmer.

This procedure is done when the code of the taximeter must be changed. If only
the data tables need to be updated, the programming and testing board must
be used. Refer to Section 4. Print Circuit Board (PCB) Design.
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Introduction

7.1 Introduction

Section 7. PC Interface

A PC Interface is what re-programs the taximeter data tables. This interface
must follow the communication protocol and must compile with the taximeter

specifications for transferring data.

7.2 Communication Protocol

7.3 Specifications

The PC communicates serially with the taximeter. The communication speed is
4800 bps. The protocol used is NRZ with 8 data bits, no parity, and one stop bit
(4800 8-N-1). The communication happens as if the MCU was in monitor mode.

The taximeter has five re-programmable tables and eight re-programmable

variables (refer to file A.4 taxi_tables.c for detailed information). The tables
and variables are shown in Table 7-1. The PC interface must send all this
information in order starting with address OXxECOO.

Table 7-1. FLASH Tables and Variables

Name Size in Bytes Address Range
FARE_MESSAGE_TABLE 45 OXxEC00-0xEC2C
INI_CH_TABLE 18 OXEC2D-0xEC3E
FARE_TABLE 18 OXEC3F-0xEC50
EXTRA_TABLE 18 OXEC51-0xEC62
INFO_TABLE 24 OXEC63-0xEC7A
empty space 6 OXEC7B-0xEC80
TOTAL_DISTANCE_TRAVELED 4 OXEC81-0xEC84
TOTAL_DISTANCE_IN_SERVICE 4 OXEC85-0xEC88
TOTAL_NUMBER_TRAVELS 4 OXxEC89-0xEC8C
TOTAL_NUMBER_INCREMENTS 4 OXEC8D-0xEC90
TOTAL_INCOME 5 OXEC91-0xEC94
empty space 14 OxEC95-0xEC9D
FARES_NUMBER 1 OXEC9E
EXTRAS_NUMBER 1 OXEC9F
empty space 31 OXxECAO-OXECBE
FLASH_PROGRAM 1 OXECBF
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If the programmer and testing board is being used, it is important to note that
the board connects the serial connector transmit and receive (TD and RD).
Therefore, whatever the PC sends to the taximeter will also reach the PC.

The communication with the taximeter uses frames. Each frame is 32 bytes
long. Since 192 bytes (from OXECO00 to OXECBF) must be programmed, six
frames are needed.

The taximeter performs the tables re-programming at state PROGRAM. When
state PROGRAM is called (by pressing button 5 at state FREE) it shows the
label “PROGR?” for 1 second. After that, all the displays are turned off. The
turning off of the displays announces the taximeter is ready to receive data.

To start communicating the PC must send one byte to the taximeter (this is the
only time a byte isn’t part of a frame). The taximeter will stay on hold until this
byte has been sent. This first byte must be OxAA, which indicates that the
communication has begun. After receiving OxAA, the taximeter will send a
frame (32 bytes) back to the PC. This frame contains the bytes stored from
address OXxEC81 to OXEC9OF (the accumulators). The accumulators are sent to
the PC interface before being erased so the PC decides whether it sends them
back to the taximeter (to keep accumulating) or it resets them. It is important
to remember that if these accumulators exceed 99,999 counts, they won't be
displayed correctly by the taximeter (referto 6.11 Taximeter API Description);
however, they can hold up to 4,294'967,295 before overflowing.

The accumulators are stored as the value minus one. For example, if five
travels have been done, NUMBER_TRAVELS will be 0x00000004; if no travels
have been done, NUMBER_TRAVLES will be OXFFFFFFFF.

After sending the accumulators, the taximeter expects to receive the first
information frame (for addresses OXEC00-OXEC1F). Once received, the first
frame is programmed in FLASH and echoed back to the PC for verification
purposes. Then the PC sends the second information frame and so on with the
192 bytes (from address OXECOO to address OXECBF). After each frame is
received, it is programmed in FLASH and echoed back. The last byte sent to
the taximeter is the FLASH_PROGRAM. This byte indicates if the FLASH is
properly programmed or not. This byte must be set to OXAA; otherwise, the
taximeter will display “ERROR” and it will have to be programmed again.

Figure 7-1 shows how the information exchange takes place between the PC
and the taximeter.

Appendix B. PC Interface Source Code shows software written in C which
implements a PC interface for the taximeter.
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STARTING BYTE (0xAA)

ACCUMULATORS FRAME (32 BYTES)

A

INFORMATION FRAME 1 (32 BYTES)

ECHO INFORMATION FRAME 1 (32 BYTES)

A

INFORMATION FRAME 2 (32 BYTES)

ECHO INFORMATION FRAME 2 (32 BYTES)

PC
A
TAXIMETER

INFORMATION FRAME 6 (32 BYTES)

ECHO INFORMATION FRAME 6 (32 BYTES)

A

Figure 7-1. Information Exchange
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Taximeter Reference Design Using the MC68HC908JL3

taximeter.c
taximeter.h
taxi_tables.c
taxi_tables.h
taxi_api.c
taxi_api.h
taxi_flash.c
taxi_flash.h
taxi_states.c
taxi_states.h
taxi_variables.h
taxi_messages.h
taxi_config.h
taximeter.prm

Appendix A. Taximeter Source Code

This appendix contains the following source code:
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A.2 taximeter.c

* Copyright (c) 2002, Mdtorola Inc.

* Mot orol a Reference Design
*
* File name : taxineter.c
* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent : Cuadal ajara - SPS
*
* Description : This is the core of the state nachine. Each
* state, before ending, nodifies the gl obal
* variable current _state. Then, in this file
* according to current_state, the next state is
* sel ected and execut ed.
* The I1SRs are also defined in this file.
*
* History
*/
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/

#define _ TAXIMETER C__

#i ncl ude "taxineter.h"

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

I NTERRUPT SERVI CE ROUTI NES - | SRs

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

/**

* Irq: + Every wheel turn the external interrupt is requested.

* It increases the distance accunul ator (accunul ator_pul ses)

* and, if the Taxi is in service and a given distance

* (i nc_di stance) has been travel ed, the anpbunt to charge

* i s updat ed.

* + It also increments a general purpose pul se counter.

* + Debounci ng of the IRQ nmi ght be needed.

*

* Return: void

*/

interrupt 2 void Irqg (void) { /'l Every wheel turn.
I SCR | =ACK1; /'l Acknow edge the interrupt
if (flag_charge == CHARGE) { /1l If it's in service...

accunul at or _pul ses++;
i f (accumul ator_pul ses >= inc_distance) { // Conpare the distance traveled so far
with the nmax.

accunul at or _pul ses = 0; /1 di stance before an increnent
to the total charge

accunul ator _tinme = O; /'l Reset accumul ators

accunul ator _trip += fare_active; /!l Update the anobunt to charge

accumul at or _i nc++; /'l There has been an increnent.

}
}
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taximeter.c
accurul at or _di st ance_travel ed++;
count er _pul ses++; /'l General purpose pul se counter
}
/**
* Timer: + Every 1 nms a tiner interrupt is requested.
* + It increases a tinme accunul ator (accunul ator _tinme)
* and, if the Taxi is in service and a given tinme
* (inc_tinme) has gone by, the anpbunt to charge is
* updat ed.
* + It increments a general purpose time counter.
* + Every 30 interrupts (30 ns) the buttons are scanned
* and stored into pushed_buttons. No debouncing is
* needed, since the 30 ns interval is enough
* + Enabl es one out-of-six displays and sends its
* data. (Miltiplexing).
* + Updates the variabl es needed by the cl ock.
* Return: void
*/
interrupt 6 void Tinmer(void) {
/* Every 1 ns one display is turned on. Every 30 nms the buttons are read. */
TASC=TASC, /1 dean interrupt flag
/'l Lectura de TASC para |inpiar |a bandera de overflow del tiner
TASC &= TOF;
PTB = DI SPLAY_CFF; /1 Turn off the display currently on
arr _di spl ay_i ndex++; /'l Select the next display
di splay_en = (display_en << 1); /'l Enabl e the next display

i f(arr_display_index >= 6) {
read _buttons_ti me++;
if(read_buttons_tinme == 5) { /! Read buttons every 30 nms (6 displays * 5
read_buttons_tine)
read_buttons_time = O;
PTAPUE = Ox3F; /'l Enable internal pull-up resistors in port A
DDRA = 0xO00; /1l Configure port A as input
pushed_buttons = PTA;
pushed_buttons &= Ox1F;
DDRA = OxFF; /1 Configure port A as outputs (pull-up resistors
are automatically disabl ed)

}
arr_di spl ay_i ndex = 0; /1 Turn on display 0O
di spl ay_en = 0x01;
}
PTA = di spl ay_en;
PTB = arr_di spl ay[arr_di spl ay_i ndex];
if (flag_charge == CHARGE) { /'l Conpare the tinme elapsed so far with the nax.
accumul at or _ti ne++; /1 tinme before an increnment to the total charge
if (accunulator_time >=inc_tinme) {
accumul ator _time = 0;
accunul at or _pul ses = 0;
accunul ator _trip += fare_acti ve;
accunmul at or _i nc++; /] There has been an increnment
}
}
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count er _nms++; /'l General purpuose tinme counter
clock_ns ++; /'l O ock counter updates
if (clock_nms == 60000) { /1 60,000 ms = 1 mn.

clock_ms = 0;
cl ock_m nut es++;
if (clock_mnutes == 60) {
clock_mnutes = 0;
cl ock_hour s++;
if (clock_hours == 24) {
cl ock_hours = 0;
}

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

MAI' N

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

void main (void){

_asmrsp;
Initialize(); /'l Configure system
whil e(-1) // State Machine
switch(current _state) /'l current_state is changed in each state
{
case FREE: Free();
br eak;
case SERVI CE: Service();
br eak;
case PAY: Pay();
br eak;
case EXTRAS: Extras();
br eak;
case FARES: Fares();
br eak;
case CLOCK: C ock();
br eak;
case SPEEDOVETER: Speedoneter();
br eak;
case PULSES: Pul ses();
br eak;
case | NFO I nfo();
br eak;
case PROGRAM Program() ;
br eak;
case OFF: of();
br eak;
defaul t: current _state = FREE;
br eak;
}
}
}
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taximeter.h
A.3 taximeter.h
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/
/**
* Copyright (c) 2002, Mdtorola Inc.
* Mot orol a Reference Design
* File name : taxineter.h
* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent : Cuadal ajara - SPS
* Description : main header file. It includes all other header
* files needed.
*
* History
*/
/ * ::===:=:=:====:=:===:=:=::::=:=:===::::===:===::::::::::::::::::*/
#i f ndef _ TAXIMETER H
#define _ TAXIMETER H__
#ifdef _ TAXIMETER C__
#defi ne EXT
#el se
#defi ne EXT extern
#endi f
#i ncl ude <hi def. h>
#i nclude "j13.h"
#i ncl ude <stdtypes. h>
#i ncl ude "taxi_config.h"
#i ncl ude "taxi _tables.h"
#i ncl ude "taxi _nmessages. h"
#i ncl ude "taxi _vari abl es. h"
#i ncl ude "taxi _api.h"
#i ncl ude "taxi _flash. h"
#include "taxi_states.h"
#endif // __TAXIMETER H__
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A.4 taxi_tables.c

* Copyright (c) 2002, Mdtorola Inc.

these tables are re-progranmmed in state Program

* Mot orol a Reference Design

*

* File name : taxi _tables.h

* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza

* Depart nent : Cuadal ajara - SPS

*

* Description : Declares the tables allocated in flash. Sone of
*

*

*

*

#include "taxineter.h"

const Byte TRANSLATE_NUMBER[ 10] = { /1l Translates a nunber to its 8-segnent-displ ay
equi val ent

/1 nunmbers fromO to 9

/Il PIB=GF ABPCDE

/Il PIB=76543210

SEG A & SEG B & SEG C & SEG D & SEG E & SEG F, /1 0
SEG B & SEG C, /11
SEG A & SEGB & SEG D & SEG E & SEG G /Il 2
SEG A & SEGB & SEG C & SEG D & SEG G /1 3
SEG B & SEG C & SEG F & SEG G Il 4
SEG A & SEG C & SEG D & SEG F & SEG G Il 5
SEG A & SEG C & SEG D & SEG E & SEG F & SEG G, /Il 6
SEG A & SEG B & SEG C, 17
SEG A & SEGB & SEG C & SEG D & SEG E & SEG F & SEG G /1 8
SEG A & SEGB & SEG C & SEG D & SEG F & SEG G /19
1

const Byte TRANSLATE LETTER[59] = {
/! Valid letters: A b,Cc,d,E F, GHhIi,Jj,LI,n Q,Pq,r,S W,0,1,2,3,4,5,6,7,8,9, -,

/l PIB=GFABPCDE

/I PTIB=76 543210 SYMBCL ASCl |

DI SPLAY_CFF, /'l space 32

DI SPLAY_OFF, DI SPLAY_COFF, DI SPLAY_OFF, DI SPLAY_OFF, DI SPLAY_CFF, /1 33- 37

DI SPLAY_OFF, DI SPLAY_CFF, DI SPLAY_OFF, DI SPLAY_OFF, DI SPLAY_CFF, /1 38-42

DI SPLAY_OFF, DI SPLAY_OFF, /1 43-44

SEG G, /- 45

SEG P, /. 46

DI SPLAY_COFF, /1 47

SEG A & SEGB & SEG C & SEG D & SEG E & SEG F, /1 0 48

SEG B & SEG G, /11 49
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SEG A & SEG B & SEG G & SEG E & SEG D, Il 2
SEG A & SEG B & SEG G & SEG C & SEG D, Il 3
SEG F & SEG G & SEG B & SEG C, Il 4
SEG A & SEG F & SEG G & SEG C & SEG D, /15
SEG A & SEG F & SEG E & SEG C & SEG D & SEG G Il 6
SEG A & SEG B & SEG C, 117
SEG A & SEGB & SEG C & SEG D & SEG E & SEG F & SEG G Il 8
SEG A & SEG F & SEG G & SEG B & SEG C & SEG D, 119
DI SPLAY_OFF, DI SPLAY_OFF, DI SPLAY_OFF, DI SPLAY_OFF, DI SPLAY_COFF,
DI SPLAY_OFF, DI SPLAY_OFF,
SEG A & SEG B & SEG C & SEG E & SEG F & SEG G 11 A
SEG F & SEG E & SEG D & SEG C & SEG G /1 B
SEG A & SEG F & SEG E & SEG D, Il C
SEG G & SEG E & SEG D & SEG C & SEG B, /I D
SEG A & SEG F & SEG G & SEG E & SEG D, Il E
SEG A & SEG F & SEG G & SEG E, Il F
SEG A & SEGF & SEG E & SEG D & SEG C & SEG G Il G
SEG F & SEG E & SEG B & SEG C & SEG G /1 H
SEG B & SEG C, 11
SEG B & SEG C & SEG D & SEG E, I3
DI SPLAY_OFF, Il K
SEG F & SEG E & SEG D, /1L
SEG E & SEG A & SEG C & SEG B & SEG F, /1M
SEG E & SEG G & SEG C, /1 N
SEG A & SEG B & SEG C & SEG D & SEG E & SEG F, /1 O
SEG E & SEG F & SEG A & SEG B & SEG G, Il P
SEG A & SEG B & SEG G & SEG F & SEG G, Il Q
SEG E & SEG G /I R
SEG A & SEG F & SEG G & SEG C & SEG D, /1S
SEG A & SEG B & SEG C, T
SEG F & SEG E & SEG D & SEG C & SEG B, /1 U
SEG F & SEG E & SEG D & SEG C & SEG B, Y
DI SPLAY_OFF, DI SPLAY COFF, Il W
SEG B & SEG C & SEG F & SEG G, 1Y
S z

SEG A & SEG B & SEG D & SEG E & SEG G /1
b

REPROGRAMVABLE TABLES

#pragma CONST_SEG FLASH _TABLES

vol atil e const Byte FARE_MESSAGE_TABLE[ 45] = {
CU'DLTALY
"N, G L, H T,
'S ,'U,'N,'D,"A,
‘T, M,TE
'"FF,'A 'R ,'E D,
'"F,'A,'R,'E,'6",
"FFL,'A V'R VVE T,
"F,'A V'R L,E T8,
'"F,'AL'RLVVE Y
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51
52
53
54
55
56
56
57-61
62- 63
64
65
66
67
68
69
70
71
72
73
74
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76
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79
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81
82
83
84
85
86- 87,
88
89
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vol atile const Word I NI _CH TABLE[9] = { /'l Price of initial charges
600,

1200,

1000,

3500,

500,

600,

700,

800,

900,

b

vol atile const Word FARE TABLE[9] = { /1l Price of every fare
150,
300,
200,
100,
50,
60,
70,
80,
90,
b

volatile const Word EXTRA TABLE[9] = { /'l Price of extra charges
1000,
2000,
3000,
4000,
5000,
6000,
7000,
8000,
9000,

b

volatile const Byte | NFO TABLE[24] = {
'S,'ELCR GV VA L, [ Serial nanber
"PLLA T PE 'S, Y, Y, ] License plate
'M,'0,'T,'O,'R,"O0,"'L'","A, /] Advertiser

FLASH VARI ABLES

#pragma CONST_SEG FLASH VARI ABLES

/*

* Accurnul ators in flash.

These accunul ators are transmitted to the programmer at the
begi nning of the programm ng process and are erased. |f you
wi sh to keep these in the taximeter, the programrer shoul d
send them back so they are re-programred. All accunul ators
are increnented in the state PAY, but the TOTAL_DI STANCE
TRAVELED is also increnented in the state CFF.

* 0% kX X X
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To be nodified, these accumul ators are read i nto RAM
<BackupAccunul ator()> starting at address 0x008C. There
are global variables defined in that space. Those gl obal
vari ables are increnented and the they are re-programmed
* into flash.

*/

*  * X X

ul ong TOTAL_DI STANCE_TRAVELED  @xEC81;
ul ong TOTAL_DI STANCE | N_SERVI CE @XxEC85;

ul ong TOTAL_NUMBER TRAVELS @xEC89;
ul ong TOTAL_NUMBER_| NCREMENTS  @XEC8D;
ul ong TOTAL_I NCOME @xEC91;

volatile const Byte FARES NUVBER @ OXECOE
vol atile const Byte EXTRAS NUMBER @ OXECO9F

2; |/ Number of active fares
5;: // Nunber of active extras

#pragma CONST_SEG FLASH_VERI FY

taxi_tables.c

volatile const Byte FLASH PROGRAM = UNCORRUPT_FLASH, // Key to verify flash programmation

#pragma DEFAULT_SEG
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A.5 taxi_tables.h

* Copyright (c) 2002, Mdtorola Inc.

these tables are re-progranmmed in state Program

* Mot orol a Reference Design

*

* File name : taxi _tables.h

* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza

* Depart nent : Cuadal ajara - SPS

*

* Description : Declares the tables allocated in flash. Sone of
*

*

*

*

#i fndef _TAXI TABLES H__
#define _TAXI TABLES H__

extern const Byte TRANSLATE _NUMBER[];

extern const Byte TRANSLATE LETTER];

extern volatile const Byte FARE_MESSAGE_TABLE[];
extern volatile const Word I N _CH TABLE[];
extern volatile const Word FARE TABLE[];

extern volatile const Word EXTRA TABLE[];

extern volatile const Byte | NFO TABLE[];

*
* Accurul ators in flash.

* These accumnul ators are transnmitted to the programrer at the
* begi nning of the programm ng process and are erased. |f you
* wish to keep these in the taxinmeter, the programer should
* send them back so they are re-programed. All accumul ators
* are increnented in the state PAY, but the TOTAL_DI STANCE
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TRAVELED is also increnented in the state CFF.

To be nodified, these accumul ators are read i nto RAM
<BackupAccunul ator () > starting at address 0x008C. There
are global variables defined in that space. Those gl obal
vari ables are increnented and the they are re-programed
into flash.

/

* 0% % %k kX F

extern ul ong TOTAL_DI STANCE_TRAVELED @xEC81;
extern ul ong TOTAL_DI STANCE | N_SERVI CE @xEC85;

extern ul ong TOTAL_NUMBER_TRAVELS @XxEC89;
extern ul ong TOTAL_NUMBER | NCREMENTS  @xEC8D,
extern ul ong TOTAL_| NCOVE @XxECI1;

extern volatile const Byte FARES NUMBER @ OxECOE; // Number of active fares
extern volatile const Byte EXTRAS NUMBER @ OxECO9F; // Number of active extras

extern volatile const Byte FLASH PROGRAM /'l Key to verify flash programmtion

#endif // _TAXI _TABLES H _
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A.6 taxi_api.c
/*::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/
/ * %

* Copyright (c) 2002, Mdtorola Inc.

* Motorol a Reference Design
*
* File nane © taxi _APl.c
* Project nanme : Taxineter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent . Cuadal ajara - SPS
*
* Description : This is the definition of the taxinmeter API
*
* History
*/
/ * ::==========:==:===:======:==============:===:==:===:===========*/

#include "taxineter.h"

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

APl - Initialize

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

* %

/* Initialize: set all global variables, set up tinmers and
* irq, configure system
*

* Paraneters: none.
*

* Vari abl es read: none.
*

* Variabl es nodified: none
*

* Subfuncti ons: none.
*

* Return: void

*

/
void Initialize () {

current _state = FREE; /1l Start in FREE state (ldle State)
/* Displays related variables */

PTA = 0x00; /1 Display enabler (none enabl ed)

DDRA = OxFF; /1 Port A as output

PTB = DI SPLAY_CFF; /1 Displays off

DDRB = OxFF; /1 Port B as output

read buttons tinme = O; /1 Counter that indicates when to read buttons

arr_di spl ay_i ndex = 0; /] Display O selected; pointer to arr_diplay[]

di spl ay_en = 0x01; /1l Enabl e display 0

pushed_buttons = NO_BUTTON; /1 Button(s) pushed
/* Fares related variables */

fare_type = DAY; /1 Default fare = DAY

fare_active = FARE_TABLE[ FARE_DAY] ; /'l Active fare (according to FARE_TABLE)

arr_di spl ay[ 0] = TRANSLATE_NUMBER[ DAY+1] ; /1 Active fares goes to Display 0O

ini_ch_active = |IN _CH TABLE[I N _CH DAY]; /1l Initial charge (according to

| Nl _CH_TABLE)
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/* Counters & Accunul ators */
counter_nms 0;
counter_pul ses =

0;
accunul at or _pul ses

/! Reset counters

0; /'l Reset accunul ators
accurul ator _tine
accunul ator _trip
accunul ator _i nc 0;

accumrul at or _di stance_travel ed
accunul at or _extras 0;

cl ock_ms 0;

clock_m nutes = 0;

cl ock_hours 12;

0;
0;

0;

[/ Start at 12:00

/* Increnmental -charge rel ated vari abl es */
flag_charge NO_CHARGE;
inc_time = 5000; /1 Default time for increnmenting accunulator _trip = 30 segs
inc_distance = 45; // Default distance for incrementing accunulator_trip = 100 nmts

/* System configuration */

CONFI & = 0x80; /1 10000000b;
11 RN Reserved
/1 ey LVIT
/1 [ 1] Reserved
/1 | | RQ I nternal Pull-Up disconnected
CONFI G1 = 0x11; /1 00010001b;
/1 (P COP di sabl ed
/1 (T ___ STOP instruction treated as illegal opcode
/1 - Short Stop Recovery Bit
/1 I MASK1 interrupt requests enabled, MODE1l falling-edges only
/1 M- Reserved
/1 [ 1] Low Vol tage I nhibit enabl ed
/1 [ 1] Reserved
11 | COP reset period
I SCR = 0x00; /1 00000000b;
11 AR MODE1 (falling edges only)
/1 (I I MASK (I nterrupt Enabl ed)
/1 R | RQ Acknowl edge (Wite Only)
/1 ey | RQ Fl ag (Read Only)
/1 [11]] Uni npl ement ed
TAMODH = 0x04; /1 0x04CC = 1228 counts/nms; Interrupt every 1 ns
TAMODL = 0OxCD;
TASC = 0x40; 11 01000000b;
/1 I Prescaler: Internal Bus Cock 1.2288 MHz /
1 = 1229 counts; error = 0.58 segs / hour.
11 [y Uni npl enmrent ed
/1 [11]] TIMReset Bit = 0 -> No effect
/1 [ 1] TIM Stop Bit: Counter active
/1 [ TIM Overflow interrupts enabl ed
/1 | TIM Overfl ow Fl ag
Enabl el nt errupt s;
return;
}
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/************************************************************

API

- CleanUp

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

/**

* Cl eanUp: Reset variables needed to return to idle state
*

* Par anet ers: none.

*

* Variabl es read: none.

*

* Variabl es nodified: accunul ator _extras.
* accunul ator _trip.

* accunul at or _pul ses.
* accunul ator _ti ne.

* accunul at or _di stance_travel ed.
* accurul at or _i nc.

*

* Subfuncti ons: none.

*

* Return: void

*

/
void O eanUp(void) {

accunul ator _extras
accunul ator _trip =
accunul at or _pul ses
accunul ator _tine = O;

nou

accunul at or _di stance_travel ed = 0;

accurul ator_inc = 0;

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

API

- Del ay

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

return;
}
/**
* Delay: Waits _ns milliseconds or
*
*
* Paraneters: _ns
*
*
*
*
*
* Vari abl es read:
*
* Vari abl es nodifi ed:
*
* Subfuncti ons:
*
* Return: void
*

/
void Del ay(Wwrd _ms, Byte
counter_mns = O;

while ( (counter_ms <= _nms) && ((pushed_buttons |

{;} /! Enpty Body
return;

DRMO053

_cancel _buttons -

until one of

_cancel _buttons is pressed.

- nunber of mlliseconds to
wait before ending function.
buttons that mnight cause
the function to end even if
time has not finished.

pushed_but t ons.
count er _ns.

none.

_cancel _buttons) {

_cancel _buttons) == NO _BUTTON) )

Taximeter Reference Design Using the MC68HC908JL3

64

Taximeter Source Code MOTOROLA

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Taximeter Source Code

taxi_api.c
}
/************************************************************
APl - Wit For Butt onsRel ease
************************************************************/
/**
* Wit ForButtonsRel ease: VWaits until all buttons have been
* rel eased.
*
* Paraneters: none.
*
* Variabl es read: pushed_butt ons.
*
* Variabl es nodified: none.
*
* Subfunctions: none.
*
* Return: void
*/
voi d Wit ForButtonsRel ease() {
whi |l e (pushed_buttons !'= NO BUTTON) /1 Wait until the user releases any pushed
button(s)
{;} /! Enpty Body
return;
}
/************~k***********************************************
APl - DisplayMsg
************************************************************/
/**
* DisplayMsg: Sends to the displays the string pointed by _str.
* The string nmust be all upper case characters.
*
* Paraneters: *_str - pointer to the string to be displayed.
* Only the first five characters of *_str
* will be displayed.
*
* Variabl es read: none.
*
* Variabl es nodified: arr_display[1l-5].
*
* Subfuncti ons: none.
*
* Return: void
*/
voi d Di spl ayMsg(const Byte *_str) {
Byte _i;
Byte _tenp;
Byte _sel ector_displ ay;
for(_i =0, _selector _display =1 ; _i<5; _i++, _selector_display++) {
_tenp = *(_str + _i);
arr _di spl ay[ _sel ector _di spl ay] =TRANSLATE_LETTER[ (_tenmp - 32)];
}
return;
}
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/*****************'k***'k**************************************
APl - Di spl ayNum
************************************************************/

/**

* Di splayNum Sends to the displays the nunmber _num

Par anet er s: _num - nunber to be displ ayed.
It nust be a 5 digit nunmber, where the
last 2 digits represent decimal val ues.
For exanpl e:
if _num = 12345, the nunber displayed
will be 123.45
If the nunber is larger than 5 digits
long, it mght not be displayed
correctly

Vari abl es read: none.

Variabl es nodi fied: arr_display[1-5].
Subf uncti ons: none.

Return: void

/
voi d Di splayNum(ul ong _nun) {

EE I S T . . I I N . T S L

Byte _i; /'l general purpose counter
Wrd _short_num /1l the coefficient of _nuni10
/1 if num> 6 digits |ong
/1 _short_numis overfl owed
ul ong _tenp;
for (_i =5; i >0; _i--) { /1 Display 5 nunbers.
_tenp = (ulong)(_num/ 10);
_short_num = _tenp; /1l backup the coefficient
_tenp *= 10; /1 get nunber without last digit
_tenp = _num - _tenp; /'l get less significant digit
_num = _short_num /'l restart process with coefficient

arr_display[_i] = TRANSLATE NUMBER| (Byte) _tenp];
if (i ==3) {
arr_display[_i] & SEG P;// turn on P segnent
}
}

return;

}
/* End of tax_APlI.c */
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A.7 taxi_api.h
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/
/**
* Copyright (c) 2002, Mdtorola Inc.
* Mot orol a Reference Design
*
* File name : tax_API . h
* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent : Cuadal ajara - SPS
*
* Description : Declares the function prototypes for taxi_api.c
*
* History
*/
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/
#ifndef _ TAX APl _H
#define __TAX APl _H
/*
#i ncl ude <stdtypes. h>
#i ncl ude "taxi_config.h"
#i ncl ude "taxi _vari abl es. h"
*/
/************************************************************
FUNCTI ON PROTOTYPES
************************************************************/
/**
* Initialize: set all global variables, set up tinmers and
* irq, configure system
*
* Par anet ers: none.
*
* Vari abl es read: none.
*
* Variabl es nodified: none
*
* Subfunctions: none.
*
* Return: void
*/
void Initialize (void);
/**
* Cl eanUp: Reset variables needed to return to idle state
*
* Paraneters: none.
*
* Variabl es read: none.
*
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* Variabl es nodi fied: accunul at or _extras.

* accurul ator _trip.

* accunul at or _pul ses.

* accunul ator _ti ne.

* accunul at or _di stance_travel ed.
* accurul at or _i nc.
*
*
*
*
*

Subf uncti ons: none.
Return: void

/
void O eanUp(void);

/**

* Delay: Waits _nms milliseconds or until one of

* _cancel _buttons is pressed.

*

* Paraneters: _ms - nunber of mlliseconds to
* wait before ending function.
* _cancel _buttons - buttons that m ght cause

* the function to end even if
* time has not finished.

*

* Variabl es read: pushed_butt ons.

*

* Variabl es nodified: counter_nms.

*

* Subfuncti ons: none.

*

* Return: void

*

~

void Del ay(Wrd _nms, Byte _cancel _buttons);

/**
* Wi t For Butt onsRel ease: Waits until all buttons have been
* rel eased.
*
* Paraneters: none.
*
* Vari abl es read: pushed_butt ons.
*
* Vari abl es nodified: none.
*
* Subfuncti ons: none.
*
* Return: void
*

~

voi d Wit For Butt onsRel ease(voi d);

/**

* DisplayMsg: Sends to the displays the string pointed by _str.

* The string nust be all upper case characters.
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* Paraneters: *_str - pointer to the string to be displayed.
* Only the first five characters of *_str
* will be displayed.
* Variabl es read: none.
*
* Variables nodified: arr_display[1l-5].
*
* Subfuncti ons: none.
* Return: void
*/
void Di spl ayMsg(const Byte * _str);
/**
* Di splayNum Sends to the displays the nunber _num
* Par anet ers: _num - nunber to be displayed.
* It must be a 5 digit nunber, where the
* last 2 digits represent decimal val ues.
* For exanpl e:
* if _num = 12345, the nunber displayed
* will be 123.45
* If the nunber is larger than 5 digits
* long, it mght not be displayed
* correctly
* Vari abl es read: none.
* Variables nodified: arr_display[1l-5].
*
* Subfuncti ons: none.
* Return: void
*/
voi d Di spl ayNum(ul ong _nunber);
#endif // _ TAX APl _H
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A.8 taxi_flash.c

* Copyright (c) 2002, Mdtorola Inc.

* Mot orol a Reference Design
*
* File name : taxi _flash.c
* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent : Cuadal ajara - SPS
*
* Description : APl for flash management. Wth this APl the user
* can erase, programand verify flash. It can al so
* be used to send and receive data from programmer.
*
* History
*/
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/

#include "taxineter.h"

JrRHEE IR Kk Rk k ko kk kA k Kk kkkhkkhkhkkkkkhkkkkhkkhkkkkhkkhkkkkhk k% x *
FLASH PROGRAMM NG APl - Fl ashManager
Kk kkkkkkkkkkkhkhkhkkkhk ok hkhkkhhhhhkh ko hhhkhhhhkkkkhkkkkkkkkkk* [

/**

*

Fl ashManager: It manages nost ROW Resi dent Routines for
flash reprogramm ng. There are four basic

ROM Resi dent Routi nes:

+ Program Range (PROG): it prograns a range
of flash nmenory. The starting address to
be progranmed nust be defined in resiters
H X, and the ending address in the virtual
regi sters LADDRH: LADDRL (Ox8A: 0x8B). This
range is progranmmed wi th the RAM content
starting in address 0x8C.

+ Erase Page (ERASE): it erases a page (64
bytes) of flash nmenory. To specify the
page to be erased, you nust load H X with
any address within that page.

Calling this routine automatically disables
all interrupts.

+ Read and Verify Range (COPY | SEND): it
reads flash nenory and conpares it agai nst
RAM content (starting at address 0x8C).
The first address to be conpared nust be
| oaded in registers H: X and the | ast
address in virtual registers LADDRH LADDRL
(Ox8A: 0x8B) .

There are two variants of this routine
dependi ng on the value of the Acc. If

the Acc is cleared, after conparing each
byte, the RAMwi ||l be overwitten. So this
routi ne can be used to COPY a range of flash
and place it into RAM If the Acc is set,

EE T T S T I B T R N N N N N N N R S D R G R S R
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* after conparing each byte, this byte will
* be sent serially through the conmunication
* port (PTBO). So this routine can be used
* to SEND data to the taxinmeter progranmmer.
* + Read Byte: this ROM Resident routine is not
* managed by Fl ashManager.
*
* There are also other virtual registers that
* al | ROV Resi dent routines use:
* + CTRLBYT - 0x0088 (RAM
* + CPUSPD - 0x0089 (RAM
* The contents of these virtual registers
* and LADDRH: LADDRL shoul d be backed up before
* cal ling Fl ashManager.
* For nore informati on on ROM Resi dent Routines
* read AN1831.
*
* Entry Coditions: Back up virtual registers or they'll be
* overwritten.
* Exit Conditions: PTBO configured as input.
* If ERASE is called, interrupts are disabl ed.
*
* Paranet ers: _type - What you want to do with the flash:
* PROG ERASE, COPY, SEND
* _start_offset - nmenory offset from DATA START
* at which you want to start the process
* chosen in _type. DATA START is defined
* at the begi nning of a 64-bytes page.
* Inplicit Parameters: _end_offset - any process chosen in
* _type (excepting ERASE) begins in
* _start_offset and ends 32 bytes later.
* _accumul ator - routines for COPY and SEND
* require special values of Acc. This
* are set inplicitly.
*
* Variabl es read: none.
* Variabl es nodified: Any variable |ocated between 0x88 and 0x8B.
* Subfuncti ons: PRGRNGE(); Resident ROMroutine
* ERARNGE(); Resident ROMroutine
* RDVRRNG(); Resident ROM routine
* Return: void
*/
voi d Fl ashManager (Byte _type, Byte _start_offset) {
Wrd _tenp;
FLBPR = OxFF; /1l Enable flash reading and writing
CPUSPD = OSC; /] Set the CPUSPD
CTRLBYT &=0xBF; /1 Clear bit 6 to page erase node.
_tenp = DATA START + _start_offset; /]l Calculate starting absol ute address
LADDRH = DATA START >> 8§; /'l Set Last Address High
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LADDRL = (_start_offset + RONLIMT); // Set Last Address Low

DDRB &= OXxFE; /1 Set PTBO as input (Entry Condition)
__asm |l dhx _tenp; /1 Load in H X starting address.
__asm | da _type; /1l make a switch on variable _type
__asm dbnza NEXTZ1; /1l if _type != PROG check next
PRGRNCGE( ) ; /1 Program Range

__asm bra _END FLASH MANAGER,

__asm _NEXT1: dbnza _NEXT2; /1l if _type !'= ERASE, check next
ERARNGE( ) ; /| Erase Page

__asm bra END FLASH MANAGER;

__asm _NEXT2: deca; /'l Decrement Acc to set it up for
RDVRRNG ) ; /1l "Read/ Verify Range (read above).
__asm _END FLASH MANAGER: ;

FLBPR = 0x00; /'l Disable flahs reading and witing
return;

}

/************************************************************
FLASH PROGRAMM NG APl - BackupAccumul ators
************************************************************/
/**
* BackupAccumul ators: it backs up in flash the follow ng
accumul at ors: TOTAL_DI STANCE TRAVELED
TOTAL_DI STANCE_| N_SERVI CE
TOTAL_NUMBER_TRAVELS
TOTAL_NUMBER_| NCREMENTS
TOTAL_I NCOVE

Par anet ers: none.

Vari abl es read: accunul at or _di stance_travel ed.
accunul ator _trip.
accurul at or _i nc.

Vari abl es nodified: total _distance_travel ed.
total _di stance_travel ed_i n_servi ce.
total _nunber_travel s.
total nunber _increnents.
total _incone.

Subf uncti ons: Fl ashManager () .

Return: void

E R R S . R N N . N N S N S S S N

~

voi d BackupAccumul ators() {

Di sabl el nterrupts;
/* Backup RAM data; formOx88 to Ox8B in the stack and fromO0x8C to OxAB in flash */
__asm LDHX 0x0088;

__asm PSHH;

__asm PSHX;
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__asm LDHX 0x008A;
__asm PSHH,
__asm PSHX;
Fl ashManager ( ERASE, /| Erase FLASH backup space.

BACKUP_FLASH OFFSET) ;
Fl ashManager ( PROG, /'l Backup RAM dat a

BACKUP_FLASH OFFSET) ;

/* Bring all accunmulators into RAM so they can be nodified */

Fl ashManager ( COPY, /1l Copy flash into RAM

PAGE2_OFFSET) ;
total _distance_travel ed += accumnul at or _di st ance_travel ed; /'l Updat e val ues
if (accumulator_trip > 0) {

total _i ncone += accumrul ator _tri p;

total _di stance_in_service += accumul at or _di stance_travel ed;
total _nunber _i ncrenments += accumul at or _i nc;

total nunber _travels ++;
}
/* Erase Flash Accunul ators and program new val ues */
Fl ashManager ( ERASE, /'l erase old values of Accunul ators
PAGE2_OFFSET) ;
Fl ashManager ( PROG, /'l program new val ues

PAGE2_OFFSET) ;
/* Set flash-verification byte to indicate that flash programm ng was successful */

Fl ashManager ( COPY,

PAGE2_OFFSET + ROW; /1l Copy into RAM flash-verification byte
__asm LDA #O0xAA,
__asm STA 0xAB; /1l Set flash-verification byte in RAM
Fl ashManager ( PROG, /'l Program flash-verification byte.

PAGE2_OFFSET + ROW ;

/* Restore RAM data */

Fl ashManager ( COPY, /'l Restore RAM data from fl ash
BACKUP_FLASH_OFFSET) ;

__asm PULX; /'l Restore RAM data from stack

__asm PULH;

__asm STHX O0x008A;

__asm PULX;

__asm PULH,

__asm STHX 0x0088;

DDRB = OxFF,;

Enabl el nterrupts;

return;
}
Taximeter Reference Design Using the MC68HC908JL3 DRMO053
MOTOROLA Taximeter Source Code 73

For More Information On This Product,
Go to: www.freescale.com



Freescale Semiconductor, Inc.

Taximeter Source Code

A.9 taxi_flash.h

* Copyright (c) 2002, Mdtorola Inc.

* Mot orol a Reference Design
*
* File name taxi _flash.h
* Project name : Taximeter Reference Design
* Aut hor Mauri ci o Capi stran-Garza
* Depart nent Guadal aj ara - SPS
*
* Description Fl ash progranm ng header file.
*
* History
*/
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/

#i fndef _TAXI FLASH H__
#define TAXI FLASH H _

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

DEFI NES

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

#def i ne OSC

/* Virtual

0x05 /1 Bus Operation Frequency * 4

Regi sters needed in order to use ROM resident

routines to programflash nmenory

*/
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne

CTRLBYT (*
*(vol atil e unsigned char*)(0x89))
*(vol atil e unsigned char*) (0x8A))
*(vol atil e unsigned char*)(0x8B))
*(vol atil e unsigned char*) (0x8C))

CPUSPD (
LADDRH (
LADDRL (
RAM START  (

(vol atile unsigned char*)(0x88))

/* ROM resident Routines */

#defi ne GETBYTE() {__asmjsr OxFCO0O0;}

#def i ne RDVRRNE ) {__asmjsr OxFCO03;}

#def i ne ERARNGE() {__asmjsr OxFCO06;}

#defi ne PRGRNGE() {__asmjsr OxFC09;}

#define GET_BIT() {__asmjsr OxFFO0O;}

/* Fl ashManager Constants */

#def i ne RESI DENT_ROM ROUTI NES 0xFCO0

#defi ne PROG 0x01

#def i ne ERASE 0x02

#def i ne SEND 0x03

#def i ne COPY 0x04

/* Fl ashManager and BackupAccumul ators Constants */

#defi ne DATA_START OXxECO0 // to OXECBE -> 191 bytes

#defi ne PAGEO_OFFSET 0x00

#def i ne PAGEO_OFFSET_END Ox3F

#def i ne PAGELl_OFFSET 0x40
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#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
gets
#def i
#def i

ne
ne
ne
ne
ne
ne
ne
ne
ne

PAGEL_OFFSET_

PACGE2_OFFSET

PAGE2_OFFSET_
ACCUMULATORS_
ACCUMULATORS_

BACKUP_FLASH

BACKUP_FLASH
BACKUP_FLASH

PAGE_SI ZE

Freescale Semiconductor, Inc.
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END Ox7F
0x80
END O0xBF
OFFSET 0x80
OFFSET_END OxBF
OXxECCO // to OXECFF -> 64 bytes
OFFSET 0xCo
OFFSET_END OxFF
64 /'l number of bytes in one page of flash

erased on a page basis

ne
ne

ROW
ROWLIMT

32 /1l nunber of bytes in one row
31 /1 ending limt of a row

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

FUNCTI ON PROTOTYPES

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

/**

* Fl ashManager :

E I S R S . R R . N . T S N N N I R . . . T . N . S S N N N N S N N .

It manages nost ROM Resident Routines for

flash reprogrammi ng. There are four basic
ROVt Resi dent Rout i nes:
+ Program Range (PROG): it prograns a range

of flash menory. The starting address to

be progranmed nust be defined in resiters
H X, and the ending address in the virtual
regi sters LADDRH: LADDRL (Ox8A: 0x8B). This
range is progranmmed wi th the RAM content
starting in address 0x8C.

+ Erase Page (ERASE): it erases a page (64

bytes) of flash nmenory. To specify the
page to be erased, you nust load H X with
any address within that page.

Calling this routine automatically disables
all interrupts.

+ Read and Verify Range (COPY | SEND): it

reads flash nenory and conpares it agai nst
RAM content (starting at address 0x8C).
The first address to be conpared nust be

| oaded in registers H: X and the | ast
address in virtual registers LADDRH LADDRL
(Ox8A: 0x8B) .

There are two variants of this routine
dependi ng on the value of the Acc. If

the Acc is cleared, after conparing each
byte, the RAMwi |l be overwitten. So this
routi ne can be used to COPY a range of flash
and place it into RAM If the Acc is set,
after conparing each byte, this byte will
be sent serially through the conmmunication
port (PTBO). So this routine can be used
to SEND data to the taxineter progranmer.

+ Read Byte: this ROM Resident routine is not

managed by Fl ashManager.

There are al so other virtual registers that

al |

ROW Resi dent routines use:
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+ CTRLBYT - 0x0088 (RAM

+ CPUSPD - 0x0089 (RAM
The contents of these virtual registers
and LADDRH: LADDRL shoul d be backed up before
cal li ng Fl ashManager.

For nmore informati on on ROW Resi dent Routi nes
read AN1831.

Entry Coditions: Back up virtual registers or they'll be
overwritten.

Exit Conditions: PTBO configured as input.

Par anet er s: _type - What you want to do with the flash:
PROG, ERASE, COPY, SEND

at which you want to start the process
chosen in _type. DATA START is defined
at the begi nning of a 64-bytes page.
Inmplicit Paraneters: _end_offset - any process chosen in
_type (excepting ERASE) begins in
_start_offset and ends 32 bytes later.
_accumnul ator - routines for COPY and SEND
require special values of Acc. This
are set inmplicitly.

Vari abl es read: none.
Variabl es nodified: Any variable |ocated between 0x88 and 0x8B.
Subf uncti ons: PRGRNGE(); Resident ROMroutine
ERARNGE(); Resident ROMroutine
RDVRRNG( ) ; Resi dent ROM routine
Return: void

/
voi d Fl ashManager (Byte _type, Byte _start_offset);

E R T R ST T R . . T S N N S S R S . . . I . . N I . N . I A T

*

BackupAccumul ators: it backs up in flash the foll ow ng
accunul at ors: TOTAL_DI STANCE TRAVELED
TOTAL_DI STANCE_| N_SERVI CE
TOTAL_NUMBER TRAVELS
TOTAL_NUMBER | NCREMENTS
TOTAL_| NCOVE

Par anet er s: none.
Vari abl es read: accunul at or _di stance_travel ed.

accunul ator _trip.
accurul at or _i nc.

E I S T T R R S T N

If ERASE is called, interrupts are disabl ed.

_start_offset - menory offset from DATA START

DRMO053 Taximeter Reference Design Using the MC68HC908JL3

76 Taximeter Source Code

For More Information On This Product,
Go to: www.freescale.com

MOTOROLA



Freescale Semiconductor, Inc.

Taximeter Source Code

taxi_flash.h
* Variables nodified: total distance_travel ed.
* total _di stance_travel ed_i n_servi ce.
* total _nunber_travel s.
* total _nunber _i ncrenents.
* total _i ncone.
*
* Subfuncti ons: Fl ashManager () .
*
* Return: void
*/
voi d BackupAccumul at ors(voi d);
#endif // _TAXI_FLASH H _
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A.10 taxi_states.c

* Copyright (c) 2002, Mdtorola Inc.

* Mot orol a Reference Design
*
* File name : taxi _states.c
* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent : Cuadal ajara - SPS
*
* Description : This is where all the states that make up the
* taxi meter state machine are defined.
* The states are: Free, In Service, Pay, Extras,
* Fares, C ock, Speedoneter, Pulses, |nformation,
* O f, and Program
*
* History
*/
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/

#i ncl ude "taxineter.h"

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

State - Free

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

/**

* Free: ldle state. It shows in the displayes the | abel

"FREE" and constantly scans the val ue of the buttons.
Par anet er s: none.
Vari abl es read: pushed_butt ons.

Vari abl es nodi fied: current_state.
Subf uncti ons: Di spl ayMsg() .

Return: void

E O I S . I R N N N N

~

voi d Free(void){

Wi t For But t onsRel ease();
Di spl ayMsg( FREE_STATE_MSG) ; /] Display "FREE "
i f (FLASH PROGRAM ! = UNCORRUPT_FLASH) { // Verify if Flash is not corrupt
Di spl ayMsg( ERROR_MBG) ;
whi | e( pushed_buttons ! = BUTTONS)
{;} /! Enpty Body

}
while(-1) { /1 Stay here until a button is pressed
swi t ch(pushed_buttons) { /1 Change the state according to the button
case BUTTONLI: current _state = SERVI CE;
return;
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case BUTTON2: current _state = EXTRAS;
return;
case BUTTONS: current _state = CLOCK;
return;
case BUTTON4: current _state = | NFG
return;
case BUTTONS: current _state = PROGRAM
return;
}
}
}
/************************************************************
State - In Service
************************************************************/
/**
* Service: Starts charging.
* According to time and distance, it increnents

the value of the total ampunt to pay by the
costumer and displays it.

Par anet er s: none.

Vari abl es read: pushed_butt ons.
accumrul at or _extras.
ini_ch_active.

Vari abl es nodi fied: accunul ator_trip.
fl ag_char ge.
current_state.

Subf uncti ons: BackupAccurmul at ors() .
Cl eanUp() .
Di spl ayMsg() .
Di spl ayNun{() .
Del ay() .

Return: void
/
voi d Service(void) {
char *_ptrMsg;

E R T D T S R S T S N N N N N N T B

BackupAccurmul at ors(); /1l Backup the distance traveled not in service
G eanUp();

_ptrMsg = &ARE_MESSAGE TABLE[ (fare_type * 5)];

Di spl ayMsg(_ptrMsgQ); /! Display the selected fare for one second
Wi t For But t onsRel ease();

Del ay( 1000, BUTTONL); /'l WAit one second

accunul ator _trip = accunul ator_extras + ini_ch_active;

Wi t For But t onsRel ease();

flag_charge = CHARGE; /1l Start charging

whi |l e (pushed_buttons !'= BUTTON1) { /! Keep refreshig the ambunt to pay so far
until the user
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Di spl ayNun{accunul ator _trip); // pushed button 1. The accunulator_trip is

i ncrenent ed [l timer
y en el IRQ
} /1 in the interrupt service routines.
current _state = PAY; /'l Go to PAY state.
Di spl ayMsg( PAY_STATE_MSG) ; /1 Display nessage "PAY"
return;
}
/************************-k***********************************
State - Pay

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

/**

* Pay: Stops charging.

Return: void

* Di spl ays (toggling) the label " PAY " and the total
* amount to pay.

* Par anet ers: none.

*

* Variabl es read: pushed_but t ons.

* accunul ator _trip.
* Variabl es nodified: flag_charge.

* current _state.

*

* Subfuncti ons: Di spl ayMsg() .

* Di spl ayNun{) .

* Del ay() .

*

*

~

voi d Pay(void) {

flag_charge = NO_CHARGE; /'l Stop charging
BackupAccunul at ors(); /| Backup accumul ators
Wi t For But t onsRel ease();
whil e (pushed_buttons != BUTTONL) { I/l Toggle the nessage "PAY" and the total
anount
Di spl ayMsg( PAY_STATE_NSG) ; /1 to pay until the user presses button
1
Del ay(2000, BUTTON1);
Di spl ayNun{accunul ator _trip);
Del ay(2000, BUTTON1);
}
current _state = FREE; // Go to FREE state.
Cl eanUp(); /!l Reinitialize accunul ators.
return;
}

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

State - Extras

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

/**

* Extras: Adds one or nore extra charges to the extras'

* accurul ator. It can also clear this accumnul ator.
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Return: void

*

* Paraneters: none.

*

* Vari abl es read: pushed_butt ons.
*

* Variabl es nodi fied: accunul ator _extras.
* arr _di spl ay[ 5]
* current_state.
*

* Subfuncti ons: Di spl ayMsg() .

* Del ay() .

*

*

*

/
void Extras(void) {
Byte _extra_ch_tenmp = 1; /'l The extra charges go from1 to 9

Di spl ayMsg( EXTRA_STATE_NMSGL) ; /! Display "PLUS" |eyend for one second
Wi t For But t onsRel ease();
Del ay( 1000, BUTTON2&BUTTON3) ;

Di spl ayMsg( EXTRA_STATE_MBR2) ; /! For default start in extra charge #1
Wi t For But t onsRel ease();
while (-1) {
Del ay( 10000, BUTTON2&BUTTON3&BUTTONS); // If in 10 seconds the user doesn't do
/1 anyt hing, then go back to FREE state
i f (pushed_buttons !'= NO BUTTON) { /1 If the user pressed the button number
i f (pushed_buttons == BUTTON2) { /1 2 -> Go to FARES state
current _state = FARES;
return;
}
if (pushed_buttons == BUTTON5) { /1 5 -> Handle the

accumul at or _extras
if (_extra_ch_temp == 0) {

accunul ator _extras = 0; /'l Erase accunul ator_extras
} else {
accunul ator _extras += EXTRA TABLE[ extra_ch_tenp-1]; // Add an extra
}
current _state = FREE; // Go to FREE state.
return;
}
i f (pushed_buttons == BUTTON3) { /1 3 ->Co to the next extra charge

_extra_ch_tenp++;

if (_extra_ch_tenp > EXTRAS _NUMBER) ({
_extra_ch_tenp = 0;

}

if (_extra_ch_tenp == 0)
Di spl ayMsg( EXTRA_STATE_MSG_ERASE) ;
} else {
Di spl ayMsg( EXTRA_STATE_MS®2) ;
arr _di spl ay[ 5] = TRANSLATE_NUMBER|[ _extra_ch_tenp];

}
Wi t For But t onsRel ease() ;
} else { /1 10 seconds went by and no buttons were pressed
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current_state = FREE; /Il Go to FREE state
return;
}
}
}

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

State - Fares

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

/**
* Fares: Selects the fare type to use as well as the
* initial charge corresponding to that fare.
*
* Paraneters: none.
*
* Vari abl es read: pushed_butt ons.
*
* Variables nodified: fare_active.
* ini_ch_active.
* current _state.
* arr _di spl ay[ 0] .
* fare_type.
*
* Subfuncti ons: Di spl ayMsg() .
* Del ay() .
*
* Return: void
*

/
void Fares(void) {
Byte *_tarMsg;

_tarMsg = &FARE_MESSAGE TABLE[ (fare_type * 5)];

Di spl ayMsg( FARE_STATE_MSG) ; /1 Display "FARE " for
Wi t For But t onsRel ease() ;
Del ay(500, BUTTON2&BUTTON3) ; /1 Wait one second
Di spl ayMsg( _t ar Msg) ; /1 Display the active-fare nessage
Wi t For But t onsRel ease();
while (-1) {
Del ay( 10000, BUTTON2&BUTTON3&BUTTONS) ; /1 1f in 10 seconds the user
do
/1 anyt hi ng, then go back to
FREE state
if (pushed_buttons !'= NO BUTTON) { /1l 1f the user presses the button num
ber
i f (pushed_buttons == BUTTON2) { /1 2 -> Go to FREE state
current _state = FREE;
return;
}
if (pushed_buttons == BUTTON5) ({ /1 5 -> Change the active fare
fare_active = FARE TABLE[fare_type];
ini_ch_active = INl_CH TABLE[fare_type];
arr_di spl ay[0] = TRANSLATE_NUMBER]| f are_t ype+1];
current _state = FREE; /1 Go to FREE state
return;
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}
i f (pushed_buttons == BUTTON3) { /1 3 ->Co to the next fare
fare_type++;
if (fare_type >= FARES NUMBER) {
fare_type = 0;
}

_tarMsg = &FARE_MESSAGE TABLE[ (fare_type * 5)];
Di spl ayMsg(_tar Msg) ;
Wai t For But t onsRel ease() ;

} else { /1 10 seconds went by and no buttons were pressed
current _state = FREE; /! Go to FREE state
return;

}

}

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

State - C ock

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

/**
* Clock: Display the tine.
* The hour and m nute counters are nmanaged in the
* Ti mer | SR
*
* Paraneters: none.
*
* Vari abl es read: pushed_butt ons.
* cl ock_hours.
* cl ock_mi nutes.
*
* Variabl es nodi fied: clock_hours.
* cl ock_mi nut es.
* current _state.
*
* Subfuncti ons: Di spl ayMsg() .
* Di spl ayNun() .
* Del ay() .
*
* Return: void
*

/
void O ock(void) {
unsi gned long _tine;

Di spl ayMsg( CLOCK_STATE_MSG) ; /Il Display "TIME " for 1 second
Wi t For But t onsRel ease() ;
Del ay( 1000, BUTTON3);
whi | e( pushed_buttons !'= BUTTON3) { /1l Display the time until button 3 is
pressed
_time = (clock_hours * 100) + cl ock_ninutes;
Di spl ayNun{ _time);
i f (pushed_buttons == BUTTON1) { /'l Hours ++
cl ock_hour s++;
if (clock_hours >= 24) {
cl ock_hours = 0;
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}

}

Wi t For But t onsRel ease();

}
i f (pushed_buttons == BUTTON2) {

cl ock_mi nut es++;

if (clock_minutes >=

}

60) {
clock_mnutes = 0;

Wi t For But t onsRel ease() ;

}
}

current _state = SPEEDOMETER,

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

State - Speedoneter

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

/**

*

E O S . T N S R . . . N S N N N N S N .

/

Speedonet er:

Par anet ers:

Vari abl es read:

Shows the speed at which the car is traveling.

The speed is calculated as foll ow ng:

#of -wheel -turns / tine
It is assunmed that the perineter of the wheel
is one neter.
The speedoneter has a resolution of 2.4 Knih,
this resolution can be inproved by increasing
the _time and re-calculate the _factor.

none.
pushed_butt ons.

count er _is.
count er _pul ses.

Vari abl es nodified: counter_ns.

Subf uncti ons:

Return: void

count er _pul ses.
current_state.

Di spl ayMsg() .

Di spl ayNun{) .
Del ay() .

voi d Speedoneter (void) ({

/'l Mnutes ++

[/l CGo to SPEEDOMVETER state

Byte _current = O;

Byte _previous = 0;

unsi gned | ong _spd;
const int _tinme = 1500;
const int _factor = 240;

Di spl ayMsg( SPEED_STATE_MSG) ;
Wi t For But t onsRel ease();

Del ay( 1000, BUTTON3);
counter_ns = 0;

counter_pul ses = 0;

DRMO053

/'l nunber of pulses in current time interval

/'l nunber of pul sesin previoustineinterval

/1 velocidad = 0

/1l time of each sanple

/1 to translate to Kmh

/! Display "SPEED' for 1 second

/'l resent general purpose counters
/1 for distance and tinme
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whi | e( pushed_buttons !'= BUTTON3) { /! Display speed until button 3 is pressed
_spd = (unsigned long) ((_current + _previous) / 2) * _factor;
/'l Speed = #pulses * 240; 240 is a factor to go

Di spl ayNun{_spd); /1 from (pul ses/ 1. 5secs) to (Kmh)
if(counter_ms >= _tine) {
_previous = _current;

_current = (Byte) counter_pul ses;
counter_pul ses = 0;
counter_ms = O;

}
}
current _state = PULSES; /1l Go to PULSES state
}

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

State - Pul ses

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

/**

*

Pul ses: Verifies that the wheel-turn transductor i s working

Return: void
/
void Pul ses(void) {

* properly. It counts the nunber of pul ses caused
* by the turn of the wheels and it displays it. It
* can al so reset or freeze the counter.

*

* Par anet ers: none.

*

* Variabl es read: pushed_but t ons.

* count er _pul ses.

*

* Variabl es nodified: counter_pul ses.

* current _state.

*

* Subfuncti ons: Di spl ayNun() .

* Del ay() .

*

*

*

Di spl ayMsg( PULSE_STATE_MSG) ; /! Display |enyed "PULSE" for 1 second
Wi t For But t onsRel ease() ;
Del ay( 1000, BUTTON3) ; /1 Wait 1 second

Wi t For But t onsRel ease();
counter_pul ses = 0;

whi |l e (pushed_buttons != BUTTON3) ({ /! Display the nunber of pulses it it
Di spl ayNun{ count er _pul ses); /1 receiving until the user press button
3
i f (pushed_buttons == BUTTON1) {
counter_pul ses = 0; /1 Button 1 = reset
}
i f (pushed_buttons == BUTTON2) {
Del ay(20000, BUTTONL) ; /1 Button 2 = freeze
}
}
current _state = FREE; /l Go to FREE state
}
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/************************************************************

State - | nformton

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

/**

*

| nfo:

E o T D R R . N N N N N N S S I . . T T

/

Par anet er s:

Vari abl es read:

Vari abl es nodi fi ed:

Subf uncti ons:

Di spl ays the desired informati on and the accumul at ors.
The information to be displayed is stored in
I NFO TABLE. It can display 3 nessages (8 character
| ong each nessage). It also displays the accunul ators
stored in flash. The accumul ators are displayed in
the follow ng order:

TOTAL_DI STANCE_TRAVELED

TOTAL_DI STANCE | N_SERVI CE

TOTAL_NUMBER _TRAVELS

TOTAL_NUMBER | NCREMENTS

TOTAL_| NCOVE

none.
pushed_but t ons.
current_state.

Di spl ayMsg() .

Di spl ayNun() .
Del ay() .

Return: void

void I nfo(void) {
Byte _char_of f set =0;
Byt e _nessage_of f set =0;
ul ong *_acc_tabl e;

_acc_tabl e = &TOTAL_DI STANCE TRAVELED,

Di spl ayMsg( | NFO_STATE_MBG) ;

Wi t For But t onsRel ease();
Del ay( 1000, BUTTON4) ;
Wi t For But t onsRel ease();

whi |l e (pushed_buttons != BUTTOM) {

DRMO053

i f(_message_of f set

_char _of fset ++;

// Wait 1 second

/1 Display |leyend "I NFOR' for

/1l Show informaiton until
< 24){ /1 presses button 4
Di spl ayMsg( & NFO TABLE[ _nessage_offset + _char_offset]);

1 second

if (_char_offset > 3) { /'l Since the messages are 8 char |ong
_char_offset = 0; /1 it has to scroll
} else {
Di spl ayNun(*_acc_table + 1); /'l Accumul ators are initialized in -1

}
Del ay (800, BUTTONA&BUTTON3);

i f (pushed_buttons

== BUTTON3) { /1 Button 3 -> Next message

Wi t For But t onsRel ease() ;
_message_of fset += LENGIH_MESSAGE;

_char_offset =

0;

if (_nessage_of fset > LENGITH 3_MESSAGES) {
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_acc_tabl e++; // Point to next accunul ator

if (_nessage_of fset == LENGITH_8_MESSAGES) { /1l More than 7 messages
_nmessage_offset = 0;
_char_offset = 0;
_acc_tabl e = &TOTAL_DI STANCE TRAVELED,;

}
}
current _state = FREE;

}

/************************************************************
State - Program
**~k**~k**********~k**************~k****************************/

/**

* Program Changes reference values w th new ones, such as
fares, initial charges, extra charges, active
fares, active extra charges, infornmation table.
Al'l interrupts are disabled while comunication
is in process.

It waits indefinetly to receive a byte. If

the byte is never received (there's no connection)
the taximeter nust be restarted.

After programation is done, the taximeter nust be
restarted. There's an infinite |loop (this way

the RAM data that was overwitten doesn't need to
be previously backed up.

Par anet ers: none.
Vari abl es read: pushed_but t ons.

Vari abl es nodified: accumul at or _extras.
arr _di spl ay[ 5]
current_state.

Subf uncti ons: Di spl ayMsg() .
Del ay() .
Er aseRow() .
Pr ogr anRange() .
ProgranVerification2().
Rest or eRAMDat a() .

Return: void

E R S D T R R S S R N N RS R N N N S R T R T R .

~

void Program (void) {
Byte _counter; /'l aux. counter to received bytes

/* The user nust press BUTTONS during 6 seconds in order to start progranmng */
Di spl ayMsg( OFF_STATE_MSG_START) ;
for (_counter = 0; _counter < 200; _counter++) {
if (pushed_buttons != BUTTONS) {
current _state = OFF;
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return;

}
Del ay(30, NO BUTTON);
}
Di spl ayMsg( PROG_STATE_MSG_START) ;
Del ay(1000, NO _BUTTON);
Wi t For But t onsRel ease();
Di spl ayMsg( EMPTY_MSG) ;
Del ay(50, NO BUTTON);

/* Handsake: Wait to receive OxAA and the send accunul ators */
Di sabl el nterrupts;

DDRB &= OXFE; /'l GETBYTE Entry condition; PBO configured as
i nput

PTB &= OxFE; /1 GETBYTE Entry condition; PBO = 0

GETBYTE() ;

__asmcnp #O0xAA, /1 Must receive a OxAA confirmation to start

pr ogr anmi ng
__asm beq _CONTI NUE;

Enabl el nt errupt s;

Di spl ayMsg( PROG_STATE_NO_COW) ;
whil e(-1);

__asm _CONTI NUE: ;

Fl ashManager ( SEND,
ACCUMULATORS_OFFSET) ;
/* Erase Flash Tabl es and FLASH PROGRAM vari abl e */
Fl ashManager ( ERASE,
PAGEO_OFFSET) ;
Fl ashManager ( ERASE,
PAGE1_OFFSET) ;
Fl ashManager ( ERASE,
PAGE2_OFFSET) ;

/* Receive new Tables fromPC, if a byte is not received, the
software will enter into an infinite | oop.

*/
_counter = 0;

__asm _CET32: | dhx #0x008C, /'l Where the data structure in RAM begins
__asm _RECEI VE_BYTE: jsr $0FCO0O0; /] GETBYTE();
__asm sta , X; /'l save the received byte in location pointed
by H X
__asm i ncx; /1l point to next location in RAM
__asm cpx #0x00AC; /1 if H X has increnented 32 tines, exit |oop
__asm bne _RECEI VE_BYTE; // el se, keep receiving
Fl ashManager ( PROG, /'l programthe 32 received bytes
_counter);
Fl ashManager ( SEND, /'l echo back the 32 bytes
_counter);
_count er += ROW
if (_counter < 192) { /'l 6 RONS
__asmbra _CGET32; /'l get the next 32 bytes
}
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DDRB = OxFF;
Enabl el nterrupts;
Di spl ayMsg( PROG_STATE_MSG_END) ;
whi | e(-1)
{;} I/ Enpty body

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

State - Of

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

/**

* OFf: Add up to accumulators and store in flash the Km

*

E I . R S T I R . . I .

/

travel ed since the last time it was stored.
Turns displays off.
Exit this state with any button pushed.

Par aneters: none.

Vari abl es read: pushed_but t ons.

Vari abl es nodi fied: current_state.

Subf uncti ons: Di spl ayMsg() .

Return: void

void OFf(void) {

i f (FLASH PROGRAM ! = UNCORRUPT_FLASH) { // If Flash is not corrupt
BackupAccumul at ors();
G eanUp();
}
Di spl ayMsg( EMPTY_NBG ;
arr_di spl ay[ 0] = OxFF;
Wi t For But t onsRel ease();
whil e ((pushed_buttons == NO BUTTON) || pushed_buttons == BUTTON5) // Turn on dis-

plays with any button press

{;} /! Enpty Body
arr_di spl ay[0] = TRANSLATE_NUMBER]| f are_t ype+1];
current _state = FREE;

}
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A.l11l taxi_states.h

* Copyright (c) 2002, Mdtorola Inc.

* Mot orol a Reference Design
*
* File name : taxi _states.h
* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent : Cuadal ajara - SPS
*
* Description : Declares function prototypes for state-nmachine
* st at es.
*
* History
*/
/ * ::=========:==:==============:==============:==============:====*/

#i fndef _TAXI STATES H__
#define _TAXI STATES H__

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

DEFI NES

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

#def i ne LENGTH_MESSAGE 8
#defi ne LENGTH_3_MESSAGES 24
#define LENGTH 8_MESSAGES 64

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

FUNCTI ON PROTOTYPES

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

/**

* Free: ldle state. It shows in the displayes the | abel

"FREE" and constantly scans the val ue of the buttons.
Par anet er s: none.
Vari abl es read: pushed_but t ons.

Vari abl es nodi fied: current_state.
Subf uncti ons: Di spl ayMsg() .
Return: void

/
voi d Free(void);

0% O X X X X X X X X X

/**

* Service: Starts charging.

* According to tinme and distance, it increnents

* the value of the total amount to pay by the

* costuner and displays it.
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E I D R . R R I T . S .

*

* Return:

*

/

Par anet ers:

Vari abl es read:

Vari abl es nodi fi ed:

Subf uncti ons:

voi d

void Service(void);

~
E S I T T I R N I S R . . N S R

~

*

Pay: Stops charging.
Di spl ays (toggl
anmount to pay.

Par anet er s:

Vari abl es read:

Vari abl es nodi fi ed:

Subf uncti ons:

Return: void

voi d Pay(void);

/

Taximeter Reference Design Using the MC68HC908JL3

L T R T . . R I I S S

*

Extras: Adds one or

accunul at or.

Par anet ers:

Vari abl es read:

Vari abl es nodi fi ed:

Subf uncti ons:

Freescale Semiconductor, Inc.

none.

pushed_butt ons.
accunul at or _extras.
ini_ch_active.

accunul ator _trip.
fl ag_char ge.
current _state.

Di spl ayMsg() .

Di spl ayNun() .
Del ay() .

ing) the | abel

none.

pushed_butt ons.
accunul ator _trip.

flag_char ge.
current_state.

Di spl ayMsg() .

Di spl ayNun{) .
Del ay() .

PAY "

and the total

nmore extra charges to the extras'

It can also clear this accunul ator.

none.
pushed_butt ons.
accumrul at or _extras.
arr _di spl ay[ 5]

current _state.

Di spl ayMsg() .
Del ay() .
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* Return: void
*/

voi d Extras(void);

/ *
Fares: Selects the fare type to use as well as the
initial charge corresponding to that fare.
Par anet er s: none.
Vari abl es read: pushed_butt ons.

Subf uncti ons:

Return: void

E O R D T T R S R S T R T S N N N N

~

Vari abl es nodified: fare_active.

ini_ch_active.
current_state.
arr_di spl ay[ 0] .
fare_type.

Di spl ayMsg() .
Del ay() .

voi d Fares(void);

*

/

Subf uncti ons:

Return: void

E I T D S R B R B R R R N N N N N N N .

~

Clock: Display the tinme.
The hour and m nute counters are nmanaged in the

Ti mer | SR
Par anet er s: none.
Vari abl es read: pushed_butt ons.

cl ock_hours.
cl ock_mi nut es.

Vari abl es nodified: clock _hours.

cl ock_mi nut es.
current _state.

Di spl ayMsg() .
Di spl ayNun() .
Del ay() .

void d ock(void);

/**

* Speedoneter: Shows the speed at which the car is traveling.

* The speed is cal culated as foll ow ng:

* #of -wheel -turns / tine

* It is assunmed that the perineter of the wheel

* is one neter.

* The speedoneter has a resolution of 2.4 Knih,
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Par anet er s:

Vari abl es read:

Vari abl es nodi fi ed:

Subf uncti ons:

Ret ur n:
/

voi d

E S . ST T R S . . I . I S T .

voi d Speedoneter (void);

*

/
Pul ses:

properly.

Par anet ers:

Vari abl es read:

Vari abl es nodi fi ed:

Subf uncti ons:

Return: void

E I I B L G . N N N N N N S S A

~

voi d Pul ses(void);

*

/
| nf o:

I NFO_TABLE.

E I I D T R REE EE EE E E E

Freescale Semiconductor, Inc.

this resolution can be inproved by increasing
the _time and re-calculate the _factor.

none.

pushed_butt ons.
count er _ns.
count er _pul ses.

count er _ns.
count er _pul ses.
current_state.

Di spl ayMsg() .

Di spl ayNun{) .
Del ay() .

Verifies that the wheel -turn transductor is working
It counts the nunber of pul ses caused

by the turn of the wheels and it displays it. It
can al so reset or freeze the counting.

none.

pushed_butt ons.
count er _pul ses.

count er _pul ses.
current_state.

Di spl ayNun() .
Del ay() .

Di spl ays the desired information and the accumnul at ors.
The information to be displayed is stored in
It can display 3 nessages (8 character
| ong each nessage).
stored in flash. The accumul ators are displayed in
the followi ng order:

TOTAL_DI STANCE_TRAVELED

TOTAL_DI STANCE | N_SERVI CE

TOTAL_NUVBER _TRAVELS

TOTAL_NUVBER | NCREMENTS

TOTAL_| NCOMVE

It also displays the accunul ators
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: Par aneters: none.
: Vari abl es read: pushed_butt ons
: Variabl es nodi fied: current_state.
* Subfuncti ons: Di spl ayMsg() .
* Di spl ayNun() .
: Del ay() .
: Return: void

/
void I nfo(void);

*

/
Program Changes reference val ues with new ones, such as
fares, initial charges, extra charges, active
fares, active extra charges, information table.
Al'l interrupts are disabled while comunication
is in process.
It waits indefinetly to receive a byte. If
the byte is never received (there's no connection)
the taxi meter nust be restarted.
After programation is done, the taxi meter nust be
restarted. There's an infinite |loop (this way
the RAM data that was overwitten doesn't need to
be previously backed up.

Par anet er s: none.
Vari abl es read: pushed_butt ons.

Vari abl es nodi fied: accumul at or _extras.
arr _di spl ay[ 5]
current _state.

Subf uncti ons: Di spl ayMsg() .
Del ay() .
Er aseRow() .
Pr ogr anRange() .
ProgranVerification2().
Rest or eRAMDat a() .

Return: void

L B R R B B S S N R T S N R T N SN S R T S A T R

~

voi d Program (void);

/ * %

* OFf: Add up to accunul ator and store in flash the Km

* travel ed since the last tine it was stored.

* Turns displays off.

* Exit this state with any button pushed.

*

* Paraneters: none
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Vari abl es read: pushed_but t ons.
Variabl es nodi fied: current_state.
Subf uncti ons: Di spl ayMsg() .
Return: void

/
void Of f(void);

E I I S S R R

#endif // _TAXI _STATES H__
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A.12 taxi_variables.h

* Copyright (c) 2002, Mdtorola Inc.

* Motorol a Reference Design
*
* File nane . taxi_variables.h
* Project nanme : Taxineter Reference Design
* Aut hor : Mauricio Capistran-Garza
* Depart nent . Cuadal ajara - SPS
*
* Description : Al global variables used in proyect Taxineter
* are defined in this file.
*
* History
*/
/ * ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*/

#i fndef __ G.OB_ VAR H _
#define __G.OB VAR H _

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

* These variables are allocated from address 0x88 to OxAC. During
* flash managenent these variables are backe up in BACKUP_FLASH

* area.
*/
/* Display related variables */
EXT Byte display_en; /1l Used for the nmultiplexing of the displays.
EXT Byte arr_display_index; // Inidicates which display is selected
EXT Byte arr_displ ay[ 6]; /1l Array containing the data that is to
/1 be shown in the diplayes.

/* Push button rel ated variables */
EXT Byte read _buttons_tine; // To read the buttons every 30 ns.
EXT Byte pushed_buttons; /1 Byte indicating which buttons are pressed.

[* State-machine related variables */
EXT Byte current_state; /1l To select a state in the state nachine.

/* Variables used in state FARES */

EXT Byte fare_type; /1 Indicates which fare is being sel ected.

EXT Word fare_active; /!l Indicates which fare is active.

EXT Word ini _ch_active; /'l Indicates which initial charge is active.

/* Variables used for timng and counting*/

EXT Word count er _ns; /'l General purpose counter; Increnented every
/1 timer overflow - 1ns

EXT Word counter_pul ses; /'l General purpose counter; Increnented every
/1 I RQ - wheel turn.

EXT Byte cl ock_hours; /'l Incremented every hour

EXT Byte cl ock_m nutes; /1l Incremented every mnute

EXT Word cl ock_ns; /'l Incremented every ns.

/* Variables used for accunulating while in service */
EXT Word accumul at or _pul ses; // Number of pul ses since last increnment.
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EXT Word accumul ator _ti ne; /1 Number of ns since |last increnent.
EXT Word accumnul ator_extras; // Accunul ator of all extra charges applied.

/* Variables used for charging */
EXT Word inc_tine; [/ Time for an increment in accunulator_trip.
EXT Word inc_di stance; /1 Distance for an increment in accurmulator_trip

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

* These variables are allocated from address 0x80 to 0x87 and from

* OXAD to OxAF. These variabl es nust not overlap with any other

* global variable. If global variables are added, you must verify
(using the .map file) that these variables do not overlap with any
others. It is also inportant to keep these variables in the

| ocation they are placed, because they are read <BackupAccumnul at ors>
when flash nmenory is being mani pul ated. Mani pul ati on of flash

menory requires to use RAM area from 0x88 to OxAC, so these variables
nust be outside that area.

L R I A

EXT ul ong accunul at or _di stance_travel ed @0x80; // Distance travel ed since

/1 last tinme it was

/1 backed up in flash
EXT ul ong accumul ator _trip @0x84; /! Accumulator of the trip

/1 i ncone.
EXT Wrd accumul ator _i nc @OxAD; // Nunmber of increnents

/1 in accunul ator_trip
EXT Byte flag_charge @ OxAF; // Indicates wheather the

/1 trip is being charged
/1 or not. 1 = Charging.
/1 0 = No Charging.

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

* Variabl es only used when reprogranm ng accunul ators.

* These variabl es overlap with sonme of the previosly defined

vari abl es. However, these variables are used only in specific

pl aces <BackupAccunul ators()> and overl appi ng vari abl es are
backed up before they are overwitten and they are restored

| ater. The position of these variables matches the position

of variabl es: TOTAL_DI STANCE TRAVELED, TOTAL_DI STANCE | N_SERVI CE
TOTAL_NUMBER TRAVELS, TOTAL_NUMBER_| NCREMENTS, and TOTAL_I NCOMVE
(The previos variables are stored starting at OxEC81 = page
addres OxEC80 + of fset 0x0001. When they are read into RAM they
are placed starting at address 0Ox008C. Therefore 0x008D has

an of fset of 0x0001).

E R I I T S I . . N

EXT ul ong total _distance_travel ed @ 0x8D;
EXT ulong total _distance_in_service @ 0x91;

EXT ul ong total _nunber_travels @ 0x95;
EXT ul ong total _nunber _increnents @ 0x99;
EXT ul ong total _i ncone @ 0x9D;

#endif // __GOB_ VAR H _
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A.13 taxi_messages.h

* Copyright (c) 2002, Mdtorola Inc.

To add a language nodify this file. To change
the active | anguage nodify taxi _config.h

* Mot orol a Reference Design

*

* File name : taxi _messages. h

* Project name : Taximeter Reference Design
* Aut hor : Mauricio Capistran-Garza

* Depart nent : Cuadal ajara - SPS

*

* Description : Defines all the messages that the taxi displays.
*

*

*

*

*

#i fndef _ TAXI MESSAGES H__
#define _ TAXI MESSAGES H

#defi ne EMPTY_MBG " "

/* By default, the nessages are in spanish. */
#i f def LANGUAGE_SPANI SH

#def i ne FREE_STATE_MSG "LI BRE"
#defi ne PAY_STATE MSG " PAGAR'
#defi ne EXTRA STATE MSGL " MAS "
#defi ne EXTRA_STATE_MsS&X "MAS- 1"
#def i ne EXTRA_STATE_MSG_ERASE " BORRA"
#def i ne FARE_STATE_MSG "TARI F"
#def i ne PULSE_STATE_MSG " PULSO'
#define | NFO STATE MSG "1 NFOR'
#defi ne CLOCK _STATE MsSG "RELQJ"
#defi ne SPEED STATE_MSG "VELQOC'
#def i ne PROG_STATE_MSG_START " PROGR'
#def i ne PROG_STATE_MSG_END " FIN"
#def i ne PROG_STATE_NO_COW " E- cCOV
#defi ne OFF_STATE _MSG START " APAGA"
#defi ne ERROR_MSG " ERROR"
#endi f

/* English */
#i f def LANGUAGE _ENGLI SH

#def i ne FREE_STATE_MSG "FREE "

#def i ne PAY_STATE _MsG " PAY "

#def i ne EXTRA_STATE_NMSGL "PLUS "

#defi ne EXTRA_STATE_MsS&X "PL-01"

#defi ne EXTRA STATE_MSG ERASE " ERASE"

#def i ne FARE_STATE_MSG " FARES"
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#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#endi f

/* French */

ne
ne
ne
ne
ne
ne
ne
ne
ne

Freescale Semiconductor, Inc.

PULSE_STATE_MSG
| NFO_STATE_NSG
CLOCK_STATE_MSG
SPEED_STATE_MSG
PROG_STATE_MSG_START
PROG_STATE_MSG_END
PROG_STATE_NO_COWM
OFF_STATE_MBG_START
ERROR_MSG

#i f def LANGUAGE_FRENCH

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#endi f

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

FREE_STATE_MSG
PAY_STATE_MSG
EXTRA_STATE_MSGL
EXTRA_STATE_MSG2
EXTRA_STATE_MSG_ERASE
FARE_STATE_MSG
PULSE_STATE_MSG

| NFO_STATE_MSG
CLOCK_STATE_MSG
SPEED_STATE_MSG
PROG_STATE_MSG_START
PROG_STATE_MSG_END
PROG_STATE_NO_COWM
OFF_STATE_MSG_START
ERROR_MBG

/* Portuguese */
#i f def LANGUAGE PORTUGUESE

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#endi f

#endi f //

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

FREE_STATE_MSG
PAY_STATE_MSG

EXTRA STATE_MSGL
EXTRA_STATE_MSG2
EXTRA_STATE_MSG_ERASE
FARE_STATE_MSG
PULSE_STATE_MSG

| NFO_STATE_MSG
CLOCK_STATE_MSG
SPEED_STATE_MSG
PROG_STATE_MSG_START
PROG_STATE_MSG_END
PROG_STATE_NO_COWM
OFF_STATE_MSG_START
ERROR_MVBG

__TAXI _MESSAGES_H

" PULSE"
" | NFOR'
"TI ME "
" SPEED"
" PROGR"
" DONE "
" E- COM!
- OFF "
" ERROR"

" LI BRE"
" PAYER"
"PLUS "
"PL- 01"
" EFFAC"
" TARI F"
" POULS"
" | NFOR"
" HORLO'
"V TES"
" PROGR"
" FIN"
" E- COM!
" ETEI N
" ERREU'

"Ll BRE"
" PAYER'
"PLUS "
"PL-01"
" EFFAC'
"TARI F"
"POULS"
"1 NFOR'
"HORLO'
"VI TES"
" PROGR'

FIN "
"E- COM'
" APAGA"
" ERREU'
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A.14 taxi_config.h

* Copyright (c) 2002, Mdtorola Inc.

Mot or ol a Ref erence Design

File name : taxi _config.h

Project name : Taxi meter Reference Design

Aut hor : Mauricio Capistran-Garza

Depar t nent : Cuadal ajara - SPS

Description : This file contains all the taximeter s settings.

This file can be used to choose the |anguage
of the taxineter, choose between debug and regul ar
node, etc.

Deci de the | anguage

/| #def i ne LANGUAGE_SPANI SH
#def i ne LANGUAGE_ENGLI SH

/| #defi ne LANGUAGE_FRENCH

/] #defi ne LANGUAGE_PORTUGUESE

/| #def i ne DEBUG_MODE
#def i ne REGULAR_MODE

/1 FLASH ADDRESSES
#def i ne FLASH_START OxEC00

/| STATES (options in taximeter.c swtch)
#defi ne FREE

#def i ne SERVI CE
#def i ne PAY

#def i ne EXTRAS
#defi ne FARES

#def i ne CLOCK

#def i ne SPEEDOVETER
#def i ne PULSES
#defi ne | NFO

#def i ne PROGRAM
#defi ne OFF

POoO~NOUIThWNEO
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// BUTTONS: every button is a bit within a byte (negative |ogic)
#defi ne NO BUTTON  Ox1F

#def i ne BUTTONL Ox1E
#def i ne BUTTON2 0x1D
#def i ne BUTTON3 0x1B
#def i ne BUTTON4 0x17
#defi ne BUTTONS OxO0F

/1 FARE AND I NI TI AL_CHARGES (I NI _CH) TYPES
#def i ne DAY
#defi ne NI GHT
#def i ne SUNDAY
#define TI ME
#defi ne FARES
#def i ne FAREG6
#def i ne FARE7
#def i ne FARES
#def i ne FARE9

O~NOOOT D WNEFO

/1 FARES (index within the FARES_TABLE[9] array.
/1 Every fare is a WORD)

#def i ne FARE_DAY
#def i ne FARE_NI GHT
#defi ne FARE_SUNDAY
#define FARE_TI ME
#define FARE 5
#def i ne FARE_6
#defi ne FARE_7
#def i ne FARE_8
#define FARE 9

O~NOO O WNEO

/1 INITIAL_CHARGES (INI_CH): (index within the

/1 INl _CH TABLE[9] array. Every INI_CHis a WORD)
#defi ne | NIl _CH DAY
#define I NI _CH NI GHT
#define | Nl _CH SUNDAY
#define INI_CH TI ME
#define INI_CH 5
#define INI_CH 6
#define INI_CH 7
#define INI_CH 8
#define INI_CH 9

O~NOOOTDWNEO

/1 EXTRAS TYPES
#def i ne EXTRAL
#def i ne EXTRA2
#def i ne EXTRA3
#def i ne EXTRA4
#def i ne EXTRAS
#defi ne EXTRA6
#def i ne EXTRA7
#def i ne EXTRA8
#def i ne EXTRA9

O~NOOUDWNEO
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/'l FLAG_CHARGE

#defi ne NO_CHARGE 0x00
#defi ne CHARGE 0x01
/1 DI SPLAY' S SEGMVENTS
#define SEG A ~0x20
#defi ne SEG B ~0x10
#define SEG C ~0x04
#defi ne SEG D ~0x02
#defi ne SEG E ~0x01
#defi ne SEG F ~0x40
#define SEG G ~0x80
#define SEG P ~0x08

#define DI SPLAY_OFF OxFF
/1 FLASH PROGRAM VERI FI CATI ON

#defi ne CORRUPT_FLASH  OxFF
#def i ne UNCORRUPT_FLASH OxAA

A.15 taximeter.prm

NAMES END

SEGVENTS
RAM = READ_WRI TE 0x0088 TO OxO0O0FF;
FLASH T = READ ONLY OxECO0 TO OxEC7F;, [// 128 bytes
FLASH V. = READ ONLY OxECB80 TO OxECBE; // 63 bytes
FLASH C = READ ONLY OxECBF TO OxECBF; // 1 byte
BACKUP_T = READ ONLY OxECCO TO OxECFF; // 64 bytes
ROM = READ_ONLY OxEDOO TO OxFBFF;

END

PLACEMENT
MY_ZEROPAGE, DEFAULT_RAM I NTO RAM
DEFAULT_ROM ROM VAR, STRINGS | NTO ROM
FLASH TABLES I NTO FLASH T;
FLASH VERI FY I NTO FLASH C;
FLASH VARI ABLES I NTO FLASH V;
BACKUP_TABLES I NTO BACKUP_T;

END

STACKSI ZE 0x50

VECTOR O nmin
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Appendix B. PC Interface Source Code

B.1 Introduction

This appendix contains the PC interface source code.

B.2 PC Interface Source Code

* Copyright (c) 2002, Mdtorola Inc.

Mot or ol a Ref erence Design

File nanme . taxi _pc_interface.c

Project name : Taxi neter Reference Design

Aut hor . Mauricio Capistran-Garza

Depart ment . Quadal aj ara - SPS

Description : This is the PCinterface used to programthe

taxi meter flash tables. Read section "PC
Interface” in the Taxi neter Reference Design
for further explanation.

It is assuned that the Progranmer and Testing
board is used for the comunication. This
inplies that every byte sent to the taxineter
will also be received by the PC.

H story

E o R S R R I B S T T . S R

#i ncl ude <dos. h>
#i ncl ude <stdi o. h>
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| * ======================= DEFI NES —=====—================%*

/ * oo —————————== ::::::::::::::::::::*/

#def i ne UART Ox03F8 /1 \Where data is received and transnitted
#define I ER (UART+1) /1l Interrupt Enable Register O0x03F9

#define IR (UART+2) /1l Interrupt ldentification Register (read only) OxO03FA
#define FCR (UART+2) /1 FIFO Control Register (wite only)

#defi ne BRLSB (UART) /!l Baud rate divisor LSB, if LCR bit 7 is set
#defi ne BRVSB (UART+1) /1l Baud rate divisor MsB, if LCR bit 7 is set
#define LCR (UART+3) /1l Line Control Register OxO03FB

#define BI TS8 0x03 /1 8-bits-per-character mask

#defi ne STOPL 0x00 /1l 1-stop-bit mask

#defi ne STOP2 0x04 /1l 2-stop-bits mask

#define PARITY 0x38 /1l Enable parity and set it to SPACE parity (always 0)
#def i ne DLAB 0x80 /1 Set UART and | ER as Baud rate divisors
#defi ne MCR (UART+4) /1 Modem Control Register Ox03FC

#define LSR (UART+5) /1l Line Status Register (read only) O0x03FD
#define DR 0x01 /1 Data ready

#def i ne CE 0x02 /1 Overrun error mask

#define FE 0x08 /1l Frami ng error mask

#defi ne PE 0x04 /1l Parity error mask

#defi ne THRE 0x20 /1 Transmitter holding register enpty

#defi ne TSRE 0x40 /1l Transmitter shift register enpty

#defi ne MSR (UART+6) /1 Modem Status Register (read only) OxO03FE
#defi ne DSR 0x20 /| Data Set Ready

#defi ne BR480O 0x0018 /1 Baud Rate divisor for 4800 bps

#defi ne BRO9600 0x000C /1l Baud Rate divisor for 9600 bps

#defi ne NO BYTE 0x00

t ypedef unsigned char Byte;

voi d Set ConPort (void);
Byt e Recei ve(void);
void Send(Byte data);

DRMO053
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| * =================—=========== VAI N —=—=—=—=—=—==—=====—=—============%

/ * oo —————————== ::::::::::::::::::::*/

void main () {
Byte i,j,tenp;
Byte tabl es_back[192]; // In this array is where echoed data will be stored
Byte tabl es[ 192] = { /1l This array contains the data to be programred.

/ * FARE_MESSAGE_TABLE */
CUUUD ALY T
"FLUA LR VE L2,
"FL,'AL,'R,VE LS,
"FLUA LR VE LA
"F,'A,'R,'E 'S,
"F,'A,'R,'E,'6,
"FLUA LR LVVE LT,
"FL,'A,'R,'E 'S,
"FL'AL,'RLVEL'O,

/* INI_CH_TABLE */
0x00, 0x01
0x00, 0x02,
0x00, 0x03,
0x00, 0x04,
0x00, 0x05,
0x00, 0x06,
0x00, 0x07,
0x00, 0x08,
0x00, 0x09,

/* FARE_TABLE */
0x00, 0x02,
0x00, 0x04,
0x00, 0x06,
0x00, 0x08,
0x00, OX0A,
0x00, 0x0C,
0x00, OXOE
0x00, 0x10,
0x00, 0x12,

/* EXTRA_TABLE */
0x00, OX0A, //10
0x00, 0x14, //20
0x00, OX1E, //30
0x00, 0x28, //40
0x00, 0x32, //50
0x00, 0x3C, //60
0x00, 0x46, //70
0x00, 0x50, //80
0x00, OX5A, //90

/* 1 NFO_TABLE */

AAQAQAQAAAA"

' M L ' EI 1 ' S' 1 ' S' 1 ' A' 1 ' ' 1 ' 1' 1 ' ' 1

' M L ' EI 1 ' S' 1 ' S' 1 ' A' 1 ' ' 1 ' 2' 1 ' ' 1

' M L ' EI 1 ' S' 1 ' S' 1 ' A' 1 ' ' 1 ' 3' 1 ' ' 1
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/* STUFFI NG BYTES - to conplete first 128 bytes */

/*

} .

Byt e accumul at or s[ 32] ;

O0xFF, OxFF, OxFF, OxFF, OxFF,
FLASH VARI ABLES */
OxFF, // Enpty

0x00, 0x00, 0x00, 0X0A, // TOTAL_DI STANCE_TRAVELED
0x00, 0x00, 0x00, 0x14, // TOTAL_DI STANCE_| N_SERVI CE
0x00, 0x00, 0x00, OX1E, // TOTAL_NUVBER TRAVELS
0x00, 0x00, 0x00, 0x28, // TOTAL_NUVBER | NCREMENTS

0x00, 0x00, 0x00, 0x32, // TOTAL_I NCOVE

OxFF, OxFF, OXFF, OxFF, OxFF, OxFF, OxXFF, OxFF, OxFF, // Enpty

0x03, // FARES NUMBER

0x04, // EXTRAS_NUMBER

OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF,
OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF,
OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OxFF,
OxFF, OxFF, OxFF, OxFF, OxFF, OxFF, OXFF,

OXAA /1 FLASH PROGRAM

Byte enpty_line = 0xBO;
Byte fill _line = 0xDB;
Byte carriage_return = 0x0D;

11
11
11
11

Enpty
Enpty
Enpty
Enmpty

Set ConPort () ; /1l Set serial port to 4800bps 8-N-1
del ay(1000) ;

/*
f

}
/*

Cl ean receiving buffer */
or (i=0;i<100;i++) {
temp = Receive();

Send Handshake */

printf("Handshake: ");

Send (0xAA); /1 Handshake
while ( (inportb(LSR)&R) == 0 ) {
/* Enpty Body: WAiting to receive a byte */

}
t

/*

enp = Receive(); /'l Receive the OxAA

Recei ve the accumul ators */

printf("sent... Wiiting confirnation: ");

f

}

or (i:O,j:O; i <32; i++,j++) {
while ( (inportb(LSR)&R) == 0 ) {

/* Enpty Body: Waiting to receive a byte */

}

if (i==0) {
printf (" CONFI RVED. ") ;
printf("\n\nReceiving Accunul at ors:

}

accurmul ators[i] = Receive();

print f (" RECEI VED. ") ;

/*

DRMO053

Send the information franes: the tables to be progranmed */

/1 This array is where the accunul ators are received
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printf("\n\nSendi ng Data Tabl es: %% %€ %c %€ %e e e e e % %"
empty line,enpty line,enpty line,enpty |ine,enpty line,enpty_Iline,
enpty line,enpty line,enpty |ine,enpty line,enpty line,enpty |ine);

printf("%Sendi ng Data Tabl es: ",carriage_return);
for (i=0; i<6; i++) { /1 Send 6 RONS of data
/* Send a ROWof data */
for (j=0; j<32; j++) { /1 Each ROWNis 32 bytes |ong
Send(tabl es[(i*32)+j]); /1 Send a byte

while ((inportb(LSR)&R) == 0) { // Wait to receive the sane byte
/* Enmpty body */

}
tabl es_back[ (i *32)+j] = Receive();
if (tables_back[(i*32)+j] !=tables[(i*32)+j]) { // If what was sent is dif-
ferent fromwhat is received

printf("\n\n There is a problemin the comunication");
getch();
exit(-1);
}
}
/* Receive the RONVjust sent (for verification) */
for (j=0; j<32; j++) { /'l Receive the RONjust sent

while ((inportb(LSR)&R) == 0) { // Wait to receive the sane byte
[* Enmpty body */

}

tabl es_back[ (i *32)+j] = Receive();

if (tables_back[(i*32)+j] !=tables[(i*32)+j]) { // If what was sent is dif-
ferent fromwhat is received

printf("\n\n There is a problemin the comunication");
getch();
exit(-1);
}
printf("%%",fill _line,fill_line);

printf("\n\nQOperation was conpl eted successfully.");

* Set ComPort: Sets the comrunication port to the needed val ues:
4800 bps, 8 data bits, no parity, 1 stop bit

*
*
* Paraneters: none.
*
*
*

Return: void
/
voi d Set ConPort (void) {

outportb (IER, 0x00); /1 Clear interrupts
out portb (FCR, 0x01);
out portb (FCR, OxFF); /1 Reset receiver and transmtter
outportb (LCR, inportb(LCR)| DLAB); /1 To configure baud rate divisor
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out portb (BRMSB, 0x00); /1 NSB
outportb (BRLSB, BR4800); // LSB
outportb (LCR, (inportb(LCR)& ~DLAB))); /1 End configuration of baud rate
outportb (LCR, (BITS8|STOPL)); /1l Confiure 8 data-bits, 2 stop-bits, par-
ity space
out portb (FCR, O0xC7); /1 Configure 14 bytes RCVR FI FO
out portb (MCR, 0x00); /1 No handshake
}
/**
* Receive: It receives a byte in the serial port and returns it.
* If no byte is ready, it returns NO BYTE
*
* Paranmeters: none.

* Return: the byte received

*/
Byt e Receive(void) {
Byte _rcv;
Byte _err;
Byte tenp;
if ((inportb(LSR)&DR)!=0) {
_err = inportb(LSR); /1 Aquire status (before receiving data)
_rcv = inportb(UART); /1l Aquire data received
/*
if ((_err & FE) == FE) { [l Verify if framming error has occured
printf ("FE "); /[l _rcv | = 0x01;
if ((_err & PE) == PE) { [l Verify if a parity error has occured
printf ("PE ");
if ((_err & OB) == OF) { /1 Verify if a overrun error has occured
printf ("CE ");
}
*/
return _rcv;
}
return NO_BYTE;
}
/**

* Send: Sends a byte out the serial port.

*

* Paraneters: _data: the byte to be sent.
* Return: void
*/
void Send(Byte _data) {
while ((inportb(LSR)&THRE) == 0) {
/* Enpty Body; Waiting for Transmitter Hol ding Register to be enpty */

}

out port b(UART, _data);
}
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