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Abstract: The rapid growth of the ITS (intelligent transport system) development requires us to
realize new kinds of applications, such as the winter road surveillance system. However, it is still
necessary to consider the network difficulty areas for LTE (long-term evolution) or 3G transmissions
when one visits sightseeing spots such as ski resorts or spas in mountain areas. Therefore, this paper
proposes a winter road surveillance system in the local area based on vehicular delay-tolerant
networks. The adaptive array antenna controlled by image recognition with the Kalman filter
algorithm is proposed as well to the system in order to realize higher delivery rates. The
implementations of the prototype system are presented in this paper as well, and the effectivity of
the radio transmission in the prototype system is realized by vehicular image recognition methods
and the asynchronous voltage controls for antenna elements for the rapid directional controls of the
radio transmission. The experimental results showed that the radio directional controls by the
prototype system for the target vehicle can proceed within one second, and that the simulation with
the GIS (geographic information system) map pointed out the delivery rates of the proposed
method —which are better than those of the epidemic DTN (delay-tolerant networking) routing by
the nondirectional antenna. The experiments of the proposed methods indicate a higher efficiency
of the data transmissions—even in the mountain area. Furthermore, future research subjects are
discussed in this paper.

Keywords: delay-tolerant networks; adaptive array antenna; road surveillance system

1. Introduction

The rapid growth of the ITS developments requires us to realize new kinds of applications, such
as the winter road surveillance system. However, it is still necessary to consider the network difficulty
areas for long-term evolution (LTE) or 3G transmissions when one visits sightseeing spots such as ski
resorts or spas in the mountain areas. The weather in winter mountain areas changes easily, and it is
necessary to consider frequent sensing of the road conditions to prevent traffic accidents. In fact, 91%
of traffic accidents in snowy mountain areas are due to frozen roads, according to reports from the
National Institute for Land and Infrastructure Management in Japan [1]. However, there are some
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difficulties in recognizing dangerous road conditions because of the sensors or cameras on traffic
poles in certain locations. Therefore, it could be very helpful for the realization of an accurate road
surveillance system if the sensors on each vehicle could observe the road conditions and the observed
data were shared with other vehicles through vehicle-to-vehicle (V2V) communication,

However, in the actual fields, it is necessary to consider some subjects to apply to wireless
communication between vehicles in mountain areas. First of all, the usage of high-frequency radio
bands for rapid movements of driving vehicles might cause difficulties in terms of V2V
communication. Currently, it is widely known that IEEE802.11p [2] with 5.9 GHz will be using V2V
communication in the near future; however, it is expected that the data transmission range does not
extend far enough to cover a couple of hundred meters between vehicles. Secondly, it is easily
influenced by radio noises with high-frequency radio bands because of obstacles such as trees or
houses along the roads. Therefore, it is necessary to consider the radio transmission range and the
reduction of the radio noise for V2V communication with high-frequency radio usages for the road
surveillance system in mountain areas in the winter.

Thus, this paper proposes a winter road surveillance system for local areas based on vehicular
delay-tolerant networks (DTN) [3] and an adaptive array antenna (AAA) [4,5] controlled by image
recognition with the Kalman filter algorithm —which is also proposed to the system in order to realize
longer radio transmission ranges. In the proposed system, the road conditions are observed by the
quasi-electrostatic field (QEF) [6,7] sensors on the vehicle’s wheels, and the observed data are
transmitted to the other vehicle via DTN routing. When the data are transmitted, the proposed AAA
system detects vehicles which can receive transmissions with the help of its camera. Then, the optimal
antenna direction is calculated with the Kalman filter algorithm [8,9] to reduce the radio noises from
the obstacles and the rapid movements of the vehicles.

Additionally, the implementations of the prototype system are presented in this paper. The
effectivity of the radio transmission in the prototype system was realized using vehicular image
recognition methods and the asynchronous voltage controls of antenna elements for the rapid
directional controls of the radio transmission. The experiments of the proposed methods indicated
higher efficiency of the data transmissions—even in the mountain area. Furthermore, future research
subjects are discussed in this paper.

The proposed road surveillance system is first explained in Section 2. Secondly, the proposed
adaptive array antenna controls with image recognition are explained in Section 3, and the proposed
DTN routing in the system is presented in Section 4. Then, the implementations of the proposed AAA
system with remote voltage controls functions for the adjustments of the antenna direction is
presented in Section 5. Finally, the experiments using the prototype AAA system and the simulation
using the GIS map are explained for the evaluation of the proposed methods, which are presented in
Section 6, and the conclusions and the future works are discussed in Section 7.

2. Proposed Road Surveillance System

This paper proposes a winter road surveillance system consisting of one of the QEF sensors on
the vehicles, an AAA system with machine learning-based image recognition, and V2V-based DTN
routing as shown in Figure 1.

Figure 1. Proposed winter road surveillance system.
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In the system, first of all, the road conditions are estimated by the QEF and temperature sensors
on vehicles, and the estimated data are stored in each vehicle. Then, when there are vehicles which
can receive transmissions or wireless devices on the utility poles along the roads, the data are
communicated to others via DTN routing using the data triage methods [10,11].

Therefore, the current road surveillance systems usually consists of sensors such as cameras or
thermometers at traffic lights or utility poles along roads, and the observed points and time durations
are strictly limited. On the other hand, the proposed road surveillance system can provide more
observed points and the recent data of the mountain roads.

However, as mentioned in the previous section, it is necessary to consider some issues to realize
V2V communication in the proposed system. One of the problems is the radio range of V2V
communication. Since vehicles tend to move fast in local areas, the transmittable distances are not
enough to establish connections and to manipulate the data using high-frequency radio bands with
anondirectional antenna, such as IEEE802.11p. Therefore, the data duplications by IEEE802.11p must
be completed within several seconds while the vehicles are running. Further, the LPWA (low power,
wide area) [12] has a longer transmission range because it consists of a lower frequency, such as 920
MHz, but the throughput is not enough for the transmission of multimedia data such as movies or
pictures.

Secondly, it is necessary to consider the radio noises from obstacles such as trees or houses in
the proposed V2V communication. As shown in Figure 1, if there is a tree between the running
vehicles, the high-frequency radio can easily cause radio noises, and it is hard to maintain a stable
wireless connection in the surveillance system. Further, the optimal antenna direction is hard to set
because of the driving vehicles. Even if the optimal antenna directions of the AAA system are set
from the current vehicle’s position, vehicles with high speeds will move to the next position during
data transmission.

Figure 2 presents the aim of wireless connectivity in this study. When the V2V system uses a
nondirectional antenna, the radio transmittable distance between the vehicles is shorter. Further,
because of the radio noises from the obstacles or the movements of the vehicles, the real connectivity
of the RSSI (Received Signal Strength Indicator) levels becomes unstable, as shown in Figure 2. Thus,
the purpose of this study is to provide a longer radio range and stable connectivity in the proposed
road surveillance system.

Real Connectivity Ideal N
(Non-directional RSSI Connectivity(
antenna with Proposed
radio noise) AAA system)

Ideal Connectivity
(Non-directional
antenna )

< 0 -

Distance between automobiles

Figure 2. Target connectivity of the proposed methods.

Therefore, this paper proposed the AAA system with machine learning-based image recognition
to realize a longer radio range and quick antenna controls, and the paper also introduced the
antenna’s angle adjustments via the Kalman Filter algorithm for radio noise reductions and
predictions of the driving vehicle’s locations.

3. Adaptive Array Antenna Controls with Image Recognitions
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The AAA is a smart signal processing method to control the radio directions by the differential
of the signal shifts on the multiple antenna elements [13]. Moreover, the beam-forming vectors are
generally determined by the MMSE (minimum mean square error) or CMA (constant modulus
algorithm) [5]. However, a previous paper [5] pointed out that the convergence of the calculation
might take longer periods such as a couple of minutes with the general methods, and it is supposed
that the general AAA system is not proper for V2V communication. Further, another paper [14]
mentioned that there is another approach to estimate the beam-forming vector by the optimization
algorithm such as the LMS (least mean square) or the RLS (recursive least square), but it explained
that the complexity of these calculations might be a problem.

Therefore, first of all, this paper proposed the AAA system with machine learning-based image
recognitions in the road surveillance system. In the system, the pictorial image is captured by the
camera on the vehicles, and the target vehicle images are recognized with the machine learning
algorism. Then, since the assumed road surveillance system needs rapid beam-forming controls, the
distance and the angle of the target vehicles are calculated as shown in Figure 3.
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Figure 3. Parameters of the proposed calculations for the distance and the angle of the target vehicle.

In the left of Figure 3, the captured images are firstly used for the estimations of the distance of
the vehicle by Formula (1).

S
d, = dzjs—z. (1)
1

Here, the total pixel area of the field vehicle is S1, and the total pixels in the captured image are
Sa2. The distance of the actual field stands for d1, and the distance of the captured image’s pixel is do.
For example, if the relations of total pixels Sz and the distance d: are previously measured by the
certain camera, the distance for the target vehicles di is approximately calculated by the ratio of a
square root of S2 and Sz, as shown in Figure 1. Next, the angle 8 is estimated by Formula (2), as in
the right figure.

x x
6 =tan™" d—i =tan~! d—z 2)

Although the general estimation from the captured vehicle images uses the differences of the
two cameras or the marking points such as the centerline on the road, the proposed calculation
methods realize simpler calculations for the rapid beam-forming.

Then, adjustments of the beam-forming angle we made using the Kalman filter algorithm. The
Kalman filter is widely known as the estimation algorithm that is used for the prediction of the
weather forecast or autonomous driving systems. The calculation process mainly consists of two
phases for the estimations. One is the time update phase, and it updates the current time and the
predictions of the observed values. Another process is the measurement update phase, and it updates
the observed values and the adjustments [8,11]. In the proposed system, as mentioned in the previous
paper [11], the calculated angle and distance from the captured image continuously used for the
observed values in the Kalman filter process in OpenCV’s API (Application Programming Interface)
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[15], and the output adjustment values were used for the angle controls of the beam-forming.
Therefore, even if the target vehicles are out of sight in the system because of the obstacles, it is
considered that the adjustments of the beam-forming proceed in order to keep the stable connectivity
in the system.

4. Delay-Tolerant Networks for V2V Communication

DTN is the routing method by the store—carry-forward type of protocol for poor network
connectivity [16]. It was originally proposed for interspace communication [3], but it is also
considered to use it for the case of the ultra-large-scale disasters or the local areas where 3G/4G
networks are not available. In the methods, the vehicle firstly stores the data if there is no vehicle
where they can be transmitted. Then, when other vehicles come into the transmittable radio range,
the data are duplicated and sent to the others. However, previous papers such as [17,18] pointed out
that epidemic DTN routing has difficulties in itslower delivery rate or the high latency depending on
the various factors such as hardware resources, the node’s movements, or the queuing order of the
stored data. Thus, various modifications to epidemic DTN routing have been proposed, such as spray
and wait [18] and MaxProp [19].

This paper introduces DTN with the data triage methods [10] for improvements of network
efficiency of V2V communication in local mountain areas. The data triage methods is a queue ordered
type of DTN routing such as Maxprop, and it was initially considered for the improvements of the
network efficiency after a disaster in the local areas. In the methods, the queuing data are rearranged
by the priority of the user policy such as life safety or rescue, as shown in Figure 4.

~,, CFeidemicRouing ~ Data Triage
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Oldest data is Oldest and less priority
abandoned if the data is abandoned if the
cache become full cache become full

Figure 4. Queue rearrangements of the data triage. The left figure shows the FIFO (first-in first-out)
type of queuing method that most DTN routing introduced. On the other hand, the right figure shows
the proposed queuing methods that are rearranged based on the priority of the messages.

The right figure shows the first-in first-out (FIFO) method in which the most recent message is
duplicated to others, and which most DTN routing applied in their queuing methods. On the other
hand, in the data triage method, the order of the stored messages is rearranged based on priority
values in accordance with the user policy after the message comes to the cache in the stored nodes
[17,18]. Then, the most significant and recent message is duplicated to others when a vehicle that can
receive a transmission is shown. The paper [17] also pointed out that the ordered queue in the node
cache and the radio range is more important for the effectivity of DTN routing although the previous
DTN approaches focus on hardware resources. Therefore, the data triage method focuses on reducing
the overhead of the queued messages in the proposed methods.

Moreover, according to the paper [20], the structure of the priority ID in each message consists
of the 3-digit priority values (PPP), a 14-digit date (YYYYMMDDhhmmss), and a 64-digit android
ID(NNNNNNN...), and the income messages are rearranged by the order of the priority ID in the
stored data. Therefore, in this paper, the priority value in the priority ID is classified into several
levels by the QEF sensors on the vehicles, and the significant data are firstly duplicated to others in
the proposed road surveillance system.
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Further, in the data triage method, the node connections are carried by the MAC address and
the Android ID to establish a quick connection [20] since the DHCP configuration takes a couple of
seconds to set the local IP address. Additionally, the Global IP address for every device is difficult to
set in the actual fields because of the limited number of Global IPs.

5. Implementations of the Prototype System

The prototype of the proposed AAA system is shown in Figure 5. The prototype system mainly
consists of three parts. One is the image recognition part of the left side in the picture. The part
includes the camera and the note PC to capture the vehicle images.

Then, the captured images are used for the image recognition of the vehicles in the note PC, and
OpenCV [21] is used for the implementations. In detail, the implementations use Windows 10,
OpenCV2.4 [21], and Visual C++ in MS Studio 2013 for the prototype system. The webcam is a
Logicool Web camera c270 in the prototype system. Moreover, adjustments of the captured location
image were made using the Kalman filter algorithm, and the prototype system uses OpenCV for the
implementations.

Figure 5. A prototype system of the proposed adaptive array antenna (AAA) system.

Figure 6 shows the captured window in the prototype system. The vehicles are recognized by
the captured images, and the distance and the angle are calculated from the recognized images. Then,
the Kalman filter is calculated for the adjustment of the driving vehicle.

Figure 6. Captured windows in the prototype system. The recognized pixel areas and the
differentiated pixels from the center pixel are used for the calculations of the distance and the angle
for the AAA beam-forming.

Following the adjustments of the recognized images, the remote control of the voltage meter has
proceeded. The voltage meter in the center of Figure 5 is PMX18-5A by KIKUSUI Corporation, and it
supports adjustments from the RS232C, USB, and LAN (Local Area Network) interfaces. In this
prototype system, the LAN interface is used for the remote controls from the note PC, and the rapid
voltage controls were implemented by asynchronous communication using the VISA (Virtual
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Instrument Software Architecture) standard [22]. In the voltage remote as shown in Figure 7, the
connection between the PC and the voltage machine is established by the “OPEN” command of the
VISA standard through the LAN. Then, the remote control mode is activated by the “WriteString”
command of synchronous communication, and the value of the target voltage is transmitted after
receiving the response from the voltage machine. Then, the current-voltage setting is continuously
asking the voltage machine, and the connection is closed when the current voltage reaches the target
voltage. Although synchronous communication takes a few seconds to set the target voltage because
of the frequent error checks, the implemented asynchronous controls realize the rapid controls for
the voltage meters in the prototype system.

PMX
PC

OPEN(TCPIP::IPaddress::inst0:INSTR", Connection Establishment
NO_LOCK, 0,L)

Query (remote control on)

OK

WriteString(L"OUTP 1;0UTP? ¥n")

Query (identify voltage)
OK

WriteString(L"VOLT 15.0; MEAS:VOLT? ¥n")

Query (ask current voltage)

ACSII

WriteString(L"MEAS:VOLT? ¥n")

Close() Disconnect

Figure 7. Asynchronous communication using the VISA standards.

Finally, Figure 8 shows the implemented antenna on the left side of Figure 5 using two antenna
elements [16].

Figure 8. Implemented antenna using two patch antennas. The left figure is the front side of the

antenna, and the right figure is the back side.

In Figure 8, the two patch antenna elements are connected to the phase shifter to control the
wireless directions, and so the beam-forming can be properly controlled by the differentiations of the
given voltages to each phase shifter.

6. Experiments

The experiments were confirmed for the effectivity of the prototype AAA system and the DTN
routing in the proposed winter road surveillance system. First of all, the beamforming angle by the
given voltages experimented in the anechoic chamber room in Fukuoka Institute of Technology,
Japan. In the experiments, the antenna was fixed on the rotatable table, and the differences of the
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given voltages for each antenna elements were 0, 5, 10, and 15 V. The experimented radio wave was
IEEE802.11b (DSSS, 2.4 GHz). Figure 9 shows the results of the RSSI levels by the given voltage.

60 -89 65
S5 N -60
ETIN
50 g 55 -ov
a5 -50 5V
40 -45 1ov
35 -40 15v

5

0 (&) -5

Figure 9. The results of RSSI by the voltage differentials in each antenna element with the prototype
system.

The results show that the beam-forming angle in the prototype system was properly confirmed
by the differences of the given voltage in the antenna elements. Therefore, if the proposed methods
can estimate the angle to the target vehicle, it is considered that the longer radio connections can be
realized.

Secondly, the quickness of the image recognition and the beam-forming controls were evaluated
by the prototype system. In the experiment, the printed picture of the vehicle was previously
prepared, and Figure 10 shows the experimental circumstances in Uchida Lab, Fukuoka Institute of
Technology, Japan.

(ground)

—

{

—= —‘ Vo.ltage Meter ‘

d LAN

Figure 10. The experimental circumstances in the experiments.

The A4 size printed red vehicle was fixed at a distance d = 0.5 m from the camera, and the
captured images were used for the calculation of the distance and the angle to the vehicle in the note
PC. Then, after calculation of the Kalman filter, the proper voltage was remotely set to the voltage
meter through the LAN in the prototype system. Further, the printed vehicle in the picture was
slightly moved to the points of 6 =0, 5, 10, 15, 20, 25, and 30 degrees by manual controls, and the
target voltage to the voltage meter was calculated in the experiments. Table 1 shows the results of the
experiments.

Table 1. Results of the beam-forming controls by the prototype system. Processing time is calculated
by the logs of the captured image data and the remoted voltage meter in the experiments.

Angle (Degree) Processing Time(s) Observed Voltage (V)

5 0.733 4.99
10 0.843 9.99
15 0.918 15.00

20 0.937 20.00
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25 0.953 24.99
30 0.965 29.99

The results show the beam-forming controls wre confirmed within one second, and it is assumed
that the proposed methods are effective for the rapid controls for the V2V communication. Moreover,
it is considered that the parameters in the Kalman filter calculation can deal with the durations for
the beam-forming and that these adjustments will be the future works in this study.

Finally, these results are introduced to the network simulator in order to evaluate the effectivity
of the proposed methods in the actual fields. The ONE simulator [23,24] was used for the basic
frameworks for the implementations, and the 10 km x 10 km GIS map of Takizawa City in Japan was
introduced into the simulator, as shown in Figure 11.
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[ 4 Iwate
§/. Prefectural
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Takizawa
City 4
Office
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Figure 11. GIS map in the network simulator in the experiments.

The data delivery rate and the latency from Takazawa City Office to Iwate Prefectural University
was experimented upon under the different number of the vehicles in the simulation, and the
nondirectional antenna with IEEE802.11b and the proposed AAA system with IEEE802.11b were
compared in terms of effectiveness in the experiments. In the experiments, the duration of the data
connection was set as five seconds for the nondirectional antenna group. That is because it takes
about five seconds to set the DHCP configuration in the previous experiments. Further, the duration
of the processing time was set one second from the experiments as mentioned regarding beam-
forming in the previous section. Then, the wireless connection by the MAC address and Android ID
was confirmed by the implementations of the previous paper [25]. Table 2 shows the major scenario
in the modified simulator.

Table 2. The scenario of the network simulator in the experiment.

Parameters Setting Values

Fixed Nodes Two Stations; IPU (Iwate Prefectural
University) and Takizawa City Office.
25, 50, 75, 100, 125, 150 vehicles.

Mobile Nodes The vehicles randomly moYe with 10-50 km/h,
and the movement pattern is based on the
random walk model.

DIN Epidemic vs. Data Triage(Only one level of the

priority)
Non-directional antenna with IEEE802.11b (2.4
GHz, 11 Mbps, 100 m) vs. The proposed AAA

Wireless Interfaces
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system with IEEE802.11b (Maximum Distance
2000 m)
TTL (21600 sec)

Data are carried from IPU to Takizawa City
Office.

Data 0.5-1.0 MB data (text data) are created in
every 50-60 sec at IPU.
Resources 2 GB storage.
Simulated Duration 6 h (21,600 sec).

Process Time for the
Connection

Non-directional antenna (5 sec for DHCP
configuration) vs. Proposed AAA (1 sec for the
beam-forming and the wireless establishment).

10 of 13

The results are shown in Figure 12; Figure 13. Firstly, Figure 11 shows the results of the data
delivery rate in comparison with the epidemic DTN routing with the nondirectional antenna by
DHCP configuration and the proposed DTN routing with the AAA system based on the results from
the prototype system specifications. The results show the proposed AAA system is more effective
than the nondirectional antenna because the delivery rate in the proposed AAA reaches nearly 95
percent even if there are only 25 vehicles. Moreover, even if the number of the vehicle in the city is
increased, the percentage stays at nearly 100 percent on the proposed methods, while the
nondirectional antenna group shows 80 percent in the delivery rate.

100%
/S~ aL o emmemm—m === ===
’ Sfme ="
75% oo e
4
g .
4
2 ’
& ’
> 50% | Do
<
o ]
2 ’
T ’
o ]
]
!
25% - L. i  lE i L EE b
]
I' — = non-directional(802.11h)
I’ —Proposed AAA(802.11h)
0% T T
0 50 100 150
Number of Vehicles

Figure 12. Results of the data delivery rate in the experiments.

Next, Figure 12 shows the results of the latency from the Takizawa City Office to Iwate
Prefectural University. As with the previous results, the latency of the proposed AAA system is
rapidly decreased to about 1000 seconds, and the latency keeps around 500 s when the vehicles are
increased. On the other hand, the nondirectional antenna groups stay around 2000 seconds even if
the number of vehicles is increased in the simulation.
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10000 v

\ — = non-directional(802.11b)
——Proposed AAA(802.11b)

8000 -

6000 -+
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Average Latency (sec)

2000 -

0 50 100 150
Number of Vehicles

Figure 13. Results of the latency in the experiments.

The results indicate the effectiveness of the proposed methods in the winter road surveillance in
the local areas and the additional experiments, including the evaluation of the proposed DTN routing
in future studies.

7. Conclusions and Future Studies

This paper described a winter road surveillance system in mountain areas, and it is necessary to
establish a longer radio transmission range and to reduce radio noise from the obstacles. Therefore,
this paper proposed AAA controls through image recognition to realize the longer radio distance
with quick responses, and beam-forming adjustments with the Kalman filter algorithm to reduce the
radio noise. Then, implementations of the prototype AAA system to realize longer wireless
connections with a high-frequency radio system such as IEEE802.11b were presented in this paper.
Then, the quickness of the prototype AAA system was evaluated through experiments with the
prototype system, and the experiment results were considered for network simulations using the
actual GIS data of the local area.

The experiment results indicate the effective beam-forming controls in the winter road
surveillance system in the local areas, and it is considered that a higher data delivery rate and lower
latency are expected in the actual fields. However, the additional experiments are considered to be
necessary for the evaluation of the DTN with the data triage methods, and the additional
implementations of the DTN devices in the vehicles are also necessary for future works. Moreover,
we are planning to confirm the experiment in actual fields, and also to deal with the additional
functions for V2V communication, such as the group functions for the radio connections or the FEC
(forward error correction) for future studies.

Author Contributions: Noriki Uchida designed the study, analysis, and interpretation of data, and he wrote the
initial draft of the manuscript. Yoshitaka Shibata contributed by assisting in the preparation of the manuscript.
All other authors contributed to data collection and interpretation and critically reviewed the manuscript. All
authors approved the final version of the manuscript and agree to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the work are appropriately investigated
and resolved.

Funding: This research received no external funding.

Acknowledgments: This paper is the extended version of “Remote Voltage Controls by Image Recognitions for
Adaptive Array Antenna of Vehicular Delay Tolerant Networks” in the Advances on P2P, Parallel, Grid, Cloud
and Internet Computing. (3PGCIC2018), Oct. 2018 [26]. Further, this work was supported by SCOPE (Strategic
Information and Communications R&D Promotion Programme) Grant Number 181502003 by Ministry of
Internal Affairs and Communications in Japan.



Future Internet 2019, 11, 203 12 of 13

Conflicts of Interest: The authors declare no conflicts of interest associated with this manuscript.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Uchida, N.; Ito, K.; Hirakawa, G.; Kawamura, N.; Shibata, Y. Evaluations of Wireless V2X Communication
Systems of for Winter Road Surveillance Systems. In Proceedings of the 19th International Conference on
Network-Based Information Systems (NBIS2016), Ostrava, Czech Republic, 7-9 September, 2016, pp. 58—
63.

Kato, S.; Minobe, N.; Tsugawa, S. Experimental Report of Inter-Vehicle Communications Systems: A
comparative and consideration of 5.8GHz DSRC, wireless LAN, cellular phone. IEICE Tech. Rep. 2012, 103,
23-28.

Fall, K.; Hooke, A.; Torgerson, L.; Cerf, V.; Durst, B.; Scott, K. Delay-Tolerant Networking: An Approach to
Interplanetary Internet. IEEE Commun. Mag. 2003, 41, 128-136.

Chiba, I; Yonezawa, R.; Kihira, K. Adaptive array antenna for mobile communication. In Proceedings of
the IEEE International Conference on Phased Array Systems and Technology, Dana Point, CA, USA, 21-25
May 2000; pp. 109-112.

Karasawa, Y.; Sekiguchi, T.; Inoue, T. The software antenna: A new concept of Kaleidoscopic antenna in
multimedia radio and mobile computing era. IEICE Trans. Commun. 1997, 80, 1214-1217.

Takiguchi, K.; Wada, T.; Toyama, S. Rhythm Pattern of Sole through Electrification of the Human Body
When Walking. |. Adv. Mech. Des. Syst. Manuf. 2008, 2, 429-440.

Takiguchi, K.; Kohno, K.; Maeda, K.; Higa, Y.; Kamiya, M. Backing Monitor System for Bicycle by Using
Human Body Communication of Quasi-electrostatic Field Method. In Seisan Kenkyu; Institute of Industrial
Science, The University of Tokyo: Tokyo, Japan, 2011; Volume 63, pp. 299-304.

Welch, G.; Bishop, G. An Introduction to the Kalman Filter; University of North Carolina at Chapel Hill
Department of Computer Science: Chapel Hill, NC, USA, 2001.

Welch, G.; Bishop, G. The Kalman Filter. Available online: http://www.cs.unc.edu/~welch/kalman/
(accessed on 29 May 2019).

Uchida, N.; Kawamura, N.; Shibata, Y.; Shiratori, N. Proposal of Data Triage Methods for Disaster
Information Network System based on Delay Tolerant Networking. In Proceedings of the 7th International
Conference on Broadband and Wireless Computing, Communication and Applications (BWCCA2013),
Compiegne, France, 28-30 October, 2013; pp. 15-21.

Uchida, N.; Takahata, K.; Shibata, Y.; Shiratori, N. Proposal of Vehicle-to-Vehicle based Delay Tolerant
Networks with Adaptive Array Antenna Control Systems. In Proceedings of the 8th International
Workshop on Disaster and Emergency Information Network Systems (IWDENS2016), Crans-Montana,
Switzerland, 23-25 March 2016; pp. 649-654.

Ochoa, M.N.; Guizar, A.; Maman, M.; Duda, A. Evaluating LoRa energy efficiency for adaptive networks:
From star to mesh topologies. In Proceedings of the 2017 IEEE 13th International Conference on Wireless
and Mobile Computing, Networking and Communications (WiMob2017), Rome, Italy, 9-11 Oct 2017; pp.
1-8.

Watanabe, M.; Watanabe, T. Edifice for Highly Potential of Ubiquitous Wireless Communication Systems
on Smart Antennas. SIG Tech. Rep. Mob. Comput. Pervasive Syst. (MBL) 2010, 2010-MBL-55, 1-8.

Yokoi, T.; Iki, Y.; Horikoshi, J.; Miwa, K.; Karasawa, Y.; Fukuda, A.; Takada, ]J.I.; Kuroda, Y.; Shiokawa, T.;
Furuya, Y.; et al. Software Receiver Technology and Its Applications. IEICE Trans. Commun. 2000, 83, 1200—
1209.

Uchida, N.; Ito, K,; Ishida, T.; Shibata, Y. Adaptive Array Antenna Control Methods with Delay Tolerant
Networking for the Winter Road Surveillance System. ]. Internet Serv. Inf. Secur. 2017, 7, 2-13.

Uchida, N.; Kawamura, N.; Shibata, Y. Delay Tolerant Networks on Vehicle-to-Vehicle Cognitive Wireless
Communication with Satellite System for Disaster Information System in a Coastal City. IT Converg. Pract.
(INPRA) 2013, 1, 53-66.

Uchida, N.; Kawamura, N.; Williams, N.; Takahata, K.; Shibata, Y. Proposal of Delay Tolerant Network
with Cognitive Wireless Network for Disaster Information Network System. In Proceedings of the 5th
International Workshop on Disaster and Emergency Information Network Systems (IWDENS2013),
Barcelona, Spain, 25-28 March 2013; pp. 249-254.



Future Internet 2019, 11, 203 13 of 13

18.

19.

20.

21.
22.

23.

24.

25.

26.

Spyropoulos, T.; Psounis, K.; Raghavendra, C.S. Spray and Wait: An Efficient Routing Scheme for
Intermittently Connected Mobile Networks. In Proceedings of the 2005 ACM SIGCOMM Workshop on
Delay-Tolerant Networking (WDTN ‘05), Philadelphia, PA, USA, 26 August 2005; pp. 252-259.

Burgess, J.; Gallagher, B.; Jensen, D.; Levine, B. MaxProp: Routing for Vehicle-Based Disruption-Tolerant
Networks. In Proceedings of the 25th IEEE International Conference on Computer Communications
(INFOCOM 2006), Barcelona, Spain, 23-29 April 2006; pp. 1-11.

Uchida, N.; Shingai, T.; Shigetome, T.; Ishida, T.; Shibata, Y. Proposal of Static Body Object Detection
Methods with the DTN Routing for Life Safety Information Systems. In Proceedings of the 32nd
International Conference on Advanced Information Networking and Applications Workshops
(WAINA2018), Krakow, Poland, 16-18 May 2018; pp. 112-117.

Opencv. Available online: http://opencv.jp/cookbook/ (accessed on 29 May 2019).

National =~ Instruments  Corporation: = National = Instruments  VISA.  Available  online:
https://www.ni.com/visa/ (accessed on 29 May 2019).

The ONE is a Simulation. Available online: http://www.netlab.tkk.fi/tutkimus/dtn /theone/ (accessed on 29
May 2019).

Keranen, A. Opportunistic Network Environment Simulator; Special Assignment; Helsinki University of
Technology, Department of Communications and Networking: Helsinki, Finland, 2008.

Uchida, N.; Kuga, H.; Ishida, T.; Shibata, Y. Implementation of WiFi P2P Based DTN Routing and Gateway
for Disaster Information Networks. In Proceedings of the 12th International Conference on Innovative
Mobile and Internet Services in Ubiquitous Computing (IMIS-2018), Matsue, Japan, 4-6 July 2018; pp. 139-
146.

Uchida, N.; Hashimoto, R.; Sato, G.; Shibata, Y. Remote Voltage Controls by Image Recognitions for
Adaptive Array Antenna of Vehicular Delay Tolerant Networks, In Advances on P2P, Parallel, Grid, Cloud
and Internet Computing (3PGCIC2018); Lecture Notes on Data Engineering and Communications
Technologies; Springer: Cham, Switzerland, 2018; Volume 24, pp. 387-394.

© 2019 by the authors. Licensee MDP]I, Basel, Switzerland. This article is an open access
|@ ® article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



