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Abstract. In order to solve the communication problems involved in acquisition system based on 
CompactRIO. Analysing data collection from FPGA terminal to RT terminal and elaborate RT 
terminal and PC terminal communication method. Comparing the merits of the single point polling 
acquisition model and collection of DMA FIFO model, Explaining the application of shared 
variables、TCP/IP、 networkflow in CompactRIO. We choose the right communication method to 
design vehicle electrical data acquisition system. Through experiments, verifying ComactRIO data 
acquisition systems have better real-time, high precision, and good scalability. 

Introduction 

Things technology is used to promote the development of artificial intelligence. The traditional 
manual testing is gradually replaced by automated testing. Vehicle electrical data acquisition system 
is also extended to the direction of automation.  NI's CRIO system, Which has high acquisition 
accuracy、high sampling rate、small size、good anti-jamming and good seismic performance, its 
software uses a graphical programming language LabVIEW or LabWindows, developing data 
acquisition system cycle is short, Currently more popular in the automotive data collection field. 
This paper presents a data acquisition system based CRIO. 

Data collection method from FPGA terminal to RT terminal 

Single point polling acquisition model: FPGA terminal get the data from I/O channel and set 
interrupt, RT terminal trigger the corresponding interrupt and through reading node to acquire the 
underlying data, it is similar to the direct acquisition. The advantage of this approach is collecting 
data faster, small memory usage, small FPGA resource overhead and easily to implement. However, 
for the part of the high sampling and large throughput of the vehicle electrical performance signal, 
the single point of real-time data acquisition will be  insufficient to reach the acquisition 
requirements. 

DMA FIFO model: FPGA terminal is bundled with I/O channel data and stores the data into a 
memory which can be accessed by upper terminal and lower terminal, RT terminal use DMA 
method node to read the data in the cache. This acquisition mode is possible to adjust the cycle 
synchronization. PCI bus arbitration share resources scheduling, so that the collection of data in a 
row, without distortion. To ensure high throughput real time data transmission to RT side, while on 
the host side is also configured large enough shared memory. 

Both acquisition mode processes are shown in Figure 1. 

4th International Conference on Machinery, Materials and Computing Technology (ICMMCT 2016)

© 2016. The authors - Published by Atlantis Press 1471



Communi

Real-tim
user interfa
provides a 

There a
publish-sub
shared vari
debugging 
makes shar
2, with sha

TCP / I
the RT te
communic
transmit da
TCP/IP ser
string, that

ication mod

me system 
face. Theref

variety of c
are three ty
bscribe prot
iables. The 
according 

red variable
ared variable

IP technolo
erminal, in
ation protoc
ata from the
rver and the
t length and

I/O 
channel 
single 
point 

collection

Fpga 
terminal

single 
acquis

Set the 
correspond

ing 
interrupt

Wait for 
interrupt
response 

is 
complete

Cycle

de between

as the lowe
fore, collect
communicat
ypes of shar
tocol (NI-P
bottom of t
to desktop 

es can exist
es method t

Fi
ogy is widel
ncluding m
col, end-to-
e RT termin
e PC termin

d content wr

n

RT 
termin

point polling 
sition model

d

t

t 

Trig
th

inter

Read
sing
point
dat

Respo
to

inter
task
comp

PCIBUS

Fig.1 Da

 the RT ter

r computer,
ion monitor
tion method
red variable
SP) is used
the protocol
systems an

t in more th
transmit BC

ig.2 Network
ly used in C

monitoring 、
-end transm
nal to PC ter
nal is used a
ritten separa

nal

gger 
he 
rrupt

d a 
gle 
t of 
ta

onse 
o 
rrupt 
k to 
lete

NO

polling

ata collection

rminal and

, can only b
ring and da
ds: shared v
es: single-p
d to optimiz
l has been r

nd NI’s RT 
han one nod
CM controll

k-published v
CompactRIO

open 、 re
mission mak

rminal with
as TCP/IP c
ately, each ti

Configure 
the DMA 
FIFO 

sampling 
parameters

Collecting 
data flow 
to the DMA 

FIFO

DMA 
overflow

?

Stop 
collecting

YES

 Fpga 
terminal

DMA FI

PC

n process 

 PC termin

e deployed 
ata stored sh
variables, TC
rocess, real
e the netwo
redesigned t
targets perf

de in a distri
er voltage d

variable valu
O. There are
ead and w

kes data with
h TCP/IP me
client. Data
ime four by

Set the
DMA FIF
size an

initiali
tion

Read th
DMA FIF
data flo

DMA 
empty?

Waiting
for the
FPGA 

acquisit
n

NO

YES

RT 
termina

FO model

CIBUS

nal 

in hardware
hould be com
CP / IP and 
l-time and n
ork protocol
to use TCP/
formance. S
ibuted syste
data to PC te

 

ues 
e a series of

write. As a
h high relia
ethod. The 
is written t

ytes read. 

e 
FO 
nd 
za

he 
FO 
ow

g 
e 

tio

al

 

e, does not 
mpleted in 
network flo
network-pu
l of network
/IP, and we 
Shared varia
em. As show
erminal. 

f TCP/IP in
a connecti
ability. Figu
RT termina
to the data 

provide the
PC side.NI

ow. 
ublished. NI
k-published
have made

able engine
wn in figure

nterfaces on
on-oriented

ure 3 shows
al is used as
stream as a

e 
I 

I 
d 
e 
e 
e 

n 
d 
s 
s 
a 

1472



 

Fig.3 Communication process of RT terminal and PC terminal 
Network flow is an easily to be configured, tightly integrated dynamic communication method. 

It is suitable for the data transfer between applications and its throughput and delay characteristics 
comparable with TCP. Network flow enhanced connection management, if due to network failure or 
other system failures lead to disconnection, network flow can automatically restore the network 
connection. This method can transmit any type of LabVIEW support data, and the data stream can 
be lossless high throughput type. However, it can only make a one-way transmission, can't realize 
full-duplex communication. Figure 3 shows how to send commands and message data from PC to 
RT with network flow. 

Design data Acquisition System 

As an embedded distributed data acquisition system, CompactRIO can be flexibly configured 
and easily expanded and updated. The CompactRIO controller, data acquisition and FPGA(C Series) 
modules are designed according to the type of vehicle electrical performance: NI-9068 is the 
controller chassis, which uses Xilinx Artix-7 FPGA architecture to match the dual-core 667 MHz 
ARM Cortex-A9 processor. NI-9853 get CAN signals, NI-9229 collect voltage signals, NI-9213 
gather thermocouple temperature signals, NI-9205 acquire current signals. The whole system is 
powered by 35 Ah lithium batteries which have small size and high integration features. The power 
Management IC is used to allocate the required voltage of each module to work normally. The 
wireless router can manage the network communication of RT terminal and PC terminal. The entire 
test system is shown in Figure 4. 

 

Fig.4 Vehicle data acquisition system 
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Table.2 Power balance data(Average) 

DC-DC Voltage(V) DC-DC current(A) Battery current(A) 
28.0192  49.8342  -6.1538  

DC-DC terminal voltage is 28.0192v, DC-DC terminal current is 49.8342A, and battery 
charging current is -6.1538A. DC-DC can ensure the normal power of vehicle electrical system 
(battery is still in the state of charge), and there is not reaching the limit current of DC-DC, so that 
vehicle power allocation is reasonable. 

By the result, acquisition system with high real time and the data error is small. 

Conclusion 

This article suggests how to research the development of data acquisition system. Based on the 
communication obstacles encountered in the development, the communication technology and 
collection methods are analyzed. We make Vehicle performance data acquisition experiments to 
verify CompactRIO data acquisition system have the advantages of strong stability, good real-time 
and high safety. 
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