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Abstract — There is a big opportunity to apply
technology and data analytics to the agriculture
sector, specifically, to dairy farms. Dairy farmers
are looking for solutions that helps them to increase
their profitability, efficiency, and reduce labor
variance. The Dairy Cows Data Transformation
Software helps dairy farmers in the analysis of the
data being provided by DHIA report. The
application shows all the KP1 to the farmer in a web-
based dashboard fashion. This eliminates the need
of hour of data analysis and manual calculations.
The pilot implementation was performed with the
support of the dairy farm “El Remanso” in Camuy,
Puerto Rico.
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Industry 4.0,

INTRODUCTION

Nowadays technology is everywhere. You can
find it in your car, house, phones, work, etc. Maybe,
the question is: where technology is not creating
impact as it should? The revolution of technology in
manufacturing started during the end of 20" century
and continued its evolution during the 21% century.
It was called the Industry 3.0 ERA. Computers and
automation took control of the manufacturing of
cars, drugs, and even agriculture in a reduced
magnitude. Industry 3.0 brings with it a ton of data
from field devices to automated systems. A decade
ago, the Industry 4.0 revolution was born. This era is
dealing with use of the data generated by the
technology and automation to use it for analytics,
predictive decisions, correlation, and so on. In
summary, the researcher wants to use the data
available to improve farmers’ processes and be more

efficient with less. Industrial Manufacturing is
already taking benefits from the use of data.

Dairy farms are the biggest single part of Puerto
Rico’s agricultural economy, accountable for 37% of
total agricultural production or $390 million, in part,
because the Island has set limits on fresh milk
imports. There are around 266 dairy farms around
the island averaging 200-240 cows per farm [1].
Figure 1 shows dairy farms distribution around the
island.
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Figure 1

Dairy Farms in Puerto Rico

In total, dairy farms produce an estimate of 270
million quarts of milk per year. Most of the farms
uses herringbone parlors with limited visibility on
the performance of each individual cow due to lack
of milk quality and yield sensors. Farmers relies on
a Dairy Herd Improvement Association (DHIA)
technician for a monthly average count of each
cow’s milk somatic cell (SCC) and milking yield
among other indications [2]. The report generated as
part of the technician visit is send electronically to
the farmer. These reports are a valuable tool to
monitor herd performance, sickness, conception
rates, among many other KPlIs.

This paper will summarize the current process
used by dairy farmers to analyze, use, and manage
the DHI reports and will go into details of the
solution developed to minimize their effort and get



more value from the reports they received and
analyzed.

PROBLEM STATEMENT

Dairy farmers face daily challenges to run their
business. They need to constantly monitor the health
of the cows and calves, milk quality, nutrition (feed
and water), cow’s welfare, reproduction rates, and,
finally, the economics and profitability of the
business. Technology is moving its way into dairy
farms but at a slow rate, mainly due to the high cost
of technology.

Nowadays, dairy farmers rely on monthly
reports to gather important information about their
herd. These reports are managed by the DHIA.
DHIA sends a technician every 30 days to gather
data of conception, cull, milk yield, and milk quality.
Once all this data is gathered, DHIA will insert this
data into their online database system and create a
report that is send electronically to the farmer. This
report consists of a Herd Summary and a Monthly
summary section. In the Herd Summary section,
there is information about feed cost, reproductive
summary, birth summary, reproductive summary,
and SCC, among many other KPIs. Figure 2 shows
a portion of the monthly report and its data.
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Figure 2

Monthly Herd Report

As previously mentioned, farmer use this report
to make critical decisions related to production, Herd
health, conception, and udder health. In a report
written by Croushore [3], it states that DHIA testing
is often underutilized on most dairy farms. Turning
the raw data into something useful is important to
take full advantage of the value of testing. Knowing

what to do with the data; however, can be a little
tricky. Udder health and mastitis, production and
reproduction data are important information that will
give the farmer the insight on how its business is
running but more important, how is trending to
detect anomalies that can impact the herd in the
future. Managing all this data, coming from the
report manually, is minimizing the benefits of this
data to the farmer.

Project’s Goals

Project goals are to develop a web-based
dashboard with data extracted from the DHIA
Monthly report. Some of the KPIs that can be
collected from the pdf monthly report are:

e Milk per Cow per day

e  Cows with high yield

e  Cows with less than 20 liters (cows to dry)
o Days milked, Days Dry, Dates Open

e List of Cows to breed

e List of cows to dry

e Reproduction Data

e Breed or Heat Date

e Due Date
e Summary per Breed (Holstein, Jersey, Swiss,
etc.)

e Health Data
e SCC Count per Cow analysis
o Higher cows
e Month to month comparison
Figure 3 illustrates how this project uses the
DHIA data systematically.

o A systematic approach to analyzing DHIA data

Warning lights indicate problems:
Gauges help diagnose where problems exist.
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Figure 3
DHIA Systematic Approach [4]



With the use of python as a backend, the
application transforms the DHIA pdf reports to a
HTML file to “digitalize” the data in the report. Once
the report is converted to HTML, the application
lookup the data needed to generate the KPIs. This
data is saved to a MySQL instance running in Azure
to have the flexibility to run in the cloud for future
enhancements.

Research Questions

The following questions were used as baseline
and guideline for the development of the application:
1. How will the application help dairy cows and

their farmers?

2. Is the data relevant to multiple users (dairy
farmers)?

3. Will the farmer trust the system analytics to
benefit from the manual data analysis?

4. Are dairy farmers in general willing to pay for
this data analytics application?

5. How can this application be used to predict
cow’s health issues and improve pregnancy
rates?

6. How many months the system will hold on to
record?

Relevance and Significance

The main value of Dairy Herd Improvement
records (DHIA, Tester-Sampler, and Owner-
Sampler) comes from putting them to work. DHIA
records provide abundant data for analyzing herd
performance. However, many producers experience
information overload when they receive their
monthly reports. The result is information that is
seldom or never used for its intended purposes:
management of the dairy herd. Having a systematic
approach to analyzing DHIA data can greatly
improve dairy producer’s understanding of dairy
records and will increase their use of these records in
making management decisions [4].

The KPIs allows producers to obtain a broad
overview of herd performance in several key
management areas: production, lactation and
reproduction status, reproduction performance,
udder health and overall cow management. It can

compare the KPIs to the warning light on the
dashboard of a car. It can tell the user something may
be wrong, but it tells little about what may be causing
the problem. To determine where problems may
exist in the production system, the researcher need
more detailed information. Can use diagnostic
indicators to evaluate the various management areas
of the overall production system.

KPIs can be retrieved from the monthly DHIA
reports but not without hours of analysis. This ends
up creating human errors that may affect the quality
of the milk or the health of the herd. Not every
farmer is using DHIA report as it should be. Most
farmers only look for the herd summary page to
understand how the herd is compared to previous
months. They are missing the opportunity to increase
their possibilities of influence into the current month
performance by looking into KPIs that trigger
immediate action thanks to the data analysis.

DHIA testing and its reports are not free of
charge. Farmers paid up to $800 dollars monthly for
the testing, laboratory analysis, and the resulting
report. The Dairy Cows Data Transformation
application adds more value to the service provided
by DHIA. In 2018 a total of 15,558 farms were using
DHIA (Refer to Figure 4). That is, 4.3 million cows
recorded through the association. This demonstrates
the value of the Dairy Cows Data Transformation
application on helping these farmers to improve their
herd performance.

Averages of DHI cow herds by herd size
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Figure 4
Average DHI herds 2018 [2]



As part of the initial investigation of feasibility
of this project, the project team got into contact with
Jeffrey Bewley, PhD who is a Dairy Housing and
Analytics Specialist for Alltech. He is a respected
doctor with multiple journals related to dairy
farming and cow’s health. His impression of the
Dairy Cows Data Transformation project was that it
might have a potential to be on the market once this
pilot is proved to be reliable and accurate in the data
acquisition.

METHODOLOGY AND DESIGN

To help the farmer to maximize the value of the
monthly report from DHIA, the Dairy Cows Data
Transformation  project was developed to
automatically create dashboards and reports with
data from each of the Key performance indicators
(KPIs).

With this data extraction, the project improved
the visibility of the farmer by extracting the most
important information from the DHIA reports
electronically and analyze it to show alerts to take
the necessary actions. In addition, having the data
digitalize and stored in a database provides the
farmer flexibility to add additional metrics, reports,
and dashboards in the future.

The application is structure using a database, a
backend application for the extraction process, and a
Web interface to upload the files to be analyze and
display the dashboard and reports. In the next few
paragraphs, | will go over each of these components
of the project.

Database

For the data repository, the application is
connecting to an Azure Workspace MySQL
database. The software used to create and modified
the database is MySQL Workbench. Figure 5 shows

cnx = mysql.connector.connect(user="ideadnin@dhia', password='Piratas2022!',
host="dhia.mysql.database.azure.com",
port=3306,
database="dhia')

cursor = cnx.cursor()

Figure 5

Database Connection

a snapshot of the connection used to open the DB to
the application.

The tables created in the database are used to
store data from DHI report in pdf format and, later,
extract the data for analytics. Figure 6 shows the
tables created. The main table used to store monthly
cow data is the dhia.cow_mon-thly record. This
table will be used by the Front-End reporting
software to generate most of the visualization.
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Figure 6
Database tables

An entity relationship diagram (ERD) was
designed to better understand the relationship
between each of the tables. Table Monthly_hea-der
is linked to tables cow_monthly record and
herd_monthly_header using the table month-
ly_header PK (primary key) “TestDate” as their FK
(foreign key). Tables monthly_pro-dandmastitis,
monthly_reproduction, and month-ly_milking are
related to table herd_month-ly_header with the PK
idherd_month-ly_header as their FK. Figure 7 shows
the Entity Relationship Diagram for the Dairy Herd
Management  System  where the graphical
relationship between the tables (entities) can be
observed.

Backend Software

The project team decided to use Python as the
backend of the system. With python the team found
flexibility in the packages available for pdf files
conversion, database connectivity, and frontend with
web functionality. Figure 8 shows portions of the
code used to convert the pdf data into html code to
be transferred later to the database.



_ monthly_header ¥
TestDate DATE |
PrevousTestDate DATE
TestsentDare DATE
Fam Ownes VARCHAR(4S)
FamMName VARCHAR(4S) W——
Fam DHIGodz VARCHIR(S)
Comireed VARCHAR(4S)

v

ProRT

| TestDate UNIQUE

L
|

"] herd_monthiy_header v
idhed_monthy_beader (1)
TestDate DATE
PrevousTestDate DATE
Testsentoa DATE
LabReceivedDate DATE

Teshniciant INT(11)
Fam Onner VARCHAR(45)
Femiane VARCHAR(4S)
FamOHICode VARCHAR(3S)
StringHumber INT(11)
Bresd VARCHAR(SS)

#monthly header TestDate DATE

PRIMARY

idherd_monthly_header UNIQUE
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o monthly_record INT(13)
TestDate DATE
Sreed VARGHAR(35)

FLOAT
AcikTot FLOAT

PerFot FLOAT
PerProtALGAT

PrevSCC FLOAT

ACSCC FIOAT

Comstate INT(11)
ConiStateDate VARCHAR(45)
Lactays INT(11)
LactTotaM ik FLOAT
LsetugPerProt DOUBLE
LacthvgPerFet DOUBLE
LactagProt DOUBLE
LactAvgFat DOUBLE
Proya0SMAKTat DOUBLE
Proya0SFatTot DOUBLE

Proya08ProtTot DCUBLE
Reprostatus VARCHAR(AS)
Sire VARCHAR(45)
InseDate DATE
ExpCaluDate DATE
LactActon VARCHAR(45)
LsetCurvePersis DOUBLE
Conieisht DOUBLE
CARCode VARCHAR(45)

T monthiy: header_TestDate DATE

FRIMARY
idCom_monthly_record_UNIQUE
fic_com_montly.record_monthy_header_|.

] monthly_prodandm... ¥

idMonthly._ProdindMacbtis INT.

TotalCows INT{11)
DIMAvg DOUBLE
150Daysivg DOUBLE
PerConsProd DOUBLE
TataMik DOLSLE
PerFat DOUBLE
PerPrat DOLBLE
SCC_142% DOUBLE
SCC_28% DOUBLE
SCC_S565k DOUBLE
SCC_113M DOUBLE
5CC_More 1134 DOUBLE
AGCC VARCHARI4S)
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] monthly_reproduction v
idmenthly_Reproducten INT(11)
Idherd_manthly_header INT (11)
StrngNumber INT(11)

Partiestnesrued DOUBLE
NumberofSeryces INT{11)

PregnaciRate DOLBLE
egnant INT(11)
Cavng INT(11)
sPregnant INT(11)

HumberCs
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v
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idviontlysum INT(11)
Stinghlumbes INT( 11}
Totalcoms DOUBLE
YeariyhvgCows DOUBLE
Cowslrérod DOLBLE
PercouProd DOUBLE
YeariyhvgConsinPred DOLBLE
TearhPerConsinprod DOUSLE
MikConPerDayAL DOUBLE
eaTeD stellk DOUBLE
FafTotls DOUBLE

—
FerFt DOUBLE
FeartoDateFat DOLBLE
FrofTotais DOUBLE
FerProt DOUBLE
earTeDateProt DAUBLE
MilkingCousPerDayug DOVELE
MikCouperDay DOLALE

idherd_menthy_header INT(11)
@ hard_sonthiy_hesder_dhard_monthiy hesd
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Figure 7

Dairy Herd Database ERD

output = StringI0()

with open(file_name, 'rh') as pdf_file:
extract_text_to_fp(pdf_file, output, laparams=LAParams(),

output_type='html', codec=None)

with open('example8.html', 'w+') as html_file:
html_file.truncate(@)
html_file.seek(8)
html_file.write(output.getvalue())

Figure 8

pdf to html conversion scripting

The process to gather the file starts at the Front-
End Html page, where the user will choose the
monthly pdf file and submit it to the application. The
python code is continuously listening to the folder
where the files are dropped. Once there is a new file,
the program converts it to html to transform each
different table in the report and encapsulate the data
in specifics frames and tags that will help the system

to know the exact location of each data value the
team want to store.

Once the pdf file tables have been converted to
an html file, the system will go through the html and
retrieve the information needed to be stored in the
database. This information will be used to create
reports of the raw data stored. Figures 9 shows the
acquisition and data storage of the header data used
to fill the “monthly header table.

a = True

while a:
# read next line
line = filel.readline()
# check if 1ine is not null
if not line:
a = False
else:

# you can access the line

HEHRHRRHIHHHY Start of Father and Cow ID#HHHHAHFAHARHH
if flagh and 'left:34px' not in line:
flags = 0
if flagé:
flags = ©

if 'px">

##New Added

in line:

TestPrint = line.partition('7px">')[2]
else:

TestPrint = line.partition('<br>')[2]
IDList2.append(TestPrint.rstrip("\n'))

Figure 9
Data Retrieval from html to String Tags

Once all the data needed from the html file is
extracted to the system, the application will execute
an insert command to store the data in MySQL tables
previously created. Figure 10 shows the insert
instruction.

insert_Statement = """INSERT INTO “dhia’. monthly_header”
(" TestDate™, “TestSentDate”,
“FarmName , “FarmDHICode , ~CowBreed )

VALUES

(%s,

“PreviousTestDate”, “FarmOwner”,

%s) s mum
IDList3 = (TestDate, PrevTest, SentDate, FarmerName,
FarmName, FarmDHICode, Breed)

try:

cursor.execute(insert_Statement, IDList3)

Figure 10

Insert Python Command

Upon completion of the insertion query without
errors, the database tables will have all the



information needed for the Dashboard. Figure 11
shows the data inserted to the database.

TestDate  PreviousTestDate TestSentDate  FarmOwner  FarmName

0190731 201906-20 0190801  RAFYLOPEZ  VAQREMANSO

01908-8 20190731 0190904  RAFYLOPEZ  VAQREMANSO

0190925 201908-8 0190926  RAFYLOPEZ  VAQREMANSO

[y oL oL (Y [
Figure 11

Database with data retrieved from pdf file
Web Interface

Web Interface was developed using the library
Flask for Python. Flask is a Python framework for
building web apps for machine learning and data
science. Figure 12 shows the python instructions that
opens the webserver port 5000, sets the maximum
size of the file to be uploaded, limits the types of files
to upload and, once the file is submitted by the user,
it will send the file to its folder.

# initialising the flask app
app = Flask(__name__)

# Creating the upload folder

upload_folder = "uploads/"

if not os.path.exists(upload_folder):
os.mkdir(upload_folder)

# Max size of the file
app.config[ "MAX_CONTENT_LENGTH'] = 1 % 1824 * 1024

# Configuring the upload folder
app.config['UPLOAD_FOLDER'] = upload_folder

# configuring the allowed extensions

allowed_extensions = ['pdf']

Figure 12
Webserver & Initial Page Setup

The script shown in Figure 13 will create
portions of the webpage dynamically. This
functionality helps reduce coding and allows create
web pages with table and analytics.

Figure 14 shows an abstract of the webpage
dashboard showing the upload file button, the submit
button and portion of the production per cow
comparison between previous month and current
month. This dashboard is just a simple report
providing value to the farmer.

@Bapp.route('/upload', methods=['GET', 'POST'])
def uploadfile():
if request.method == 'POST':
f = request.files['file']

# check if the method is posi
# get the file from the fild
# Saving the file in the required destination
if check_file_extension(f.filename):
f.save(os.path.join(app.config['UPLOAD_FOLDER'],
secure_filename(f.filename)))
return 'file uploaded successfully' # Display ths]

else:

return 'The file extension is not allowed'

Figure 13

Webpage Dynamic Creation Script

Choose File | No file chosen

Submit
Prod Dev Per Cow - August 28, 2019

Animal 1D

-100

[Act Milk Tot]-[Prev Milk Tot]

Figure 14
Web Application Main Page
Reporting and Visualization Tool

There are numerous reporting tools available to
transform  database data into  meaningful
visualization and dashboards. The one selected for
this project is Tableau. This online/cloud tool
connects to Azure MySQL through a JDBC driver
and is flexible to allow the creation of multiple
reports and visualization tables. Figure 15 shows the
development screen of the application.
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Manthly Froduction

Monthly SCC

Figure 15

Tableau Development Environment



FUTURE WORK

The Dairy Cow Transformation Software have
the capability of expand its functionalities beyond
what it has now. This provides the opportunity of
increasing the capabilities of the system by including
additional KPIs and reports for the farmer. Also, the
researchers can add the generation of automatic
alerts to the farmer with the data entered to the
system, not only from the current month but from
previous months stored in the database. This will
increase the system value to the clients with the help
of data correlation. Moreover, with the data
transformation from the monthly PDF files to
MySQL database the researchers have the flexibility
of adding more value with minimum effort in terms
of software development.

CONCLUSIONS

The main value of Dairy Herd Improvement
records (DHIA, Tester-Sampler, and Owner-
Sampler) comes from putting them to work based on
the information provided monthly. DHIA records
provide an abundance of data for analyzing herd
performance. However, many producers experience
information overload when they receive their
monthly reports. The result is information that is
seldom or never used for its intended purposes which
is the management of the dairy herd. Having a
systematic approach with the use of the Dairy Cow
Transformation Software to analyzing DHIA data
will greatly improve dairy producer’s understanding
of dairy records and will increase their use of these
records in making management decisions.

The KPIs allow producers to obtain a broader
overview of herd performance in several key

management areas: production, lactation and
reproduction status, reproduction performance,
udder health and overall cow management. The KPIs
can be compared to the warning light on the
dashboard of a car; it can tell us something may be
wrong, but it tells a little about what may be causing
the problem. To determine where problems may
exist in the production system, farmers need more
detailed information. That is where the value of the
Dairy Cow Transformation Software relies: it
creates performance indications to evaluate the
various management areas of the overall production
system and help farmers to make better decisions for
their business.
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