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An electronic milk yield monitor for use with a farm computer.

Can.

An electronic system for automatic measurement and recording of milk yield has been developed and designed for
use in milking parlors with up to 16 stalls. The system consists of a set of modified milk-o-meters connected to a
microprocessor-based monitor unit in the parlor and a single-board microcomputer in an adjacent room. Yield signals
from the meters and cow identification numbers entered via a keypad are displayed and temporarily stored by the
monitor. These data are transmitted regularly to the microcomputer for recording on tape or transfer to a farm office
computer. A 6-mo trial with the equipment on a commercial dairy farm in central Nova Scotia was completed successfully
and further developments are in progress.

INTRODUCTION

Measurement and recording of milk
yield is a fundamental aspect of modern
dairy cattle management. Official milk re-
cord schemes, such as the Canadian Re-
cord of Performance (ROP) program, are
well established in many countries and
they set the standards for measurement
and analysis of cow performance (Agri-
culture Canada 1978). These records are
based upon observations of the yield of
individual cows on two successive milk-
ings each month and the corresponding
predictions of yield for a 305-day lacta-
tion. This information is clearly adequate
for many aspects of management, espe-
cially relating to breeding and feeding.

Would the availability of milk yield rec-
ords on a more frequent basis, e.g. daily,
lead to significant improvements in herd
performance and management efficiency?
Until recently this question has not re-
ceived serious consideration because of a
lack of equipment suited to economical
measurement and processing of milk yield
data under practical farming conditions.
Advances in microelectronic technology
and microcomputers together with rapid
increases in feed and energy costs have
created a radically new situation. Elec-
tronic milk yield data systems which can
handle daily observations are now tech-
nically feasible and they promise to be
economically justified on the basis of rel-
atively modest improvements in produc-
tion performance and management effi-
ciency.

A farm system for measuring and re-
cording milk yield consists of three main
types of components: (1) meter (a me-
chanical device for interacting with the
milk flow and generating a physical signal

related to the mass or volume flow); (2)
monitor (an electronic device for recog-
nizing and counting the meter’s physical
signal, then displaying the flow value for
immediate observation and/or transmit-
ting the data to a recording unit); and (3)
data recorder/processor (an electronic de-
vice for storing and then processing the
milk yield data).

At present, development activities re-
lated to milk yield data systems are ap-
parently focused on three meter types: (1)
weigh jar (a strain gauge on the mounting
bracket responds to weight of milk in the
jar); (2) milk-o-meter (Technical Indus-
tries Inc., Fort Lauderdale, Fla.) (tray
movements per weight sample of milk
generate electronic pulses which are
counted); and (3) Boumatic 2000 (Dairy
Equipment Company, Madison, Wis.) (an
automatic sequence of milk volume sam-
ples generates electronic pulses which are
counted). Information on these develop-
ments is available primarily in the form of
commercial literature and technical re-
ports (see MacKinnon 1981 for a critical
review) and conference proceedings
(Hyde et al. 1976; Puckett et al. 1980a,b;
Sobel and Scott 1980).

This paper is concerned with the devel-
opment and design of an electronic mon-
itor for use with a device such as a milk-
o-meter which can generate a sequence of
digital pulses in relation to milk flow. The
monitor has been tested in the herring-
bone milking parlor of a commercial dairy
farm located at Stewiacke East in central
Nova Scotia. An investigation assessing
the economic potential of installing this
type of equipment on a number of farms
is in progress.
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DESIGN CONCEPT

The ‘‘Stewiacke’” milk yield data sys-
tem is intended for use on small to me-
dium-sized dairy farms with various types
of milking parlor and a maximum of 16
stalls. Components of the system are: (1)
one milk meter per stall; (2) a sensor plus
connecting cable per meter; (3) one mon-
itor unit per set of eight meters; (4) a basic
general-purpose  microcomputer (e.g.
Rockwell AIM-65 (Rockwell Interna-
tional, Anaheim, Calif.)); (5) one moni-
tor/computer connecting cable per moni-
tor; and (6) a cassette tape recorder or link
to a farm office computer.

The meters are inserted at a convenient
point in the hose from each cluster to the
milk line in accordance with accepted
practice. A sensor is attached to each me-
ter and a detachable cable provides the
connection with the monitor which is lo-
cated at one end of the milking pit. The
monitor is situated to ensure that an op-
erator can conveniently enter identity
numbers as cows come into the parlor and
that the numbers representing the meas-
ured milk yield (kg) are clearly visible to
persons engaged in milking. The micro-
computer and the tape recorder are located
in an adjacent room with a detachable ca-
ble providing a link to each monitor in the
parlor.

Specifications for the data system are
listed in Table I. The low cost objective
has been accomplished through the use of
two key components (milk-o-meters and
single board microcomputer) which are
currently manufactured at competitive
prices and one microprocessor-based
component (yield monitor) which is cus-
tom-designed to link the others and to

129



TABLE I. MILK YIELD DATA SYSTEM
DESIGN SPECIFICATIONS

Category Objective

Cost Low

Reliability High

Environment Complete protection
Operation Very simple
Expansion Very compatible
Maintenance Minimal

Flexibility High

meet the special requirements of the milk-
ing parlor environment.

Milk-o-meters have a proven record of
mechanical reliability under continuous
use over periods of several years. Single-
board microcomputers now have excellent
standards of reliability and the monitor
unit should perform at a similar standard.
The mechanical and electronic reliability
of these key components is expected to
provide a sound basis for the system’s re-
liability.

Complete protection of electronics from
the effects of moist air and water in the
milking parlor environment is essential.
All electronic components except the sen-
sors are located in a rustproof steel cabinet
designed to be waterproof. Wafer-type
pressure-sensitive keypads were selected
in view of this waterproofing objective.
The entire monitor face, including key-
pads, is sealed with a plastic adhesive cov-
ering. The sensor components are cast in
epoxy and the cables to the monitor have
pressure-fit screw-cap connections.

Normal operation of the system in-
volves simple procedures which fit well
into the work routine. During milking the
appropriate entries are made via the key-
pads as cows enter the parlor. Before and
after milking a few simple commands
(e.g. press S for ‘‘start of milking,”’ press
E for “‘end of milking,”’ press Y or N for
‘‘yes/no’’ printout of recorded yield val-
ues) must be entered at the computer key-
board. After milking, a simple procedure
to write the data to a cassette tape may be
followed if desired.

Provision for expansion is an important
feature of the system because of the po-
tential for linking other useful devices
(e.g. for feed control and/or automatic
identification) with the milk yield record-
ing equipment. The monitor is designed
for two-way interaction with any micro-
computer, terminal or equivalent.

System maintenance is primarily a mat-
ter of ensuring that the meters are kept
clean and that their calibration is checked
on a regular basis. All components are
designed to allow for easy removal from
the system and replacement in the event
of mechanical or electronic failure.
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The system was designed initially with
a particular double-eight herring-bone
parlor application in mind. However, the
monitor can be adapted to meet many
other physical and work-routine situations
by reprogramming the firmware.

HARDWARE

Physical features of the monitor, with
particular reference to data entry and dis-
play, are shown in Fig. 1. Dimensions of
the cabinet are 34 cm wide, 40 cm high,
and 16 cm deep. The two circuit boards
are mounted on the inside of the cover and
the keypads are attached to the outside.
This cover assembly is mounted on a rub-

Figure 1.

ber gasket which is pressed against the
cabinet by four screws, giving a water-
tight seal. The power supply is fastened
to the back of the cabinet and cables are
connected through the base.

The procedure for entering data into the
monitor is as follows:

(1) Press S for ““START’’ as cows enter
parlor (cow number displays are zeroed).

(2) Press stall number for each cow
(cow number and yield displays are
blanked, ‘‘E”’ for enter message is dis-
played).

(3) Press digits for the cow number and
then E for ““COW ENTER” (cow and
yield numbers for the stall are displayed

Front view of the milk yield monitor, showing the separate keypads for entering stall

and cow numbers and the LED displays of cow number and milk yield for the eight

stalls.
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TABLE II.

MONITOR HARDWARE COMPONENTS LISTED ACCORDING TO FUNCTION

Number/name Function

Component

1. Data input
A. Stall number
B. Cow identity
C. Milk yield

(%]

. Data condition
A. Stall number
B. Cow identity
C. Milk yield

3. Data storage

4. Data display

5. Computer link
office computer

6. System control
operations

Temporary storage of data
Continuous display of data
for visual observation

Exchange of data with

Control of monitor unit

Sense/receive input data

Switch key strip
Coded keypad
Hall-effect sensor

Decode/condition input data

Sense logic
Sense/decode logic
Sense logic

Random access memory

Data bus driver and LED
enable circuits
LED displays

Balanced line driver/
receiver circuits

Intel 8748 microprocessor

continuously). If a mistake is made in en-
tering a cow number, press stall number
again and reenter cow number.

(4) Repeat until entries are made for all
stalls.

The yield numbers increment automat-
ically as each cluster is attached and milk-
ing begins. Separate keypads are used for
entering stall and cow numbers so that dis-
tinctly different physical actions are as-
sociated with entry of each type of num-
ber. This feature is technically redundant
but it has proven to be very important in
practice.

Hardware components of the monitor
system are listed according to function in
Table II. Relationships among the com-
ponents are shown in Fig. 2. The monitor
accepts three kinds of input signals (stall
number, cow identity and milk yield), de-
codes and conditions these signals, tem-
porarily stores the data, generates a dis-
play of the data for visual observation and
transmits data to the microcomputer upon
command. Control of this system and its
data processing operations is provided by
an Intel 8748 microprocessor.

The milk-o-meter tray motion is de-
tected with a Hall-effect switch which is
potted with a driver transistor into a PVC
block. The driver transistor transmits a
current signal via a shielded, twisted pair
of wires to the monitor where the signal
is converted to a voltage, filtered and
shaped prior to detection by the master-
board microcomputer.

Row switches, keypads and meter sen-
sors are continuously scanned for any ac-
tivity by the 8748 microprocessor. All sig-
nal transitions are software-verified by
comparison with previous scans to ensure
that neither noise nor switch bounce cause
false data to be accepted. In addition, all
signal-receiving logic employs CMOS
technology for maximum noise immunity.

Keypad interaction is similar to that of
a pocket calculator; visual feedback is pro-
vided by a LED for each digit of data en-
tered, and by coded cues which also make
use of these LEDs. This visual feedback
is essential because the keypads are of the
pressure-sensitive type and thus tactile
feedback is not experienced by the oper-
ator.

DATA DATA
IN out
COMPUTER | - Computer
5 LINK
Stall A A \
Number I
& SYSTEM DATA [~ :X{)sual
DATA »| DATA CONTROL DISPLAY [~ servation
Cow . —“’ INPUT CONDITION Y 4 >
Identity A 2
Y
Milk 3 DATA
Yield C Cc STORAGE
Figure 2. Block diagram of milk yield monitor hardware components and their functional

relationships.
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All circuitry is powered with a single
+5-V DC power supply. Interaction with
the remote computer (an AIM-65 in the
present situation) is via balanced differ-
ential voltage transceivers; this gives max-
imum noise immunity and allows the use
of a single +5-V supply.

Data can be transferred over distances
in excess of 1 km if necessary. All com-
munication is in 8-bit ASCII, allowing
easy verification of data line activity with
a terminal or printer. Remote requests for
data cause an interrupt at the master board,;
the entire display information, including
some formatting characters, is then trans-
mitted under handshake control. This
transfer does not disturb the counting of
pulses from the meters or the entry of
numbers via the keypads.

SOFTWARE

The software package for the ‘‘Ste-
wiacke’’” milk yield data system consists
of a set of programs executed by a Rock-
well AIM-65 computer (see Rockwell In-
ternational, 1978, 1979) and one program
executed by the monitor unit. Programs
for the AIM-65 include (1) MILKS (writ-
ten in BASIC) providing overall control
of the system data processing, linkage
with devices such as feed controllers, data
transfer to permanent storage, etc., (2)
MILKSB (written in 6502 assembly lan-
guage) providing command signals to the
monitor and directing data transfer into the
microcomputer’s memory; and (3)
MILKSC (written in 6502 assembly lan-
guage) providing time data and computer
interrupt management. The programs
MILKSB and MILKSC are called as sub-
routines by the main program MILKS.
The yield monitor program, called
MILKSA, is written in the 8748 instruc-
tion set and functions independently ex-
cept for the interrupt signals linking its
operation with the program MILKS.

Main features of the MILKSA program
are illustrated in Fig. 3. The initialization
procedure is activated by depression of the
“‘start’’ key; all yield and cow identifica-
tion numbers and the display digits are set
to zero. A loop is then executed and sig-
nals from the meter sensors, switch key-
pad and coded keypad are monitored in
sequence. As each valid pulse count from
a sensor is detected the appropriate display
is updated. When a row switch is pressed,
the number is remembered and an ‘“‘E”’
(a cue to ENTER further data) is displayed
in the row for that particular stall. When
the coded keypad is depressed a test to
identify the function is done and imple-
mentation occurs if the key sequence is
correct. Accidental or other incorrect
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G

INITIALIZATION
ROUTINE

YIELD METER
SWITCH KEYPAD

CODED KEYPAD

MONITOR

OPERATION / CONTROL

DATA EXCHANGE

ROUTINE

(Link with MILK5B)

Figure 3. Structure of the MILK5A program.

keystrokes do not upset operation. In the
case of a cow identity entry the numbers
are displayed immediately and then stored
following depression of the ‘‘cow enter”’
key on the keypad. An erroneous entry can
be overwritten by simply keying in the
correct data since the display ‘‘rolls’’ on
by redoing the whole sequence. Linkage
between the monitor and microcomputer
is accomplished by generation of an inter-
rupt at the monitor upon receipt of a coded
signal from the computer. Data are then
transmitted one byte at a time under hand-
shake control.

Execution of the MILKS5C program (see
Fig. 4) is started by means of a link via
the user function feature of AIM-65
BASIC at the beginning of the main pro-

Link with MILKS

START

INITIALIZATION
ROUTINE

COMPUTER

gram MILKS. This effectively transfers
control of timing of the computer’s exe-
cution to the program MILKS5C which di-
rects the processing of interrupts. As each
interrupt from the AIM-65’s versatile in-
terface adapter (VIA) is detected,
MILKSC directs the updating of clock and
timer values, the revision of port A status
lines and the exchange of data via
MILKS5B. When the ‘‘read yield moni-
tor’’ subroutine of program MILKS (see
Fig. 5) is encountered, linkage to
MILKS35B (see Fig. 6) is accomplished by
the user function feature of AIM-65
BASIC. The subroutines of MILKSB are
executed in turn, with synchronization of
data exchange provided by MILKS5C via
the *‘pulse and flag’’ subroutine. Once

Subroutines
CLOCK

TIMER

i

PORT A CONTROL

INTERUPT

PROCESSING

ROUTINE

Link with MILKS

Figure 4.
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PULSE AND FLAG
(Link with MILK5B)

Structure of the MILK5C program

data exchange with the monitor is com-
pleted control is transferred back to the
main program MILKS. Execution of
MILKS in BASIC continues until the start
of the next cycle of monitor data ex-
change.

DISCUSSION

An initial 6 month period of farm trials
has provided confirmation of the technical
feasibility of the Stewiacke milk yield data
system. No serious problems with me-
chanical or electronic reliability of system
components were encountered. Switching
of hoses to allow cleaning in place of
milk-o-meters was found to be very in-
convenient; this led to development of a
special switching valve which performed
well during the trial period. Condensation
of water on the outside of the monitor box
occurred frequently during milking but no
adverse effects on the electronics were
detected. As a precaution, power to the
monitor was maintained continuously so
that heat from the power supply to the en-
closed air would minimize the risk of con-
densation on circuit components. An ex-
amination of the box interior at the end of
the trial period revealed no effect due to
moisture. While the sensors performed
satisfactorily, a new version with im-
proved features (more compact, higher
sensitivity, better integration with the me-
ter mechanism) was developed. Occa-
sional difficulties with apparent temporary
failure of the AIM microcomputer mem-
ory were encountered. These were attrib-
uted to power line variability. A battery
plus charger unit was substituted for the
computer’s original 5-V power supply and
the problem has been eliminated.

Identification and keypad entry of neck
tag numbers as the cows proceed into the
parlor did not have any adverse effect on
the work routine. The milker may need to
encourage the cows to enter and he must
identify them and set the timers which
control the feed dispensers. Since the
monitor is located near the timers, the ef-
fect on work routine is simply to replace
the setting of timers with keypad entry of
stall and cow numbers. Occasional diffi-
culties with animal recognition were en-
countered initially but these are minimal
when the milker is reasonably familiar
with the herd.

Since the cow and yield numbers were
clearly visible from most locations in the
milking pit, the milker frequently took
note of the values displayed. This infor-
mation was helpful in stimulating the
milker’s interest in each cow’s perform-
ance and it provided informal reminders/
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INITIALIZATION
ROUTINE

START COMMAND
> INPUT VIA
KEYBOARD

SYSTEM

Subroutines

[ READ CLOCK
READ YIELD MONITOR

OPERATION / CONTROL
ROUTINE

END COMMAND
INPUT VIA
KEYBOARD

DATA OUTPUT
ROUTINE

Figure S.

warnings about items concerning individ-
ual cows.

The establishment of electronic storage
and display of milk yield data by a monitor
inside the milking parlour represents a
crucial first step which leads to many tech-
nical options associated with the expand-
ing capabilities of modern electronic

Link with MILKS

INITIALIZATION
ROUTINE

COMPUTER-MONITOR

{ INTERPRET YIELD MONITOR l

L { ACTUATE FeED DISPENSER|
L CREATE RECORDS ARRAY |

PRINTER OUTPUT

—‘————[ CASSETTE TAPE oumﬂ

Structure of the MILKS program.

equipment. Among these options are: (1)
linkage with control devices such as stall
feeders to dispense grain on an individual
basis to each cow as she is identified; (2)
linkage with a data bank containing health/
breeding information and transmission of
warnings/reminders regarding each cow
for display on the monitor; and (3) trans-

Subroutines

PULSE AND FLAG
(Link with MILK5C)

ASCII CHARACTER
TRANSMIT
(Link with MILKSA)

ASCIl CHARACTER

DATA EXCHANGE RECEIVE

ROUTINE (Link with MILK5A)

@ DATA STORAGE
ALLOCATION
Link with MILKS ASCII/ BINARY
CONVERSION

Figure 6. Structure of the MILKSB program.
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mission of the milk data to a local or cen-
tral computer for permanent recording and
analysis in connection with longer-term
herd management decision-making.

Some experience has been obtained in
linking the Stewiacke milk data system
with feed dispensing devices. A linkage
based upon a few standard electronic com-
ponents and several modifications of the
MILKS software has proven to be feasi-
ble. The anticipated costs of the milk data
system incorporating feed dispensing ca-
pability are such that installation of the
whole system may be justified by feed cost
savings alone.

Many farmers are now considering the
installation of a microcomputer in the
farm office on the basis of anticipated sav-
ings arising from improved financial and
herd management. Linkage of such an of-
fice computer with an electronic data sys-
tem in the barn and/or with a central com-
puter in a commercial or government
organization can readily be accomplished
by a modest investment in existing elec-
tronic equipment. It therefore seems that
the establishment of sophisticated elec-
tronic data systems for use in dairy farm
management is currently a feasible devel-
opment with attractive economic poten-
tial.

The Stewiacke milk yield monitor was
designed with the future possibilities of
dairy farm data systems in mind. A key
feature of the monitor is its flexibility in
matching the agricultural environment of
the milking parlor with the electronic en-
vironment of information systems. The
ability of the monitor to accept signals
from a milk meter producing a train of
pulses and to suit a variety of parlor phys-
ical and work-routine situations has al-
ready been shown. The provision for two-
way data exchange in standard ASCII for-
mat ensures straightforward compatibility
with other existing or future electronic
units. The options range from linkage with
a farm office microcomputer system to
connection with a very low cost ticket
printer which would give a written record
of the day’s data.
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