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Abstract

The aim of this paper is to develop the symbols (graphical view of flight indicators) of Primary Flight Display page at the host
environment and to validate the symbols using GUI (Graphical User Interface) at run time. The symbols of these indicators
can be developed using OpenGL libraries which gives no compatibility problems at the target system (Helicopter). With the
support of these libraries, the symbols for the indicators can be developed. In the host environment, the data required for
the symbols of flight indicators can be given manually by the developer at the compile time or at the run time using GUI.
Based on the given data, symbols can be displayed and the developer can check the correctness of the symbols. The process
of giving data (periodic data) to the program at the compile time and at the run time can be compared with each other. The
method of initialising the structures at the compile time increases the number of times the program being executed. So the
GUI is developed with all the required controls which can receive all the valid and invalid constant values at run time. It
reduces the number of executions of the program. Thus improves the validation efficiency. With the support of developed
GUI, the program can be executed for one time the symbols on OpenGL window can be validated against all the valid and
invalid values. Thus improves the efficiency of validating the correctness of symbols by the developer. This process can be

applied in the development and validation of other pages of IADS (Integrated Architecture and Display System).
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1. Introduction

In this paper, the generation of symbols on PFD' page
are explained and methods to validate the working of
symbols are explained. The symbols** of PFD page can
be developed in the host environment. Once the symbols
of PFD page are built, before it gets loaded in the target
system, it can be checked for its correctness by passing
valid inputs and invalid inputs (valid inputs and invalid
imitates the real time values) either at compile time or at
run time. If the values are passed at the compile time then
for each set of inputs, the program needs to be executed.
This increases the number of times the program being
executed. It degrades the efficiency of validation.

The valid and invalid inputs can be passed to the pro

*Author for correspondence

gram at the runtime with the support of GUI* (Graphical
User Interface) which allows the developer to test>® the
symbol with many sets valid and invalid inputs at a time.
This reduces time consumption in validating the symbols.
Thus it improves the efficiency of validation.

2. Host Environment

The host environment is the computer system which is
used to build the software needed for the helicopter. It can
be provided with operating system and tools which can
be used to build the software for the helicopter. In this
paper, the host environment is provided with Windows 7
OS, Visual studio 2012 express for desktop, and OpenGL
libraries.
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3. Proposed System

The flight key indicators’ (Glass Cockpit®) are mainly
classified as circular, tape indicators. The main fight key
indicators on the PFD page are as follows:
e Air Speed Indicator (displays the helicopter’s air
speed in km/h or k (knots),
e Power Bucket (gives enough information about
the engines),
e Vertical Velocity Scale (displays the helicopter
vertical speed in meters/min rate of dive/climb),
e  Barometric Altitude Indicator (displays the heli-
copter barometric altitude in meters/feet units),
e Radar Altimeter Display (display the altitude as
received from the helicopter’s RAD ALT),
o Hover Performance Display (display the rotor
performance ),
e G meter (displays the normal acceleration).

4. Circular Indicator

The airspeed indicator is an example for circular indicator
which can be represented using a circle symbol (Figure 1)
with short and long plain line measurement.

4.1 Role

This indicator is used to display the airspeed of the heli-
copter in Km/h or K.

Figure 1. Airspeed Indicator.
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4.2 Periodic Data

The periodic data are the real time data received from the
sensors which are processed by the Digital and Mission
computer’ (DMC) which is the heart of IADS® and it will
be sent to relevant indicator. In host environment, it is
impossible to work on the real time data. So a structure
is created which comprises all the periodic data related to
each indicator. The structure can take the following form:

Code 1: Sample periodic data structure for airspeed
indicator

typedefstruct
{

float as;
floatVneON;
floatVneOFF;

}
asDatatype;

The values for this defined structure can be assigned
either at the compile time or at the run time. The values
can be passed from the windows’ controls like text box
which is placed on the form (GUI) to the relevant peri-
odic data at the run time. This can be done as follows:

Code 2: Defining text box’s function

public:System::VoidtextBox1_TextChanged(System::
Object/rsender, System::EventArgs” e)

{

int temp;

temp=System::Int32::Parse(textBox1->Text);

asdatatype.as=temp;

}

Then the defined periodic data structure takes the fol-
lowing form:

Code 3: Assigning values to the periodic data struc-
ture from values entered in text box

asDatatype d1=
{

asDatatype.as=temp,
asDatatype.VneON=templ,
asDatatype.VneOFF=temp2

|5
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Figure 2. Symbol of Airspeed Indicator with GUL

The Figure 2, shows the openGL window with the cre-
ated form which acts as a GUI The values that are entered
in the controls of GUI will be reflected on the openGL
window.

5. Tape Indicator

The vertical velocity scale indicator can be represented as
a tape — like symbol with a long vertical thick plain line
with alternative short and long plain line measurements
at the left or right side of the symbol. These symbols can

Figure 3.

Vertical Velocity Scale.
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be generated using openGL functions based on the end
user requirements.

5.1 Role

This indicator shows the vertical speed of the helicopter
meters/min rate of dive/climb.

The Figure 3, shows the tape indicator which consist
of vertical scale with plain lines with numbers beside the
lines and boxed arrow mark with digital readout.

5.2 Periodic Data

The structure is created which comprises all the periodic
data related to vertical velocity scale indicator. The struc-
ture can take the following form:

Code 4: Sample periodic data structure for vertical
velocity indicator

typedefstruct
{ floatvvelocity;

}
asDatatype;

Code 5: Defining text box’s function

public:System::VoidtextBox1_TextChanged(System::
Object/sender, System::EventArgs/ e)

{

int temp;

temp=System::Int32::Parse(textBox1->Text);

asdatatype.vvelocity=temp;

}

Then the defined periodic data structure takes the fol-
lowing form:

Code 6: Assigning values to the periodic data struc-
ture from values entered in text box

asDatatype d1=
{

asDatatype.vvelocity=temp,

|5

The Figure 4 shows the OpenGL window which dis-
plays the symbols and the GUI. The data entered in the
controls of the window form (GUI) can be passed to the
OpenGL window and the symbols will be displayed based
on the received data.
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Figure 4. GUI for vertical velocity scale indicator along
with other indicators.

6. Performance Analysis and
Results

The process of assigning values to the periodic data struc-
ture at the compile time and at the run time (with the help
of GUI) is compared with each other. This comparison is
based on the number of times the program needs to be
executed to validate' the symbols at the run time. The
efficiency is improved, when values are assigned at the
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Figure 5. Comparison of validation methods.
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run time. Thus it decreases the number of executions of
the program.

From the Figure 5, it is shown that assigning values at
the run time reduces the number of executions which will
improve the validation efliciency.

7. Conclusion

The values assigned to the periodic data structure at the
run time improve the validation efficiency. Thus it reduces
the time consumption for validation. This method can be
applicable for reading values of the parameters related to
indicators such as radius, font colour etc. at the run time.
This allows the end user to modify the indicators using
GUI without altering the developed code.
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