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1.  INTRODUCTIOR

The tipping-bucket rain-gaugewas first used by the Royal Observatory
in 1962, when one such gauge was installed at the Airport Meteorological Office.
Another tipping-bucket rain-gauge was installed at Waglan Island in 1975. The
mechanismsg by which this type of rain-gauge operates are described in the
Guide to Bydrological Practices published by the World Meteorological
Organization (1974). Essentially the two buckets in the rain-gauge rest on
a pivot in such a way that when a given amount of rain (normally 0.5 mm) has
been collected in one of the buckets, it tips and closes an electrical switch.
The electrical pulse resulting from the contact closure is recorded by a
nearby recorder, or a distant recorder via telemetry. The calibration
procedure for the rain-gauge is described by Parsons (1941).

In 1978, the Royal Observatory, on a request by the Geotechnical
Control Office in Hong Kong, designed a system (Lam and Li, 1979) in which
the rainfall recorded by a network of about 20 tipping-bucket rain-gauges was
telemetered back to a central control office, The smount of rainfall
accumulated over every 15-mimute interval was ocutput to a calculator printer.
In 1981, the Royal Observatory improved the design by the use of a central
microprocessor system so that real-time rainfall data could be displayed on
screen and at the aame time stored onto magnetic cartridge tape.

The use of non-volatile solid state memory offers a relatively
inexpensive way of mass data storage. Using EPROM (Erasable Programmable
Read-Only Memory), Bracewell and Campbell (1981) designed an on-site recorder
to record rainfall over a specified time interval,

This note describes the design of a recorder made up essentially
of a microprocessor and an EPROM to meet the following requirements :

(1) store digital rainfall information with improved
resolution in time

(2) estimate the intensity of rainfall ; and

(3) provide a display of accumulated rainfall over any
specified time interval.

It can be operated either on site or, via telemetry, at a distance from the
rain-gauge.
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2. DESIGN OBJECTIVES

recorder was designed to achieve the following objectives :-

It should be capable of displaying accummlated rainfall
over any specified duration of time.

Rainfall data should be stored in digital fom so as to
facilitate subsequent archival by another computer system.

Rainfall data should be stored in a format which enables
an estimation of the rainfall intensity to be made,

Data written onto the storage device should be verified
to ensure that correct entries have been made,

Data storage must be large enough to hold at least a
month's data so that frequent visits to the rainfall
station will not be necessary, However, the normal
operation mentioned in (a) should not be disrupted even
if the entire data storage capacity has been exhausted,

The effects of bouncing in the electrical switch should
be eliminated,

Battery back-up should be provided to allow several hours
of continuous operation after an A,C. pover stoppage.

Lightning and transient protection should be provided.



3. THE DESIGR

(a) Data structure and storage

The recorder is designed to store rainfall data from a tipping-
bucket rain-gauge in the most primitive form. Instead of storing the rainfall
amount over a specified time period, the recorder stores the times of
occurrence of each tip of the bucket, in a manner similar to that adopted
by Donnelly (1977). The recording of the time is done accurate to the second,
but one further enhancement is to record the time to the nearest 0.1 s
during intense rainfall situations, This is an improvement over taking
15-mimate rainfall totals because of the better resolution in time, which
enables the derivation of running rainfall totals over short durations. Also,
the rainfall data thus recorded can easily be handled later on by a main
computer system to give the rainfall amount over any specified time interval.

The storage devices used are Erasable Programmable Read-Only
Memories (EPROM) 2716, 2732 or 2764 which contain 2K, 4K and 8K bytes of
read-only memory respectively, The EPROM's are TTL-compatible. Referring
to Fig. 1 which shows the pin assignment of 2764, data present in the dats
lines 01 to 08 can be programmed onto the byte addressed by the address lines
A1 to A13 upon the introduction of (a) a programming pulse of 50 ms duration
to the pin PGM and (b) a raise in the supply voltage from Vo, (normally at
5 V) to Vpp = 25 V. Once programmed, data stored in the device cannot be
erased unless it is exposed under intense ultraviolet light for about 30 to
60 minutes,

To read data from the EPROM, a signal is input into pin O so that
the device becomes output-enabled. Then the contents of the byte addressed
by A1-A13 will appear in the data lines 01-08,

Data are organized in units of 3 bytes, forming records which may
be in one of the five mutually exclusive formats depicted in Table 1, PFor
example, a 3-byte record with the most significant bit in the first byte
equal to 1 is in Pormat 2, wvhile an alphabet appearing in the second byte
of a record indicates that the record is in the Pormat 5, The purpose of
having these different formats will further be discussed in Section 3(d).

For a 0,5 mm-bucket rain-gauge, a 2764 EPROM is capabdble of holding
rainfall data corresponding to a total depth exceeding 1 250 mm, This is
more than half the normsl anmual rainfall at the Royal Observatory and also
exceeds the historical record of monthly rainfall at the Royal Observatory -~
1 240,5 mm in May 1889,

(v) Hardware design

The many facilities specified in the design objectives, namely
(a) = (4) and (f) in Section 2, warrant the use of a microprocessor., The
basic functions of the microprocessor are to record signals from the rain-
gauge, to keep the time, to interact with the EPROM during data transfer and
to handle error in the case of a write-fault occurring in the process of data
transfer to the EPROM., Fig. 2 showe a block diagram of the system.



The Mostek MK38P70 'piggy-back' microprocessor (Mostek Programming
Manual, 1978) is a complete 8-bit microcomputer in a single MOS integrated
circuit, This device features the F8 instruction set, 64 bytes of executable
random-access memory (RAM), 64 scratchpad registers (RAM), a programmable
binary timer, 32 pins (4 ports) of imput/output, and a single 5V power supply
requirement. On top of the microprocessor there are sockets for holding a
2K or 4K EPROM which contains the computer program developed for the operation
of the rainfall recorder. The complete software architecture of the
microprocessor is given in Fig. 3.

Fig. 4(a) shows the hardware design of the microprocessor system,
interfaced with the EPROM used for data storage. Two T4LS244 lipe drivers
put the 13 address lines through to 2764 EPROM. Data to and from the EPROM
via the data lines 01 to 08 are buffered by two T4LS241 bidirectional drivers.
The direction is nommally from the EPROM to the microprocessor ('read' mode),
but is reversed as soon as a programming pulse of 50 ms duration comes out
from the microprocessor, indicating that some data are to be programmed onto
the EPROM ('program' mode), At the same time, the pulse triggers off a
de-activation signal to the output-enable (OE) control in the EPROM and, via
a transistor-based switching circuit, raises Vpp from 5 V to 25 V. These
procedures are necessary during the 'program' mode.

The purpose of having a T74LS221 monostable mumltivibrator in the
programming line is to delay the programming pulse by several microseconds
to allow time for the signals on the data bus to stabilisze,

Signal from the rain-gauge is passed via a relay to the microprocessor
external interrupt (EXT INT) pin. As will be explained in Sectiom 3(d), each
signal is debounced for a duration characteristic of the rain-gauge and the
electrical relay.

By the use of an active circuit consisting of a 74LSO0 NAND gate,
the system is timed by an external quartz oscillator of frequency about 4 MHz.
Details of the timing process are described later in Section 3(d).

An eight-digit HP7650 LED (light-emitting diodes) display is scanned
using 4 output pins for the BCD number and 3 output pins for the digit select
(Pig. 4(b)). Such time-multiplexing is accomplished at the rate of 1 ms per
digit (125 Hz for the eight digits), which is fast encugh to prevent the
display from flickering. Chip 7447 is a BCD-to-7 segment decoder/driver for
each of the digit and 7442 is a BCD-to-decimal decoder for the digit select.

A switch on the front panel of the recorder allows either the
rainfall amount or the time (month, day, hour and -inute) to be displayed.
Two other switches, also on the front panel, enable the time to be adjusted.
There is another switch to control the start/stop of the system.

Photographs of the recorder are shown in Figs, 6 and 7. A parts
list is given in Table 2,

(¢) Power supply

A,.C. pover input is provided with lightning surge suppressing
tranzorbs and varistors, and high~-voltage bypass capacitors (Fig. 5) to
eliminate power transients due to lightning or nearby switching of high power
equipment, The output from a 24 V 2 A transformer is converted to
approximately 32 Vdc which, apart from providing 28 Vde to the EPROM and



13 Vdc to the voltage regulator, also charges up two 12 V 5,7 Ah lead acid
rechargeable batteries, The LM323 regulator converts 13 Vdc to 5 Vde
required by the TTL components of the system.

The power consumed by the recorder is about 20 W,

(d) Software design

Some of the functions of the sof tware, which resides in the 2716
EPROM riding on top of the microprocessor, are evident from FPig. 4(a). The
software is designed to :-

(1) detect signals from the rain-gauge in form of an external
interrupt ;

(i1) accummlate rainfall since the last scheduled observation
time (i.e. 9 a.m./3 p.m, according to the practice of
the Royal Observatory rainfall network) ;

(111) receive signals from the 4 MHz quartz oscillator and then
create a time interrupt every 1 ms to drive an internal
clock ;

(iv) calculate the time between two successive tips in the
rain-gauge in order to enable rainfall intensity to be
estimated when there is heavy rain ;

(v) detect the status of a control switch (on the front panel)
in order to display either the rainfall or the time :

(vi) detect time adjust signals from other control switches
(on the front panel) and adjust the month, day, hour and
minute accordingly ;

(vii) output the appropriate EFROM address on the address bus,
and output the data to be writtem onto the EPROM on the
data bus ; and

(¥iii) output a programming pulse of 50 ms duration whenever data
are to be written onto the EPROM,

The software is composed of 3 main routines : time interrupt,
external interrupt and normal routine (Fig. 8). The operation of these
routines is described in the following paragraphe and in greater details in
Appendix 1, in which software flowcharts are presented.

The 4 MHz signals from the quartz oscillator are pre-scaled to give
time interrupts at 1 ms intervals--—a pre-scalar value is chosen after some
calibration because the oscillator does not produce signals at exactly 4 MHsz,
Every thousand of such time interrupts will increment the ‘second' register
(which is a RAM) by one. The 'minute’' register will be updated every 60 seconds
and 80 on for the 'hour', 'day' and ‘month' registers, The time interrupt
routine also monitors the status of the time-adjust control switches. When
the switches are found to be 'on', the above 1-ms time interrupts will be
ignored and, according to the different status of the control switches, the
different time registers (for month, day, hour, minute and second) will be
incremented automatically by 1 every second, This time-adjusting process
ceases when the control switches are put back to the 'off' positions,

5



As a bucket in the rain-gange tipe, the electrical signal generated
enters the microprocessor circuit as an externmal interrupt (Fig. 4(a)). Upon
detection of the interrupt, the software activates a debounce timer of a
duration characteristic of the rain-gauge and the electrical relay in use,
The debounce timer is timed internally, so that any further external interrupts
occurring within the debounce time will be ignored. For a bucket size of
0.5 mm, this amount of rainfall will be added to the total each time an
external interrupt is detected., The time at which the tip occurs is taken
from the time registers and stored in a 'Record Table' (REC TABLE) in the
form of a 3-byte unit (HE, MM and SS respectively; see Format 3 in Table 1),
If the time between the present and the last tip is less than or equal to
20 8, this time difference is also recorded to the nearest 0.1 s (Format 4
in Table 1).

Rainfall amount is accumulated starting from the last scheduled
observation time, which is 9 a.m./3 p.m. each day for the Royal Observatory
rainfall network. The rainfall total is retained on display for two hours
after the observation time to allow time for the observer to take down the
reading. (There is an alternmative version which displays hourly rainfall and
retaing the rainfall amount over the past hour on display for 15 minutes).

The time interrupt routine also prepares a record of Format 2
(Table 1) as soon as the observation time is reached. This marks the beginning
of the next observation period. The purpose of having such a record is to
ease subsequent data analysis., The time over which the recorder is out of
gservice can easily be determined to within several hours because in this case
there will be no such record in the EPROM,

The normal routine is active all the time and looks for entry(ies)
on the Record Table, When there is an entry on the Record Table, which has
to be written onto the EPROM, control will be passed to a scheduler, which
arranges the following subroutines to be executed.

(1) PGM subroutine - programs data onto the EPROM.

Procedure : 1) output EFROM address to EPROM,

2) output data stored in the Record Table to
EPROM,

3) set a 50-ms timer,
4) output a programming pulse (50 ms duration),
5) pass control to VERF subroutine,

(i1) VERF subroutine - verifies data written onto the EPROM.

Procedure : 1) check the 50-ms timer and terminates the
programming pulse after 50 ms have elapsed,

2) output EPROM address to EPROM,
3) read data from EPROM and verify them,

4) pass control to UDRT subroutine after a
record (3 bytes) has been written and
verified, otherwise to ERR subroutine.

(1ii) UDRT subroutine - updates the Record Table.

Procedure : 1) delete from the Record Table the record
(3 bytes) already written onto the EPROM,
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2) advance EPROM address by 3 (3 bytes) to
prepare for the next record entry,

3) pass comirol back to scheduler,
(iv) ERR subroutine - handles error in case of a write-fault
Procedure : 1) prepare a record of Format 4 (Table 1)
to denote error condition,
2) enter this record into the Record Table,
3) advance EPROM address by 3 (3 bytes),
4) pass control to the PGM subroutine.
The purpose of having the scheduler in this manner is to avoid

contention arising from the possible situation of having more than one record
of different formats listed in Table 1 coming in at the same time,

The Record Table is made up of 60 of the 64 executable RAM's,

Technical details concerning the assignment of the 64 scratchpad
registers and the use of the input/output ports are explained in the 1listing
of the program. Copies of the program are kept in the Royal Observatory
Library.



4, DISCUSSION

The use of microprocessor and non-volatile solid-state memory
offers a way to inexpensive and fully-automatic recording of rainfall
information in digital form. This saves considerable manual efforts involved
in observation and in data compilation.

Ag long as the input from the rain-gauge to the recorder described
in this report is of contact-closure type, the recorder can be applied on-
site or at a distance, via telemetry.

Some features in the design are made completely flexible as they only

need changes in the software, The recorder can be modified easily to read
rainfall amount over an hour, 15 minutes or even shorter intervals., The time
over which the display of rainfall total is retained can also be modified.
The system clock can be calibrated by changing a time constant in the program.
The length of time for debounce can also be altered when required. (As short
as 0.1 8 is possible in rain-gauges equipped with 'Mercoid' type of switches.)
The necessary software modifications are explained in Appendix 2,

Compared to mechanical chart recorders, this recorder offers better
resolution in time, Timed by quartz oscillator, the intermal clock is accurate
to within 30 seconds a day. The error arising from the time element used in
intensity estimation is even less, because in this case only the differences
in time are taken into account, i.e. the accuracy of the absolute time is not
important. Measurements of rainfall intensity made with a tipping-bucket
rain-gauge have been used to calibrate an electrical rainfall-intensity sensor
(Battalino and Vonnegut, 1978).

For heavy rainfall, the rainfall intensity can be estimated from
the stored data. Provided the intensity of rainfall persists over a period long
enough to give a rainfall amount equal to two bucket sizes (i.e. 1 mm in the
case of 0.5 mm buckets), so that at least two tips of the buckets occur, the
recorded time difference between the two tips will give a reasonable indication
of the rainfall intensity. However, it should be noted that the precise amount
of rainwater delivered by the bucket is dependent on the rainfall intensity
(Parsons 1941). For investigations requiring high accuracy, it is necessary
to include a correction, which can be derived from a calibration curve for
the model of tipping-bucket rain-gauge used.

The recorder has been put to test in the Central Forecasting Office
of the Royal Observatory. At the time of writing this note, it has been running
continuously for more than a year without any incidence of failure of any sort.
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3 Programmable registers,
ports and memory map in the
MK 38P70 microprocessor.
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Fig. 6 Front view of the recor
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Back view of the recorder

Fig. 7



2. EXTERNAL INTERRUPT

1. NORMAL ROUTINE

Systen reset

-

Event signal

from rain-gauge

!

Update

rainfall
total

Record the
time in
data buffer

Return
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3¢ TIME INTERRUPT

Time signal

Y

Update
system
clock

Output
rainfall or
time to
display unit

L
Return



TABLE 1.

FORMATS OF RECORDS STORED IN THE EPROM

Format Contents of the 3-Bytes Explanation
1 0 System start up.
0
'"EE' (hexadecimal)
2 "1XYYYYYY' (binary) X=0 for period 0900-1500 local
time.
MONTH =1 for period 1500-0900 local
time.
DAY YYYYYY is the station identif-
ication.
(Note. This format appears
twice per day).
3 HH Time of tip of bucket.
MM
SS
4 0 SS= time in seconds (< 20)
ss between two previous tips
recorded under intense
'DX' (hexadecimal) rainfall situation.
X= tenths of a second.
5 0 XX (hexadecimal)= AA, AB, AC ...
XX AF, BA, ssecvesc, FF-
Write fault., 'AA' indicates
XX write fault on the preceding
3-byte record. 'AB' indic-
ates write fault on the
2 preceding 3-byte records;
and so on.
Note MONTH, DAY, HH (hour), MM (minute) and SS (second) are all

expressed in binary~coded-decimal (BCD).
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Components
c1, C3, C4, C6=C10

c2

C5
c19
D1
Q1-q8
Q9
Q10

LO-L7
R1-R8, R13

TABLE 2,

R9-R12, R23-R25, R27, R40

R14, R32-R38
R15-R22
R26, R28
R29

R30, R31
13

U2

U3

U4

U5, U8-U9
ué

u7
U10-U11
U12

Edge connector

O ~3 N \N =

22, 24
52
54
55

PAR?S LIST
Capacitor 0.1 uf
Capacitor 10 uf
Capacitor 47 pf
Capacitor 500 pf
Diode 1N4007
Pransistor 2N2907
Transistor 2N2222
Transistor BC107
LED HFT7650
Resistor 5.6K
Resistor 80 ohms
Resistor 4.7K
Resistor 320 ohms
Resistor 18K
Resistor 100K
Resistor 470 ohms
IC 1442

IC 1447

IC 74LS221
IC TALSO4
IC TALS244
IC 741586
Microprocessor MK38P70
IC T74LS241
EPROM 2764

Rain-gauge input

Toggle switoh (Time adjust)
Toggle switch (Pime adjust)
Switch (Start/stop)

Switch (Display of time/rainfall)
+24 V

Switch (LED)

ov

+5 v
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APFENDIX 1., FLOWCHARTS

1. Extermal interrupt routine.
2. Time interrupt routinme.

3. Systsa start-up routine.

4. JFormanl routine,

Explanation of soms terms referred to in the flowcharts

DD - day

HE - hour
M - wmimate
SS <« second

PAD - scratchpad register, referred to by ootal mumbers.

PGM MODE -~ programming mode, i.e. the microprocessor is transferring
data to the EFPROM,

RECORD - consists of 3 bytes in the REC Table (Record Table) which
are to be output to the EPRON,

REC Table -~ consists of 60 bytes in the Executable RAN area (Fig. 3)
and holds data to be cutput to the EPROM.

XEC « scheduler
IEC No. - a mumber by which the scheduler calls up individual routines,




From a tip of the bucket

Interrupts will be ignored
during time adjust.

Interrupts will be ignored
{f the time is invalid;
e.g. MONTH > 12.

To debounce mechanical
switches.

Queue the time of tip to
REC Table for subsequent
entry into EPROM.
(Format 3).

Interrupt
disabled

SAVE WORKING
REGISTERS
AND STATUS

ADJUSTED "7

SET DEBOUNCE
TIMER

STORE TIME
OF TIP ONTO

REC TABLE

ADD 0.5 MM
TO RAINFALL
TOTAL

Flowchart 1.

Y

CALCULATE TIME
DIFFERENCE
FROM THE LAST

TO THE PRESENT
TIP

DIFFERENCE
£20 s

Prepare a record
of the time
difference (to
the nearest 0.ls’
for subsequent
entry into EPROM.
(Format 4).

TORE TIM
DIFFERENCE
ONTO REC
TABLE

22

RESTORE
WORKING REGISTERS
AND STATUS

Interrupt
enabled

External interrupt routine.



Interrupts at 1 ms intervals.

disabled

SAVE WORKING
REGISTERS AND
STATUS

Skip display of time/rainfall
if a program pulse is being

Y
output because these outputs
share the same port (PORT 5).
DISPLAY
TIME/RAINFALL ggg??ﬁg
ON LED'S
EXT.INT.
Debounce mechanical switch. BEING Y
DEBOUNCED ? }
DECREMENT
DEBOUNCE
TIMER
Y
1 8 intervals. DECREMENT RESET
CLOCK CLOCK
TIMER TIMER
@ ‘F
RESTORE
WORKING
REGISTERS AND
STATUS
Interrupt
enabled.

Flowchart 2. Tigg interrupt routine.

50 ms duration.

Time adjust signal
input through PORT 1.



End of a second.

No action if time is invalid i Exit
e.g. MONTH > 12. ’

Check observation
time.

PREPARE PREPARE

CURRENT PREVIOUS
Display on { RAINFALL FOR {JALF-DAY RAIN-
LED's. DISPLAY FALL FOR

DISPLAY

INCREMENT
SS BY 1

INCREMENT
MM BY 1 "

BEGINNIN
QF AN HOUR

Exit

Flowchart 2 (Cont'd):Time interrupt routine.
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Start of an hour.

INCREMENT
HH BY 1

CLEAR HH
INCREMENT
DD BY 1

OF A MONTH 2

BEGINNING

CLEAR PREVIOUS
HALF-DAY
RAINFALL

TOTAL

Exit

INCREMENT
MONTH BY 1

MOVE CURRENT
RAINFALL TOTAL
TO PREVIOUS

HALF-DAY
TOTAL

CLEAR
CURRENT
RAINFALL

Exit

MONTH = 01

PUT

Exit

Flowchart 2 (cont'd%g Time interrupt routine.

3-byte record to
indicate half a
day has elapsed
(Format 2)

Store previous
half-day total
for display to
observer.



Time adjust. Signal input
through PORT 1.

N INCREMENT Y
MM ?
INCREMENT MM
N Y
1 BY 1. CLEAR
MM IF IT
REACHES 60
Increment INCREMENT HH
MONTH/DD Y BY 1. CLEAR
HH IF IT
REACHES 24
(E:€>
Exit
Flowchart 2 (cont'd) : Time interrupt routine.
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System reset.

Digtinguish between power-up
start and reset start. For
reset start, scratchpad 73-77
already contain 1 to 5
respectively.

POWER-UP
START ?

PUT 1 TO 5 IN

PAD 73-77

PUT 'FF' IN
FF - hexadecimal TIME
Clear rainfall figures, SET UP
external interrupt and OTHER
debounce timers etc, Set SCRATCHPQD
up clock timer, error codes REGISTER
etc.

PUT 'FF' IN

ALL EXECUTABLE
RAM'S

3-byte record to denote reset -
of System. Queued to REC pg%gégg A
Table for subsequent entry

DENDTING
into EPROM. (Format 1). START-UP

SET UP
INTERRUPT
Ports 6 and 7. CONTROL PORT
AND TIMER
‘PRESCALAR

SET UP
Ports O, 1, & and 5. I/0 PORTS

To normal routine.

Flowchart 3. System start-up routine.
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The 3-bytes are
pointed to by
EPROM address.

ENTRY ON
REC TABLE

ADVANCE EPROM
BASE
ADDRESS BY 3

Flowchart 4.

SET XEC NO.
TO O

XEC

Normal routine.

28

Endless loop.

Scheduler.



Scheduler

XEC

XEC NO.

Program lst byte onto EPROM.

Verify lst bvte.

Program 2nd bvte onto EPROM.

Verify 2nd byte.

Program 3rd byte onto EPROM.

Verify 3rd byte.

Update REC Table and EPROM
address.

Program error. Special
error-handling routine.

OBOOUHE

Flowchart 4 (cont'd) : Normal routine.
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PGM routine :

Address EPROM.
Output at PORTS O and 1.

Output at PORT 4.

Save data for
subsequent verification.

50 ms duration for
programming pulse.

Output at PORT 5.

Flowchart 4(cont'd)

OUTPUT
EPROM
ADDRESS

OUTPUT
DATA

SAVE OUT-
PUT DATA

INCREMENT
XEC NO. BY
1

SET PGM
TIMER

OUTPUT
PGM PULSE

30

: Normal routine.



VERF routine

TERMINATE
PGM PULSE

Output at
PORT 5.

READ DATA
JusT
WRITTEN ON
EPROM

Verified with DATA

VERIFIED
?

data saved in
PGM routine.

INCREMENT
XEC NO.
BY 1

SET XEC NO.

Error routine.
TO 7

Flowchart 4 (cont'd)
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: Normal routine.



UDRT routine RESET ERROR
CODE

BY 3

ADVANCE EPROM
BASE ADDRESS

Dequeue REC Table.

ARLE

TAKE AWAY
RECORD ALEADY

WRITTEN ON
EPROM FROM REZ
T

Y

SET
XEC NO.
TO 0.

Flowchart &4 (cont'd)

32

Normal routine.



ERR routine

Interrupt
disabled.

PREPARE
A RECORD
DENCTING
ERROR

Prepare a record denoting
error to REC Table for
subsequent entry into
EPROM. (Format 4).

TOP-QUEUE
REC TABLE

INCREMENT
See Table 1. ERROR CODE
3Y 1

ADVANCE
EPROM BASE
ADDRESS BY 3

Interrupt
enabled.

BEGIN

Flowchart 4 (cont'd) : Normal routine.
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APPENDIX 2, POSSIBLE MODIFICATIONS

(a) If a rain-gauge with a different bucket size is used, the size can
be specified in the constant 'BUCKET' (line 115 of the listing), which
is expressed in tenths of a millimetre,

(v) The size of data memory can be specified as H'07', H'OE' or H'1E'
for the value of the constant 'EFEM' (line 116 of the listing), according
to different EPROM types - 2716, 2732 or 2764 respectively., It is
necessary to make slight changes in the circuitry when either 2716 or
2732 18 used, Por 2716, just comnect Pin 1 of the 28-pin EPROM socket

to Pin 23, For 2732, interchange the bias resistors R14 and R26;
disconnect Pin 22 of the 28-pin EPROM socket from Pin 9 of U5 and connect
it to Pin 1 of the same socket.

(¢) The system clock can be calibrated by changing the value of the
pre-scalar constant 'PSLR' (line 119 of the listing). Suppose the clock
is found to lag (lead) by y minutes a day, then the existing value of
'PSLR' should be decreased (increased) by an amount : PSLR.y/1440.

(d) The debounce timer is presently set at 2 seconds, If necessary, the
existing value of the constant 'DBT' (1line 121 of the listing) can be
changed to correspond to the required time of debounce by direct proportion.

(e) 'The existing version of the recorder displays hourly rainfall with

the total rainfall over the past hour retained on display for the first

15 minutes of the hour., To convert it to display accumulated rainfall twice
daily at 9 a.m, and 3 p.m., it is necessary to make the following changes :

(i) Replace lines 400-406 by the following 13

LISL 3
LISU 4 3
LR A, S
LISL 2 3
LISy 2
CI H'09'
BZ TI03
crg'10
BZ TI103
CI H'15!
BZ T103%
CI H'16!
BZ T103

PREVIOUS R/F TOTAL WILL BE
RETAINED ON DISPLAY BETWEEN
9 AND 11 A.M, AND BETWEEN
3 AND 5 P.M.

-e
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APFENDIX 2. (continued)

(ii) Delete lines 441-452, Insert the following after line 475 :

LISL O 3 MOVE PAD 20-21 T0 22-23
LISU 2

IR A, S

LISL 2

LR D, A

LR A, S

LISL 3

LR S, A

CLR

LISL O ; CLEAR PAD 20-21
LR I, A

LR I, A

The rainfall total between 3 p.m. the previous day and 9 a.m. and
that between 9 a.m, and 3 p.m, will be retained on display during the
periods 9 to 11 a.m. and 3 to 5 p.m. respectively.
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