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ABSTRACT

Android mobile testing requires lot of test cases to be
executed. Test automation is essential to execute huge volume
of test cases. In this paper, a test automation framework is
discussed, which helps test engineers to write scripts and then
execute these scripts from PC. The scripts are portable and
support cross platform, running on Windows and Linux
platforms seamlessly with minimal changes.
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1. INTRODUCTION

Android mobiles are playing key role in mobile market.
OEMs (original equipment manufacturer) are focusing on
Android mobiles as the cost of production is comparatively
low comparing to other mobile platforms. In order to keep the
time to market very short, the testing cycles need to be
reduced. Test automation helps by decreasing the test cycle
time and by increasing the productivity.

Automated test system involves the following activities:
e  Automation tool(AutovalX/Autoval) development
e  Test case writing

e Cross platform
(Windows/Linux)

compliance checking

e  Automation script development
e  Debugging
e  Performance optimization

The paper discusses an automation framework developed for
functional testing of Android mobile phones. It involves use
of cross platform scripting environment called TCL/TK.
Using this, an automation tool called AutovalX has been
developed. AutovalX can run on both Linux and Windows as
a cross platform tool. The main features of AutovalX tool are
capturing the image, comparing the image, mask the image,
logging the result in database. AutovalX along with TCL/TK
scripts can function like ‘Automated test system’ to automate
the complete functional testing of Android mobiles.

2. RELATED WORK

This section discusses other methods that have been proposed
for mobile testing. Ichiro Satoh [9] proposed a framework to
test mobiles in varying network environment. This framework
introduces a mobile agent based emulator of a mobile
computing device for use with target application software. It
was inspired by the lack of methodologies available for
developing context aware applications in mobile computing
settings. It aimed to emulate the physical mobility of portable
computing devices through the logical mobility of
applications designed to run on them. Basically this
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framework is running on a computer, so that debugging will
be easy.

In [6], Domenico et al. proposed a GUI crawling-based
framework to test Android mobiles. This framework works
along with Robotium framework for analyzing the
components of a running Android application. Using this info,
it generates firable events to crawl through various widgets
and detects crashes.

In [7], Hyungkeun et al. proposed an integrated framework
which includes several open source frameworks such as
NTAF, STAF, wiki, FoneMonkey and ATAF. The idea is
same test case can be re-used for both iPhone and Android.

In [5], Lulu et al. proposed a framework which involves a
model based activity page. It is implemented through open
source frameworks such Robotium and Monkey runner. A
crawling algorithm navigates through components of activity
page. It also generates scripts to run with Robotium for
emulator and Monkey runner for device.

In [8], Delamar et al. proposed a framework which can
perform structural testing of Android mobile applications. A
provision is given to trace data back to desktop. An
instrumentation scheme helps to analyze the coverage of test
cases, by comparing static analysis results with dynamic
results obtained during execution.

3. GENERAL DESCRIPTION

3.1 Architecture Diagram of Automated
Test System

Figure 1 shows the architecture of automated test framework.
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Fig 1: Architecture diagram
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The architecture shows the interface between Android mobile
and automated test system. The difference between Linux
based system and Windows based system is also shown in the
figure. In Linux based system, Import is used as cropping
tool. In windows based system, Box cutter is used as cropping
tool. Also in Linux based system, .so file is used to integrate
C functions like image compare functions. whereas, in
Windows based system, .dIl file is used to integrate C
functions like image compare functions.

3.2 The System Modules

Figure 2 shows the software modules

CSV reporting
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Test cases
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MobileFunctiona
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Fig 2: Modular approach

3.2.1 Mobile UI
This layer contains the low level Ul related information like
screen coordinates.

3.2.2 Mobile Functional
This layer contains functionalities of test cases. Ex: Enter
password.

3.2.3 Test cases
This layer contains actual test cases implementation. The Ul
and functionalities are abstracted from test cases. This ensures
the minimal change in the test case, even though Ul is
changed drastically.

3.2.4 CSV based report
At the end the output result is stored as CSV file format.

3.3 Environment and Tools used

In this section, the environment of automated test system is
listed. Also the required tools are listed below. The list
contains environment and tools for Linux and Windows based
systems.

Table 1. Tool chain for Linux and Windows based systems

PC with Ubuntu PC with windows

AutovalX AutovalX

Active TCL version Active TCL version
8.4.19.2 8.4.19.2

BLT2.4 BLT2.4

Import tool Boxcutter
libcomparebmp.so CompareBMP.dll
Xmacro

Wmctrl
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4. BEHAVIORAL DESCRIPTION OF
AUTOVALX
4.1 System States

The operations of AutovalX tool can be represented by the
following state transition diagram:

—Open log—
Log manager View log Mask
—Close—
[} I
Press Press

log manager tab  Capture tab Sate mask St mask
l ¥

I-New or Open ——Edit—»
Idle

Enable Edit i
(Disable edi) fabke = Edi screen

[—Save— [4¢—Close—

Fig 3: State transition diagram

The Figure 3 explains about the Log manager,View log,
Mask, Idle, Enable Edit, Edit screen and the flow of
operations which take place.

5. AUTOVALX TOOL DESIGN

5.1 Functionalities of AutovalX
The major functionalities of AutovalX are discussed in this
chapter.

5.1.1 Capture

The capture functionality of the AutovalX tool helps user to
crop full or part of mobile screen (from mobile emulator).
This cropped image can be saved as bmp file as baseline
image. When automation scripts are executed this stored bmp
files are compared with actual images and then Pass or Fail
results are recorded.

5.1.2 Mask

The mask functionality helps user to mask unwanted area
while comparing the baseline and actual images. For example,
user may want to mask the battery icon or the antenna status
while comparing.

5.1.3 Log manager
The log manager is used to view the test case results.

5.2 Data Objects or Data Structures

In this system data structures like tree and list view are used.

5.2.1 Tree design

The automated test system uses tree data structure to display
log folder name, log file name, build name, date, time and
result fields, after executing each test case. This is achieved
using open source tool called BLT. BLT gives extensive tree
operations like tree creation, adding tree nodes, append tree
nodes, search tree path etc.

Figure 4 shows the tree displayed in AutovalX:
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Fig 4: Tree displayed in AutovalX

This tree needs to be created, when the test is running. The
tree information has to be stored in database.

5.2.2 List View Design

The automated test system contains list view to display mask
coordinates. This is achieved through BLT tree option. When
user selects particular area of base image, the coordinates of
selected area need to be captured and saved in database.

Figure 5 shows the list view:

Wask coordinates

Fig 5: Mask co-ordinates

The masks and the corresponding coordinates are listed. If
user wants to delete one mask, user has to click on
corresponding list item and then press ‘Mask delete’ button.

5.2.3 Files and Database Structures
Automated test system deals with Sqlite database files:

e Auto.db
e MaskDB.db
e Log.db
Auto.db database file consists of records called Image.

MaskDB.db database file consists of records called Mask
table and Mask counter table.

5.2.3.1 SQLite Database Design

The system consists of Sqlite database for storing and
retrieving critical data. The database consists of three
important tables called Image table, Log table and Mask table.
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The image table contains, base image name, its coordinates
(StartX, StartY, EndX, EndY).

Figure 6 shows structure of Image table and the data type of
each element in the table:
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Field name Field type |
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EndY NUMERIC

Region TEXT

Script TEXT

StartX MUMERIC

StartY’ NUMERIC Edit field

Remove field
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Close

Fig 6: Structure of Image table and the data type of each
element in the table

The log table contains log folder name, log file name, build
name, date and time and result fields. Figure 7 shows structure
of log table and the data type of each element in the table:
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Fig 7: Structure of log table and the data type of each
element in the table

The Mask table consists of base image name and
corresponding mask regions (StartX, StartY, EndX, EndY).
Figure 8 shows structure of Mask table and the data type of
each element in the table:

b |
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Fig 8: Structure of Mask table and the data type of each
element in the table
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5.3 Ul Design
5.3.1 Log Manager Ul Design

Log manager Ul is as shown in Figure 9:
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Fig 9: Log manager Ul is as shown below

e  The Log manager consists of tree in left pan and list
view in right pan.

e  The tree contains information about build name, log
folder name and log file name.

e The list view contains the information about
verification points, date & time and results of each
verification point (Pass/Fail).

e  The VP with Pass status is displayed in green. The
VP with Fail status is displayed in red.

e  Each node of the tree can be expanded or collapsed
as per user action.

e Double clicking on the file name displays the list
view in the right pane.

e Date and time are retained even though the
application is closed.

5.3.2 Mask Window Ul design
By clicking edit button in the capture window, mask window
is opened. Figure 10 shows the appearance of mask window:
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Fig 10: Appearance of mask window
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The mask buttons are listed below:
e  Mask button: To start the mask action
e  Mask delete: To delete one mask at a time
e  Save: To save the masks in database
e OK: To close and return back to capture window

e The list view of masks displays the coordinates of
each mask. By selecting one item and then clicking
on ‘Mask delete’ button deletes that mask.

e The masks are displayed in green color.

e  Maximum of 16 masks can be added for a single
base image.

e Masks can be applied within the border of the
image.

Thus the Ul design is simple and provides easy access to user.
Care has been taken to provide better Ul design covering
aesthetics and ergonomics.

5.4 Interfaces to external Programs
Run time engine is the one taking care of interface between
AutovalX tool and test automation scripts.

5.4.1 Run Time Engine design

Run time engine is set of library functions, which are used in
TCL based test cases. This engine also interacts with
databases to get information about the base images, their
coordinates, mask coordinates etc. This base image is
compared with run time image, considering the masks and
then results are stored in the log database. This run time
engine is the bridge between AutovalX tool and TCL based
test cases. Apart from these activities, Run time engine also
performs the activities like initializing the databases, opening
databases, closing databases etc.

6. TEST PROVISION
6.1 Test Guidelines

The testing should follow block box testing approach.
The defects should be fixed and tracked to closure.

6.2 Module Testing

The following modules are tested:

Sqlite database module
Capture module

Mask module

Log manager

The following test cases are executed for checking the system
performance:
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Table 2. Test Cases for checking system performance

1 Capture image and store

2 Rename image and Save As Pass

3 Open image already stored Pass

4 Mask the Image Pass
Load the image and check mask

5 coordinates Pass

6 Delete mask coordinates Pass

7 Create log information Pass
Display of Pass case in Log

8 manager in green colour Pass
Display of Fail case in Log

9 manager in Red colour Pass
Double click pass case in Log

10 | manager to check one image Pass
Double click Fail case in Log

11 | manager to check two images Pass

12 | Check run time image comparison Pass
Check run time actual image

13 capture Pass
Creation of test case in Windows

14 environment Pass
Creation of test case in Linux

15 environment Pass
Execution of test case in windows

16 environment Pass
Execution of test case in Linux

17 environment Pass

18 Store results in CSV file Pass

19 | Change working directory Pass
Check cross platform

20 | compatibility Pass

7. ARCHITECTURE OF TARGET
BASED AUTOMATON

The automated test system for target is similar to that of
Emulator. There is one difference, instead of AutovalX tool,
Autoval tool is used. Autoval tool is developed using Autoit
scripting environment.
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7.1 Architecture Diagram
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Fig 11: Architecture diagram for target automation

The architecture of target based automation system is as
shown Figure 11. Autoit and Autoval tools are used for
writing and executing the scripts. DDMS tool is used for
capturing the screen shots. ADB and Monkey tools are used
for sending Touch/Key events to handset. The scripts are
designed in such a way that the inputs from Excel work book
can be taken for execution. Also the test case results are stored
in Excel workbook. Sglite database is used to store
information about verification points like screen coordinates
and mask coordinates. Also the Pass/Fail results are stored in
Sqlite database.

7.2 Screen Capture

The DDMS screens have to be placed in a fixed Window
position like 0,0 and 500,0, as shown in Figure 12. This helps
the proper functioning of comparison algorithm when the
scripts are re-run. The comparison algorithm compares the
baseline images with actual images. The baseline images are
captured by automation Engineer script development. The
actual images are captured by the automation tool, while
executing the scripts.

Fig 12: Screen Capture
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7.3 Key/Touch Event Injection

Key events are passed to handset through ADB commands.
For this Android has provided a tool called Monkey. Monkey
tool executes *.txt file, which is already stored in the SD card.
So every time, to pass one touch event, the text file has to be
updated with proper commands. Once commands are updated,
we need to ‘Push’ this text file into SD card. This can be
achieved using the ADB command, “adb -s %ARG3% push
scriptl0.txt /sdcard/script10.txt”. Here “ARG3” is serial
number of the device, which is passed as command line
argument. The key events are stored in the text file called
“script10.txt”.

B TouchDev1.bat - Notepad EEX

Fie Edit Format View Help
@ECHO OFF

SET ARG1=230.75429

SET ARGZ=458.1814

SET ARG3I=00

SET ARG4=2

cd /D D:ivandroiditools

IF NOT (%1)==() SET ARGL=%l
IF NOT (%2)==() SET ARGZ=%2
IF NOT (%3)==() SET ARG3I=%3

IF NOT (%4)==() SET ARGA=3%4

echo type= raw eventssscriptl. txt
echo count= ARG »»scriptl. txt
echo speed= 10.0s>scriptl. txt
echo start data A»Ax »»scriptl.txt
echo captureDispatchPointer(5109520,5109520,0,
%ARG1%, %ARGI%, 0. 20784314, 0.06666657,0,0.0,0.0,65539,0)
sescriptl. txt
echo UserWait(Z200)»>»scriptl. txt
echo captureDispatchPointer(5109520,5109520,1,
%ARGLE, %ARGZH, 0.20784314,0. 06666667,0,0.0,0.0,65539 03
s»scriptl. txt
adb -s %ARG3% push scriptl.txt fsdcard/scriptl.txt

adb -s %2RG3I% shell monkey -v -f fsdcard/scriptl.txt 1]

Fig 13: Batch file for Touch event injection

For example ,the touch event like “capture Dispatch
Pointer(5109520,5109520,0,%ARG1%,%ARG2%,0.2078431
4,0.06666667,0,0.0,0.0,65539,0)>>script10.txt” can be stored
in “scriptl0.txt” file. This command injects ‘touch down’
event into handset to click on any touch coordinate X and Y.
Here the touch coordinates X and Y can be passed as
argument using “ARG1 and ARG2”. And then this script file
can be invoked by using the ADB command, “adb -s
%ARG4% shell monkey -v -f /sdcard/script10.txt 1”. This
command, in turn invokes ‘Monkey’ tool by passing the path
of script file as argument. These ADB commands can be
grouped in a batch file, for convenient execution, as shown in
Figure 13.

8. EXPERIMENTAL RESULTS

Using this automated test system, test cases are written in
TCL/TK environment for testing Android Calculator
application, as a proof of concept. Each test case is divided
into 4 sections:

1. Initialization section.
2. Logical section.
3. Verification section.
4. Closing section.

These sections are explained briefly.
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8.1 Initialization Section

In this section, external packages required to execute this test
case, are included. Also test resources such as databases are
initialized.

Sample code:

#H#HHH#ETHIS will have Working Dir#Htt#HHHH

#!/bin/sh

# The next line is executed by /bin/sh, but not tcl \

exec wish "$0" ${1+"$@"}

source AndroidcalcUl. tcl

package require AndroidcalcUl 1.0

#catch {namespace import mclistbox::*}

source RunTimeLibrary.tcl

package require RunTimeLibrary 1.0

InitializeTestResources

LogEnable "Enable"

8.2 Logical Section
In this section, logic involved in the test case is given. In the
following example, multiplication of 4 and 5 is tested:

#Calculator example

set ScriptName "Android"

set RegionName "Calc3"

ClickKey4

ClickKeyMul

ClickKey5

ClickKeyEqu

8.3 Verification Section

In this section, the result after executing test case is checked.

In the following example, result is verified using image
comparison method:

set Lresult [CaptureAndCompare $ScriptName $RegionName
Illl]

tk_messageBox -message "Testcasel: $Lresult” -type ok
8.4 Closing Section

In this section, the test resources such as databases are closed.
This is given as below:

CloseTestResources
exit

This experiment shows automated test system can be used to
make test cases for Android mobiles. These test cases can be
run on Windows or Linux based emulators. Also these test
cases can be executed on target device by modifying library
functions.
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9. CONCLUSIONS

The automated test system for Emulator is working on both
Windows and Linux platforms. This can be ported to Mac OS
in future. The automated test system for target is working on
Windows platform. This automated test system is built for
sanity testing. This can be extended to cover full functional
testing.

In current approach, image comparison is used as verification
method. In future, text comparison has to be used as
verification method. This can be achieved by extracting texts
from U, by using objects that are exposed by Android.
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