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Abstract-

The focus of this paper is about the method of test automation for testing embedded software using NI’s
Test Stand and LabVIEW. Software testing is a process to check the functionality of the software
application to know whether it is developed properly to meet the specified requirements or not. It is an
important phase in the software development life cycle because any product before being released into
the market needs to be defect free. To produce the quality product and meet costumers needs it must
undergo this process. For the testing of software, tester generates several different test cases based upon
the requirement. software requirement specifications include both functional and non-functional
requirements of the software. In this paper, we describe the current method of manual test process and

same how to automate this manual testing process using NI’s Test stand and LabVIEW.
Keywords-LabVIEW, Test Stand, Validation

. INTRODUCTION:

Embedded systems are widely used in many fields nowadays like defense, automotive,
aeronautics and in different sectors of industries. Embedded software is a software system which
is essential for the system. This permanently resides in the device; whose operations it is
controlling. Embedded software developers require embedded software tools to develop the
software. And it is difficult to handle the complexity of the code, increasingsize, increasingtime,
increasing requirements. so, there is a huge difficulty in implementing the reliability testing for
the embedded software.Verification is performed through testing on the software to check
whether the software is of high quality or not[1]. Verification can be defined as a static practice
of verifying every type of functionalities like documentation, design analysis, code, program, and
inspection. It is just like an objective process. Verification gives us a good detailing about its
quality and its concern towards the requirements of the market, whether the system is well-
engineered and error-free, but it will not ensure if it is useful or not. The evaluation process
during the development or after development determines whether it can meet the specified
product requirements.Validation is defined to be a process of evaluating the final product
whether it reached the expectations and conditions which were set initially.it is a dynamic
approach of testing the actual product.Test cases are essential for ensuring quality and code
behavior as specifies. But, writing test cases don't have only the benefits they also have some
disadvantages, as the test cases which we make can be in large numbers and if it is done through
manual testing process time, money and people requirement will be high.In a situation like
startups or small enterprises, cost becomes their major issue, they won’t prefer testing instead
they go for the development of new functionalities. Automating manual testing process is a
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solution for this. Manual testing helps to thoroughly go through the test cases, which requires a
lot of time and a large number of people. In manual testing test cases are executed by a human
tester and software, whereas in automated testing human interference will be less. Automated
testing is a reliable method and is significantly faster than the manual approach. Similar kind of
works has been found in various literature.On-Board Diagnostics Counters for an Automotive
On-Road Application has been mentioned in [8].An alternative to traditional software rehosting
has been mentioned in [7].Implement TPS with ATML and NI TestStand mentioned in [6].

I[l.  TEST STAND and LabView

The test stand is a test management software from National Instruments.It is designed to quickly
developvalidation systems and automated test. one of the important features of the test stand is
that it provides a consistent feel and look to the developers. Any language can be used to develop
the software using the test stand. The main purpose of using this software is that it reduces the
implementation time and requirement of people is also less this helps in testing and verifying
software as fast as possible than the manual method. As per the demands of market and
requirements if we can produce a high-quality product in less amount of time with all the
required specifications this would be a great advantage for increasing the profits. The Test Stand
Engine is a facility used to characterize, develop and test engines. It uses module adapters to
invoke code modules. A code module is like a program module from an ADE or programming
language, which contains one or more functions that perform a specific test or some other actions
which are specified. Module adapters call code modules, passesinputs; outputs and required
parameters to code modules, the status of the code module and values obtained. It handles the
core test management functionality, includes the management, generation, database logging,
definition and execution of the overall testing process and more.

Test Stand supports the following module adapters:
. ActiveX/COM Adapter

C/C++ DLL Adapter

HTBasic Adapter

LabVIEW Adapter

Lab Windows/CVI Adapter

.NET Adapter

Sequence Adapter

Labview helps us to visualize every aspect of your application, it is just like a graphical
programming approach.it includes hardware configuration, measuringdata, anddebugging. This
makes visualization simple to represent complex logic on the diagram, develop data analysis
algorithms.As Test stand supports different module adapters, LabVIEW has been used.
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[1l.  Research Methodology for the Proposed Technique

In this paper, Dishwasher embedded software considered for explaining about Testing
automation using Test stand and LabVIEW. Let's have a small introduction to the Dishwasher
has been given in this section.Dishwashers require fine-grained control over water pumps,
complex system control over valves, and so on. Generally, Dishwasher has One main
microcontroller which takes inputs from User Interface panel which controlled by another
microcontroller which called Ul microcontroller. Embedded software is written for these two
microcontrollers. As per User Interface panel instructions, Ul microcontroller sends Message to
the Main controller through any one of standard protocol [2,3,4]. Commonly used Protocol is
Ethernet. It depends on the Manufacture Requirement design. The Main controller understands
Ul message and sends signals to different sensors and actuators according to message
functionality.Manual Testing Method:Validation testing method starts with test case writing
from Software requirement document. It is required manual test board emulator to operate
different functions. Because we cannot test directly on the product. So, per functions
requirements, a testing board will be designed. Here in this example, Dishwasher manual test
board connected with User Interface panel and Main Microcontroller.

User Interface Panel

Wash Typel H Wash Type2 ‘ ‘ Temperature Set ‘ I _;_-;-I' Start/Stop
LED

Dish washer Manual Test Board

(It has Dishwasher functionality
buttons)

Main Microcontroller <:>|

Indicatorl | ‘ Indicator2 | | Indicator3 ‘

Indicator N

Fig.1. Block diagram of Manual test board

Manual test process for the sample test case:

Pre-Conditions: Flash Dishwasher embedded software which we need to test into a Main
microcontroller and Ul microcontroller.

Stepl: Turnon Power; the tester must turn on/off button at Manual test board

Step2:Select wash typel cycle and start; Tester can select washtypel at Ul panel to start the
washtypel cycle.
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Step3 Check Output at LED panel as 1hr time display; Tester must check the display and if is 1
hr. time display test is passed otherwise test failed.

In this way, the validation engineer writes typically more than 300 test cases to test all
functionality of the software.

Each test case takes a minimum of 20 to 30 minutes depending on no of steps in that test case.
To complete all test cases, it takes 3 to 4 months with 4 to 5 test engineers.

And if we want repeat testing, the same time it will take as it is required test engineer manual
support.

Most of the test cases can be scripted using NI Test stand and the scripted test case is called
sequence.

Automation Testing Method:

Manual test board needs modifications to replace manual interaction with software
interaction.An empirical software testing technique as been mentioned in [5]. NI DAQ hardware
has all kind of signals acquisition and generation capacities. LabVIEW programming can trigger
NI DAQ hardware to automate manual actions.LabVIEW Programming used to talk with
Manual test board through NI DAQ hardware. And NI test stand sequences uses these LabVIEW
programming Vis to automate steps in test cases.

Automation testing board has add-on NI DAQ hardware to Manual test board as shown in Fig.2.

User Interface Panel

Wash Tyoel || Wash Type2 | |Terr'u:r.:tur:§:t | |7 255 | start/Stop
LED

Dish washer Manual Test Board

(1t has Dishwasher functionality PC With NI LabVIEW

buttons)
Main Microcontroller <:>I e N ey R ==y <:_:. and TEST stand
=

Fig. 2. Block diagram of Automation Testing Board

Test Stand is not an IDE like LabVIEW. Instead, Test Stand provides a generic environment for
developing test sequences that already includes many commonly useful default behaviors, such
as execution flow control, error handling, report generation, etc., while allowing the user to
override or extend this default behavior to meet application. As per the sample test case, each
step must be scripted in the test stand as shown below.

Pre-conditions steps are scripted in setup block, Test steps are scripted in the main block and
postcondition steps scripted in the cleanup.

Test stand sample sequence for the sample test case shown in Fig.3.
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@ Sampel Test.seq

Steps: MainSequence * 1
Step Description Settings
= Setup (2)
{3 PreCondtion Step1 : Flash Software to Main Microcontorler — Action, Flash vi Addttional Results
ﬂPreCondrtion StepZ :Flash Software to Ul Microcontorler Action, Flash.vi Additional Results
<End Group>
(= Main (3)
{3 5tep1: Power On Action, PowerOn i Additional Resutts
m Spet2: Select wash type cycle : Typel Action, Select Cycle vi Addtional Results
....... ﬂ Step3: CheckOutput at LED panel Pass/Fail Test, Read LED out vi Post Expression, Additional Results
........ Eni Gz
Cleanup (0)

Fig. 3. Sample Test Sequence.

Once we run this test sequence we get the report as shown in figure 4. And this report has a clear
explanation of each step.

Step Status
PreCondition Step1 : Flash Software to Main Microcontorller Done ‘
TestResults/Data
Flashed MC Version 1.0.1: Flashed MC Version 1.0.1
PreConditian Step2 :Flash Software to UT Microcontorller pone | |
TestResults/Data
Flashed UI version 1.0.1: Flashed UI version 1.0.1
Stepl : Power On Done |
TestResults/Data
Stepi: Power Turn On
Spet2: Select wash type cycle : Typel Done ‘ |
TestResults/Data
Step2: wash typel cycle Selected
Step3: CheckOutput at LED panel Passed ‘ |
TestResults/Data
Step3: Read Time Display is 1 hr.

Fig. 4. Sample Automation report

Once the new software is released, we can execute and take reports without any efforts. Usually,
it takes 3 to 4months to do a manual test of 300 test case. Once we develop test sequences for
test cases, we can reduce time to 10 — 14 days from 3 months.

Conclusion:

It is not possible to make 100% test automation as some of the steps are not possible to replace
with software triggering. In such cases, hardware modification required to make automation. But
it is depending on a cost-effective solution. In such cases, we can go for 90% automation and
10% can depend on manual testing. And scripting test cases also a big challenge. In the future, |
am going to focus on automating the automation. It means the system can generate test scripts/
sequences by reading a test case using Machine learning and Al.
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