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ABSTRACT

This project is designed portable oscilloscope prototype running in Embedded Linux by
implementing designed application which consists of oscilloscope features and wireless
connectivity. Portable oscilloscope is a useful measuring instrument that capture the
electronic signal and plot out the signal. Nowadays, real time data logging and remotely
control device is the features required to make the portable oscilloscope become more
convenient for user but the more cost is required to implementing these features. This
project present how to design and implement the embedded oscilloscope application with
Wi-Fi features in hardware device to become prototype and PC-based software application

to receive and plot out data.

The strength of this portable oscilloscope is having the features that commonly found from
oscilloscope such as measurements, trigger function, persistence mode, and storage data.
Besides, user can monitor and remotely control the portable oscilloscope wirelessly with
other devices. The performance of data transmission is fast and reliable. This product have

cheap cost but have same features with others.

The most challenging part is that cycle time of captured signal is different with theoretical
result and software trigger function. Due to limitation of hardware, algorithm is applied to

tackle the encountered problem in programming way.
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CHAPTER 1 INTRODUCTION

1-1 Background & Problem Statement

Portable oscilloscope is a type of electronic test instrument that used to display and
analyse the waveform of electronic signal over the time. Most of the hardware developer
and industries use the portable oscilloscope to troubleshoot electric equipment. Nowadays
it is necessary to acquire data from the portable oscilloscope in order to record or process
the data in processor computer (PC). Using a cable to build a connection between
oscilloscopes with PC is the most common ways for data transferring. Although this

method achieve the goal, but there are still many constraints with this method.

Sometimes, oscilloscope may be spoiled due to overcurrent or overvoltage when
troubleshooting electric equipment. PC connected with oscilloscope through a simple cable
may be affected and damaged if the oscilloscope get the problem of overcurrent or
overvoltage. Industries and developers require solutions to this problem in order to reduce

the expense of PC replacement and cost development.

Troubleshooting electric equipment can be a short time process or long time process.
The process can be completed with few hours or a day if it is a short time process. However,
some of the troubleshooting process can be done with few days or few weeks. There is no
ways to let the developers or testers stay with the PC to monitor the data without leaving.
If developers have to work in outstation, they will be worry about their equipment’s
condition. These worries affect their mind when they are working. By implementing
wireless connection with portable oscilloscope, the users can monitor the data of
oscilloscope by internet in anywhere including other countries. In addition, users can
remote control the oscilloscope in order to use function of oscilloscope. This solution is

convenient to the user who have distance problem with oscilloscope.

The oscilloscope may be sold to some of the countries such as Iraq, Saudi Arabia,
Russia and Greenland. The average temperature of Iraq and Saudi Arabia can reach 50
degree Celsius or above when summer. In winter season, average temperature of Russia
and Greenland can fall minus 9 degree Celsius. Therefore, it is necessary to do temperature
test to oscilloscope. For example, oscilloscope is put into oven for temperature test. It is

not convenient that put the oscilloscope into oven with cable to acquire data. The wireless

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR 1



CHAPTER 1 INTRODUCTION

connection is able to solve this problem. Besides, this solution is convenient for other test

such as humidity test and others.

Some of the users monitor their electric equipment by oscilloscope all the times to
ensure the electric equipment is in operating mode. They desire data acquired from
oscilloscope are quasi simultaneous with real time data of oscilloscope. Therefore, a high
data transferring speed is required to make data acquired from oscilloscope acting as quasi

simultaneous.
1-2 Motivation

The motivation of this project is to build a portable oscilloscope which is low cost, low
power consumption and transmit oscilloscope data wirelessly. The designed product can
tackle and solve the problem statement mentioned above such as limitation of cable
connection and slow data acquisition rate when transmitting data wirelessly. Another
application is need to be developed to connect and receive the sent data from the

oscilloscope system.
1-3 Objective

The main objective of this project is to build a prototype which consists of the common
oscilloscope functionality and remote access features via wireless connection. The main

objective is divided into three sub-objectives.

The first of sub-objectives of this project is develop an embedded application that

consists of oscilloscope features and run the application in an embedded board device.

The next sub-objective is to implement the features of remote access between
embedded devices and PC via Wi-Fi connection. The embedded application is developed
to be able to send ADC and status data from embedded device to PC through wireless

connection.

Last of the sub-objective is to develop a PC-based application capable to receive
the data sent by the embedded device and display the oscilloscope information on PC. This
application have the similar interface and display configuration of the embedded

oscilloscope application. The user can also control the oscilloscope form PC wirelessly.

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR 2



CHAPTER 1 INTRODUCTION

1-4 Proposed Study
1-4-1 Object-Oriented Programming

Object-oriented programming (OOP) skill is necessary to build a Graphical User Interface
(GUI) application. OOP is a programming language model which organized around objects
rather than “actions” and data rather than logic. The relationship between one object and
another can be created. Example of the relationship is that object can inherit characteristics

from other objects.
1-4-2 Internet Protocol Suite

In order to communicate between two processes or applications over a network,
internet protocol suite is needed to be implemented. TCP/IP protocol suite is widely used
protocol suite. TCP/IP networking model is built by 4 layered architectures. Each layer
perform some functionality with each protocol but each layer consists of more than one
protocol options. Figure 1-5-F1 shows the protocol suites of TCP/IP model and Table 1-5-
T1 describes the 4 layered architectures of TCP/IP model.

Application
Layer
Telnet FTP SMTP DNS RIP SNMP
Transport
Layer TCP UDP
Internet Internet Protocol ICMP
Layer (IP)
Network PPP Frame
Interface Ethernet (Async/ Rel ATM
Layer Modem) s

TCP/IP Model “~—————TCP/IP Protocol Suite ——8

Figure 1-4-2-F1: TCP/IP protocol suites (ePipe, n.d.)
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CHAPTER 1 INTRODUCTION

Network
Interface

Internet
Layer

Transport
Layer

Application
Layer

This layer specifies how data is physically Ethernet, Serial, Frame
transmitted across the network and includes Relay, ATM, etc.
specifications for the hardware that connects the

device to the cable, the cable media itself and all the

connecting hardware.

Sometimes called the network layer as the protocols IP, ICMP, ARP
in this layer are responsible for the sending and

receiving the data on the network and for deciding

how packets of data get from one network to another

(called routing).

This layer is responsible for ensuring reliable TCP, UDP
delivery of data from end to end and for other

connection management activities.

This layer defines how TCP/IP applications talk to HTTP, Telnet,
or use the transport layer in order to effectively FTP, SNMP, DNS,
communicate across the network. SMTP, HTTP and

many others

Table 1-4-2-T1: Description 4 layered architectures of TCP/IP model (ePipe, n.d.)

Client-Server architecture is used as the form of TCP/IP model for interaction of two

application over network. Figure 1-5-F2 shows the TCP/IP model in form of Client-Server

architecture.

BIT (Hons) Computer Engineering
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CHAPTER 1 INTRODUCTION

Client(PC or other devices) Server(Tiny4412)
Application Layer(HTTP) Application Layer(HTTP)
Transport Layer(TCP) Transport Layer(TCP)

(—

Internet Layer(IP)

—

(—

Internet Layer(IP)

Network Layer(Ethernet)

=

Network Layer(Ethernet)

=
-

Media transfer(Cables,Router)

Figure 1-4-2-F2: TCP/IP model in form of Client-Server architecture
1-5 Achievement

An embedded application which consists most of the oscilloscope features is successfully
designed and developed. Furthermore, the embedded application is successfully send ADC
and data status to the connected device. The connected device is able to receive ADC and
data status from the embedded application and plot the ADC data in graph. Figure 1-5-F1
shows screenshot of designed embedded oscilloscope application Figure 1-5-F2 shows the

screenshot of PC-based application that received signal data.
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MainWindow
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Figure 1-5-F1: Screenshot of designed embedded oscilloscope application
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Figure 1-5-F2: Screenshot of PC-based application that received signal data.
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CHAPTER 1 INTRODUCTION

1-6 Report Organization

The report of this project has 6 chapter which are introduction, literature review, embedded

oscilloscope application, PC-based oscilloscope application and conclusion.

In the chapter 1, the introduction is mainly briefing about background and problem
statement of the project, objective, achievement and organization of report. In chapter 2,

there are 3 relevant previous work discussed and included into literature review.

In chapter 3, this chapter is briefly explained about hardware and software specification.
In chapter 4, hardware design is discussed about block diagram of hardware and used
hardware tools. The used software and software design of embedded oscilloscope
application is discussed in chapter 5. In software design part, the user interface and
algorithm for each part of function is explained. The flow chart diagrams or screenshots of

coding are shown to have easier understanding.

In chapter 6, PC-based application is explained in this chapter. This chapter has included
the specification of application, software design. The design of user interface and defined

functions of application is included in the software design part.

The testing results from both applications is included into chapter 7. In the part, the

theoretical result is calculated and compared with the actual result from the application.

In the last chapter, chapter 8 is the conclusion of the report which has the summary of the

project, project contributions, limitation and improvement of project.

BIT (Hons) Computer Engineering
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CHAPTER 2 LITERATURE REVIEW

2-1 Data Acquisition through Cable

There are several solutions that other developers have invented to solve the problem
of data acquisition from oscilloscope. Emelia, Christian and Bernard (2002), they have
invented solution that is using the standard interfaces RS232 and General Purpose Interface
Bus(GPIB) to collect data from oscilloscope. A hardware independent software is
developed by them to control device and collect data (Emelia, Christian and Bernard, 2002).
The software can support data acquisition from maximum 13 devices and 52 channels over
the GPIB interface and maximum four oscilloscope through serial ports (Emelia, Christian
and Bernard, 2002). Simultaneous data acquisition is allowed from more than one
oscilloscope because each oscilloscope is addressed individually (Emelia, Christian and
Bernard, 2002). The software interface is design as the oscilloscope control panel and
provide several function such as data processing, device control and interface configuration
(Emelia, Christian and Bernard, 2002). The GPIB interface have high speed of data
collection and easy to be used. However, the row data cannot be processed with higher
resolution due to byte format of digital data. In addition, the data acquisition cannot be
done in real time because the writing action in data memory is blocked by every read
command. In my project, wireless connectivity is used instead of cable. Data rates can

reach approximately 54Mbps by implementing internet protocol suite into oscilloscope.

2-2 Data Transferring through Bluetooth Connection

Another solution to acquire data from oscilloscope is implementation Bluetooth
module into oscilloscope. According to Seneviratne and Abhayasinghe(2013, p.103), input
voltage signals are captured and transmitted by Bluetooth embedded device to external
devices such as an Android smartphone. An Android application is developed for
processing and displaying data because the smartphone which has built in Bluetooth
function can be connected with Bluetooth embedded device in wireless connection. Host
Controller Interface (HCI) has been chosen as the mode of Bluetooth module in order to

fully utilize Bluetooth bandwidth due to not able achieving 2Mbps of data rates

BIT (Hons) Computer Engineering
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CHAPTER 2 LITERATURE REVIEW

(Seneviratne and Abhayasinghe, 2013, p.104). Standard mode of Bluetooth embedded
device stand for on-board stack running on Bluetooth module. While HCI mode is chosen,
the stack is not running on Bluetooth module but implemented on host processor. The host
processor need to interface with module by either UART or USB. Obtaining maximum
throughput and implementing custom profile on Bluetooth module is the strength of HCI
mode. The Android application main interfaces is design as Figure 2-2-F1 and provide
oscilloscope functions and indicate connection status. Users are able to switching channel
mode and changing voltage and time division in the settings interface. Figure 2-2-F2 shows

the settings interface of portable oscilloscope Android application.

Start / stop waveform
plotting

Waveform vertical
position adjustment

Bluetooth connection

connected
to status
RN42-684

Channel 1 and 2 voltage Time division setting
division settings

Figure 2-2-F1: Main interface of portable oscilloscope Android application (Seneviratne and

Abhayasinghe, 2013, p.105)

BIT (Hons) Computer Engineering
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CHAPTER 2 LITERATURE REVIEW

Display Settings
Volts per divisionof CH1: 1V m m
selected channel CH2: 2v
Time per division setting : 2.5ms m m

Channel on display
CH1 only CH2 only
Channel Mode

Single Channel mode Dual Channel mode

Figure 2-2-F2: Settings interface of portable oscilloscope Android application (Seneviratne and

Abhayasinghe, 2013, p.106)

The strength of this solution is that the android application can be updated to implement
more functions without changing the hardware (Seneviratne and Abhayasinghe, 2013,
p.104). The wireless connectivity of Bluetooth embedded device solve the problem of
product testing which is mention above. Unfortunately, the Bluetooth embedded device
has short range of connectivity. For example, the users who have out of range of Bluetooth
connection are not able to collect the data from oscilloscope. Furthermore, the data rates is
not enough fast to acquire data in real time. Within my solution, the users can collect data
from oscilloscope without limited range with oscilloscope as long as the internet

connection is available.

2-3 Data Transferring over Wired LAN

TCP/IPv4 and Ethernet 10BASE-T/100BASE-TX Debugging with the
MSO/DPO4000B Series Oscilloscopes (TestEquity, 2010) defines a solution that
implement Internet Protocol Suite into oscilloscope using wired local area network(LAN).
This solution is quite similar to my solution that using the internet protocol but the only
difference is the hardware connection and transport layer of internet protocol. The current
solution is using TCP protocol as in transport layer. A Category S(CATS5) cable is used as

Ethernet cable for wired LAN between oscilloscope and internet in this solution

BIT (Hons) Computer Engineering
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CHAPTER 2 LITERATURE REVIEW

(TestEquity, 2010). The wired LAN has a more reliable and secure connection. Besides, it
is less costs and less power consumption compared with wireless LAN. The maximum
speed of the Ethernet network can theoretical reach 100Mbps (TestEquity, 2010). However,
it is not convenient that using the cable for connection. The problem of product test which
is mentioned before cannot be solve within cable connection. In addition, many of modern
product such as laptop, tablets, smartphone and others do not have Ethernet port and cannot
get the connection. Most of the modern product do have the Wi-Fi features that are able to
connect with wireless LAN. The transfer speed of 802.11a and 802.11g wireless LAN still
can reach approximately 54Mbps (Bradley, n.d.). Although the transfer speed of wireless
LAN is slower than wired LAN, but it is enough fast to collect data from oscilloscope. TCP
is a connection-oriented protocol which is able to exchange streams of data with reliable
and full duplex. TCP guarantee the delivery of packets, arranging sequence of packets and
no duplicate packets. Data loss will never be found with TCP because of this. However,
the data rates is slower than UDP. UDP is a connectionless protocol and send packets of
data continuously without guarantee delivery of packets. Therefore, UDP is faster than

TCP but data loss may happen with UDP.

BIT (Hons) Computer Engineering
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CHAPTER 3 PORTABLE OSCILLOCOPE SPECIFICATION

3-1 Hardware Specification

The following specification is established based on a basic digital oscilloscope hardware
specification.

- Sampling Frequency < 2kHz
- Resolution > 12bit
- Input Voltage Range > +1.8V

- Two channels ADC input

- 4GB eMMC Flash Memory

- USB Flash Drive Port

- 7 inches LCD Touch Screen (800x480)
- Wi-Fi modules

From this basic hardware requirements, an embedded oscilloscope application can be
developed.

3-2 Software Specification

This software has two major functions. The first function is sampling ADC data from input
signal and display in graph form. The second function is sending the sampled ADC data to
other devices through socket.

The others functions of this software is listed as below:

- User friendly interface
- Display data in form of graph
- Different time bases (0.5ms, 1ms, 2ms, Sms, 10ms, 20ms)
- Different division of voltage ranges (0.1V, 0.5V, 1V, 2V)
- Two ADC channels selection
- Compute measurement functions
=  Frequency
=  Duty Cycle
= Cycle Time
= Rise Time
= Fall Time
=  Maximum voltage
=  Minimum voltage
= Peak to Peak voltage
= Root Mean Square voltage
= Average voltage
- Software trigger system (rising and falling edges)
- Persistence mode
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CHAPTER 3 PORTABLE OSCILLOCOPE SPECIFICATION

- Set voltage offset

- Auto scale in time bases based on data frequency

- Select internal or external memory as file saved directory
- Data logging in CSV or TXT format

- Screenshot in JPEG or PNG format

- Display current date and time

- Control back light of LCD

- Save and recall last saved settings

- Save and load last saved graph inside the oscilloscope for comparing purposes
- Send sampled ADC to other connected devices

- Remote control features

The detail of the functions mentioned above will be explained in chapter, depends on the
hardware specification.
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CHAPTER 4 EMBEDDED APPLICATION HARDWARE DESIGN

4-1 Block Diagram

Based on the hardware requirement, a block diagram is designed and implemented the
oscilloscope application. Figure 4-1-F1 shows the hardware block diagram of portable

oscilloscope.

USB Port
ARM

Processor
Analog
Signal

Exynos SoC Internal Block

USB Drive

LCD Display TouchScreen User Input

Figure 4-1-F1: Hardware block diagram of portable oscilloscope.
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4-2 FriendlyARM Tiny4412

In this project, Tiny4412 board is chosen as hardware device to integrate with
embedded oscilloscope application. The specification of Tiny 4412 board meets the
hardware requirements for this project. Tiny4412 board is Samsung Exynos4412 ARM
Cortex-A9 core board with high performance. Samsung Exynos4412 consists of quad core
and used as the main processor. Exynos4412 is integrated by Mali-400 MP as GPU.
Therefore, it support 3D graphic acceleration and high definition 1080p. Besides, it has
built in 1G DDR3 RAM and 4G eMMC Flash memory. Tiny 4412 is suitable to develop
high technology embedded products. The board is built in with internal Analog Digital
Converter (ADC) and the ADC is shared by 4 input channels to get analog signals and
convert to digital values at maximum conversion rate in 1IMSPS with 5SMHz with A/D
converter clock. The internal ADC supports the 10bit or 12bit in resolution. The input
voltage ranges of ADC is 0 to 1.8V. In addition, it consists of three USB Host 2.0 drive
ports. Figure 3-1-2-F1 shows the Tiny4412 board. Figure 4-2-F1 shows the Tiny4412
board.

Figure 4-2-F1: Tiny4412 board (Tiny4412, n.d.)
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4-3 Wi-Fi Modules

Wi-Fi USB Adapter GWF-3A33 is used as the Wi-Fi module for wireless
connection between Tiny4412 boards with switch. The adapter is using the chipset of
Ralink RT3070 and standard protocol which is 802.11n in 2.4GHz. The antenna is built in
PCB board. The adapter supports in different operating systems which are Window, Linux,
and Mac OS. Figure 4-3-F1 shows the image of Wi-Fi USB Adapter GWF-3A33.

Figure 4-3-F1: Wi-Fi USB Adapter GWF-3A33
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5-1 Software Design

An oscilloscope application is designed to integrate with hardware in order to build a
digital oscilloscope system. Embedded Linux is used as the operating system in tiny4412
board. The oscilloscope software is designed to run as an application in Embedded Linux.
The software and IDE used to develop the software are Qt Creator and Tera Term.

5-2 Qt Creator & QCustomplot

The embedded application is developed with Qtopia (Qt) GUI that runs on
Embedded Linux OS. Qt Creator is used as IDE to develop the embedded application.

Users can design their GUI, write codes, profile program, compile and debug application.

Qt Designer, features of Qt Creator is used for editing GUI. First, a form is created
and objects such as text label, check box push button and others can be dragged and

droppedon the form in form design view. Figure 5-2-F1 shows the screenshot of UI form

and objects in Qt Designer.

0 Filter ST Object Cla
[£] Font Combo Box -] BEAESISE <~ MainWindow QM
om= ’ . - % centralWidget
- &) Line Edl»t File | —— checkBox o
= I [41) Text Edit ===- . . . label S
= [AT] Plain Text Edit Iaber:‘Bz - 3
=" i — : pushButton [z
\/ (13 spin Box Pizza[o Spicy pushButton_2 (=
Design_|[123] Double Spin Box pushButton 3 (=]
8 A
S g Time Edl»t spinBox ¥,
| Date Edit textEdit a1
[y : i textEdit_2 Al
Date/Time Edit = =
Q D: il menuBar Qw,
O Dial mainToolBar QT
@y Horizontal Scroll Bar Click Me Clear About skatusRar QS
- @ Vertical Scroll Bar
] {}= Horizontal Slider pushButton_browse : QPush..
ﬁ-’-‘ Vertical Slider _froperty Value

Figure 5-2-F1: Screenshot of UI form of and objects in Qt Designer

In the GUI of oscilloscope embedded application, a graph plot is required to display
the waveform of voltage signals. Therefore, QCustomPlot is used to perform the graph plot
because it is a Qt C++ widget to perform data visualisation and plotting graph. Several
steps is need to follow in order to use QCustomPlot. The source code of QCustomPlot need
to be implemented into project and a widget is placed on form with sufficient space to plot
a graph. Figure 5-2-F2 shows screenshot of implementation source codes of QCustomPlot

into project. Then, a function codes for plotting graph is need to be developed. Tiny 4412

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR 17



CHAPTER 5 EMBEDDED APPLICATION SOFTWARE DESIGN

has an ADC feature that is able to convert analogue data to digital data or convert digital

data to analogue data. An ADC function codes is implemented into the project to read the
ADC values.

Projects W =& H X € % @ MyProjectpro
i - [@ MyProject aT += core gui
| it greaterThan(QT_MAJOR_VERSION, 4): QT += widgets printsupport
- [ Headers TARGET = MyProject
|h] mainwindow.h TEMPLATE = app
|8] qeustomplat.h
- 2 sources SOURCES += main.cpp\
. T [ main.cpp mainwindow.cpp
<4 les) mainwindow.cpp | gcustomplot. cpp
Deuige ledl geustomplot.cpp o
B HEADERS += mainwindow.h \
t. 24 Forms
gcustomplot.h
Debug
: IFDRNS += mainwindow.ui
T

Figure 5-2-F2: Screenshot of implementation source codes of QCustomPlot into project
5-3 Tera Term

In embedded system based on Embedded Linux, serial port is the way for
troubleshooting and debugging tools. Developers can send the execution command to
embedded devices through serial terminal in order to debug or monitor the system. Besides,
developers can control over the embedded device through serial terminal. Therefore, Tera
Term is used in this project to control Tiny4412. Figure 5-3-F1 shows the screenshot of

Tera Term connected with Tiny4412 through serial terminal.

& COM7:115200baud - Tera Term VT L - ] x
| File Edit Setup Control Window Help
device found, idVendor=848d, idProduc

738. 7650001 .3.3:
738.7650021 .3.3: New USB device strings: Mfr=1, Prodict=2, SerlalNumb

r=3

738.76500a] .3.3: Product: USB Flash Drive

738.76500@] .3.3: Manufacturer: US

738. 7650001 13.3: SerialNumber: CPPEPPRPS7CE 1254

738. 7750001 i2 : storage 1-2.3.3:1.0

8729.7758881 i 2:0:9:0: Direct-Access USB 2.0 USB Flash Drive 0.00 PQ

NSI: 2
39. 7850001 :0:0:@: [sdbl 7892992 S512-byte logical blocks: (4.84 GB-3.76

. 7850001 2:0:0:0: [sdb] Hrite Protect is off

10:9:80: [sdb] Asking for cache data failed

[sdb]l Assuming drive cache: write through

ched scsi _generic sgl type
]l Asking for cache data failed
] Assuming drive cache: write through
]
1

Asking for cache data failed
Assuming drive cache: write through
]l Attached SCSI removable dis
utf8 is not a recommended IO charset for FAT files

a
=
b
b
b
b

L
L
er
L
L
L
L
L
L
Gi
L
L
L
L
L
L
L
L
L
L
L

Figure 5-3-F1: Screenshot of Tera Term connected with Tiny4412 through serial terminal
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5-4 Flow Chart of Oscilloscope System

The flow chart of the oscilloscope application is designed and shown in Figure 5-4-F1.

Update &
display current
time&date

Setup timer

Send & receive

from tcp clients

control command
(user input)

Initialize Ul

Setup TCP Server &
listen connection

Wait

Trigger system

Data file
type

File
Directory

Backlight

User
input

Start timer

Select ADC
channels

Get frequency

of ADC data Read ADC

Select
measurement
functions

Display
selected
measurements

Change
timebase

Change voltage

Processing ADC
Data

;—/

Plot graph &
display

Connected
fe.tcp client >0,

Send graph and
measurement
data to clients

stopFlag

Figure 5-4-F1: Flow chart of oscilloscope system
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5-5 User Interface

When the oscilloscope application is started, the GUI of application is initialized and

waited for user inputs to do actions respectively when the event is occurred. Figure 5-5-F1

shows the designed GUI of oscilloscope application.

MainWindow
A= 18 113:00:57 2013 ' Pgl | Pg2 @ Settings |
S S SO OO SO SO SO TimeBase(ms) ~ Range(V)
0.5 i 2 il
AutoScale it
: 0.00

Start || Stop || Clear

ADC Channel ¥ CH1 [1CH2

| Persistance

0 Q5 1 15 2 23 3 35 4
i 1 0 ] 1 ] 2 ] 3 : [1Trigger | 0.00 :
Chl |Off Off Off Off —

ch2 |off Off Off Off

Figure 5-5-F1: Screenshot of designed oscilloscope GUI

The top left of GUI shows the current date and time. The middle left is the graph to
show the sampled ADC data and the bottom left is a table that shows the measurement

output values.

Due to the constraint of screen size that cannot designed the all the buttons and
checkboxes in one page, QTabWidget is used to tackle this issue. QTabWidget is a class
that can contains stack of pages. There is only one page is shown in GUI and the other
pages is hidden until the tab of pages are selected. As the designed GUI above shown, there
are 3 pages in the QTabWidget that are named as Pgl, Pg2 and Settings

In Pgl, most of the control functions such as start, stop, clear graph, changing time

base and voltage range, selecting ADC channels, triggering system, persistence mode, auto
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scale function, screenshot and data logging. . Figure 5-5-F2 shows the page 1 of designed
tab widget.

Pgl | Pg2  Settings |
TimeBase(ms) Range(V)

0.5 - 2 T
Offset
AutoScale =
- 0.00 -

Start Stop Clear
ADC Channel ® CH1 CH2

QTabWidget

Screenshot| Persistance (Pgl)

Eom SRS S S S

Ay
Log Data

Trigger 0.00 2

i ] - [ F %

. e (A -
sing Edg ]

Figure 5-5-F2: Page 1 of designed tab widget

In second page, Pg2, the measurement functions of the oscilloscope application is
shown inside. Users may select the measurement functions by clicking the checkbox to
display the measurement respectively. The maximum selections of the measurement
functions is 4 only. If the maximum selections is reached, the other measurement
checkboxes will be disabled until the user uncheck the selected measurement checkbox.
The measurement functions include frequency, duty cycle, cycle time (ms), rise time (ms),
fall time (ms), Vpk-pk, Vavg, Vrms, Vmax and Vmin. Figure 5-5-F3 shows the page 2 of
designed tab widget.
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QTabWidget
(Pg2)

Fall Time(ms) I Vi¥
High Pulse Wi
Low Pulse

Figure 5-5-F3: Page 2 of designed tab widget.

In third page which named as Settings, the save file directory, types of image, types
of data file, visions, brightness of LCD display can be determined. Furthermore, settings
can be saved and loaded for next time running. For the buttons in bottom Settings page,
user can saves the current graph of ADC channel respectively and loads in next time for

comparing purpose. Figure 5-5-F4 shows the settings page of designed tab widget.

QTabWidget
(Pg2)

Figure 5-5-F4: Settings page of designed tab widget
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In order to keep GUI in more responsive, the event of sampling ADC data and sending
ADC data to other devices through socket is move to created thread. Due to quad core
processor is used the tasks can be run in parallel. Figure 5-5-F5 shows the coding to move
sampling ADC action and socket action to other created threads. The BackgroundWorker
class contains the sampling ADC actions and Socket class has the action of creating socket

and other socket actions.

OThread *t = new QThread;
bw-=moveToThreadit):
t-»start(};

soc = new Socket();
OThread *t2 = new QThread;
soc-=moveToThread (t2);
t2-=starti);

Figure 5-5-F5: Coding to move sampling ADC action and socket action to other created threads
5-6 Socket

One of the features of this oscilloscope application is able to send sampled ADC data and
measurement values to other devices through socket programming. Therefore, a TCP
server is created to send the data to the connected clients. After initialized GUI of the
application, TCP server is initialized and listens to the incoming clients’ connection. The
oscilloscope will send sampled data and measurement values to connected clients if there
are any clients connected. Therefore, this TCP server will be called as TCP data server.

The client-server architecture is used as communication architecture.

5-6-1 Flow Chart of socket programming

Client socket and server socket is created and bounded to specific port number by
calling socket functions. Server is listening to the socket to make connection request. Client
can identify the running server and listening port number. Client then sends connection
request to server and waits for its respond. Once the server accepted the connection request,
data is ready to be sent or received between clients and server. Figure 5-6-1-F1 shows the

interaction between clients and server in flow chart.
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Client Server
Create Socket
Create Socket

Bind socket to

port

Bind socket to

port

Client traffic is lining up
Send the connect . .
requestto serverand | Connect j | — Listen here and wait to be
accepted

waiting server to

e Accept Client accepted will
:> P be ready for send
and receive data
n
([ Process inside the bracket M between server

will happen when request
of client is accepted.

Send and Send and
receive data ] (recvf rom/sendto) <:::> (sendto/recvf rom) receive data

close -close

Figure 5-6-1-F1: Interaction between client and server (Edison, 2014)
5-6-2 Remote Control features

One more TCP server is created to handle the remote control functions between the
oscilloscope application and other devices. This TCP server will be named as TCP control
server. TCP control server is created and initialized with different port number of TCP data
server. When there are any incoming client’s connection, TCP data server will process the
incoming connection followed by TCP control server. The TCP control server will send
the command when there is any event occurred. The command is included with the details
of event occurs. At the same time, TCP control server is ready to received command that

sent by other devices to invoke the specific events occurred.
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5-6-3 Implementation

The algorithm used to implement socket into oscilloscope application is shown in flow
chart below. Port number for TCP data server is 9999 while port number for TCP control
server is 8888. Figure 5-6-3-F1 shows the flow chart of TCP data server. Figure 5-6-3-F2

shows the flow chart of TCP control server.

Create socket and bind
to port number

|
Data Port = 9999

Listen
incoming client
connection

A
Accept

Connection

Read ADC If dataClient ==

Send
successfully

If dataClient >0

|

Send sampled ADC
data to connected
client

|
Send
failed
Disconnect
dataclient

Figure 5-6-3-F1: Flow chart of TCP data server
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Create socket and bind
to port number

|
Control Port = 8888

v

Listen
incoming client
connection

!

Accept
Connection

v v

Send

Successfully

| [ i

Wait Ready to
user receive
input command

Event occur .
+ Received command

COmm?élﬁ all Invoke event
controlClient respectively based
[
. on command
Send failed
v |
Disconnect
controlClient

Figure 5-6-3-F2: Flow chart of TCP control client
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5-7 Time base

Time base is the x-axis of graph and represented as time. It is controlled by Seconds-per-
Division (Sec/Div). The selections of time base are 0.5ms/div, 1ms/div, 2ms/div, Sms/div,
10ms/div and 20ms/div. By selecting the more time in one division, the more data are
needed to be displayed. A formula is figured by expecting 1 kHz of periodic waveform has

26 counts of data.
total data (each division) = 26 * selected timebase

In the graph settings, there is 8 divisions in the x-axis of the graph. Therefore, total data for
display are 8 times of the total data (each division). Table 5-7-T1 show the table of time

bases and its total data respectively.

Time base (ms)/div | Total data of each division Total data of 8 divisions
0.5 13 104

1.0 26 208

2.0 52 416

5.0 130 1040

10.0 260 2080

20.0 520 4160

Table 5-7-T1: Table of time bases and its total data respectively

In order to implement the customized time base value, the tick label and value of graph
must be set manually. The required labels and values is saved into an array then call
setTickVector() and setTickVectorLabels(), that are functions of QCustomPlot to set
values and labels of time base in graph. Figure 5-7-F1 shows the screenshot coding of

manually set the time base values and labels.
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double dataUnit = (wal/1000)/(0.001/26);
forfint 1 =@; 1 = 8; 1++)

{
n += val;
totalDisplnit += datalnit;
graphUnit += 52;
tickValue=<graphUnit;
tickLabel==0String: :numberin};
1

ui-=customPlot->xAxis->setTickVector(tickValue);
ui-=customPlot->xAxis->setTickVectorLabels (tickLabel);

Figure 5-7-F1: Screenshot coding of manually set the time base values and labels

5-8 Voltage Range

The voltage range is the y-axis of the graph and representing the voltage level that display
in graph. The combo box of voltage ranges has the selection of 2V, 1V, 0.5V and 0.1V.
After changed the voltage range, the graph will be refreshed.

5-9 Read ADC
5-9-1 Modify ADC kernel

By default, the ADC driver will return a value when user space application read ADC
device file. This behavior may cost much time in returning the value from ADC driver to
user space application and slow down the performance. Therefore, the ADC kernel is
modified to return 500 ADC values each times instead of return a value each times. The
ADC kernel store the ADC values into char buffer array and send to user space application.

Figure 5-9-1-F1 shows coding of modified ADC kernel in sampling function.
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int i; I

for(i=0;i<arr size;i++)

{
value = exynos adc read ch();
valueArr[i] = value;
sprintf(singleStr,"%d",valueArr[i]);
memcpy (str+pos,&singleStr, value size);
pos += 5;

¥

if (count >= sizeof(str)) {
int r = copy to user(buffer, str, sizeof(str));
return r ? r : sizeof(str);

} else {
return -EINVAL;

}

Figure 5-9-1-F1: Coding of modified ADC kernel in sampling function

5-9-2 Access ADC Driver

In order to read ADC values, ADC driver that installed in tiny4412 is accessed by
oscilloscope application. Firstly, the ADC device file is read as normal file to get the ADC
values. Figure 5-9-2-F1 show coding of open ADC device file.

file = mew QFile ("/dev/adc™) ;
if{lfile->open (QICDevice: :ReadOnly) )
retorn;

fd = file-rhandle() ;

if {fd < 0} {
perror {"open ADC device:™) ;
retnrn;

X
Figure 5-9-2-F1: Coding of open ADC device file

5-9-3 Start Button

A timer is required to invoke this readADC() function. The timer is connected to the
read ADC() functions when timeout signal is emitted by the timer. The timer will be started
after clicked event of start button occurred. The readADC() will be invoked when every

time the timeout signal is emitted. Figure 5-9-3-F1 shows coding of event of started timer.
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volid MainWindow: :setupTimer ()

{
dataTimer = new QTimer (this);
// setup a timer that repeatedly calls MainWindow::realtimeDataSlot:
connect {(dataTimer, SIGHAL{timeout()), this, S5LOT (readadc({))):
JFf5tart sampling ADC data by start timer
volid MainWindow: :=start ()
a1
timerStartc () :
=1

Figure 5-9-3-F1: Coding of event of started timer by clicked start button
5-9-4 Stop Button

A stop flag will be checked before read ADC values every times. When the stop button is
clicked, the occurred event will turn the stop flag become true. Therefore, the stop flag will
be checked before start sampling ADC data. If the stop flag is true, then the timer which
emits timeout signal to invoke read ADC() to stop and the stop flag will be turned false then
finally exit the readADC(). Figure 5-9-4-F1 show coding of stop sampling ADC data by

clicked stop button.

void MainWindow: : readfdc ()

2

QMutex mutex;

matex.lock() ! //prevent other threads from changing the "Stop™ wvalue
-] if{=stopFlag){ ff stop sample ADC data when stop flag is set

dataTimer-»>=top()
stopFlag = false;
retorn;

= }

mutex.unlock() ;

Figure 5-9-4-F1: Coding of stop sampling ADC data by clicked stop button
5-9-5 ADC channels checkbox

The readADC() will start sampling ADC data based on the selected ADC channels. When
the state of any ADC channel checkboxes is changed, the flag that indicates the state of the
ADC channels will be toggled based on state of the checkbox. This flag is used to be
checked whether should sample the ADC data from the current ADC channels. Figure 5-
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9-5-F1 shows the coding of ADC channel checkbox. Figure 5-9-5-F2 shows the coding
sampling ADC data based on selected ADC channels.

void MainWindow: :adeChl {int =tate)

H
if{ztate =— 2) [/ Checked
] {
flaghdceChl = true;
ui->customPlot->graph (0} —>=zetVisible (true) ;
controlClientSendCmd {"CH1 true;"):
£ }
else if(state = O}
] {
flaghdceChl = fal=se:
ui->»customPlot->»graph({C)-»setVisible(fal=e)
contralClientSendCmd {"CH1 fal=se:"™) :
- ¥
=1

Figure 5-9-5-F1: Coding of ADC channel checkboxes

if (flaghdcChl)
{

int adcChannel =
setADCChannel {(adcChannel £d4) »
myTimerl.start () !
for(int i=0;i<DATA STIZE;i++){

v1[i] = in.readLine () .toDouble () :
1

nM=zecl = myTimerl.restart()

Figure 5-9-5-F2: Coding sampling ADC data based on selected ADC channels.

5-9-6 Set ADC channel

In order achieve two channel ADC inputs, the input channels need to be set before start
sampling ADC data. To set the ADC channel, a function that has been defined in ADC
kernel is used. This function is ioctl() that required the parameter of file description to
device file, command, ADC channels that need to be set. Figure below shows the functions

that define in the ADC kernel. Figure 5-9-6-F1 shows the defined function in ADC kernel.
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static long exynos_adc ioctl(struct file *file,

unsigned int cmd, unsigned long arg)
{
#define ADC SET CHANNEL 0xc000fall
#define ADC SET ADCTSC 0xc000fad2

switch (cmd) {
case ADC SET CHANWNNEL:
exynos_adc set channel (arg) ;

break;
case ADC SET ADCTSC:
* do nothing *,
break:
defanlt:
return -EINVAL;
X
retuorn O;
X
static inline void exynos_adc set_channel {int channel) {
if (channel < ]| channel > 3)
return;
adcdev.channel = channel;
X

Figure 5-9-6-F1: The defined function in ADC kernel.

Due to internal ADC is shared by the four of ADC input pins, different file descriptions to
ADC channels respectively are required to sample the correct ADC data according to the
ADC input channels. Figure 5-9-6-F2 shows coding of set ADC channel before sampling
data.

if (flaghdcChl)
{

int adcChannel = 1;
zetADCChannel {adcChannel , £d} ;

/7 ADC Channel 2
if{flaghdcCh2a})

{
setADCChannel {2 , £d42) ;
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vold MainWindow: : setADCChannel {int adcChannel, int £d)
i
if (ioctl{fd, ADC SET CHANMNEL, adcChannel) < 0} {
perror{™Can't set channel for /dev/adc!™});
retarn;

Figure 5-9-6-F2: Coding of set ADC channel before sampling data.
5-9-7 Sample ADC data

After set the correct ADC channels, the application is start to sample ADC data. A for loop
is used to read the ADC value and the ADC value is changed to double format. After
sampled ADC data, some data processing on ADC data are done based on the selected
measurement functions or trigger system. Figure 5-9-7-F1 shows coding of read ADC

device file.
for(int i=0;i<DATA SIZE;it+){

v1[i] = in.readlLine() .toDouble(} ;
1

Figure 5-9-7-F1: Coding of read ADC device file.

5-9-8 Conversion of ADC data to voltage level

The data that acquired from the ADC driver is 0 to 4095. The resolutions of ADC data is
12bit. Therefore, the data need to be converted to voltage level before plotting in graph. A

formula is figured out to do this conversion.
v[i] =( (y[i] / 4095)* 1.8) — 0.9 + offset

Due to limitation of hardware specification, the ADC cannot receive the full waveform
from voltage input when zero offset of input voltage. Therefore, it is necessary to have
0.9V offset value from input voltage. In the application, 0.9V value will be minus back to

act as receiving OV of offset value.

The last variable of the formula, “offset” is the DC voltage. The default value of the offset
is 0.
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5-9-9 Plot ADC data in graph

After processing the ADC data, the ADC data is copy to an array that for display purpose
only. If trigger system is not invoked, only middle part of ADC data but not all sampled
ADC data are plot in the graph. If using the original array of ADC data, the x-axis will be
shaken frequently.

To display a graph efficiently, one pixel of graph show one point only. As the width of
oscilloscope graph is set as 416, the x-axis of graph should have 416 points only. There are
different amount of data to display in graph based on time base. Therefore, different

amount of data is shrink or expanded into 416 points in order to display in graph.

Referring table 5-11-T1 that show the total data for displaying according to time base, the
total data for 2ms in time base is 416 which means there are no any shrink or expand actions

to display the data.

For 0.5ms and 1.0ms of time bases, the total data for displaying is less than 416 points.
Therefore, the total data for displaying is expanded by adding average of two points in
between of the two points. In 0.5ms of time bases, 416 divided by total data for displaying,
104 is 4. It means that each data is expanded to 4 points. The first point is remained as same
with data and the followed 3 points is average of two data and added after each data. The
algorithm is also applied to 1.0ms of time bases. Figure 5-9-9-F1 shows example of
expansion of one data to 5 points.

Before expanded

10 15 20 25 30

bfter expanded
10 11 12 18 14 15 16 17 18 19 20 21 22 23 24 26 26 27 28 29

Figure 5-9-9-F1: Example of expansion of one data to 5 points

For 5ms of time bases, the total data for displaying is 2080. Due to total data for displaying,
2080 divided by 416 is 2.5, it means that 2.5 points representing each data. In order to
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shrink this array, 1.5 of points is skipped for each data. Figure 5-9-9-F2 shows example of
shrink data in Sms of time bases

Before expand

1234567891011 12 15 14 15 16 17 18 19 20

After expanded
135628511 135 15 15.5

Figure 5-9-9-F2: Example of shrink data in Sms of time bases

For 10ms and 20ms of time bases, the total data for displaying is 1040 and 2080. As the
result of 2080 and 4160 divided by 416 is 5 and 10. It means that each five points is consider
as one data and the first point is act as the data and the following 4 points will be skipped.
This algorithm is same applied to 20ms of time bases. Figure 5-9-9-F3 shows example of
shrink data that each 5 points to one data by skipped 4 data.

Before expand
1234567891011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

28 20 30 31 32 33 34 35 36 37 38 59 40 41 42 43 44 45 46 47 48 45 B0

bfter expanded
1611 16 21 26 31 35 41 45

Figure 5-9-9-F3: Example of shrink data that each 5 points to one data by skipped 4 data

After doing expansion of shrink of data, the graph is plotted and displayed. The x-axis is
represented as time while the y-axis is represented as the voltage. The x-axis is controlled
by the time bases. The y-axis can be adjusted by voltage range. Figure 5-9-9-F1 shows the
coding of set sampled ADC into graph.

int s = halfDataSize - totalDispUnit/2;

int & = halfDataSize + totalDispUnit/2;

forfint 1 =5; 1 < &; i++)
resizedrrGraph(y, dispY,s,e);

}
ui-=customPlot-=graph(graph)-=setDataldispX, dispY);
ui-=customPlot-=replot();

Figure 5-9-9-F1: Coding of set sampled ADC into graph.
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5-9-20 Flow Chart

Figure 5-9-20-F1 shows the flow chart of the readADC()

Click event

. Click event
Start timer

True |

Emit ti ¢ sienal stopFlag ==
mi lmelou signa true

stopFlag

false

ADC channel 1
checkbox

checked

h 4
Set ADC
channel 1

Read ADC
Value

v

Data
processing

unchecked

Finished

ADC channel
checkbox

Checked
v

Set ADC
channel 2

Read ADC
Unchecked Value

v
Data

processing

4
Plot &
Display ADC
data In graph

A

Figure 5-9-20-F1: Flow chart of the read ADC()
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5-10 Processing ADC Data

The data processing is done depends on the selected measurement functions and trigger

system. There are 10 measurement functions defined in this oscilloscope application.

- Frequency

- Duty cycle

- Cycle time

- Rise time

- Fall time

- Peak to peak voltage, Vpk-pk

- Average voltage, Vavg

- Root Mean Square voltage, Vrms
- Maximum voltage, Vmax

- Minimum voltage, Vmin

5-10-1 Cycle Time

Cycle Time is the times in seconds that waveform complete itself from starting until it
finished. This also be called as Period, 7 of the waveform. This value can be obtained by

the total counts of data in one cycle times with the times of sampled each data from ADC.

Five stages are declared to get the total counts of data in one cycle. The first, second and
third stages ensure the data is start from the middle point. The fourth stage will start
counting the data which is in positive half cycle. Then the last stage will count the following
data which is in negative half cycle. The FOR loop will be stopped after finished counting
data in one cycle. If the starting data is in positive half cycle, the first stage will be skipped
to second stage. Figure 5-10-1-F1 shows stages diagram of calculate total data in one cycle.

Figure 5-10-1-F2 shows coding of the algorithm to get one cycle.
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1.0
Y
0.E
04
0.2
0.0 ——Pl——————»
02 1
| Stage1 Stage 2 Stage 3 Stage 4 Stage 5
LY T
-0.6 / \/ Count data Count data
-0.8 in positive in negative
100 half cycle half cycle
0.0 0.5 1.0 B Z17
il ...

Figure 5-10-1-F1: Stages diagram of calculate total data in one cycle

for({int i=sp:i<ep:;itt)
{
if (! flagl[C]){
if{y1[i] >= 2048)

flagl[indexl++] = trume;
}
else if(!flagl[li]){
iE{v1[i] < 2048)
flagl[indexl++] = true;
1
else if{1flagl[2]){
if{vi[i] >= 2048){
posl+d;
feyeleSP = i;
flagl[indexl++] = true;
i
}
else if({!1flagl[3]){
if{y1[i] < 2048){
negltt:
flagl[indexl++] = true;
i
else
posl+d;

}
else if(!flagl[4]){

If{wl[i] »>= 2048){
foycleEP =:d;
flagl[indexl] = true;
break;

}

else
negl+t;

}

Figure 5-8-1-F2: Coding of the algorithm to get one cycle.
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After obtained the total counts of data in one cycle, the duration to sample each unit of data

is required.

QElapsedTimer is used to calculate the duration of time for sampling ADC data. Before
start sampling ADC data, a timer is started and the time after finished sampling ADC data
is recorded. The duration for sampling each unit of data can be obtained by the formula

below.
Duration for each unit data = Total duration for all data / total counts of data

The duration for the one cycle of sine wave in 1 kHz should be 1ms but the duration
obtained from the algorithm is 1.387ms. The calculated sampled time is slower by 1.387
than the theoretical sampled time. This is due to the limitation of hardware specification.
To solve this constraint, each calculated unit time is divided by 1.387 in order to get the

correct duration.
5-10-2 Frequency

Frequency is the number of cycles occurring per second in waveform. Period, 7T is
representing the duration of one cycle and is the reciprocal of frequency, f. The standard

unit of frequency is in Hertz, Hz.

In order to the frequency of waveform, the cycle time must be calculated and the formula

is implemented to calculate the frequency.
5-10-3 Duty Cycle

Duty cycle is the percentage of one cycle in which the signal is active or on. A formula is

used to calculate this percentage.
Duty cycle (%) = (total of positive data / total data) * 100%
5-10-4 Maximum & Minimum Voltage

Maximum voltage is also called as peak voltage. Peak voltage is the value of highest

voltage level in one cycle of signal. In the opposite, the minimum voltage is the value of
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lowest voltage level. It also be called as the maximum negative amplitude. The algorithm
for this function is that the default maximum and minimum voltage is offset value. The
maximum voltage will be updated when a higher voltage value is detected. These steps are
same for the minimum voltage. Figure 5-10-4-F1 shows the coding of finding maximum

and minimum voltage.

vMinl = vMax]l = ui->offsetBox-—>value;
S/ Find max & min Voltage
for{int i==sp: i<ep:i++)
{
if({vMaxl < w1[i]}
vMaxl = wv1[i]:
else if{vMinl > wl[i])}
vHMinl = wv1[i]:

Figure 5-10-4-F1: Coding of finding maximum and minimum voltage.
5-10-5 Peak to Peak Voltage

Peak to peak voltage, Vpk-pk is the amplitude change from the maximum positive
amplitude to maximum negative amplitude, which mean the difference between maximum
voltage and minimum voltage. The algorithm for this calculation is the maximum voltage
minus the minimum voltage. Therefore, the maximum and minimum voltage are needed to
be calculated before proceed this functions. Figure 5-10-5-F1 shows the explanation of

maximum, minimum and peak to peak voltage in diagram.

1.0

— ~

0.6
04 Maximum voltage

02 / \
00 Peak to Peak voltage
0.2 £ 1

04 Minimum voltage
A

08 v

-1.00

0.0 0.5 1.0 1.5 20 2.5 3.0
[1 0

Figure 5-10-5-F1: Explanation of maximum, minimum and peak to peak voltage in diagram
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5-10-6 Root Mean Square Voltage

The symbol of Root Mean Square (RMS) voltage is Vrms. The meaning of Vrms is the

amount of alternating current power that produces the same heating effect as an equivalent

DC power. Figure 5-10-6-F1 shows the explanation of Vrms in diagram.

RV '
peax
AC Voltage DC Voltage
+Vims g 240V = i
(240V)
0 . ~>
time time
'V-r*s
'V:—:ax'
_ One Full Cycle _
Y .

Figure 5-10-6-F1: Explanation of Vrms in diagram

The RMS voltage is the square root of the average or mean voltage of squared function of

instantaneous values. The positive cycle of the periodic wave is used for calculation

method. The positive cycle is divide to multiple portion which are same portion width with

each other. The more portion is divided, the result will be more accurate. Figure 5-10-6-F2

show algorithm of Vrms calculation.

Voltage Equally Spaced
4 Ve Mid-ordinates
Vg Vs
Ve
Vz
V2
Vi
sl
180%n

Positive Half of Sinewave ( 180%)

Figure 5-10-6-F2: Algorithm of Vrms calculation
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The formula of RMS voltage is square root of total sum of squared function of

instantaneous values divided by total number of instantaneous.

Vo2 + V24 41,2
n

Vrms =

5-10-7 Average Voltage

The average voltage in of a periodic waveform is defined that is “the quotient of the area
under the waveform with respect to time”. The method to calculate average voltage is
similar to finding Vrms but the difference is the instantaneous value is not in squared

function. The symbol of average voltage is defined as Vavg.

Vy + Vot... +V,
n

Vavg =

5-10-8 Rise Time & Fall Time

Rise time indicates that the time of a signal change from specific low voltage level to
specific high voltage level. The voltage level is usually expressed in percentage. The output

step height for the rise time is from 10% to 90% of voltage level.

Fall time is the opposite of the rise time that is the time of a signal change from specific
high voltage level to specify low voltage level. The output step height for the fall time is
from 90% to 10% of voltage level. Figure 5-10-8-F1 shows the explanation of rise time

and fall time with ratio between 10% and 90%.
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Figure 5-10-8-F1: Explanation of rise time and fall time with ratio between 10% and 90%.

The total counts of data in the rise time and the time of each sampled data is required to

calculate the rise time of signal.

First, peak to peak voltage is divided by 10 to get 10% of Vpk-pk. Then, specified 10%
voltage level is calculated by minimum voltage adding with 10% of Vpk-pk. The specified

90% voltage level is calculated by using maximum voltage minus the 10% of Vpk-pk.

After that, the rise time data will be counted from the specific low voltage level until the
specified high voltage level. Then, the fall time data will be counted when the voltage
values are in between the specified high and low voltage level. Lastly, the total counts of
rise and fall data are multipled with time for each sampled unit data. Figure 5-10-8-F2

shows the flow chart of calculation of rise and fall time.
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Calculate specified low&high
voltage level

true

Voltage <
0% voltage lev

false

K4
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. ++ 4_
Rise data tru 0% voltage lev

false

true

Voltage >

Fall datat++ |€¢—true Voltage >

0% voltage levsg

false

v

Rise&fall data count*
time of each data

Figure 5-10-8-F2: The flow chart of calculation of rise and fall time.
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5-10-9 Display measurement results

Due to limitation of hardware specifications causing the results are not so accurate, the
results of selected measurement functions is calculated by taking the average of total values
of selected measurements in # times. Then the results will be displayed in GUI. Besides,
users have enough time to verify the measurement result without keep watching to the

changing of measurement result.

5-11 Trigger Function

The trigger function of oscilloscope is used to stabilize the repetitive waveform. It
synchronize the horizontal sweep of the oscilloscope to the threshold value which set by
user. The waveform will be display repeatedly with similar looks. This is very important

and useful function to achieve clearly displaying signal.

The threshold value is limited to specified low and high voltage level which same with the
rise and fall time. The threshold value will be reset when range of specified voltage level

1S out.

A simple trigger function is developed that can trigger the rising edge and falling edge of
signal. The algorithm of calculate total counts of rise and fall data is reused and position of
threshold value is recorded based on selected edge in periodic cycle of waveform for

display purpose later. Figure 5-11-F1 shows the algorithm of trigger function in flow chart.
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Figure 5-11-F1: Algorithm of trigger function in flow chart

After found the position of the threshold value on selected edge, the position is set as the

middle point of the graph and display in graph.
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5-12 Auto Scales

Auto scale is a useful function that change the time base to appropriate time base based on
the frequency of periodic waveform. The graph can be displayed clearly by change to
appropriate time bases. A table is formed that the frequency value should be suitable for

which time base. Table 5-12-T1 shows the appropriate time base according to frequency.

Time base Frequency
0.5ms >="700
1.0ms <700
2.0ms <400
5.0ms <200
10.0ms <70
20.0ms <40

Table 5-12-T1: Appropriate time base according to frequency

5-13 Persistence mode

Persistence mode is another useful function to troubleshoot the occasional glitches or some
other problems. In most of the cases, a stable trigger point is required to display the graph

in persistence mode. If not, there will be a jumble of traces.

The algorithm of persistence mode is doing screenshot the graph parts after plot the latest
graph then set the screenshot of the graph as the background image. This action is
repeatedly completed and become as persistence mode. QPixmap class that is the
representation of off-screen image for painting purpose. Therefore, QPixmap is used to
handle image data in QtCreator. Figure 5-13-F1 shows the algorithm of implementing

persistence mode.
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Persistence mode
(checked)

A

Plot and display graph

A

Screenshot graph

A

Set screenshot graph to
background image

Figure 5-13-F1: Algorithm of implementing persistence mode

5-14 Storage

In this oscilloscope application, user can choose which storage to access files that required
for functions respectively. The storage that define in the application is internal storage,
eMMC flash and thumb drive of user that connected through USB Host 2.0. Users can

select the storage in the Settings page.

5-15 Screenshot function

Screenshot function is implemented to oscilloscope application. The purpose for
implementing this function is to record the graph in the form of graphics file. The whole

screen of application is captured and saved into file system with selected image format.

The options for image format in this oscilloscope application is Joint Photographic Expert

Group (JPEG) and Portable Network Graphic (PNG). JPEG format is an image format that
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have standardized compression mechanism. It has the features that can compress digital
image in either full color (24bit) of gray level scales. PNG format is lossless compression

format. Therefore, it is commonly used in web pages.

QPixmap class is used to grab pixel data in whole of the screen. The name of image file is
created by a sequence of the storage location, current count of screenshots and image
format. Then, the screenshot image is saved into selected storage locations. Figure 5-15-

F1 shows code of screenshot function.

vold MainWindow: :on screenshotButton clicked()

i
QPixmap pr
P = QPixmap: :grabWindow{(QaApplication: idesktop{)-—>winId{})} r

QS5tring filename = QString("screenshot %2.").arg({screenShotCount}) ;
filename .append {imageType) ;

QS5tring name = fileDir;

name . append (filename} ;

OString format = imageType;

p-=save (name , format.tol=scii{)}

screenShotCount4++;

Figure 5-15-F1: Code of screenshot function.

5-16 Display current Date & Time

The current date and time is shown in the top left of GUI. The purpose of this function is
used to display information of date and time. The screenshot images cannot be identified

that when the image is captured if this function is not involved.

The information of current date and time are obtained from system time of operating
system. A timer is started and emits timeout signal in every 0.1 second to update the current

time. Figure 5-16-F1 shows code to display current date and time.
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systemDateTimer = new QTimer{(this) ;
connect {(aystemDateTimer , STGNAL (timeocut () ) ,this=,5LOT (showDataTime () ) ) »
syatemDateTimer->start | -

vold MainWindow: :showDataTime ()

{
'/ Display current Date & Time
ui->dataTimelabel ->=zetText (QDateTime: :currentDateTime {) . toString{} ) -

Figure 5-16-F1: Code to display current date and time.

5-17 Data Logging

This is an important function to record the data for some process or calculation purpose.
The algorithm of this function is same as writing data in a file. . Besides, there are two
different files for data logging according to two voltage input channel. This function is

invoked based on the selected channels.

There are two types of file format can be selected which is comma-separated value (CSV)
and text (TXT) format. CSV file store the data in a table structured format to easy for data
processing. CSV format is supported by Microsoft Excel. Text file is the electronic text in
structure of line sequence. There are many users still using the TXT format. Figure 5-17-

F1 shows code of data logging function that write ADC data into file respectively.

Q5tring filename = QString("%ldata Chl.").arg(fileDir});
filename.append {(dataFileType) !

QFile f{filename} ;

f.open{QICDevice: :WriteCnly | QIOCDevice: :Text) !
QTextStream output (&L)

output=<"Sample=s\tVoltage (V) \n";
for(int i=0;i«<DATA SIZE;i++
output<<x] [1]<<"\ T "=yl [1] <<endl ;

f.clozse():

Figure 5-17-F1: Code of data logging function that write ADC data into file respectively.
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5-18 Save & Load Graph

This function is used to compare between a saved graph and current graph. The data of
graph are written into a file according the selected channels when the save graph button is
clicked. When the load graph button is clicked, the data are read from the file and plotted

with another graph in green color line. Figure 5-18-F1 shows screenshot of GUI after

clicked load graph button. The green line is represented as the loaded graph.

[ MainWindow ==
BA—18113:15:44 2013 f Pgl l Pg2 l[_SeFi.;ings:‘l
TimeBase(ms) Range(V)
T
| AutoScale | e
- ' |0.00

| Start || Stop | Clear |
ADC Channel ® CH1 [1CH2

| Persistance

I i 0 I 1 I B I 3 | [ Trigger |0-00
Ecm Off Off Off Off
i _Chz__IOff Off Off Off

Rising Edge (A) |~

Figure 5-18-F1: Screenshot of GUI after clicked load graph button

5-19 Vision

The vision function is implemented to set the background color of graph. There are two
visions that are day vision and night vision is designed. The purpose of this function is to
let the user have more clearly vision when monitor the graph. Figure 5-19-F1 shows the
screenshot of GUI in day vision while Figure 5-19-F2 shows the screenshot of GUI in night

vision.
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Figure 5-19-F1: Screenshot of GUI in day vision
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Figure 5-19-F2: Screenshot of GUI in night vision.
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5-20 Backlight

The backlight of LCD display is controlled to increase or decrease the brightness of display.
The brightness of LCD display should be lower when the environment is dark. In opposite,
the LCD display will show brighter to show clearly when the environment is bright. In
order to control the backlight, the backlight LCD driver is needed to be accessed. The
backlight intensity value is written into backlight device file (“/dev/backlight-1wire”). The
ranges of backlight intensity value are from 0 to 127 while 0 is the darkest and 127 brightest.

5-21 Save & Load Settings

All the selections in oscilloscope application such as the image formats, data file formats,
selected ADC channels, storage locations, time bases, voltage ranges, offset values and

others are saved into a file when save signal is emitted.

The settings file can be loaded in next time operation so the last configuration settings can

be recovered without users configure manually again.
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6-1 PC-Based Application

This application is designed in window form application to receive the ADC data from
designed embedded oscilloscope and display it in graph and the result of measurement
calculation. This application is developed in C# language and used Microsoft Visual Studio
as the Integrate Development Environment (IDE). Besides, remote control feature between
embedded oscilloscope and this application is implemented to let users can control the
board wirelessly and convenient. Asynchronous programming is implemented into this

window form application to keep the GUI more responsive.

6-2 Microsoft Visual Studio & C#

For software part, Microsoft Visual Studio is chosen as the IDE to develop the PC-
based application. Microsoft Visual Studio have many tools and services to support
projects having any size and complexity. Besides, Microsoft Visual Studio supports many
programming languages such C++, C#, VB, Python, Node.js, HTML and JavaScript.
Microsoft Visual Studio consists of some features such as advanced debugging, profiling

and manual testing.

C# is used as the programming language in development of the application. C# is a multi-
paradigm programming language that having several principles of simple, modern, strong
type checking, functional, general purpose, object-oriented and component-oriented.

(Ecma International, 2006). Figure 6-2-F1 shows the screenshot of Microsoft Visual Studio.

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR 54



CHAPTER 6 PC-BASED OSCILLOSCOPE APPLICATION
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private void readByte(int blength, int size, double[] v, double[] datach) £ App.config
T 4 [E Fomlcs
int n = @; b ) Form1.Designer.cs
for(int i = blength - B; i>= size + remainsize; i-=3) ) Form.resx
b *3 measurementForm
val = BitConverter.ToDouble(datasuffer, i); R -
WInt+] = val;
int j =8;

fer(int i = size + remainSize -8;i>= size; i-=8)

val = BitConverter.ToDouble(dataBuffer, i);
dataCh[j++] = val;

}

// Update chart when received data
private void addval()

if (chartl.InvokeRequired)
100 % -

Immediate Window ~ e

Breakpoints | Command Window  Immediate Window IntelliTrace | Solution Explorer| Team Explorer
Autos Locals Watch 1

Ready Ln 391 Col 17 Ch17

Figure 6-2-F1: Screenshot of Microsoft Visual Studio

6-3 Specification
The features of PC-based oscilloscope application are listed as below:

- Able to receive the ADC data from embedded oscilloscope application
- Plot data into graph and display
- Receive calculated measurement results

- Remote control features between both application

6-4 Software Design

> 3x

The application must have to connect to the embedded oscilloscope application through

socket before start any function. After connected, the application will be ready to receive

the ADC data from the embedded oscilloscope application. The another socket is created

and connected to send the command to invoke the GUI event and ready to receive the

command that contain changed settings in the embedded oscilloscope application. In

addition, the users can disconnect the socket from the embedded oscilloscope application.
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CHAPTER 6 PC-BASED OSCILLOSCOPE APPLICATION

6-4-1 Flow Chart

The flow chart of whole application is designed and shown in Figure 6-4-1-F1.

Create data socket and
bind port number, 8888

Create control socket and
bind port number, 9999

Connect
oscilloscope

Display fail

fail— .
connection

successful

A A 4 A

Ready to receive ADC User input
data from data socket

in GUI
A

Ready to receive
command from
control socket

v

Plot graph Invoke event based
v on command
Display
measurement result
; Send command
false® through control
socket
true I—
v

Close data & control
socket connection

End

Figure 6-4-1-F1: Flow chart of PC-based oscilloscope application

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR 56



CHAPTER 6 PC-BASED OSCILLOSCOPE APPLICATION

6-4-2 Graphical User Interface (GUI)

The GUI of the application is designed as same as the embedded oscilloscope application.
All the button and selection are inserted to application GUI. Figure 6-4-2-F1 shows

screenshot of application GUI.

o5 Form1 . O =
|labell
— Series]
Series? Measurement
Connection
Connect ContralClient Disconnected FileDirectary ImageType FileType Settings Measurement Function
DataClient Disconnected O use O JpEG @) csv Save [] Frequency [ Vpkpk
LS O PNG O w o O DuyCyeke [ Vavg
Control :
aliis Screenshot Log [ Cycle Timejms) [ Vims
[] Persistance ] e Tietrst 7 Vinax
ADC Channel TimeBase (ms) Voltage o irction Backiight [ Fall Timefms) [ Vimin
Ll v Range(V)  Offset O] Tigeer 030 2] Vs . Up [ High Pulse Widthims)

[ cHz

|' J| 000 A | ~| Down [] Low Pulse Widthims)
AutoScale —_— 2 a4

Figure 6-4-2-F1: Screenshot of application GUIL

6-4-3 Socket

The algorithm used in this application to implement the socket programming is same the
embedded oscilloscope application. Figure 5-6-1-F1 show the flow chart of the socket
programming. The difference in between this two application is that this PC-based
oscilloscope application is using the asynchronous programming. The data and control port
are set to 9999 and 8888 which are same with the embedded oscilloscope application to
enable the connection with each other. After the connection is established, the data
connection is ready to read the incoming data and decode it then display in graph. The

control connection is ready to receive the control command to change GUI settings or send
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control command respectively when GUI event occurs. Figure 6-4-3-F1 shows the coding

of create the socket and bind socket to defined port number in C#.

private wvoid connectButton_Click(object sender, Eventhrgs e)

//Create Data socket

Socket dataSock = new Socket(AddressFamily.InterMetwork, SocketType.Stream, ProtocolType.Tcp);
//connect server host address

IPEndPeint datalep = new IPEndPoint(IPAddress.Parse(ipAddress), dataPort);

//Bind socket to port and send connection request to server and wait server respond
dataSock.Beginfonnect(datalep, new AsyncCallback(DataConnected), dataSock);

//Create Control socket

Socket controlSock = new Socket(AddressFamily.InterMetwork, SocketType.Stream, ProtocolType.Tcp);
//connect server host address

IPEndPeint controllep = new IPEndPoint(IPAddress.Parse(ipAddress), controlPort);

//Bind socket to port and send connection request to server and wait server respond
controlSock.BeginConnect(controlIep, new AsyncCallback(ControlConnected), controlSock);

Figure 6-4-3-F1: Code of create the socket and bind socket to defined port number in C#.

The connected client can be disconnected by close the connection. This event can be

invoked by clicked disconnect button in application GUI Figure 6-4-3-F2 shows the

coding of disconnect socket connection event.

private void disconnectButton_Click{object sender, Eventhrgs e)

1

dataClient.Close();

controlClient.Close();

connectButton.Enabled = true;

disconnectButton.Enabled = false;

startButton.Enabled = false;

stopButton.Enabled = false;

dataConnectionlabel.Text = "DataClient Disconnected™;
controlConnectionLabel.Text = "ControlClient Disconnected™;

Figure 6-4-3-F2: Coding of disconnect socket connection event.
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6-4-4 Read the incoming ADC data

The ADC data received from embedded oscilloscope application are packed in byte array.
The received data contains total data displaying in the graph of embedded oscilloscope plus
some measurement results. The length of each data is 8bit long. Therefore, the length of
the byte array received is total amount of data times with eight. If the length of byte array
is twice of normal length, it means the incoming data contain two channels voltage data in
the byte array. After decoded the incoming data, the graph is refreshed by adding the
decoded data. The received measurement results are same with the embedded oscilloscope

application. Figure 6-4-4-F1 shows the flow chart diagram of receiving incoming data.

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR 59



CHAPTER 6 PC-BASED OSCILLOSCOPE APPLICATION

Ready to receive
data

v

buffer = new
byte[4096]

A 4

Receive data in
buffer

A 4

Resize buffer

Copy data to
first graph

buffer length == one
channel data length

false

Copy CH1 data to

| | first graph then copy etru buffer length ==
CH2 data to second channel data length
graph

» Update graph

4

Total up received
measurement result

false—»

true
\ 4

Display average
measurement result

Figure 6-4-4-F1: The flow chart diagram of receiving incoming data.
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6-4-5 Display Graph

Microsoft Chart control is used to display the graph in this application. The Microsoft chart
control is easy to be used and have many defined useful functions. The array that contain
the ADC data are bind to graph for displaying purpose. Figure 6-4-5-F1 shows the coding
screenshot of bind array data to graph.
// Update chart when received data
private wvoid addval(){
if (chartl.InvokeRequired){

addvalCallBack d = new addvValCallBack(addval);
this.Invoke(d);

¥
elsef
if(chlBox.Checked && !ch2Box.Checked)
chartl.Series["Seriesl™].Points.DataBindY(vl);
else if (lchlBox.Checked && ch2Box.Checked){
chartl.Series["Series2"].Points.DataBindyY(vl);
}
else if (chlBox.Checked && ch2Box.Checked)}{
chartl.Series["Seriesl™].Points.DataBindY(vl);
chartl.Series["Series2"].Points|. DataBindy(v2);
}
¥

Figure 6-4-5-F1: Coding screenshot of bind array data to graph.

6-4-6 Remote Control

As mentioned above, a control socket is created and established the connection to same IP
address of client who connected to data socket but bind with different port number, 8888.
The application will send the commands which included description of event occurred to
embedded oscilloscope. Besides, the application is ready to receive the command which
included the descriptions of changed settings from embedded oscilloscope. Figure 6-4-6-
F1 shows the flow chart of sending command when event occurred. Figure 6-4-6-F2 shows

s\the flow chart of receiving command from embedded oscilloscope.
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User input Event Send description of

from GUI occur event occurred

Figure 6-4-6-F1: Flow chart of sending command when event occurred

Ready to receive
command

v
buffer = new byte[256]

A 4

Receive command
mto buffer

A 4

Decode the command

A 4

Invoke event based on
description of command

Figure 6-4-6-F2: Flow chart of receiving command from embedded oscilloscope.
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7-1 Testing & Results

In order to do the testing to embedded oscilloscope, a function generator is required to
generate voltage signal to ADC input. An oscilloscope product is act as reference to

measurement results of embedded oscilloscope.

7-2 Tools
7-3-1 Function Generator

Agilent U2761A USB Modular Function Generator is used as function generator to
produce voltage signal to ADC input of Tiny4412. It is able to emit 20MHz of sine wave,
square wave, ramp wave, DC wave and arbitrary wave. Besides, it is compatible with
Microsoft Windows operating system. Figure 7-3-1 shows the Agilent U2761A USB

Modular Function Generator.

Function/Arbitrary Waveform Generator

Trig —___ Dutput

Figure 7-3-1-F1: Agilent U2761A USB Modular Function Generator.

BIT (Hons) Computer Engineering
Faculty of Information and Communication Technology (Perak Campus), UTAR 63



CHAPTER 7 TESTING AND RESULTS

7-3-2 PicoScope2104

PicoScope2104 is a handheld oscilloscope that used to verify the validity calculated result
of portable oscilloscope prototype. The bandwidth of this handheld oscilloscopes is up to
25MHz bandwidth while the maximum sample rate is 100Ms/s. Besides, it contains 24000
sample buffer memory. This product is connected and powered by USB. Figure 7-3-2
shows the PicoScope2104

Figure 7-3-2-F1: PicoScope2104

7-3 Results

In this chapter, PicoScope 6 oscilloscope software is used to obtain the reference result to
compare with actual result that obtained from the embedded application oscilloscope. Sine
wave, square wave, triangle wave and ramp up wave is the waveform signal used for the

testing application. Figure 7-3-F1 shows screenshot of PicoScope 6 oscilloscope software.
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by PicoScope 6 l@ I— O X
Eile  Edit Views Measurements Tools Help
A ] Iy [ 7 @] souwal]] 1 B e B 2o D oROA&K 0 /ico
by Aute  [v]|pc [v] | By |Off [~] | coiloF [~] | g o [] M :
| E]
N
06
04
02
0o
-0.2
-04
0.6
-0.8
100 @
0.0 0.5 1.0 1.3 20 25 30 3.5 40 45 5.0
ms
Running ._@-Qhrl’gger MNaone |E | | | | ; Measurements (i

Figure 7-3-F1: Screenshot of PicoScope 6 oscilloscope software.

7-3-1 Sine Wave

A signal in sine waveform is generated from function generator. Peak voltage of the sine
wave is set to 0.9V. The result of measurements functions is test with the lowest frequency,
1 Hz until the highest frequency, 2 kHz by PicoScope2104 and designed oscilloscope
application. In Appendix A-1, Table A-1-T1 shows the results of sine wave by
PicoScope2104 and Table A-1-T2 shows results of sine wave by designed oscilloscope

application.

7-3-2 Square Wave

Square wave signal is used in this testing plan. . Peak voltage of the square wave is set to
0.2V and duty cycle is set to 80%. The result of measurements functions is test with the
lowest frequency, 1 Hz until the highest frequency, 2 kHz by PicoScope2104 and designed

oscilloscope application. In Appendix A-2, Table A-2-T1 shows the results square wave of
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by PicoScope2104 and Table A-2-T2 shows results of square wave by designed

oscilloscope application.

7-3-3 Triangle Wave

Triangle wave signal is used in this testing plan. . Peak voltage of the triangle wave is set
to 0.7V. The result of measurements functions is test with the lowest frequency, 1 Hz until
the highest frequency, 2 kHz by PicoScope2104 and designed oscilloscope application. In
Appendix A-3, Table A-3-T1 shows the results of triangle wave by PicoScope2104 and

Table A-3-T2 shows results of triangle wave by designed oscilloscope application.

7-3-4 Ramp Up Wave

Ramp up wave signal is used in this testing plan. Peak voltage of the ramp up wave is set
to 0.45V. The result of measurements functions is test with the lowest frequency, 1 Hz until
the highest frequency, 2 kHz by PicoScope2104 and designed oscilloscope application. In
Appendix A-4, Table A-4-T1 shows the results of ramp up wave by PicoScope2104 and

Table A-4-T2 shows results of ramp up wave by designed oscilloscope application.
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CHAPTER 8 CONCLUSION

8-1 Summary

In this project, a portable oscilloscope prototype is designed and built. The
sampling frequency of the oscilloscope prototype less than 2 kHz. The input voltage ranges
is between 0 to 1.8V and the resolution of sampled ADC data is in 12bit. The main
objective of this project has been achieved that an embedded oscilloscope application is
successfully designed and developed and run in the Tiny4412 board. The application is
able to sample ADC data and plot it into graph. The measurement result is calculated after

sampled the ADC data.

Besides, the ADC data can be sent to other devices through socket in wireless
connection. A PC-based oscilloscope application is designed and developed to receive the
ADC data. Furthermore, remote control features is implemented between embedded
oscilloscope and the PC-based application. Therefore, the second main objective that sent

ADC data through socket is successfully achieved.

8-2 Encountered Problems

There are some problems that the time when sampled data is not accurate to the
theoretical consumed time and some minor difference of ADC data when sampling ADC
data every time. This is due to the limitations of hardware. The programming algorithm is
figured out to solve the constraints of hardware. Although the results are not so accurate to
the theoretical results but almost close to it. In addition, some useful oscilloscope features
such as trigger function and persistence mode are implemented. Most of the oscilloscope
are using hardware for triggering. By using hardware triggering, the results will be more
accurate but Tiny4412 have no this hardware module. Therefore, the way to implement
trigger function is software algorithm. The persistence modes is useful to troubleshoot the

glitches of signal by using the trigger function together.
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CHAPTER 8 CONCLUSION

8-3 Contributions

The contributions in this project is that a portable oscilloscope is successfully
designed and developed that the prototype have the basic features of an oscilloscope.
Besides, the data transmission through wireless connection is successfully implemented
and get better performance in data transmission. This achievement solves the cable
constraint and low rates of data transmission of Bluetooth and RS232 cable. Remote
control feature between the prototype and PC-based application is one of the contributions

in this project that users can remotely control the prototype wirelessly.

8-4 Improvements

There are some future works that can do some improvements to this project. By
implementing some suitable hardware such as FPGA, the more accurate signal waveform
and time of sampled data can be obtained. The results from trigger function also can be
improved by using hardware triggering. The optimization of the application of portable
oscilloscope is required to increase performance of oscilloscope system by split the work

to idle processor core.
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APPENDIX A

A-1 Sine Wave
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A-2 Square Wave
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A-3 Triangle Wave
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APPENDIX A

A-4 Ramp Up Wave
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