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Graphical user interfaces needs.

A graphical user interface (GUI) is presented to visualize the multipaths generated by
COST 2100 channel model (C2CM) and the results of clustering the wireless propagation
multipaths using Modified Simultaneous Clustering and Model Selection (MSCAMSMA). The
usual practice of authors is to show their data and results using figures, tables, and graphs
which are already sufficient to present their studies. However, the manner of displaying
the data and results is static; that is, the user cannot examine them to analyze further the
relationship of the different variables involved in the study. The paper presents a step further
by showing dynamically the data and results which the user can manipulate according to its

1 Introduction

Data and results are integral parts of a scientific study. They are
important in the research process as the data is the basis of the study,
and the results show the outcomes of the work done. That is why it
is important to present the data and results in a manner that is easily
read, seen, and understood by the reader.

Most papers use figures, tables, algorithms, equations, diagrams,
illustrations, programs, and graphs to visualize the data and results
of the study. The technique of presenting the data and results is
sufficient for what the authors want to show. However, this method
is static and dependent on what the authors want to present. Re-
searchers cannot manipulate the data and analyze the effects of
changing the input parameters. This paper addresses this concern
by presenting a graphical user interface (GUI) that is dynamic, mod-
ifiable, and suitable to the need of the user. This way, researchers
can have a deeper and better experience and understanding of what
they are studying and examining.

GUI is one of the key technological advancements due to im-
provements in computer hardware and software. GUI greatly im-
proved user experience by displaying the information. A GUI is an
interactive system with visual components for manipulation. An
interface is a useful tool that makes the most of the vision capacity
of the user. A GUI allows a person to visually control the flow

of information and decide on what is relevant and discard what is
not [1]. Some lack analysis platform [2]—[4] unlike those in [S]-
[13]. In this paper, a GUI is developed to manage the data and
results of clustering European Cooperation in Science and Technol-
ogy (COST) 2100 dataset [14, [15] using Modified Simultaneous
Clustering and Model Selection (MSCAMSMA) [16]. The interface
is an effective method in visualizing the COST 2100 dataset and
the clustering results. A previous work [[17] on GUI can visually
analyze the reference data and the calculated clusters but considered
only the cluster count. In this work, the GUI can be used by the user
to visualize, manipulate, and analyze the multipaths generated by
the COST 2100 channel model (C2CM) and the clustering results
of MSCAMSMA not only giving the accuracy on the number of
clusters but also the membership of clusters. The paper is orga-
nized in the following way. Section 2] presents the dataset generated
by C2CM. Section [3|describes the clustering approach. Section[4]
discusses the GUI developed. Section [5|concludes the work.

2 COST 2100 Channel Model (C2CM)
Dataset

C2CM [18]-[21] is characterized by multipath clusters, as shown in
Figure[I] C2CM can reproduce the stochastic properties of multiple-
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input multiple-output (MIMO) wireless communication channels.
A multipath component (MPC) is defined by its delay (1), angle
of departure (Azimuth of Departure (AoD), Elevation of Departure
(EoD)), and angle of arrival (Azimuth of Arrival (AoA), Elevation of
Arrival (EoA)). Multipath clusters are groups of MPCs with similar
delays and angles.

A channel impulse response (CIR) from the base station (BS) to
mobile station (MS) antennas is characterized by the combination
of MPCs from all the active multipath clusters and is given as

h(tT, 25, 2"°) =
DD ST =T SRS — 2P0 2M — Y

keK p

ey

where K is the set of visible cluster indexes, ay , is the complex
amplitude of the pth MPC in the kth cluster, Qf‘[s) is the direction of
departure (AoD, EoD), and Q}:’I[f‘ is the direction of arrival (AoA,
EoA) of the MPC.

For a MIMO system using V and U multiple antennas arrays at
BS and MS, respectively, the U x V MIMO channel matrix H(z, 7),
under the plane wave and balanced narrowband array assumptions,
can be expressed as

H(,T) = ) ) anpsus(2Y%)sh(25%)

keK p

2
where sys is the antenna steering vector at MS and spg is the

antenna steering vector at BS.

The dataset [14}[15] is generated by C2CM, which consist of
two indoor and six semi-urban channel scenarios as follows:

1. Indoor, Band 1 (B1), Line-of-Sight (LOS), Single Link (SL)
2. Indoor, Band 2 (B2), Line-of-Sight, Single Link
3. Semi-Urban, Band 1, Line-of-Sight, Single Link
4. Semi-Urban, Band 2, Line-of-Sight, Single Link

5. Semi-Urban, Band 1, Non-Line-of-Sight (NLOS), Single
Link

6. Semi-Urban, Band 2, Non-Line-of-Sight, Single Link
7. Semi-Urban, Band 1, Line-of-Sight, Multiple Links (ML)

8. Semi-Urban, Band 2, Line-of-Sight, Multiple Links

Each channel scenario has thirty sets of data. There are a dif-
ferent number of multipaths and multipath clusters for each set of
data. The seven features of the dataset are the following: whitened
x-component of AOD (X_AOD_W), the whitened y-component of
AOD (Y_AOD_W), the whitened z-component of AOD (Z_AOD_W),
the whitened x-component of AOA (X_AOA_W), the whitened y-
component of AOA (Y_AOA_W), the whitened z-component of
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Figure 1: Multipath components and multipath clusters in COST 2100 channel
model [22]

AOA (Z_-AOA_W), and the whitened delay (delay_W). The refer-
ence cluster identifications of the data are given by refclusID, which
serves as the ground truth in evaluating the performance of the clus-
tering approach. The power component (rel_pow) is not included
since it is not needed by the clustering approach.

3 Modified Simultaneous Clustering and
Model Selection MSCAMSMA)

MSCAMSMA [16] is used to cluster the COST 2100 dataset. The
clustering approach is introduced to improve the clustering accu-
racy of SCAMSMA [23]]. The accuracy of SCAMSMA depends
on the correct formulation of the data affinity matrix, C, so that
a 0-1 block diagonal is formed. MSCAMSMA can be described
as follows: Let the dataset X € R™P where L was the number of
multipath components or the number of rows and D the number of
dimensions, which is seven, or the number of columns. A multipath,
x, consists of a single row of seven columns. A dataset can be
expressed as

X =[x,...,z]". 3)

MSCAMSMA depends on three constraints: pairwise, binary,
and proximity. Pairwise Constraint, P, 4, depends on the absolute
distance, d,s, of the corresponding pair of multipaths for the seven
dimensions which are given by

4)

where x4 and x4 are multipaths, £ is the row number, and d is the
column number. The distance parameter, dp,, is determined by

Lod — Ldd

600
T [max(X (:,d)) — min(X (3, d))] 5

where max( ) is the function that gives the maximum value of a
column while min( ) gives the minimum value of the said column,
and “:” denotes all rows if it is in the first argument. Factor 600 is
used so that MSCAMSMA applies to all of the datasets. A value
less than 600 gives at least one all-zero row leading to an incorrect
affinity matrix. A value greater than 600 leads to an all-one matrix,
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excluding the main diagonal. The resulting affinity matrix is also
not correct. The Pairwise Constraint is given by

p, |1 i i<y

: . (6)
0 if  dups > dpa

Binary Constraint, B, takes on the sum of the values of the
P, of the seven dimensions and returns a binary value of either
zero or one. If the sum is less than four, then the returned value is
zero, which means that the multipaths are not of the same cluster.
On the other hand, when the sum is greater than or equal to four,
then a value of one is returned, which means that the multipaths are
within the same cluster. Binary Constraint is given by

Bg‘d _ 1 %f > Pg,d >4 A
0 if Z P[,d <4

Proximity Constraint is followed by combining multipaths to
form clusters around the main diagonal, thus, creating the 0-1 block
diagonal of Cyc. C.q serves as input to Alternating Direction of
Method of Multipliers (ADMM) which is used to calculate the ideal
affinity matrix, Cjgea. Asso Constrained Boolean Matrix Factoriza-
tion (AssoCBMF) takes Clgea as input to solve for the number of

clusters and the membership of the clusters.

4 Graphical User Interface (GUI)

A GUI is an interactive system with visual components that can
be used to manipulate a computer program. The study uses a GUI
to manage the data and results of clustering COST 2100 dataset
using MSCAMSMA. The introductory page showing the different
tabs and the explanations is illustrated in Figure[2} Aside from the
Introduction Tab, there are five other tabs, namely: COST 2100
Dataset, Directional Cosine Transform and Whitening Transform,
Modified SCAMSMA, Relative Frequencies, and Summary.

The COST 2100 Dataset tab displaying the various channel sce-
narios is shown in Figure[3] Each chosen channel scenario gives the
corresponding data generated by C2CM and the clustering results.

Figure [] shows the window arising from the chosen channel
scenario in the COST 2100 Dataset tab. When the generate button
is pressed, the window shows the characteristics of the channel
scenario like the channel frequency, mobile station velocity, the dis-
tance between the mobile station and the base station, the number of
clusters, and the number of multipaths as shown in Figure[5] The pa-
rameters of the multipaths are tabulated and shown in a graph. The
multipaths are color-coded with lighter colors representing higher
relative power, while darker colors represent lower relative power.
The default is Trial 1. Choosing another trial, from Trial 2 to Trial
30, by changing the position of the slider and pressing the Generate
button, shows the corresponding characteristics, parameters, and
graph of the multipaths.

The multipaths are transformed using Directional Cosine Trans-
form (DCT) and Whitening Transform (WT). DCT is performed to
the datasets to overcome the problem of the circular nature of the
angular domain. At the same time, WT is applied to the dataset to
eliminate the issues on units and standardized the dataset [14]. The
corresponding graphs of the transformed multipaths and the
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% GUI 1 for Modified SCAMSMA to Determine Simultaneously the Number of Clusters and the Membership of the Clusters - x

Introduction COST 2100 Dataset Directional Cosine Transform and Whitening Transform Modified SCAMSMA Relative Frequencies Summary.

Interface for Modified SCAMSMA in Determining Simultaneously the Number of Clusters and Membership of Clusters

Design and development of MIMO systems require a analysis of channel The channel consists of randomly propagating signals that
travelin two or more paths called multipaths. Groups of mulipaths form multipath clusters. The study simultaneously solves the number of clusters and the
membership of the clusters. This interface features Modified SCAMSMA to determine the number of clusters and the membership of the clusters. Users are

expected to cite the publications related to this GUI

Legal Notice: The codes are offered as-is without any warranty either expressed or implied; without even the implied warranty of MERCHANTABILITY or FITNESS
FOR A PARTICULAR PURPOSE! User assumes all risk. In no event shall De La Salle University (DLSU) or any contributor to this code be liable for any damages
or losses, including, but not limited to, incidental, consequential, or any other damages, resulting from the use or misuse of any information contained here. All
comments are the opinions of their respective authors and are not necessariy endorsed by DLSU.

COST 2100 Dataset Tab
- The first tab involves the generation of the dataset. COST 2100 is used as the reference channel model
Updated version of a Matlab code by [Zhu, 2014]is used which implements the COST 2100 channel.
- Users of this interface must choose first a type of channel scenario from the pop-up menu (e.g. "Indoor Band 1
LOS Single Link Scenario"). Choosing the blank selection resets the interface. When a user has clicked on a
valid scenario, users can now click the "Generate” button to simulate a given and buit-in sample.
- There are 30 samples for each scenario that can be viewed by changing the slider titled "Trial", however, user
must click “Generate" button again to re-simulate to another channel
- By generating the channel, users can view the plot of existing multipaths with its MPC parameters seen in a Tra= &
table. Summary of the specific channel can also be seen in this tab. ] |

Directional Cosine Transform and Whitening Transform Tab
- This tab allows the user to visualize in 2D plots the existing multipaths after transforming its parameters. Due to distance measure restriction of clustering
algorithms, angular data produced by COST 2100 would be a problem. Thus, angular data (azimuth and elevation) of paths were transformed into directional cosines.
Whitening transformation was then processed to solve the problem of different units of measure. A table with the transformed parameters along with their summary
for the given channel is shown. Default 2D plotis in the X and Y parameter of the angle-of-arrivals
- Users can change the perspective of the visualization by changing the X-axis and Y-axis. This can be chosen
in the pop-up menu in the upper side of the tab along with a *Change Plot" button

Modified SCAMSMA Tab
- A comparison of the reference clusters from COST 2100 dataset and calculated clusters from Modified SCAMSMA is shown in this tab. Clusters are defined by a
specific color to show distinctiveness in plots. Calculated number of clusters and membership of clusters are also shown.

Choose a Type of COST 2100 Network
Indoor Band 1LOS Single Link Scenario

Generate

AOA_X - AOA_Y Change Plt

Relative Frequencies Tab and Summary Tab
- The Relative Frequencies Tab shows the relative frequencies of the chosen scenario while the Summary Tab displays the Jaccard indices of the number of clusters
and membership of clusters of the chosen scenario. A more detailed description of the approach can be seen in [Blanza, J., "Identification of Wireless Propagation
Multipath Clusters and Their Cardinality Using Simultaneous Clustering and Model Selection Matrix Affinity and Deep Divergence-Based Clustering Approaches,"” De
La Salle University, Philippines, 2020]

Figure 2: Graphical user interface introductory page containg the different tabs and
their descriptions

4] GUI 1 for Modified SCAMSMA to Determine Simultaneously the Number of Clusters and the Membership of the Clusters - x

Introduction COST 2100 Dataset Directional Cosine Transform and Whitening Transform Modified SCAMSMA Relative Frequencies Summary

Choose a Type of COST 2100 Network

Semi-Urban Band 1 LOS Single Link Scenario
Semi-Urban Band 1 NLOS Single Link Scenario
Semi-Urban Band 1 LOS Multiple Links Scenario

Figure 3: Ensuing window for the COST 2100 dataset tab showing the different
channel scenarios

=

Introduction COST 2100 Dataset Directional Cosine Transform and Whitening Transform Modified SCAMSMA Relative Frequencies Summary

Choose a Type of COST 2100 Network
Indoor Band 1 LOS Single Link Scenario

Generate

Figure 4: Subsequent window for the chosen channel scenario of the COST 2100
dataset
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Figure 5: COST 2100 Dataset tab displaying the characteristics, parameters, and
graph of the multipaths of the chosen channel scenario

Figure 7: Comparison of the reference multipath clusters and the calculated multipath
clusters and the resulting Jaccard indices
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Figure 6: Graphs and tabulated parameters of the transformed multipath components

& evid Figure 8: Window for tab four showing the relative frequencies of the Jaccard indices
of the chosen combination in the drop down menu

of the number of clusters in blue and the membership of clusters in red

tabulated parameters are shown in the Directional Cosine Transform
and Whitening Transform tab in Figure[6] The graphs and tabulated
parameters can be changed by choosing a different combination in
the drop-down menu and pressing the Change Plot button.

Figure [7] shows the Modified SCAMSMA tab illustrating the
grouping of the COST 2100 dataset at the left and the clustering
output of MSCAMSMA at the right. The window also shows the
reference number of clusters, the calculated number of clusters, the
Jaccard index accuracy of the number of clusters, and the Jaccard
index accuracy of the membership of clusters. The graphs, number
of clusters, and Jaccard indices appear only when the calculated
number of clusters is equal to the reference number of clusters.
Otherwise, the results will not be shown.

The Relative Frequencies tab in Figure [8| shows the relative
frequencies of the number of clusters in blue and the membership of
clusters in red. The higher the relative frequency, when the Jaccard >
index is closer to one means that the clustering accuracy is higher.

On the other hand, relative frequencies near zero Jaccard index Figure 9: Window for tab five showing the mean Jaccard indices of the number of
implies that there is lower clustering accuracy. clusters and the membership of clusters of the channel scenarios

] GUI 1 for Modified SCAMSMA to Determine Simultaneously the Number of Clusters and the Membership of the Clusters - x

Introduction COST 2100 Dataset Directional Cosine Transform and Whitening Transform Modified SCAMSMA Relative Frequencies Summary

Jaccard Index
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Figure[9]shows the Summary tab displaying the mean Jaccard
indices of the number of clusters and the membership of clusters of
all the channel scenarios. Higher mean Jaccard index means that
the multipaths are clustered more accurately.

The MATLAB codes for the GUI, the reference dataset, and the
calculated dataset can be found at [24]. The codes together with the
reference dataset and the clustered multipaths can be compiled using
the MATLAB version 2019a software to manipulate the dataset and
the clustering results.

5 Conclusion

This paper shows a GUI that can be used to visualize the multi-
paths generated by C2CM and the results of clustering the wireless
propagation multipaths using MSCAMSMA. The usual practice of
authors is to illustrate their data and results using figures, tables, and
graphs, which are already sufficient to present their studies. How-
ever, the presentation is static and cannot be manipulated by the
readers. This study extended the common practice of showing the
data and results by presenting an interface to visualize and manage
what is not displayed in the publication. This way, researchers can
have a better understanding of the study being presented and explore
the portions of the study not shown.
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