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SYNOPSIS

A low cost Electronic Household Water Meter has been successfully designed and two prototypes
have been field trialled for five and a half weeks. The electronic meters contain a processing
unit and a wire base communication scheme. The module that was created fits easily within a
standard Davies Shephard 20mm KGG water meter. Efficient design and component selection
has allowed the Electronic Household Water Meter to have an operational life of over 10 years

with a single lithium battery.

By incorporating a processing unit within the meter, extra facilities can be included to add value
to the meter. The main benefit is the use of the Electronic Houschold Water Meter in a full
Automatic Meter Reading System. Other advantages are the ability to have flow correction for
ageing water meters which can improve accuracy over existing water meters. Tamper detection
can also be added to detect possible fraud and if the communications cable is cut the information

is still retained within the electronic water meter.

The challenges associated with the power consumption requirements and communication methods
for the Electronic Household Water Meter were highlighted during the investigation, design and
- trial of the prototype units. The trial revealed that the methods of lightning protection will need

to be investigated in future designs.’

The introduction of electronics into the water meter has suggested that production costs can be
lowered so that the Electronic Household Water Meter could become a replacement for the

standard water meter on the basis of cost rather than technology. This would facilitate the

introduction of a full Automatic Meter Reading System which is seen as too costly at this stage.
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1. INTRODUCTION

1.1 Trial Initiation

Iﬁ March 1991, approvél was 'given by the Urban Water Research Association of Australia
(UWRAA) to proceed with a project titled "Electronic Meter Reading - Link between Water
Meter and Data Network”. This project is the second stage of the UWRAA project IS-1 and it
is a result of recommendations from the first part of the project titled "Electronic Meter Reading -

Link between Water Meter and Data Transmitter”.

Stage one of the UWRAA project IS-1 showed that information can be successfully and reliability
transmitted from the water meter to the house using a radio link. The major problem with the
design was that the power consumption of the sy stem would require the maintenance of the meters

to reach impractical levels,

The second stage of I1S-1 was broken up into two parts, these being |
1. To further the development of the electronic water meter with special consideration -

given to power consumption.
2. To trial a common transmission link between the household data collection unit

and the corporate data networks.

The second part of this project was called the Utilities Network Project part 2 (UNP) and has
been reported on separately. This can be found in the report [Phey, Leong, Balazic, Colson and
Manning (1993)].

1.2 Objectives

The main aim of the UWRAA project IS-1 is to develop viable ways of transmitting data from
the water meters to the customer interface unit which is connected to the electricity and telephone
lines. Stage two of this project looks essentially at developing an electronic water meter with low
power consumption and an efficient communications method to the Customer Network Unit

(CNU). To achieve the objective, research was undertaken into microcontrollers for information



processing, transducers for flow detection, power supplies and communication links to develop

a practical solution to an EHWM.

In tiee early stages of the project it was decided that an additional objective of the trial would be
to make the EHWM cost effective. For the EHWM to be installed into households on a large
scale, the cost of producing the meter and the cost of its maintenance would be an important
factor in its introduction. The objective of developing a cost effective EHWM became the main

criteria in the decision making process for the design.

1.3 Outllgne of the Report

Thé report details the requirements for the EHWM and which components were sel_écted to
produce a cost effective design. A description of the prototype produced for testing is given and
any limitations in construction are discussed. The method of testing is descrjbed boih for _thg
laboratory and the field and an analysis on the performance is given. Estimates on. pricing are
given for full production and suggested additions to the design have been describe_(_l. The

recommendations include an evaluation of the trial and suggested steps for future EHWM designs.

2. EHWM DESIGN

2.1 Requirements

The main constituents of the EHWM are :
1 The microcontroller for information processing and protocol conversion.
2. Transducer for mechanical to electronic interface.
3 Communications interface to the Customer Network Unit.
4. Power supply for system power requirements.

The requirements for each of the components are now outlined.

2.1.1 Microcontroller

In order to develop a cost effective commercial Electronic Household Water Meter (EHWM) a
cost effective and power efficient microcontroller is required. The microcontroller gives a high
degree of flexibility to the Electronic Household Water Meter's implementation. By building into
the meter some form of intelligence, the ability to provide Time Of Day Metering and Leakage
Detection can be utilised. It also allows the meter to interface to other interface devices such as
a Customer Network Unit (CNU) and enables the EHWM to be part of an Automatic Meter
Reading (AMR) system if required.

A number of poSsible microcontrolier and hardware configurations were considered with the
conceptual design being taken from a previous development by Z Balazic [Balazic, (1990)] as this
offered a cost effective solution. An investigation was made of the different microcontrollers that
are produced by the large manufacturers and the ones that have met the requirements have been
presented in this report. The manufacturers investigated were Dallas Semiconductor, Intel,

Motorola, National Semiconductor, Philips, Texas Instruments and ZiLOG.

This section describes the initial conceptual design of the EHWM, outlines the proposed

requirements for the microcontroller in terms of hardware and software and makes a final

comparison of the microcontrollers.




MICROCONTROLLER REQUIREMENTS

The following is a description of the hardware and software requirements for the microcontroller
that will be used within the Electronic Household Water Meter (EHWM). The requirements were

based upon the EHWM Stage 3 design from Ballarat University College. Refer to [Balazic 1990].

Hardware

a) Input/Output

Figure 1 shows the Input/Output (I/O) requirements of the microcontroller.
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transmit data

LCD display on/off S0uA sink
R$232 driver on/off 5-10mA sink

1 input/output line for interrupt/acknowledge (INT/ACK)

b) Memory

The minimum internal memory requirements for the microcontroller are detailed as follows.

2 Kbytes ROM minimum program space
120 bytes RAM useable scratch memory for register

manipulation and consumption storage
The RAM is to be non-volatile whilst the supply is connected to the processor.

c) Modes

The microcontroller will require a minimum of two modes of operations, these being a run mode

and a stop mode.

1. In run mode it is desirable that the microcontroller consume a minimal amount of

current, in the order of milliamperes or less.

2. In stop or data retention mode, it is desirable that the microcontroller consume the
least amount of current. There should be enough current to support the internal
RAM, this being in the order of microamperes or less. The exit from stop mode

should require minimal or no external support devices.

d) Asynchronous Receive Transmit Device (UART)

The microcontroller will need to contain either a UART, which will be required for the

communications to and from the EHWM, or to be able to simulate a UART through software.

e) Power

It is desirable that the microcontrolier have a wide operating voltage range between two and seven

volts. The microcontroller may be operating from the following power supplies :-



D Lithium batery Microcontroller Interface Requirements

ii) Lithium rechargeable batteries with generator

ili)  Supercapacitors with generator
. i Divider Portions Inpuls =22
) iv) 3-7V DC power feed. Reed i \| Pe- 7 6 Of Outputs = 8
Switch —'l/ bouncer Counter Litres
O =1
f) Temperature Range
{1} |
The microcontroller will need to operate within the water meter environment. Initial laboratory 125t
age
testing has indicated that temperatures inside the water meter when water is flowing would be Binary 12 Litres
from around +70°C down to 0°C. See section 3.5 for more details, Counter
“\ .
Software I Overflow
a) Memory ' \1} reset
1 LN E;f:g # ) Overfiow
The minimum memory requirements for the EHWM is detailed as follows. ' |
2 Kbytes ROM user program space {1 7—~—J Lid reset
110 bytes RAM useable scratch memory for register manipulation Lid [\
’ . ’ y P Reed De - 7  Eent ¢ G
10 bytes RAM consumption storage _ | Switch ] /| bounoer—l/ Latch
32+8 bits for present consumption ‘
3248 bits for last meter reading ‘ 1 > Lid open
b) Instruction Set _ . /‘ LCD DLEN
i 66866668 34 Display 3
The instruction set for the microcontroller will need to have :- | \) Driver
i) bit manipulation

ii) arithmetic operations

iii)  logical operations

VAN

° % 3

iv) boolean variable manipulation

Dispiay OnfOff
v) /O manipulation Py

RS232 On/fOff

Figure 2 shows an operational flowchart for the EHWM.
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Figure 1 Proposed microcontroller interface requirements
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Figure 2 Proposed operational flowchart

LONG TERM DEVELOPMENT COST:

LONG TERM DEVELOPMENT COSTS FOR MICROCONTROLLERS

TABLE I

Device Unit Hardware & Non Operating | Stop Run
Cost Software Recurring Voitage mode mode
@ Development | Engineering | Range current | current
Costs Cost uA mA, 5V
@3V @2MHz
1 _
Intel $4.35 $8225 $2750 4-6 50 20
80C51 USD.77%
Dallas Semiconductor $36 $8225 - 4.5-55 80 43.2
DS5000 US0.778
Motorola $2.47 | $5038 $2500US 2.4-5.5 5 5
MCB8HCLOSC4 US0.77%
National Semiconductor $2.40 $6370 $4500US 2-5.5 1 2
COP880 US0.78%
Philips $5.00 | $1500 $4100 2.55.5 10 32
PCF84C633AT US0.78% |
Texas Instruments $2.37 $7100 $3500US 2-6 i 4.8
TMS70C20FNL tJS0.78%
ZiLOG $3.40 $1495 $3500US 3-55 8 15
286C40 US0.78%

Table 1 shows the corresponding costs associated with the microcontroller. The prices quoted are

in Australian dollars at the conversion factors given on the left of the table unless otherwise

specified. It lists the unit cost at order quantities of one hundred thousand, the development

system costs and the non recurring engineering or mask charges. Other important requirements

of the microcontroller such as the allowable operating voltage range, the stop mode or halt mode

current consumption and the run mode operating current are listed.



The columns in order of importance are :

Unit Cost : For a cost effective solution.

: Stop mode Current : For the reduction in the required power storage capacity.
Operating Voltage : For a wide operating environment.
Run mode Current : Not critical due to the short operating time but will be if in

a high interrupt mode.

Engineering cost : ‘This value would be dispersed over a large quantity of
microcontrollers.
Development System . The system can be reused and the cost can be dispersed.

.
3

FINAL COMPARISON:

National Semiconductor, ZilLOG, Motorola, Philips, Intel and Texas Instruments all offer cost
effective solutions to the microcontroller problem. After constructing and analysing Table I
weightings were given to the importance of each of the columns and the Texas Instruments

microcontroler was the device which best met the criteria.

The Texas Instruments TMS70C20 offered the lowest unit cost and it featured lowest power
consumption, the widest operating voltage range and the ability for future expansion and
upgradability if so desired. Some of the other microcontrollers do not offer this degree of
flexibility. Texas Instruments also offers the most extensive backup and support for the
development of the EHWM.

Based upon the long term costs of producing an Electronic Household Water Meter (EHWM) it
was recommended that the TMS70C20 microcontroller device from Texas Instruments be used

within the EHWM.
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2.1.2 Transducer

In any electronic meter there has to be a device which converts the item to be measured ( in this
case water volume) into an electronic form. The present mechanical water meters being used
have a displacement chamber which contains a revolving piston inside that spins one revolution
for a known volume of water. The revolving piston is connected to a magnet so that they spin
in unison. The mechanical meter uses the magnet to turn some gears and tumblers to enable a
display. A diagram of the displacement chamber and magnet is shown in Figure 4. To enable
retrofitting of existing meters and to simplify the design process, it was decided that a transducer
was only required to accurately measure the number of revolutions of the revolving piston. This
could be achieved by either detecting the rotating magnetic field or by mechanical action. Other

transducers which electronically measure the flow of water are available but they are very costly.
Specifications

The requirements of the transducer are that :
- The cost be keep minimal to make the overall cost of meter as low as possible.
- The device must draw minimal current as power is limited.
- Minimum lifespan of transducer : 10 years.
- Minimum number of operations : 1x 10° pulses.
( For an average houschold that consumes 300 kilolitres a year and with the piston
revolving 16.575 times a litre, generating 33.15 pulses a litre, the total number of pulses

over a ten year period is 1x 10°.)
A number of transducers options were found and these are described below.

i) Reed Switch ‘

A reed switch is a small switch encapsulated in glass that can detect a change in magnetic field.
It can be easily inserted into the water meter to detect the rotations of the magnet. A simple
debounce circuit is all that is required to detect the pulse output from the reed switch so that the
overall circuit including reed switch is low cost. A drawback of the reed switch is that there is

a limited life due to the mechanical contact of the switch. Typical minimum life expectancy of

- 11 =



a dry reed switch is 1x 10® pulses. Wet reed switches were found to have a greater life but they

were not considered because of their greater expense and size.

i®) Hall Effect Device

A Hall effect transducer has a semiconductor transistor which can switch an external device on
or off when placed next to a magnetic field. This device has virwally an unlimited lifetime as
there are no moving parts. The main problem with a Hall effect transducer is that it draws a

constant supply current of about 6 mA which make it unsuitable for use within the EHWM with

a limited power source.

Iy

by
iii) Pulse Wire Sensors

Pulse wire sensors consist of a compound wire, a permanent magnet wire and a pick-up coil
surrounding the two wires. When exposed to an alternating magnetic field they emif voltage
pulses of about 3 volts. No power supply is required and theoretically the pulse energy can drive
a Light Emitting Diode (LED) though it was found after initial testing that the pulse was of
insufficient duration to light the LED. The pulse wire has virtually an unlimited lifetime which
makes it ideal for an EHWM. The high cost for the pulse wire makes it unsuitable at this stage
for implementation into the EHWM. If the cost of the pulse wire drops, further research is

required to determine its total capabilities in future EHWM designs.

iv) Wiegand Sensor
This is a ferromagnetic wire which will produce a minimum four volt pulse when there is a
change in polarity of an applied magnetic field. This pulse might be sufficient to drive some

CMOS circuity. No further information was available and therefore was not considered in this

project.

V) Polyvinylidene Fluoride (PVDF) film sensor

This is a polymer film that has piezoelectric properties and many uses. This film can be made
into a magnetic switch which produces a voltage that may be able to drive some CMOS circuitry.
Initial information suggests that the mechanical strength of the PVDF switch is only marginally
better than a reed switch. At this stage there is no commercially available PVDF magnetic switch

for use within the EHWM so further research and development is required before it can be

- 12 -

considered in future designs.

(iv)  Generator

One possible construction of the EHWM is to have a generator inside which would be driven by
water flow. The output voltage of the generator can be used to determine how much water has
flowed through the meter. At this stage the concept is only in the idea stage and further thought

is required on how the idea can be implemented.
Selection

Of the transducers investigated, the reed switch was selected for the EHWM because of its
significantly lower cost and simpler design. Its only failing is that the life expectancy only just
meets the average required. One solution to this is to use a water meter that has the piston
rotating fewer revolutions per litre. A warning indicator could be transmitted with the reading

when the reed switch has reached its expected life to assist in the replacement.

2.1.3 Communications media

Water meters in Australia are uniquely positioned in that they are usually at the front of the
property. This means that there can be a distance of up to fifty metres between the utility
metering box and the actual water meter. The electronic water meter has to be able to

communicate over this distance before a device at the house can take readings to send to a central

billing centre.

For new estates, it would be possible to have the communication media put into trenches at the
same time as the water pipes are installed to the house. This would most likely be the simplest

solution, both in the design of the Electronic Household Water Meter and also in the cost.

For established housing estates where the owners agree to have trenches dug in their garden, then
the solution to the communications problem would be similar to that of the new housing estate.
When the established estate is such that digging trenches is either too costly or impractical, then

another solution for communications must be found. This might be in the form of either a radio

- 13 -



frequency link using one way or two way communications or by using fibre optic cable.

Specifications

The communications media must be capable of transmitting and/or receiving information from up

to 50 mewes away.
Communications Options

() Tw%sted pair cable _

Where thc'thner of the property agrees to having a trench dug on the premises then the cheapest
overall system would be achieved by using ordinary twisted pair cable for communications. This
requires some sort of driver which can transmit up to 50 metres over twisted pair cable. One
advantage of this is that power can also be delivered to the EHWM and thus solve the restrictions

on power.

(ii) Radio Frequency

If trenches are unable to be dug then one alternative for communications is using radio frequency.
This is a complicated technology because there are a number of issues involved such as
Department Of Transport And Communications (DOTAC) approval for RF spectrum allocation,
signal strengths, transmission power, broadcast duration, spread spectrum, two way Or one way

transmissions, protocols and circuit power consumption.

A study done by Nigel Portlock [Portlock, (1991)] outlines the effectiveness of a one way radio
based transmission link using a RF Monolithics MB1003 transmitter and a RB 1003 receiver. A
number of limitations were found such as signals being prone to interference due to the low

powered nature of the device and difficulties of transmitting at bit rates greater than 300 bits/sec.

Another prototype and trial was done [Reid, Renwick and Prior (1991)] to determine the
possibilities of using radio frequency as a method of transmitting data. The test water meter had
a one way FM transmitter inside and it was successful in transmitting information but one of the

major problems was that the power consumption of the meter was too high.

- 14 -

There are many difficulties using radio frequency for cornmunications and further investigation

needs to be done to resolve all the issues involved.

(iii)  Optical Fibre,

For existing estates, it could aiso be possible to send an optical fibre down an existing water pipe
and this could be a solution to having to dig up a customer's garden. A feasibility study has been
done by Adelaide Microelectronics Centre [Pugatschew] where they determined that it is possible
to use optical fibres to transmit information. A working prototype has been constructed but more

investigation is required to produce a cost effective design.

Selection

As the main criteria for the EHWM was to produce a power efficient design it was decided that
the initial prototype should concentrate on this aspect and keep the communications side simple.
A wire based media was chosen for the communications as this was power efficient and it allowed
for the use of two way communications using the existing research. The overall design of the
EHWM allows for the addition of radio frequency or optical fibre communications when an

efficient and cost effective solution is developed.

2.1.4 Power supply

The remoteness of the water meter from the house presents a problem in powering the EHWM
in a cost effective manner. The power source has to be able to last for ten years and if there is
a possibility of power failure then there must be a backup source for the duration of the power
failure. The power supply can also be dependent upon the communication media. If cable or
optical fibre is being used for communications then they could also be used for powering the
EHWM. If radio frequency is being used for communications then the power supply must be self

contained for the EHWM. The different power sources researched are listed below.

i} Primary Batteries
For a self contained EHWM, primary battery power offers the most attractive solution due to the

simplicity of the design. There are a number of criteria for the selection of the battery and these
are :

_15_




- shelf life of ten years.

- large capacity for supplying the required power.

- small size to fit in the water meter.

- absolute minimum voltage of two Volts over the lifetime

- stable voltage over both temperature and lifetime.

For the required battery capacity, and to be able to fit in the small compartment of the water
meter it was found that lithium batteries best fits the criteria. Most of the batteries did not have
an operational life of 10 years and so they were not suitable. The best solution was offered by
Lithium Tl}jonyl Chloride (LTC) batteries as they offered a 10 year shelf life, high energy density,

a level voltage characteristic and a high open circuit voltage of 3.7 volts.

ii) Wire Feed Power

Where the communications media is a cable then a wire fed supply would offer the cheapest and
most logical solution. This would be the case in new residential areas and where customers agree
to have renches dug in their garden. The only problem would occur during power failures where
there would have to be some backup power supply in the EHWM. Secondary backup sources

such as lithium rechargeables and super-capacitors are described later in the section.

1it) Three-phase Micro Hydre Generator

It has been considered that the water flow through the meter could be sufficient to drive a
generator to power the EHWM. After initial investigation, design and testing of a wire-wound
three phase micro hydro generator it was found that the starting torque of the generator was too
great to be used. Initial investigations into a three phase printed circuit board micro hydro

generator have suggested that it could be used to power the EHWM, though further design and

testing is required before the generator can be practically used. Consideration would also have .

to be given to a secondary power source when water is not flowing such as in the cases where

customers are away for extended periods.

- 16 -

iv) Optical Fibres

Optical fibres can be used to transmit power by using a solar cell to convert the light beamed
down the fibre into electrical energy. This idea is not new and research by Geo-Centers Inc have
shown that it is possible to get in excess of one watt electrical from a (silica) optical fibre.
[Tabacco (1987)]. Further research on this process by Telecom Research Laboratories [Lo (1991)]

has shown that while the idea is technically feasible, the cost inhibits any practical use of the

process at this present stage.

V) Lithiom Rechargeable Batteries

Lithium rechargeable batteries have been seen as a possible secondary power source where their
small size and high capacity are attributes which are reQuired in the EHWM environment. The
rechargeable batteries could be used in conjunction with a micro-hydro generator or external
charging source such as a wire feed from the house supply. Information to date has been limited,

suggesting an operational life of 100 charge/discharge cycles;

vi) Super Capacitors

Super Capacitors could be used in the same way as the Lithium Rechargeable batteries would be
used within the EHWM. Again a charging source is required to maintain the power above the

minimum level in order to sustain full operation.

Selection

The cheapest and most effective solution to power a self contained EHWM at this stage would
be from the Lithium Thionyl Chloride batteries. They offer a reliable, self contained power

source that can last the ten year lifetime.
2.2 Final System Design

A number of possible designs for the EHWM were considered and a final design consisting of
an elaborate power conservation scheme was selected. From the initial conceptual design it was
decided that an LCD was not necessary as part of the EHWM so it was omitted from the first
prototype. Refer to section 5.2 for further details. It should be noted that because the

microcontroller that was selected is a masked device and it is therefore a final production device,
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it was impractical to use in the prototypes. A onme time programmable device which closely

resembles the mask version was used.

2.2.1 Specification

With the ultimate aim of an operational life of over ten years and to be self-powered, it was
necessary for the design to be power conservative. The design philosophy adopted was to only
power the minimal amount of circuitry to undertake the task or operation at hand. Therefore if
no communications is required, then the communications section is powered down and so omn.
Figure 3 gl?ows the block diagram representation of the final system chqsen. Refer to Appendix

D for a complete circuit diagram of the final design.

Transducer
reed switch

Divide by 33 Externai 12 bit

Debounce circuit Counter counter

Qverflow
Latch

Lithium

Battery Microcontroller

Rockwell Communications
Communications tateh
Interface

Figure 3 Final EHWM System Block Diagram

The design consists of a reed switch for the transducer which produces a contact closure for every

pass of a North/South pole of the rotating magnet. A debounce circuit removes all the mechanical
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contact bounce from the reed switch before passing the electronic signal to the external electronic
divider circuit. The divider circuit converts the incoming pulses into a value which closely
approximates litres value. The output of the divider circuit flows into the external counter. This
counter can store a value of 4096 before it overflows. If the counter does overflow, the counter
overflow latch is set which will interrupt the microcontroller requesting that the internal 32 bit
counter register be incremented. By having the external counter circuitry it means that less

power is consumed by the microcontroller giving longer life to the battery.

As the Rockwell protocol had proven to be a simple, power efficient and reliable communications
protocol for the Siemens Computer Assisted Meter Reading Interface (CAMRI) unit, it was
decided to adopt the same protocol for the EHWM. The hardware part of the Rockwell
communications section consists of a 3 wire interface, Ground, Clock Input and Data input/output.
Enhancement mode Metal Oxide Semiconductor Field Effect Transistors (MOSFETs) were used
to interface the wiring to the EHWM. These MOSFETs offer éxtremely low power consumption

which make these the most applicable for the interfacing,

When a signal is asserted by the CNU on the Clock line, the communications latch is set. The

microcontroller will then be woken up and the reading will be transmitted. When finished the

microcontroller will go into sleep mode once again.

The microcontroller serves two main functions :
L To service any request of counter overflow and increment and provide internal
storage of count values in excess of 4096. |
2. To send on request the total accumulation of water to the receive unit using the
Rockwell protocol.
The main feature of the microcontroller is that when none of the services are required, the device
is put into micro-power mode or halt mode. In this mode the device will only respond to external

interrupts from either the communications or the overflow.

A Lithium Thionyl Chloride battery powers the entire circuit continuously with the
microcontroller entering micro-power mode when not in full operation. Sufficient power is

retained within the water meter for a life expectancy of over 10 years.
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2.2.2 Prototyping and construction

A simple construction methodology was adopted with the ultimate aim of the EHWM module
being a drop in replacement to the mechanical registers. A Davies Shephard 20mm KGG water
meter was used with only the absolute minimum alterations being necessary. Three prototype
units were constructed. One module was left in the laboratory for continuous testing and
observation. The other two prototypes modules were housed within a KGG water meter and
placed in the field.

The pro;%}ype modules were constructed on vero board which was cut round to fit into the index
housing. Figure 4 shows the overall assembly method used. All of the integrated circuits were
placed into sockets for ease of component replacement during field visits. It was necessary to
drill a single hole in the register housing to allow a communications cable to be inserted. Silicone
sealant was applied to the cable and hole to provide a water tight seal. A metal restraining ring
was applied to the cable to stop the cable from being pulled out accidentally. A slot was drilled

in the plastic meter cap in order to allow the cap to be removed and placed on with ease.

A plastic spring washer was placed between the metal retaining ring and the plastic meter cap so
when the cap was screwed on it would directly apply pressure to the glass top and in turn to the
rubber ring. The overall construction was therefore water tight. Future designs should consider
vacuum sealing as well as silicone water absorption beads to absorb any moisture. Plates 1,2 &

3 shows the prototype modules and complete Electronic Household Water Meter.

— Plastic meter cap
Cable outlet

Blectronic module

Reed switch — — Cable
Restraining ring

T~ Insulating Spacer

Index housing
+ Cable outlet

Figure 4 Prototype assembly block diagram

Future designs should also take into consideration the ease of removal and insertion of the

EHWM module. Another possible location for the cable entry is through the lid although the

glass will need to be drilled.




PLATE 1 - Electronic meter module

de water meter capsule

mnsi

¢ meter module |

ectront

:2-El

.

PLATE

22




Plate 3 Complete Electronic Household Water Meter
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: : The software that is contained within the microcontroller consists of two major blocks.
1. Storage and compensation block.

2. Transmission block.

Figure 5 shows the base level system operation flow chart. Refer to Appendix E for the complete

source listing of the microcontroller software.

|

|

|

2.2.3 Firmware
%

Start ‘

Has the external
counter ol;'erﬂowed

Is communications
being re?quesied

Power on reset
Ul alteno ]
' registers. :
\
Prepare data ‘
for transmision |
\
\
Transmit data
Enter sieep

Figure 5 Base level system flow chart.
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Storage and Compensation Block

The Storage and compensation block consists of a 32 bit counter register which is incremented
every time the external counter overflows. The amount that the internal counter register is
incremented is determined by the compensation value selected at programming. The
compensation value is the value which the external counter value need to be adjusted in order to
compensate for the external digital division error. The external digital division error exists
because the water chamber is geared for 16.575 revolutions per litre which corresponds to 33.15
pulses of the reed switch per litre and because the digital circuit is dividing by 33, the additional
0.15 pulses per litre need to be compensated. A software solution was selected as this is more
cost effective. The compensation software takes this error into account by dividing the total count
by the compensation factor and adjusts the external counter value before adding the internal

compensated value to it to produce the total accumulation.

Davies Shephard have the water meter chamber geared for 16.575 revolutions per litre but their
mechanical register within the KGG meter is geared for 16.5 revolutions per litre to allow the
meter to be within specification over the required flow rates with age. It was intended to have
the prototype units programmed to the mechanical register value but the exact values were not
available at the time of prototyping. The prototype units were programmed for 16.6 revolutions

per litre which was the value given by Davies Shephard at the time.

Transmission Block

When a request for a meter read is received by the EHWM, the transmission block takes the 32
bit total accumulation register and converts this into an ASCII string for transmission purposes.
Additional characters are added to the start and end of the ASCII consumption value to form a
Rockwell protocol message.
A sample message is shown

V; RWdddddddd; IWNnn<CR>
where V - is the beginning of the message.

: - is the delimiter of fields.

R - indicates the reading field.
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I - indicates the identification field.

d - this is one digit of the total accumulation reading in ASCII format.
nn - is the water meter identification number.
W - indicates that the message is from a water meter.

<CR> - end of record (stop character).

After the consumption value is put in Rockwell message form, the transmission block then outputs
the message synchronously to the clock signal supplied by the Customer Interface Unit which in
this casg is the CAMRI. A parity bit is also added to each character for error detection. After
each bit “is sent, the microcontroller is put into a wait mode to conserve power before the next bit
is transferred. A timer has also been programmed into the transmission block so that if there is
a long delay between clock signals such as when an error occurs then transmission is halted and

the microcontroller is reset to its shutdown mode.
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3. FIELD TRIAL AND TESTING

3.1 Laboratory Testing

There were three main tests performed on the EHWM in the laboratory, these tests were :
L. System power consumption testing.
2. Water accumulation testing.

3. EHWM Rockwell interface testing.

3.1.1 System power consumption testing

A system power consumption test was performed on the prototype EHWM's using the

configurations shown in Figure 6.

Power
Supply

PC

n | _
- EHWM
@) ===

Siemens
RS232 to ROCKWELL interface

reed switch

(D

Figure 6 Power consumption testing setup.

Tests were performed on the prototype units at two voltage levels. The five volt level is what
the component specifications are given at and the three point six level being the voltage output
of the lithjum battery used in the trial. The results of the two tests are shown in Tables IT & IIL

As mentioned earlier, the microcontrollers used in the prototypes are not the same as the final
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mask versions which would be used for the final design. The characteristics of the device used
are comparable. The tables show measurements for both the crystal and RC versions of the
microcontrollers. This is due to the RC versions not being available at the commencement of

tHe trial and hence the prototypes in the field contained crystal versions.

TABLE II
MAXIMUM CIRCUIT POWER CONSUMPTION TEST AT 5V LEVEL

u

@5.0 Volts XTAL Ceramic Version RC Plastic Version
@20°C . microcontroller @ 2MHz microcontroller @ 2MHz
5 Ceramic resonator C=48pF, R=10k

Actual System
Current

Theory System
Current

Actual System
Current

Theory System
Current

Run mode 11.32mA 21.21mA 11.60mA 21.21mA

Wait mode

1.80mA

2.11mA

1.50mA

2.11mA

Halt mode

696.0uA

851.5uA

6.3uA

18.5UA

The purpose of the 5V test performed was to compare the literature consumption values to the

actual recorded values.

TABLE HI

MAXIMUM CIRCUIT POWER CONSUMPTION TEST AT 3.6V LEVEL

@3.6 Volts
@20°C

XTAL Ceramic Version
microcontroller @ 2MHz
Ceramic resohator

RC Plastic Version
microcontroller @ 1.5MHz
C=48pF, R=10k

Actual System Current

Actual System Current

Run mode 3.64mA
Wait mode 402uUA
Halt mode 272 .0uA
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The test at 3.6 Volts was performed in order to determine the power consumption of a circuit

whilst being powered by a lithium battery.

A definition of the terms used in Tables II & III is now given.
a. Run mode - is defined as being the maximum current consumption of the EHWM
when all the integrated circuits are activated and the microcontroller is operating.

Activities such as counter overflow occurring or communications in progress.

b. Wait mode - is defined as being the maximum current consumption of the EHWM
when the microcontroller is in wait mode or timer active mode. In wait mode the
microcontrollers' timers are operating and the microcontroller is either waiting for
the next clock edge of the communications line, or for the time to have expired on

the timer,

C. Halt mode - is defined as being the maximum current consumption of the circuit

when all the integrated circuits are activated but with the microcontroller in micro

power sleep mode.
System power consumption testing results
It was found that the power consumption of all the components in the circuit were within
manufacturers specification. The complete calculation of the theoretical power consumption of

the circuit is given in Appendix C. It was found that the minimum operating voltage of the

circuit to allow communications using the crystal version of the microcontroller was 2.6 volts.

3.1.2 Water accumulation testing

A test jig was constructed to test and compare the readings of the trial EHWM to another

mechanical water meter in the laboratory. A block diagram of the test jig is shown in Figure 7.
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Water was passed through the water meters at varying flow rates. Table IV shows the results of

the testing.

EHWM KGG Mefter PSM Water Meter

L

Siemens
R§232 to ROCKWELL Interface

Figure 7 Water accumulation test setup.

TABLE IV
WATER ACCUMULATION TESTING RESULTS

Davies Kent
PSM-T
reference meter

Low flowrate - 5 - 30 Vhr High flowrate - 400 - 500 /hr

Total % Difference

accumulation

Total % Difference

accumulation

5723.6 Itr 17221.69 Itr

EHWM
compensated

5645 itr 17027 ltr -1.13%

Water Accumulation Test Results

The outcome of the testing in the laboratory suggests that the compensation factor that was put
into the software is operating correctly. From the information given by Davies-Kent (NSW) Pty
Ltd the PSM - T meter reads between +1% to +1.4% above actual consumption for the same
range of flowrates. Uncompensated readings for the EHWM are as low as -0.53% difference

between the PSM reading.

3.13 EHWM Rockwell interface testing.

The communications interface of the EHWM was tested using two setups. Figure 8 shows a
Personal Computer (PC) interface to the EHWM and Figure 9 shows a CAMRI unit connected
to the EHWM. '

Siemens
RS232 to ROCKWELL Interface

Figure 8 Rockwell interface testing setup 1 - EHWM to PC.




PC
l —| CAMRI L EHWM —— 3.6V
= Unit __T
Ii===

Figure 9 Rockwell interface testing setup 2 - EHWM to CAMRL

i
+
W
.
v

In the case of setup one, a read was requested by the PC via a PC to Rockwell interface unit
every 10 seconds, 1 minute and 10 minutes to see if the read request rate would effect the
reliability of the communication. Table V shows the success rate of the communications at the

specified request rate.

TABLE V
COMMUNICATIONS RELIABILITY OVER VARYING READ REQUEST RATES

Setup 1 EHWM to PC No of reads Success rate
10 Seconds 3203 - 100%
1 Minute 2895 100%
10 Minutes 1733 100%

In the case of setup 2, the EHWM was connected to a commercially available CAMRI unit from
which the reads were requested every hour for the period shown. Table VI shows the reliability

of the reads obtained from the EHWM when requested by the CAMRI unit.
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TABLE VI
COMMUNICATIONS RELIABILITY USING A CAMRI UNIT
WITH HOURLY REQUESTS

Setup 2 EHWM to CAMRI | No of Hourly Reads Success rate

16/11/92 - 18/1/93

EHWM Rockwell Interface Testing Results

The tests in the laboratory revealed that the communications interface is reliable. Both tests
performed on the EHWM have shown that information is reliably transmitted to the device

making the request. |
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3.2 Field Trial

The field trial was held for five and a half weeks which means that the testing on the EHWM was
 limited but long enough to determine the operation of the prototypes. In order to extensively test

the meter it would need to be put under varying environmental conditions and tested for a number

of yeafs.

3.21 Trial configuration

b
The EHWM was installed in two properties in Mount Dandenong to enable the performance of
the meters to be tested under actual environmental operating conditions. The Mt Dandenong area
which is located 35km East of Melbourne, was chosen as the location for the EHWM trial as this
provided ease of installation due to the existing setup of two CAMRI units from the UNP trial.
Figure 10 shows a diagram of the EHWM trial configuration. '

. o To Telephone line

-
-

4
Existing Electrity Meter
To Powerline
Customer = CAMRI urit -
Telephone

Water pipg ~————————p
to house

Existing Water Meter

lg————— Cabling frorm EHWM
| io CAMRI unit

32 /¥ Electronic Housahold
Water Mater

Figure 10 EHWM trial configuration block diagram

Each water meter was placed in series with the existing water meter and an underground cable
was used to connect it to the CAMRI unit which is mounted in the Utility Metering Box. The

CAMRI unit transmits the information from the meter over the telephone line to the billing centre.

3.2.2 List of problems encountered

There were a number of problems encountered with the EHWM during the fiéld ‘trial. One of
these problems being with lightning and the other with static electricity. Midway through the
trial, there was a lightning strike on both CAMRI units in the field. This resulted in the total
replacement of the electronic components within the water meter. This problem will need to be

looked at in future designs.

Another problem existed with static electricity. This problem is inherent with the devices used
in the communications section of the circuit. Special handling was necessary in the laboratory
to prevent destroying the components. MOSFETS were used and protection should be provided

to make the design more robust.

3.23 Reliability

The reliability of the EHWM was determined by how successful the transmission of the reads
were from the EHWM to the CAMRI unit. The reliability of the EHWM can be calculated from
the number of reads requested by the CAMRI to the number being returned. The reliability of
the system from the CAMRI unit to the Billing Centre was not tested here as it has been
documented in [Phey, Leong, Balazic, Colson and Manning (1993)] and was found to be reliable
for meter reading at 99.36%. From the data collected during the trial, the reliability of the
EHWM was found to be 100%. Table VII shows the number of successful reads during the trial
period.




TABLE VII
EHWM RELIABILITY

Location 1 Location 2
Period
No. of % No. of %
Reads Successful Reads Successful
7/12/92 - 18/12/92 228 100% 232 100%
t Lightning 0 0% 0 0%
13/1 2/92 - 7/1/93 '
7/1/93 -25/1/93 347 100% 327 100%

3.2.4 Accuracy

The EHWM was connected in series with the existing Billing meter and therefore measuring the
same water consumption. An exact determination of accuracy could not be done because neither
the EHWM or the existing billing water meter have been recently calibrated though it can be
assumed that the billing water meter meets Melbourne Water specifications. The difference

between the EHWM and the existing water meter is shown in Table VIIL
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TABLE VIIIL
EHWM METER ACCURACY
—
Location 1 Location 2
EHWM No1 WM No1i EHWM No2 WM No2

Period
7/12/92 -
16/12/92

Consumption 16170 lires | 16058 litres || 7759 litres 7190 litres

% Difference 0.697% 7.914%

Period Consumption | 24154 litres | 23998.2 litres || 10263 litres 10217 Iitreé

23/12/92

- 71/93 % Difference 0.649% 0.450%

Period || Consumption || 38893 litres 386686 litres || 14100 litres | 13953.1 litres
7/1/93 -

25/1/93 % Difference 0.587% 1.053%

For the period between 7/12/92 to 16/12/92 the meter at location 2 had a 7.914% difference in
the reading. After a lightning strike it was necessary to replace the components including the reed
switch in that particular unit. The reed switch had the contacts fused together at location 2 but
not at location 1. Once all the devices were replaced the accuracy of the meter was comparable
to the water meter at location 1. It was therefore concluded that there may have been a problem

with the reed switch initially.

3.4 Hourly Results

From the information which was collected from the two sites in Mt Dandenong, hourly
consumption graphs can be plotted. Figures 11 & 12 shows the consumption of water over an
hour of the two customers during the same week period. The graphs shows the type of
information that can be obtained using an EHWM in an AMR system. Information is missing

from customer #2 on the 24/1/93 because of a problem with a CAMRI unit.
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3.5 Further Work Necessary

As a result of the prototyping and field testing of the EHWM's, a number of adjustments to the
design should be considered. One adjustment is input protection to the communications line. The

other is lightning protection for the circuitry.

Further work is necessary in the area of environmental testing since the trial was very limited in
that extent. Labofatory environmental testing was carried out at Ballarat University College.
[Vranesic, (1989)]. The testsindicated that the maximum internal temperature experienced within
the water meter with an ambient temperature of. 50°C is less then 70°C. At the low end of the
tempera'gﬁre range, the internal temperature of the meter experienced 0°C with an ambient
temperature of -2°C. Further extensive environmental testing is necessary with the complete

electronic water meter to determine its operation under all conditions.
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4. ECONOMIC VIABILITY

4.1 Pricing Full Production

Table IX breaks down the cost of the individual components used in the design of the EHWM.
Details of the pricing were obtained from the manufacturers and suppliers on a 100,000 order

quantity.

TABLE IX
COMPONENT BREAKDOWN COSTING

Price @ 100K+

COMPONENT TYPE

Tl micro-controlier TMS70C20 -$2.37
MOSFETS + IC's $1.612
Resistors + Capacitors $0.3333
Reed Switch $1.39
Lithium Battery $2.95

PCB + Construction $3.95 “
Davies Shephard water meter without tumblers - $50.00
TOTAL UNIT COST $62.6053

Further research into the components would enable better pricing as some suppliers could only
give estimates at the time of writing. Additional savings could also be made if surface mounted
devices were used. This would reduce the size of the total package and lower the cost of

construction.
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4.2 Price Comparison To Existing Mechanical Meters

The price of the existing water meters used by Melbourne Water is in the order of $56 which
means that if you are only comparing standard water meter functions then it would suggest that
an EHWM is not as yet viable. For the EHWM to be considered as a cost effective alternative,
the advantages of the additional features neceds to be considered. The EHWM allows for the
remote reading of the water consumption where as the existing water meter does not. It also has

the capability of having adjustable correction factors and detection of tampering.

Preliminary discussions with Davies Shephard have indicated that the design of the brass capsule
and coverpi%te could be modified specifically for the EHWM which would lower the overall cost
of the water meter. With the addition of an electronic display (refer to section 5.2) the EHWM
couldbea practicalralternative with just standard existing meter functions. The additional features
such as remote reading could be introduced as the need arises. Additional research is required

in the production side of the EHWM to determine the cost savings that could be achieved.

#®

4.3 Installation and running costs

The cost of installing an EHWM is basically the cost of installing an electronic meter and laying
the cable from the EHWM to the meter box. For new estates this cost would virtuaily be the
same as installing the existing water meter as the cable could be installed when the pipe is layed.
For existing properties there needs to be a changeover of water meters and a trench dug for the
cable. A rough estimate of the installation cost obtained from a contractor was $140 with most
of the cost being from the trenching and laying of the cable. With a high volume of installations

the price would drop dramatically.

The EHWM itself has been designed for no maintenance over its 10 year lifetime. Additional
costs are incurred in installing a CNU to make the system totally automatic. These costs as well

as an estimate of running costs for the system are detailed in the UNP report [Phey, Leong,
Balazic, Colson and Manning (1993)].
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5. POSSIBLE ENHANCEMENTS

Possible enhancements to the EHWM will be discussed in this section.
5.1 Tamper Detection

The interim Standard Part 3 - Services Interface due to be released in May 1993, deals with the

issues regarding tamper detection of wire based interfaces.

In terms of the EHWM, the house unit (Master Unit) would detect a tamper if no reading can be
obtained from the EHWM (Slave Unit), since the reads are instigated by the house unit.
Tampering would only be detected at the point when the reads are requested. If the reads of the
meter are done frequently as would be the case in a Time Of Day setup, (at least twice a day)

then the tampering would be detected much sooner.

The types of tampering includes,
- destroying the module,
- opening the module,
- destroying the counter Circuitry,
- breaking the reed switch,
- removal of battery,

- cutting of the communications cable.

Additional circuitry would be necessary in the EHWM in order to detect tampering of the module
itself. |

5.2 Incorporating A Liquid Crystal Display

The standard household water meter has the water consumption displayed on the meter for billing
purposes and so the customer can check their own consumption. For billing purposes a display
of water consumption on the EHWM is not required as information would be transferred

electronically. Customers would still require some method of reading their water consumption
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and it is generally considered that the display be on the Customer Interface Unit as this would
allow easier access. An initial problem could be customers’ acceptance of taking a reading
remotely from the water meter. If it is decided that displays on the electronic water meter are
required in the initial introduction of automatic meter reading then the details below give an

indication of the requirements and estimated costs.
Requirements

Because of the remote environment where the water meter is situated, the display must have a low
operating voltage, low power consumption and also be able to endure the temperature range found

in the water,meter. A liquid crystal display best fits the criteria.

The liquid crystal display would also require a driver to enable the display to be controlled by the
microcontroller. The LCD driver would have to be able to communicate with the microcontroller
using a three wire serial line as the microcontroller has only a limited number of input/output

ports.

Both the display and driver would need to be easily removed from the design as it is seen that
in the future the meter readings would be read from the house rather than on the meter itself. The
extra work required to the existing EHWM design to incorporate the display would be additional

software, PCB design including extra componentry.

Specifications

Digit Height > 4mm

8 Digits including a decimal place to enable 1/1000 of a kl to be read.

Opefating temperature : 0° to 60°

Storage temperature : -10° to 70°

Supply Voltage : 2.5 to 6 volts

Extra symbols : Battery symbol, communications symbol, kl, m’,

Standard polariser reflective.

Epoxy DIL pins

Multiplex rate : This is dependent on the LCD driver. (For a Philips PCF2111) - 1: 2
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Figure 13 LCD Dimensions

LCD Driver

Operating temperature : 0° to 60°
Storage temperature : -10° to 70°
Supply Voltage : 2.5 to 6 volts

3 wire serial input

A number of manufacturers were found to be able to supply the required Liquid Crystal Display.

To obtain the extra symbols, a custom liquid crystal display has to be designed and constructed.

At present the only LCD driver able to accept a 3 wire serial input has been the Philips PCF2111.

An investigation of other LCD drivers needs to be carried out and quotes obtained for them.
TABLE X

MAJOR PARTS COST
OF INCORPORATING A LIQUID CRYSTAL DISPLAY

Component Type Price @ 100K+ I

Custom Liquid Crystal Display $2.15
LCD Driver $3.41 |
TOTAL $5.56
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Table X shows an estimate of the additional cost of the two major components for incorporating
into a LCD display within the EHWM. Extra costs would be involved in other components
required for the display, the printed circuit board and the construction. A rough estimate of the
cost to add a LCD display to the EHWM would be $10. This would bring the total cost of the
meter to $72.61. With additional research and a finalisation of the design this cost would be

reduced.

5.3 Flow Correction

The incorporation of a microcontroller in the EHWM design permits the inclusion of additional
features which are not possiblie in a standard water meter. As a water meter ages, the readings
become less accurate due to the wearing of parts. The ability to adjust for accuracy during ageing
of the meters is considered to be a definite advantage. Only a simple software adjustment is
necessary to implement this feature. Correction factors could also be down loaded to the meter

on a regular basis.

Because of the nature of positive displacement water meters the accuracy of the meters varies
with flow rate. With an EHWM a flow compensation factor could be programmed into it to allow
for the difference. A characteristic curve could be programmed into the meters and maybe even

changed at a later date.
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6. CONCLUSIONS AND RECOMMENDATIONS

From the trial it was found that the Electronic Household Water Meter functioned very
successfully with the only major problem being the lack of protection against lightning. The
additional cost for this protection will need to be looked at both statistically and economically.
Statistically in the number of possible meter strikes. Economically in the cost of the additional
lightning protection circuitry as compared to the loss of data and service crew for site visit and
module replacement. Protection against static electricity would also be required to provide a more

robust meter as the EHWM is likely to be treated roughly during installation.

The trial has shown that the EHWM is a very cost effective and practical design. Further
extended testing would be required to determine the operation of the EHWM under all

environmental conditions and to verify the theoretical life of ten years,

To enhance the capabilities of the EHWM further development can be done on the liquid crystal
display and the radio frequency link. These enhancements would aliow the EHWM to be installed
in a greater variety of households to suit the varying conditions. The liquid crystal display would

also allow the use of the EHWM as a standard meter until a full AMR system is introduced.

The work done in this trial has shown that the EHWM can be a commercially viable product.
Discussions with Davies Shephard have indicated that the EHWM could actually reduce
production costs which would greatly enhance its acceptance by water utilities due to its lower
cost. The ability to add additional features to the standard water meter will become of greater

value as the cost of delivering water and monitoring its consumption increases in the future.

It is recommended that there be further investigation into refining the construction of the
EHWM to reduce the costs of production and to allow the meter to be commercially produced.
At this stage with manual meter reading being very efficient and delivery costs being low,
introduction of the EHWM to the average household is more likely to be achieved if the cost of

the EHWM is lower than or similar to the cost of the existing mechanical meter.
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APPENDIX A.
MEASUREMENT UNITS

The SI units of measurement are adopted in the report and the symbols used are shown below:

- Hz  Hertz (Frequency measurement unit)

- v Volts (Voltage measurement unit)

- °C Centigrade (Temperature measurement unit)

Ampere (Current measurement unit)

Cubic meter (Volume measurement unit)

Litre (Volume measurement unit equivalent to 1x10°m®)
Second (Time measurement unit)

Metre (Length measurement unit)

3

g8« —B >

(milli) multiplier measurement unit
(micro) multiplier measurement unit
(nano) multiplier measurement unit
(pico) multiplier measurement unit
(kilo) multiplier measurement unit
(mega) multiplier measurement unit

gh“"d!:ﬂg
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Dallas Semiconductors

Igor Karlik
Veltec Pty. Ltd.
telephone : (03) 808 7511

Davies §hephard
Richard Sokol

Davies Shephard
telephone : (03) 460 3744

Entech Products

Don Miles

Entech Products Ltd
telephone : (08) 371 1022
- Hamlin

Mark Peeters

Emuail Electronics
telephone : ((3) 544 8244
Handok

Craig Dickeson

Davidson Lid

telephone : (03) 555-7277
Intel

Bill Bourne

NSD Australia
telephone : (03) 890 0970

APPENDIX B
Supplier List

Motorola

Anthony Coffey
Motorola Semiconductor Products
telephone : (02) 906 3855

Eddie Prince
VSIP Electronics (Aust) Pty. Ltd.
telephone : (03) 543 6445

Igor Karlik
Veltec Pty. Ltd.
telephone : {03) 808 7511

National Semiconductor
Steve Cinquegrana
National Semiconductor
telephone : (03) 558 9999
Bili Bourne

NSD Australia

telephone : (03) 890 0970
Eric Sfyridis

GEC George Brown Group.
telephone : (03) 878 8111
Philips

Gary Pereira

Passive Electronic Distributors Pty.Ltd.

telephone : (03) 873 4722

- K2 ~

Tadiran

Maurice E. MacMahon
Mechtric Ltd
telephone : (02) 938 3555

Texas Instruments

Doug Mealy
Texas Instruments Australia Limited
telephone : (03) 696 1211

Ken Pattison

Advanced Component Distributors Pty Ltd
telephone : (03) 762 7644

ZiLOG

Eric Sfyridis
GEC George Brown Group.
telephone : (03) 878 8111
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APPENDIX C
Power Consumption Study For The EHWM

Assumptions al Communications occurs twice a day 80.5 seconds communications
b/ With the display option, 10 reads per year @15 seconds per display
Informatien
Hours in ten year = 87600 hours |I
Average water consumption = | 300000 litres/year "
ten years = 3000000 litres/10 years "
average flow rate = 34.24646 litres/hour “
T‘\ 0.5708 litres/minute "
0.0095 litres/second ||
meter pulses per litre = 33.15 pulses/litre ie. KGG water meter “
external divider = 33 pulses/litre
average pulse rate of reed 0.3154 pulses/second ie. frequency of
switch = 0.0003 XkHz operation
Counter size = 12 Stage Binary “
Counter range = 4096 count
Overflow Rate = 2.33e-09 kHz
Reed switch calculations: "
Reed switch operational life| 1.00e08 pulses
Total switch operations = 9.95e06 per year
Life span = 10.06 years
Expected life span = 10 years
" 4093 Nand gates
9.556e-06 kHz

ie reed switch pulse rate / 33

ll Average operating fregquency =

per package max 8250C @5V

Device quiescent current = 2.500e-07 Amps
per package max @€250C @5V
4 gates per package
Device dynamic current = 1.2 micro Amps/kHz
per package
Total device current = 2.500e-07 Amps

1|
4069 Inverter
Average operating frequency = 3.15e=04 kHz
ie reed pulse rate

Device quiescent current = 2.500e-07 RAmps
per package max @230C @5V

6 gates per package
Device dynamic current = 0.3 micro Amps/kHz

per gate
Total device current = 2.506e-07 Amps
per package max @25c0C @5V |
4049 Inverter "
hverage operating frequency = 3.15e~04 kHz ] "
Device quiescent current = 1.000e-06 Amps
per package max @250C @5V

. 6 gates per package
Device dynamic current = 1.8 micro Amps/kHz
Total device current = 1.000e-06 Amps
per package max 8250C @5V
4013 D flip flop "
Average operating frequency = 2.3331e-09 kHz
ie overflow freq

Device quiescent current = 1.00e-06 Amps
per package max @250C @5V

2 gates per package
Device dynamic current = 0.75 micro Amps/kHz
Total device current = 1.00e-0¢6 Amps
per package max @250C @5V

1l

4040 12 stage counter
Average operating f{requency = 9.51e-06 kHz
Device quiescent current = 5.00e-06 Rmps
per package max @250C @5V
Counter dynamic current = 0.42 micro Amps/kHz

per package
Total counter current = 5.00e~-06 Amps
per package max @250C @5V
4024 7 stage counter "
Average Operating freg = 3.15e-04 kHz
Counter quiescent current = 5.00e-06 - Amps
per package max B250C RSV
Counter dynamic current = 0.31 micro Amps/kHz

per package

Total counter current =
per package max @250C @5V

5.00e-06

Amps




Total ' Gverflow Servicing
Current consumption of counters = 1.15%e=05 Amps i
P : Total number of overflows = 732.42 in 10 years
i 4049 instead of the 4069 = 1 .23e-05 s
Jeing Amp Time to service an overflow = 3.63e-04
: : seconds
. Total Total time to service = 0.2659 seconds
Power consumption of counters = 1.0075 AmpHIs “
Using 4049 instead of the 4069 = 1.0732 AmpHrs
g i Power requirement in overflow = 3.54e-07 Amphrs ||
el ;
DRisplay Miarecontroller Texas Instruments TMS70C20 Prototyping TMS77C82 RC’
1 Philips B
PCF211 . P Halt/Stop mode current = 1 micre Amps 7 - micro Amps
Display consumption = 5.00e-05 Amps
Time spent in halt mode = | 87598.57 hours | 87598.57 hours
Servicing 1lid openings = 10 times per year .
¥ .
Y i i = 10 ears
%, Expected life time b Power requirement in halt mede = l 0.0876 AmpHrs l 0.6132 AmpHrs
Il Total cpenings during lifetime = 100 times during
I life
“ Wait - Timer active mode = | 640 micro Amps | 2.1 milli Amps .
Time required to service 15 seconds
Lid openings = 0.0042 hours : Run mode current &5V 2MHz = I 4.8 milli Amps | 21.2 milli Amps
I Total time spent on lid servicing = 0.4167 hours Time spent in run mode =
| Power required to service lid openings = 0.0020 AmpHours } 0.417 hours ie display 0.417 hours ie display
1.014 hours 1.014 Thours
ie communications . ie communications
7.3%e-05 ' hours . 7.3%e-05 hours
" Communications _ ie service overflow ie service overflow
Comms device consumption = 0.0360 milli amps ] Total = 1.4306 hours ' 1.4306 hours
3.6/ (Rds+100K) 1
Power requirement in run mode =
Total communications current = 4.8360 milli amps
(ie comms + micro} | 2.00e-03 Amphrs 8.83e-03 BAmphrs ie display
ie display ‘
4.87e~03 Amphrs 2.15e-02 Amphrs
Communications event 0.5 seconds ie communications ie communications
Time required to service 1.3%e-04 hours
communications event = . 3.54e-07 Amphrs 1.57e-06 Amphrs
18 Characters * 10 Bits/char* 600 ie service overflow ie service overflow
gizggs:géﬁ;gs'f 300mS startup = Total = 6.87e-03 BAmphrs 3.03e-02 Amphrs
: Display + Comms + overflows Display + Comms + cverflow
Number of communications = ?]30 gii 32‘31. 1 Total Microcontreller Power Requirement
events 7300 during life Halt + Run = 0.0945 AmpHrs 9.6435 AmpHrs ie.
Prototyping microcontroller
used
Total time spent = 1.0139 hours
on communication service
Power required to service = 0.004% AmpHrs
communications |
!
]
|
|
N
|
g




Idle mode current

Consumption Duration Capacity
counters 1.15e-05 876060 hours 1.0075 AmpHrs
Amps
micro i.00e-06 87598.57 hours| 0.0876 AmpHrs
Anps
Capacity = 1.0851 AmpHrs
Pulsed current
Consumption | Duration Pulsed Capacity
micre | 4.8mA 1.4306 hours 15 zeconds 0.0069 AmpHrs
Y 0.05 ma 0.4167 hours | 15 seconds 2.08e~05
display BmpHLS
D)
comms 0.0360 ma 1.0139 hours 0.5 seconds 3.65e-05
AmpHrs
4.8 mA 7.39e-05 hours] 3.63e-04 3.54e-072mpHr
overflow seconds s
Capacity = 0.0069 AmpHrs

Total Required Capacity =

1.1020 AmpHrs

VYoltage range -

Minimum veoltage 2V Absolute
Temperature range
minimuam 0 oC
maximum 70 oC
¢limate Australia
— 58 —

APPENDIX D
Electronic Househol_d 'Water Meter
Circuit Diagram
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1l
|
‘a\
' EHWM-V4 7000 FAMILY MACRO ASSEMBLER PC3.1 88.005 11:30:10 12-02-92 i
PAGE 0002 I
0082 LR L R e R I i
) ) - 0083 *rxkxxxXXKEEENANE Complete Rockwell message *¥*kkidkddkdkikdhkkhk 3‘.|
EHWM-V4 7000 FAMILY MACRO ASSEMBLER PC3.1 88.005 11:30:10 12-02-92 : 0084 0000
PAGE 0001 i 0085 * This is a 18 byte message which actually starts at MSGEND+1.
| 0086 * The Rockwell message will be something like that below.
doo1l R L R e R R R L T R R g g B B g T T 2 ] ! Q087 * 0,CR,'1', %0, "R, I, ;!
0002 * :EHWMR4 . ASM Electronic Household Water Meter Project * oosg ¥ POF, 007,000,700, 100, N0, 0T, WY, IRY, T, V!
0003 * * Q089% 0000
0004 * Degcription: This program calculates the total water consumption of the * Q090 0030 MSGEND EQU >0030 Uses registers R43->R66
0005 * meter and transmits this value using the Rockwell protocol * ggg% 0000 0012 MSGLEN EQU 18 The number of chars in a message.
* i *
338_6] x as required. - 0093 LR R e R T T e e T T T T e A T T T LY ‘
0008 * * G094 FREARA AR KR RN RN R IR hdkhd  YARTABLES ARAdAdih v AR RARRARARRE AR R Ak n kR :
3000 ¥ x 0095 0000 |
0010 * * 0096 000D CR EQU >0D Carriage return
0011 * * 0097 0060 STET EQU >80 Stack peinter |
ooz * Version 4.01 * 0098 0000 B o
0013 * By Zlatko Balazic and Andrew Leong. * 0049 0028 NOSTRT EQU 40 . Number of interupts before a start error. il
0014 * 2712/92 * 0100 *NOSTRT EQU 90 “for a SMhz xtal. . il
0015 * * 0101 0000 :
001s AR R R IR IR AT K AR R AR R RRI R AR AR TRRARARKKR AR KRR KRR RIR AR KRR RARRNAR IR * kA ® 0102 0060 ‘ i :
Q017 0000 01493 0000 TIMDAT EQU »>00 Data for the MSByte of Timer 1 reload register. (N/A for lhe
0018 IDT 'EHWM-V4" TMST0C2¢) B
0019 0000 0104 Q0FF TLLDAT EQU »FF Data for the LSByte of Timer 1 reload register. TR=255 [l
0020 N kR AR AR R AR A AR A AR AR AR AR AR AR A kR A AR AR AR N AR AR R A AR RIRER A AN R A RKRAA TR R A *® 0105 009F TICDAT EQU 710011111 T1 control data. 7-Start time, é-internal clock source, 1“=
0021 Y * Pexipheral File * 0106 * 5-Active during idle,4->0-Prescaler relocad value, PR=31 i!
0023 o * 0107 0000 H
0023 A Kk AN R AR R Rk kAR R b ek Ak kAR AR RN R R AN AR AR R AN R ANRAAAR AR AN XN KK 0108 * The ocutputs on port D6 are opposite to normal due to a transistor el
0024 GoO00 0109 * inverting the output from the pin to the comms. ‘I':
0025 0000 TOCNTO EQU PO Interrupt contzol 0 011¢ 0040 LBIT6P EQU 201000000 A low for Bit 6 of a port. S i
0026 0002 ICCNT1 EQU P2 Interrupt control 1 0111 FFBF HBIT6P EQU #?01000000 A high for Bit & of 2 pert. :
0027 0001 IOCNTZ EQU Pl Interrupt control 2 0112 000 o
0028 0000 G113 0000 . il
0029 0004 APORT EQU P4 Port L data register ‘ 0114 e e e e e e e e il
0030 0005 ADDR EQU E5 Port B data direction register ' :
0031 0006 BPORT EQU o6 Port B data register ¢115 ooco i
0032 0008 CPORT EQU P8 Port C data register 0llé 000a i
0033 Q009 CDDR EQU P9 Port C data dimction register ! 0117 LA R R 222 et R s Rty T T e T E T T Y P E TR T F L R P ey R
0034 0C0AR DPORT EQU P10 Port D data register 0118 * :START MAIN PROGRAM * 3
0¢35 000B DDDR  EQU P1t Port D data direction register 011s. * L. * I
0036 0000 0120 * Description: This routine when run will test for three conditions which may *
0037 000C TIMSB EQU p12 Timer 1 data (N/A for TMS70C20) 0121 * exist, * 1“
0038 000D TLLSE EQU P13 Timer 1 data (P2 on TMS70C20) o122 * 1., External counter overflow occured whereby * i
0039 000F TiCTL0 EQU P15 Timer 1 control 0 (P3 on TMS70C20) 0123 ¥ APORT bit 0 will ke low. The internal 32 bit  * 1§
0040 0013 T2CTLO EQU P19 Timer 2 contrel 0 (N/A for TMSTOC20) 0124 * overflow counter value is then incremented by * i
0041 0015 SCTLO EQU P2l Serial control register _ 0125 * 4071 or (UFETH). *
0042 G000 ] 0128 * 2. External communications is requested whereby *
0043 Q000 : 0127 * APORT bit 1 will be low. The routine is then * --
0044 P IR R Rt T T e e T e T e e e P T T T TE T T I I T T TS ] 0128 * called to calculate the total consumption ie * i
0045 * Register File * Q129 * the internal accumulatien value + the external *
0046 * * 0130 * counter value with compensation of 1 litre for * il
0047 P T T e e e e s s P I 013l * every 166 litres consummed. These values are * i
0048 0000 0132 * then forwarded to the communications routine * E
0049 * Continucous internal count overflow register 0133 * 3. Power on reset or an external interzupt on INT3 *
G050 0000 0134 * where none of the states 1 and 2 are * :
0051 001E MSMSW EQU R30 Most significant byte of the most significant word 0135 * active, The internal accumulation value is * i
0052 001F LSMSW EQU R31 Least significant byte of the most significant word 0138 * set to zero. * .
0053 0020 MSLSW EQU R32 Most significant byte of the least significant word 0137 * * i
0054 0021 LSLSW EQU R33 Least significant byte of the least significant word 0138 * On RESET -  Test for External Overflow, APORT bit 0 (LOW) * :
0055 0000 | 0139 * Test for Communications, APCRT kit 1 (LOW) * \“
0056 * Temporary storage of the total of the internal overflow register + 0140 * Test for Power on reset, APORT bit 0 and 1 both (HIGH) * i
0057 * compensated external counter value 0141 * * !
Q0S8 OO0 0142 * Inputs: APORT bits Q and I (LOW = ACTIVE) * ‘1§
0059 0022 MSMSWT EQU R34 Most significant byte of the most sighificant word 0143 * * i
0060 0023 LSMSWT EQU R35 Least significant byte of the most significant word 0144 * Qutputas: * “\
0061 0024 MSLSWT EQU R36 Most significant byte of the least significant word 0145 * * I
0062 0025 LSLSWT EQU R37 Least significant byte of the least significant word 01486 * Calls to: UPINCT Update internal counter * il
0063 0600 b 0147 * TOTCVL Total consumption vaiue * i
0064 * Temporary storage of exzternal counter walue 1 0148 * TRNFER Transfer consumption value * i
0065 0G00 0149 * CLROVR Clear overflow latch * I
0066 0026 MSBEXT EQU R38 Moat significant byte of the external counter 0150 * CLRCOM C(lear communications latch * k
0067 0027 LSBEXT EQU R39 Least significant byte of the external counter gig; : HALTMD Set microcontroller inte halt mode * i
0068 0000 *
0069 * Temporary external storage value — compensaticn value ‘ 0153 * Modified: APORT, B, STPT=60h *
0070 0000 0154 * Rev 1.00 ZB - 11/11/92 *
007L 0028 TMSBXT EQU R40 Most significant byte of the external counter | 0155 L T T O R R E L R L e e R T T Y T g
0072 0029 TLSBXT EQU R41 Least significant byte of the external counter 0156 0000
06073 0000 0157 F006 ACORG >F0086 Start of main program
a074 0000
0075 002A MsGPTR EQU R42 No of chars left te tranamit in message.
0076 002B TXCNTR EQU R43 Number of bits which has been transmitted in a char, i
Q077 002¢C TXPARY EQU RA44 Storage of parity for current char. "l
0078 002D TXBUFF EQU R45 Current char being transmitted. i -
0079 002E STCNTR EQU R46 Number of interupts left to occur before a start erreor. |
0080 0000
0081 0000

i
!
'!
j |
1‘
|
i




1
i
H
: i
EHWM-V4 7000 FAMILY MACRO ASSEMBLER PC3.1 £8.005 11:30:10 12-02-92 EHWM-V4 7000 FAMILY MACRO ASSEMBLER PC3.1 88.005 11:30:10 12-02-92 I!‘
PAGE 0003 PAGE 0004 b
i
0158 ¥006 8E START CALL QINTVAR Initialize registers ! FO3F 22 ! |
F007 F038 ! F040 01
0159 FQ09 52 MOV %STPT,B Set stack location as 60H ‘ 0207 Fo4l A2 MOVP $£711111111, APORT Clear port A settings i
FOOA 60 : FQ42 FE ‘||‘
0160 FQOB oD LDSP F343 04 h
orel gggg 02!]?: RESTRT CALL @SNPSHT Take a snapshot of external registers 0208 ggzg 220 MOVE %£700000000, ADDR 8et port A as all inputs i‘”
F i
0162 FOOF A7 BTJZP %>01, APORT, OVRFLW Tast if Cverflow condition exists F046 05 : |
FQ10 01 . 0209 F047 A2 Move %711111111, BPORT Set port B outputs to all 1's [
¥011 04 - Fo4s8 FF ii:
F012 09 F040 06 : 5”!
0163 FO13 A7 BTJZP %>02,APORT, COMMS Test is Communications condition exists 0210 F04A a2 Move %?00000000, CDDR 8et port C as all inpuks "‘
FOll o2 FO4B 00 : i
F0l15 04 FO4C 09 . 1
Fois 11 0211 F04D Az MOVE %211110000, DDDR Set port DD MSN as outputs LSN asg inputs i
0164 F017 8E CALL QCLRTOT If neither comms or overflow then battery connected FO4E FO
F018 FOB4 . FO4F OB i
0165 FOl1A EQ JMP SHTDWN Shutdown the system 0212 FO50 A2 MovE £300000000, DPORT 8et port D MSN to low |
FOl1B i9 FO51 Q0 ’ i
0166 FO01C 8E OVRFLW CALL RUPINCT If overflow update the internal count value F{52 [+F-3 |
FOlD F054 0213 FO53 QA RETS
0167 FOLF 8E CALL @CLRCVR Clear the external overflow latch ‘ 0214 Fos4 d
F020 FOBD 0215 F054 i
0168 F022 A'? BTJZP %)02’APORT’RESTRT Test if comunications is requasted 0216 AR KA KRR A A AR AR AT E AT A AT TR AR ARk AR AR kAR ket khkk kA Ak hddhhkkhdhkkhidhdd i
FG23 ‘QZ N - 0217 * 1UPINCT OPDATE INTERNAL, COUNTER * !
Fo24 G4 : ' ozle * : * |
ro025 Eb 0219 * Description: This routine increments the internal accumulation value by 4071 * "
0169 F026 EO JMP SHTDWN If not then shutdown the asysten 0220 * which is 4096 - a compensation value of 25 ie 1 in 166 * |
F027 0D 0221 * 4096/166=24.6 *
0170 F028 S8E COMMS CALL aTOTCVL If communications is requested update the total 0222 * * i
counter 3 0223 * Inputsa: LSLSW, MSLSW, LSMSW, MSMSKW X l
F029 FOBA ‘ 0224 * * i
0171 F02B 8C BR QTRNSFR Convert and mend the reading 0225 * Qutputs: LSLSW+ETH, MSLSW+O0FH, LSMSW+C, MSMSW+C * !
F2C FODC ] 0228 * *
0172 ¥C2E SE ENDTRN CALL RCLRCCOM Clear the external communication latch : 0227 * Modified: LSLSW, MSLSW, LSMSW, MSMSW * :
FQ2F FOC4 . 0228 * Rev 1.00 ZB - 1l1/11/92 * A
0173 F031 A7 BTJZP %501, APORT, RESTRT Test if overflow is requested 022% LR T T s  y E  F T e T T e i
F032 01 0230 F054 : |
F033 04 0231 F054 78 UPINCT ADD ¥>E7, LSLSW ‘
F034 D7 1 FOS5 E7 |
0174 FO35 BC SHIDWN BR @HALTMD If not then shutdown the system ‘ ‘ F056 21 ‘
F036 FOCB | Q232 F057 79 ADC $>0F , MSLSW i
0175 * Run the haltmode routine ] F058 oF I
Q176 * End of the main program FO39 20 : I
0177 FQ38 0233 FO5A 79 ADC %>0, LSMSH
0178 F038 4 FOSB - 00 . |-
0L79 P e et a R E LR T L L e Ry I e e Tt ] FOSC iF i
01890 * INTVAR INITIALIZE * 0234 FOSD 79 ADC %>0, MSMSHW 3'
0181 * * FOSE 60 i‘\|
0182 * Description: This routine 1. Clears the interrupt flags to a known state * FOSF 1E |i
0183 * 2. Sets the Input/output ports * 0235 FO6¢ 7.9 RETS i
0184 * * 0236 FO61 ik
0185 * Inputs: * 0237 FO6l . i ;
gl186 * * 0238 EE s R S R T e e e e S R A e R R R S R R T A T I ‘
0187 * Qutputs: IOCNTO 2A Single chip mode, Clear and disable int3,2,1 ® 0239 * :SNPSHT SNAP SHOT * [l
0188 * IO0CNT1  OA Clear and disable int5, 4 * 0240 * * g
0189 * IOCNT2 02 Set intl edge sensitive active low * 0241 * Description: This routine reads the external 12 bit counter. The least * i,
0190 * ADDR 00 Set port A as inputs * 0242 * significant byte of the counter is read from port C and * ;
0191 * CDDR 00 Set port C as inputs * 0243 * is stored in LSBEXT. The most significant nibble of * ‘f"‘
0192 * DBDR FO Set port D as cutputs and inputs * 0244 * the counter is read from port D with the unused part * \
0193 * APORT 00 Clear port A * 0245 * being masked out. *-
0194 * BPCRT FF  Set all port B pins * 0246 * * !
0195 * DPORT ox Clear port D Most sigmificant nibble * 0247 * Inputs: CPORT Least significant byte of the 12 bit external countexr * |
0194 * * 0248 * DPORT DO-D3 most significant nibkbble of the external counter * ‘
0197 * Modified: All listed in outputas * 0249 * * A
0198 * * 0250 * Qutputs: L3SBEXT Least significant byte of the 12 bit external counter * -
0199 * Rev 1.00 * 0251 * MSBEXT DO-D3 most significant nibble of the external counter * !
0200 * ZB - 11/11/92 * 0252 * * -
Q201 * * 0253 * Modified: A, B, LSBEXT, MSBEXT * i
0202 LIt e e 2 s R R R R R E RS a R R s Rt eI e Rt Rl LRttt 0254 * Rev 1.00 ZB ~ 11/11/92 * h
¢203 F0as8 Q255 R ERAR KRR R AR AR I AR A R AR A AR AR R AR AR R AR R A A AR AR A AR R R A AN AR FAR KRR AR A AR A Ak d ek k k) ||
0204 ¥F038 A2 INTVAR MOVE $700101010, IOCNTO Single chip mode, Clear and disable int3,2,1 0256 FOel i
F039  2A 1 0257 FO61 80 SNPSET MOVP  CPORT,A i
FO03a 00 F062 08 | .
0205 F03B A2 Move %£700001010, IOCHT1 Clear and disable int5,4 0258 gggi gg MOV A, LSBEXT Read least significant byte of the ezternal counter i
FO03C  0A ! i
FO3D 02 i 0259 F065 91 MOVP DPCRT, B E
0206 FO3E A2 MOVP %200100010, TOCNT2 Set intl & int3 edge sensitive active low ! FQe6  OA ; 4
! 0260 F067 D1 MOV B,MSBEXT Read most significant byte of the external counter 5
i
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0261

Q262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275
0276
0277
0278
0279
0280
0281
02382
0283
0284
Q285
0286
0287
0288
0289
0290
0291
0292
0293
0294
0295
0296
0297
0258
0299
0300
0301
0302
0303
0304
0305
0306
0307
0308
03019
0310
0311
0312
0313
0314
0315
0316
06317
0318

0319
0320
0321
0322
0323
0324

0325
0326

0327
0328
0329

Fo68
F069

FO6A
F06B
FQ&C
F06D
FO6D

FO&D

FO&D
FO6D
FO6E
FO6F
FQ70
FO71
FO72
F073
F074
FO075
FQ76
FO77
F018
FO79
FO7A
FO7B
FO7C
FO7D
FOTE
FOIF
FO80
FOgl
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PAGE 0005
AND $200001111, MSEEXT Mask off most significant nibble of the
significant byte
RETS

most

IR Rt R e b b b R R et s L e e Y e T T T T Y

*
*
*
*
*
u
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
¥
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

LOPCNT
DIVSOR
CMPVAL

CMPVLA

BINDVD

BVDLP

SKIP1

SUBTIT

:CMPVLA

CCMPUTE COMPENSATION VALDE

Description: This routine calculates the compensation value which will be

subtracted from the external counter value to
compensate for the additional 0.2 pulses per litre.

Water meter

16.6 revolutions per litre
33.2 pulses / litre =>» 1l litre passes 33.2 pulses are received
1000 litres = 33200 pulses

Electreoni¢ eircuit

33 pulsea per 1 litre recorded

1000 litres = 33000 pulses

33200 pulses => 33200 / 33 = (1006.06\} litres ie over regiatered
by {6.06\) litres

Over registering by (33.2-33)/33.2 = (0.2}/33.2 = 1/166
ie 1 litre in every 166 recorded
conpensation wvalue = (1006.06\} / 166 = (6.086%) litres
error = [{(1006-6)-1000}/1000]%100 = 0%

eg For a consumption of 10000 litres

10000*%33.2 = 332000 pulases generated
332000/33 = 10060. {(60\} litres stored
10060/4096 = 2 overflows

2% (4096-25)

8142 litres stored internally
10060-(2*4096)

1868 litres stored externaliy

1868/166 =11 litres compensation factor external
1868-11 = 1857 litres actual consunption external
8142+1857 = 9999 1litres recorded eletronically

Error = [{9999-10000)/10000]+*100 = -0.01%

Inputs: MSBEXT Moat significant nibble ¢f the external 12 bit gounter
LSBEXT Least significant byte of the external 12 bit counter

Qutputs: CMPVAL, Compensgation value to be added to external counter

Modified: A, B, LOPCNT, CMPVAL

Rev 1.00

ZB - lo0/11/%2

EQU R10

EQET 166

EQU R11

MOV MSBEXT,A A Containz dividend MSB

MOV LSBEXT, B B Contains divedend LSB

MOV %8, LOCPCNT Set loop counter to 8

RLC B Multiply divedend by 2

RLC A

JHC SKIP1

SUB %DIVSCR, A

SETC

JMP DIVEND

cMp $DIVSCR, A Is MSB of divedend > divisor
JHC BIVEND

suB %DIVSCR, A If 30 divedend = dividend - divisor

HO% ok O H % ok ok ok %k ok o ok 3 % %k ok M kA %k H ok b N N W MOk N bk Ok E X 4 %N N AN

s e e R R e R R R AR T eI R e R R R e T P TR e R R
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0330

0331
0332

Q333
Q334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346
0347
0348
0349
0350
0351
0352
0353
0354
G355
0356
0357

0358
0359
0360

0361
0382

0363

0364

0365
0366

0367

Q3é8

0369

0379
0371

0372

0373

0374

0375
0376
0377

F032
F083
Fo84
F085
FOB6
ro87
F088
FOBY
FO8A
FO8A

FO8A
FO8A
FOSB
FO8D
FO8D
FOBE
FO8F
F090
F091
F092
F(93
FG93

F094
F095
F09%6
F097
F0%98

F099
FO9A
FO9B
FO9B
F09C
FooD
FO9E
FO9F
FOAOD
FOAl
FOA2
FQA3
FOA4
FOAS
FAG
FOA7T
FOAT

FGAS
FGAD
FOAA
FOAB
FORC
FORD
FOAE
FOAF
FOBO
FOBl
FoB2
FOB3
F0B4
FOB4
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DIVEND

DJNZ

RIC
MOV

RETS
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PAGE 0006
LOPCNT, DVDLF C=1 geta felded into next rotate
B
B, CMBVATL Store quotient inte COMPVAL variable

T T T T T T e e T e P T TR TP T e P R T P R T R e L e
:TOECVL

Deseription: This routine calculates the 32 bit total consumption value

Inputs:

Calls to:

Modified:
Rev 1.00
HHRR AN AR REI KR KR AR R R I AT R Rk IR R R kAR R AR AR kA A ARk h kA Ak k kA kA Ak kA kR kkkkhd s

TOTCVL

CONTIN

*
*
*
*
*
*
*
*
*
* Qutputas:
%
*
*
*
*
*
*
*
*

CALL

MOV

MOV

SUB

oC
SUB

MOV

MOV

MOV

MOV

COMPUTE TOTAL CONSUMPTION VALUE

including the compensation value.

LSBEXT The external counter least significant byte
MSBEXT The external counter most significant nibble

32 bit total accumulation
LSLSWT Ieast significant byte of the least significant word
MBLSWT Most significant byte of the least significant word
LSMSWT Least significant byte of the most significant word
MSMSWT Most significant byte of the most asignificant word

CMPVLA Compute compensation value for the external counter

TLSBXT, TMSBXT, LSLSWT, MSLSWT, LSMSWT, MSMSWT
ZB - 11/11/%2

R R R EE R N

@CMPVLA Calculate amount of compensation required

LSBEXT, TLSBXT Make a copy of the external counter values

MSBEXT, TMSBAT

CMPVAL, TLSBXT Subtract the compensation factor from the external counte
value .

CONTIN Carry is set TO 0 if borrow is required

%>1, TMSBXT If borrow is required then subtract 1 from the most
significant nibble

MSMSW, MSMEWT Make a copy of the internal counter storage value

LSMSW, LSMSWT

MSLSW, MSLSWT

LSLSW, LSLSW?

TLSBXT, LSLSWT Add the compensated external walue to the internal

values .

TMSBXT, MSLSWT

%>0, LSMSWT

%>0, MSMSHT

Return with total consumption walues
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0378
0379
0380
0381
2382
0383
0384
0385
0386
0387
0348
0389
0350
0391
0302
0393
0394
0395
039¢
0397
0398

0399
0400
0401

0402
0403
0404
0405
04086
0497
0408
0409
c410
0411
0412
0413
0414
0415
041e
0417
0418
0419

0420

0421
0422
0423
0424
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
0436
0437
0438

0439

0440
0441

FOB4
F0B4
FOBS
FOBG
FOB7
E'0B8
FOR9
FOBA
FOEB
FOBC
FOBD
FOBD

FOBD
FOBD
FOBE
FOBF
FOco
FOCL
roc2
FOC3
FOC4
FOC4

FOC4a
FOC4
FOCS
FQCé
FOC7
FGC8
FOC9
FOCA
FOCB

7000

D5

1E

D
3

3

5
F
5
20
D5

0A

A4
oA
DF
0h
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TR AR AT AT NIRRT AR AR R AT AR TR kb ke ko kb bk khkdthhhhhhhdhhhhhkhhkhhitd

* :CLRTOT CLEAR THE INRTERKAL CONSUMPTION VALUE *
* *
* Description: This routine will clear the internal accumulation walue *
* *
* 32 bit internal owverflow accumulaticn value *
* Inputs: MSMSW  Moat aignificant byte of the most significant word *
* LSMSWN  Leaat significant byte of the most significant word *
* MSLSH  Most significant byte of the least significant word *
* LSLSW Least significant byte of the least significant word *
* *
* Qutputs: MSMSW  Moat significant byte of the most significant word =0 #*
* LSMSW Ieast significant byte of the most significant werd =0 *
* MSLSW Most significant byte of the least significant word =0 *
* LSLSW Least significant byte of the least significant word =0 *
* *
* Modified: MSMSHW, . LSMSW, MSLSW, LSLSW *
* Rev 1.00 2B - 11/11/92 *

A RAE R IR AR TR R R AN AR R AR AN TR AR RN KR AR AR Rk kR AR kAR AR AR kXA AR Ak hr kb hkdhkh

CLRTOT CLR MSMSW Clear all internal count values
CLR LSMSW
CLR MSLSW
CLR LSLSW
RETS

L T e T s a2 e
:CLROVR CLEAR EXTERNAT, OVERFLOW LATCH

Description: This routine sends a high to low pulse to port pin D4 to clear
the overflow latch.

Qutputs: DPORT %700010000 then %711101111

Medified: DPCRT

kX Wk O  F % % * F

*
*
*
*
*
*x
* Inputs:
*
*
*
*
*
*

Rev 1.00 2B - 11/11/92
KA IR KRR IR I AT AR XA A TR A I AR T AR AR hR TRk XAk bThkkdthkkhthkbrdtohtdhhrhx
CLROVR CRP %700010000, DPORT High on D4
ANDP %$711101111, DPORT Low on D4

RETS

IET RS2 2223 LRSS SIS L 222 s 23t a2 ie s st i s sttt sl Ly

* CLRCOM CLEAR EXTERNAL COMMUNICATICNS LATCH *
* *
* Description: This reutine aends a high to low pulse %o port pin D5 to clear *
* the communications latch. *
* *
* Inputst *
* *
¥ Cutputs: DECRT %?00100000 then %711¢11111 *
* *
* Modified: DPORT *
* Rev 1.00 ZB - 11/11/92 *
P L i s T T LA T e T T
CLRCOM ORP %?00100000, DPORT High on DS

ANDP %$?11011111, DPORT Low on D3

RETS

EHWM-V4

0442
0443
0444
0445
0446
0447
0448
0449
0450
0451
0452
0452
0454
0455
0456
0457
0458
Q459
0460
0461
0462
0463
0464

0465

0466

0467

0468

0469
0470
0471
0472
0473
0474
0475
0476
0477
0478
0479
0480
0481
0482
0433
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
0494
0495
0496

0497

0498
0499
0500
(591
0592
0503
0504
0508

0506
0507
0508

FOCB

FOCB AZ
FOCC 20
FOCD OF
FOCE A2
FOCF 20
FODO 13
FOpl A2
FOb2 80
FOD3 15
FOD4 A2
FODS5 3a
FOD& 0Q
FOD7 A2
FOD8 03
FOnS 02
FODA 05
FODB al
FODC

FoDC

FoDC

FODC

FODC 1]
FODD FOEA
FODF BE
FOED F112
FOE2 8E
FOE2 F1&3
FOES 8E
FOE6 FL9F
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R KRR R E AR R KRR AR EE KRR TR R AT AR T AR IR R RN AR AR IR R AR IR AR RRIA T L R IX RS
* HALTMD ENTER INTC HALT MODE :
*

* Description: This routine will place the TMS77C82 microcontroller into HALT *
* mode and will require either an external reset to exit *
* or a negative going edge on the INT3 line. :
*

* Inputs: *
* *
* Cutputs: TICTLO ‘Timer 1 halted >20 *
* T2CTLO Timer 2 halted >20 *
* SCTLO Serial port halted >80 *
* IOCNTO Interrupt 3 emabled, disabkle intl & int2 *
* IOCNT1 Interrupt 5 and int4 disabled :
*

* Modified: T1CTLO, T2CTLO, SCTLQ, IOCNTO, IOCNTL :
*

* Rev 1.0 *
* 2B - 11/11/92 § %
* | *
e Ll la it d s e T T Il e 2Ly

EALTMD MOVP $>20, TLCTLO Timer 1 halted

MOVE %>20, T2CTLO Timer 2 halted

MOVP %>80, SCTLO Serial port halted

MOVP %700111010, IOCNTQ ¢lear and Enable int3, disable intl & int2

MOVPe %¥700001010, JOCNT1 Digable ints & 4

EINT Enable interrupts
IDLE Enter idle astate

2 I e T i e E A T A S TR PR AT IR A A RS T E S SRS S R L AL A A et s Ll Al l
1 TRNSFR TRANSFER INFORMATION TO COMMUNICATIONS PORT

Description: This routine takes a 4 bytc meter reading and converts it into
a Rockwell message. The timers and interrupts are initialised
and the microcontroller is put in wakeup mode so that the
Rockwell message may be output.

On INT1 program control is given to routine TRANSM for the
message to be cutput. .

On INT2 program control is given to routine TRANER to check
that a clock signal is still being sent.

Inputs:
Outputs:
Calls to: BN2BCD - 32 Bit binary to BCD conversion
BCDASC ~ BCD to ASCII conversion
ADRKWL: - Add Rockwell protocols
TMINIT - Transmission initialisation
Modified:
Rev 1,00

AL - 6/11/92

SE N N N % M o oF W M N o % W oA W % o ok % b S ¥ % O 4 kX
* % S O % W 3 % % o 2 % A 3 ok s o 3} % % N 4 ok H F * X

e T T L e dddd s s T e e Tl
TRNSFR CALL @BEN2BCD
CALL BBCDASC
CALL GADREWL

CALL ATMINIT
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. Q557 *************"r********************i***'k'k*i****************************t**t*t***t i
06509 FOE8 05 BINT 0558 * ;BCDASC Packed 10 Nibble BCD to ASCII conversion * :
0510 FOES 01 IDLE 0559 * o . * ;
0511 FOEA ) 0560 * Descripticn: Tl:u; program converts a packed 10 Nibble wvalue into an eight * i
0512 FOEA 0561 * digit ASCII number stored at location MSGERD. The 2 MS digits  * E
0513 FOEA 0562 * are not transmitted, * 5
0514 FOEA 0563 * * L
0515 FOEA 9564 * Inputs: R2,R3,R4,R5,R6 - 10 digit packed BCD. * i
0516 Fk AR I Rk kR A AR IR R AR AR AR AR R AR ARIERR R A A AR AR ARAAAARIRAFINA AR IR ARk A I A kAT ARk ko kx 0565 * MSGEND - RAddress of last byte in message. * B
0517 * :BN2BCD 32 Bit Binary to BCD conversion * 0566 * *
0518 * * 567 * Qutputs: 8 byte ASCII read from memory location MSGEND+9 to MSGEND+2 * h
0519 * Description: This routine converts a 32 bit binary word to a packed * G568 * . * 3
0520 * 10 Kibble walue. * 4569 * Modified: A * !
0521 * * 4570 * * |
0322 * Inputa: LSBLSWI - Byte 0 of 32 bit binary read. * 0571 * Rev 3.00 * i
0523 * MSBLSWI - Byte 1 of 32 bit binary read. * 9572 * AL - 6/11/92 * i
0524 * LSBMSWT - Byte 2 of 32 bit binary read. * 0373 * * !
0525 * MSEMSWT - Byte 3 of 32 bit binary read. * 0574 LEE R R R 222 ES R FE R T B Pl T T g g o L g g T e U AR R AR o) ’
0526 * ’ * 0575 F1i2
0527 * putputs: R2,R3,R4,R5,R6 - DIGITs 0 to 9 of 10 digit packed BCD read * 0576 F112 BCDASC EQU $
0828 ® * 0577 Fliz2 12 DIGITO MOV R6,A Mowve LS BCD to Acc.
0529 * Modified: R7 * F113 06
0530 * * 0578 ;iig gg AND $>0F, A Mask byte to leave lower nibble
0531 * *
0522 . * Rev 1.00 * 0579 Flie 28 ADD £30,A Convert to ASCII.
0533 L * AL - 5/11/92 * F117 30
0532 'y . * 0580 F118 8B STA @MSGEND+7 Store digit @ in memory
053s . e I e e e T Ty R Y e I R RS S RS SR AR S 2 s s s R i e Rttty ; F119 0037 I
0536 FOEA ¥ 0581 F11B D7 SWAP RE Exchange Nibbles in register. |
‘ 0537 FOEA Flic 06 _ :
0538 FOEA D5 BN2BCD CLR R2 Clear registers. 038z gﬁg éfé MOV RG,A Move LS BCD to Acc. i
FOEB Q2 ’ : .
0539 FOEC DS CLR R3 Clear registers. 0583 gi%g gg AND >0F, A Mask byte to leave lewer nibble N
FOED 03 ' : . :
0540 FOEE D5 CIR R4 Clear registers. _ 0384 g}g ;233 ADD $>30,A Convert to ASCII.
FQEF 04
0541 FOFG D5 CIR RS Clear registers. 0585 gi%z Oﬂgs STA AMSGEND+8 Store digit 1 in memory
FOF1 05
0542 FOF2 D5 CLR RE Clear registers. 0586 g%gg ég DIGITZ . MOV R5,A Move LS BCD to Acc.
FQF3 06 '
0543 FOF4 72 MOV %32,R7T Set counter to 32 times for loop : 0587 Sigg gg AND £>0F,A Mask byte to leave lower nibble
FOF5S 20
FOF6 07 0588 F12a 28 ADD %>30,A Convert to ASCII.
0544 FOF7 DF LOOP32 RIC LSLSWY Shift MS binary bit out into next byte : F12B 30 -
FOF8 25 0589 Fl2Cc 8B STA @MSGEND+9 Store digit 2 in memory
0545 FQF9 DF RLC MSLSWT Shift MS binary bit out inte next byte F12D 0039 |
FOFA 24 0590 F12F D7 SWAP RS Exchange Nibbles in register. |
0546 FCFB DF RIC LSMSWE Shift MS binary bit out into next byte F130 05 s
FOFC 23 0591 Fi31 12 MOV R5,A Move LS BCD to Ace. |
0547 FOFD DF RLC MSMSWT Shift MS binary bit out to carry Fi32 05 _ : !
FOFE 22 : 0592 F133 23 AND $>0F, A Mask byte to leave lower nibble : ‘
0548 FOFF 4R DAC RE,R6 Double the number and add the carry. Fi34 (OF
F100 06 0593 gigg gg ADD %>30,A Convert to ASCII.
F101 06 '
0549 F102 458 DAC R5,R5 Double the number and add the carry. 0394 gigg oogg STA EHSGEND+10 Store digit 3 in memory
F103 05
Flo4 05 0595 F1l3A 12 DIGIT4 MOV R4,A Move LS BCD to Ace.
0550 F105 4E DAC R4,R4 Double the number and add the carry. F13B 04
F106 04 0596 gigg gg AND $>0F, A Mask byte to leave lower nibble
F107 04
0551 F108 4E DAC R3,R3 Double the number and add the carry. : 0597 g’igf_- gg ADD %>30,3 Convert to ASCII. l
Fla9 03 i
F1OA 03 0598 FL40 8B STA AMBGEND+11 Store digit 4 in memory . .
0552 F10B 4B DAC R2,R2 Double the number and add the carry. F141l 0038 i
F10C 02 0599 Ei:i gz SWAP R4 Ezxchange Nibbles in register. !
F10D 02
0553 FI0E DA DJNZ R7, LOOR32 De this 32 times, once for each bit 0600 gigg éi MOV R4,A Move LS BCD to Acc.
FloF 07 .
Fl110 E6 0601 F147 23 AND $>0F,A Mask byte to leave lower nibble
0554 * of the binary number. Fl48  OF !
0555 F1il  0A RETS 0602 Sﬁi gg apD $>30,A Convert to ASCIX. '
0556 F1l12 ’
0603 Siig oogg 8TA @MSGEND+1.2 Store digit 5 in memory
0604 F14E 12 DIGITéE MOV R3,A Move LS BCD to Acc.
F1l4F 03 ‘
0805 gigjo, gg AND +>0F, A Mask byte to leave lower nibble |
0606 F152 28 ADD £>30,0 Convert to ASCII. 1‘
F153 30 b
0607 F154 8B STA RMSGEND+13 Store digit 6 i |
F155 003D ‘ 1eiE B A mewery :

s
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0608 F157 D7 SWAP R3 Exchange Nibbles in register. F15Aa 2n
F158 03 0661 F19B 72 MOV INOSTRT, STCNTR Number of INT before start error.
0609 F159 12 Mov R3,A Move LS5 -BCD to Acc. Fl9C 28 .
F15a 03 F19D 2E
0810 F15B 23 AND £>0F, A Mask byte to leave lowexr nibble 0662 F19E
. F15C OF 0663 F19E 0A RETS
0611 F15D 28 ADD £>30, A Ceonvert to ASCII. Q0664 F19F
Fi5E 30 0665 F19F
0612 F15F 8B STA AMSGEND+14 Store digit 7 in memory 0666 R T T Ly g e e T e R s e it L]
Fl6¢ Q003E ) : 0667 *ITMINIT TRANSMISSION INTITIALISATION *
0613 Fle2 [¢F:1 RETS 04668 * *
0614 Fle3 : 0669 * Description: This routine initialises the interupts and the timer ports for *
0615 F163 0670 * communications. *
0616 HEEEIERERAI KR RRIER AR A K AT RIEFARRR AR A AR RAK IR A AR AN RN NER AR AR T LRI TR AR A * Ak 0671 * INT1 — enabled and negative edge sensitive. Actually detects *
0617 * ADREWL Add Rockwell Protocols * 0B72 * rising edge of PWR/CLK signal *
0618 * * 0673 * INT 3,4,5 - disabled *
‘0619 * Description: This program adds the necessary Rockwell protocols to a * 0674 * INT2 - enabled for countdown timer. *
0620 * 8 digit ASCII number gstored at location MSGEND+9 to MSGEND+2. * 0675 * 7 timer intexwval = t (CLK)x{PR+1)x (TR+1} *
0621 * * 0676 * ) with PR=255 & TR=31 *
0622 * Inputs: MSGEND - Address of last byte in nmessage. * 0677 * tiner interval = t (CLK)=x=8192 *
0623 * MSGEND - Address of last byte in nessage. * 0678 * *
0624 * * 0679 * For TM370Cx0 T(CLK) = 16/f{osc) *
0625 * Qutputs: 13 byte ASCII message from memory location MSGEND+#13 to MSGEND+l * 0680 * PR = T1LDAT *
{626 * TXCNTR - initialise to zero bit to be transmitted. * 0681 * timer interval = 65.5ms @ 2MH=z *
0827 ¥ * MSGPTR - Length of message. * 0682 * timer interval = 32.8ms @ 4MHz *
0628 o * 0683 * *
0629 ? * Modified: A * 0684 * For TMS70Cx2 T{CLK) = 4/f(osc) *
0630 x * * 0885 * PR = T1MDAT & TL1LDAT *
0631 * * 0686 * timer interval = 16.38mz @ ZMHz *
0632 * Rev 2.00 * 0687 * timer interval = B8.1%ms & 4MHz *
0633 * AL - 12/11/92 * : 0688 * *
0634 * * ) Q689 * Inputs: TI1MDAT - MSByte of the Reload register. Uszed in TMS70Cx2 only *
0635 khkkkkkkhkhkkhkrdkhhkhkkhhkhkhkhhrhhrhhkthkhkhkd Ak hhkhkkAkrdhrhrhhdkkdhkrrtrhhhhhbndkhrkhdd OGQG * T1LDAT - LSByte Of the Reload register. *
0636 Fl63 0691 * T1CDAT ~ Flags and prescaler. *
0637 FLl63 22 ADRKRL MOV %CR, A Load <CR> into the Ace 0692 * *
Fled oD 0693 * Qutputs: ICCNTO, ICCNT1l, IOQCNTZ2 *
0638 Fi65 a8 STA EMSGEND+1 Store as the end of message 0694 * T1CTLG, T2CTLO, SCTLO *
F166 0031 0695 * TIMSB, T1LSB *
0639 Fled 22 MOV %$'1',A Load 'W' into the Acc 04696 * *
Fled 3% 0697 * Modified: *
3640 F16A 8B STA EMSGEND+2 Identifies read as water 0698 * *
F16B 0032 ' 0699 * *
0641 F16D 22 MOV %'0', 4 Load 'R' into the Acc Q700 * Rev 1.00 *
F16E 30 0701 * AL, - 5/11/92 *
0642 FL6F 8B STA AMSGEND+3 Identifies that message is a read. 0702 * *
F170 0033 0703 L L s et F L T S st I TS T L e s 2
0643 F172 22 MOV %5"W',A Load ';' into the Acc 0704 F19F
F173 57 : 0705 F19F A2 TMINIT MOVP %$200101111, ICCNTO INT3 disabled, INTl&2 enabled.INTs cleared.
0644 F174 8B STA @MSGEND+4 Delimiter of fields F1A0 2F
F175 0034 ’ FlAl 00
0645 F177 22 MOV %'I',A Load 'V' inte the Ace 0706 F1lAz A2 MOVP %700001.0149, ICCNT1 INT4&5 disabled.
F178 49 Fla3 0A
0646 F179 8B STA BMSGEND+5 Identifies beginning of a record. Fla4 02
F17a 0035 G707 F1lAS A2 Move %700000010, IOCNT2 INT1 negative edge sensitive.
0647 F17C 22 MOV %';',A Load 'V' into the Acc FlAG a2z :
F17D 3B Fila7 01
0648 F17E 3B STA @MSGEND+6 Identifies beginning of a record. 0708 Fla8
F17F 0036 0709 FlAS8 A2 MOVP $700100000, T2CTLO Turn off timer2 (P19)
0649 Fl181 FlaAg 20
0650 F181 22 MoV $'W',A Load 'W' into the Acc FlaAA 13
F182 57 0710 F1lAB A2 MOVP %710000000, SCTLO Turn off a3arial port (P?)
0651 FL83 8B STA @MSGEND+13 Identifies read as water Flac 8d
Fig4 003F ) FLlAD 15
0652 Fig6 22 MOV %'R',A Leoad 'R' into the Acc 0711 FiRE A2 MOVP %TIMDAT, T1MSB MS Byte Tl reload register. (TIMSB)
F187 52 F1AF 4]1]
0653 F188 8B STA AMSGEND+16 Identifies that message is a read. F1B0 oc
Fle9 0040 0712 F1Bl A2 MOVP %T1LDAT, T1LSB LS Byte Tl relcad register. (TILEB)
0654 F18B 22 MOV AN : Load ':;' inte the Ace F1B2 FF
Fl8C 3B F1B3 oD
0655 F18D 8B STA BMSGEND+17 Pelimiter of fields Q713 F1B4 A2 Move %T1CDAT, TICTLO Reload Prescaler, internal clock source
¥18E 0041 F1BS aF
0656 F130 22 MoV 'V A Load 'VW' into the Acc riB& oF
F181 56 0714 * Timer i active, Prescaler-32. Min Delay > 3.8ms
0657 F192 8B STA @MSGEND+18 Identifies beginning of a recozd. 0715 F1B7 0a RETS
F193 0042 0716 F1B8
0658 F195 0717 F1BS8
0659 F195 72 MOV %>00, TXCNTR Initialize TACNTR to the 0 bit
F196 [+]4] -
F197 2B
0660 F198 72 MOV %MSGLEN,MSGPTR Initialise the no of chars in the message
F159 12
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0718
0719
0720
0721
0722
0723
0524
0725
0726
0727
0728
0728
0730
0731
0732
0733
0734
0735
0736
0737
0738
0739
0740
0741
0742
0743
0744
0745
0746
0747
0748
0749
0750
0751
0752
0753
0754
0755
Q0756
0757

0758
0759

0760
0761

0762
07863
0764

Q0765

0766

0767
0768

0769
0770
0771

0772
0773

F1B8
F1B8
F1B9
F1BA
F1EB
F1BC
F1BD
F1BE
F1BF
FiCo
FiCl
F1C2
F1C3
F1C4
F1C5
F1Cs
F1C7
F1C8
F1C8
F1C9
F1CA
F1CB
FicC
F1CD
FI1CE
F1CF
F1D0
F1D1
F1D2
F1D3
F1D4
F1D5
F1D6
F1D7
F1D8
FiDo
F1DA
F1DB
F1DC
F1DD
F1DD
F1DE
FiDF

7000 FAMILY MACRO ASSEMBLER PC3.1 88.005
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* : TRANSM
*

Description:

On INT1

Inputs:

Qutputsg:

Calls to:

*
*
*x
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
®
*
*
*
*
*
*
*
*
*
*
* Rev 1.20
*

*

*

TRANSM

DATABT

TRANS1

TRANSO

NXTBIT

STRIBT

AL -~ 11/11/92

TRANSMIT MESSAGE

11:30:10 12-02-92
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This program transmits an ASCIT messaage stored at location
MSGEND using the Rockwell protocol. Ewery time there is a

rising edge on the PWR/CLK signal,

On INT1 the rcutine below transmits the next bit of information

an interupt is generated.

until the whole message is sent. A character is made up of

1 start blt, 7 bits data(LSb first)}, Even parity and a2 stop bit.
of

The micro is put into Wakeup mode between the tranamission
each bit to conserve power.

— TRANSM

TXCNTR
MSGPTR
TXPARY
TYXBUFF
MSGEND
HBIT6P
LBITEP

No of bits transmitted. Must be 0 to start.
No of chars left to transmit.Initialy 13.
Storage of parity for current char.

Current ¢har being transmitted.

Last byte-1l of meassage being transmitted.
Cutput a high for comms on Bit 6 of a port.
Qutput a low for comns on Bit 6 of a port.

DPORT - Port addresa of (D6) where message is sent.
ANDP (10111111} to clear port.
ORP (01000000} to set port,

WAKEUP - Put micro into wakeup mode.
ENDIEN - End of transmission. Return to main program.

Modified: A,B,S5P

DINT
CMP

JEQ
CMP

JEQ

CMP

JEQ

XOR

BTJ2

ANDP

ORP

iNC

CRFP

%>00, TKCNTR

STRTBT

%>08, TXCNTR

PARITY
%>09, TXCNTR

STOPBT

TXBUFF, TAPARY

%>01, TEBUFF, TRANSO

%HBIT6P, DPCRT

NXTBIT

SLBIT6P, DPORT

TXBUFF
TXCNTR

WAKEUP

$LBITEP, DPORT

Disable interupts
Is this bit 0 of message.

Is this bit 8 of message.

Is this bit 9 of message.

Build up parity bit

Send a 1 or a 0 for the data.

OQutput a high for comms through port D6
Qutput a low for comms through pert D&
Rotate to next bit of char to transmit.

Increment to next bit of message

Transmit a low for the startbit.

14 -

PO T R T R S

T e TR e s s s R RIS R Rt

EHWM-V4

0774

0775
0776
0777
0778
0779

0780
0781

0782

0783
0784

G785
0786

0787
0788

0789
0790
0761

0792

0793
0794

0795
0796
0797
0798
0769
08¢0
0801
0802
0893
0804
0805
0806
0807
0808
0809
0810
0811
0812
0813
0814
0815
0816
0817
0818
0819
0820
0821
0822
0823
0824
0825
0826
0827
0828
0829
0830
0831
0832
0833
0834

F1EO
FlE1l
FlEZ2
F1E3
F1lE4
F1E5
FlE&6
F1E7
F1E8
F1EA
F1EB
FlEC
F1lED
FLEE
F1EE
F1lEF
FlFC
FlFl
FlF2
FlF2
F1F4
FlF5
FlF6
F1F7
F1F8
F1F9
F1FA
F1FB
FlFC
F1FD
F1FE
FlFE
F1FF
F200
F201
F202
F203
F204
F205
F206
F207
F208
F209
F20A
F20A
F208
F20D
F20D
F20D
F20D

PARITY

PRTY1

PRTYO

ENDRAR

STOPBT

TRANSE BR

MOV

INC
MOV
LDA
MOV
JME

BTJZ

ANDP

ORP

INC

ANDP

DEC
Jz

MOV

JMP

AERDTRN

7000 PAMITY MACRO ASSEMBLER PQ3.1 88.003

%500, TXPARY

TXCNTR
MSGPTR, B
@MSGEND (B}
A, TYBUFF

WAKEUP

4>01, TXPARY, PRTYO

%HBITGP, DPORT

ENDPAR
$LBIT6P, DECRT

TXCNTR

WAKEUP

%HBIT&P, DPORT

MSGPTR
TRANSE
%>00, TECHTR

WAKEUP

Finished transmissicn.

11:30:10 12-Q2-92
PAGE 0014
Initialise Parity te Zere.

Increment to next kit of message
Move message peinter to index pointer.
Load Acc with Char from index address.

Move the Char into the transmiasion buffer.

Check output for Even Partity

Output a high through port Dé

Cutput a low through port D&

Increment to next bit of measage

Tranamit a high for a stopbit.

Decrement Message pointer to the next character.
Goto end of transmission.

Reset Bit counter for next character.

Return to main program.

AEREEAERKKRARA R AT AR KA Ak d AR ARk hhhhdkhh kb A XAk hhk kb khkkhhhkdhkbdrhrkahhhhrddikd
TRANSMISSION ERROR

* : TRANER
*

Description:

On INTL -

Inputs:

Cutputs:

Calls to:

Modified:

Rev 1.00

*
*x
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
¥
*
*
*
* AL - 5/11/92
*

*

This routine determines if the power/clock signal has been
removed before the end of the message or if there is no PWR/CLK
signal after the inital power up.

If an error has occurred then the micro will be put back teo

sleep.

The interval time before an interupt occurs is set in reutine

TMINIT.

For a startup error the time elapsed before error is
STCNTR * interupt inktexval.
This must be greater than 300ms

For a clock signal error the time elapsed before error is
the interupt interwval.
This must be greater than 3.8ms

TRANSM

MSGLEN
MSGPTR
TXCNTR
STCNTR

WAKEUP
SHUTDN

8P

The length of the message.

No of chars left to transmit.Initialy 13,

Number of bits which have been transmitted in the char.
No of timer interwvals left before a start error occurs.

Put the micro in wakeup node.
Shut down the micro and put to sleep.

I R T EEEEEE RN I R A I N N

AR AR AR Ak Rk AN Ak kAT TR AR I T A HNNRE A AR A TR AN A ARk Ak khh sk ke kAR RARKN




%MSGLEN, MSGPTR

SHUTDN

%0, TXCNTR

SHUTDN
STCNTR
SHUTDN

WAKEUP

11:30:10 12-02-92

PAGE 0015

Has message started and so past the startup tinme

Error-No more clock sync for data.ShutDown micro

Has a number of bits of lat char been sent?

Error-No more clock sync for data.ShutDown micro
Decrement no of timer interwvals.
Error-Clock sync not started after >300ms

Still waiting for Clock syne.

LR TS S S s s s S Rt R R AR RS E R a2 s Rt R A IR Al E Sl ittt

This sub-routine reseta the stack peinter te the atart and
initialises the timers and.interupts before putting the micro

Put the Micro-conitroller inte WAKEUP mode.

into wakeup mede.

8TPT - Locatien of stack pointer.

8P - Stack peinter reset to STET.

¥ % o N % N O O ¥ % % Xk N OE

AR E LR AR E TR AR AT AR LRI AR R AR IR AR I IR AR AN AT AN AR A R R RN IR AT AL kAT &

@TMINIT Initialise all the timers.

%STPT,B

Reset the stack pointer.
Enable interupts.
Put micro into wakeup mode.

AR TR R R R AR AR A R R A A A AR AR R AR A TR AT A AR LA N AFAF AR AT LA AR A bR Ak bk ok

Prepare the Micro-contxcller te be put in halt mode.

This sub-routine resets the stack pointer te the start and
returns back to the main program.

STPT - Location of stack pointer.

SP - Stack pointer reset to STPT.

X % % ok ok % W N ¥ % o F ¥ ¥ A

KRUARE AR EENEINA AT IR AR AR AR ARk Ak kkhhkddhkh bk hkh kb kk bkt hhhrdhrrddrkhhd

Reset stack pointer to STPT.

@QENDTRN Put microe into haltmode.

Kk khdkhh ko kr Ak AR d ko kkhh kAR Ak AR Rk Ak Ak kA kddkd ke k ket
ThERRIET XK NRRERART AR Interupt Vectors khhkAE AR I T A AR AR hddxk
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0835 F20D

0836 FZ0D 06 TRANER DINT

0837 F20E 7D CMP
F20F 12
F210 23

0838 F211 B7 JNC
F212 13

0839 ¥213 D CMP
F214 0C
F215 2B

0840 F21lé E6 JNZ
F217 OE

0841 F218 D2 DEC
F219 28

0842 F21A E2 JZ
F21B 0A

0843 F21C EO JMP
F2lp 00

0844 F21E

0845 F218

0846

0847 * WAKEUP

0848 *

0849 * Description:

0850 i *

0851 %, *

0852 o

0853 N *

0854 * Tnputs:

0855 *

0456 * CQutputs:

0857 *

0858 * Modified:

0859 *

0860 * Rev 1.00

0861 * AL - 5/11/92

0862 *

0863 *

0864 F21E

0865 F21E 8E WAKEUP CALL
F21F F19F

0866 F221 52 MOV
F222 60

0867 F223 oD LDSP

0868 F224 05 EINT

0869 F225 0l IDLE

0870 F226

0871 K226

Q872

0873 * :SHUIDN

0874 *

0878 % Description:

0876 *

0877 *

6878 *

0879 * Inputs:

0880 *

0881 * Qutputs:

0882 *

08133 * Modified:

0884 *

0885 * Rev 1.20

0886 * AL ~ 2/12/82

0887 *

0888 *

0B8Y F226°

0890 F226 52 SHUTDN MOV %STPT,B
F227 60

0891 F228 oD LDSP

0892 r229 8C BR
F22A FO2E

G893 F22C

0894 F22C

0895

0896

0897 FFF8 AORG >FFF3

0898 FFFB F00Q6& DATA START

0899 FFFA F20D DATA TRANER

0900 FFFC F1B8 DATA TRANSM

0901 FFFE F006 DATA START

09G2 0000

0903 END

NO ERRORS, NO WARNINGS

UWRAA RESEARCH REPORTS

Report Title Author Report Tite Author
Number Number
1 Trickling filter — solids contact M. Laginestra 21 Management and display of dam D. M. Stirling
process: Pilot plant studies, surveillance data G. L. Benwell
2 A model of water pricing for P. B. Dixon A. B. Mumizne
Melbourne, Sydney and Perth P. M. Norman 22 Evaluation and demonstration J. A, Lanaway
3 Taste generation associated with M. Kerslake facilities for primary sensors M. Cavey
chloramination 23 Modelling and dasign of reservoir D. P. Lewis
4 Bacterial regrowth in water supplies K. Power aeration destratification systems J. C. Patterson
L & Nagy J. Imberger
R. P. Wright
5 Leakage management: Assessing B. Horvath 8. G. Schadlow
the effect of pressure reduction on 24 Modall ) -
losses from water distribution odelling opbmn_;m cgnquns for R. M. A. Velzeboer
s reservoir destratification using J. A. Cugley
ystems . R
mechanical mixers J. C. Patterson
6 Improving communication with the B. E. Nancarrow . i
public on water industry policy G.J. Syme 25 Methods for detgguon_ of Giardia C.A Beq
SSues and Cryptosporidium in water: P.E. Christy
A preliminary assessment B. E. Robinson
7 Waler use efficiency of domaestic l. J. Bei . -
; d eith 26 Toxic cyanobacteria in water B. J. Flett
appliances D. J. Horton f . . .
supplies: Analytical techniques B. C. Nicholson
8 Pilot plant study of fermentation P. J. Bliss 57 Traci ic disch .
units to increase degradable COD D. Bames bracmgi th‘cf t‘f.’ ﬂarges fo sewers D. Cliver
fraction in sewage. ' P. R. Evans y anaysis of biotims T. Watsen
I Law 28 Electronic meter reading: Link P. J. Reid
9 Arificial destratification of water T. F. McAuliffe between water meter and house J.8 Re!‘“"‘*
storages in Australia. R. 8. Rosich M. F. Prior
10 Taste thresholds of mono- R. O'Halloran 29 ldenuﬁbmt:oq c'_fgc'm;m" noxicus P. Baker
chloramine and chiorine in water C. Veres cyanobacteria: Part 1 - Nostocales
11 Chromatographic analysis of R. C'Halloran 80 Fore;asndng water demand using M. N. Viswanathan
chloramines using electro-chemical Hai Lin Ge weather data
detection P. Spizziri 31 Effects of controls on water M. N. Viswanathan
12 Glass reinforced plastic bore casing R. Bowyer consumption
for large diameter and deep bores 32 Biological removai of iron from M. N. Viswanathan
13 A guide to improving communication B, E. Nancarrow groundwater: Preliminary studies
with the public on water industry G. J. Syme 33 Statisticai modelling of water rmain E. Tsui
policy issues failures G. Judd
14 Fouling and cleaning of fine K. J. Hartley 34 Stratification, mixing and water R. Lukatelich
bubble ceramic dome diffusers quality in Darwin water supply D. Robertson
15 Chloramination of Water Supplies P. M. Thomas (ed) resenvolrs :(.]Boblzn d
. Imberger
16 The 1988 Australian Winter Storms J. B. Jensen J. Patterson
Experiment: Report on aircraft
obgeervaﬁons po 35 Performance auditing in the S. O'Kane
Australian urban water industry l. Parry
17 Pipeline assets: Life cycle R. Vass D. Blunden
management and economig life M. Anderson D. Herring
R. i T .
o gi‘:::on 36 Microbiclogical studies on R. C. Bayly
’ enhanced removal of phosphates J. W. May
18 Development of empirical model Camp Scott from sewage G. Vasiliadis
for radewaste discharges to Furphy G. N. Rees
small treatment plants . . . .
37 Magnetite and microwaves in D. R. Dixon
sewage effluent treatment A J. Ware
19 PRELIM use ide (A ;
M users guide (Amended) Camp Scott 38 Polymer based electiode for the Y. Lin
Australian Version Furphy . - . .
selective detection of dichloramine G. G. Wallace
20 Chemical regeneration of activated G. Newcombe .
carbon: Preliminary studies 39 Current cost asset valuation: J. Dyke

Methodology




UWRAA RESEARCH REPORTS

Report Title Author Report Title Author
Number Number
40 Community analysis of househoid G. J. Syme
water pressure satisfaction B. E. Nancarrow
B. J. Bishop
P. VanderwWal
41 Assessment of coaguiants for C. Donati
water treatment
42 Coagutants for water treatment: ACWQR
A generic guide
43 Optimal prices for urban water: P.B. Dixon
A general equilibrium model applied D.J. Baker
to Meibourne :
44 Applications of the Streaming W. Barron
Current Detectok in water treatment 0. R. Dixon
\ M. Pascoe
45 Sydney coastal stormwater study W. G. Rowlands
etal
46 I|dentification of common noxious P. Baker
cyanobacteria: Part 2 —
Chroococcales and Oscillatoriales
47 Levelling using the Global A. P. Armstrong
Positioning System P. A. Collier
F.J. Leahy
48 Allocation of sewerage costs to R. Heod
customer segments P. Geary
49 Impact of urban lawns on nutrient M. L. Sharma
contamination of an unconfined D. £. Herne
aquifer P. G. Kin
J.D. M. Bymne
50 Early warning system for hazardous R, O'Halloran
substances in sewage B. A. Sexton
N. H. Piikington
51 Management model for trade waste Camp Scott
discharges to smalt treatment plants  Furphy
(including PRELIM VERSION 4.0
Users Guide)
§2 Automatic meter reading: B. Phey
Link between meters and billing A. Leong
centre {Combined utilities trial) Z. Balazic
53 Prediction of perceived odour D. G. Laing
strength and type from composition A. Eddy
of sewage odour mixtures D. J. Best
54 Tracer studies using bacteriophage B. J. Richardson
to predict the fate of viruses in the A. L. Charlton
marinie community: S. Currie
Preliminary assessments P. Ashton
! Lowther
56 Development of a water quality G. W. Skyring
analyser suitable for unattended I. A. Johns
use in rivers and streams J. A, Cugley
56 Enhancement of nitrification in P. M. Gross
wastewater lagoens
57 Identification of critical water PPK Consultants
supply assets
68 Woater in Our Environment; H. Breidahl
Education Project D. Clifte

H. Henderson









