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Abstract  The present work aims at developing a hardware system to read the data displayed by an instrument cluster 
using image processing in LabVIEW. Test signals are generated using NI LabVIEW software and sent to the instrument 
cluster using CAN. A camera is used to capture an image of the cluster. Th is image is processed using LabVIEW  to extract 
the reading of the cluster. The value as indicated by the image of the cluster is compared to the test signal sent to the cluster. 
Depending on the difference between the test signal and the output, the cluster’s error value is calculated, thus categorizing it 
as perfect or defective. The scope of present work is also to develop control software in NI LabVIEW along with Test Stand 
that controls the simulator to capture various signals, execute the tests and generate test reports. 
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1. Introduction 
Automot ive Industry is one o f the fastest growing 

industries o f the 21st century. Advancements have moved 
from h igher speed and efficient engines towards automated 
systems and elect ron ic controls. Automobiles  these days 
are equ ipped with  elect ron ic dev ices which prov ide the 
user with a number o f add itional inputs. In  earlier days, 
the dash board was limited to  a few basic ind icto rs such 
as speedometer, fuel gauge etc. W ith development  of newer 
technology, more informat ion is availab le fo r the driver to 
assist him in better driving. Features like Parking Assist, 
Mileage and Remain ing Kilo  meter ind icators, all are new 
add-ons to assist the driver. While there is more user 
friend ly develop ment , the tas k o f eng ineers becomes 
more critical. These advancements cannot compromise on 
any safety aspect of an automobile. Thorough testing of each 
and every electronic feature is essential before its 
deployment into the vehicle. 

Thus , due to the vas t increas e in elect ron ical ly 
contro lled  featu res on  cars , the automot ive industry  is 
facing  an ext reme challenge in the flawless delivery of 
elect ron ics  and  s oftware s ystems  w ith in  res t ricted 
development  t imescales . Th is  work aims to  increase 
confid ence  in  the des ign  and  imple mentat ion  o f 
co mplex au tomot ive elect rical systems . A  need  was 
ident ified  fo r mach ine vis ion to facilitate the automated 
development  tes t ing  o f d river in fo rmat ion  s ystems ,  
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principally inst rument clusters and in fotainment 
displays[1]. 

The Instrument  Cluster (IC) Electron ic Control Unit 
(ECU) is one of the most complex electronic embedded 
control systems in  modern veh icles. The funct ionality is 
distributed among  many  ECUs prov iding  the customers 
with informat ion such as driving conditions, fau lt 
diagnostics, warn ing signals (messages) and in fotainment. 
As more and more o f the cont ro ls are performed 
automatically to increase driver conven ience, these 
funct ionalities are becoming  increasing ly complicated. 
The Instrument Cluster software therefore requ ires a 
rigorous and thorough testing of its funct ionality [2]. 
However, validat ion testing for these functionalities is 
difficu lt and extremely labor intensive. 

The major challenge with Instrument Cluster funct ion  
validat ion compared  with other automotive ECUs  is that 
most of its  funct ionality  can’t  be p roven  just  by  
monito ring  hardware communication  lines (CAN/LIN). 
For instance if a  co mmand is  received  to  tu rn  on  the 
indicator light then the only way to insure that the 
Instrument  Cluster meets its specification is  by manual 
observat ion  of the ind icato r light on  the screen . Th is 
becomes more complicated  when  the main  message 
centre on  the Instrument Cluster ECU is  under test, again  
monito ring hardware I/O or communication lines would  
not tell whether the Instrument Cluster funct ions as 
expected . 

This system simulates the vehicle network in a real-time 
basis, and dynamically p rovides various signals to  the 
inst rument cluster under test. The mach ine v ision system 
with  image p rocessing algorithms is designed to perform 
the test by detecting gauges, warn ing lights/telltales, 
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patterns and text  disp lays. A closed loop test system is 
implemented  to perform a fully automated test process. 

1.1. Basic Block Diagram 

The figure below depicts the basic block diagram of the 
proposed the system. The sequence of steps is shown in 
Figure 1. The GUI on LabVIEW is used to select  a  test. The 
corresponding  test signals are then sent over the CAN 
bus using a s imulato r to the instrument cluster[3]. The 
instrument cluster responds to the test signals and its 
response is captured  by the web  camera. The web camera 
sends the captured  imaged to  LabVI EW  via USB port. 
LabVIEW software checks whether the response of the 
cluster is appropriate. 

 
Figure 1.  Basic block diagram 

2. Pattern Matching and OCR 
In  o rder fo r the auto mated test env ironment  to work 

properly , it  must have the ab ility  to  see what  is  happen ing  
on the instrument  cluster during  test ing. Th is requ ires a 
camera along with a software to analyse the images taken  
by the camera. The software to extract relevant 
informat ion from the image and, the software has to 
recognize patterns in the image to  know what  it  is looking  at. 
The pattern  recognition  will be done by match ing parts o f 
the image to pre-stored patterns. For example a warning 
telltale might be p re-stored as a triang le with an  
exclamation mark inside it . Th is pattern can then be 
compared to  d ifferent parts of the image taken by the 
camera. By  do ing  so, the system can  determine what 
in fo rmat ion  the instrument  cluster is present ing  at  a  given 
time. 

A special kind  o f pattern  match ing  is  where text  
characters from a document needs to be ident ified  and 
converted  to an  equ ivalent  text string . Th is process is 
called  opt ical character recognit ion  (OCR) and  is an  area 
where a lot  of research  has been  done, resu lting  in several 

patents (the first being in 1933). OCR is widely used today 
but the technique is not without p roblems. Erro rs do occur 
in the translat ion process from image to d ig italised text. 
For example, similar characters can sometimes not be 
distingu ished from each other. The technology on clearly 
printed  documents can get accuracies of over 99 %.  

2.1. Machine Vision Systems  

The whole p rocess can be v iewed in  Figure 2 below. 
One of the first modules needed is test execution software 
which will execute the tests and then evaluates the response. 
This so ftware will run  on a standard  computer. 

The test execut ion software interacts with some type o f 
communication  hardware, depend ing on  which so lut ion is 
chosen. Th is equ ipment  is used  as  a connection between 
the test execution software and the Instrument Cluster. The 
communication hardware utilizes the CAN-protocol to 
communicate with the Instrument Cluster[4]. 

To be ab le to  observe the instrument cluster, the 
solut ion  will need to  use at least one d ig ital ca mera. The 
camera sends the image to an image process ing software, 
located  either in  the camera itself or in  another component. 
This software ext racts the relevant areas of the image and 
prepares it for the next stage. The image informat ion 
ext ract ion module gets the processed image and compares 
it to predefined patterns represent ing the informat ion that 
can be p resented  on  the instrument panel. The image 
information ext raction module converts this informat ion to a 
value or a string and returns it to the test execution software 
where it can be used for testing. 

 
Figure 2.  Automated camera based test system 

2.2. Camera 

The automated test environment is dependent on a 
functional camera. Without good images, image processing 
and pattern matching will not provide a sufficient result . A  
colour camera would be needed  if, fo r example, a s ingle 
area can  be shown in  different co lours, as is the case with 
the Instrument Cluster. A very  important  property o f the 
camera is the reso lut ion, as it  sets the limitat ions o f what 
the smallest object that can be identified by the camera can 
be. Since the Instrument  Cluster is  s ign ifican t ly wider 
than it  is h igh ,t the width o f the resolut ion is a key factor 
for the camera. The dimension 320mm by  167mm of the 
Instrument Cluster g ives  an aspect ratio  of 320/ 167≈1.9, 
and is broader than a widescreen in comparison. 

If the resolution is unnecessarily h igh then the image 
processing execution time gets longer this can ultimately 
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slow down the entire test process. Colour cameras with one 
digital image sensor mostly use the so called Bayer filter for 
capturing colour in the sensor. This is because the digital 
photosensitive sensor can only capture images in 
monochrome. Each  pixel in the sensor has an individual filter 
in front of the pixel for capturing only one colour. The pixel 
filter distribution is 50% green, 25% red and 25% blue pixels. 
This distribution is due to the fact that the human eye is most 
receptive to green colour and less to red and blue. Some 
industrial cameras, primarily used in production, include an 
embedded system for image processing and pattern matching. 
The image processing software will then only be used when 
programming the camera and there is no need for a computer 
to run any image handling software during testing. Such 
cameras are often referred to as ―smart cameras. 

3. System Architecture 
The ent ire system arch itectu re shown in Fig. 3 below 

cons ists o f a PC and Lab VIEW  software installed  on  it. 
The Instrument  Cluster is cont ro lled by an automot ive 
cont ro ller which is embedded in  it. LabVIEW  software 
generates test signals which are sent as CAN messages 
with  the help  o f an  embedded dev ice to the instrument 
cluster[5]. The cluster responds to the test s ignals. Once it 
responds, the camera takes real t ime input  being  

disp layed  on  the Instrument cluster and sends the image to 
LabVIEW software via USB port. This image is processed 
and LabVIEW software checks whether the image shows 
the response appropriate to  the test s ignal which it sent to  
the cluster. If the appropriate response is observed , the 
cluster is said to have ‘Passed’ the test. The whole process 
involved is shown in Fig. 4 below. Let us consider one of the 
tests namely speed detection and see how it can be 
implemented 

 
Figure 3.  System Architecture 

 
Figure 4.  System Flowchart 
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3.1. Speed Detection 

Ident ification  p rocess fo r the speed as indicated by the 
needle of the speedometer is dealt here. When the message 
for the test is received by the cluster, a  real t ime input  is 
taken  by  the USB Ca mera[6]. Th is image is captured and 
loaded on to the VI. An annular search reg ion  is drawn on  
the image with  the ends o f the reg ion co incid ing with  
the ext re mes o f the speedometer and then the edge of the 
needle is detected using edge detection . Measure the ang le 
swept by the st raight line from start ing of the annu lar 
ROI. Th is angle helps to determine the orig inal speed 
indicating in the meter as shown in Fig. 5. 

 
Figure 5.  Flow Chart for speed Test 

 
Figure 6.  Flow Chart for pattern matching Test 

The funct ion that  supports in  determin ing the speed is 
IMAQ Find Concentric Edge[6]. It finds a straight edge in 
an annu lar search  reg ion  of an  image. Th is VI locates  the 
intersect ion po ints between  a set of annu lar search lines 
and the edge of an object. 

3.2. Pattern Matching 

There are various  tell-tale ind icato rs on  the 
instrument cluster such as power steering , seatbelt  warn ing, 
low fuel indicato r etc. These light up or g low depending 
upon the state of the hardware of the vehicle. While the state 
of on o r o ff can be detected using the algorithm to detect 
the difference between  the telltale indicators, pattern 
matching is required.  

To run th is test, a  template o f the ind icator is loaded  
from the memory and learnt by the VI. The real-time input 
image o f the cluster is then captured and loaded onto the 
VI. The image is then  scanned  fo r the learnt  pattern and  an 
ROI is created around the pattern once it is detected as 
shown in Fig. 6 below[7]. 

4. Conclusions 
A closed  loop  system to automate the test ing  of 

instrument clusters in the automotive industry was 
developed in LabVIEW using Image Processing and CAN. 
The system is capab le o f generating  test signals and 
driv ing the instrument cluster. The corresponding 
response of the cluster is then  captured  by  the camera and 
sent via USB to LabVIEW. The image is processed using  
LabVI EW  and  data is  e xt racted  from it . The cluster 
output is read and LabVIEW checks if the cluster response 
was appropriate[8,9]. Th is automat ion o f the test ing is  
carried  out  in  the p ro totype phase o f cluster 
development . The ted ious, labor intensive and t ime 
consuming  task of manual test ing  can  be made easier 
using this system. 

The system is flexible and can be used on a wide range of 
clusters just by tweaking  system parameters, while reference 
images of telltale indicators allow the system to  adapt  to  
new add it ions o f such ind icato rs in instrument clusters. 
The real t ime ROI select ion too l also makes it independent 
of the positioning of various indicato rs and b lurring caused 
by movement o f the camera or the cluster.  

Instrument clusters cont ribute sign ificant ly into 
ensuring safe and informed driv ing. Thus, the thorough 
testing of instrument clusters is vital before deployment onto  
the veh icle. There are hundreds o f test  s ignals which  
need to  be run  on instrument  clusters and  suppliers intend 
to slowly  automate the entire testing process by 
incorporating  more test signals and test sequences into the 
current p rogram. Various combinations  of s ignals that 
drive indicators and  gauges are to  be sent together to  ensure 
accurate response under all condit ions. 
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