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Chapter 8

Biomedical Signal Processing Environment:
Graphical User Interface

8.1 Introduction

A graphical user interface (GUI) is a user interface built with graphical objects: the
components of the GUI; such as buttons, text fields, sliders, and menus. A well
designed GUI is intuitively obvious to the user regarding the operation of the system.
Applications that provide GUIs are generally easier to learn and use. The action that

results from a particular user action can be made clear by design of the interface.

MATLAB implements GUIs as figure windows containing various styles of ui-control
objects. We can program each object to perform the intended action when activated
by user of the GUL. MATLAB’s Graphical User Interface Development Environment
(GUIDE) makes design easier.

A GUI can be created that sets the parameters of Simulink model. The Simulink
diagram of the application must be open before running its GUIL. If it is closed then
GUI reopens it whenever it requires the model to execute. In addition, giving the
facilities of obtaining simulation and saving the results and also plotting the results,

the GUI can run the simulation and plot the results.
8.2 Implementation of GUI

Creating a GUI involves following basic tasks:

v" Laying out the GUI components.
v" Programming the GUI components.
v" Saving and running the GUL

GUIDE primarily is a set of layout tools and generates an M-file that contains
code to handle the initialization and launching of the GUL This M-file provides a
framework for the implementation of the callbacks; the functions that execute
when users activate components in the GUI. GUIDE stores GUIs in two files,

which are generated the first time we save or run the GUL

v FIG-file: A file with extension .fig that contains a complete description of
the GUI figure layout and the components of the GUI: push buttons,
menus, axes, etc. Changes to the GUI layout in the Layout Editor, our
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changes are saved in the FIG-file.

S  M-file: A file with extension .m that contains the code that controls the
GUL. including the callbacks for its components. This fde is referred to
as the GUI M-file. When we first run or save a GUI from the Layout
Editor, GUIDE generates the GUI M-file with blank stubs for each of
the callbacks. We can program the callbacks using the M-file editor.

Figure 8.1 illustrates the parts of GUI implementation:

GUI figure-

> Sunnier Out ng m 3
Ri.faM Wioagjoi

?fflcurceflle

| CiflitojeEFIb.

Code file

Figure 8.1 Parts of GUI implementation

8.3 GUIDE

It provides a set of tools for creating GUIs. These tools greatly simplify the process of
laying out and programming a GUI.

When we open a GUI in GUIDE, it is displayed in the Layout Editor, which is the
control panel for all of the GUIDE tools. The Layout Editor enables us to layout a
GUI quickly and easily by dragging components, such as push buttons, pop-up
menus, or axes, from the component palette into the layout area. The following
picture shows the Layout Editor.
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dig mail Tool Menu Editor M-flle Editor FYoperly Inspector ~ Qbjat Browser

Once GUI is layout and each component's properties are set, using the tools in the
Uayout Editor, we can program the GUI with the M-file Editor. Finally, when we
press the Run button on the toolbar, the functioning GUI appears outside the Layout
Editor window. The features of GUIDE are:

S Laying Out GUIs: Using The Layout Editor we can add and arrange objects
in the figure window.

S Aligning Components in the Layout Editor: We can align objects
vertically or horizontally and can distribute them in group of components with
respect to each other.
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Figure 8.3 Align objects

.s Setting of Component Properties: Using The Property Inspector we can
inspect and set property values. Property Inspector provides a list of all
settable properties and displays the current value. Each property in the list is
associated with an editing device that is appropriate for the values accepted by
the particular property.

Properties those can be set Current values of properties.

Property Inspector (o X

[MI figure (Untitled)

BackingStore yon
BeingDeleted off
— BusyAction = queue
— Button DownFcn
Clipping Son
CloseRequestFcn closereq
£ 3- Color 1311 !
- CreateFcn
CurrentCharacter 0
E3- CurrentPoint [-0.2-0.077]
— DeleteFcn
DoubleBuffer Soft
FileName
FixedColors [0.0; 1.0; 0.925490196078
— HandleVisibility = callback v

Figure 8.4 Property inspector
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s Viewing the Object Hierarchy: Using The Object Browser we can observe
a hierarchical list of the Handle Graphics objects in the current MATLAB
session.

Figure 8.5 Object Browser

S Creating Menus: Using The Menu Editor we can create a menu bar; menus
displayed on the figure menu bar; or a context menu; menus that pop up when
users' right-click on graphics objects; for any component in the layout.

Create Create Create Move selected Delete
a new a new a new menu item. selected
menu.

Figure 8.6 Menu Editor
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S Setting the Tab Order: The Tab Order Editor displays the components of
the GUI in their current tab order. Using The Tab Order Editor we can change
the order in which components are selected by tabbing.

Move the Move the
components up. components down.
/
Tab Order Editor
f 4
H uicontrol (pushbuttonl "Push Button")
H uicontrol (pushbutton2 "Push Button")

<® uicontrol (radiobuttonl "Radio Button")

Figure 8.7 Tab Order Editor
8.4 Programming GUI Components

The section describes the features for programming the GUI components.

8.4.1 GUI M-file

The M-file generated by GUIDE controls the GUI and determines how it responds to
a user's actions, such as pressing a push button or selecting a menu item.
Figure 8.8 depicts execution path of m-file.

The M-file contains all the code needed to run the GUI, including the callbacks for the
GUI components. While GUIDE generates the framework for this M-file, we must
program the callbacks to perform the desired functions. When GUI is run, the M-fde
creates a handles structure that contains all the data for GUI objects, such as controls,
menus, and axes. The handles structure is passed as an input to each callback. These
handles structure can be used to Share data between callbacks and access the GUI
data. A code can also be added to:

1. Opening function; executes before the GUI becomes visible to the user

2. Output function; outputs data to the command line

3. Callbacks; so that it is executed each time the user activates corresponding

component of the GUI.
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Figure 8.8 M-file Execution path
8.4.2 GUI Data Management

GUIDE provides a mechanism, called the handles structure, for storing and
retrieving shared data using the same structure that contains the GUI component
handles. The handles structure, which contains the handles of all the components in
the GUI, is passed to each callback in the GUI M-file. Therefore, this structure is
useful for saving any shared data.

s Designing for Cross-Platform Compatibility: We can use
specific property settings to create a GUI that behaves more
consistently when run on different platforms, e.g. use different the
default font or the default background color or figure character units
for different platforms.

s Types of Callbacks: We can define callbacks in addition to that
defined by the uicontrol Callback property.

s Interrupting Executing Callbacks: By default. MATLAB allows
an executing callback to be interrupted by subsequently invoked

callbacks. The GUI programmer can control whether user actions can
interrupt executing callbacks or not.
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s Controlling Figure Window Behavior: When designing a GUI we
need to consider how we want the figure window to behave. The user
can appropriately control the behavior for a particular GUI depending
on intended use.

After writing the callbacks, GUI can be executed by:

1. Selecting Run from the Tools menu or
2. Clicking the Run button on the GUIDE toolbar.

If we have not saved the GUI recently, GUIDE displays the dialog box shown in
Figure 8.9.

GUIDE *]

Activating will save changes to your figure and M-file.
Do you wish to continue?

r Do not showthis dialog again.

Yes No

Figure 8.9 Dialog box to save changes

Click Yes to save the GUI files. If the directory where we save the GUI is not on the
MATLAB path, GUIDE opens the following dialog, giving us the option of changing
the current working directory to the directory containing the GUI files, or adding that
directory to the MATLAB path as shown in Figure 8.10, Click OK to change the
current working directory, and then GUIDE opens the GUI.

Figure 8.10 Dialog box to change the current directory during execution
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8.5 Design of GUI for Signhal Processing

The proposed models and training algorithms described in chapters 5, 6 and 7 are
implemented in MATLAB 6.5.

Table 8.1 Detailed Summary of various files used

Operation Network Training Link File Name
Configuration  Algorithm
Filtering Hopfield LS hopfield_filt.m
(LS) hopfield_filt.fig
Hopfield (RLS) RLS hopfield_filt_rls.m
hopfield_filt_rls.fig
MLPANN Back filtering_bkp.m
Propagation filtering_bkp.fig
RBFANN RBF filtering_rbfnn.m
Training filtering_rbfnn.fig
Compression ~ MFPANN Back signal_comp_bkp.m
Propagation signal_comp_bkp.fig
VQ ANN Competitive ~ compression_vgnn_diff.m
(Sample Learning compression_vgnn_diff.fig
Difference)
VQ ANN Competitive ~ compression_vgnn_no_diff.m
(Absolute Learning compression_vgnn_no_diff.fig
Samples)
MFP ANN Extended signal_comp_ext_bkp.m
Back signal_comp_ext_bkp.fig
Propagation
Detection VQ ANN Competitive  detection_vgnn.m
Learning detection_vgnn.fig

A figure and script file ( selection.fig / selection.m ) is developed. On execution of
script file ( selection.m ) or a .fig file ( selection.fig ) through GUIDE will generate
main screen shown in Figure 8.11 which allows user to select the signal processing
operation, network architecture as well as training algorithm. When any button is
pressed corresponding link file is activated and executed.

A facility is provided to display input used for training or testing.
button is provided for exiting from the signal processing environment.
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Figure 8.11 Graphical User Interface: Main Screen for selection

8.5.1 Filtering

Three network models are proposed ANN. MLP ANN,

H opfi . field : .
RBF ANN. Pressing  HPfield\N.LS - Hopfield NN:RLS — tton will generate GUI of

Figure 8.12 and Figure 8.13 respectively.

Figure 8.12 GUI for Filtering using Figure 8.13 GUI for Filtering using
Hopfield NN(LS Algorithm) Hopfield NN(RLS Algorithm)
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Both the GUIs are same except that they will link to the training algorithm specified
by the user. The default network parameters: Resistance (r), Capacitance (c),
Multipliers (kl, k2), Number of Training Sets. Number of Test Sets are specified.
User my change their value if he wishes, by entering new data in the space provided
in the GUI.

Two default ECG data files named as ECG1 and ECG2 are orovided for training as

P& iesting, Ance (awsek SElRCk: haifite ﬂembese;els@madowmn fsrenabled. On

comnletion
ot training________ button will be activated as____ | Pressing €St
button testing will be done (Figure 8.14 and Figure 8.15). The waveforms during
training as well as testing described in chapter 5 will be generated. The performance
of the operation is measured in terms of Mean Square Error (MSE). The value of

MSE _during training and testing will be displayed on GUI screen. On
pressing—~eturn |, the GUI is closed and main GUI will appear.

Hopfield Neural Network (LS)
r | 10000

c | 0.000

o n
Training n -

M (Number ol Training sets) | 1000 Train

Training Datafrom file |eCG1 T]

Mean Square Error (Training):
Mean Square Error (Testing)

Return |

Figure 8.14 GUI for Filtering using Figure 8.15 GUI for Filtering using
Hopfleld NNfUS Algorithm Haopfield NNtRUS Algorlthm}
(with__ J-s~ [ activated (with__ | aCtivated

On pressing 1, GUI of Figure 8.16 will appear. The default values of

the parameters are provided. However, user may change these values. Number of
input layer nodes is decided by phase difference between noise signal and noise
signal mixed up with information signal.
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Figure 8.16 GUI for Filtering using Figure 8.17 GUI for Filtering using
MLP ANN (Values of MSE displayed) RBF ANN
A RBFANN . . . . .
On pressing-------------=---- jn majn gji, pjgUre 8.17 wju appear. This also allows

setting parameters, select filename for training / testing. It displays results as well as
plots during training / testing. It is possible for the user to use ECG files other than
default. He"can select ‘Other from the items of the popup menu. On selecting
‘Other’, _ will be activated (Figure 8.18) On pressing user may
enter his own file name (Figure 8.19) which can be used for training or testing as per

the selection through the same help window.

-isi* .inixi
Radial Basis FUﬂCtiOﬂ_ Neyral 2 ECG recoids and 1 EMG [noise! record.
Network for ECG Filtering

These are 3-channel records of 2 peripheral and 6
SQ (Span of Transfer Fundton) | 800 precordial leads, taken with respect to the left leg
EG (Error Goal) | F electrode. The 12 standard leads can be obtained

by transform equations.

Training
M (Number of Training sets) 100 Help 1. The sampling rate is 400 Hz, with a resolution
Training Date from file  Other H 4.88 mV/bit and epot.:h !e-ngth of 8's, 12-bits ADC
ECGL record (1 byte - last significant bits; 1 byte
r!ECGZ (half full) - most significant bits)).

2. The first 2048 bytes of the records are for

patient data (name, age, etc.), followed by the
Testing Data from file  |[ECG1 initial leads I_R,C1,C2,C3,C4,C5,C6 serially
recorded (all of L, all of R.).

TST (Number of test sel

Mean Square Error (Trainin
a ( o) Write full path of the file here.
Mean Square Error (Testing)

Return Train

Figure 8.18 GUI for Filtering using Figure 8.19 GUI for Help to select
RBF ANN (‘Other’ Selection ) other file and to carry out training
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8.5.2 Compression

The network models are provided with environment viz. MLP ANN and Vector
Quantization ANN (VQ ANN). Pressing any one button on the screen will select the
model and training algorithm and corresponding GUI will appear.

BES B I B I K Jnij ) Extended Bdckprupayation for Signal Compression
Backpropagation Extended Backpropagation
| (Number of input nodes) i | (Number of input nodes) 6 | I
O (Number of output nodes) ” O (Number of output nodes) J |I
H (Number of Hidden nodes) i H (Number of Hidden nodes) 3 i
Time (Number of time epoches) Time (Number of time epoches)
eta 0.1 - eta 01 -
Training -Training-
M (Number of Training sets) | 500 Train M (Number of Training sets) | 500 Train
Training Data from file [eCGlI ~N Training Data from file [ECG1
-Testing - -Testing -
TST (Number of Test Sets) | 50 Test TST (Number of Test Sets) | 50 Test
Testing Data from file [ECGI ~N\ Testing Data from file [ECGI
Mean Square Error (Training) Mean Square Error (Training):
Mean Square Error (Testing): Mean Square Error (Testing):
Return | Return
Figure 8.20 GUI for Compression Figure 8.21 GUI for Compression
using MLP ANN (Back Propagation) using MLP ANN (Extended Back
Propagation)
Figure 8.22 GUI for Compression Figure 8.23 GUI for Compression

using VQ ANN ( Absolute Sample ) using VQ ANN ( Sample Difference)
Like previous GUIs, the default parameters and fdes are provided. User may modify
the values.
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8.5.3 Detection

For VQ ANN based detection, parameters like number of input nodes, time epochs
and eta are selectable (Figure 8.24). Here number of competing nodes is not kept
selectable because generally number of competing nodes are kept same as number of
training sets.

Figure 8.24 GUI for Detection using VQ ANN



