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Priority-Based Blind Rendezvous Scheme for
Post-Disaster Scenario Networks
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Abstract: In this paper, we propose a priority-based blind
rendezvous scheme for the post-disaster scenario networks based
on Cognitive Radio Networks technology. In the event of a
disaster, the communication infrastructure will be destroyed, and
communication will be cut off. The proposed scheme aims to
quickly recover a communication link in the disaster situation
where the destroyed environment. The communication link is
restored, it will be able to quickly send the relevant information
about the disaster environment condition and the other
information to prevent secondary damage. Our proposed scheme,
each node evaluates the priority of the data in the transmission
data buffer, and then this priority is used to generate the
rendezvous sequence. The generated sequence is used to
rendezvous by the node that communicates with each other.
Index Terms: Cognitive radio Networks, Rendezvous,
Post-Disaster Scenario, Priority.

I. INTRODUCTION
Natural disasters take the lives of many people at once [1].
The further problem is that secondary damage also occurs,
like a tsunami and aftershocks. The recent Indonesian
earthquake, Sep. 20, 2018, a massive quake hit the island
nation’s Central Sulawesi province [2]. The earthquake
occurred at 7 am on September 28, and a magnitude 7.5
earthquake occurred at 10:02 am after a 6.1 magnitude
earthquake. This second earthquake caused a tsunami of 3 to
7 meters high, causing more damage. In some areas, the
height of the tsunami has been observed up to 11m.
According to the report, more than 1,400 people have killed,
and the death toll is likely to rise and at least 800 people are
seriously injured [3]. Most of the dead and missing persons
were caused by the secondary effect (tsunamis and secondary
earthquake) rather than direct earthquakes.
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Table 1. Number of deaths by disaster type (1994-2013)
Disaster type
Earthquake
Storm
Flood
Extreme temperature
Drought

Deaths
750,000
250,000
160,000
160,000
22,000

Rate
55%
18%
12%
12%
2%

To prevent the secondary effect victims, the new network
technology is needed to address the situation after the disaster
environment, and this is to need a new scenario. Because a
method of correspondence needs to change various for the
disaster condition (such as earthquakes, floods, typhoons,
and hurricanes) for survivors. We need to prevent the
secondary victims by the communication link restores in the
disaster environment. The communication link restore is
most important urgent tasks for the damaged communication
infrastructure. Because the emergency notification message
sending is the most important base solutions to prevent the
secondary damages after the first disaster situation for the
victims. The communication link failure is a major problem,
and it is needed to reconnect the new links to send urgent
messages to survivors. Wireless communication technology
can be more easily reconfigured communication link than the
other solution in various changes in a disaster environment
[4].
Cognitive Radio Network (CRN) has been widely
researched in various fields [5], [6]. CRN is an emerging
technology for disaster environment, and it is a suitable
technology to solve the disconnected link problem. There are
two CRN nodes want to transmit data with each other, they
must exchange the control messages on a vacant common
channel (assume this channel is must not occupy by the own
licensed user). This process is called blind rendezvous (or
rendezvous). To sum up, blind rendezvous is the method of
the exploration of the common channels by each node for
data transmission.
The blind rendezvous is a key technology to solve the
problem for the leak of the frequency spectrum. This
technology is concerned with the decentralized control
channel in asynchronous environments in CRN. Because the
blind rendezvous don't need the centralized control channel
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for the operation. The rendezvous is exploring a common
channel by a two (or more) cognitive radio nodes, and they
transmit data through the common channels in CRN. The
blind rendezvous is a method to establish a communication
link without using additional channels, like a dedicated
control channel (centralized control channel). Each node
establishes a link to communicate with other nodes in the
blind rendezvous problems. This process is similar to
reconstruct the link in the after-disaster scenario or the
destroyed communications infrastructure.
CRN node has the data buffer for data transmission. The
data buffer is used to data send and receive. The various types
of data will be stored into the data buffer of the node
according to the assigned mission, like a military, healthcare,
and security [7]. Each data has a different priority according
to their importance factor; the emergency data, the urgent
data, and the normal data [8, 15-21]. In our proposed scheme,
the priority of the data is applied to the link generation, so that
the emergency data can be transmitted more quickly than the
other priority data.
II. THE PROPOSED SCHEME
In this section, we propose a priority-based blind
rendezvous scheme to communicate with other cognitive
radio nodes in the post-disaster scenario networks.
A. Definition
We define some factors to readily understand our scheme.
There is two type of nodes in the CRNs; Primary User (PU) is
the owner of the channels and Secondary User (SU) is a
temporary user. The PU is the licensed owner of the occupied
channels. But they don't use the channels every time. If the
PU is not used the own channels, the SU borrow the channels
temporary, and they transmit their data. If the PU want to use
their own channels for data transmission, the SU evacuates
the channel of the PU as fast. Then the SU find the other
vacant channels for remaining data transmission.
The definition of the priority depends on the importance of
the data. For example, the important data is as follows;
detected data of the vital life signal after the earthquake or
sensed data by evaluation systems for the disaster
environment. And the priority is the most important attributes
in the priority-based blind rendezvous scheme because it is
the base factor of the blind rendezvous sequence generation
scheme. Table 2. The type of priority shows the type of
priority in the property based blind rendezvous scheme.
Table 2. The type of priority
Level

Priority

P1

Emergency

P2

Urgent

P3

Normal

Data
the life-supporting data
and the anomaly
sensing data.
the life-supporting data
and the monitoring data.
the non-life-supporting
data and the normal
data.

Mode
real-time
mode

emergency priority, and it is concerned with the
life-supporting data, and the anomaly sensing data for a
real-time mode. Second, the P2 has an urgent priority, and it
is something to do with the life-supporting data, and
monitoring data for a non-real-time mode. Finally, the P3 has
a normal priority, and it is the non-life-supporting data, and
the normal data for a non-real-time mode. In the
priority-based blind rendezvous scheme, the priority of the
data is related to the disaster environment, and we must check
the priority of the data in the data buffer before generating the
rendezvous sequence.
A time slot is the same period of the time in the blind
rendezvous.
Time to rendezvous (TTR) is the base factor in the blind
rendezvous. It means the number of time slots in the blind
rendezvous process. Each time slot is divided into the time t
that the t is a non-zero positive number.
Maximum-time to rendezvous (M-TTR) is the maximum
time that is spent, the time spent to succeed in the rendezvous.
Available channel means not occupied channel by any
other nodes (or users) in the blind rendezvous.
N is the number of available channels. If there are three
available channels, it is denoted by N=3, and the available
channel list is {CH1, CH2, CH3}.
Rendezvous sequence means the channel list for exploring
the common channels to succeed the rendezvous. And the
succeeds of the rendezvous means that two nodes transmit the
signal through the common channel. The sequence is ordered
by the proposed sequence generation scheme.
The time lag means the differences by two nodes different
start time for the rendezvous. Assume there are two nodes
(node A and node B), and they want to make a link for data
transmission. Node A starts at time slot 1 for the rendezvous
and Node B starts at time-slot 3, there is two time-lag.
Node A
Time slot
Node B

CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 …
1

2

3

4

5

7

8

9

10

…

CH1 CH1 CH1 CH1 CH3 CH2 CH1 …

Figure 1. Example of the time lag
Priority sequence is located the first part of the proposed
rendezvous sequence for fast rendezvous. As mentioned
earlier, the priority in the priority sequence depends on the
data priority in the data buffer. If the priority is
P1(emergency) then it has consisted of the first channel in the
available channel list, and it is repeated for N times. The
priority sequence is used to guarantee fast rendezvous than
another related rendezvous scheme in the first round.

non-real-time
mode
non-real-time
mode

The priority is divided into three types in our proposed
scheme: Emergency, Urgent, and Normal. And each priority
denoted by {P1, P2, P3}. First, the priority of the P1 has an
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Input: 1) N (the number of available channels)

B. Sequence generation scheme
In the post-disaster scenario network, we need to make
another scenario than the normal situation environment. To
do this, we need to consider a few factors.

2) S (the available channel set)
3) P (the priority level of the data)
Output: array (the blind rendezvous sequences)

The data of the nodes is stored into the data buffer for the
data transmission and each node can check the priority of the
data. Assume there are two cognitive radio nodes to
communicate with each other in the post-disaster scenario
network. We first check the available channels in the disaster
environment. If there are 3 available channels, then the
channel list is channel 1(CH1), channel 2(CH2), and channel
3(CH3). Follow the sensing result of the available channel,
the N is 3, and the channel set is denoted by {N1, N2, N3}.

01: Set index to 0;
02: Set temp to N;
03: Set array to 0;
04: Set to P;
05: for i from 0 to N do
06: array[index++] ← S[priority];
07: end for
08: for j from i to N do

Start

09: array[index++] ← S[j];
10:

for k from temp – 1 to 0 do

11:

array[index++] ← S[k];

12:

end for

13:

temp ← temp – 1;

Check data buffer

Is the data
buffer
empty?

14: end for

Yes

15: for l from 0 to N do
No

16: array[index++] ← S[0];

Check data priority

17: end for
N:4

CH1 CH1 CH1 CH1

N:3

CH1 CH1 CH1

N:2

CH1 CH1

N:1

CH1

Is this
emergency
data?

Yes

The data priority is
P1.

Yes

The data priority is
P2.

No

Figure 2. Example of the priority sequence
Is this
urgent
data?

Group sequence is a group channel set, it has consisted of the
available channel. Each group sequence is reverse order sets
of the available channel and it decreases gradually the count
of the channel list. If N is 4, the generated group sequence is
{CH1, CH4, CH3, CH2, CH1, CH2, CH3, CH2, CH1, CH3,
CH2, CH1, CH4, CH1}.
Figure 3 shows an example of the group sequence.
N : 4 CH1 CH4 CH3 CH2 CH1
N : 3 CH1 CH3 CH2 CH1

N : 2 CH1 CH2 CH1

CH2 CH3 CH2 CH1

CH2 CH2 CH1

CH3 CH2 CH1

No

The data priority is
P3.

CH4 CH1

Sequence generation
by the data priority

CH3 CH1

CH2 CH1

Start rendezvous
process

N : 1 CH1 CH1

Figure 3. Organization of the group sequence
Guard sequence is located in the last part of the proposed
sequence. It uses for preventing the rendezvous fail, and it is
made by the first channel in the available channels.
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Figure 4. The priority level
check process for the data in
the proposed scheme
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Table 3. Pseudocode of the priority-based blind
rendezvous sequence
Each node can make the sequence for the rendezvous by
the priority-based blind rendezvous scheme. The sequence
consists of three parts: the priority sequence, the group
sequence, and the guard sequence. In the first step, each node
must check the priority of the data in the data buffer. Follow
the checked priority, we choose the channel number of the
priority sequence. If N is 3, and the priority level is P1, then
the generated priority sequence is {CH1, CH1, CH1}.
The second step, we can generate the group sequence.
Each group in the group sequence is reverse ordered by
channels and it is repeated by the number of channels. If the N
is 3, then the sequence generated by the group sequence
generation algorithm is as follows: {CH1, CH3, CH2, CH1,
CH2, CH2, CH1, CH3, CH1}.
The third step, we make the guard sequence by a seed value.
The seed value is the first channel of the available
Node A
Time slot
Node B

CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

…

CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1

CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1

CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1

CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1
CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1

Figure 5. The process of the priority-based blind rendezvous scheme when different start time
channel. If N is 3, and the available channel set is {CH1, CH2,
CH3}, then the seed value is CH1. The seed value is repeated
N times in the guard sequence. If N is 4, then the guard
sequence is {CH1, CH1, CH1, CH1}.
Finally, we can generate the priority-based blind
rendezvous sequence by assembling the priority sequence, the
group sequence, and the guard sequence. Assume the
available channel set is {CH1, CH2, CH3}, and the N is 3.
The priority level is P1, then the generated priority-based
blind rendezvous sequence is {CH1, CH1, CH1, CH1, CH3,
CH2, CH1, CH2, CH2, CH1, CH3, CH1, CH1, CH1, CH1}.
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N = 3, Priority Level = P1
600

The priority sequence :

CH1 CH1 CH1

Proposed

500

SBR
CRSEQ

The group sequence :
CH2 CH2 CH1

CH3 CH1

ATTR

CH1 CH3 CH2 CH1

400

300

The guard sequence :
200

CH1 CH1 CH1
100

The priority based sequence :
0
1

CH1 CH1 CH1 CH1 CH3 CH2 CH1 CH2 CH2 CH1 CH3 CH1 CH1 CH1 CH1

3

4

5

6

7

8 9 10 11 12 13 14 15 16 17 18 19 20
The number of channels

Figure 7. The simulation result of the ATTR

Figure 6. Example of the priority-based blind rendezvous
sequence
In the normal environment, the sequence generation algorithm
becomes the HS-GRSP [9] scheme. If the earthquakes or the
other disaster has occurred, the nodes change the sequence
generation algorithm from the HS-GRSP to the priority-based
blind rendezvous sequence. The sequence generation
algorithm is changed dynamically according to the disaster
environment. If the environment is normal, N is 3, then the
sequence is {CH1, CH3, CH2, CH1, CH2, CH2, CH1, CH3,
CH1, CH1, CH1, CH1} by the HS-GRSP.

2

Figure 8 shows the simulation result of the MTTR. In this
figure, the CRSEQ shows rapidly increasing MTTR when the
channel is increasing. And the SBR has much more MTTR
than the proposed rendezvous schemes when the channel is
increasing. It means the priority-based blind rendezvous
schemes guarantee the rendezvous within the MTTR and
faster rendezvous than the other rendezvous scheme.
1400

1200

Proposed
SBR

III. EVALUATION
1000

MTTR

This section, we have done the simulation for the
evaluation of the priority-based blind rendezvous scheme.
The evaluation of the rendezvous algorithm has been
performed with TTR in the various papers [10] – [12]; SBR
[13], and CRSEQ [14]. The criteria of the performance
evaluations are MTTR and Average Time to Rendezvous
(ATTR). ATTR means the average time required to succeed
in the rendezvous within MTTR.

CRSEQ

800

600

400

200

0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
The number of channels

(1)

Figure 8. The simulation result of the MTTR
Where L is the length of the priority-based blind
rendezvous sequence, and N is the number of available
channels. The result of the calculation is the same as the
MTTR. It means the proposed scheme is possible to
rendezvous within the MTTR.
Figure 5 depicts the process of the priority-based blind
rendezvous scheme. In the figure, node A and B have
different start time in that scenario, but it has successful
rendezvous within MTTR (or a single period).
Figure 7 shows the simulation result of the ATTR of the
various rendezvous schemes. The SBR and the proposed
scheme represents similar trends in the result, so it is more fast
rendezvous than the CRSEQ. The CRSEQ shows a rapid
change, it means the result of the CRSEQ is much-delayed
rendezvous when the number of channels is growing in the
simulation result.
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From the results of each simulation, it was confirmed that
the proposed scheme rendezvous within MTTR (a period of
time). Accordingly, the simulation result shows that it can
rendezvous within a limited time in a special environment of
an after-disaster by the priority-based blind rendezvous
scheme.
IV. CONCLUSION
In this paper, we propose a priority-based blind rendezvous
scheme suitable for post-disaster environments.
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The natural environment is rapidly changed, and the
disaster more occurs increasingly. Therefore, it is necessary to
study the communication scheme in the secondary damage
environment after the disaster.
The proposed scheme considers about the priority of the
data each node. And, the priority is the source for the
rendezvous sequence generation scheme. By the priority,
each node uses a different rendezvous sequence for the
rendezvous in a post-disaster environment. We evaluate the
TTR of the proposed scheme through the simulation with
other rendezvous schemes. Through this mechanism, we
guarantee the rendezvous within an MTTR (or a single
period).

18.

19.

20.

21.

REFERENCES
1. P. Wallemacq, D. Guha-Sapir, “The Human Cost of Natural Disasters A global perspective”, Technical Report, March 2015.
2. B. Wilkinson. (2018, Oct 5). Indonesia earthquake: Torrents of 'liquid
soil' washed away buildings, Available:
https://edition.cnn.com/2018/10/03/asia/liquefaction-earthquake-indon
esia-intl/index.html
3. World Vision Staff. (2018, Dec 27). 2018 Indonesia quakes and
tsunamis. Available:
https://www.worldvision.org/disaster-relief-news-stories/2018-indonesi
a-earthquake-facts
4. Saim Ghafoor, Paul D. Sutton, Cormac J. Sreenan, Kenneth N. Brown,
“Cognitive radio for disaster response networks: survey, potential, and
challenges”, IEEE Wireless Communications, Vol. 21, No. 5, pp. 70 –
80, October 2014.
5. Ying-Chang Liang, Kwang-Cheng Chen, Geoffrey Ye Li, and Petri
Mähönen, “Cognitive Radio Networking and Communications: An
Overview”, IEEE Transactions on Vehicular Technology, Vol. 60, No.
7, pp. 3386-3407, Sep. 2011.
6. S. Parvin, F. Khadeer Hussain, O. Khadeer Hussain, S. Han, B. Tian, E.
Chang, “Cognitive radio network security: A survey”, Journal of
Network and Computer Applications, Vol. 5, pp. 1691-1708, July 2012.
7. Gyanendra Prasad Joshi, Seung Yeob Nam and Sung Won Kim,
“Cognitive Radio Wireless Sensor Networks: Applications, Challenges
and Research Trends”, Sensors, Vol.13, No.9, pp. 11196-11228, 2013
8. Messaoudene, I., Belhocine, M. A., Aidel, S., & Djeffal, N. Enhanced
Isolation Mimo Antenna with DGS Structures for Long Term
Evolution Systems. Review of Computer Engineering Research, 2(4),
71-76, 2015.
9. Sujatha, R., & Lawanya, M. An Unified Approach by Implementing the
Secured Authentication Protocol Scheme in Wireless Sensor
Networks. Review of Information Engineering and Applications, 1(1),
24-38, 2014.
10. Nayyar, A., & Puri, V. Comprehensive Analysis & Performance
Comparison of Clustering Algorithms for Big Data. Review of
Computer Engineering Research, 4(2), 54-80, 2017.
11. Z. Htike, H. Choong Seon*, and L. Sungwon, "The Life Cycle of the
Rendezvous Problem of Cognitive Radio Ad Hoc Networks: A
Survey", Journal of Computing Science and Engineering, vol. 7, no. 2,
pp.81-88, June 2013.
12. Ozgur B. Akan, Osman B. Karli, and Ozgur Ergul, "Cognitive Radio
Sensor Networks", IEEE Network, vol. 23, no. 4, pp.34-40, July/August
2009.
13. L. A. DaSilva and I. Guerreiro, “Sequence-based rendezvous for
dynamic spectrum access,” in Proceedings of the 3rd IEEE Symposium
on New Frontiers in Dynamic Spectrum Access Networks (DySPAN
’08), pp. 1–7, Chicago, Ill, USA, October 2008.
14. J. Shin, D. Yang, and C. Kim, “A channel rendezvous scheme for
cognitive radio networks,” IEEE Communications Letters, vol. 14, no.
10, pp. 954–956, 2010.
15. Ali, A., & Haseeb, M. (2019). Radio frequency identification (RFID)
technology as a strategic tool towards higher performance of supply
chain operations in textile and apparel industry of Malaysia. Uncertain
Supply Chain Management, 7(2), 215-226.
16. Awang, Z., Ahmed, U., Hoque, A. S. M. M., Siddiqui, B. A., Dahri, A.
S., and Muda, H. (2017). The Mediating Role of Meaningful Work in
the Relationship Between Career Growth Opportunities and Work
Engagement, International Academic Confernce on Business and
Economics (IACBE 2017), Faculty of Economics and Management

Retrieval Number:F12270476S519/19©BEIESP

17.

Sciences (FESP), Universiti Sultan Zainal Abidin (UniSZA), October
07-08
Haseeb, M., Abidin, I. S. Z., Hye, Q. M. A., & Hartani, N. H. (2018).
The Impact of Renewable Energy on Economic Well-Being of Malaysia:
Fresh Evidence from Auto Regressive Distributed Lag Bound Testing
Approach. International Journal of Energy Economics and Policy, 9(1),
269-275.
Haseeb., H. Z., G. Hartani., N.H., Pahi., M.H. Nadeem., H. . (2019).
Environmental Analysis of the Effect of Population Growth Rate on
Supply Chain Performance and Economic Growth of Indonesia. Ekoloji,
28(107).
Suryanto, T., Haseeb, M., & Hartani, N. H. (2018). The Correlates of
Developing Green Supply Chain Management Practices: Firms Level
Analysis in Malaysia. International Journal of Supply Chain
Management, 7(5), 316.
Samad, S. (2018). Examining the effects of environmental strategy and
competitive advantage on business performance. Management Science
Letters, 8(9), 891-902.
Matsumoto, A. (2019). Effective human resource management strategy
for hospital nursing organizations. Management Science Letters, 9(2),
243-252.

Junghyung Kim: He received his Ph.D. degree
in Computer Science and Engineering from
Kyungpook National University, Daegu, Korea,
in 2015. He worked as an Assistant Manager for
Techbile Ltd from 2004 to 2007, Daegu, Korea.
Subsequently, he also worked a Deputy General
Manager at Geo Consulting & Information Ltd
from 2015 to 2016. Since 2016, he has been
Assistant Professor at the Yeungnam University
College of Science and Technology, Daegu,
Korea. His research interests include computer networks, cognitive radio
networks, and wireless sensor networks.

1316

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

