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Abstract

Industry 4.0 was coined over a decade ago, outlining the concept of connected devices on the plant floor. Since then the industry has been
busy establishing connectivity without any guidance. Each company adopted the method of their choice and the architecture was motivated by
economics. Today, we are at a time where this unguided behavior has made it difficult to access data from our own processes and integrate
equipment from multiple suppliers to achieve a task. A United States Council for Automotive Research (USCAR) standard was published to
mitigate this impediment. In this document we have furthered that standard by proposing a standard data file architecture and a sharing mechanism
from plant floor.
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1. Introduction

Automotive companies would remain competitive in the era
of smart manufacturing [1] if data connectivity and integration
between systems utilized open standards. Supporting legacy,
proprietary closed systems on the manufacturing floor has cre-
ated an unacceptable burden of lost time, talents, and profit.
The makers of industrial control equipment currently in use by
the United States (US) automakers fall along a continuum of
readiness to adopt open standards. To understand the current
commercial market practice, twenty original equipment man-
ufacturers (OEMs) were surveyed by us as a part of a United
States Council for Automotive Research (USCAR) initiative.
Among them, eleven were entities that comprised standards or-
ganizations. Additionally, there were companies from other rel-
evant industries such as automation controllers, process con-
trollers, sensors and hubs, network devices, other practitioners,
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integrators, and several industry-recognized subject matter ex-
perts. They were all benchmarked as inputs to understand the
gap and the cause in data communication standards. Some of
the largest makers of automation controllers actively resist the
adoption of open standards as it threatens their longstanding
revenue model. Conversely, a market of process controller com-
panies are aggressively pursuing open standards and innovative
product strategies to meet the requirements of smart manufac-
turing. Throughout this landscape two primary communication
protocols dominate the marketplace: open platform communi-
cations unified architecture (OPC-UA) [2], and message queu-
ing telemetry transport (MQTT) [3]. The OPC-UA was favored
by legacy automation controllers whereas MQTT was featured
by innovative process controllers. A number of integrators and
systems experts advised us that both these protocols would ex-
ist for the foreseeable future. Therefore, efforts to standardize
should be focused at the data syntax level, not the communica-
tion protocol.

Manufacturing devices present data to information technol-
ogy (IT) applications in varied and often proprietary methods,
as defined by the equipment vendors. Data communication from
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these devices is usually developed from scratch for each new
device type or vendor. Here are a few examples.

• Matrox cameras retrieve image and text measurement
files via file transfer protocol (FTP) [4, 5] or server mes-
sage block (SMB) [6, 7].
• Atlas Copco Dispense communicates using internal web

server serving extensible markup language (XML) via
hypertext transfer protocol (HTTP) [6, 7].
• Nordson Dispense utilizes programmable logic controller

(PLC) based communication.
• WTC Weld provides data to our custom representational

state transfer (REST) [6, 7] endpoint.
• Rockwell PLCs use Kepware [8], OPC-UA and polling.
• Fanuc Robots utilize a closed system Zero Down Time

(ZDT) [9], and cloud-based Software as a Service (SaaS).
• Banner Vibration communicates using complex configu-

ration of devices over Modbus [10] to Kepware.
• KCF Vibration is closed smart diagnostics system that

cloud-based utilizing SaaS.
• Rockwell Vibration uses ControlLogix® [11] based ap-

proach passing data through a PLC.

Some of the methods could be inherently insecure due to the age
or limited processing capabilities of the devices. Some meth-
ods are intentionally closed to enable vendors to sell additional
software products or “analytics services.” As a result, the cus-
tomer does not get to access their own data without adopting
a non-efficient and circuitous process, or paying additional de-
velopment or licensing fees. Consequently, obtaining data from
plant floor has become extremely challenging and expensive.

To alleviate this pain point, it was essential to develop a
specification for operational technology (OT) equipment data
publishing, and include it with equipment purchasing specifica-
tions. The intent for this non-rigid specification was to allow all
new equipment to easily plug into device level analytics (DLA)
data collection systems. Specifications of this nature could in-
clude security requirements and external/third party data shar-
ing boundaries.

Motivated by the needs of the industry, USCAR published
a data communication standard [12]. The standard preferred
MQTT as a communication format and outline plant floor
events that would trigger such communication. It also provided
the structure for data payload and the minimum content require-
ment for the payload. In the current version, the standard did not
have a prescriptive outline for data nomenclature [13]. While
that might be a paramount task, it might become essential if we
do not want to maintain custom “dictionary” for each vendor
and each equipment. In addition, the standard did not prescribe
a standard file format to store and communicate multidimen-
sional sequential data [14], also commonly known as waveform
or time-series when the domain is time.

The focus of this document has been to prescribe a file
format to store and communicate multidimensional sequential
data. It also recommends a general organization of the such data
in a manner that allows the most commonly used modern pro-
gramming languages to read, write and share the data.

The remainder of this document is organized as follows. Sec-
tion 2 discusses types of industrial data at a high level. This
classification of data was motivated by the tasks our industry
needs to perform. It segued into data file format proposal in
Section 3. A possibly simplistic data sharing mechanism was
then discussed in Section 4. Section 5 illustrated our first appli-
cation that motivated the use of the suggested file format and
sharing mechanism. Concluding remarks and the recommend
next steps are provided in Section 6.

Nomenclature

ASCII American standard code for informa-
tion interchange

CSV comma separated value
DLA device level analytics
FTP file transfer protocol
HDF5 hierarchical data format version 5
HTTP hypertext transfer protocol
IT information technology
MQTT message queuing telemetry transport
OEM original equipment manufacturer
OPC-UA open platform communications unified

architecture
OT operational technology
PLC programmable logic controller
PMQ process monitoring for quality
REST representational state transfer
SaaS Software as a Service
SMB server message block
US United States
USCAR United States Council for Automotive

Research
UTC universal time coordinated
XML extensible markup language
ZDT Zero Down Time

2. Industrial Data Classification

Data architecture and communication within a smart manu-
facturing environment allows for many different types of data
along with different ways in which data is communicated be-
tween machines on the manufacturing floor. We introduced a
broad data classification in [12], that is re-illustrated in Figure 1
to aid the discussion that follows.

Industrial data are of two kinds, job related and non-job re-
lated. “Job” here is defined as the act of making a part in pro-
duction. Production of a part involves the part itself and the
machine that acts on the part. A “machine” is defined as the en-
tity that is capable of either modifying a part or measuring an
attribute of it. Naturally, job related data can be categorized into
part and machine data.

A part data consists of the part identifier, specification, and
quality information. The part identifier is a unique entity that
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Figure 1. Classification of industrial data.

identifies a part, for example, a serial number. The specifica-
tion data pertains to the manufacturing requirements of the part,
for example, dimensions and tolerances. It may also consist of
physical and functional attributes of the part. After an action is
taken on a part, it is expected to pass certain quality checks. The
outcome of these measurements may be as simple as a Boolean
or something very descriptive and multi-dimensional. The data
of this outcome may include the measurement along with the
decision.

A machine may or may not be directly related to a job. The
type of data reported is different in each category. Machine data
is job related when the machine is actively making, altering, or
measuring a part. It can include machine state, data from the
sensor attached to the machine, or an alarm. The state commu-
nicates the operating mode that the machine is in, with “idle”
as a valid state and should technically indicate that the asso-
ciated data is not job related. When a machine is not idle, it
is expected to record data from its sensors. These data may be
(seldom) scalars, time-series signals, images, or video. When
data is scalar, it could be communicated as a part of MQTT
payload and fetch a place in a database. However, when data is
large and multidimensional, it may be too big for a MQTT pay-
load to communicate effectively and would surely require some
file format to package into for storage as indicated in Section 3.

One may argue that time-series databases [15] address the
standard packaging of data. However, the implementation and
usage to develop analytics on those databases require specific
skillset and may not be appealing without a large IT infras-
tructure and subsequent maintenance budget, especially when
we consider high frequency multidimensional time series data
like a high speed video or multiple high sampling rate sensors.
A file, on the other hand, provides the needed simplicity and
agility. More often than not, time series data from a job is con-
sumed as a whole and querying specific points in the time se-

ries is seldom useful. Time series data analysis involve read-
ing a whole sequence, transforming and decimating it to extract
meaningful features that are indicative of either the job or the
part. If reading a subset of time series information is desired,
the file formats proposed here enable such access.

Unlike sensor data, an alarm from a machine is usually
thought of as a Boolean. However, additional information is
necessary to describe the alarm. An alarm is triggered if the
data from a sensor violates some threshold set by the configu-
ration of the machine. So, the sensor on which the alarm was
triggered and the time-stamp at which such an event took place
must be packaged with this data. Such time-stamped informa-
tion is instrumental in correlating other associated events.

Non-job related machine data is obtained when the machine
is in “idle” state. So, recording the state is redundant here.
However, this is the opportunity to communicate the configu-
ration(s) of this machine. It could contain a library of operating
configurations and the conditions that require any of those. An
idle machine also has information to provide. The sensors in a
machine could be active and reporting data periodically to keep
track of any condition of interest. Such information can help
in tearing readings in non-idle state. Machine calibration could
also be one of those non-job related sensor data opportunities.
Machine alarms in this state would generally be indicative of
maintenance and tool/sensor change.

The Plant/environment data is essential to keep track of the
overall conditions for manufacturing. For example in a dry-
room, humidity and temperature are essential to be monitored
at all times. Naturally, we need to know what the environmental
requirements are for the given manufacturing process. Such in-
formation is captured in the configuration data for the plant.
Sensors then become an obvious necessity and data from it
would need to be communicated on a predefined format and
interval. Any violations of desired configuration, as indicated
by any sensor, would then need to be recorded as an alarm.
Such an alarm should at least contain sensor information and
the timestamp of the event.

Non-job related machine or environment data could also be
time-series. Unlike job-related machine data, non-job related
time-series data is unbound in time and generally collected
in long intervals. Such data are excellent candidates for time-
series databases. The usage of these time-series data are usually
to monitor long-term trends, correlation of events with alarms
and so on, that require more of selective querying than complex
mathematical transforms.

3. Standard Data File Formats

Storing non-scalar data has been an ongoing challenge. In
manufacturing non-scalar data typically involves image [16],
video [17] and multidimensional sequential data. The most ver-
satile format for storing data would be as a general American
standard code for information interchange (ASCII) file [18]. In
such a file each digit of a number, a symbol or a letter takes up
the same amount of space, 1 byte. Plain text files are examples
of such files. Manufacturing data could obviously be arranged
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with special characters such as tab, comma, semicolor, etc. as
delimiters. Depending on the delimiter used, the file could be
referred to as a comma separated value (csv), tab separated
value (tsv) and so on. In fact, a csv file came into use as early as
1972 and was first supported by the IBM Fortran compiler un-
der OS/360. Storing numerical data in this manner is universally
readable, but results in a very large file. For example, storing a
double precision number takes only 8 bytes of memory in a bi-
nary file. To represent the number in an ASCII file it would take
19 bytes (17 digits, one decimal point and one sign). To practi-
cally asses this size difference the code in the Appendix could
be used. The comparison would should show that the ASCII file
is about 2.3 times larger than an uncompressed binary file when
storing exactly the same data.

Data in binary files could be stored as compressed or uncom-
pressed [19, 20]. In our example, we used an uncompressed file
to make it a fair comparison. Compression benefits can vary de-
pending on the kind of compression and the content of the file.
A file containing no pattern, and essentially random numbers
like the one we used in the provided code would yield the low-
est compression ratio. To improve compression ratio, some data
accuracy could be sacrificed by using lossy compression tech-
niques. The larger the loss, the better the compression. Table 1
lists the most commonly used image file formats and indicates
which ones are compressed and lossy. Depending on the use of

Table 1. Common image file formats.

Image Format Compression Lossy

BMP
RAW (CR2, NEF, ARW, DNG)
TIFF (Uncompressed)
TIFF (Lossless) ✓
PNG ✓
GIF ✓
FLIF ✓
JPEG 2000 (Lossless) ✓
WebP (Lossless) ✓
JPEG ✓ ✓
JPEG 2000 (Lossy) ✓ ✓
WebP (Lossy) ✓ ✓
HEIF / HEIC ✓ ✓

the images, some level of loss in data could be sustained, mak-
ing lossy compression a viable option. Similar is the case with
video files except that the video files are a bit more complex
than image files. Video files contain a sequence of images as
well as audio stream. Table 2 lists the commonly used video
file formats.

It would be natural to consider audio files for storing sequen-
tial data, especially time-series data. There are widely accepted
audio file standards as well, as shown in Figure 3. It would be a
pertinent choice, but with limitations. Audio file domain is reg-
ularly sampled in time and can only contain a limited number
of sequences, each corresponding to an audio channel. There
are limited and predefined metadata fields for these file types.
For these reasons, an audio file format is not suitable for a mul-
tidimensional sequential data.

Table 2. Common video file formats.

Video Format Compression Lossy

YUV (raw)
AVI
HuffYUV ✓
FFV1 ✓
Apple ProRes (lossless) ✓
Apple ProRes (lossy) ✓ ✓
MP4 (H.264, H.265, AV1) ✓ ✓
MPEG-2 ✓ ✓
VP9 ✓ ✓
WMV ✓ ✓

Table 3. Common audio file formats.

Audio Format Compression Lossy

WAV
AIFF
PCM (raw)
FLAC ✓
ALAC ✓
WMA (lossless) ✓
WMA (lossy) ✓ ✓
MP3 ✓ ✓
AAC ✓ ✓
OGG Vorbis ✓ ✓
Opus ✓ ✓

When it comes to files for storing multidimensional sequen-
tial data, there has not been any universal consensus. Vendors
often use proprietary formats to package data in their applica-
tion in the pretext of information security, locking the customer
out of its own data. There are some commonly used established
file formats that are widely understood and binary, as shown in
Table 4. The application of these files generally prohibit lossy

Table 4. File type options for multidimensional sequential data.

File Format First Introduced Binary Format

CSV [21] 1972
MAT [22] 1984 ✓
NetCDF [23] 1989 ✓
XML [24] 1996
HDF5® [25, 26] 1998 ✓
JSON [27] 2001
Parquet [28] 2013 ✓

compression and has been consequently omitted in this context.
It is clear that MAT file format is the oldest binary file format.
Though it was introduced by Mathworks for storing Matlab®

workspace variables, the format has been openly communicated
making it suitable for adoption by a wide variety of scientific
programming languages. A close popular contender was intro-
duced over a decade later, hierarchical data format HDF (with
the more recent version 5, HDF5®), for storing and organiz-
ing large scientific datasets. Both of these formats appear in the
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Library of Congress Dataset formats description [29] as rec-
ommended binary file formats. In fact, the latest MAT file is
based on HDF5® and supports very large data files unlike its
predecessors. These file formats have been openly documented
and have been adopted by various scientific programming lan-
guages including Python, R, Wolfram Mathematica, Matlab®,
GNU Octave, C and C++. These formats allow us to read in
a portion of the data file and not have to load the entire file
into memory for reading. The ease and speed of reading/writ-
ing MAT file from the mentioned programming languages, es-
pecially Matlab® has motivated us to gravitate towards MAT
file as our standard. MAT file is also openly documented and
supported by Mathworks. HDF5® is very generic and comes
with overheads which could easily be eliminated by choosing
the appropriate MAT file version when very large files (larger
than 2GB) are not required.

Most recently Parquet was introduced for columnar storage
format for big data analytics. Data stored in this format is not
as flexible as MAT or HDF5®. Parequet requires data in all
columns to be of the same length. So, sequential data with dif-
ferent lengths cannot be stored in Parquet. In addition, Parquet
has been tested to be among the slowest in read/write when used
with Matlab®.

Data without metadata is incomplete. So, any file should
have a suggested framework for storing all relevant metadata
along with the data for completeness and meaningful interpre-
tation. MAT and HDF5® files allow us to store metadata along
with the data. Having used MAT file to store data from a wide
variety of manufacturing processes, we have converged on the
following scheme.

The file primarily contains four predefined variables

• metadata

• header

• data

• units

with an optional addition of at least two, such as

• strheader

• strdata.

All columns in data is required to contain the same number of
datapoints. In applications where that is not true or data does
not share a common sampling domain, additional variables sets
as data1, data2, etc.. along with their respective header1,
units1, header2, units2 and so on could be used. It is con-
ventional for us to use the first column of the data variable
to be the domain. In time-series data, it would be time values.
However, in regularly sampled time series data, one could skip
that entirely and note the sampling rate as a part of metadata to
further optimize file size.

All scalar metadata information is stored in metadata as
a two column list, known as cellarray in Matlab®. The first
column contains the key and the second column contains the
value. For example, metadata can be arranged as follows.

‘Serial Number’ ‘S12345’
‘Timestamp’ ‘2020-12-31T23:59:59.999Z’
‘Global count’ 500
‘Operation’ ‘1’
‘Plant Code’ ‘5’

Note that the timestamp follows a format specified in
ISO 8601 (which also would allow ‘20201231T235959.999Z’)
and is always reported as Universal Time Coordinated (UTC).
The metadata typically contains a part identifier that is being
manufactured such as a timestamp, information about the
operation, and the plant. Information about the machine
performing the job could also be included. Though metadata
information generally exists in a database to which such files
could be linked [30], it is a commendable practice to populate
the metadata with all the necessary information. If the file
gets orphaned from its database the metadata in the file would
provide essential context.

The header is a list (or a cellarray) of labels for the various
data arrays. For time series data, the first entry would invariably
be “Time.” The data contains data organized in columns. For
example, let us consider a machine reporting voltage, current
and temperature data. The data would contain four columns,
“Time,” “Voltage,” “Current” and “Temperature.” The header

would contain those strings in the same order in which the
columns in data appears. Obviously in this example the units
will contain a list {‘second’, ‘volt’, ‘ampere’, ‘centigrade’} de-
noting the appropriate units.

There could be uncommon scenarios when an array of data
reported is not numeric. The strdata and strheader pair
could be used for that purpose. Consider a domain of discrete
labels. The labels could be stored in strdata with the appro-
priate strheader. An example of this is values reported from
a gas chromatography system. The calculated numeric values
stored in data would correspond to names of calibrated gases
stored in strdata.

A MAT or a HDF5® file could also be used to store video,
image, audio data and any other data. More than two dimen-
sions (row and column) are supported in these file formats.

4. Data Sharing

Data generated in complex manufacturing processes could
be bountiful. While that enables big-data-big-model [31] kind
of analytics, a new challenge of transferring such data from
the edge device, and subsequently sharing it for analysis, is en-
countered. The type of data dictates the communication mecha-
nism. Metadata and scalar information, or even sequential data
can be shared through any publish-subscribe messaging pat-
tern [32, 33], but the same could be challenging or impossible
for large sequential data and data files containing high reso-
lution images, videos or other multi-dimensional data. As the
standard [12] suggests, it would be best to package such infor-
mation in appropriate file formats indicated in Section 3, and
the link shared as a payload content of a message in the publish-
subscribe pattern like MQTT.
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Figure 2. Data flow concept. Network is abbreviated as n/w for brevity.

An edge device now would require not only publish-
subscribe capabilities, but also file transfer abilities. The onus
of perpetually hosting such files should never be on the edge
device. Therefore, a connection to a file server must also ex-
ist. Depending on the frequency and size of such data files, the
primary control network to which these devices are connected,
may not have enough bandwidth. It might be a smart design
structure to provide a secondary physical layer for data trans-
fer, which may also be expensive if the required bandwidth ex-
ceeded 1 Gbps.

Consider an ideal dataflow scenario as shown in Figure 2.
There are two networks, a control network and a data network.
It is commonplace to have tiered network on a plant floor [34].
A control network could be EtherCAT [35], or there could be
a sub-network with EtherCAT dedicated for real-time control
traffic. The control network is used for limited traffic like con-
trol signals and MQTT publishing. The data network is a more
expensive high bandwidth network that is dedicated for trans-
porting large data files. In modern plant floor systems with high
resolution data, it might even be wise to have a network that
support an excess of 10 Gbps.

Smart devices [36] can connect to both networks and man-
age traffic appropriately. Legacy devices can also be integrated
in this ecosystem through an edge computer, making it a “smart
device”. Another edge device on the control network could act
as the MQTT broker. PLC device is also connected to the con-
trol network. All the smart devices could be connected to the file
server through the data network. Since the data network could
be a part of a larger enterprise level ecosystem, the edge de-
vices are not expected to receive incoming traffic from such a
network.

Transferring of the data file(s) could be achieved by a va-
riety of mechanisms, including a primitive socket based com-
munication. However, there are standard network protocols to
achieve it, as listed in Table 5. Comparing the throughput and
latency, SMB would be the most preferred, though not the most
secure. In a properly firewalled intranet, SMB it is the most
user-friendly and secure protocol. When encrypted transfer over
broader internet is required, SFTP provides most secure option.

Table 5. Comparison of Standard & Network-Based File Transfer Protocols
where L stands for latency and TP stands for throughput.

Protocol Security L (ms) TP (MB/s)

FTP None 30–50 40–80
FTPS TLS 30–50 40–80
SFTP SSH-based 40–70 10–30
TFTP None 10–20 5–10
NFS Optional (Kerberos) 1–10 50–120
SMB NTLM, Kerberos 5–20 40–100
HTTPS TLS 50–100 5–50

Figure 3. A module of a Chevrolet Volt Gen I battery, with the suspect welds
highlighted with yellow light [38, 39].

5. Application

The first application of this concept was in 2011. GM was
making battery packs for Chevrolet Volt Generation I in Brown-
stown Battery Assembly plant [37]. A battery module is shown
in Figure 3. In the battery modules, lithium ion cell tabs were
being ultrasonically welded to the bus bars to form a series-
parallel connection. These welds did not only have to make a
sound electrical connection, but also had to hold up mechani-
cally to expected driving conditions. While the electrical con-
nection could be verified directly, there was no way to ascer-
tain the mechanical integrity of these welds non-destructively.
An industry-first process monitoring for quality (PMQ) method
was invented [31] and implemented [40] to ascertain the quality
100% of these welds before it left the factory floor. The PMQ
system utilized high resolution (sampled at 100 kHz) signals
from the welding process to predict the quality of the weld.
These signals were stored as a .mat file in a scheme that is
closely aligned with the one described in Section 4. Since our
machine learning experts were from different background and
chose various programming languages, the file format had to
be chosen that could be easily read and parsed by all these lan-
guages. We started with a CSV file just to realize how big those
were and how slow they were to read and write.

The network connection topology was also similar to Fig-
ure 2. The data acquisition computer (“edge”) had access to the
PLC network and the plant floor secondary network. The PLC
network was used to communicate with the weld controller and
the station controller. Signals were acquired directly from ana-
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log sensors. The information from the two sources were pack-
aged and saved locally. Decision on the good/suspect welds
were communicated back to the controller over the PLC net-
work. A secondary “file server” collected these .mat files and
organized the information in a database.

This large repository of files were then periodically physi-
cally transported to Research and Development using a mech-
anism similar to “sneakernet” [41, 42]. In fact this is a data
transfer practice by large data firms to circumvent slow network
bandwidth [43, 44, 45]. These data files were then utilized by
a remote high performance computers to retrain new machine
learning models, that got redeployed in the plant.

6. Conclusion

In the evolution of industry 4.0 we are at point in time when
we need to dedicate resources in standardizing data communi-
cation. Without a standard equipment manufacturers are devel-
oping their own custom ecosystem, making it very expensive to
integrate equipment from different vendors. Moreover, the data
generated by these equipment are often stored in proprietary bi-
nary format and it prevents the customer from utilizing it for
analytics without bearing additional expenses. A standard by
USCAR, USCAR-53, has been published to address standard
data communication protocol and strategy with a definition of
the minimum payload. Some aspects that remained unsaid in
the current version of the standard has been discussed in this
document. A standard data file format for storing general mul-
tidimensional sequential data has been proposed through a pre-
liminary comparison of merits and demerits of commonly used
file formats. A network architecture for plant floor systems has
also been proposed, with a suggestion of communication proto-
col, that enables communication of large data files. A practical
example of the first use of a similar ecosystem was described
that was the precursor for developing these standards. While
there may never be the perfect solution, it should not hinder us
from converging on a consensus regarding data file standards
based on the past few decades of experience. A standard data
would benefit all in the industry. The suppliers would not have
to invent, maintain, and support a standard of their own. The
original equipment manufacturers would not have to dedicate
immense IT resources to write custom data parsers and inter-
faces for every equipment and create a very complex diverse
ecosystem of data and control. The next steps that remain to be
taken would be to define common data model and database ar-
chitecture for storing common widely used manufacturing pro-
cesses. The expectation is that eventually we can converge on
one system that works.
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Matlab Code To Compare File Sizes

% f i l e S i z e .m
% Compare ASCII f i l e and MAT f i l e s i z e s
c l o s e a l l
c l e a r a l l
c l c

n = 1 e6 ;
myMatf = ’myMat . mat ’ ;
myAsc i i f = ’ m y a s c i i . c sv ’ ;

u = r and ( 1 , n ) *−1;
f i d = fopen ( myAsci i f , ’w’ ) ;
f o r i i = 1 : n

f p r i n t f ( f i d , ’ %.17 f \n ’ , u ( i i ) ) ;
end
f c l o s e ( f i d ) ;
s ave ( myMatf , ’−v6 ’ , ’ u ’ ) ;% uncompressed

f1 = d i r ( myAsc i i f ) ;
f2 = d i r ( myMatf ) ;
f p r i n t f ( 1 , ’ Compress ion = %.2 f \n ’ , f1 . b y t e s
/ f2 . b y t e s ) ;
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