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1984. An automated milking data system for dairy farms.

An automated system for acquisition of milk yield data, control of feed-grain and communication of cow health
information has been developed and tested over a period of 3 yr on a commercial dairy farm in central Nova Scotia.
Cow identity numbers are entered manually and displayed on a data monitor unit which is linked to milk meters with
electronic output and feed dispensers for up to eight stalls. Data are continuously exchanged between a farm office
microcomputer and up to four monitors in the milking parlor. Voice messages from the computer are broadcast via a
speaker adjacent to each monitor. Performance tests confirmed that in regular farm service the accuracy and reliability
of system components was satisfactory.

INTRODUCTION

A high level of efficiency in technical
and financial management is essential for
success in modern dairy farming. Recent
advances in microelectronic technology
and computers have provided the basis for
design of automated data systems with
economic and technical features suited to
these particular needs of dairy farm man
agement. Several authors have examined
the role of this new technology (Grant
1980; Turner 1980; Brooke 1980; Ste
phens and Esselmont 1978; Puckett et al.
1980) and others have reported on system
design and development (Hollis and Hind-
march 1980; Mundy 1980; Burgess and
Street 1976; Sobel and Scott 1980).

Dairy cows must be fed individually if
they are to attain maximum levels of per
formance (Broster and Strickland 1977).
This has been widely appreciated for many
years but as modern herds increased in size
it became impractical to provide cows with
the desired level of individual attention.

However, the development of milking data
systems capable of automatic milk yield
measurement, data recording/analysis and
feed control has created a situation where
this objective of individual cow feeding is
now feasible with modern herds.

Economy and adaptibility are key fea
tures of milking data systems based upon
new microelectronic technology. It is
therefore feasible to design cost-effective
systems which are suited to the particular
requirements of dairy farms differing
widely in management practices, housing
and machinery types, herd size and envi
ronmental constraints.

Several different commercial versions
of automatic feeding systems using elec
tronic transponders for cow identification
and programmable feeding stations have

recently attained popularity on farms in
both North America and Europe (see
MacKinnon (1981) for a review). Most of
these systems are not linked to milk yield
measurement equipment and feed amounts
must be programmed manually. The sys
tems therefore do not currently utilize the
full potential of milking data automation.
But they illustrate how this type of tech
nology may be applied to farm circum
stances where relatively large grain ra
tions must be dispensed to cows in free-
stall housing.

In many areas, such as eastern Canada,
the feeding strategy on dairy farms in
volves maximization of forage intake and
supplementary provision of feed grain in
the milking parlor. The average herd size
in Nova Scotia, for example, is 60 cows
and less than 10% of the farms have more

than 150 cows. Feed-grain cost in the area
is relatively high so that net economic re
turns are very sensitive to the efficiency of
feed grain usage.

This paper reports on the hardware of
an automated milking data system which
has been developed and tested over the
past 3 yr on a commercial dairy farm in
central Nova Scotia. The system has fully
integrated measurement/computation/
control features and it can be adapted to a
wide range of dairy farm circumstances.
Software for the system is described in a
separate paper (MacKinnon and Peters
1984).

SYSTEM DESCRIPTION

Farm Layout
Winding River Farm is located in the

Shubenacadie-Stewiacke River Valley of
central Nova Scotia, an important dairy
farming region which is about 50 km from
the Halifax-Dartmouthmetropolitan area.
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This farm is among the largest dairy farms
in the province and has a milking herd of
180 cows. The cows are housed in a free-

stall barn, with dry cows kept separately.
Forage consisting of haylage and/or

corn silage is conveyed from tower silos
to a central trough with an auger distrib
utor in the barn. The cows have free ac

cess to this forage for restricted periods
twice a day. Brewer's grain is added to the
forage regularly and restricted amounts of
baled hay are provided daily.

The milking parlor has 16 stalls in a her
ring-bone arrangement. Feed-grain is sup
plied to each stall via chutes from an over
head storage area and it is dispensed by
motors which may be controlled manually
by timer switches. The milking machine
is a low-line type with 7.5-cm-diameter
stainless steel milk lines and vacuum-

actuated automatic detachers.

A farm data systems laboratory occu
pies 45 m2of specially renovated space in
a building adjacent to the main barn. This
laboratory houses the computing equip
ment and provides on-site work space for
research activities.

Hardware Configuration
Hardware for the milking data system

on Winding River Farm consists of com
ponents located in either the farm office or
milking parlor and connected as shown in
Fig. 1. Communication between the
equipment in the two locations takes place
in a shielded twisted-pair wire which is 75
m long. Audio signals are transmitted via
speaker wire of similar length.

In the milking parlor, sets of up to eight
milk meters with electronic output and
eight feed dispenser motors are connected
to an electronic milking data monitor.
Several monitors may be joined in parallel
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Figure 1. Schematic diagram of the milking data system'shardware.

as required for parlors with more than
eightstalls. On Winding RiverFarmthere
are two data monitors. Each monitor func
tionsindependently and handlesall of the
data entry, conditioning and communica
tion for its set of meters/motors.

Equipment in thefarmofficeconsists of
a conventional microcomputer system
with a certain minimal configuration plus
peripherals for voice output. Audio mes
sages are broadcast via speakers in both
office and milking parlor. The messages
for cows associated with each monitor
may be activatedat any time through use
of a button adjacent to the monitor.

Milking Parlor Routine
Milking starts at 0600 and 1600 h each

day on WindingRiver Farm. The cows are
handled in groups of eight which are ad
mitted to alternate sides of the parlor. Each
group is in theparlorforapproximately 15
min in the morningand 13min in the after
noon.

The routine associated with each group
of cows is summarized in Table I. As the
cows come into the parlor the milker iden
tifies each one from her neck tag and en
ters the numbers via the monitor keypad.
The automatic feeding cycle for each stall
starts when the cow's number is entered
and can be programmed to suit the parlor
circumstances; at Winding River Farm
feed is dispensed in four portions at 0,4,7
and 10 min from the time of identification.
Udderpreparationcommencesonce all the
cows have entered and milking begins
with attachment of the cluster at stall 1 on
average 4 min from the time of first entry.
Early attachmentof clusters to slow milk
ing cows is given priority. Average du
ration of milking is 8 and 6.3 min in morn
ing and evening respectively, so that
morning milking at stall 1 ends at about
12 min from the start time. The final phase
of the feeding cycle for the last (eighth)
stall also starts at 12 min, allowing 3 min
for the cow to consume this portion of

TABLE I. TYPICAL ROUTINE AT MORNING

MILKING ON WINDING RIVER FARM

Time

(min) Event

0 Cows enter. First cow is identified.

Feeding cycle phase 1 starts at stall 1.
Health messages are entered as neces
sary.

2 Eighth cow is identified. Feeding phase
1 starts at stall 8.

3 Udder washing/preparation starts. Clus
ters are attached to very slow milking
cows.

4 Cluster is attached at stall 1 and milking
starts. Feeding phase 2 starts at stall 1.

5 Cluster is attached at stall 8.

6 Feeding phase 2 starts, stall 8.
7 Feeding phase 3 starts, stall 1.
9 Feeding phase 3 starts, stall 8.

10 Feeding phase 4 starts, stall 1.
12 Feeding phase 4 starts, stall 8.

Cluster is detached at stall 1.

13 Cluster is detached at stall 8 and milk

ing ends. Teats dipped.
15 Clusters are detached from very slow

milking cows.
Cows exit from parlor.

feed. The routine concludes with teat dip
ping, detachment of clusters from slow
milking cows and direction of cows to the
parlor exit.

COMPONENTS

Milk Meters

Accurate and reliable meters for contin

uous daily measurement of milk flow are
the key mechanical components of the
milking data system. Milk-o-meters
(Technical Industries Inc., Fort Lauder
dale, Fla.) were chosen for the system be
cause of their proven long-term record of
mechanical reliability under farm condi
tions and their acceptance for official milk
yield recording by agencies in various
countries, including Canada and the
United States. To adapt these meters for
use in an automated data system two im
portant features were added—man elec
tronic sensor to register meter output and
a valve to facilitate cleaning.

The electronic sensor for detecting
movement of the milk-o-meter tray con
sists of a simple circuit with a Hall-effect
device cast in an epoxy cylinder (Fig. 2).
The sensor wire is connected to the mon
itor through waterproof rubber connec
tors. A small cylindrical bar magnet is at
tached to the meter's rocker arm,
generating a 5-V output pulse from the
sensor each time it sweeps past. Several
parts associated with mechanical readout
were removed from the milk-o-meter to

allow space for the sensor and magnet but
this had no significant effect on meter per
formance.
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SIDE VIEW FRONT VIEW

Figure 2. Electronic sensor for detecting milk-o-meter tray movement. 1= epoxy cylinder with
electronics, 2 = signal wire to monitor, 3 = cylindrical bar magnet, 4 = meter cali
bration magnet, 5 = rocker arm, 6 = meter bowl, 7 = rocker shaft.

A typical meter installation is shown in
Fig. 3. The meter is mounted 1.6 m above
the milking pit floor in a location which is
conveniently accessible while providing
minimal interference with the milker's ac

tivities.

Flow-reversal Valves

The normal clean-in-place procedure
with milk-o-meters requires manual
switching of hoses to allow reverse flow
of wash water through the meters and a
second reversal of the hoses after comple
tion of the wash cycle. Cleaning after each
milking is necessary in order to minimize
bacterial buildup and milk stone deposits.
Execution of this procedure twice daily in
a milking parlor with 16 stalls can be te
dious and time consuming. A special valve
was developed to make the procedure
quick and efficient.

The flow-reversal valve is mounted be

low each meter as shown in Fig. 3. Pairs
of hoses are attached via stainless steel fit

tings to each of two polyethylene disks
which are mounted horizontally on brack
ets. During milking the milk flows from
the cluster via the detacher, through the
hole in the valve disk to the top of the me
ter, out from the bottom of the meter and
down through the valve to the milk line.
A stainless steel spring and arm arrange
ment allows alignment reversal of the hose
pairs while the disk faces are moved apart
to ensure proper cleaning. The valve han
dle is manually moved to the "clean" po
sition prior to the wash cycle after milking
and returned to its normal position after
disinfection at the beginning of the next
milking.

Milking Data Monitors
Aside from the meter sensors, all of the

system's electronics in the milking parlor
are housed in the protected environment
within milking data monitor units (see Fig.
4). These monitors provide centralized
sites for entry of cow identity and stall in
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formation, input and conditioning of milk
meter signals, display of yield and cow
number data, generation of motor control
signals, and data exchange with the farm
computer. Details of the original design
concept and features of the monitors are
given in MacKinnon and Seiler (1982).
The units currently in use incorporate a
number of additional hardware and firm

ware features.

Circuitry for control of feed motors is
the major hardware feature added to the
original monitors. Electrical power to each
stall motor is controlled by means of an
encapsulated solid state device which can
switch up to 3 A at 120 V in response to
a +5-V TTL input signal. The output of
each device is connected to the corre

sponding stall circuit in the feed controller
unit. Input to each device is generated by
the main monitor circuit board from data

which specify the status (on or off) desired
for the corresponding motor.

Monitor-computer data communication
features have been improved through
changes in the original monitor firmware.
Up to four monitors can now be connected
in parallel to one computer port and the
monitors will respond independently to
command signals from the computer. Each
command consists of a byte containing one
bit for handshake protocol, three bits
which specify the function code and four
bits which identify the monitor. The com
puter transmits an initial command byte
with the protocol bit set at 1 and, after re
ceiving a repeat of this command from a
particular monitor, sends a verify com
mand byte with this bit set to 0. The three
function codes are: (001), dump milking
data currently stored and displayed on the
monitor; (010), transmit feed motor status
byte to the monitor; and (100), transmit
health message status byte to the monitor.
The monitors are identified by one of the
four identity bits set at 1. Thus, for ex
ample, (10010001) is the initial command
byte requesting a data dump by monitor 1.

During the milking period there is a
continuous cycle of data exchange be
tween the monitors and the computer.
Each monitor dumps 80 ASCII bytes
(seven data bytes plus three format bytes
per stall) at 4800 baud in every cycle while
feed and health status bytes are transmit
ted whenever changes in equipment states
are required. The state of each feed motor
is determined by the value (1 = on, 0 = off)
of the respective bit for each stall in the
status byte, e.g. (00100001) indicates mo
tors 1 and 6 are on. Health status (e.g.
mastitis or antibiotic treatment) of each
cow is coded as a byte which controls
flashing of numbers displayed on the mon-
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Figure 3. A typical modified milk-o-meter installation with flow reversal valve.

computers could be used, the system cur
rently employs an Apple 11+ computer
with a minimum configuration of 48K
memory and dual floppy disks. Interface
slots 0 to 7 of the computer are utilized as
follows: (0) additional 16K memory (op
tional), (1) RS232 serial card for com
munication at 9600 baud with the talker

unit, (2) RS232 serial card configured for
data exchange at 4800 baud with the mon
itors, (3) card with circuitry for converting
between RS232 and RS422 standard data

communication format, (4) battery-pow
ered clock card, (5) not used, (6) disk con
troller card, and (7) RS232 serial card con
figured for computer-computer
communication at 300 baud via auto-di

aling modem. The serial card in slot 2 is
connected through a null modem to the
card in slot 3 which is joined to the trans
mission line to the monitors in the milking
parlor. All of the main interface card pa
rameters are inherent or set by hardware
switches.

PERFORMANCE

Overall Aspects
Performance of the system has con

firmed its technical feasibility and practi
cal value for operation under commercial
farm conditions. The system is currently
in continuous operation for farm manage
ment and research, with the farm staff
fully responsible for its day-to-day oper
ation. Research activities are arranged to
suit the daily farm routine. Only minor de
sign changes are necessary to make the
system ready for commercial manufac
ture.

Operation of the system is simple and
requires small amounts of labor which are
well-integrated into the daily farm work
routine. Several different operators regu
larly run the equipment and have experi
enced little difficulty with the procedures.
The daily routine involves activities dur
ing milking as described earlier, switching
of the flow-reversal valves in connection

with the wash cycle and entry of simple
commands to start/stop the computer be
fore and after each milking. Maintenance
of the system involves regular checking on
the operation of individual meters and mo
tors, and periodic cleaning of meter shells.

The present level of system perform
ance has emerged from farm operational
experience with the equipment over a pe
riod of approximately two and a half years.
The first milking data monitor has been in
service since May 1981, except for brief
periods for re-modelling and repair, and
the second unit has operated since Decem
ber 1981. For the first 12 mo of service a

itor for a particular stall; the health byte
format is similar to the feed byte so that,
for example, the byte (10001000) causes
the numbers for stalls 4 and 8 to flash. For

both status bytes the default state follow
ing monitor reset is off.

Feed Controllers

Electrical power (120 V ac) for each set
of motors is routed through a feed con
troller unit attached to the corresponding
monitor (see Fig. 4). The unit contains a
master power switch, one mechanical
timer switch and one three-way toggle
switch for each stall. Output of the timer
switch is connected to one side of the tog
gle switches for all stalls, providing a
manual method of feed control as an al

ternative to the automatic system. The
feed control lines from the monitor are
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connected to the other side of each toggle
switch. Thus the operator can independ
ently select manual/automatic feed control
modes or switch off the power to each
stall, an important feature for dealing with
equipment failure or special problems with
particular cows. The status of each feed
motor is clearly shown by indicator lights
mounted on the controller's face.

Voice Equipment
Voice messages are sent serially from

the microcomputer to an Intex voice syn
thesizer (Intex Micro Syctems, Troy,
Mich.) as ASCII characters at 9600 baud.
The output is then amplified and broadcast
by loud speaker in the milking parlor.

Microcomputer and Peripherals
While various general-purpose micro
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Figure 4. Milking data monitor with feed controller mounted beneath.

TABLE II. RATIOS OF INDICATED VERSUS ACTUAL MILK WEIGHTS OBTAINED WITH
MODIFIED MILK-O-METERS ON WINDING RIVER FARM

Test It Test2t

Meter Mean SD n Mean SD n

1 1.01 0.014 9 0.97 0.023 4
2 0.99 0.012 7 1.00 0.003 3
3 0.99 0.043 5 1.00 0.011 3
4 1.02 0.021 7 1.03 0.015 3
5 0.99 0.031 5 0.96 0.011 3
6 1.00 0.016 5 0.94 0.021 3
7 0.98 0.021 5 1.00 0.007 3
8 0.98 0.008 4 0.97 0.004 3
9 1.00 0.016 4 0.98 0.026 3

10 0.99 0.011 5 1.03 0.001 3
11 1.03 0.030 7 0.97 0.025 3
12 1.00 0.016 4 0.95 0.013 3
13 1.02 0.023 4 0.94 0.004 2
14 1.00 0.020 6 1.00 0.022 2
15 0.99 0.020 4 1.04 0.015 2
16 0.99 0.015 7 1.00 1

All 1.00 0.025 88 0.99 0.034 44

tTest 1on initial installation; test2 after 18 mo continuous service without adjustment.
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custom-configured system based upon a
Rockwell AIM-65 computer was em
ployed (see MacKinnon and Seiler 1982);
this was replaced by the present computer
system in order to improve reliability and
to obtain the level of automatic operation
needed for daily operation by farm staff.

Milk Flow Measurement

The performance of standard milk-o-
meters was assessed during the 12-month
period when various alternative electronic
sensor designs were being tested. These
meters were factory certified to have er
rors not exceeding 3% and no changes af
fecting the calibration were made. Labo
ratory tests using water and random
observations on meters in service on the

farm during this period confirmed the fac
tory calibration.

In January 1982 the 16 meters in service
were recalibrated due to removal of cer

tain meter parts made redundant by in
stallation of the electronic sensor. Adjust
ment of the calibration was done in the

laboratory by changing the positions of the
two magnets which control tripping of the
meter tray and determining the volume of
water required to trip each side of the tray.
The adjustment procedure was repeated
until each of the trays tripped at an amount
within 2 mL of the value found to be ap
propriate for accurate calibration of the
modified meters. As received from the

factory, the set of 16 meters required 85.6
±2.4 mL of water per tray trip. For the
modified meters the volume per trip was
90.0 ± 0.4 mL. The standard deviation

of the volume per trip was 6.8 mL for the
factory calibration and 1.0 mL for the re-
calibration.

Results of the calibration tests for mod

ified milk-o-meters at the time of instal

lation and after 18 months continuous

service without adjustment are given in
Table II. During milking, flow from the
meter under test was diverted to a bucket

and weighed while the final yield, and oc
casionally the yield at two minutes, shown
on the monitor was noted. Accuracy of the
modified meters was equivalent to that of
standard milk-o-meters and there was no

change in accuracy in the period between
the two tests. The mean ratios of indicated

versus actual milk weights were 1.000 ±
0.005 and 0.986 ± 0.010 for the set of

meters at installation and after 18 mo serv

ice, respectively. There were no signifi
cant differences (P<0.05) between the
mean ratio for an individual meter and that
for all meters combined.

The data for observations relating to the
effect of milking speed (yield in the first
2 min) on meter performance are shown
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adjusted until it dispensed feed once
within about 2% of a target amount in 1
min. After this adjustment the wet weight
of feed dispensed per 3 minutes was ob
tained using a pan balance and the percent
dry matter was determined by oven drying
samples of the feed. There were no sig
nificant differences (95% confidence lim
its) between the dry weight of feed dis
pensed per 3 min by a particular feeder
and the mean value for all feeders. The

variability of dispensing (based upon two
standard deviations) by individual feeders
averaged 2.4% of the mean weight dis
pensed. For all feeders combined the var
iability was 4.0% of the mean weight dis
pensed.

Linearity of the dispensers was checked
by selecting two at random and making
two observations of feed weight at 20-sec
intervals over the range 0-3 min. The lin
ear correlation coefficients for the two

feeders were 0.998 and 0.999.

The mean daily feed based upon twice
daily dispensing for a week with feeders
selected at random from the set of 16 is

estimated to be accurate within 1.2%. For

feed dispensed per milking of 3.0 kg and
a standard deviation of0.061 kg (see Table
III), the 95% confidence limits on the es
timated mean are 3.0 ± 0.035 kg. The
average standard deviation per feeder (see
Table III) for 3.0 kg feed dispensed is
0.035 kg so that the corresponding con
fidence limits are 3.0 ± 0.021 kg. The
error associated with variability of indi
vidual feeder performance is therefore
0.7% while that due to variability in the
calibration of feeders in the set is 0.5%.

DISCUSSION

The milking data system described in
this paper provides a cost-effective way of
achieving the performance benefits of in
dividual cow feeding with dairy herds
ranging in size from about 50 to several
hundred cows. Modern dairy farms in this
size range can frequently justify the pur-

MILKING SPEED

6

CKG PER 2 MINUTES)

Figure 5. Effect of milking speed on milk-o-meter performance.

in Fig. 5. Two-minute milk yield for cows
in the herd averages 6 kg so that cows giv
ing >7 kg are considered fast milkers and
<5 kg are slow milkers. The mean and
95% confidence limits for the pooled me
ter ratios for slow, medium and fast milk
ing cows (see Fig. 5) were 0.992 ± 0.020,
0.992 ± 0.018 and 0.965 ± 0.017, re
spectively. These data suggest that the in
dicated/actual yield ratio may decline at
fast milking speeds but the numbers of ob
servations are inadequate to establish sig
nificant differences at the 95% confidence

level. The regression line shown in Fig. 5
indicates a decrease of 1.3% in the yield
ratio per 2-kg increment in speed but its
slope (-0.00667) is not significantly dif
ferent (P<0.05) from zero.

The mean daily milk yield based upon
twice daily measurements for a week with
meters selected at random from the set of

16 is estimated to be accurate within 1.7%.

For an average yield per milking of 10.0
kg and a standard deviation of 0.3 kg (see
Table II), the 95% confidence limits on
the estimated mean with 14 observations

are 10.0 ± 0.17 kg. The average standard
deviation per meter (see Table II) for a
mean reading of 10.0 kg is 0.16 kg so that
the corresponding confidence limits are
10.0 ± 0.09 kg. The errors associated
with variability of individual meter per
formance (0.9%) and variability in the cal
ibration of meters in the set (0.8%) were
therefore approximately equal.

Feed-grain Control
The performance of volumetric-type
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feeders in milking parlors is affected by a
variety of factors including feed type, me
chanical and structural features of the

feeder, and state of maintenance (MAFF
1975). Regular observations and adjust
ments are therefore necessary to ensure
accurate dispensing of feed-grain in a par
ticular farm situation.

On Winding River Farm the feed is a
commercial grain mixture (18% protein)
with an average dry matter content of
90%. The feeders have been in service for

over 8 yr. Each feeder consists of a ver
tical chute above a horizontal circular

plate. Feed rests on the plate and is pushed
over its edge and hence down to a trough
by a rotating S-shaped band driven by a 6-
rpm motor. The gap between the plate and
chute is adjusted to give a desired weight
of feed dispensed in a specified time.

Results of typical calibration tests are
given in Table III. Each feeder was first

TABLE III. PERFORMANCE OF VOLUMETRIC FEEDERS IN THE MILKING PARLOR AT
WINDING RIVER FARM

Stall

1

2

3

4

5

6

7

8

All

Left side Right side

Meant SDt Mean SD

2.89 0.034 2.86 0.049

2.86 0.028 2.91 0.042

2.83 0.018 2.96 0.050

2.81 0.046 2.88 0.040

2.83 0.027 2.88 0.034

2.92 0.044 2.84 0.022

2.77 0.032 2.91 0.055

2.84 0.010 2.80 0.017

2.84 0.051 2.88 0.058

tMean and standard deviation of dry weight (kg) of feed dispensed per 180 sec, based upon three observations
per stall.
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chase of a farm computer on the basis of
improved financialmanagement while the
system's milking parlorequipment is jus
tified through savings in feed-grain costs.
The estimated cost of milking data system
equipment for a parlor of eight stalls is ap
proximately three times the cost of the
computer system for the office. In the case
of 16 stalls the computer accounts for
about 15% of the total system cost. Re
ductions in feed-grain costs by at least
10%areanticipatedwith the system so that
the estimated pay-back period for the par
lor equipment would be 2 yr for many
farms.

The unique featuresof this milking data
system areincorporated in the hardware of
the parlor monitor unit and the software
which runs on the farm computer. Flexi
bility and adaptabilityareamong the prin
cipal characteristics of both the hardware
and the software. The monitor unit is com

patible with any milk meter capable of
generating a sequenceof 5-V TTL signals,
all common types of feed dispensers, and
all computers with a certain minimum
configuration including a standard serial
port. The software is written primarily in
high-level language with relatively few
machine-dependent features so that it can
readily be modified to suit different com
puters and farm circumstances. Adapta
tion of the system to a milking parlorwith
weigh jars, for example, is easily accom
plished; flow meters attached to the jars
andequipped with a special electronic sig
nal conditioning circuit are connected di
rectly to the monitor unit and the computer
software is modified to suit the details of

the milking routine.
Several modifications are necessary to

convert the system for operation with the
transponder-based out-of-parlor feeding
systems now in service on many farms.
This would allow these farms to attain the

advantages of a higher degree of milking

data automation. The modifications in
volve adding a serial port to the feeder
electronics, incorporating in the feeder
unit's firmware procedures for transfer
ring feed data to and from memory, and
changing the computer software to send
data to the feeder unit whenever appro
priate. The milking data monitorhasbeen
designed to accept input from an auto
matic identification unit so that this option
is available as well as the entry of cow
numbers via keypad.

Further on-farm research is needed to
obtain an accurate assessment of the milk
ing data system's potential for improving
milk production performance and to iden
tify optimum management strategies for
operating the system. This research in
volves continuous long-term experiments
on feed-milk conversion efficiency in re
lation to management practices on a se
lection of different farms. Observations
over several months of each cow's milk
ing performance arealsonecessarybefore
changes in feed control are initiated on
each farm. The research clearly requires
the full supportand co-operation of farm
ers on a long-term basis and it provides
new challenges to researchers interested in
the dynamics of farm production systems.
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