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Abstract:This paper designs three acquisition and playback systems for analog and digital data. Using three micro
controllers architectures: Arduino (ARM), chipKIT (PIC32) and PIC18F4550 for the transmission of analog data to a
PC. We compare differences in architecture and their communication schemes. Program interfaces for data acquisition
were implemented in LabVIEW and Matlab. We proceeded to measure the throughput of samples that the computer
can receive per unit time. This measure is estimated in several ways.First and second order statistics are used to

comparetheir performance.
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I. INTRODUCTION

The development of the instrumentation has impacted
different areas of science and engineering. Visual
instrumentation technology is rising up at a faster rate.
National Instrument’sLabVIEW is a platform and
development environment that has extensive support for
accessing instrumentation hardware. Software controlled
electronicsequipment is being developed at a growing rate
in today’s connected environment. One such system is
data acquisition in which physical variables areread into
microcontroller based systems andretransmitted into a PC
using peripheral communication ports. Data acquisition
(DAQ) devices can be developed using microcontrollers
with integrated analogue-to-digital converters. One such
system is the PIC18F4550 microcontroller which has been
used widely as a data acquisition device. In [11] a data
acquisition and control system for high-speed gamma-ray
tomography based on the USB and Ethernet
communication protocols has been designed. This system
is based on Microchip’s PIC18F4550 and PIC18F4620
whilst the DAQ software is realized using LabVIEW. In
[28] the author presents a microcontroller-based DAQ for
differential thermal analysis. The DAQ is based on the
PIC18F4550  microcontroller and two  K-type
thermocouples. The user interface was realized using
LabVIEW. In [8] different implementations of practical
applications using LabVIEW are discussed. In [19], the
authors present a module data acquisition device
configured as USB RAW for LabVIEW. This module is
connected to SCADA systems and other devices that work
with  Modbus Protocol. In this research, similar
experiments were performed using the USB RAW
protocol. In [24] a data acquisition system is presented,
implemented with a PIC18F4550 microcontroller, which
sends data via USB to the PC using software developed in
LabVIEW. In [25] an optical spectrometer was designed,
using a PIC18F4550 microcontroller in order to send

spectral data via the USB port, using a program interface
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developed in LabVIEW. This research also used the same
microcontroller to send data to the PC. The other system
is Arduino which is an open source single-board
microcontroller that is gaining popularity and acceptance
as a quick prototyping tool for DAQ applications. The
Arduino Uno development board has been successfully
used in many applications such as low-cost platforms [10,
26, 2, 27, 17] for implementing different systems such as
biomechanics, LED stimulators, colorimeter, photovoltaic
cells, electrochemical etching and others USB DAQ
devices available on the market. The application control
was implemented in LabVIEW, whereit can controls the
system, visualizesthe data obtained from the acquisition
system and saves data into a file.

In this paper we describe the implementation of three low-
cost acquisition systems intended for control applications
with USB [4, 1, 12] interface basing on the PIC18F4550,
Arduino Uno, and ChipKit microcontrollers. The content
of this paper is organized as follows. In Section | an
existing literature review regarding DAQ systems was
performed. Identification and selection of the hardware
and software required to develop proposed systems was
made in section Il. Also, in this section a series of
preliminary experiments for the characterization of the
designed system is presented. In section Il we cover the
implementation of three different systems, theexperiments
used to characterize them and their comparison. Section
IV analyzes and discusses the results of the experiments.
Finally, in section V the conclusions about the developed
systems are presented; additionally the future work to be
performed is shown here.

Il. HARDWARE AND SOFTWARE DESCRIPTION

In this paper three microcontrollers and a personal
computer were used. Both manufacturers, Atmel and
Microchip Technology[20] recognized by fans worldwide

1952


http://www.ijireeice.com/

2!

BIE[8E /o). 2, Issue 9, September 2014

for their platforms (PIC and AVR) in the area of
microcontrollers were chosen. In particular the PIC
platform has multiple processors of interest, PIC18 and
PIC32 [14, 15]. The AVR platform has become popular
among the do it yourself community recently by the
implementation of the open architecture Arduino on Atmel
AVR [3]. The microcontrollers were programmed using
the USB library of the CCS compiler [5] and the open
source Arduino software [3]. The interface programs on
personal computer were programmed using National
Instruments’ LabVIEWandits VISA-RAW protocol [22]
and Matlab’s Instrument Control Toolbox [16]. We used a
development board and arbitrary waveform generator
(AWG) to feed a signal to the analog input of the
microcontroller. After being quantized, the signal was
transmitted via the USB port to a PC. Once the data
finished collectingit was analyzed using Matlab and each
individual system characterized for later comparison.

A. Firmware Implementation

In an integrated system, a real-time operating system
(RTOS) [13] whose works react to external stimuli with
the desired response is used. For this work analog data was
transmitted via the USB link to test the proposed platform.
Due to variations between Arduino and PIC architectures,
the proposed systems were implemented in two different
ways.

B. Communication scheme

In order to standardize communication between different
microcontrollers, a data packet to encapsulate the
information in the microcontroller was designed. In order
to maximize the performance of the communication
channel data transmission is limited to a package of five
(5) bytes described in Table 1. This standardized package
minimizes the reading error after transmission over the
USB.

TABLE |
DATA PACKET FOR TRANSMISSION OF VOLTAGE AND TIME
Voltage Voltage | Time Time End of
Delimiter | Byte delimiter | Byte Record

0x76 0x00 - | Ox74 0x00 — | Ox0B
OxFF OxFF
This packet is transmitted as frequently as the

microcontroller can send it, as long as a new sample for
each package is obtained. To analyze the transmitted data,
the time required from capturing voltage of the previous
packet to the next is carefully measured.

1) Arduino Implementation.

We used two variations of the Arduino platform, the
Arduino UNO [3] and Digilent ChipKIT [7]. These do not
have direct access to the USB port. According to the
architecturedocumentation, the microcontroller serial ports
are used for communication. The data is transferred
through the USB channel [3], sometimes via a separate
circuit. This restriction creates a limit to the maximum
bandwidth that can be used for data transmission. Given
the previouslymentioned limitations, the libraries for serial
transmission of the Arduino platform are used. A speed of
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500kbps for serial communication is selected, after
validating the maximum stable velocity of transmission
that can be read by the PC in both platforms. The
flowchart in Fig. 1 shows the algorithm used for the
transmission of analog data.

Add points to
buffer

Add last peint to
the buffer

For each
point in
the

buffer

send the
packet

End

Fig.1 Flowchart of communication for the Arduino platform.

2) PIC Implementation.

The platform used for the PIC architecture was the
PIC18F4550 Development Board from Futurtec [9]. The
CCS compiler from Custom Computer Services [5] was
used for their implementation of the USB drivers. The
code was optimized in the following ways:

1. Interrupts are used to minimize the effect of any
process in the background. Two interrupts in the code
were implemented: TIMER2 and AD. TIMER?2 is a high
priority interrupt used to ensure that the acquisition time is
as precise as possible. The high priority interrupt for
TIMER? is used as a clock with a resolution of 550ns.
This is calculated using the frequency of oscillation of the
system and the registers used for counting. The following
equation calculates the interrupt time for TIMER2

ﬁ?SC

triMER2 = Divider RegIntVal

The AD interrupt is used to facilitate thetransferofdata,
from the analog acquisition circuits, whenever the ADC
finishes acquiring the sample. During the interrupt, the
transmission packet with the time information of the
TIMER?Z interrupt is prepared.

2. By utilizing the integrated circuits within the
microcontroller we canmaximizethe execution of code
while the acquisition processes of analog samples are
completed. The AD interrupt brings the added benefit of
allowing the microcontroller to execute other instructions
while performing the data acquisition.

3. Data is transmitted and received via the USB port
in order to maximize the performance. By using the USB
port we gainthe benefit of interruptions implemented in
CCS libraries and only consume processing cycles when
placing data ontothe USB output buffer.
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C. Interface  implementation to  receive  data

measurements via USB port

1) Preliminary Implementations.

Initially, for the first experiment the PicUSBVISA
software (USB Communication with LabWindows / CVI
and NI-VISA, 2010) [6] was used. This program had a PC
interface programmed in LabWindows / CVI (Fig. 2) and
the firmware was scheduled for a PIC18F2550
microcontroller [14]. For this reason the firmware was
modified to be used with microcontroller PCI18F4550.
The result was that data was sent to turn on and off light

bulbs in the development board running this
microcontroller.
3 PicUsbVISA CEX
Tension Analégica
DIV S B0 0x04D8::0x0BB0::NI-VISA-0::R#
— 1.00 200300 409
|Sigu'on\emc‘| Reset rsic ‘ I Iniciar ' 0.00 500
Control Led I Apagar J 284
Salir ‘ I Medir Tensién l

Fig. 2 PicUsbVISA Interface implemented in LABWINDOWS/CVI
(source [6]).

For the second test experiment, using a prototypingboard
was used. This card includes the controller prototype
micro LEDsand potentiometers to indicate the operation of
the electrical signals. This device is connected via USB to
the PC. The microcontroller that was used for this project
is the PIC 18F4550. This microcontroller was
programmed using CCS compiler with USB libraries. In
[24] an implementation of communication found a
microcontroller and PC using LABVIEW language and
CCS compiler. The schematic block LABVIEW and
firmware source code written in C for PIC 18F4550
microcontroller is in the aforementioned article. For this
reason the micro controller is programmed using the CCS
compiler. C program which is implemented in [24] and
modified for our particular case was used. Initially the
program had problems in message passing, because the
original program was programmed for communication
using irnterrupts.
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National Instruments’driver was installed to recognize the
microcontroller as a VISA-RAW device. In [22], the steps
to create this driver using the NI-VISA Driver Wizard
utility were described. In LABVIEW, a program for the
PC to communicate with the microcontroller through the
USB port using the VISA protocol was developed. A
program was made for switching LEDsin small time
intervals in order to verify that the correct driver was
being used for the microcontroller. Furthermore, this
program helped verify that the electronic equipment was
configured correctly. We used a RAW-VISA
communication scheme. We chose to use the RAW BULK
data transfer, as it’s the same as used in [24]. Moreover,
the Measurement and Automation Explorer [22] tool that
recognize USB devices that communicate with VISA
protocol was used. This tool contains an interface called
VISA Interactive Control [22], which allows us to send
commands to the microcontroller and receive the results of
what was read. This experiment helped us to verify that
the device was recognized as a NI-VISA USB RAW
device.

2) LabVIEW.

We designed a LabVIEW VIto read data from the micro
controller. This interface program allows us to turn on and
turn off a breadboard’s LEDs that are connected to the
micro controller. Then another program to read from the
microcontroller using a cycle was implemented(Fig. 3, 4).
In this way, the program could read data of a
potentiometer while its voltage waschanged. The
breadboard that was being used has several
potentiometers. One of them was connected to the micro
controller to be read by the microcontroller’s AD
converter. Using an oscilloscope we were able to validate
the acquisition and communication scheme. The values
from the AWG were sent to the VI in LABVIEW for
storing the data in a text file. These results were then
plotted in Matlab and the data was analyzed in order to
compare with the graphs from the oscilloscope.

| D |
{3 USBRawBulkMainLoop.vi Block Diagram [=]E L l
File Edit View Project Operate Tools Window Help ’Eﬁ(‘
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Fig. 3 Bloémjiagrefn of a LabVIEW program used to read data from a USB-RAW device using loops.
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3) Matlab.

Another tool available in industry to communicate with
the VISA is the Mathworks’ Instrument Control Toolbox
[16] for Matlab. This language was used for data
acquisition, processing and analysis of results. This tool
contains a basic implementation of communication tools,
both VISA-USB as a Serial (real or emulated) port. This
provides wus the opportunity to create unified
communication tools for all deployments. In addition to
the implementations for reading a series of devices support
functions for automation of experiments were set up by an
arbitrary waveform generator via VISA-USB.

111.EXPERIMENTS

The experiments consist in  stimulating each
implementationwithan AWG and converting its signal for
transmission over USB to the PC. This allows us to
characterize our analog acquisition; in particular we focus
on the frequency characteristics. The most important
feature is the system’sresponse to frequency changes as
suchit’s linked directly to the performance of the system.
Performance is measured asthe amount  of
samplesmeasured per unit time [18]. This measure should
not be confused with the bandwidth used in the
communications channel asthesample packetcontains
multiple bytes. You can convert the output bandwidth of
the channel by simply multiplying the number of bits in
the data packet sent [18].

Bytes Packets

BW = 8 bits * Packet * p

To validate the results of the experiment, we will be
looking for the maximum range of frequencies where the
number of samples acquired is kept constant and were
comparableto the estimated sampling time [21]. Nyquist's
theorem [23] states that in a band limited signal sampling
must occur at a frequency that is at least twice the highest
frequency component found in the signal. This tells us that
our maximum acquisition frequency will be limited by our
Copyright to IJIREEICE

Fig. 4Interface program in LabVIEW of a program used to read data from a USB-RAW device using loops.

www.ijireeice.com

sampling time. Because we don’t know whatis the
sampling time we measure frequencies from 1Hz to 100
kHz. In order to estimate the Nyquist frequency in the
experiment we will look for aliasing
byincreasingtheexcitation signal frequency until it the
number of acquired samples starts fluctuating
significantly. Thiswill present itself as a periodical
anomaly that is repeated approximately every
multiplicative integer sampling frequency of the system
under test. The flowchart of the algorithm for measuring
the experiment is shown in Figure 5.

Start

Prepare
frequency range
for the
experiment

Connect to
AWG and USB
device

Calculate
sample/s,
sample time,
sample statistics

[

Decode packet

Close
connection

Receive
512kBytes
from USE

connection

Send Voltage,
frequency and
wave form to
the AWG

‘While there is
frequency for
measurement

Fig. 5 Flowchart of the experiment
1955
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IV.DISCUSSION OF THE RESULTS

The most important parameter for the characterization of
implementations is the sampling frequency. This
parameter is obtained directly from the implementation
and depends largely on the speed of the ADC converter in
the micro controller. However, the transmission rate
affects how often you can send a sample thus both affect
the effective sampling time. This effect can be observed
when measuring the average acquisition time per platform
(see Table 2)
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During the experiment, the acquisition time was calculated
on the platform and the value was transmitted via USB to
the PC. An interesting artifact of this formulation is that by
having monotonically increasing frequencies we expect
the acquisition times remain constant. The data show
otherwise (see Fig.6). In order to define the point at which
the sampling time shows signs of instability, the -3dB
point for the limit was selected and the acquisition time
averaged to that frequency. The lobes have repeated by
each integer multiplied by the read frequency sample of

TABLEII the system. The lobes are the product of the lack of an
AVERAGE SAMPL'NGT'MEQL“ADTEQQ";“NG FREQUENCYFOREACH  anti-aliasing filter within the microcontrollers. Without
Platform Sampling ' Average this filter the c.onversion fr_om_an_alog to digital has_ no idea
Average Time Sampling that it’s sampling beyond its limit and begins to fail due to
Frequency sampling rate being considerably slower than the one
PIC18F4550 48.5282 s 20.6066 kHz needed.
ArduinoUNO | 210.3423 pis 4.7542 kHz This is because the signal begins to change faster than the
(AVR) converter can acquire the signal and theacquisition
Aﬁr%ls',gocmpk't 94.5218us 10.5729 kHz algorithm,SARthinks that itendedearlier than would
( ) normally be expected.Using this information we can
estimate a more realistic sampling time of each system
using the data in Table 3.
10° ¢
102 __________________
g 10' |
5
<L
10" |
Arduino UNO
— — ChipKit PIC32
-------- PIC18F 4550
10’1 L vl L o aal Ll L | |
10° 10 10° 10° 10° 10°
Fig. 6Frequency Vs Time of acquisition
ACQUISITION TIME OF THE-II-DQEIA_IIENITHE ESTIMATED SYSTEMS pl"EViOUS Cases. The Value iS kept Iargely constant for the
Blatform Sampling | Sampling freque_ncy sweep and it was averaged in T:_;lble_4. Ont_e of
Time Frequency the_thl_ngs we can observe the characterization is t_he I|tt|_e
PIC18F4550 55 s 18.1818 variability of the measurements (<3.5%). With this
kHz information we can infer that the characterization is stable
ArduinoUNO (AVR) 232 us 4.3101kHz and independent of the excitation frequency of the
ArduinoChipkit(PIC32) 100 ps 10 kHz system.

Once we know the sampling time we can characterize the
system and compare it with the estimated sampling
frequency. We can see in Fig.7 as the average of acquired
samples show periodical patterns identical to those
observed acquisition time. As a way to characterize the
bandwidth of the communications channel the number of
packets received is measured and divided by the time of
acquisition of these packets. This measure does not suffer

from artifacts caused by aliasing observed in the
Copyright to IJIREEICE
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TABLE Il CHARACTERIZATION OF THE PLATFORMS.

Platform SamplesperSecond | Bandwidth

PIC18F4550 | 435,703.9+14,121 | 17.4+0.564Mbp
s

ArduinoUN | 4,377.3+3.13 175.1+0.125kbp

O (AVR) s

ArduinoChip | 9,986.9 + 0.675 399.5+0.03kbps

kit(PIC32)
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Fig. 7 Frequency Vs Average Sampling.

One of the curious details of these results is observed
when  comparing clock speeds for different

implementations (see Table 5). However when comparing
the  frequency of acquisition of  theoretical

implementations (according to data sheet) with the
measured values we find that there is room for growth in
deployments.

TABLE V
CLOCK FREQUENCY COMPARISON FOR EACH IMPLEMENTATION.

Platform Clock Maximum

Frequency Frequency found in
datasheet

PIC18F4550 20 MHz 800 kSa/s

ArduinoUNO 36 MHz 76.9kSa/s

(AVR)

ArduinoChipkit 80 MHz 1,000 kSa/s

(PI1C32)

Note that in the implementation of PIC18F4550, the
difference can be attributed to the preferential
interruptions  that were implemented for USB
communication. While the Arduino implementations had a
Serial-USB communications channel that could not exceed
500kbps. With this we can estimate the time that each
implementation was waiting whilethe transmission of
samples took place. Using the estimated sampling (Ts) in
Table 3 and the average time acquisition (Taq) until the
frequency begins to lose 3dB in Fig. 6. We can estimate
the transmission time (T1x) as Taq and measurement time
Tw as the difference Ts and T, (See Table 6).

TABLEVI
ESTIMATED AVERAGE TIMEOF THE ACQUIRED DATA.
Platform Ts Tix = TAcq Tm=Ts-
Tx
PIC18F4550 55 ps | D. 48.5282 | E. 6.4718
s s
Arduino UNO | 232 ps | 210.3423 5.4182 ps
(Atmel AVR) s
Arduino 100 ps | 94.5818 21.6577 ps
Chipkit s
(PIC32)

Copyright to IJIREEICE

V. CONCLUSIONSAND FUTURE WORK

The acquired data demonstrates the following:
Implementing a VISA system is possible with the right
resources. The Arduino platform is a viable and
inexpensivealternative for the implementation of data
acquisition systems. The Arduino boot loader creates a
series of delays that could not be explained in the course
of this research. The use of interrupts in microcontroller
implementations allows us to optimizesystems so that
resource utilization is maximized. The communications
channel may be limiting applications for data acquisition
factor. Between what is learned in the course of this
research we can recommend future work: Implement the
VISA-RAW on the PIC32 to compare the difference
between the Serial-USB drive with raw USB. Use other
architectures for implementation. Make a complete
deployment VISA. Design a better acquisition system with
commercially available ADCs.
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