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ABSTRACT

A simple, non contract and efficient tool for monitoring the natural activity of a
small lizard (Chamaeleo jacksonii) to yield valuable information about their energy
expenditure is presented. The tool allows monitoring in a non-confined laboratory
environment and uses multiple Doppler. A classification algorithm is described, which
can differentiate between fidgeting and locomotion through processing the quadrature
baseband signals from the radars. The results have been verified by experiments using 10
GHz and 24 GHz radars, and indicate that the tool could also be used for automated
monitoring of the activities of reptiles and other small animals.
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CHAPTER 1 ACTIVITY MONITORING
1.1 Introduction

Doppler radars have the potential to revolutionize our understanding of how small
reptiles (Chamaeleo jacksonii) perform certain motions by providing valuable
information about their metabolic activity and energy expenditure. This thesis describes
a simple, non-contact, and efficient tool for monitoring the natural activity of a small
lizard using multiple radar modules operating in a non-confined laboratory environment.
This tool is able to monitor the activity of small lizards using a classification algorithm
that can differentiate between fidgeting and locomotion by processing the quadrature
baseband signals from the radars. For this reason, we believe that Doppler radars can be

used for automated monitoring of the activities of reptiles and other small animals.

1.2 Motivation

Activity monitoring of animals in their natural environment can yield important
information about energy expenditure, thermoregulation, behavioral patterns, and even
population health [1],[2]. As energetic plays a large role in ecology, behavior, and
physiology, accurate methods for activity monitoring are critical for a wide range of
animal studies. The standard technique for measuring Field Metabolic Rate is the
doubly-labeled water technique which involved injecting animals with radio-labeled
water and observing the rate of CO, production over several weeks [2]. Because the
technique relies on the biological half-life of 0, which is long relative to the duration of
specific behaviors, it is not possible to measure the cost of specific activities such as
foraging, mating, or locomotion. Recent advances in the miniaturization of electrical

circuits have allowed measurements of activity using continuous heart-rate monitoring,
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but as this technique uses implantable data-loggers, it is limited to animals 1kg or larger
[3]. For smaller animals, the only available techniques are visual inspection or video
recording. Both are extremely time-consuming, labor-intensive, and require extensive
post-experiment effort in recording, transcribing, or analyzing the raw data.

Doppler radar motion sensing can provide a better tool for the automated activity
monitoring in animals, as well as the detection of multiple behavioral events in real-time
[4]-[6]. However, previous systems used only one Doppler radar and were not capable of
classifying different states of activity, such as fidgeting, walking, or running, which differ

tremendously in energetic cost and are important to distinguish in studies of activity.

1.3  Background

There are two methods for recording animal motion, which are the Lagrangian
approach and the Eulerian approach [6]. The Lagrangian approach monitors and records
a specific animal’s movement path, whereas the Eulerian approach monitors a specific
location and records all animals’ movements within the confined area. The Eulerian
approach is sometimes preferred because it is known to be less invasive, since it requires
no capturing of an animal [7, 8]. In addition, it typically doesn’t provide detail
information for biologists to conclude their questions on animal behavior. On the other
hand, the Lagrangian approach repeatedly records the locations where the animal is
moving. Observing the animal’s movements without tagging isn’t practical, therefore the
use of sensor technologies are used, for example, radio-telemetry and GPS and Argos
satellites [8]. Radio-telemetry was the first technique developed to track free-ranging
animals [9], the most common method used based on its costs ($300), by using

lightweight transmitters (size >0.2g) [10]. By using this technique, the information is



collected manually and limited to its intensity and scale when collecting samples, which
is typically about 50 sample points per day. Satellite tracking can provide global
coverage, however it requires large (size >10g) and expensive ($1000) tags and limits the
types of animal to be tracked due to the animal’s size. In addition, vegetation can limit
the functionality of satellite-based systems. However, these systems contain potential
problems in data acquisition and management. In Table 1.1, it shows the different

methods for recording animal motion and associated limitations [8].

Table 1.1: Primary Automated Animal Tracking Methods [8]

Tracking Method Smallest tags, Automated data Interference by
animal weight collection? vegetation

Traditional radio 0.29,49 No Low

telemetry
GPS satellite 10g, 400g Yes Medium

tracking

Satellite tracking 10g, 200g Yes High
(ARGOS)

1.4 Doppler Radar for Motion Classification

Continuous wave Doppler radar is a very useful tool for tracking motion and can
be used to extract information about an objects velocity. Quadrature Doppler radar
provide two baseband output as in-phase (I) and quadrature phase (Q), that when plotted
against each other form an arc of a circle in response to ideal linear motion as showed in
Figure 1.1. The amount of arc transcribed is a function of detected motion and the
frequency of operation of the radar. For a given displacement X, and transmitted
frequency f,>f1, X would result in a bigger arc for baseband data obtained from f,. In
order to better detect signals reflecting off an object with a small radar cross-section,

Doppler radars operating at frequencies of 24 GHz and 10.587 GHz have been used.




Two Doppler radars, one each for detecting motion in x-plane and y-plane were
employed. With the information received, the target movement can be extracted from the

change in frequency of the received signal to the Doppler shift of the moving target.

Arc Formation

Q Channel (V)
I3 I3
o o =]
(5] o (5] =

S
=

o
N
(&)

r r r r
-0.15 -0.1 -0.05 0 0.05 0.1
I Channel (V)

Figure 1.1. 1Q Channel Arc Formation
1.5  Objectives

The objectives are (1) monitoring the natural activity of a chameleon using a
simple, non-contact and efficient tool and (2) determine whether or not each motion can
be classified. Objective 1 was accomplished by monitoring in a non-confined laboratory
environment and uses multiple Doppler radars operating at 10.587 GHz and 24 GHz. In
principle, both frequencies were capable of detecting animal activity by changing the
threshold value. Objective 2 was accomplished by developing a classification algorithm
that can differentiate between fidgeting and locomotion by processing the quadrature

baseband signals from the radars.

CHAPTER 2 MOTION MEASUREMENT SYSTEM



2.1 Construction of System
2.1.1 Environment Assembly

An environment was created to determine the placement of the radar modules. A
given location on the floor was marked as the center (X), which is where the test subject
will be located. An area of 46.0 cm x 20.8 cm surrounded the center (X) and was outline
with tape. The area was separated into 2.54 cm increments with tape strips and colored
with black ink to easily identify the test subject distance through video reference. Two
markers were placed at different locations on the floor and used as indicators for the
placement of each radar module. The testing area was located in a closed environment
which was surrounded with radiation absorbent materials (RAMs). RAMs are arrays of
pyramid shaped pieces designed to stop any sound or electromagnetic waves by
absorbing the wave’s energy when the waves are bouncing within the structure. The

environment created is shown in Figure 2.1.
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Figure 2.1. Figure showing a schematic of the experimental set-up using two radar
modules and mechanical target/linear mover (linear servo with an attached plate)

2.1.2 Test Subjects



The test subjects were used as mechanical target to simulate motions that are
commonly found in small reptiles, which are locomotion and fidgeting. Based on the
information gathered, observations would be made to create parameters within the motion
classification algorithm to distinguish these motions. A total of three test subjects were
used.

The first test subject was a p12 linear servo from Firgelli Technologies. This test
subject can’t operate nor move without an algorithm. Therefore, three algorithms were
created using an Audino complier and then programmed into an Arduino board. The first
algorithm was based on locomotion, whereas the second algorithm was based on the
motion, fidgeting. The third algorithm was a combination of the two previous algorithms
and simulates random motion. The reason behind the third algorithm is that animal
movements are unpredictable to anticipate. The three motion patterns are tabulated in
Table 2.1. In addition, an acrylic plate covered with aluminum foil was attached to the
linear servo, so that a target can be tracked. The linear servo was then attached to metal
stand by taping it down.

Table 2.1: Displacement Values for Linear Mover: (A) Locomotion, (B) Fidgeting,
and (C) Random

LOCOMOTION MOTION PATTERN | DISTANCE | D.TIME
START POINT 0CM -
DELAY - 8SEC
FORWARD 2CM -
DELAY - 8SEC
BACKWARD 2CM -
DELAY - 3SEC
REPEAT

(A)




2CM

Delay: 8 SEC . o \ Delay: 8 SEC
START POINT ® B
2CM
LOCOMOTION MOTION PATTERN
FIDGETING MOTION PATTERN [ DISTANCE | D. TIME
START POINT 0CM
DELAY - 4SEC
FORWARD 0.5CM -
DELAY - 8SEC
BACKWARD 0.5CM
DELAY - 3SEC
REPEAT
(B)
0.5 CM
Delay: 8SEC .~ Delay: 4 SEC
® @
START POINT )
0.5 CM
FIDGETING MOTION PATTERN
RANDOM MOTION PATTERN | DISTANCE | D.TIME
START POINT 0CM -
DELAY - 4SEC
FORWARD 0.25 CM -
DELAY - 4SEC
BACKWARD 0.25 CM -
DELAY - 4SEC
FORWARD 1.5CM -
DELAY - 10SEC
FORWARD 0.45 CM -
DELAY - 4SEC
BACKWARD 2.0CM -
DELAY - 8SEC
REPEAT
©




(V) 2.0CM

(1) 0.25 CM

-

Delay: 4 SEC - , Delay: 4 SEC J Delay: 10 SEC
[ @ @ ®
- Delay:“‘i SEC
(1) 0.25 CM
iy 1.5 CM (IV) 0.45 CM

RANDOM MOVEMENT MOTION PATTERN

The second test subject was a Shelby Series 1 toy car from NewRay. This test
subject was able to perform multidirectional motion pattern at various speeds and was
controlled with a stopwatch remote control. The motions, locomotion and fidgeting,
were also performed using the toy car. However, an indicator was placed on the ground
to classify these two motions. If the car traveled passed the indicator, the motion was
considered locomotion and vice versa it was fidgeting.

The third test subject was a chameleon borrowed from Dr. Marguerite, a professor
from the zoology department. The gender of the chameleon tested was a male. Each of

these test subjects were placed in the center (X) between the two radar modules.

Figure 2.2: Test Subjects for Each Experiment: (1) Linear Servo, (2) Toy Car, (3)
Chameleon



2.1.3 Radar Mounts Construction

For the experimental setup, 24 GHz radar modules from RFbeam were used.
Mounts was created to secure the radar modules in place, since its physical structure was
small and thin. A sheet of cardboard (10in x 10in) was used to create the radar mounts.
Lines were drawn on the cardboard sheet using a sharpie to create four rectangular
pieces, which represents the front (6in x 6in), side (Lin x 6in), and the base (6in x 1in)
panel of the mount. The cardboard sheet was cut and divided into four pieces. For the
front panel, the center was located to create an area to place the radar module. From the
center, an area of 25mm x 25mm was drawn and cut out with a razor blade. Tape was
placed into the hallow area to provide strength in holding the radar module in place. The
four cardboard pieces was then combined together with tape.

Additional mounts were created for the new radar mounts brought from
Microwave Solutions. These radar modules operated at 10.587 GHz and contained no
pin headers. An array of pins was break into a pin array of four pins. The pin array was
then soldered on the radar module with a soldering iron. The design of the mounts was
the same as the one use for the 24 GHz radars. However, the cutting of the hallow area
wasn’t required for the front panel because the radar module had plastic screws for
mounting. The location of each plastic screw was measured with a ruler and marked on
the front panel of the mount. A sharpen edge was used to puncture through the cardboard
to create a hole for each plastic screw. The radar module was placed into the four holes

and secured on with plastic nuts. The four cardboard pieces was then combined with tape.



25mm 37.8 mm

(A) ) i
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Figure 2.3: Pictures of Radar Modules (A) 24 GHz Radar Module & (B) 10.587 GHz
Radar Module

2.1.4 Data Acquisition Algorithm

The data acquisition algorithm was used to collect the baseband outputs of each
radar modules in real time. In Figure 2.4, it shows the GUI layout of the data acquisition
algorithm using MATLAB ©.
2.1.4.1 Data Acquisition Assembly

The algorithm assembly began by typing the command “guide” into MATLAB.
A window would be shown containing two options: create a new GUI layout or open an
existing GUI layout. The option to create a new GUI layout was selected. A window
was opened containing an empty grid layout and various components used to create
structures on the layout. For the initial step, a design was developed to determine what
structures were needed to be build and where would these structures be located on the
layout. The design was divided into four sections. In the first section, structures for
importing information were built using the label component, textbox component, and a
push button component. First, the textbox was placed into the layout along with the label
and push button and combined together without overlap. The structure was duplicated to

provide six structures. However, the push button was deleted for one structure. The six
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structures were aligned together and named as follow: “Sampling Rate”, “Numbers of
Channels”, “Stop Time”, “Wait Time”, “File Name”, and “DAQ ID #”. In the second
section, a structure for displaying error messages was built using a panel component and
list box component. The panel was placed into the layout and extends to provide space
for the list box. Within the panel, the list box was placed and expanded to fill the entire
area. In the third section, structures for controlling the information were built using a
panel component and various button components. A total of four structures were created
and named as follow: “Control Panel”, “Channels”, “Save File/Run Clock”, and
“Acquisition Type”. Each structure was created by placing a panel into the layout and
expanding it to provide space for the placement of buttons. The structure called “Control
Panel” is a panel containing three push buttons (start, stop, and reset) used to control the
data acquisition. The structure called “Channels” is a panel containing eight checkboxes
indicating each channel name the DAQ outputs. The structure called “Save File/Run
Clock™ is a panel containing two options to save the file and run a clock during the
experiment. The structure called “Acquisition Type” is a panel containing a toggle
button to allow the user to select the mode the user wants to run. In the four sections,
structures for display information were built using two empty plots. The plots were used
to display the raw information from each baseband outputs of each radar module and the
IQ Plots. When all structures were created, the structures were aligned as shown in

Figure 2.4.
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Figure 2.4: Data Acquisition GUI
2.1.4.2 Procedure

For the data acquisition algorithm to work, a DAQ is required. When the DAQ is
inserted correctly, the algorithm would first locate the port where the DAQ is connected
and determine the DAQ type. Next, the five parameters (sampling rate, numbers of
channels, stop time, wait time, and file name) were declared by entering a number or
name into the given textbox and pushing the corresponding button. If one or more aren’t
entered correctly, an error message would be shown with a possible solution to the given
problem. When the parameters are entered correctly, the control panel buttons are
activated. The buttons are run, stop, and reset. Before running the algorithm, the user
has an option to run a clock, save the information, and choose an acquisition type. When
the user selects the clock button, a window would display the runtime and cover the
entire monitor screen. When the run button is selected, two graphs would be shown, one

showing raw information produce by the baseband outputs of each radar module and the
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other showing the 1Q plots. The graphs shown are color-coded and are distinguish based
on the channel selected. When the algorithm is done, an array containing the baseband

outputs of each radar module is created.

2.1.5 Setting Up for Recording

For each experiment, the equipments used were four Low-to Noise Amplifiers
(LNAs), NI-DAQ, power supply, laptop, camera, and connectors (includes alligator clips
and coaxial cables). First, the environment shown in Figure 1 was created. The
cardboard mounts were placed on the marked location on the floor and taped for stability.
As shown in Figure 2.5, the cardboard mounts are faced perpendicular to each other and
placed straight facing the marked location (X) of the test subject. The radar modules
were placed into the hollow area of the mounts and a test subject was placed at X. Each
radar module was connected with a ribbon cable and each strand was given a label
indicating the pin output. Two LNAS were stacked on top of each other and placed
behind each cardboard mounts for easy access to connect cables. For one stack, a power
supply was placed on top and connected two alligator clips to the red node (5V) and
black node (OV or ground). The power supply was set to 5V and was check with a
multimeter. A camera was placed on the floor for recording a video and a laptop was
placed in a free zone from the testing environment. The laptop was used for data
acquisition. The ribbon cable was separated into individual strands and stripped with a
wire cutter to connect alligator clips and coaxial cables. Cables and clips were attached
to expose wires by following the pin outputs of the 24GHz radar module. Pin 1 and 3
were baseband outputs and connected with coaxial cable with pin headers, the red pin

went to the baseband output while the black pin went to ground of the power supply. Pin
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2 and 4 were connected with alligator clips and leaded to the power supply. The ends of
each coaxial cable were connected to the input node of a single LNA. The LNAs was set
to given parameters for baseband signal conditioning. For experiment 1 and 2 was a
cutoff frequency ranging 0.03Hz to 1 kHz, a gain of 200, AC coupling, and produce a
bandpass filter. For experiment 3, the cutoff frequency was changed from the previous
experiments and ranged from 0.03Hz to 300 Hz. Each of the LNA’s output nodes where
fed through a NI-DAQ for data acquisition. A USB cord was connected to the DAQ and
fed into the USB port of the laptop. A LED was placed into breadboard and was
programmed to turn on when the data acquisition is running. A maintenance check was
performed to find any crossing wires or bad connectors and checks if all LNA’s settings
were identical. Lastly, all equipments were turned on. In Figure 2.6, it shows the

overview of how the system was assembly.

Side Radar Module

Front Radar Module

Linear Mover

Figure 2.5: Placements of Radar Module Mounts
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Figure 2.6: System Overview Showing the Key Elements as well as the Direction of
Flow of the Information in the System

2.1.6 Testing
2.1.6.1 Experiment 1: Linear Mover

In experiment 1, the linear mover was the test subject. The linear mover was
programmed with three algorithms to perform the motions, locomotion, fidgeting, and
random. For each experiment, the linear mover moved forward and backward with a
distance ranging from 0.5 to 2 cm for 30 sec. The linear servo was placed at four
locations within the enclosed environment to see any variations in the baseband outputs
for each radar module. In the first experiment, the linear servo was placed at location X
and facing toward the front radar. In the second experiment, the linear servo was placed
23.16 cm away and facing toward the side radar. In the third experiment, the linear servo

was placed at location X and faced 45 degrees toward both radar modules. In the fourth
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experiment, the linear servo was placed at location X and faced 45 degrees away from
both radar modules. The same procedure was done on the liner servo using the fidgeting
algorithm.
2.1.6.2 Experiment 2: Toy Car

In experiment 2, the toy car was the test subject. The experiment was conducted
by turning all equipments and running the data acquisition, a five minute delay time was
set to walk out of the enclosed environment. When the data acquisition began, the toy car
was controlled using a stopwatch remote control to perform locomotion and fidgeting. To
perform locomotion, the toy car had to travel a distance ranging from 0.5 cm to 2 cm.
For fidgeting, the toy car had to travel a distance of 0.5 cm or less. A total of 7
experiments were conducted on the toy car: four experiments relating to locomotion, two
experiments relating to fidgeting, and one experiment combining both motions. In the
first experiment, the toy car was placed at location X and moved forward once toward the
front radar module. In the second experiment, the toy car was placed at location X and
moved backward once away from the front radar module. In the third experiment, the car
was placed at location X and followed the motion pattern tabulated in Table 2.3. In the
fourth experiment, the toy car was placed 45 degree to the right of location X and
performed five motions that are tabulated in Table 2.4. The experiments from 1 to 4 were
locomotion.

Table 2.2: Motion Pattern for Experiment 3 and 5 (Toy Car)

Motion Pattern
Backward
Forward
Backward
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Table 2.3: Motion Pattern for Experiment 4 and 6 (Toy Car)

Motion Pattern
Backward
Forward
Backward
Forward
Backward

In the fifth experiment, it was the same the third experiment however the distance
traveled was shorter. In the sixth experiment, it was the same as the fourth experiment
however the distance traveled was shorter. The experiments 5 and 6 were fidgeting. For
the seven experiments, locomotion and fidgeting was both combined by having the toy
car performing locomotion (distance >2cm) first and then fidgeting (distance <0.5cm)
second. This motion pattern was repeated to perform a total of 6 motions. All
experiments were done in the anechoic chamber in the bio-sensing lab and each had a
runtime of 20 sec.
2.1.6.3 Experiment 3: Chameleon

In the third experiment, tests were performed with Chameleo jacksonii. The
radars were set in similar configuration to Figure 5 but 10.587 GHz radar modules were
used and a metal stand was used to hold a small branch on which the chameleon was let
loose. The location of the experiment was at the fifth floor of Edmondson Hall at
University of Hawaii at Manoa. The experiments were performed under natural light in
the morning in a closed room. The sampling rate for the radar data acquisition was set to
100Hz. The photograph of the setup is shown in Figure 2.7. Measurements were made
for 30 minutes. A standard digital camera was used to record (640 X 480) as reference.

From inspection of the video, a table was created indicating the type of motion with time.
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These reference values were then compared with the radar data analysis.

(g | |
LAMP
POWER SUPPLY & LNAs ‘/_'\.
A,
, ]
10 GHz RADAl
]
CHAMELEON

DDAQ\@ LAPTOP

Figure 2.7: Photograph Showing the Set-Up for Monitoring Chameleon Activity
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CHAPTER 3 MOTION CLASSIFACTION ALGORITHM

3.1 Introduction
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Figure 3.1: Motion Classification Algorithm GUI Layout

Figure 3.1 shows the layout of the motion classification algorithm using the GUI
layout editor in MATLAB ©. The algorithm was created to analyze the raw information
and distinguish the motion pattern being performed. Two motion patterns were set in the
algorithm, which were locomotion and fidgeting. A video reference was added as a
checking parameter to verify whether the motion pattern matched up with the video
recording. The GUI layout consists of various button, which works together to observe

and analyze the imported information.

3.2 Algorithm Assembly
The algorithm assembly began by typing the command “guide” into MATLAB.
A window would be shown containing two options: create a new GUI layout or open an

existing GUI layout. The option to create a new GUI layout was selected. A window
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was opened containing an empty grid layout and various components used to create
structures on the layout. For the initial step, a design was developed to determine what
structures were needed to be build and where would these structures be located on the
layout. The design was divided into four sections. In the first section, structures for
importing information were built using the panel component, two push button
components, and a list box component. First, the panel was placed into the layout and
extended to provide space for the other components. Within the panel, the two push
buttons were placed next to each other while the list box was placed below the two push
buttons. When the structure was constructed, the structure was duplicated to provide
three structures. The three structures were aligned together and named as follow: “Add
Lizard Video Files”, “Add Lizard Video Frames”, and “Add Lizard Data Files”. In the
second section, structures for collecting and analyzing information and controlling video
were built using the panel component and various push button components. A total of
three structures were created and named as follow: “Lizard Control Panel”, “Lizard
Video & Graph Control Panel”, and “Plot/Save”. Each structure was created by placing a
panel into the layout and expanding it to provide space for the placement of push buttons.
The structure called “Lizard Control Panel” was a panel that contains buttons for
importing and analyzing the information (video reference and data produced by each
radar module). The structure called “Lizard Video & Graph Control Panel” was a panel
for controlling the video reference. The structure called “Plot/Save” was a panel
containing buttons to display and save the 1Q plots, motion pattern, and rotation pattern.
In the third section, it contains empty plots used to display the motion pattern, rotation

pattern, and 1Q plots. A total of seven empty plots were placed into the layout. In the
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fourth section, it contains an empty plot used to display the video. All four sections were

combined together and aligned as shown in Figure 3.1.

3.3 Procedure

To activate the GUI, a video must be added by selecting the button, “Add Video
File”. A window would be shown to allow the user to locate the path of the video file.
Only AVI format video can be inserted into this GUI because MATLAB can only read
AVI format videos. Therefore, the video must be converted if written in a different
format. The video converter used was Window Movie Maker ©. When the video file is
selected, the following button called “Import Video File” is enabled. In this process, the
video get separated into individual frames and then converted into snapshots. The
snapshots are labeled with numbers, which will later serve as indicators (in term of time)
when placed in the video player. Next, the video frames must be added by selecting the
button, “Add Video Frames”. When the video frames are added, the following button
called “Import Video Frame” is enabled. In this process, it would count the number for
frames inserted and placed the first frame selected into the video player, which is an
empty plot. In addition, the status bar on the bottom of the video player would change by
listing the amount of frames inserted and the number of the current frame showed in the
video player. When the video frame is imported, the data file can be added by selecting
“Add Data Files”. The data file will be analyzed using the concepts in Section 3.3.
When the data is analyzed, the user can observe the result produce by the motion
classification algorithm by selecting the buttons listed in “Plot/Save”. The results would
be plotted into the empty plots. When the plots are display, the user can save the plot.

The plots would be resized and can be saved in any format. When all plots are displayed,
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the video player buttons are enabled, this provide users a visual on what is happening as
shown in the motion pattern plots. When the experiment is complete, the user can export
the information computed by the classification algorithm or reset the GUI to analyze a

new experiment.

3.4 Methods

Set Threshold
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Demodulation

T<Difference Time Pattern

No Motion &
Time

T>Difference

Step 2: Arc Rotation Calculate Phase Angle Motion Pattern Rotation Counter

Motion 1: Locomotion

Is number of rotation
>=27?

Print Results

Step 3: Classification

Motion 2: Fidgeting

Figure 3.2: Classification Algorithm Used for Each Radar to Characterize Motion

Figure 3.2 shows the block diagram of how the algorithm characterizes motion for
each radar module. The motion classification begins by using eigenvalue demodulation,
which is where each baseband output is multiplied by an eigenvalue. An eigenvalue is a

set of number created by multiplying a scalar factor to the eigenvector, which is a square
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matrix containing non-zero vectors. In the following mathematical expression, it shows
how the eigenvalues are formed.

Axv=21xv,(1)
where A is a square matrix, v is an eigenvector, and A is a scaling factor.

The information produced by eigenvalue demodulation is plotted and observed. From the
plot, it shows the motion pattern in terms of time and amplitude. As a target move, a
change in the amplitude of the baseband signal would occur and indicate as non-

sedentary motion as shown in Figure 3.3.
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0.3 T

0.2 N

0.1y N

Amplitude

-0.1

-0.3F -

_0. 4 r r r r r
0 10 20 30 40 50 60

Time (Seconds)
Figure 3.3. Eigenvalue Plot
Before the information is passed through to the next step, the local maxima and minima
are found by sampling 20 data points. During sampling, this process can lead to
inaccurate measurements due to underestimating and overestimating the maximum and
minimum points. Therefore, a rechecking process is used to verify each maximum and
minimum point is accurate. A list of time intervals will be showed in Figure 3.4
containing activity and no movement. Before the activity periods are passed, a threshold
is set. For each activity periods, the maximum and minimum amplitudes are subtracted

to get a value. Not all values are considered as motion; therefore the algorithm would

23



Eigenvalue Pattemn ( 0 to 10 seconds)
0.3 ' o | Targetis
movin

0.2 &
g 01
=
g No
£ o

motion
-0.1
02— -

0 2 4 6 8 10
Time (Seconds)

Figure 3.4. Eigenvalue Pattern (Locating the local maxima and minima)

eliminate the values that are less than the given threshold. The threshold value is
changed for each test subject. For the remaining values, the amplitudes are converted to
their corresponding time and tabulated in a table. In the table, it contains two columns
which display the approximate starting and ending times. This eigenvalue demodulation
was performed on both radars to see the target’s path within the enclosed environment.
During the observation, the information was dominated to the radar the target was facing
if it moving in a straight path. If the target is placed at an angle toward and away from
both radar modules, the information gathered in both modules would be identical. For
the algorithm to conclude the right time pattern, the starting time of each radar module
are compared and used the one of the following conditions.

Condition 1: If the time pattern (side) is greater than the time pattern (front), one motion
pattern would be shown using the front time pattern.

Condition 2: If the time pattern (front) is greater than the time pattern (side), one motion
pattern would be shown using the side time pattern.

Condition 3: If the difference between the front time pattern and side time pattern is less
than 10 sec, two motion patterns would be shown using the time pattern following
Condition 1 or Condition 2.
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The time pattern is used as an index to locate the corresponding baseband outputs. The
baseband outputs of each radar module are combined into a complex equation as shown

in the following equation.

c=1x(j*Q), ()
where | is the in-phase channel and Q is the quadrature channel.

When the baseband outputs are combined, the motions would result in the formation of
an arc in the I-Q plane. From the arc rotation, the motion direction can be classified. If
the arc is rotating in the clockwise (CW) direction, the motion would be classified as
moving away from the radar. On the other hand, if the arc is rotating in the
counterclockwise (CCW) direction, the motion would be classified as moving toward the
radar. The length of the arc is a good indication of the amount of motion. For a
transmitted signal of 24 GHz (lamda=1.25 cm), a movement of approximately 0.6125 cm
should result in a complete circle. By counting the number of circles of closed loops in
the I-Q plane, it is possible to quantify motion as fidgeting and locomotion. To
determine the amount of circle, the phase angles were calculated using MATLAB®O,
however to obtain the correct phase values, the 1Q plots were conditioned to be centered
at the origin. After the phase angles were calculated, the algorithm would determine the
numbers of rotation by counting how many times it passed the initial value of each
circular pattern. For motion classification, the numbers of rotation were used. If the
rotation is 2 or greater, it is classified as locomotion. On the other hand, rotation less
than 2 is classified as fidgeting. For the 10.587 GHz radars, locomotion is classified as 1

or more rotation, whereas fidgeting is classified as less than 1 rotation.
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3.5 Results

The results are showed and plotted into the empty plots within the motion
classification algorithm. The empty plots are shown in the right of Figure 3.1. The two
plots located at the top would display the 1Q plots of the front and side radar modules.
The two plots located at the middle would display the motion pattern observed by the
front and side radar modules. The two plots located at the bottom would display the
rotation pattern observed by the front and side radar modules. The plots are displayed

and saved by using the buttons stored within the panel called “Plot/Save”.

3.6 Synchronized Video Reference with Data

The video reference was controlled using various buttons stored in the video
control panel. The buttons are play, stop, fast forward, rewind, and jump. When the
video is playing, each snapshots imported would be shown in the empty plot as time
change. The jump button was created to allow users to jump to a certain frame to see

what motion was being performed as shown in the motion pattern.

3.7 Data Storage

After the completion of analyzing the raw information, a table is created for each
radar module containing the starting time, ending time, motion direction, and amount of
rotations. The user has an option to save the results by selecting the button called
“Export”. This button would copy the information and store it into a spreadsheet in

Excel.
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CHAPTER 4 MOTION MONITORING EXPERIEMNTS AND ANALYSIS

The plots showed below are results from each experiment using the motion
classification algorithm. In each experiment, locomotion and fidgeting were performed
and placed at different locations on the floor to see any variation in the baseband outputs.
The plots showed are the motion pattern and the rotation pattern. The motion pattern
shows the approximate time period when the target is performing motion and not. The
rotation pattern shows whether the motion pattern was performing locomotion or
fidgeting based on the number of rotations. Along with these plots, a table is shown
which provide important information that was used to classify the two motions. The
information stored was the time pattern, motion direction, and rotation counts.

4.1 Experiments
4.1.1 Linear Mover Design

4.1.1.1 Locomotion

Time Segment (I) Time Segment (Il)
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Figure 4.1: Plots Showing Motion Detection Using Eigen Vector and Classification
Using Angle Estimation and Rotation Count for Locomotion in Front Radar

4.1.1.2 Fidgeting
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Figure 4.2: Plots Showing Motion Detection Using Eigen Vector and Classification
Using Angle Estimation and Rotation Count for Fidgeting in Front Radar

4.1.1.3 Locomotion at 45°
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Figure 4.3: Plots Showing Motion Detection Using Eigen Vector and Classification
Using Angle Estimation and Rotation Count for Locomotion at an Angle of
Approximately 45° in Front Radar
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Figure 4.4: Plots Showing Motion Detection Using Eigen Vector and Classification
Using Angle Estimation and Rotation Count for Locomotion at an Angle of
Approximately 45° in Side Radar
4.1.2 Linear Mover Measurement Results & Discussion

In Figure 4.1, it shows the linear servo performing locomotion in front of the front
radar module. Two or more complete rotations were classified as locomotion. For 24

GHz, a motion of approximately 1.2cm should result in two rotations. From Table 4.1,

we can observe four to five rotations in each time segment where motion was detected.
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One graph is shown because the algorithm assumed that one of the radar modules was
dominate in receiving more motion signals compared to the other module. Based on the
assumption, the algorithm concludes that the radar was the front module. The plot is
distinguish by two different colors, red and blue. The red line is the motion pattern,
which was determined by the eigenvalue demodulation. The blue line is the rotation
pattern, which classify the motion type based on the number of rotation counts. Along
with motion and rotation pattern, individual 1Q plots are shown for each motion
performed. Each 1Q plots were produce by using the time segments when both the blue
and red lines are changing amplitude or performing motion. In the motion pattern,
amplitude of 1 is classified as motion. On the other hand, amplitude of 0 is classified as
no motion. For the rotation pattern, amplitude of 2 is classified as moving forward and
amplitude of -2 is moving backward.

After testing for locomotion, the linear mover was placed facing straight towards
the front radar to simulate fidgeting or swaying the body. The resulting analysis is shown
in Figure 4.2. As can be seen in Table 4.2, there are less than 2 complete rotations
transcribed. One graph is shown because the algorithm assumed that one of the radar
modules was dominate in receiving more motion signals compared to the other module.
Based on the assumption, the algorithm concludes that the radar was the front module.
The color specification and parameters of amplitude are the same as locomotion. In the
motion pattern, amplitude of 1 is classified as motion. On the other hand, amplitude of O
is classified as no motion. For the rotation pattern, amplitude of 1 is classified as

fidgeting forward and amplitude of -1 is fidgeting backward.
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Another important aspect to be considered for this system is to observe is the
effect of motion at an angle towards both the radars. In such a situation, the motion
content along their respective axes will be seen by the front and side radar. However, the
motion content seen will be a function of the target’s angle to both radars and it shape
that will determine the effective cross-section presented to the radars. In order to observe
the effect of such a motion, the linear mover was moved with locomotion pattern at
approximately 45 degrees to both radars. The results are shown in Figure 4.3. For
motion classification, a value of 1 corresponds to fidgeting and a value of 2 corresponds
to locomotion. The motion pattern detected from changes in eigenvector was the same in
both radars. Due to the position of the plate, the motion component detected by the front

radar is less for I and 1V and hence it detects the motion as fidgeting. As the plate moves

closer to Il and 111, more motion content is visible to the front radar and hence it can

detect locomotion. However, information from front and side radars can be analyzed to

classify motion in board terms of energy expenditure.

Table 4.1: Linear Mover Performing Locomotion Results

Motion Title | Radar Location | Start Time | End Time | Direction | Rotation Count
Movel Front 430 5599 -1 4.083201634
6450 12419 1 4.900733519
12420 18369 -1 4.796396522
18430 23149 1 3.885947089
Table 4.2: Linear Mover Performing Fidgeting Results
Motion Title | Radar Location | Start Time | End Time | Direction | Rotation Count
Figl Front 3650 5089 -1 0.75502128
9550 11499 1 1.29407081
15550 17499 -1 1.24809654
21550 22349 1 0.75400383
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Table 4.3: Linear Mover Performing Locomotion at 45° Results

Motion Title | Radar Location | Start Time | End Time | Direction | Rotation Count
Movaway1 Front 3800 8260 -1 1.8121342
10320 15499 1 2.08770089
16060 21279 -1 2.06966315
21980 26249 1 1.74557487
Side 3820 8859 1 2.77400318
9800 15499 -1 3.14031562
16050 21599 1 3.02883558
21770 26229 -1 2.58887813
4.1.3 Toy Car

4.1.3.1 Locomotion & Fidgeting at 45°
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Using Angle Estimation and Rotation Count for Locomotion & Fidgeting at an
Angle of Approximately 45° in Front Radar
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Figure 4.6: Plots Showing Motion Detection Using Eigen Vector and Classification
Using Angle Estimation and Rotation Count for Locomotion & Fidgeting at an
Angle of Approximately 45° in Side Radar
4.1.4 Toy Car Measurement Results & Discussion

The toy car experiments were performed to determine whether or not the motion
classification algorithm can distinguish the difference when both motions (locomotion &
fidgeting) are being performed one after the other. For this experiment, the toy car was
placed at an angle of 45° away from both radars and performed six motions. From the
results shown in Table 4.4, the motion classification algorithm determine that the motion
performed by the toy car was between both radars, since both radar’s information were
listed in the table. However, the target location was placed at an angle and performing
motion close to the front radar since the rotation count in the front radar is greater than
the side radar. In the front radar, we can observe three to four rotations in each time

segment where motion was detected. On the other hand, two to three rotations were seen

in the side radar in each time segment.
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Table 4.4: Toy Car Performing Fidgeting & Locomotion at 45° Results

Motion Title Radar Location Start End Time | Direction | Rotation Count

Time

FigMoveAway Front 4150 4539 -1 4.50020537

5360 5759 1 4.99540473

8110 8540 -1 3.2947023

10260 10559 1 3.03524497

13450 13829 -1 4.21440366

17370 17709 1 4.6229246

Side 4170 4559 1 2.11686335

5350 5479 1 0.63994704

5480 5759 -1 2.69374406

8100 8429 1 1.64011698

10250 10549 -1 2.59831456

13450 13849 1 3.45931383

17350 17769 -1 2.5337637

4.2 Live Animal Experiments

4.2.1 Chameleon Figures

2

L L

Voltage (V)
o

r

Front Radar (1)

Front Radar (Q)

Side Radar ()

Side Radar (Q)
r

Figure 4.7: Raw Data From Front and Side Radar Showing Changes in Amplitude

due to Motion.
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Figure 4.9: (a) A Plot of 0-50 Seconds Taken from Fig. 4.8, (b) A Plot of 70-90
Seconds Taken from Fig. 4.8, and (c) A Plot of 160-210 Seconds from Fig. 4.8

4.2.2 Chameleon Results & Discussion

In Figure 4.7, it shows the raw data from the front and side radar showing the
changes in amplitude due to motion. The raw data produced by the front radar was offset
by 1 for clarity. The raw data are classified as lines with different colors. The red and
blue lines are baseband outputs of the front radar. On the other hand, the green and
purple lines are the baseband outputs of the side radar. Based on Figure 4.7, we can see
some motion occurring from 0 sec to 45sec; however we can’t conclude the motion for
the remaining time period. Therefore, the motion classification algorithm was performed
to analyze the raw data and shown in Figure 4.8. The classification algorithm determines
the motion as fidgeting, since both radars had a rotation count of less than 2. From 0 to
45 sec, the chameleon was swaying the body and some form of fidgeting at 75 to 79 sec,
165 to 170 sec, and 190 to 195 sec. These results shown was verified with a video

reference and proved accurate at these times when the chameleon was moving. From this
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short experiment for 5 sec, the motion classification algorithm was able to distinguish the
variation in body movement and walking path. Therefore, longer experiments were
conducted to see whether the algorithm can retain and store massive information being
captured by the chameleon movements. In Figure 4.10, it shows the motion pattern of the
chameleon moving under an experiment for 30 min. In this figure, the blue line represents
motion being captured by the front radar module, whereas the red line represents motion
captured by the side radar module. From the data showed, the chameleon moved for 5
min straight and stops to rest for the remainder of the experiment. At the resting point,
the chameleon performed some fidgeting movements, which were indicated as tick marks
(change in amplitude of 1 or -1) at 11 to 15 min on Figure 4.10(a). In Table C.5 and
Table C.6, it contains the time interval the target is moving, the direction, and the
distance traveled. Since both motion patterns are hard to distinguish, the motion patterns
are combined to determine the exact motion pattern based on the logic shown in Table
4.5. After the combination of the radar data, a single output classifying the chameleon

motion pattern is color-coded in Figure 4.10 (c).
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Figure 4.10: Chameleon Experiment for 30 Minutes using 10.587 GHz Radar
Modules (A) Information from Both Radars, (B) Combined Information, (C)
Motion Classify, (D) Pie Chart for (C)

Based on the chameleon motion pattern in Table 10.3(c), the chameleon was inactive

90% of the time during the 30 minute experiment, while performing locomotion for 3%

and fidgeting for 7%. Using pie charts can give a better indication on when the

chameleon is performing for a researcher or even a new user.
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CHAPTER 5 CONCLUSIONS AND RECOMMENDATIONS
5.1 Conclusions

In this experiment, the motion activity of a chameleon was performed using
Doppler radars. A motion classification algorithm was written to distinguish the two
motions commonly perform by small reptiles, which are locomotion and fidgeting. To
simulate these motions, mechanical targets were used to mimic these motions and
observe with Doppler radars to make conditions for the classification algorithm.
Chameleons and other reptiles require natural light, since they are cold-blooded and do
barely any activities without light. During the experiment, a natural habitat was created
for the chameleon to move and noticed that chameleon loves to climb to the highest point
and stay at that location. Different locations were tested for each motion performs to
notice any variations in the baseband output for each radar module. If a moving target
was located in front of one radar module, the baseband output would capture more
signals compared to the other radar. If the moving target was placed at 45 degree between
both radars, the time pattern would be identical. If the moving target was placed 45
degrees away from both radar, the time pattern would be identical however the rotation
counts would only count half of the given motion perform. This is because the target
might have been out of the range between the two radar modules to detect. In conclusion,

the motion classification algorithm works.

5.2 Recommendations
The motion classification algorithm was able to distinguish the motions we were
set to accomplish, which were locomotion and fidgeting. However, fidgeting can be

classified as various motions performed by a small reptile, for example, tail wag, head
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movement, etc. These motions might have been performing up and down and not
orthogonal to either radar. Therefore, further experiments can be done by integrating a
three-radar module into the setup; this would give a three-dimensional perspective of how
a target performs a given motion. In addition, this would give more information to
classify the motions of fidgeting individually. More experiments would have to be
accomplished to see the variation when adding a new radar module to the setup and
change the conditions in the algorithm. By advancing the system for three-dimensional,
other animals can be tested for activity monitoring like humans or larger animals.
Another decision step could be added in future where an algorithm will combine the two

decisions of both radars to yield a single plot specifying the nature of activity.
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Appendix A
Motion Pattern Plots
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Experiment 1: Linear Mover (Locomotion, 10.587GHz)
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Figure A.1: Linear Mover Performing Locomotion Motion Pattern for each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
from Both Radar Modules at 45°
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Experiment 2: Linear Mover (Fidgeting, 10.587GHz)
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Figure A.2: Linear Mover Performing Fidgeting Motion Pattern for each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
from Both Radar Modules at 45°
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Experiment 3: Linear Mover (Locomotion, 24GHz)
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Figure A.3: Linear Mover Performing Locomotion Motion Pattern for each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
from Both Radar Modules at 45°
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Experiment 4: Linear Mover (Fidgeting, 24 GHz)
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Figure A.4: Linear Mover Performing Fidgeting Motion Pattern for each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
from Both Radar Modules at 45°
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Appendix B
Rotation Pattern Plots
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Experiment 1: Linear Mover (Locomotion, 24 GHz)
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Rotation Pattern (Locomotion, Toward,24GHZ)
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Figure B.1: Linear Mover Performing Locomotion Rotation Pattern for Each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
Both Radar Modules at 45°
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Experiment 2: Linear Mover (Fidgeting, 24 GHz)
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Rotation Pattern (Fidgeting, Toward,24GHZ)
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Figure B.2: Linear Mover Performing Fidgeting Rotation Pattern for Each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
Both Radar Modules at 45°
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Experiment 3: Linear Mover (Locomotion, 10.587 GHz)
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Rotation Pattern (Locomotion, Toward,10.587GHZ)
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Figure B.3: Linear Mover Performing Locomotion Rotation Pattern for Each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
Both Radar Modules at 45°
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Experiment 4: Linear Mover (Fidgeting, 10.587 GHz)
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Rotation Pattern (Fidgeting, Toward,10.587GH2Z)
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Figure B.4: Linear Mover Performing Fidgeting Rotation Pattern for Each
Experiment (a) Place in Front of Front Radar Module, (b) Place in Front of Side
Radar Module, (c) Place Toward Both Radar Modules at 45°, and (d) Place Away
Both Radar Modules at 45°
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Appendix C
Results Produced by the Motion Classification Algorithm
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Experiment 1: Linear Mover (Locomotion, 24 GHz)

Table C.1: Linear Mover Performing Locomotion Results: (A) Place in Front of
Front Radar (Front View), (B) Place in Front of Front Radar (Side View), (C) Place
in Front of Side Radar (Front View), (D) Place in Front of Side Radar (Side View),
(E) Toward Both Radar Modules at 45° (Front View), (F) Place Toward Both Radar
Modules at 45° (Side View), (G) Place Away from Both Radar Modules at 45°
(Front View), (H) Place Away from Both Radar Modules at 45° (Side View)

R. Location Radar Data (F)
Front ST ET DIR ROT DIST
17 71 1 0.594076 | 0.003713
430 859 -1 3.283108 | 0.020519
1548 1977 1 3.277632 | 0.020485
2348 2772 -1 3.338522 | 0.020866
3449 3868 1 3.271456 | 0.020447
4246 4660 -1 3.295036 | 0.020594
5350 5774 1 3.279673 | 0.020498
(A)
R. Location Radar Data (S)
Front ST ET DIR ROT DIST
2 26 1 0.521249 | 0.003258
466 835 -1 1.280787 | 0.008005
1575 1929 1 1.271456 | 0.007947
2372 2736 -1 1.264064 | 0.0079
3470 3824 1 1.272829 | 0.007955
4262 4626 -1 1.268726 | 0.00793
5379 5733 1 1.260764 | 0.00788
(B)
R. Location Radar Data (F)
Side ST ET DIR ROT DIST
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
(®)
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R. Location Radar Data (S)
Side ST ET DIR ROT DIST
2 231 -1 1.816821 | 0.011355
912 1326 1 3.255639 | 0.020348
1701 | 2125 -1 3.258121 | 0.020363
2808 | 3222 1 3.244285 | 0.020277
3606 | 4025 -1 3.248369 | 0.020302
4707 | 5126 1 3.297797 | 0.020611
5499 | 5918 -1 3.234304 | 0.020214
(D)
R. Location Radar Data (F)
Toward ST ET DIR ROT DIST
376 795 -1 2.935528 | 0.018347
1486 1895 1 2.830896 | 0.017693
2280 2699 -1 2.93032 | 0.018314
3380 3799 1 2.915091 | 0.018219
4190 4594 -1 2.820392 | 0.017627
5289 5693 1 2.775637 | 0.017348
(E)
R. Location Radar Data (S)
Toward ST ET DIR ROT DIST
419 788 -1 2.749487 | 0.017184
1499 1863 1 2.711819 | 0.016949
2280 2684 -1 3.154396 | 0.019715
3391 3760 1 2.753462 | 0.017209
4183 4587 -1 3.147273 | 0.01967
5292 5661 1 2.753888 | 0.017212
(F)
R. Location Radar Data (F)
Away ST ET DIR ROT DIST
200 574 -1 2.300453 | 0.014378
1300 1672 1 2.262761 | 0.014142
2100 2474 -1 2.314048 | 0.014463
3189 3568 1 2.30781 | 0.014424
3998 | 4367 -1 2.268762 | 0.01418
5099 5478 1 2.322679 | 0.014517
5890 | 5959 -1 0.645809 | 0.004036
(G)
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R. Location Radar Data (S)
Away ST ET DIR ROT DIST
180 434 1 0.860224 | 0.005376
1428 | 1687 -1 0.816746 | 0.005105
2088 | 2342 1 0.850256 | 0.005314
3320 | 3589 -1 0.835724 | 0.005223
3980 | 4249 1 0.894859 | 0.005593
5236 | 5485 -1 0.79853 | 0.004991
5876 | 5985 1 0.627328 | 0.003921
(H)

Experiment 2: Linear Mover (Fidgeting, 24 GHz)

Table C.2: Linear Mover Performing Fidgeting Results: (A) Place in Front of Front
Radar (Front View), (B) Place in Front of Front Radar (Side View), (C) Place in
Front of Side Radar (Front View), (D) Place in Front of Side Radar (Side View), (E)
Toward Both Radar Modules at 45° (Front View), (F) Place Toward Both Radar
Modules at 45° (Side View), (G) Place Away from Both Radar Modules at 45°
(Front View), (H) Place Away from Both Radar Modules at 45° (Side View)

R. Location Radar Data (F)
Front ST ET DIR ROT DIST
142 256 1 0.684986 | 0.004281
941 1060 -1 0.701673 | 0.004385
1641 1760 1 0.688935 | 0.004306
2423 2562 -1 0.788913 | 0.004931
3143 3267 1 0.690477 | 0.004315
3941 4045 -1 0.701275 | 0.004383
4640 4764 1 0.694151 | 0.004338
5419 5548 -1 0.773 0.004831
(A)
R. Location Radar Data (S)
Front ST ET DIR ROT DIST
143 202 1 0.592891 | 0.003706
923 982 -1 0.600207 | 0.003751
1642 1701 1 0.597334 | 0.003733
2427 2486 -1 0.597024 | 0.003731
3136 3195 1 0.597179 | 0.003732
3922 3981 -1 0.594723 | 0.003717
4641 4700 1 0.597473 | 0.003734
5428 5487 -1 0.599661 | 0.003748
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(B)

R. Location Radar Data (F)
Side ST ET DIR ROT DIST
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
NA NA NA NA 0
(©€)
R. Location Radar Data (S)
Side ST ET DIR ROT DIST
381 440 -1 0.681375 | 0.004259
1108 1157 1 0.628555 | 0.003928
1898 1967 -1 0.705562 | 0.00441
2609 2658 1 0.627324 | 0.003921
3399 3468 -1 0.704952 | 0.004406
4083 4157 1 0.707655 | 0.004423
4884 4943 -1 0.682225 | 0.004264
5606 5655 1 0.627898 | 0.003924
(D)
R. Location Radar Data (F)
Toward ST ET DIR ROT DIST
460 519 1 0.620857 | 0.00388
1269 | 1328 -1 0.63677 | 0.00398
1969 | 2017 1 0.607642 | 0.003798
2763 | 2822 -1 0.630068 | 0.003938
3466 | 3521 1 0.612893 | 0.003831
4262 | 4321 -1 0.642029 | 0.004013
4962 | 5021 1 0.624052 | 0.0039
5761 | 5830 -1 0.652979 | 0.004081
(E)
R. Location Radar Data (S)
Toward ST ET DIR ROT DIST
504 533 1 0.349231 | 0.002183
1257 | 1286 -1 0.566845 | 0.003543

67




2006 2035 1 0.538236 | 0.003364
2757 | 2786 -1 0.558492 | 0.003491
3507 | 3536 1 0.545939 | 0.003412
4254 4283 -1 0.574366 | 0.00359
5003 | 5032 1 0.565856 | 0.003537
5754 5783 -1 0.544134 | 0.003401
(F)
R. Location Radar Data (F)
Away ST ET DIR ROT DIST
193 252 -1 0.59872 | 0.003742
902 961 1 0.590685 | 0.003692
1691 1750 -1 0.610852 | 0.003818
2395 2464 1 0.619535 | 0.003872
3194 3253 -1 0.60534 | 0.003783
3903 3962 1 0.598587 | 0.003741
4694 4753 -1 0.585092 | 0.003657
5403 5462 1 0.599359 | 0.003746
(G)
R. Location Radar Data (S)
Away ST ET DIR ROT DIST
194 263 1 0.57401 | 0.003588
887 966 -1 0.584193 | 0.003651
1686 1765 1 0.580307 | 0.003627
2388 2467 -1 0.587128 | 0.00367
3187 3266 1 0.584732 | 0.003655
3889 3968 -1 0.582394 | 0.00364
4688 4767 1 0.584601 | 0.003654
5388 5467 -1 0.584337 | 0.003652
(H)
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Experiment 3: Linear Mover (Locomotion, 10.587 GHz)

Table C.3: Linear Mover Performing Locomotion Results: (A) Place in Front of
Front Radar (Front View), (B) Place in Front of Front Radar (Side View), (C) Place
in Front of Side Radar (Front View), (D) Place in Front of Side Radar (Side View),
(E) Toward Both Radar Modules at 45° (Front View), (F) Place Toward Both Radar
Modules at 45° (Side View), (G) Place Away from Both Radar Modules at 45°
(Front View), (H) Place Away from Both Radar Modules at 45° (Side View)

R. Location Radar Data (F)
Front ST ET DIR ROT DIST
1 260 -1 0.90891 | 0.012878
944 1358 1 1.385981 | 0.019637
1727 2151 -1 1.414702 | 0.020044
2855 3259 1 1.348795 | 0.01911
3642 4056 -1 1.418973 | 0.020104
4740 5159 1 1.398062 | 0.019808
5540 5954 -1 1.420884 | 0.020132
(A)
R. Location Radar Data (S)
Front ST ET DIR ROT DIST
1 335 -1 0.663914 | 0.009407
988 1587 1 0.77593 | 0.010994
1738 2237 -1 0.756337 | 0.010716
2899 3458 1 0.749722 | 0.010622
3643 4122 -1 0.754342 | 0.010688
4802 5356 1 0.746547 | 0.010577
5541 6000 -1 0.745253 | 0.010559
(B)
R. Location Radar Data (F)
Side ST ET DIR ROT DIST
26 60 -1 0.492807 | 0.006982
306 760 -1 0.845691 | 0.011982
1416 2005 1 0.788634 | 0.011174
2208 2647 -1 0.841847 | 0.011928
3310 3944 1 0.802516 | 0.01137
4107 4571 -1 0.845898 | 0.011985
5212 5771 1 0.779241 | 0.011041
©
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R. Location Radar Data (S)
Side ST ET DIR ROT DIST
320 684 -1 1.38252 | 0.019588
1449 1823 1 1.390702 | 0.019704
2228 2587 -1 1.355608 | 0.019207
3353 3707 1 1.291571 | 0.018299
4132 4491 -1 1.350176 | 0.01913
5253 5627 1 1.398337 | 0.019812
(D)
R. Location Radar Data (F)
Toward ST ET DIR ROT DIST
2 216 -1 0.66063 | 0.00936
1024 1398 1 0.864854 | 0.012254
1782 2116 -1 0.869012 | 0.012312
2915 3294 1 0.869765 | 0.012323
3678 4032 -1 0.8831 | 0.012512
4829 5183 1 0.854949 | 0.012113
5568 5927 -1 0.900423 | 0.012757
(E)
R. Location Radar Data (S)
Toward ST ET DIR ROT DIST
60 279 -1 0.774367 | 0.010971
980 1359 1 1.347539 | 0.019092
1807 2186 -1 1.268043 | 0.017966
2868 3262 1 1.392745 | 0.019733
3707 4091 -1 1.302153 | 0.018449
4772 5156 1 1.360609 | 0.019278
5598 5977 -1 1.253326 | 0.017758
(F
R. Location Radar Data (F)
Away ST ET DIR ROT DIST
1 95 -1 0.48029 | 0.006805
830 1244 1 0.967972 | 0.013715
1632 2066 -1 0.947303 | 0.013422
2776 3145 1 0.905828 | 0.012834
3534 3948 -1 0.937185 | 0.013278
4663 5042 1 0.916379 | 0.012984
5428 5842 -1 0.947794 | 0.013429
(G)
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R. Location Radar Data (S)
Away ST ET DIR ROT DIST
40 159 1 0.557069 | 0.007893
830 1214 -1 0.789185 | 0.011181
1637 2051 1 0.845177 | 0.011975
2726 | 3120 -1 0.799153 | 0.011323
3541 | 3955 1 0.842768 | 0.011941
4629 | 5013 -1 0.790356 | 0.011198
5429 | 5848 1 0.853837 | 0.012097
(H)

Experiment 4: Linear Mover (Fidgeting, 10.587 GHz)

Table C.4: Linear Mover Performing Fidgeting Results: (A) Place in Front of Front
Radar (Front View), (B) Place in Front of Front Radar (Side View), (C) Place in
Front of Side Radar (Front View), (D) Place in Front of Side Radar (Side View), (E)
Toward Both Radar Modules at 45° (Front View), (F) Place Toward Both Radar
Modules at 45° (Side View), (G) Place Away from Both Radar Modules at 45°
(Front View), (H) Place Away from Both Radar Modules at 45° (Side View)

R. Location Radar Data (F)
Front ST ET DIR ROT DIST
340 419 -1 0.542723 | 0.007689
1039 1118 1 0.545524 | 0.007729
1841 1920 -1 0.543592 | 0.007702
2541 2620 1 0.543105 | 0.007695
3341 3420 -1 0.543282 | 0.007697
4041 4120 1 0.537128 | 0.00761
4841 4920 -1 0.543052 | 0.007694
5541 5615 1 0.536318 | 0.007599
(A)
R. Location Radar Data (S)
Front ST ET DIR ROT DIST
340 419 -1 0.505407 | 0.007161
1039 1118 1 0.559532 | 0.007928
1838 1917 -1 0.523992 | 0.007424
2538 2617 1 0.467441 | 0.006623
3337 3416 -1 0.502556 | 0.00712
4038 4112 1 0.391092 | 0.005541
4842 4921 -1 0.498869 | 0.007068
5541 5615 1 0.485901 | 0.006884
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(B)

R. Location Radar Data (F)
Side ST ET DIR ROT DIST
128 202 -1 0.571107 | 0.008092
827 906 1 0.560999 | 0.007948
1631 1715 -1 0.581562 | 0.00824
2331 2405 1 0.549454 | 0.007785
3130 3209 -1 0.581951 | 0.008245
3824 3908 1 0.568879 | 0.00806
4629 4713 -1 0.586242 | 0.008306
5323 5412 1 0.587812 | 0.008328
(©)
R. Location Radar Data (S)
Side ST ET DIR ROT DIST
130 199 -1 0.563487 | 0.007984
823 902 1 0.564718 | 0.008001
1624 1703 -1 0.576593 | 0.008169
2323 2402 1 0.564289 | 0.007995
3122 3201 -1 0.572548 | 0.008112
3824 3903 1 0.56641 | 0.008025
4628 4702 -1 0.574265 | 0.008136
5326 5405 1 0.569753 | 0.008072
(D)
R. Location Radar Data (F)
Toward ST ET DIR ROT DIST
601 755 -1 0.526026 | 0.007453
1300 1499 1 0.522847 | 0.007408
2111 2280 -1 0.536738 | 0.007605
2811 2870 1 0.443919 | 0.00629
3614 3768 -1 0.526531 | 0.00746
4293 4392 1 0.520764 | 0.007378
5114 5268 -1 0.536992 | 0.007608
5798 5897 1 0.505795 | 0.007166
(3)
R. Location Radar Data (S)
Toward ST ET DIR ROT DIST
620 694 -1 0.601297 | 0.008519
1314 1383 1 0.573742 | 0.008129
2112 2186 -1 0.60343 | 0.00855
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2812 2886 1 0.591896 | 0.008386
3611 3690 -1 0.617706 | 0.008752
4314 4393 1 0.608372 | 0.00862
5117 5196 -1 0.611135 | 0.008659
5820 5894 1 0.601163 | 0.008517

(F)

R. Location Radar Data (F)
Away ST ET DIR ROT DIST

37 91 -1 0.543218 | 0.007696
736 815 1 0.633815 | 0.00898
1518 1597 1 0.413459 | 0.005858
2237 2316 1 0.627056 | 0.008884
3028 3107 -1 0.639221 | 0.009057
3734 3798 1 0.602389 | 0.008535
4524 4603 -1 0.618157 | 0.008758
5243 5317 1 0.60179 | 0.008526

G)

R. Location Radar Data (S)
Away ST ET DIR ROT DIST

26 100 1 0.548287 | 0.007768
722 801 -1 0.535949 | 0.007594
1521 1600 1 0.544746 | 0.007718
2222 2301 -1 0.5369 | 0.007607
3025 3104 1 0.549149 | 0.007781
3726 3805 -1 0.533927 | 0.007565
4525 4604 1 0.547585 | 0.007758
5236 5305 -1 0.535659 | 0.007589

(H)

Experiment 5: Chameleon (5 min) (10.587GHz, Chameleon Movement)

Table C.5 Information for Chameleon Motion Pattern in Figure 4.8

Motion Title | Radar Location | Start Time | End Time | Direction | Rotation Count
Cham1 Front 40 109 1 0.503657
110 159 -1 0.505855
160 249 1 0.58322
250 339 -1 0.516309
340 799 1 0.233433
800 1079 -1 1.176228

73




1080 1149 1 0.529855
1150 1239 -1 0.629915
1240 1299 1 0.501303
1300 1519 -1 0.760137
1520 2349 1 1.005166
2350 2459 -1 0.485033
2460 2519 1 0.486502
2520 2589 -1 0.502493
2690 2999 1 0.78439
3000 3219 -1 0.806417
3220 3329 1 0.579168
3840 4369 1 1.959311
7500 7559 -1 0.762523
7560 7589 1 0.518802
7590 7869 -1 0.958018
16560 16649 1 0.681614
16650 16689 -1 0.516877
16690 16739 1 0.341311
19070 19169 -1 0.880989
19170 19549 1 0.790011
Side 20 389 1 0.916759
540 599 -1 0.518589
740 809 1 0.512103
810 1159 -1 1.633086
1160 1179 1 0.496299
1190 1509 -1 1.701692
1510 1539 1 0.501331
1540 1939 -1 1.66997
2030 2109 1 0.544515
2110 2169 -1 0.472205
2170 2369 1 0.036695
2370 2539 -1 0.909992
2540 2629 1 0.475013
2630 2699 -1 0.413965
2700 2829 1 0.655624
2830 2909 -1 0.571684
2910 2989 1 0.57287
2990 3059 -1 0.506525
3060 3379 1 0.163993
3980 4369 1 0.515591
7500 7549 1 0.512432
7550 7619 -1 0.513387
7620 7759 1 0.853733
7760 7829 -1 0.51924
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7830 7909 1 0.346016
16390 16609 -1 0.781467
16800 17099 1 0.672127
19090 19259 -1 0.09188
19260 19369 1 0.746355
19370 19529 -1 0.754293

Experiment 6: Chameleon (30 min) (10.587GHz, Chameleon Movement)

Table C.6: Information for Chameleon Motion Pattern in Figure 4.10: (A) Front
Radar Module & (B) Side Radar Module

(A)

ST ET DIR ROT DIST

41 150 -1 3.438742 | 0.048721

357 391 1 0.579505 | 0.008211

623 962 -1 1.141224 | 0.016169
1118 1262 -1 0.610725 | 0.008653
1263 1307 1 0.498987 | 0.00707
1308 1377 -1 0.601656 | 0.008524
1498 1517 -1 0.422163 | 0.005981
1993 2117 -1 0.70534 | 0.009993
2491 2535 -1 0.542211 | 0.007682
3116 3160 1 0.453335 | 0.006423
3538 3572 1 0.511121 | 0.007242
4151 4195 -1 0.539054 | 0.007637
4398 4497 1 0.839302 | 0.011891
4720 4744 1 0.49377 | 0.006996
6157 6251 -1 0.440205 | 0.006237
6352 6426 1 0.46552 | 0.006596
6537 6616 -1 0.636689 | 0.009021
6752 6826 1 0.567031 | 0.008034
6887 6961 -1 0.426932 | 0.006049
7047 7211 1 1.07182 | 0.015186
8478 8632 -1 0.590372 | 0.008365
9143 9162 1 0.538183 | 0.007625
9346 9410 -1 0.57601 | 0.008161
9615 9664 -1 0.458948 | 0.006503
9700 9838 1 1.419501 | 0.020112
9839 9879 -1 0.525954 | 0.007452
10122 | 10151 1 0.534561 | 0.007574
10659 | 10798 -1 0.418183 | 0.005925




10919 | 11158 -1 1.382041 | 0.019581
11504 | 11528 -1 0.420117 | 0.005952
12374 | 12423 -1 0.413376 | 0.005857
16240 | 16374 1 0.960989 | 0.013616
23023 | 23047 1 0.439298 | 0.006224
68512 | 68536 1 0.442189 | 0.006265
81567 | 81606 -1 0.464267 | 0.006578
92739 | 92753 -1 0.556325 | 0.007882
(B)

ST ET DIR ROT DIST
343 352 1 0.65304 | 0.009252
7372 7596 1 0.879556 | 0.012462
7597 7856 -1 1.57817 | 0.02236
7857 7956 1 0.569878 | 0.008074
7957 8041 -1 0.565794 | 0.008016
8042 8306 1 1.551138 | 0.021977
8307 8416 -1 0.493953 | 0.006998
8417 8506 1 0.496741 | 0.007038
8507 8576 -1 0.469902 | 0.006658
8577 8681 1 0.47692 | 0.006757
8682 8766 -1 0.458979 | 0.006503
8777 8881 1 0.466722 | 0.006613
8882 8971 -1 0.458325 | 0.006494
8972 9031 1 0.440226 | 0.006237
9259 9293 -1 0.502179 | 0.007115
10766 | 11115 1 1.88981 | 0.026775
11125 | 11210 -1 0.610124 | 0.008644
11211 | 11290 1 0.621572 | 0.008807
11391 | 11485 1 0.529787 | 0.007506
11486 | 11555 -1 0.508463 | 0.007204
11556 | 11660 1 0.517605 | 0.007334
11661 | 11760 -1 0.528926 | 0.007494
11761 | 11850 1 0.504017 | 0.007141
11851 | 11940 -1 0.50138 | 0.007104
11941 | 12045 1 0.478879 | 0.006785
12046 | 12115 -1 0.472942 | 0.006701
12116 | 12205 1 0.479485 | 0.006794
12206 | 12325 -1 0.470719 | 0.006669
12326 | 12400 1 0.456487 | 0.006468
12401 | 12480 -1 0.485647 | 0.006881




12491 | 12585 1 0.507387 | 0.007189
12586 | 13065 -1 1.418859 | 0.020103
13066 | 13130 1 0.574094 | 0.008134
13131 | 13245 -1 0.672931 | 0.009534
13246 | 13480 1 1.644001 | 0.023293
13481 | 13550 -1 0.532385 | 0.007543
13551 | 13650 1 0.527812 | 0.007478
13651 | 13740 -1 0.534089 | 0.007567
13741 | 13800 1 0.480103 | 0.006802
13816 | 13925 -1 0.52664 | 0.007462
13926 | 14035 1 0.535577 | 0.007588
14036 | 14125 -1 0.532289 | 0.007542
14126 | 14220 1 0.529296 | 0.007499
14221 | 14295 -1 0.532223 | 0.007541
14321 | 14365 1 0.494122 | 0.007001
14366 | 14445 -1 0.402155 | 0.005698
14446 | 14565 1 0.422659 | 0.005988
14601 | 14785 -1 0.968832 | 0.013727
14786 | 14955 1 1.035341 | 0.014669
14971 | 15115 -1 0.991161 | 0.014043
15675 | 15954 -1 1.344876 | 0.019055
15955 | 16019 1 0.520922 | 0.007381
16020 | 16094 -1 0.554148 | 0.007851
16120 | 16204 1 0.55732 | 0.007896
16205 | 16294 -1 0.556667 | 0.007887
16295 | 16559 1 1.546626 | 0.021913
16590 | 16689 -1 0.50371 | 0.007137
16690 | 16784 1 0.50809 | 0.007199
16785 | 16879 -1 0.506044 | 0.00717
16880 | 16979 1 0.492621 | 0.00698
16980 | 17059 -1 0.492227 | 0.006974
17060 | 17134 1 0.498552 | 0.007064
17135 | 17314 -1 1.104138 | 0.015644
17554 | 17588 1 0.485819 | 0.006883
21029 | 21098 1 0.595766 | 0.008441
21099 | 21178 -1 0.531805 | 0.007535
21209 | 21283 1 0.52736 | 0.007472
21284 | 21393 -1 0.537294 | 0.007613
21394 | 21498 1 0.53304 | 0.007552
21499 | 21603 -1 0.52067 | 0.007377
21604 | 21698 1 0.508698 | 0.007207




21699 | 21778 -1 0.519237 | 0.007357
21779 | 21888 1 0.527658 | 0.007476
21889 | 21918 -1 0.36996 | 0.005242
21919 | 22063 1 0.395531 | 0.005604
22064 | 22173 -1 0.522994 | 0.00741
22174 | 22283 1 0.456199 | 0.006464
22284 | 22508 -1 1.397175 | 0.019796
22509 | 22633 1 0.529906 | 0.007508
22634 | 22748 -1 0.481564 | 0.006823
22749 | 22803 1 0.47522 | 0.006733
22819 | 22878 -1 0.480188 | 0.006803
22894 | 22983 1 0.510269 | 0.00723
22984 | 23088 -1 0.497388 | 0.007047
23089 | 23173 1 0.514916 | 0.007295
23174 | 23228 -1 0.383282 | 0.00543
23229 | 23338 1 0.474992 | 0.00673
23478 | 23617 -1 0.998095 | 0.014141
23778 | 23812 -1 0.532112 | 0.007539
28355 | 28358 -1 0.842101 | 0.011931
28359 | 28468 1 0.597008 | 0.008459
28714 | 28743 -1 0.283552 | 0.004017
28759 | 28868 1 0.494841 | 0.007011
28869 | 28963 -1 0.540896 | 0.007664
28964 | 29073 1 0.50767 | 0.007193
29074 | 29178 -1 0.508732 | 0.007208
29179 | 29263 1 0.453265 | 0.006422
29274 | 29288 -1 0.396854 | 0.005623
29289 | 29428 1 0.457091 | 0.006476
29429 | 29488 -1 0.506273 | 0.007173
29633 | 29697 -1 0.517929 | 0.007338
29698 | 29767 1 0.485936 | 0.006885
30739 | 30768 1 0.580126 | 0.008219
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Appendix D
Motion Classification Algorithm
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o\

% (1) Steps to Run Program

%% File Name
input2=data2file;

o3
o

b

Front Radar %% Deactivate Front Radar When Using Side Radar
[input2 (:,1),input2(:,2)];

Il o

o

% Side Radar
b=[input2(:,3),input2(:,4)1;

o

m=eigdemod (b) ;

[timel, low,high, time2, time2r, time3, time3r, timed, time5]=collect (input2,m
)7

[infot,infotl, newtime, newtimel]=gather (time5, m)
printm(newtimel, input?2)

[panglel,n, timel, tansl, tal,mot,nanglel, angla,anglb, rmot, rmotl, rmot2, rot
move, angl,motimefs, motimefe, motdir, motdiff]=radarlinear (newtimel, input?2
);

% Print Results

[motcount, rotime, rotimel, rotime2, rotime3, rotime3a, rotime3b, lizmot]=prin
trot (motimefs,motimefe, motdir, motdiff, input?2);

oe

% (2) Eigenvalue Demodulation
function [m]=eigdemod(b)%b is 2 column vector [coll: I col2:Q]

[v,d]l=eig(cov (b)) ;
ml=b*v(:,1);
m2=b*v(:,2);
m=m2;
vli=v(:,2);
dl=d(:,2);
if (var (ml)>var (m2))
m=ml;
vi=v(:,1);
dl=d(:,1);
end
figure;
plot(m, 'Linewidth',2);
xlabel ("Time")
ylabel ("Amplitude")
title('Motion Signal')

%% (3) Collect Local Maxinum and Mininum Points

function[timel, low,high,time2,time2r,time3, time3r, timed, time5]=collect (
inputfile,m)
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count=0;
countl=0;
count2=20;

for i=1l:1length (inputfile)
count=count+1;
if count==
timel (i,1)=1;
timel (i, 2)=count2;
elseif count==
count2=count2+10;
countl=countl+11;
timel (i, 1)=countl;
timel (i, 2)=count2;
else
count2=count2+10;
countl=countl+10;
timel (i, 1)=countl;
timel (i, 2)=count2;
end

if timel (i,2)==length(inputfile)
break;
end
end

count3=0;
for i=l:length(timel)
sp(i,l)=timel (i, 1);
sp(i,2)=timel (i, 2);
for j=sp(i,1l) :sp(i,2)
count3=count3+1;
n(count3,1l)=m(j,1);
end
[low(1l,1),low(2,1i)]l=min(n(:,1));
[high(l,1),high(2,1)]=max(n(:,1));
count3=0;
end

count4=0;
countdr=0;
for i=1l:length (low)
if (low(2,1i)==1 && high(2,1i)==20)
countd=count4+1;
time2 (countd,1l)=timel (i, 1)
time2 (count4,2)=timel (i, 2);
time2 (count4d, 3)=1;
elseif (low(2,1)==20 && high(2,1i)==1)
countd=count4+1;
time2 (countd,1l)=timel (i, 1) ;
time2 (count4,2)=timel (i, 2);
time2 (count4,3)=-1;
else
countdr=countdr+1;
time2r (countdr,1l)=timel (i,1);
time2r (countdr,?2)=timel (i, 2);
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time2r (countdr,3)=low(2,1)+timel (i,1)-1;
time2r (countdr,4)=high(2,1i)+timel (i,1)-1;
end
end

for i=2:length(time2)
time2 (i, 4)=time2 (i,2)-time2 (i-1,2);
end

count5=0;
for i=l:length(time2)
if time2 (i, 4)<=10
countb5=countb+1;
time2 (i, 5)=countb5;
else
countb5=1;
time2 (i, 5)=countb5;
end
end

for i=2:length(time2r)

time2r (1,5)=time2r(1,2);

time2r (i, 5)=time2r(i,2)-time2r(i-1,2);
end

for i=l:length(time2r)
if time2r (i, 3)<time2r (i, 4)
time2r (i, 7)=1;
else
time2r (i, 7)=-1;
end
end

count6=1;
time2r (1, 6)=count6;
count7=1;
for i=2:length (time2r)
if time2r (i, 5)>20 && time2r (i-1,5)>20
count6=1;
time2r (i, 6)=count6;
elseif time2r (i,5)>20 && time2r (i-1,5)<=20
count6=1;
time2r (i, 6)=count6;
elseif time2r (i-1,5)>20 && time2r (i, 5)<=20
if time2r (i, 7)==1;
count7=0;
count6=count6+1;
time2r (i, 6)=count6;
else
count6=0;
count7=count7+1;
time2r (i, 6)=count?;

end
elseif time2r (i, 5)<=20 && time2r(i-1,5)<=20
if time2r (i, 7)==1;

count7=0;

82



count6=count6+1;
time2r (i, 6)=count6;

else
count6=0;
count7=count7+1;
time2r (i, 6)=count?;

end

end
end

count7=0;
for i=l:length(time2)
if time2 (i,5)==1
count7=count7+1;
time3 (count7,1)=time2 (i, 1) ;
time3 (count7,2)=time2 (i, 2);
time3 (count7,3)=time2 (i, 3) ;
else
time3 (count7,2)=time2 (i, 2);
time3 (count7,3)=time2 (i, 3) ;
end
end

count8=0;
for i=l:length(time2r)
if time2r (i, 6)==
count8=count8+1;
time3r (count8,1)=time2r (i, 3) ;
time3r (count8,2)=time2r (i, 4);
time3r (count8, 3)=time2r (i, 7);
else
if time2r (i, 3)<time2r (i, 4)
time3r (count8,2)=time2r (i, 4);
else
time3r (count8,1)=time2r (i, 3) ;
end
end
end

for i=1l:1length(time3)
for j=l:length(time3r)

if time3(i,1)>time3r(j,1) && time3(i,1)<time3r(j,2)

time3 (i, 3) ==
time4d (i,1)=time3r(j,1);
time4d (i, 3)=time3r (3, 3);

end

if time3(i,1)<time3r(j,1l) && time3(i,1)>time3r(j,2)

time3 (i, 3)==-
time4d (i,1)=time3r (3, 2);
end

if time3(i,2)>time3r(j,1) && time3 (i, 2)<time3r(j,2)

time3 (i, 3)==1
timed (i,2)=time3r (3, 2);
end

if time3(1i,2)<time3r(j,1l) && time3(i,2)>time3r(j,2)

time3 (i, 3)==-
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timed (1i,2)=time3r(j,1);
timed (i,3)=time3r (3, 3);
end
end
end

for i=l:length(timed)
if timed (i,1)==0
timed (i,1)=time3(i,1);
timed (i, 3)=time3 (i, 3);
end

if timed (i,2)==0
timed (i,2)=time3(i,2);
timed (i, 3)=time3 (i, 3);
end
end

count9=0;
countl10=0;
for i=l:length(timed)
if timed (i, 3)==1
count10=0;
count9=count9+1;
timed (i, 4)=count9;
else
count9=0;
countl0=countl1l0+1;
timed (i, 4)=countl0;
end
end
countl11=0;
for i=l:length(timed)
if timed (i,4)==1
countll=countll+1l;
time5 (countll,l)=timed (i, 1) ;
timeb5 (countll,2)=timed (i, 2);
time5 (countll, 3)=timed (i, 3);
else
timeb5 (countll,2)=timed (i,2);
end
end

%% (4) Gather Activity Periods

function [infot,infotl,newtime,newtimel]=gather (timeb5,m)

count=0;

countl=1;

countz=0;

for i=l:length(timeb)

if i>1

clear infot
clear infotl
clear infot?2
countl=1l;
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end
sp(i,l)=time5(1i,1);
sp(i,2)=time5(1i,2);
for j=sp(i, 1) :sp(i,2)
count=count+1;
infot(1,1)=sp(i,1);
infot(1,3)=m(sp(i,1),1);
if count==20
count=0;
countl=countl+1l;
infot (countl,1)=7;
infot (countl,3)=m(j,1);
elseif count<20
infot (countl, 2)=j;
infot (countl,4)=m(j,1);
end
end

[al,bl]l=size (infot);
for il=1l:al
infot (i1, 5)=abs (infot (il,4)-infot (i1, 3));
end
count2=0;
count3=0;
for il=1l:al
if infot(i1,5)>0.0175 %% 0.2 %$%0.0175 %% AWAY: 0.05 %% 0.0175
Lizard: 0.02
count3=0;
count2=count2+1;
infot (i1, 6) =count2;
infot (i1, 7)=1;
else
count2=0;
count3=count3+1;
infot (i1, 6) =count3;
infot (i1,7)=0;
end
end
count4=0;
for il=1l:al
if infot (il, 6)==
countd=count4+1;
infotl (count4,1l)=infot (il,1);
infotl (count4,2)=infot (il,2);
infotl (count4, 3)=infot (il,7);
else
infotl (count4,2)=infot (il,2);
infotl (count4, 3)=infot (il,7);
if infotl (count4,2)==
infotl (count4,2)=infot (il,1);
end
end
end
count5=0;
[a2,b2]=size (infotl);
for il=1l:a2
if infotl(il, 3)==1
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infotl(il,4)=infotl(il,2)-infotl (il,1);
else
infotl(il,4)=0;
end
end

for il=1:a2
if infotl(il,4)>25 && infotl (il,3)==1
count5=countb+1;
infotl (il,5)=count5;
elseif infotl (il,4)<=25 && infotl(il,3)==1
count6=0;
infotl (il, 5)=count6;
count5=0;
else
infotl(il,5)=0;
end
end

for il=1l:a2
if infotl(il,5)>0
countz=countz+1;
newtime (countz,l)=infotl (il,1);
newtime (countz, 2)=infotl (il,2);
end
end

for il=l:countz
if newtime (il,1)>=time5(i, 1) && newtime(il,2)<=timeb5 (i, 2)
newtime (i1, 3)=timeb5 (i, 3);

end
end
end
[a3,b3]=size (newtime) ;
for i=2:a3
newtime (i,4)=newtime (i, 1) -newtime (i-1,2);
end

count7=0;
for i=1:a3
if newtime (i,4)<=125 %% 125
count7=count77+1;
newtime (i, 5)=count?;
else
count7=1;
newtime (i, 5)=count?;
end
end
count8=0;
for i=1:a3
if newtime (i, 5)==1
count8=count8+1;
newtimel (count8,1)=newtime (i, 1) ;
newtimel (count8,2)=newtime (i, 2);
else
newtimel (count8,2)=newtime (i, 2) ;
end
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end

%% (5) Print Motion Pattern
function [lizmot]=printm(input,motion)

[al,bl]=size(input) ;

for i=1:al
sp(i,l)=input(i,1);
ep(i,l)=input (i, 2);
for j=1l:length (motion)
for k=sp(i,1):ep(i, 1)
if j==
lizmot (j,1)=1;
end
end

if j>max (ep)
lizmot (3,1)=0;
end
end
end

figure ()

plot (lizmot)

ylim([-2 2])

title('Motion Pattern for Front Radar/Side Radar (Motion Type,File
Name) ")

xlabel ('Samples')

ylabel ('Motion Detection')

$% (6) Collect Arc or Circle Information

function

[panglel,n,timel, tansl, tal,mot,nanglel, angla, anglb, rmot, rmotl, rmot2, rot
move, angl,motimefs, motimefe, motdir,motdiff]=radarlinear (timeinput, input

)

[o,pl=size(timeinput) ;

for i=1:0
%% Starting Time
sp(i,l)=timeinput(i,1);

%% Ending Time
ep(i,1l)=timeinput (i, 2);

%% Counter Constants

rcounta=0;
for j=sp(i,1l):ep(i,1)

%% Counter

rcounta=rcounta+l;
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%% Time

movtime (rcounta,l)=7j;

% I Channel

IC1 (rcounta,l)=input(j,2);

Q Channel

QCl (rcounta,l)=input(j,1);

% Complex Equation

csigl (rcounta,l)=ICl (rcounta,l)+ (11i*QC1l (rcounta,l));

o\

o
o

o

%% Calculate Mean
if j==ep(i, 1)
mx=mean (csigl) ;
end
end

%% Centering to Origin
ncsigl=csigl-mx;

%% Calculate Phase Angle
phaseal=radtodeg (unwrap (angle (ncsigl)));
%% Modify Phase Angle From 0 to 2pi

[panglel]=mphase (phaseal,movtime) ;

o

count=0;
countl=0;
for il=1l:length (panglel)
if panglel (il, 4)==
count=count+1;
n(l,1l)=count;
elseif panglel(il,4)==-1
countl=countl+1l;
n(l,2)=countl;
end
end
count=0;
countl=0;
count2=0;
count3=0;
count4=0;

o° 0O A° o° o° o° o° o oP°

o\°

%% Summary: In this expression, it reads the first 10
points of data from
% input (the data were observing). The data is catogorized

oe

into two

oe

% sections, n (first column) & n (second column). In n
(first column), it

%% determines how much times the data points rotates in a
counterclockwise

%% direction, whereas n(second column) determines the
amounts of rotations
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%% the data points move in the clockwise direction.
addition, this

%% expression determine the starting and ending points
period) when

o

for il=l:length (panglel)
count=count+1;
if count==
count3=count3+1;

o

In

(time

% it counts up to 50 datapoints of information.

Datapoints in the CCW direction

the 0 direction

(at every 50 datapoints of information)

n(count3, 1l)=countl;

%% Datapoints in the CW direction
n(count3, 2)=count?2;

%% Datapoints in

n (count3, 3)=count4;

$% Time
n(count3,5)=movtime (i1,1);

%% Reset the counters
count=0;
countl=0;
count2=0;

count4d=0;

if panglel (il,4)==1
%% Count the amounts
countl=countl+1l;
elseif panglel (il,4)==-1
%% Count the amounts
count2=count2+1;
elseif panglel(il, 4)==0
Count the amounts
countd4=count4d+1;
end

oo
)

end
end
%% Summary:
and
determines the exact rotation

In this expression,
information from n

oe
oe

determine by taking

[}
°0°

greatest amount of datapoints
exact

%% rotation is placed in n
[an,bn]=size (n);

for i2=1:an

if n(i2,1)>n(i2,2)

rotations. The

n(iz2,1)<n(iz2,2)

elseif n(i2,1)<n(i2,3)
n(i2,4)=0;
end

89

Determine if anglel is CCW or CW

of datapoints in CCW

of datapoints in CW

of datapoints is 0

it takes the
(CCW or CW). This is

produce by both

(Column 3).

&& n(i2,1)>n(i2, 3)

&& n(iz2,3)<n(i2,2)

&& n(i2,2)<n(i2, 3)



end

%% Time Counters
tcountl=0;
tcount3=0;

oo

% Summary: In this expression, it determines the
change in rotations by
% taking the information (column 3 and column 4 of n).

oo

The new

%% information is placed in a variable called timel.
The first if statement

%% 1s needs to stop the counting of the for statement
from existing it main

%% ending point (length(n)).

for i3=l:an
%% This statement works only for the last
datapoint.

if i3==an
%% Time
timel (i3,2)=n(i3,5);
%% Rotation
timel (i3,3)=n(i3,4);
%% Stop the for statement
break

end

%% This statement works all other datapoint except
the last datapoint.
if n(i3+1,4)>n(i3,4) || n(i3+1,4)<n(1i3,4)
%% Time
timel (i3,2)=n(i3,5);
%% Rotation
timel (i3,3)=n(i3,4);
end
end

%% Summary: In this expression, it places the
infomation from timel in a

%% better format, columnl (starting time),
column? (closing time),

%% and column3 (rotation). In addition, it makes the
last expression to be

%% all zeros in every columns in tansl.

for i4=1:an
if timel (i4,1)~=timel (i4,2)

%% Counter
tcountl=tcountl+1l;
tansl (tcountl,2)=timel (i4,2) ;
tansl (tcountl, 3)=timel (i4, 3);
%% This statement was change (%% Scott)
tansl (tcountl+1l,1)=(timel (i4,2)+1)

end
end
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tansl(1l,1)=movtime(1l,1);

tansl (tcountl+1,1)=0;

%% Summary: In this expression, it relocates the
datapoints and remove the

%% lines containing all zeros in each column. In

addition, it calculates

%% the amount of rotations by taking the difference
between the ending time

%% minus the starting points. this difference is
located in column 4 of

%% tal (new variable).

[g,r]=size(tansl);
for i5=1:g
if tansl (i5,1)~=tansl (i5,2)
tcount3=tcount3+1;

tal (tcount3, 3)=tansl (i5,3);
tal (tcount3, 2)=tansl (i5,2);
tal (tcount3, 1)=tansl (i5,1);
tal (tcount3, 4)=tansl (i5,2)-tansl (i5,1);
end
end
%% Summary: In this expression, it takes all the
datapoints that are tag
%% with the number 1. These datapoints are then placed
in a new variable
%% (mot) .
%% Time Counter
[g,h]l=size(tal);
for i6=1l:g
mot (16, 1)=tal(i6,1);
mot (16, 2)=tal (i6,2);
mot (16, 3)=tal (i6,3);
end
[c,d]=size (mot) ;
bcount=0;
for i7=1:c
stp(i7,1)=mot (i7,1);
if stp(1l,1)==0
stp(1,1)=1;
end
edp(i7,1)=mot (17, 2);
for j=stp(i7,1) :edp(i7,1)
bcount=bcount+1;
nanglel (j, 1) =panglel (bcount, 1) ;
nanglel (j, 2)=panglel (bcount, 2) ;
nanglel (j, 3)=panglel (bcount, 3) ;
nanglel (j, 4)=panglel (bcount, 4) ;
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nanglel (j,5)=panglel (bcount, 5) ;
end
end

%% Summary: In this expression, it gathers the
starting and ending time

[oRge)

%% and corrects the rotation in anglel.

for i8=1l:c
%% Starting Time
sl (i8,1)=mot (i8,1);

if s1(1,1)==0
sl(1,1)=1;

%% Ending Time
el (i8,1)=mot (i8,2);
for j=s1(i8,1):e1(i8,1)
if mot (i8,3)==-
nanglel (j,6)=-1;
elseif mot (i8,3)==1
nanglel (j,6)=1;
end
end
end

%% Angle Counters
acount=2;
acountl=2;

%% Summary: In this expression, it organized the
datapoints of mot and

%% determine if there are multiple rotations in each
time interval of mot.

for i19=1:c
%% Starting Time
1s(19,1)=mot (i9,1);

if 1s(1,1)==0
1s(1,1)=1;

%% Ending Time
le(19,1)=mot (i9,2);
for j=1s(i9,1):1e(i9,1)
if nanglel(j,5)>0
acount=acount+1;
acountl=acountl+1;
%% Add all datapoints except the
starting/ending point
angla (acountl,i9)=nanglel (J,2);
anglb (acount, 19)=73;
end
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%% Add the datapoints for each ending point
angla (acountl+1l,19)=nanglel (le(i9,1),2);
anglb (acount+1l,1i9)=1e(i9,1);

angla (acountl+2,19)=0;
anglb (acountl+2,1i9)=0;
angla (acountl+3,19)=0;
anglb (acountl+3,19)=0;

end
%% Add zeros to the first line of code
angla(1,19)=0;
anglb (1,19)=0;
%% Add the datapoint for each starting point
angla(2,1i9)=nanglel (1s(i9,1),2);
anglb(2,19)=1s(19,1);
%% Reset Counters
acount=2;
acountl=2;
end

%% Summary: In this expression, it placed all the
information in anglb into
% a single column.

o

[

%% Angle Counter
acount2=0;

[e, fl=size(anglb);
[r,gl=size (mot) ;
for 110=1:r
for j=1l:e
if anglb(j,110)>-1
acount2=acount2+1;
rmot (acount2,1l)=anglb(j,i10);
end
end
end

o\°

% Summary: In this expression, it takes the difference
using the present
%% datapoint minus the previous datapoint.

for 1i11=2:1length (rmot)
rmot (111, 2)=abs (rmot (i11l,1)-rmot (i11-1,1));
end

oe

% Summary: In this expression, it takes the datapoints
from rmot and

o\°

% organized it.

%% Angle Counter
acount3=0;

for il2=1:1length (rmot)
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if (rmot (il12,1) >=0) && (rmot(il2,2)>0)
acount3=acount3+1;
rmotl (acount3, 1l)=rmot (il12,1);
end
end

o\°
o\°
N
(@]

%% Summary: In this expression, it adds another
columns, so that it can
%% show the user the starting and ending points when
rotations occurs. In
%% addition, the last line on both columns will be both
zZeros.

for 113=2:1length (rmotl)
rmotl (113-1,2)=rmotl (i13,1);

end

rmotl (length (rmotl),1)=0;

o

% Summary: In this expression, it fixs the errors i
created and make the
%% result more accurate.

for il4=1:1length (rmotl)
if rmotl(il4,1)>0 && rmotl (il4d,2)==0
rmotl (114,1)=0;
elseif rmotl(il4,1)==0 && rmotl (il4,2)>0
rmotl (114,2)=0;
end
end

oe

% Summary: In this expression, it remove all of the
zeros and place the
% remaining datapoints into a new variable called

o\°

rmot2.

%% Angle Counter
acount4=0;

for 1i15=1:1length (rmotl)
if (rmotl(il5,1) ~= rmotl(il5,2))
acount4=acountd+1;
rmot2 (acountd, 1)=rmotl (il5,1);
rmot2 (acount4, 2)=rmotl (il5,2);
rmot2 (acount4, 3)=nanglel (rmotl (il5,1),6);
rmot2 (acount4, 4)=nanglel (rmotl (il5,1),2);
rmot2 (acount4, 5)=nanglel (rmotl (il5,2)-1,2);
end
end

[al,bl]=size (rmot2);
for ilb5a=1:al
if il5a==al

break
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end
if rmot2(ilb5a+1l,1)==rmot2(il5a,?2)
rmot2 (il5a,2)=rmot2 (ilb5a,2)-1;
end
end

for ile=1l:al
if rmot2(i16,4)<rmot2(il6,5)
rmot2 (116, 6)=1;
elseif rmot2(il6,4)>rmot2(il6,5)
rmot2 (116, 6)=-1;
end
end

[an,am]=size (rmot2) ;

if an==
rmot2 (1, 7)=0;
elseif an==
rmot2 (1, 7)=0;
rmot2 (2,7)=abs (rmot2(2,4)-rmot2(1,5));
elseif an>2
for 118=2:al
rmot2 (118, 7)=abs (rmot2 (i18,4) -rmot2 (il1l8-1,5));
end
end

rotcountl=0;
rotcount2=0;
for 1i17=1:al
if rmot2(il17,6)==
rotcount2=0;
rotcountl=rotcountl+1;
if rmot2(i17,7)>300
rotcountl=1;
else
if 117==
rotcountl=1;
else
rotcountl=rotcountl;
end
end
rmot2 (117, 8)=rotcountl;
else
rotcountl=0;
rotcount2=rotcount2+1;
if rmot2(il17,7)>300
rotcount2=1;
else
if 117==
rotcount2=1;
else
rotcount2=rotcount2;
end
end
rmot2 (il17,8)=rotcount2;
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end
end

rotcount3=0;
for 119=1:al
if rmot2(il9, 8)==
rotcount3=rotcount3+1;
rotmove (rotcount3, 1l)=rmot2(il19,1)
rotmove (rotcount3, 2)=rmot2 (il19, 2)
rotmove (rotcount3, 3)=rmot2(i19,4);
( ) ( )
) ( )

’

’

rotmove (rotcount3, 4)=rmot2(il9,5) ;
rotmove (rotcount3, 5)=rmot2 (119, 3
if rmot2(i19,7)>300
rotmove (rotcount3, 6)=0;
else
rotmove (rotcount3, 6)=1;
end
else
rotmove (rotcount3, 2)=rmot2(il19,2) ;
rotmove (rotcount3, 4)=rmot2(il19,5);
end
end

r

[a2 b2]=size (rotmove) ;
for 120=1:a2
if rotmove (120, 6)==
ranglel=rotmove (120, 3) ;
angl (120, 1)=ranglel;
else
angl (120,1)=ranglel;
end
end

for 120d=1:a2
if rotmove (1i20d,5)==0
if rotmove (120d, 3) >rotmove (120d, 4)
rotmove (120d, 5)=-1;
else
rotmove (120d,5)=1;
end
end
end

[a2z b2z]=size (angl);
countz=1;
angl (1, 2)=countz;
for i20a=2:a2z
if angl(i20a,l)==angl(i20a-1,1)
countz=countz+1;
angl (i20a,2)=countz;
else
countz=1;
angl (i20a, 2)=countz;
end
end
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for 120b=1:a2z
if i20b==a2z
break
end

if angl(i20b,2)==1 && angl (i20b+1,1)==angl (i20b,1)
angl (120b, 3)=1;
else
angl (120b, 3)=0;
end
end

for 120c=1l:a2z
if angl(i20c,2)>1
angl (120¢c, 3)=1;
else
angl (120c, 3)=0;
end
end

%% Summary: In this expression, it adds a new columns and
tags it if the

o\°

first datapoint located in angl are within the limits

(

$ column 4 and 5).

N oe

stated in rmot

o

for i21=1:a2
if angl(i21,3)==
if rotmove (i2l,5)==1 &&
rotmove (121, 3) <rotmove (i21, 4)
rotmove (121, 7)=((abs (rotmove (121, 3) -
rotmove (121,4)))/360) ;
elseif rotmove (i21l,5)==1 &&
rotmove (121, 3) >rotmove (i21, 4)
if abs(rotmove (i21,4)-rotmove (i21,3))>15

diff(i21,1)=((abs (rotmove (i21, 3)
rotmove (121,4)))/360) ;
else
diff (i21,1)=(((360-
rotmove (121, 3) )+ (rotmove (i21,4)))/360) ;
end
elseif rotmove (i21l,5)==-1 &&
rotmove (121, 3) >rotmove (i21, 4)
rotmove (121, 7)=( (abs (rotmove (121, 3) -
rotmove (i21,4)))/360);
elseif rotmove (i21,5)==-1 &&

rotmove (121, 3) <rotmove (i21, 4)
if abs(rotmove (i21,4)-rotmove (i21,3))>15
diff(i21,1)=((abs (rotmove (i21,3) -
rotmove (i21,4)))/360);
else
diff(i21,1)=(((rotmove (i21,3))+(360-
rotmove (121,4)))/360);
end
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end
else
if rotmove (i2l,5)==1 &&
rotmove (121, 3) <rotmove (i21, 4)
diff(i21,1)=((abs (rotmove (i21,3) -
rotmove (121,4)))/360) ;
elseif rotmove (i21,5)==1 &&
rotmove (121, 3) >rotmove (i21, 4)
if abs(rotmove (i21,4)-rotmove (i21,3))>15

diff(121,1)=(((360-
rotmove (121, 3) )+ (rotmove (121,4))) /360) ;
else
diff(i21,1)=((abs(rotmove (i21, 3) -
rotmove (121,4))) /360) ;
end
elseif rotmove (i21l,5)==-1 &&
rotmove (121, 3) >rotmove (121, 4)
diff(i21,1)=((abs (rotmove (i21,3) -
rotmove (121,4)))/360) ;
elseif rotmove (i21l,5)==-1 &&

rotmove (121, 3) <rotmove (121, 4)
if abs(rotmove (i21,4)-rotmove (i21,3))>15

diff (i21,1)=(((rotmove (i1i21,3))+(360-
rotmove (121,4))) /360) ;
else
diff(i21,1)=((abs (rotmove (121, 3) -
rotmove (121,4))) /360) ;
end
else
diff(1i21,1)=0;
end

if diff(i21,1)>=(5/360) %% 5 degrees
rotmove (i21,7)=diff(i21,1);
else
rotmove (121, 7)=0;
end
end
end

countlz=0;
count2z=0;
for i21b=1:a2
if rotmove (i2lb,5)==-1 && rotmove (i21lb,7)>0
count2z=0;
countlz=countlz+1;
rotmove (i21b, 8) =countlz;
elseif rotmove (i2l1lb,5)==1 && rotmove (i2lb,7)>0
countlz=0;
count2z=count2z+1;
rotmove (i21b, 8) =count2z;
elseif rotmove (i2l1lb,5)==1 && rotmove (i2lb, 7)==0
| | rotmove (i21b,5)==-1 && rotmove (i2lb,7)==0
countlz=0;
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count2z=0;
end
end

for i2lc=1:a2
if i21c>1 && i2lc<a?2
if rotmove(i2lc,8)==1 && rotmove(i2lc-1,8)==0
&& rotmove (i21lc+1,8)==0 && rotmove (i2lc,7)>(350/360)
rotmove (i21c, 7)=0;
end
end
end

%% Summary: In this expression, it determines how much
forward movement occurs.
[a3 b3]=size (rotmove) ;
rcount2=0;
rcount3=0;
for i22=1:a3
if rotmove (i22,7)>0 && rotmove (i22,5)==
rcount2=rcount2+rotmove (122, 7) ;
forwardl (1, i)=rcount2;
motimefs (i22,1i)=rotmove (i22,1);
motimefe (i22,1i)=rotmove (i22,2);
motdir (i22,i)=rotmove (i22,5);
motdiff (i22,1i)=rotmove (i22,7);
elseif rotmove (1i22,7)==0 && rotmove (i22,5)==1 ||
rotmove (122, 7)==0
forwardl (1, i)=rcount?2;
end
end

%% Summary: In this expression, it determine how much
backward movement occurs.

for i123=1:a3
if rotmove (i23,7)>0 && rotmove (i23,5)==-1
rcount3=rcount3+rotmove (123, 7) ;
backwardl (1,1i)=rcount3;
motimefs (i23,1i)=rotmove (i23,1);
motimefe (123, 1)=rotmove (i23,2) ;
motdir (i23,i)=rotmove (i23,5);
motdiff (i23,1i)=rotmove (i23,7);
elseif rotmove (i1i23,7)==0 && rotmove (i23,5)==-1 ||
rotmove (123, 7)==0
backwardl (1, i)=rcount3;
end
end
if i~=o
clear movtime
clear csigl
clear n
clear timel
clear tansl
clear tal
clear mot
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clear angla
clear anglb
clear rmot
clear rmotl
clear rmot?2
clear rotmove
clear angl
end
end

%% (6a) Calculate Phase Angle

function [angle]=mphase (input, inputl)

o
o

Output Variables
1) angle = phase angle

o
o\

o
o

Angle Columns

(1) Original Phase Angle
(2) Modify Phase Angle
(3) Round Phase Angle

o° oe
o° oe

oe
oe

o

% In this expression, it takes the phase angle and placed it in a
column.

for j=1l:length (input)
angle(jr 1)=inpUt(jr 1);
angle (j, 6)=inputl (3, 1),
end

%% After unwrapping, there are phase angles that excess the limits of a
full

%% rotation (360 or -360 degrees). To fix this problem, an expression
was

%% created to find these errors, so that the angles are within the
paramters

%% of 0 to [(2*pi) or 360 degrees]. The corrected angles are placed in
the

%% second column of angle.

=1l:length (input)
% Excess the limits of a full rotation
if angle(j,1)> 360 || angle(j,1l) <-360
%% rot: Amounts of Rotations
rot(j,1l)=fix (angle(j,1)/360);
%% Phase Angle Modify
angle (j,2)=angle(j,1l)-(rot(j,1)*360);
%% Round Phase Angle
angle(j,3)=fix(angle(j,2));
%% No Change
se
%% Copy Original to the Modify
angle (j,2)=angle(j,1);
%% Round Phase Angle
angle (j,3)=round(angle(j,2));
end

for j

®
[
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%% Summary: In this expression, it locates all of the negative angles
%% within the second column of 'angle' and converts them to a postive
%% angle. This conversion will make analyzing easier by allowing the
user

%% to distinquish counterclockwise (CCW) and clockwise (CW) rotations.

for j=l:length (input)
%% Negative Angles
if angle(j,2)<0
angle (j,2)=360+angle (3, 2);
angle (j,3)=round(angle(j,2));
if angle(j,3)==360
angle (j,3)=0;

o oe

o

end
end
end

%% Counter
countl=0;

%% Summary: In this expression, it calculate the difference between
the

%% previous/ present phase angle and the present/next phase angle. If
this

%% scenerio occurs, the phase angle will equal to zero it the phase
angle

%% difference is greater than 300 degrees.

for j=1l:length (input)
countl=countl+l;
if countl>1 && countl<length (input)
diffl(j,1)=abs(angle(j,3)-angle(j-1,3));
diffl (j,2)=abs(angle(j+1,3)-angle(j,3)):
else
diffl(j,1)=0;
diffl(3,2)=0;
end
end

for j=1l:length (input)
if diffl(j,1)>300 && diffl(3j,2)>300 && angle(j,3)>300
angle (j,3)=0;
angle (j,2)=0;
elseif diffl(j,1)>300 && diffl(3j,2)>300 && angle(j,3)<10
angle (j,3)=360;
angle (j,2)=360;
else
angle (j,3)=angle(3,3);
end
end

%% Counter
count0=0;
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o

% Summary: In this expression, it seperated the phase angle of Signal

=

o
o

into two variables (a & b) to determine whether it is rotating in a
ockwise

direction or in a counterclockwise direction. In the variable a, it
contains the present values while b contains the previous values. A
difference of these two variables is calculated to give a percise
answer. When the target is moving in a counterclockwise direction,

Q
=

o 0P o o°
o 0P o o°

o
o

o
o\

is indicated as 1, while clockwise direction is indicated as -1.
These

tags are placed in the third column of 'angle'. If the difference
% between the variables (a & b) exceed 300 degrees, the phase angle
will

%% be tagged with a number. The difference means when it completed a
full

%% rotation in any direction (CCW or CW).

o
o

oo

for j=2:length (input)
al(j,l)=angle(3j,3);
bl(j,1l)=angle(j-1,3);
diff(j,1)=abs(al(j,1)-bl(j,1));

if bl(j,1) < al(j, 1)
%% Moving in the counterclockwise direction
angle(j,4)=1;

elseif bl(j,1) > al(j,1)

%% Moving in the clockwise direction
angle (j,4)=-1;

end

if diff(j,1) > 260
countO=countO0+1;
angle (j,5)=countO;

else
angle (j,5)=0;

end
end

%

o

(7) Print Final Information

function
[motcount, rotime, rotimel, rotime2, rotime3, rotime3a, rotime3b, lizmot, graph
l]=printrot (inputl, input2, input3, input4,motion) %% total

[al,bl]l=size (inputl) ;

counta=0;
countb=0;
for j=1:bl
if 3>1
countb=0;
counta=0;
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end
for k=1l:al
if input3(k,j)==1
countb=0;
counta=counta+l;

motcount (k, j)=counta;

elseif input3(k,j)==-
counta=0;
countb=countb+1;

motcount (k, j)=countb;

elseif input3(k,j)==0
countb=0;
counta=0;
end
end
end
count=0;
i=1;
for j=1:(al*bl)
count=count+1;
if count==al
rotime (j,1

)
rotime (J,2)
rotime (j, 3)=input3 (count,i
rotime (j, 4)=inputd (count,i);
rotime (j, 5)=motcount (count,i);
count=0;
i=i+1;
else
rotime (j, 1) =inputl (count,i

rotime (3,

Jr

rotime
rotime
end
end

[a2,b2]=size(rotime) ;

countl=0;
for j=1:a2

inputl (count, i)
=input2 (count,1i);
( )

(3,1) ( )
(j,2)=1input2 (count,i);
rotime (j, 3)=input3 (count, i)
(3,4)
(3,5)

’

’

’

’

=input4 (count, i) ;
=motcount (count, i) ;

if rotime(j,1)>0 && rotime(j,2)>0

countl=countl+l;
rotimel (countl, 1)
rotimel (countl, 2)
rotimel (countl, 3)
)
)

rotimel (countl, 4
rotimel
end
end

—~ o~~~

[a3,b3]=size (rotimel) ;

count4=0;
for j=1:a3
if rotimel(j,5)==1

rotime
rotime
rotime
rotime
countl,5)=rotime
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countd=counté4+1;

rotime2 (countd,1)=rotimel (j,1);

rotime2 (count4, 2)=rotimel (j,2);

rotime2 (count4, 3)=rotimel (3, 3);

rotime2 (countd, 4)=rotimel (3, 4);
else

rotime2 (countd, 2)=rotimel (3, 2);
rotime2 (count4, 3)=rotimel (3, 3);
rotime2 (count4, 4)=rotime2 (countéd, 4)+rotimel (j,4) ;
end
end

[ad,bd]=size (rotime?2) ;

count5=0;
count6=0;
for i=1:a4
if rotime2 (i, 3)==-1
count6=0;
countb5=countb+1;
rotime2 (i, 5)=count5;
elseif rotime2 (i,3)==1
count5=0;
count6=count6+1;
rotime2 (i, 5)=count6;
end
end

for i=2:a4
rotime2 (i, 6)=rotime2 (i,1)-rotime2 (i-1,2);
end

count7=0;
for j=l:a4
if rotime2(j,5)==
count7=count7+1;

rotime3 (count7,1l)=rotime2(j,1);

rotime3 (count7,2)=rotime2(j,2);

rotime3 (count7, 3)=rotime2 (3, 3);

rotime3 (count7,4)=rotime2 (3, 4);
else

if rotime2 (3, 6)<=50
rotime3 (count7,2)=rotime2(j,2);
rotime3 (count7, 3)=rotime2 (3, 3);

rotime3 (count7,4)=rotime3 (count7,4)+rotime2 (j,4);

else
count7=count7+1;
rotime3 (count7,1l)=rotime2(j,1);
rotime3 (count7,2)=rotime2 (3, 2);
rotime3 (count7, 3)=rotime2 (3, 3);
rotime3 (count7, 4)=rotime2(j,4);

end
end
end

[a5,b5]=size (rotime3);
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maxxl=max (rotime3(:,4));

count8=0;
for j=1:ab
if rotime3(j,4)>=(0.16*maxxl) %% 15 percent
count8=count8+1;

rotime3a (count8,1l)=rotime3(j,1);
rotime3a (count8, 2)=rotime3(j,2);
rotime3a (count8, 3)=rotime3 (3, 3);
rotime3a (count8,4)=rotime3(j,4);

end
end

[ab,b6]=size (rotime3a);

count9=0;
countl10=0;
for i=1:a6
if rotime3a (i, 3)==1
countl10=0;
count9=count9+1;
rotime3a (i, 5)=count9;
elseif rotime3a (i, 3)==-1
count9=0;
countlO=countl0+1;
rotime3a (i, 5)=countl0;
end
end

for i=2:a6
rotime3a (i, 6)=rotime3a(i,l)-rotime3a(i-1,2);

end

countl1=0;

for j=1l:a6

if rotime3a(j,5)==1

countll=countll+1l;
rotime3b (countll,l)=rotime3a(j,1);
rotime3b (countll, 2)=rotime3a(j,2);
rotime3b (countll, 3)=rotime3a(j,3);
rotime3b (countll, 4)=rotime3a (j,4);

else
if rotime3a(j, 6)<=100
rotime3b (countll,2)=rotime3a(j,2);
rotime3b (countll, 3)=rotime3a(j,3);
rotime3b (countll,4)=rotime3b (countll, 4)+rotime3a(j,4);
else
countll=countll+1l;

rotime3b (countll,1l)=rotime3a(j,1);
rotime3b (countll, 2)=rotime3a(j,2);
rotime3b (countll, 3)=rotime3a(j,3);
rotime3b (countll,4)=rotime3a(j,4);

end
end
end
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[a7,b7]=size (rotime3b) ;

for i=1l:a7
sp(i,l)=rotime3b(i,1);
ep(i,l)=rotime3b (i, 2);
for j=1:length (motion)
for k=sp(i,1):ep(i,1)
if j==k && rotime3b(i,4)>=0.68 && rotime3b(i,3)==-1
lizmot (j,1)=2;
elseif j==k && rotime3b (i, 4)>=0.68 && rotime3b (i, 3)==1
lizmot (3,1)=-2;
elseif j==k && rotime3b (i, 4)<0.68 && rotime3b (i, 4)>0 &&
rotime3b (i, 3) ==
lizmot (j,1)=-1;
elseif j==k && rotime3b (i, 4)<0.68 && rotime3b (i, 4)>0 &&
rotime3b (i, 3)==-1
lizmot (j,1)=1;
end
end

if j>max (ep)
lizmot (j,1)=0;
end
end
end

figure ()

plot (lizmot)

ylim([-3 31)

title('Rotation Pattern for Front Radar (Motion Type,Motion Title)')
xlabel ('Samples')

ylabel ('Motion Detection')

for i=l:length(lizmot)
if lizmot (i, 1)==1
graphl (i,1)=1;
elseif lizmot(i,1)==-1
graph2(i,1)=1;
elseif lizmot (i,1l)==2
graph3(i,1)=2;

elseif lizmot(i,1)==-2
graph4 (i,1)=2;

else
graphl (i,1)=0;
graph2(i,1)=0;
graph3(i,1)=0;
graph4 (i,1)=0;

end

end

for i=1l:length(lizmot)
if lizmot (i,1)==0
graphb5(i,1)=0;
end
end
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figure ()

pO=plot (graphl)

set (p0, 'Color', "green')
hold on

pl=plot (graph2)

set (pl, 'Color', "green')
hold on

p2=plot (graph3)

set (p2, 'Color', 'magenta')
hold on

p3=plot (graph4)

set (p3, 'Color', 'magenta')
pd4=plot (graphb)

set (p4, 'Color', '"black'")
ylim([-3 3])
title('Rotation Pattern for Front Radar (Motion Type,Motion Title)')
xlabel ('Samples')

ylabel ("Motion Detection')
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