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1.0 Introduction

This report covers work done under the Summer Engineering Aide
Program, for the year 2002. Work was concentrated in the building of a prototype

graphical user interface for a real-time implementation of the ABC Process.

1.1 Overview of the ABC Process

The ABC Process is a signal detection algorithm that uses various stages of
time and frequency averaging. This algorithm was developed within AFRL/IFEC,
and 1s covered under U.S. Patent #5,257,211.

The ABC algorithm incrementally increases time averaging while
decreasing frequency averaging. By using multiple stages of this averaging, the
ABC process is able to detect signals with a wide range of bandwidths. This
allows the operator to see all of the signals in the region of interest, even if they

are overlapped.

1.2 Background

During the 1999 Summer Engineering Aide program, a Matlab based
program was developed that ran the ABC algorithm on a user-defined .wav file.

This work was documented in [1]. This program is satisfactory for off-line



applications, however, there is also interest in a real-time implementation of the
ABC process. The issue then arose that the software engineers developing the
new implementation would not know what parameters the RF engineers would
want to be able to control. The solution was to create a prototype implementation
that would simulate running at real-time, and would show the developers what the
engineers and operators would like to see and be able to control. This prototype

implementation is discussed herein.

2.0 Prototype GUI Implementation

The main goal of this implementation was not necessarily to run at real-
time, but more to emulate running at real-time. To do this, existing functions were
used, and some new ones were created. The existing ABC program was written in
Matlab; therefore, Matlab was chosen to be the basis for this implementation.
Another existing program, a running spectrogram, was also written in Matlab and
facilitated further development.

The new GUI is made up of three windows: the ABC-Analyzer window,

the Signal Object Display, and a waitbar.



2.1 ABC-Analyzer Window

The ABC-Analyzer Window is derived from an existing program, fft scan,
that was written by AFRL/IFEC Dr. Andrew Noga. As seen in Figures 2.1.1 and
2.1.2, it shows the input spectrogram as well as spectrograms for all of the ABC

stage outputs. It also contains menus to edit all of the relevant ABC parameters.
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Fig 2.1.1 Screen Shot of the ABC-Analyzer Window
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Fig 2.1.2 The ABC-Analyzer Menu Bar

2.1.1 ABC-Analyzer Menus

Referring to Figure 2.1.3, the first menu in the ABC-Analyzer window is
the ‘File’ menu It contains general options that apply to either the file as a whole,
or to the running of the ABC program. This includes information related to the
type of filtering. It also contains options to save the current display, and to exit the
program. The filter information is used for the running calculation of the noise
floor estimate. An option to change the running average factor was also included

in an effort to give the operator the maximum control possible.
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Fig 2.1.3 ABC-Analyzer ‘File’ Menu and Sub-Menus
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Fig 2.1.4 ABC-Analyzer ‘Plots’ Menu and Sub-Menu
Referring to Figure 2.1.4, the ‘Plots’ menu is the second menu in the

window. This menu allows the user to adapt the display to their current needs and



preferences. Options include the ability to switch between channels (if the data
has multiple channels), flip the spectrum left to right, turn on and off the different
stage plots as desired, change the color scheme, the ability to change the refresh
rate of the display, and to change the range of the vertical axes. It should be noted
that the ABC algorithm is set to calculate on the selected channel only. Also,
turning off the plot of one stage does not stop that stage from being calculated. It
only stops that stage from being seen on the display. Likewise, turning a stage off
in the ABC-Analyzer window does not turn it off in the Signal Object Display.
The ‘Flip Spectrum’ option works similarly in that it only flips the spectrum
visually in the ABC-Analyzer window. Any output will be calculated as if the flip
option was turned off. Next, the ‘colormap’ option allows the operator to change
the color scheme that is used for the different plots. The submenu for this option
contains all of the colormaps that come standard in Matlab. The ‘Plot Decimation’
option changes the number of time segments between refreshes of the display.
However, every time segment is still calculated and run through the algorithm
regardless of the decimation setting. Unlike the last option though, the plot
decimation does apply to both display windows. Finally, The Y-Limit options
allow the user to edit the range for the vertical axis. The ‘Default Y-Limits’ sets
the range from —100 dBx to 20 dBx.

Referring to Figure 2.1.5, the ‘Global Parameters’ menu allows the user to
edit ABC parameters that apply to the entire algorithm. It contains the options to

change the FFT size, to allow a 50% FFT overlap, and to change the number of



stages. The ‘FFT Size’ submenu contains options that are powers of two, ranging
from 256 frequency bins to 8192 bins. The ‘FFT Overlap?’ option toggles the use

of'a 50% FFT overlap in the running of the ABC algorithm.
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Fig 2.1.5 ABC-Analyzer ‘Global Parameters’ Menu and Sub-Menus

The “# of Stages’ submenu allows the user to change the number of ABC
processing stages that the algorithm is using. The options for this menu range
from one to five, as a number higher than five seemed to increase processing time

without any significant increase in the detection capability.



The next menu is the ‘Stage Parameters’ menu. (See Figures 2.1.6 through
2.1.8) This menu allows the operator to adjust ABC parameters that affect each
stage of the algorithm individually. The submenus for this option differ depending

on which stage is selected.
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Fig 2.1.7 ABC-Analyzer ‘Stage Parameters’ Sub-Menus



The ‘Time Delay’ option is used to adjust the amount of time averaging,
and has possible values from zero to nineteen. This option can be found in all of

the stage submenus.
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Fig 2.1.8 ABC-Analyzer ‘Time Delay’ Sub-Menu

Referring to Figures 2.1.9 and 2.1.10, the ‘Filter Type’ option opens a new
window to allow the user to switch that stage’s low pass filter type. It can be
switched between ‘Hanning’, ‘Hamming’, and ‘Rectangular’ filters. This

parameter can be found in all of the stages except for the last one.
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The ‘Filter Delay’ option works similarly to the ‘Filter Type’ option, except
that it allows the operator to set the amount of frequency averaging that the
selected stage uses. This option is also located in the submenus of all but the last
stage. The two windows for the ‘Filter Type’ and ‘Filter Delay’ selections were
taken from the previously existing ABC implementation [1].

Next, the ‘“Threshold Mode’ option selects the “mode” that applies to the
stage one threshold, as shown in Figure 2.1.11. Since this option applies only to
the stage one threshold, it is only listed in the submenu of the first stage. The two
modes are ‘Float’ (the default mode) and ‘Hold’. The actual implications of these

modes will be discussed in the section on the ABC-analyzer display.
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Fig 2.1.11 ABC Analyzer ‘Threshold Mode’ Sub-Menu

Finally, the ‘Default Thresholds’ menu option, located directly under
‘Stage Parameters’, sets the detection threshold for all stages back to the default.
For the first stage, it sets the threshold 3 dB above the noise floor estimate. For

the other stages, it varies the thresholds between 0 and 6.
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Referring to Figure 2.1.12, the ‘Tools’ menu is the simplest menu in the
window. This menu only has one option: ‘Show Toolbar’. This option toggles the
display of the figure toolbar, so that if it is not needed, it can be hidden to give

more room for the display.
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Fig 2.1.12 ABC-Analyzer ‘Show Toolbar’ Menu

The final menu in the ABC-Analyzer window is the ‘Help’ menu, as shown
in Figure 2.1.13. The options under this menu give simple information on the other
menus, which were previously discussed here. It also gives general information

on the algorithm and program as a whole.
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Fig 2.1.13 ABC-Analyzer ‘Help’ Menu
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2.1.2 ABC-Analyzer Display
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Fig 2.1.14 ABC-Analyzer Display

In the ABC-Analyzer display, the user will see a running spectral display of
not only the input signal, but also the spectral display for the output of each stage
of the algorithm. This is shown in Figure 2.1.14. The horizontal axis represents
frequency in Hz, while the unit of the vertical axis is dBx. Each plot trace is a
different color, so that the operator can better distinguish between the stages. Also
plotted, are the noise floor estimate and the detection thresholds. The noise floor
estimate is plotted as a white, dashed line. Its placement and size are determined

by the n.f.e. and filter parameters that are set under the ‘File’ menu. The

13



detection thresholds are plotted as horizontal lines, and are the same color as the
stage output plot that they represent. The first stage threshold defaults to the
‘Float’ mode. This means that instead of staying at one value (as in the ‘Hold’
mode), it will float a specified distance above the noise floor estimate.

The display section of the ABC-Analyzer window is designed to be just as
interactive as the window's menubar. Clicking either the left or right mouse button
over any plot trace will tell the operator which stage that trace corresponds to, as

seen in Figure 2.1.15.

i

Ztage 3 Plat

|

Fig 2.1.15 Plot Identification Pop-Up

Similarly, clicking either button on the noise floor estimate line will display the

current running estimate value as shown in Figure 2.1.16.

_[Eix

Current Moize Floor Estimate; -111.992 dBx
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Fig 2.1.16 Noise Floor Estimate Pop-Up

The detection thresholds are different though. All of the threshold values can be

edited either graphically or numerically. Left clicking on any of the thresholds,

14



makes them follow the cursor until they are clicked on a second time. If the stage
one threshold is clicked on and it is the ‘Float” mode, this process will also
automatically switch it over to the ‘Hold” mode. Clicking the right mouse button
on any of the threshold lines opens a dialog window to allow the thresholds to be

edited numerically. See Figure 2.1.17.

Ix

# stage 3 Threshold

Enter Mewy Threshald Yalue (-1 74=x=30] dBx:
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Cancel | k. |

Fig 2.1.17 Numerical Threshold Editor

The number that appears in the edit box is the current value of that threshold.
Referring to Figure 2.1.18, if the stage one threshold is in the ‘Float’ mode, right
clicking on it will allow access to the distance between the threshold and the noise

floor estimate.

4 Stage 1 Threshold x|

Enter Float Range (-62.0767=x=141 9233] ciB:x:
E

Cancel | ] |

Fig 2.1.18 Numerical Threshold Editor for Float Mode
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2.2 Signal Object Display Window

The Signal Object Display window is the second major window of the new
GUI, and is based on a concept proposed by IFEC/Dr. Noga. Its purpose is to
display the running output of the ABC process and the new Signal Object Creation
algorithm. This window also has it’s own menubar and toolbar, as shown in

Figure 2.2.1.
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Fig 2.2.1 Screen Shot of the Signal Object Display Window
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2.2.1 Signal Object Display Menus
The first menu in the Signal Object Display window is the ‘File’ menu, in

keeping with the standard Windows menubar. See Figure 2.2.2.

# |signal Object Display =101 x|

File Plots Color Scaling  Tools  Help
Fig 2.2.2 Signal Object Display Window Menu Bar
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Sawve Figure
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Close Window

Fig 2.2.3 Signal Object Display ‘File’ Menu

Referring to Figure 2.2.3, the first option in the ‘File’ menu is the ‘Save
Figure’ option. This allows the user to save the Signal Object Display as a Matlab
fig file. The next two options tell the program whether or not to write the
detected objects to text files. New files will always be created each time the
program is run, but these options toggle whether or not the program will append
objects into the file. The objects written will be discussed in more detail in
paragraph 3.1.1. The last option under this menu is the ‘Close Window’ option.
This not only closes the display window, but also ends execution of the program
and closes all other windows as well.

The second menu is the ‘Plots’ menu, as shown in Figure 2.2 .4.

17



_ioix
File Im Color Scaling  Tools  Help
v Stage 1
W Stage 2
w Stage 3

MFE Wisibility Threshold
Fig 2.2.4 Signal Object Display ‘Plots’ Menu

As in the ABC-Analyzer window, this menu contains options that adjust the
appearance of the display. This menu includes the ability to toggle the visibility of
the outputs from the individual stages. It also contains the ‘NFE Visibility
Threshold’ option. The value edits the visibility of the displayed signal objects
based on their (S+N)/N value. Any objects with a ratio value lower than the
threshold are made invisible. Conversely, any object that has a higher ratio value
is made visible.

The next menu is the ‘Color Scaling” menu, as shown in Figure 2.2.5. The
options under this menu adjust the scaling method used to set the color intensity of

the displayed signal objects.

# |Signal Object Display =10] x|
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Fig 2.2.5 Signal Object Display ‘Color Scaling’ Menu

The four options are: ‘None’; ‘Input Intensity’ (based on the intensity of the input

signal at the site of the detection); ‘(S+N)/N’ (based on the signal + noise to noise

18



ratio of that detection); and ‘(S+N)/T’ (based on the maximum output to threshold
ratio of the stage output over that detection area). When selected, these options
apply to all stages, and to all following time segments. It does not change the
color scaling of any previously plotted objects, unless those objects are still active

“active” will be defined in the section on the Signal Object Creation Algorithm).
The scaling functions are based on stretching the sine curve from -/, to +"/, to
over the range of possible values for the selected option. This function was
chosen because it gives more separation over the center range, where it is needed
the most.

The fourth option in the Signal Object Display window is the ‘Tools’ menu

shown in Figure 2.2.6.
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Fig 2.2.6 Signal Object Display ‘Tools’ Menu

The only option under this menu is again the ‘Show Toolbar’ option. This works
the same way as in the ABC-Analyzer window, in that it simply toggles the

visibility of the figure toolbar.
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The final menu of this window is the ‘Help’ menu. As shown in Figure
2.2.7, the options under this menu give brief descriptions of the other menu items

in the Signal Object Display window.
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Fig 2.2.7 Signal Object Display ‘Help’ Menu

2.2.2 Signal Object Display

This display presented in Figure 2.2.8 shows all of the signal objects
created by the new Signal Object Creation algorithm. As on the ABC-Analyzer
display, the horizontal axis shows frequency in Hz. However, in this window, the
vertical axis represents time in seconds. Different shapes indicate objects that
were detected in different stages of the ABC process. Circles represent stage one;
diamonds represent stage two; triangles, stage three; squares, stage four; and stars
represent stage five detections.

If an object was detected in the most recent time segment, it is considered
active. The object is then plotted in green. Objects that are no longer being

detected are considered expired. Those objects are plotted in red.
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Fig 2.2.8 Signal Object Display

The stage marker shapes are displayed at the center of the object. Coming
from that center, are two lines. The vertical line denotes the time period that the
object was detected over. The horizontal line denotes the maximum and minimum
frequencies that the object was detected at over the duration of the detection.
These lines are also plotted in red or green, as it applies to that object.

The color intensity of the plotted symbol varies according to the scaling
method used. A weaker color corresponds to a weaker value, whether it is for the
(S+N)/T, (S+N)/N, or Input Intensity methods. This scaling applies only to the

object symbol, not the time and frequency range lines.
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The display in this window is also interactive. Clicking either mouse
button on an object will bring up a window that displays various information about

that particular signal object, as shown in Figure 2.2.9.
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[S+RNT (B 0.1

o |

Fig 2.2.9 Object Information Pop-Up

This information includes the stage number, time and frequency ranges, and
average signal strength. The ‘Object Number’ listed is stage dependant. This is
not an overall count of the objects. So, for the case shown, the selected object was
the sixteenth object in stage two. The ‘Avg. Strength’ listing is the average input
intensity in the area of this object's detection.

Finally, the ‘(S+N)/T’ value gives the maximum distance between that
stage's output and the detection threshold over the course of the selected object’s

detection.
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3.0 Signal Object Creation Algorithm

In an attempt to reduce the size and complexity of the output of the ABC
process, an algorithm was created to automatically convert detections into “signal

objects”.

3.1 Motivations for a New Algorithm

In the previous ABC implementation, a color-coded binary detection grid
was displayed. In the example shown in Figure 3.1.1, the display shows in excess
of 100 time segments. In the new implementation, it would be necessary to have

thousands of time segments displayed on the screen at once.

Output

time segment

100 200 300 400 500 B00 700 800 200 1000

frequency bin

Fig 3.1.1 Previous ABC Output Display

For real-time scenarios, using this previous display would have two problems:

more detections than screen pixels, and the scroll speed. With current monitors,

23



resolution usually goes up to 1200x1600 pixels. At a sampling rate of 1.6 MHz,
and using an FFT size of 1024 bins, one second of data would take up over 1500
time segments. Even with a full screen display, some detections could be missed.
Also, because the screen would have to be refreshed every second, the operator
would miss a considerable amount of information. This led to the need for a new

output system.

3.2 Constraints

In order to work real time with the ABC algorithm, the signal object
creation process would have to work while only given one time segment at a time.
Also, the output would have to be plausible. Finally, it would have to be useful to
a human operator. This means that it would have to combine the correct
detections together, while weeding out noise, and overlapping signals. At the
same time, it must also be able to display the new information for a longer time
period at higher sampling rates, and in such a way that screen resolution and

refresh rates would not result in lost data.

3.3 Algorithm Description

The new algorithm works in two passes. The first pass combines all
consecutive detections within the current time segment. The second pass

compares these “line objects” in the current segment with the active line objects
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from the previous time segment. This process occurs independently in each stage,

such that each stage has its own list of detected signal objects.

3.3.1 First Pass

In the first pass, the new algorithm uses the binary detection grid for the
current time segment from each stage output. It combines all of the frequency-
consecutive detections into “line objects”, as well as collects information about the
signal strength. The list of line objects is actually a Nx8 array, where N is the

number of objects. The 8 elements of the array are shown in Table 3.3.1.

# active | # of ABC
Start End objects |related |Length | Input Time stage
freq. freq. it signal of signal detected | output

overlaps | object object strength strength

Table 3.3.1 Line Object Layout

This list is then saved, as it contains all of the active objects. On the first time
segment, the second pass is skipped, as there is no previous time segment to
compare to. New signal objects are then created for all current line objects, and
the algorithm progresses to the next time segment.

In the flowchart shown in Fig. 3.3.3, the blue objects designate the first
pass. All other objects denote functions of the second pass. Signal objects are
ordered as Nx11 arrays, where N is the number of signal objects for that stage.

The 11 elements of the arrays are shown in Table 3.3.2.
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Table 3.3.2 Signal Object Layout
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Fig 3.3.3 Signal Object Creation Algorithm Flowchart

This pass compares overlapping objects from the first pass of the current

time segment (line2) and the first pass of the previous time segment (linel). In

doing this, the algorithm checks for five specific overlap cases. The algorithm

checks for the first two cases while cycling through the linel objects, and checks

for the other three while cycling through the line2 objects. The overlap referred to

is frequency domain overlap, and occurs between consecutive time segments.
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First, the algorithm cycles through the list of linelobjects. This process detects the
first two overlap cases, and processes the line objects as necessary.

The first case is when a linel object does not overlap any line2 objects.
The algorithm finds the corresponding signal object, and marks it as expired. It
then removes this line object from the linel list, thus eliminating any needless
further processing on it.

The second case involves a linel object overlapping more than one line2
object. When this happens, the linel object is treated as a branch point and again
the related signal object is marked as expired. The line2 objects are then checked
to see if related signal objects have been created that correspond to the significant
line2 objects. If not, new signal objects are created for each of the multiple line2
objects that are overlapping with the selected linel object.

When the algorithm is done cycling through the linel objects, it begins to
cycle through the list of line2 objects. This checks for the last three possible
overlap cases. While cycling through, the process checks the selected line2 object
to see if a corresponding signal object has been created. If one has, the algorithm
skips over this line2 object and proceeds to process the next object in the list.

The third case is similar to the first case. It occurs when a line2 object does
not overlap any linel objects. When this happens, a new signal object is created
that relates to the line2 object.

The fourth case occurs when a line2 object overlaps more than one linel

object. The line2 object is now treated as an intersection. The signal objects that
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correspond to all of the overlapping linel objects are marked as expired, while a
new signal object is created that relates to the line2 object.

The fifth, and final, case is when one linel object overlaps with one line2
object. The amount of overlap is calculated as the percentage of the longer object
that touches the shorter object. This number is then compared to a stage
dependent threshold. The thresholds vary evenly between 50% for the first stage
and 0% for the last stage. If the amount of overlap is less than or equal to the
threshold percentage for that stage, the signal object relating to the linel object is
marked as expired, and a new one is created for the line2 object. Otherwise, The
signal object tied to the linel object is updated using the existing information and
the new information from the line2 object.

Once the line comparison is complete, the signal objects corresponding to
any unclassified linel objects are marked as expired. The linel list then is thrown
out and replaced by the line2 list. The algorithm repeats this process for each time

segment.

3.3.3 Display

The display of the signal objects is tied directly into the creation algorithm.
Since the information about an object can change with each time segment, the

display must be able to reflect that change at the same time.
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Every time segment is now plotted, and since the symbols used to denote
objects are larger than one pixel wide, they will always be visible unless covered
by another object. If one object covers another, this can be clarified by simply
zooming in on the desired region. All of the shapes and colors displayed in the
Signal Object Display are selected based on information contained in the signal
object list. If the operator needs more specific information, they can click on the

object symbol and directly access most of the information contained in that list.

4.0 Other Output

In addition to displaying the calculated information, this new program also

creates a few text files containing other information for use in post-processing.

4.1 Parameter Text File

The first output file contains the parameter list for the ABC process, and is
aptly named “params.txt”. Any time a parameter is changed, a new line is added
to this file telling what parameter was changed by use of an ‘action’ code. Also,
this line lists the new parameter values. Another text file, “Legend.txt”, tells the

user what the ‘action’ codes mean.
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4.2 Line Object Text File

The next output is a text file that contains a list of detected line objects.
This file’s name is “LineObjs.txt”. These line objects are appended to the file,
only if the corresponding menu switch is turned on. The file list contains all of the

information contained in the objects as discussed in paragraph 3.3.1.

4.3 Signal Object Text File

The third text file lists the detected signal objects, and it is named
“SigObjs.txt”. Once again, these files are only written to if the menu switch is
turned on. The list in the file contains the signal object information as discussed in

paragraph 3.3.1.

5.0 Conclusions

After testing, a few conclusions could be made about the new prototype

implementation.

5.1 Speed

It has been determined that the prototype implementation is not capable of
actually handling real-time data. However, during testing, the program was
clocked at speeds up to 10 kHz. That speed relates to the number of samples the

program could handle in one second. When this number is compared to sampling
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rates of the order of 10 MHz that could be used in some collections, it is easy to
see that there is a need for speed enhancements, possibly employing parallel-

processing.

5.2 Design Comments

After completing the GUI, it was found to be highly satisfactory. Using
pull down menus for parameter adjustment allowed for a maximum display area.
If other controls had been used, they would cut into the possible size of the
display, and make viewing more difficult. Also, the use of menus kept all of the

options in one area, making them simpler and easier to find.

5.3 Other Uses

During the period of time that this program was being developed, it was
also used for purposes other than as a program model. The main use was as a test
for the data collection system that was in use. This program not only detected
collected signals, but in certain cases, it could also indicate problems with the
collection such as dropped data. While these problems could be detected easily

with this program, they might have otherwise been overlooked.
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