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Editorial

The Special Issue on Multidisciplinary Sciences and Engineering (2021-22) in the Advances in
Science, Technology and Engineering Systems Journal (ASTES Journal) reflects a continued
commitment to advancing integrative research at a time when complex global challenges demand
collaborative and cross-disciplinary solutions. As scientific inquiry increasingly transcends
traditional boundaries, this issue brings together a diverse body of work that demonstrates how
the convergence of multiple disciplines can generate innovative approaches to both theoretical
and applied problems.

A defining characteristic of this collection is its broad thematic scope. The contributions span areas
such as computing, mechanical and electrical engineering, environmental science, materials
research, and applied mathematics, illustrating the interconnected nature of modern scientific
exploration. Several papers emphasize the role of emerging technologies, including artificial
intelligence, data analytics, and intelligent systems, in enhancing problem-solving capabilities
across domains. Others focus on sustainable engineering practices, resource optimization, and
environmentally conscious design, underscoring the growing importance of sustainability as a
unifying principle in multidisciplinary research.

The issue also highlights the value of integrating diverse methodologies to address multifaceted
challenges. Authors employ a wide range of approaches, including theoretical modeling,
computational simulations, experimental investigations, and case-based analyses. This
methodological diversity not only strengthens the rigor of the research but also ensures its
practical relevance. Many studies present scalable frameworks and adaptable solutions that can
be applied across different industries and contexts, reinforcing the importance of interdisciplinary
collaboration in translating research into real-world impact.

The 2021-22 period provides an important context for this special issue, marked by rapid
technological advancement and continued global uncertainty. The ongoing digital transformation,
coupled with the need for resilient systems in the face of evolving challenges, has further
accelerated the integration of scientific and engineering disciplines. The works included in this
issue reflect this momentum, addressing topics such as smart systems, automation, digital
infrastructure, and sustainable development, all of which are critical to future societal progress.

The editorial team extends its sincere gratitude to the authors for their insightful contributions and
to the reviewers for their thorough and constructive evaluations. Their dedication has been
instrumental in maintaining the quality and integrity of this special issue, ensuring that it serves
as a meaningful contribution to the academic community.

This special issue underscores the transformative potential of multidisciplinary sciences and
engineering in advancing knowledge and innovation. By fostering collaboration across diverse
fields and promoting integrative approaches, it offers valuable perspectives for addressing
complex challenges and shaping the future of science, technology, and engineering.

Guest Editor

Prof. Nicolae Tudoroiu
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Various applications have helped make vehicular Ad-hoc network communication a reality.
Real-time applications, for example, need broadcasting in high video quality with minimal
latency. The new High-Efficiency Video Coding (HEVC) has shown great promise for real-
time video transmission through Vehicle Ad-hoc Networks due to its high compression level.
These networks, on the other hand, have highly changeable channel quality metrics and
limited capacity, making it challenging to maintain good video quality. HEVC real-time
video streaming on VANET may now benefit from an end-to-end dynamic adaptive cross-
layer method. According to the video coding process’s time prediction structure, frame size,
and network density, each video packet should be assigned to a suitable Access Category
(AC) queue on the Medium Access Control layer (MAC). The results we’ve gotten
demonstrate that the new method suggested delivers considerable improvements in video
quality at end-to-end latency and reception in comparison to the Enhanced Distributed
Channel Access (EDCA) specified in the 802.11p standard for several targeted situations.
Quality of Experience (QoE) and Quality of Service (QoS) assessments have been used to

verify our proposed strategy.

1. Introduction

As the idea of a city linked to the internet becomes closer to
reality, the effect of the internet on our lives grows. Nowadays this
may be realized with the appropriate use of traffic safety and
entertainment applications in the form of vehicular networks.
Inter-vehicle or infrastructure communication network may be
used for a variety of purposes, but one of the most intriguing is
video streaming. For this reason, it isn't easy to broadcast video
through automobile networks. The transmission of video content
over vehicle networks would represent a big step forward [1];
Overtaking maneuvers, parking assistance, video communication,
video surveillance, and public transport assistance, and for
entertainment, the possibility to use visual information data [2],
[3]. However, compressed videos are susceptible to noise and
channel loss. Although virtual networks are plagued by harsh
transmission circumstances and packet loss rates (PLR) that do not
ensure the quality of service, there are other issues.

Several technological solutions have been suggested to
improve multimedia transmissions over vehicle networks [4].
Particularly, the IEEE 802.11p standard, which has been solely
dedicated to vehicle networks, At the MAC layer, the standard
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handles QoS differences by offering distinct service classes [5].
In contrast, the HEVC/H265 standardhas recently been developed
and put at the disposal of scientists; this new standard outperforms
its predecessor (H264/AVC) coding efficiency-wise by about 50%
[6]. Due to the requirements of video transmission, inter-vehicle
applicationsusing video, like traffic optimization and monitoring,
ensuring low delay has become essential [7], [8].

It is even more important in remote vehicle control applications
and driver assistance systems [9], given the recent interest in
autonomous vehicles. Therefore, a communication system ought
to ensure both low latency and high reliability [10].

In a vehicle environment, the received signal intensity can
vary considerably because of several factors; fading, shading,
multipath, and Doppler effect are the main ones. Therefore,
VANETsS are networks with difficult channel conditions resulting
in a degradation of the output of the link, which results in poor
quality of the video. To address this, many studies have evaluated
video quality as a network load function [11] or the video source
encoder [12]. Authors in [13] suggested real-time performance
assessment of video transmission in-vehicle environments.
Specifically, their research looked at vehicle density and distance
effects on HEVC-encoded video sequences in the road and urban
environments. As assessment measures, the peak signal to noise
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ratio (PSNR) and the packet delivery ratio (PDR) were calculated.
A change to the Real-Time Transport Protocol (RTP) was
developed by authors in [1] to make the H.264 encoded video
transmission more efficient to enhance the transfer of information.
The implementation of video transmission in VANET was also
studied. Using a retransmission technique in [14] devised an error
recovery mechanism. MPEG4 part 2 video is encoded with uneven
protection of video images, according to the standard. Regarding
video streaming through VANET networks, researchers in [15]
employed network coding and blanking coding.

Improvements were also made to EDCA for video transmission
on the IEEE 802.11e standard. Background traffic (BK), best effort
(BE), which EDCA makes accessible in accordance with the
meaning of video coding, were initially proposed by authors in
[14] and have since been widely used. A mapping algorithm based
on the IEEE 802.11e EDCA traffic standard was suggested by the
authors to increase H.264 video transmission over an IEEE
802.11e network. But since this used mapping algorithm is static,
it does not reflect the network state. IEEE 802.11e wireless
networks might benefit from a dynamic cross-layer mapping
technique developed in [16], which they believe would be
effective. Authors in [17] created a cross-layer framework
enabling H.264/AVC video streaming through IEEE 802.11¢
wireless networks, which was published in IEEE Communications
Magazine. The suggested technique provides for more effective
use of the radio source by assessing the access time for each AC
and selecting the AC with the shortest access time. However, the
work stated for cross-layer approaches is particular to the IEEE
802.11e standard and is grounded on the previous standards for
video encoding; the video encoder’s ability to cause modifications
in the temporal standards prediction framework has not been taken
into account. On top of that, they do not take into consideration the
issue of latency for a low-delay transmission. Researchers in [18]
developed a framework of delay rate distortion in wireless video
communication employing H. 264’s LD mode, which is
constructed from predicted and intra frames, called P and I frames
respectively. A real-time H.265/HEVC stream transmission
technique was suggested by authors in [19]. The optimal time
prediction is chosen by algorithms to be used by considering the
decoding and encoding times of the Network QoS and HEVCs.

To optimize HEVC video streaming on VANETs, we have
created a dynamic cross-layer technique. We propose amapping
mechanism that is devoted to the IEEE 802.11p standard to
increase the efficiency of video streaming in Vehicular Adhoc
networks with fluctuating network topology. HEVC’s new
temporal prediction structures allow us to make use of our
approach. The IEEE 802.11p and HEVC standards have
influenced the re-design of the method initially described in [20]
and [16]. Both the relevance of the channel state and the video
frame, controlled by the queueing system of the MAC layer, are
taken into account by the suggested approach. Taking into
consideration the video’s temporal prediction structure, frame
significance, and current traffic load, each packet of the
transmitted video is assigned to the most suitable AC queue on the
MAC layer.

Section 2 highlights our proposed solution in detail. In section
3, we will focus on our work approach and simulation. Section 4
contains the simulation results that demonstrated the proposed
solution’s effectiveness, providing 18% average received packet
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gain in comparison to the IEEE 802.11p EDCA mechanism.
Conclusion is described in the last section (Section 5).

2. Description of the proposed solution

For the purpose of achieving considerable performance
advantages, cross-layer design refers to a method that takes
advantage of the reliance across protocol levels. Depending on
how information is shared across layers, several different design
types may be identified. Authors in [21] narrowed the range of
feasible designs down to four distinct methods. Using the first way,
new interfaces are created. The second involves merging nearby
layers, the third consists of the designed integrating without new
interfaces, and the last approach involves the vertical calibration
across the layers.

The proposed cross-layer architecture takes use of information
about video packets' relevance obtained from the application layer
to regulate this on the decision-making process at the MAC layer
when video packets are considered necessary. The technologies
that were used in this project will be discussed in further detail later
in this section. We will begin by discussing the properties of IEEE
802.11p, which are unique to vehicle networks, and then move on
to more general considerations. As a second step, we will offer a
high-level overview of H.265/HEVC encoding before presenting
our suggested cross-layer architecture.

802.11p MAC ( CCH/SCH)

l

= B N
L

AIFS (3) AIFS (2) AIFs (1) AIFS (0)
cwi3) cw(2) cwi1) cwio)

l l l l

Channel Selector

3

Transmission

Figure 1: The different access categories in the IEEE802.11p MAC architecture.
2.1. The IEEE 802.11p standard

The IEEE 802.11p standard is an accepted addition to the IEEE
802.11 standard for providing wireless connectivity in a vehicle
context. It was approved by the IEEE in 2009. (WAVE). The
standard's PHY layer is based on the DSRC (dedicated short-range
communication) standard. It operates in the 5.850-5.925 GHz
frequency band, with a IEEE 802.11a modified version serving as
the physical layer. According to [22], DSRC is regarded to be
capable of providing communication for both vehicular to
infrastructure (V2I) and vehicle to vehicular (V2V) situations. The
European Standard Telecommunications Institute (ETSI)
describes ITS-G5 as the comparable standard in Europe to the
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IEEE 802. p standard, which is devoted to the United States [23].
There are some discrepancies between the two standards at the
higher levels, although they are minor. Despite this, it operates in
the same frequency range as the DSRC [24]. In Japan, the
equivalent of the DSRC is utilized in the 5.8 GHz frequency band,
which is composed of six service channels (SCH) and one control
channel. It also uses a 3 Mbps preamble supports data speeds of 3,
6, 9, 12, 18, 24, and 27 megabits per second. Orthogonal
Frequency Division Multiplexing (OFDM) is the modulation
technique used (OFDM).

The IEEE 802.11p standard's medium access control layer
protocol employs CSMA/CA (Carrier Sense Multiple Access with
Collision Avoidance) as the principal medium access mechanism
for link sharing and EDCA for packet transport [25]. The EDCA
protocol, in conjunction with flow prioritizing in accordance with
QoS criteria [26], facilitates service hierarchization. The
IEEE.802.11¢ standard was first introduced, and it has since
undergone several revisions [27][20]. Actually, EDCA is an
advance over the distributed channel access (DCA) technique to
provide the necessary quality of service (QoS). A single queue for
holding data frames is replaced by four queues, each indicating a
distinct degree of priority or access category, referred to as ACs in
this document. Every one of these acs is allocated to a certain kind
of traffic, as depicted in Fig.1, with the background (BK), video
(VI), voice (VO), and best effort (BE) being examples.

The higher the transmission priority, the greater the likelihood
of successful transmission. Priority is allocated to each traffic
stream by the relevance of that traffic stream. Priority has been
given to VoIP traffic, which was followed by video, background
traffic, and best-effort, all of which had lower priority.

The waiting time TAIFS (Time Arbitration Inter-Frame
Space), which represents the time required for each AC to access
the media, is used to determine the priority of each AC. It enables
varying prioritizing of frames based on the kind of traffic being
sent. Time between frames may be reduced by using a short
TAIFS, for example, and the time required to connect to the
medium. TAIFS value is given by [27]:

T AL FS [AC] = Al FSN[AC] * aSlotTime + SIFS (1)

The AIFSN [AC] (Arbitration Inter-Frame Space Number) is
the constant that corresponds to each AC, which is the AC of each
traffic type. There are specified consistent intervals for the Short
Inter-Frame Space and aSlotTime in the standard, 32 and 13
second time frames. The contention windows are another
distinction between the ACs (CW).

Internal queue clashes are possible since EDCA has four
queues. The process mentioned before aids in the resolution of
these issues. Figure 2 displays an illustration of competing for
access to the media and the TAIFS prioritizing system. As can be
seen, a best effort frame and a voice frame are in a heated
competition for access to the media. In order to reach the medium,
the AC voice's reduced wait time allows it to forego its best effort.
Each AC's value is listed in Table 1[27]. Distinct ACs have
different CW and AIFSN values set in the CCH and SCH.
According to smaller TAIFS, we conclude that video AC has a
higher priority than the BK and BE.
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2.2. Encoding modes for H265/HEVC

HEVC, like its predecessor H264/AVC, follows a hybrid video
coding scheme. Both video coding standards have a two-layered
high-level design consisting of a network abstraction layer (NAL)
and video coding layer (VCL). The VCL includes all low-level
signal processing, including inter-and intra-picture prediction,
block partitioning, transform coding, in-loop filtering, and entropy
coding. At the top-level, an HEVC sequence consists in a series of
network adaptation layer (NAL) Units or NALUs. These NALUs
encapsulate compressed payload data and include parameter sets
containing key parameters used by the decoder to correctly decode
the video data slices, which are coded video frames or parts of
video frames [16].

It is conceivable to envision video transmission, especially in
real-time, in networks with little capacity or a high packet loss rate
because of the general benefit of HEVC. As it is considered a
hostile network, strong level of resistance and compression is
required for transmission of video in the VANET. This is because
transmission of video in the VANET is considered to be pretty
hostile. HEVC has been shown by researchers in [19] to exceed its
predecessors significantly when it comes to decreasing temporal
error propagation in changeable wireless video environments.
Their study compared the HEVC encoding pattern with an LD
configuration to the traditional MPEG-4 part 2, H.264/AVC, and
H.263 coding standards under various packet loss rates.

Predictions from future pictures are prohibited to ensure low
latency operations at both the decoder and encoder. While the
short-latency restriction may be met by employing P-images
solely, the directional motion compression efficiency estimate is
lost due to this practice. Generalized P-B (GPB) pictures are
introduced in HEVC to reduce the time to process a B- picture
while still delivering excellent coding performance [25]. A GPB is
a bi-predictive frame that employs just previous pictures for inter-
prediction in GPBs.

Error-resilience, processing time, computational complexity,
codec efficiency, and approaches are all considered while
configuring HEVC for a specific application. The two most
common encoding setups are:

- the “high efficiency” approach that provides highly efficient
coding with a significant computational cost,

- Excellent efficiency with little coder complexity in the “low
complexity” mode.

2.3. Proposed cross-layer approach description

Our multilayer system is described in this section. Video
transmission at the MAC layer of the IEEE 802.11p standard is
limited to the use of the specialized video AC. The other two lower
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priority ACs may be used to reduce network congestion and the
loss of video packets due to video packet overflow.

When it comes to our system’s current development, we are
still working on the low latency element. To do this, we’re looking
at two low-complexity video transmission techniques:

e Static inter-layer mapping algorithm that is centered on
hierarchical HEVCencoding. (Figure 3)

e Adaptive inter-layer mapping algorithm that is developed
based on hierarchical HEVC encoding. (Figure 4)

The Cross-layer system also uses the HEVC hierarchy to map
video packets at the IEEE 802.11p standard MAC layer. It is
demonstrated that the three levels of stratification in the two
suggested multilayer mapping methods are based on the video
structure:

For the low delay configuration

Layer-1: includes level 0 images and level I images
Layer-2: includes level 1 executives.
Layer-3: includes level 2 executives.

For the random-access configuration:

Layer-1: comprises level 1 and level 0 images and I images.
Layer-2: comprises level 2 as well as level 3 frames.
Layer-3: comprises level 4 executives.

The choice of the distribution of the frames was established
according to the importance, and the size of the frames compressed
data. No categorization has been kept for the All Intra
configuration.

a. Static mapping algorithm

According to the categorization system used, which changes
based on the video structure, the pictures associated with layer-1
are the essential images. This is due to the fact that layer-1 pictures
have a significant effect and, in some ways, influence everything
else in GoP. In this sense, any loss or deterioration that may occur
due to their actions will impact the whole GoP. Additionally, it's
worth noticing that the Layer 1 photos include additional
information. We recommend creating a static technique for each
video structure based on this information. It is always assigned the
highest priority for layer 1 frames to utilize alternating current,
whereas layer 2 frames are always assigned the lowest priority. It's
a video that's been made by AC. Route the second most critical
Layer 2 frames to the second available queue, which is likely to
have the best AC effort available. In this section, we will, however,
stratify the video using the method proposed in [20]. When using
the static method, we'll put video packets corresponding to layer 3
in the final queue (BAC).

l Application Layer Layer1 layer2 Layer3

I Transport and network layers

802.11p MAC layer
Voice

Video Best Effort Background

Figure 3: Illustration of the static cross-layer algorithm.
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b. Adaptative mapping algorithm

Video packets are assigned the most suitable AC currents based
on the suggested adaptive mapping method at the MAC layer of
the network. Network traffic load, the relevance of each frame, and
temporal prediction structure are all considered. As the last step,
we must assign each picture type a separate mappings probability
to lower priority ACs, denoted as P Layer. The probability is a
function of the frame size meaning:

0 <P _Layer-1<P_Layer-2<P Layer-3<l.u

Alternatively, as previously stated, the channel’s condition
affects the mapping. AC queues are a good indicator of network
traffic congestion. To avoid overcrowding, it is essential to keep
the MAC queue buffer as empty as possible. Random Early
Detection (RED) is the philosophy behind the two thresholds that
we’ve implemented to manage and minimize network congestion.
According to [20], the adaptive mapping method is based on the
following formula:

qlen (AC [VI])—qthlow
qthhigh—qthlow
Qlen (AC [VI]) is the real length of the video queue, and
qthlow and qthhigh, which are arbitrarily set thresholds, explicitly

state the process and the degree of mapping of ACs of lower
priority.

Pnew = PLayer x

Application Layer

Transport and network layers

802.11p MAC layer

‘ Adaptative mapping algorithm

% layer 2 % layer 2 %layer 2
layer 1 % layer 1
aver l % layer 3 aver l % layer 3 % layer 3

Voice Video Best Effort Background

Figure 4: Illustration of the Adaptative mapping algorithm.

3. Framework and Simulation set-up

Integrating a map into a network simulator has been and will
always remain a challenging task for researchers. OpenStreetMap
was created by academics to tackle this problem and be used in
traffic simulations. It is a free customizable map of the globe, has
an incredible quantity of data, as well as a high degree of precision.
However, since the data is frequently incomplete for traffic
simulations, Map acquisition should always be the initial phase;
followed by filling the missing sections and enhancing the data
before turning it into an OSM file that the SUMO traffic simulator
can use.

Figure 5 illustrates the four essential phases of our working
method. The following section will discuss each stage in detail.

It is necessary to first download and install MPEG, which is
an accepted practice for video streaming over the internet. For this
simulation we have used a CIF (H.261) video file format with a
352 x 288. before a CIF file can be used for simulation, a video
trace file is generated by running the mp4trace utility on the
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original MPEG4 movie. If the picture has been segmented, the
video trace file provides information on the segments' number,
kind, and size. The mp4trace tool requires the port number and
target URL since the Evalvid utility was initially developed to
analyze real video transmissions.

Step 2 : Trace File

Tool : Evalvid Tool

Description : Generation of the video trace
file based on the MPEG4 video

Input : MPEG4 File

Output : Video trace file

Step 1: Coding

Tool : codecs

Description : Generation of the MPEG
video file based on the CIF file
Input : CIF File

Output : MPEG4 File

Step 4 : Evaluation
Tool : Evalvid

Description : Evaluating the quality of the
received video

Input : Original MPEG4 file, Tx, Rx
Output : Received MPEG4 file

Step 3 : Simulation

Tool : N52

Description : Simulating the transmission
of the video trace file

Input: Video trace file

Output : Time stamps Tx and Rx files

Figure 5: work approach
4. Simulation results

Different routing protocols will be tested in this simulation to
see how they work when running in a high-density traffic
environment. After 200 milliseconds of simulation, there will be
ten to 60 cars, and on each simulation ten vehicles will be added to
the total. For the simulation and as mentioned below, UDP was
used as a transport layer protocol, and CBR as the application layer
protocol.

Table 1: Simulation parameters of routing protocols perpormance evalution

Parameters

Simulator NS-2.35

Protocols AODV, DSDV, DSR, OLSR
Simulation duration 200s

Simulation area 3511m*3009m

Number of vehicles 10,20,30,40,50,60

MAC layer protocol IEEE 802.11

Application layer protocol UDP

Paquets size CBR

And Casablanca’s Anfa area was chosen for our simulation
Figure 6.

B

; (] . -

L e =V

Figure 6: Anfa District Casablanca “OpenStreetMap”
WWww.astesj.com

In comparison to Destination Sequenced Distance Vector
(DSDV) and Optimized Link State routing protocols (OLSR),
Dynamic Source Routing (DSR) and On-demand Distance Vector
routing protocols (AODV) have performed better, which is
reasonable considering that proactive protocols must sustain a
forwarding table for every node in the network. Through the
VANETSs high mobility, a large number of updates to the routing
table must be made momentarily, resulting in bandwidth wastage.

Since it was important to see how well PSNR performed when
streaming low-brightness videos, in the second phase of the
simulation, we chose to proceed with the AODV protocol as it was
the most efficient in terms of throughput, jitter, and packet
delivery.

AV —
05DV

e B olsk

Packet Delivery Packet Delay
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Figure 7: throughput, packet delay, packet delivery, and jitter, and for various
network densities (5, 10,20,30,40, 50, 60)

Since it was important to see how well PSNR performed when
streaming low-brightness videos, in the second phase of the
simulation, we chose to proceed with the AODV protocol as it was
the most efficient in terms of throughput, jitter, and packet
delivery.

The other parameters are mentioned below:

Table 2: Simulation parameters of PSNR perpormance evalution

Parameters

MAC layer protocol 802.11
Routing protocol AODV
Number of vehicules 4,9, 25, 64
Image Resolution 352 * 288
Video file frame size 30 fps

“Highway CIF” is the video we utilized for our scenario. When
the network sparsity is adjusted to D = 100 m and its density
increases, the PSNR performance of the AOADV protocol is
shown in Figure 8. To get a better picture of the data, we utilized
100 frames to smooth it down a little.
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Figure 8: PSNR Performance of AODV for various network densities (4, 9, 25,
64)

At various densities of networks, the brightness of video
pictures has an impact on maintaining the PSNR variation model.
All frames in this movie have the similar brightness since we send
the same video file over many topologies. As shown in Figure 8,
this was confirmed by looking at the two significant decreases in
PSNR performance. The first happened at a frame rate of around
F =500, or about 19 seconds into the movie viewing. As shown in
Figure 9, the brightness reduced during this time due to the
emergence of a black automobile in excess. During video playing
times of T =43 and T = 46, the second big reduction in PSNR
occurred. In the video, a black bridge initially emerges. After that,
the automobile passes over its shadow, as seen in Figure 6. PSNR
falls in both circumstances because as a frame’s brightness content
drops, noise energy outweighs maximum signal energy, so lower
PSNR may be attributed to this fact.

Figure 9: screenshot of the video at T=21s and T=41s

Figure 8 shows that the performance of PSNR of the AODV
decreases with the increase in network density. When the network
grows from N = 4 to N = 9, the PSNR drops by around 5 dB
between Frame = 650 and Frame = 500. However, as the number
of nodes in the network changes from N = 25 to N = 64, this
attenuation is less relevant. Data must be routed through
intermediary nodes when the network density rises to N=9, 25, or
64 nodes. In this scenario, the PSNR suffers greatly because of the
many jumps.

To conclude our simulations, we performed several tests to
show the suggested mechanism’s efficacy. Fig.10 illustrates the
benefit of the adaptive method. The PSNR curves show how the
two mapping techniques change over time. In terms of PSNR, the
adaptive technique (red) is superior in performance. In certain
peaks, the static approach yields strong PSNR values, indicating
good receipt of IDR pictures. This, However, doesn’t apply to the
remaining GoP frames which have bad PSNR score. On the other
hand, the video quality is still superior to that of the EDCA
approach. In addition to the latter, a GoP’s intra-frame reference
picture loss may be seen in Fig.10. When the initial frame of a GoP
is lost, the PSNR of the whole GoP is reduced. To further
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investigate this point, we have used a portion of the graph to see
the states we’ve already examined.
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Figure 10: The variation of the PSNR for the different mapping algorithms:
EDCA (blue)and adpatative (red)

Table 3: Average PSNR and number of packets lost for each mapping algorithm.

. Number of lost packets
Mapping | Average
algorithm PSNR | Layer- | Layer- | Layer- Total
Iframe | 2frame | 3frame
EDCA 23.86 19 19 37 75
Adaptative | - 5, 5 2 3 6 11
mapping

Due to the classification of video packets, and the usage of
IEEE 802.11p standard resources, packet losses may be
minimized, and the most critical video packets can be protected.
For example, if a technique is more efficient, the overall number
of lost packets reduces dramatically. The adaptive technique has a
packet loss rate of 11 compared to 75 for the EDCA method. The
EDCA’s packet loss is evenly distributed throughout the several
tiers. The unbalance also depends on the relevance of the layer for
both static and adaptive approaches. There are just two missed
packets when using the adaptive method instead of the EDCA’s 19
when using the static approach. The adaptive technique, on the
other hand, can better secure the most critical layers’ packets
ensuring a better video quality as seen by the average PSNR of a
video sequence.

5. Conclusion

In this paper, we have investigated the combined effect of the
network density and the image blitheness on the PSNR
performance. We created a variety of network models with varied
network densities, and the assessment results revealed several
intriguing facts, including the fact that PSNR performance
degrades as the network density grows. It is also discovered that
the PSNR suffers a significant reduction when the network density
rises due to packet loss.

Video transmission in a vehicular environment is affected by
various forms of losses, which results in packet loss and greatly
affects the perception of perceived quality. The real-time
transmission of a live video feed via the VANET is a difficult task.
However, the new HEVC coder shows more promising results and
offers considerable advancements in video coding in a wireless
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setting compared to its predecessor. Adaptive algorithms are
presented in this study.

Low-latency HEVC streaming over IEEE 802.11p vehicular
networks may now be improved using a new cross-layer map-ping
approach. MAC layer application layer information is used in a
cross-layer manner in the suggested enhancement. Indeed, the
method can optimally transport video packets based on
information about the MAC layer buffer filling status, frame type,
and temporal prediction video structure.

Simulation findings reveal that the suggested alternatives
outperform the typical EDCA in many distinct situations and
scenarios. In addition, a comparison of the suggested adaptive
algorithm’s QoS and QoE results showed that it gives the best
outcomes for the various HEVC temporal forecast structures.

The present Al encoding setup does not include any kind of
categorization. As a result, our next step would be to look into a
more efficient video packet classification algorithm for this kind
of transmission. Also, packets that aren’t received in the allocated
time aren’t included in the calculation. As a result, sending them
through the network is a waste of time and bandwidth, therefore
they can be eliminated at the transmitter. Hence an algorithm
capable of doing so should be considered, an algorithm connects
the queue buffering time, delay constraints at application level and
end to end delay.
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The development of an aggregated system consisting of autonomously developed components
is usually implemented as a self-contained unit. If such an aggregation is understood as a
system of systems (SoS) that communicates via interfaces with its autonomous subsystems and
components, the interfaces and communication exchange should play a central role in the
architectural design. In fact, complete and exact interface specifications simplify loose coupling
of independent systems into an aggregation. Since an SoS consists of variant and non-variant
subsystems, the main challenge in SoS development is the identification of all true variants and
its deviating attributes within an SoS. If the system variants are identified at an early stage of the
development process, redundant work in the interface design can be substantially reduced. This
paper presents an efficient method to identify SoS variants with regard to life cycle management
and it shows how to configure a variant-oriented SoS with a standardized communication
interface. For the development, the forward-looking model-based systems engineering approach
is recommended to create executable specification parts and to detect errors early on through

simulations.

1 Introduction

The Centre for the Study of Manuscript Cultures (CSMC) at
Universitit Hamburg hosts a steadily growing number of au-
tonomously developed database systems, e.g., for the projects Epi-
graphic database of ancient Asia Minor (EDAK) (https://www.
epigraphik.uni-hamburg.de), Going From Hand to Hand: Net-
works of Intellectual Exchange in the Tamil Learned Traditions (NE-
Tamil) (https://www.manuscript-cultures.uni-hamburg.
de/netamil/), and Thesaurus Defixionum (TheDefix) (www.
thedefix.uni-hamburg.de). As a first priority requirement, the
database schema reflect the high data variety of these research
projects while maintaining the same overall structure. If these
databases are now combined into an aggregated information system,
new functionalities that are designed to the overall structure and
not to the peculiarities of each schema can be defined as it is the
case for federated searches. In addition, one can very well imagine
that new database systems would like to connect to the aggregated
information system later on as long as the structure remains clear.
An illustration for the usefulness of an aggregated information

system are trove discoveries, whose associated parts, for some rea-
son, are scattered at different places in the world as it often happens
for old manuscripts. Such script fragments are administered in
different information systems. As an example, one fragment AO
29196 [1] is located at the Louvre and the counterpart of this frag-
ment, KUG 15 [2], is located in Germany. Indeed, both fragments
were discovered without using federated search queries, but for
analyzing data from different databases it would be desirable to
find related data in an aggregated information system. This exam-
ple highlights the need to combine, analyze, and query data from
different database systems.

The requirement for the development of an aggregated system
is, on the one hand, to develop autonomous systems in such a way
that the variant parts are not implemented redundantly and, on the
other hand, that external databases can be added to the aggregated
system without much effort.

A systematic approach to model variant parts was developed
at the Institute of Product Development and Mechanical Engineer-
ing Design (PKT) at the Hamburg University of Technology. The
variant-oriented approach is called integrated PKT approach (see
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[3D). The integrated PKT approach aims at satisfying a wide variety
of customer requirements while developing a component. Ideally,
the approach applies to a product family that is developed within one
organization, for which the marketed products are supposed to have
as few variants as possible. Also, adding an external sub-product
to the product family at a later date must be considered very early
on in the planning phase. Early consideration of coupling systems
or products can lead to modularization of systems to support the
approach. The integrated PKT approach also supports modulariza-
tion. Nevertheless, it is not always possible to extend the product
family by a new variant. Another core idea of the integrated PKT
approach, besides the variant-oriented development of products, is
the combination of the database into an SoS and keeping the main
focus on the development of a communication interface. While
there are some good approaches to SoS development already, an
approach that considers system variants during development of an
SoS is to the best of our knowledge not yet available.

For the development of an SoS, model-based methods using the
Systems Modeling Language (SysML) are increasingly used. Users
also benefit from the general Model-Based Systems Engineering
(MBSE) advantages, such as making complexity manageable. The
first model-based SoS developing methods are evolving, cf. [4] as
well as [5].

In this paper, we present a provident, model-based, and variant-
oriented approach to develop new functions for an aggregated infor-
mation system so that all functions can be used simultaneously to
the benefit of all database systems.

The paper is structured as follows. In Section 2 and Section 3
we give an overview on related work and preliminaries for devel-
oping a model-based and variant-oriented SoS. In Section 4 we
describe how to develop variant-oriented and sustainable informa-
tion systems such that as many customer requirements as possible
are considered while increasing the number of variants and reducing
the necessity of redundant information system development.

In Section 5 we present, first, how variant and SoS relevant re-
quirements are elicited during the requirements engineering process,
and second, how to design the structure of an SoS. In Section 6 we
describe modeling and simulating the systems’ behavior to execute
a federated search as an example. The application of our new ap-
proach and its results are presented in Section 7. We like to close in
Section 8 with a summary and a preview of future work.

2 Related Work

Despite its frequent usage, there is little agreement nowadays on a
concise and general definition of the term system of systems (SoS).
Some approaches of SoS distinguish between SoS and traditional
systems. These approaches elaborate specifically on the heuris-
tics of SoS development. They also emphasize the differences to
traditional systems. More particularly, it has been noted that the
architecture of an SoS aims at optimal communication for the vast
majority of all SoS (see e.g. [4, 6, 7]).

The application in [4] illustrates the development of a Trusted
Forwarder System (TFS) for a secured air cargo transport chain as
an SoS using a set of standards that enable useful communication
between existing and newly developed components. For the TFS, a
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communication standard is used that satisfies the new requirements.
Thus, after SoS integration, the systems and components are enabled
to follow their original tasks without diversion.

In [7], the authors show how, from autonomously developed
database systems, an aggregated information system enables rela-
tively simple data exchange through a standardized communication
interface. If the individual systems are combined into a federated
system via a communication interface, new functions can be added
easily, such as the federated search functionality. With the new
search function, the individual systems can perform searches in
all databases (as opposed to only one database) provided that ac-
cess rights are correctly assigned. The new search feature can be
considered as a new service relevant for a broader range of users.

Both aggregated systems, the TFS and the aggregated informa-
tion system, were initially developed as single systems, cf. [8, 9].
The single system and the SoS development of the TFS were com-
pared in [4]. It was observed that the SoS development approach
mainly is advantageous for traceability beyond the system perspec-
tive to the service. The advantages of re-usability of a system,
which was developed as SoS, are plain to see: Communication in-
terfaces give more flexibility to add new functionalities or remove
subsystems from the overall system.

In [6], the author recommends a stable architectural design for
SoS. Such stability can be achieved by admitting independently,
i.e. autonomously, developed systems in the architectural design
together with a communication interface.

Model-based approaches, such as the Variant Modeling with
SysML (VAMOS) presented in [10], pure::variant (https://
WWW.pure-systems.com/purevariants), the Variety Allocation
Model (VAM) (variant-oriented developing process of the integrated
PKT approach) with SysML [11], exist to identify possible variants
in the early phase of system development. The methods VAMOS
and VAM with SysML can be represented in the SysML modeling
tool Cameo Systems Modeler by extending the language elements.
Pure::variant can be used as a stand-alone entity for variant mod-
eling. In this paper we decided for VAMOS, since it was already
applied in [7] for the development of a cross-domain information
system.

Cameo Systems Modeler and the broker-based SysML Toolbox
have been successfully used for simple modeling of communication
networks in several projects such as SiLuFra [12], ConCabInO [13],
KomKab [14], and KMUDigital [15].

3 Preliminaries

This section describes the languages, methods, and tools proposed
for a model-based and variant-oriented development of an SoS.

3.1 Modeling Languages

According to the recommendations of MBSE, systems are described
or documented using semi-formal modeling languages such as the
Unified Modeling Language (UML) or the SysML.

Systems Modeling Language SysML was specified by the Ob-
Jject Management Group (OMG) to support the model-based devel-
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opment of complex systems during the system development process.
SysML is a subset of the standardized language UML 2 including
some additional extensions. A SysML model can be used to de-
scribe the structure as well as the behavior of a system, and can be
used to simulate the behavior of systems. In this paper, the focus
of variant modeling is on structure. For variant behavior modeling,
further challenges are to be expected (cf. [16]), which should be
addressed separately due to the complexity of SoS development.

Variant Modeling with SysML. A variant is characterized by a
base model and differentiating parts, where the base model repre-
sents the core of the system and the differentiating parts represent
the distinctions of the system components (see [17]). In [10], the
author specified VAMOS to model variants with SysML. To use this,
the existing model elements in SysML are extended (see Figure 1).
The two model elements Package and NamedElement are extended
with the stereotypes Variant, Variation, VariationPoint, and Varia-
tionElement. The Variation is a stereotype of the Metaclass Package,
which contains all the elements of an option of Variation. A Varia-
tion is also a stereotype of the Metaclass Package, which contains
multiple variation packages. A VariationPoint is a stereotype of the
Metaclass NamedElement.

VAMOS is suitable for systems with some variability. Further-
more, VAMOS is applicable for the use of structural elements. For
the description of variant system behavior, VAMOS can be applied
conceptually. Practical applications usually exploit extensions of
further SysML language elements related to the behavior necessitat-
ing the variant behavior description (see [16]).

Profile Diagram VAMOS| VAMOS ]J
«Metaclass» «Metaclass»
Package NamedElement
«stereotype» «stereotype» | 1 « «stereotype»
Variant ——— Variation «———VariationPoint
[Package] [Package] | Variation | [NamedElement]

Figure 1: Profile diagram: Variant Modeling with SysML (VAMOS) for the develop-
ment of a cross-domain information system

3.2  Methods

Context-Based Requirements Engineering The identification
of variants should be done as early as possible, so it is necessary
that views of all stakeholders involved are considered during the
requirements engineering process. The associated systems have to
be identified during the SoS context description process. In [18],
the authors have defined the Approach for Context-Based Require-
ments Engineering (ACRE) ontology with the goal to capture the
requirements of all stakeholders and manage them during the entire
system development process. A fundamental approach of the ACRE
ontology is the context, since it emphasizes and defines the view of
use cases and requirements. Depending on the use cases, some new
model-based systems engineering approaches add specific contexts
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defined for system or product development, e.g. the life phase mod-
ularization context in [8], the variety context in [11], and the system
of systems context in [19]. In [20, 21], a supplemented ACRE on-
tology with the SoS aspect are presented and also introduce new
terms for system development. Adding the variety context to the
SoS approach results in a new variant-oriented approach, which is
described in this paper.

V-model For all IT projects in the federal public administration,
the V-model is a mandatory procedural standard. The processes of
the V-model, inspired by the V-model XT (see www.v-modell-xt.
de), can be described as follows: analysis of requirements, func-
tional analysis, high-level design, low-level design, implementation,
component test, system test, integration test, and acceptance test.
Verification and validation also belongs to the processes.

We argue that the V-model is a good basis for system develop-
ment, so we have used this approach to develop information systems.
For a variant-oriented development and implementation of a com-
munication interface, it is important to consider in the individual
process steps like the high-level design, that, among other properties,
combined approaches are used to develop the SoS efficiently and
correctly. Approaches for the development of an SoS are described
in Subsection 5.2.

Broker Federation The brokerage network enables the creation
of message routing networks, in which messages in one broker are
automatically routed to another broker. These routes may be defined,
e.g., between exchanges in the source and destination brokers, or
from a message queue in the source broker to an exchange in the
destination broker [22]. The principle of coupling systems via a
broker federation is a practically proven approach that is used in
many applications. In this paper, broker federation is used to create
a communication interface between the systems to develop the SoS.

3.3 Tools

Communication Tool The open-source message broker Rab-
bitMQ (https://www.rabbitmg.com/) can be used to create
communication networks. RabbitMQ uses the Advanced Messag-
ing Queuing Protocol (AMQP) as a standardized communication
technology. AMQP defines three components which are essential
to implement a message-based architecture. 1) The message queue
stores messages which can be consumed by client applications. 2)
The exchange receives messages from publisher applications and
routes these to message queues. 3) The binding defines a rela-
tionship between a message queue and an exchange. Using these
components, classic communication paradigms can be implemented
and used such as 1) send and receive, 2) work queues, 3) publish
and subscribe, 4) routing, 5) topics, and 6) request and reply.

In [4, 7,9, 15], the authors show that the developed communi-
cation interfaces with RabbitMQ can be used for implementing real
software or hardware in the model with little effort. For this reason,
we choose RabbitMQ to support a communication interface for the
individual systems that become part of the SoS.

Modeling and Simulation Tool Cameo Systems Modeler (ver-
sion 2021x) is a modeling and simulation tool that was originally
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developed specifically for the development of systems using the
SysML. To simulate behavioral diagrams, Cameo Systems Mod-
eler uses a subset of the UML elements on the OMG Foundation
Subset for Executable Models (fUML) and W3C State Chart XML
(SCXML) standards. The broker-based SysML Toolbox is an ex-
tension of the Cameo Systems Modeler and provides the integra-
tion of real software and hardware [15]. The Toolbox also offers
predefined SysML elements that can be used to create database
interactions. The SysML Toolbox contains an implementation of
these six messaging paradigms. These communication paradigms
are implemented via the SysML element opaque action and the
usage of the Java-like scripting language BeanShell.

act [Activity] routingMessage [ routingMessage ]) . h
/ v N
. ] message : EmitLogDirect.bsh |
’ in message ‘%
1 brokerConfig
’ in brokerConfig ‘
! , directBxchangeConfig
’ in directExchange Config ‘
N V.
J

Figure 2: The opaque action EmitLogDirect.bsh for sending a routing message to the
RabbitMQ server

An implementation of the routing communication paradigm
as an opaque action element and the respective BeanShell code
are presented in Figure 2 and in Figure 3. The opaque action is
called EmitLogDirect.bsh. The other paradigms are also available as
opaque actions. These opaque actions are implemented as drag-and-
drop communication elements, with the aim to increase efficiency
and to avoid coding effort.

Language:

BeanShell

Body:

EmitLogDirect.bsh(message, brokerCenfig, directExchangeConfig)

18 | try

18 |

20 ConnectionFactory factory = new ConnectionFactory():
21 factory.setHost (host) !

22 factory.setVirtualHost (virtualHost);

23 factory.setPort (port);

24 factory.setUsername (userName) ;

25 factory.setPassword (pw) ;5

28 Connection connection = factory.newConnection();
27 Channel channel = connection.createChannel();

28

2

try {
channel.exchangeDeclare (EXCHANGE NAME,
} catch (IOException =1) |

w
=)

"direct™, true);

w
furl

w
=)

el.printStackTrace();

wow
L

}

wow
]

String severity = routingHev:

[
[

channel.basicPublish (EXCHANGE NAME, severity, null, message.getBytea("UTE-27));

39 print (" [x] Sent :'" + message + "'")r
40

41 channel.close();

42 connecticn.close();

Figure 3: The source code for sending a routing message to the RabbitMQ server
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act [Activity] jdbcMariaDb [ jdbcMariaDb ])

«valueSpecification»

url
jdbc:mariadb://127.0.0.1:3. ’
S ’ M
«valueSpecification» username url «JDBC»

root | i
usernal ‘ connectMariaDb.bsh

«valueSpecification»

| password passw org 0 - guery
y classname | ‘
«valueSpecification» ), classname driver

org.mariadb.jdbc.Driver

«valueSpecification»
file:/C:
ts/04_T

java-client-2.7.2 jar

IMelzer/D

3 ﬁj
/ \ I )
driver é output

iadb- |~

IUser: Is/MariaDB/:

Figure 4: The opaque action connectMariaDb.bsh for sending a message to the
database MariaDB, source: [23]

The following SysML blocks are used to define input and output pa-
rameters: MessageBroker, MessageQueue, and MessageExchange.
The MessageBroker contains the properties: host, virtualHost, port,
username, and password, which are input parameters for the opaque
behavior EmitLogDirect.bsh. The properties of the MessageEx-
change are exchangeName and routing key. In order to set individual
configurations, it is possible to create instances of the SysML blocks.
An instance of the MessageBroker is brokerConfig. An instance
of the MessageExchange is directExchangeConfig (see Figure 2).
More details of the broker-based SysML Toolbox are given in [15].
For modeling database expressions, the extension of the broker-
based SysML Toolbox can be used or replicated. The prede-
fined database expressions for creating, manipulating, and querying
databases are implemented as opaque actions. These predefined
actions can also be used as drag-and-drop elements (cf. [23]).

Language:

BeanShell

Body:

connectMariaDb.bsh{url, username, password, classname, driver, query, output)
20  import org.mariadb.jdbc.Driver;

21

22 | ConnectionMariaDB c = new ConnectionMariaDB();

23 | conn = c.connectDb(classnams, url, username, password, driver):
24

25 ¢ if{conn!=null) [

268 create the beansh

27 Statement st = null;

28 try |

29 3t = conn.createStatement();

30 } catch (SQLException ) [

31 TODO Auto-gen =ed catch bl

32 g.printStackTrace();

33 }

34 execute the guer a et a beanshell resultset
35 EesultSet rs = null;

38 try |

37 rs = st.executefuery(gquery);

38 } catch (SQLException &) |

39 TODO Anto-g ed catch bl

40

41 1

Figure 5: The source code for sending a message to the database MariaDB

Figure 5 shows that the opaque action element connectMari-
aDB.bsh has the input values classname, url, username, password,
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and driver to create a database connection. In addition, the Bean-
Shell code is required to send a request to the database (Figure 5,
line 29) and get a response (Figure 5, line 37).

The source code in the opaque behaviors is tested by running the
simulation. The code can therefore be adopted when implementing,
e.g., systems or SoS.

Database Management System The open-source web-based
database management system Heurist was specially developed for
the Humanities. Heurist allows researchers without prior IT knowl-
edge to develop databases, store and search their data, and publish
it on an automatically-generated website.

4 Information System Development

Data projects in the Humanities depict a perfect test scenario for
information system development for two reasons. First, the projects
tend to be comparatively small and, second, both data and usage
show high degrees of heterogeneity. This phenomenon, known as
the long-tail problem of the Humanities, is due to an institutional
decision of most universities to subsume all kinds of subjects under
one departmental unit called Humanities. Left the reasons aside,
software architects and researchers alike find themselves in the sit-
uation to cope with the high variability of requirements, software
quality attributes, and missing standards. From a point of view of
information system development, one can think of several solutions
for data heterogeneity. In fact, they can also all be viewed as an SoS.
An analysis of the current situation reveals three strategic strains
of data management. Firstly, isolated applications fully indepen-
dent and maintained by decentralized units such as a single chair.
Second, single data applications implemented with a set framework
such as My Content Repository (MyCoRe) managed centrally. And
third, a globally maintained platform with limited but extensive data
curation functionality for archiving, publishing, and analyzing data
such as Heurist. Since sooner or later, the isolated applications are
transferred to one of the centralized data solutions, we will take a
closer look at the two later approaches.

MyCoRe The framework MyCoRe (https://www.mycore.de/
en/) contains all the functionality of a data repository. Some public
institutions such as libraries and universities implement instances
of MyCoRe to administer publication inventories and research data.
As a typical client-server application, it can be used to host any kind
of data. Among the main configurable components of the MyCoRe
system are a Solr (https://solr.apache.org/) search engine,
a data base access handler via Hibernate, a system management
for user rights and access as well as a content store. Interfaces to
external systems are restricted to library formats Z39.50, but also
comprise REST, OAI and SWORD. Generally all documents and
metadata are saved as XML, however, some information is stored in
relational database tables for reasons of performance and modifiabil-
ity. Other interfaces include information exchange to the application
layer, that is, a layout engine rendering XSL stylesheets and some
functionality to configure the data model as well as other system
variables.
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Although the structure of a MyCoRe database is known and
could be used for automatic retrieval, the data models of a MyCoRe
application are very flexible and represented without a standard as a
XML schema definition. Its retrieval and analysis depend on how
different data models are related to each other and which structural
information on how to process the data is hidden in the application.
Generally it is possible to parse the data model schema definitions
and based on this information automate the data retrieval. Yet, for
MyCoRe applications that make use of several data models whose
interaction and processing became part of the business logic of the
program, a semi-automated retrieval process seems to be the only
doable solution.

It is a valid data management strategy to have these projects set
up as independent MyCoRe instances if larger amounts of data need
to be handled or if many users with many different tasks and views
on the data require clear and comprehensible workflows. It ensures
more flexibility while keeping data maintenance and server admin-
istration on an acceptable workload. Although the structure of the
data, its formats and processing, is the same for all instances and it
therefore has a lot of technical scalability potential, the operation of
many MyCoRe instances still leads in the long run into maintenance
problems if new versions have to be adjusted to the specific needs
and the changing requirements of the project stakeholders. Thus, if
specific needs such as a federated search are desired, this cannot be
easily added. The implementation of a new function would have to
be done for all instances. And if there are variant instances, a new
function would have to be developed separately for each instance.

An elegant way around the growing maintainability dilemma
is to find a new optimum between usability and scalability. More
specifically, it means trading off the flexibility of front end layouts
and some cut back on performance to integrate projects into one
platform. Indeed, the tendency to focus on services rather than
entire system development plays a role in the design decisions of
SoS. A practical solution is to devise a system that allows for just
so much adjustability as necessary for requirements satisfaction
(variant-oriented system development), but leave the components
responsible for all other quality requirements untouched. Heurist
can be seen as such a way in the middle. Within the approach of SoS,
one could push it a step further and classify data projects according
to their requirements or one could also embrace all smaller projects
into a new platform solution, such as Heurist, and leave the few
projects with a large data inventory on MyCoRe instances to keep
performance on an acceptable level.

Heurist The data management system Heurist is suitable for
variant-oriented system development such as presented in [7, 9].
Even if the development of the systems, here database instances
of Heurist, hold the same functions, these can be used to create a
project-specific database autonomously. If the individual database
instances were to be combined into an aggregated system, it would
be possible to develop the complete system as a single system, as a
product family or as an SoS. However, the system development of a
single system has little flexibility to make extensions. Single sys-
tems cannot be used for different purposes as variants as effortless
and cost-saving than SoSs.

With Heurist, for each project a project-specific web page can
be constructed as a variant with the same functional range. In order
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to create a website, the search area, the display of a result set, the
display of the contents as well as the integration of a map can be
straightforwardly arranged. The view can either be programmed
with PHP or implemented via an editor interface.

To sum up, Heurist makes it possible to create a database in-
stance as a variant and supports further development with individual
properties.

4.1 Information Systems

The three information systems EDAK, TheDefix, and NETamil are
autonomously developed information systems at the CSMC using
the tool Heurist while the Collection of Greek Ritual Norms (CGRN)
is an external application that was not modeled in Heurist.

The first three information systems mentioned above represent
how systems can be developed in a variant-oriented manner. The
CGRN system represents a system which becomes part of the SoS
without being an instance of Heurist.

In practice, other systems are often developed as different in-
stances, but they should also have the possibility to use the same
functionality if required. Then, it is desirable that these systems can
also be integrated into the existing overall structure without having
a complete redesign of the SoS.

In what follows it is shown that both variant and non-variant
systems can be part of the SoS and thus all these systems can use
the federated search function.

NETamil During the project NETamil at the Universitit Hamburg
arepository was created containing digital images of classical Tamil
manuscripts on palm leaves and on paper from Indian and European
libraries along with a descriptive catalog, e-texts along with critical
editions and annotated translations. The data was originally stored
in a Word document.

In general, the database schemes can either be created in-
dividually or they can also be converted into well established
XML standards such as Text Encoding Initiative (TEI) (https:
//tei-c.org). The TEI format is more common used in the hu-
manities for data storage and exchange.

The automatic transformation of XML-encoded formats into a
Heurist database instance has the feature of transferring a large data
set into a new database instance in short time. In this paper, the
created database systems have been automatically created using a
word to TEI transformation process [24].

EDAK During the project EDAK the Department of History at
the Universitdt Hamburg created an epigraphic database of ancient
Asia Minor. This database contains a collection of Greek and Latin
inscriptions in the area of modern-day Turkey. The data are stored
in the format EpiDoc to enable easier data exchange between ma-
chines. EpiDoc is a widely used scheme for encoding scholarly and
educational editions of ancient documents. It uses a subset of the
TETI’s standard for the representation of texts in digital form [25].

The EDAK Information system has been automatically created
using an EpiDoc to Heurist transformation process.
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TheDefix The database TheDefix contains curse inscriptions of
the ancient world. The data are represented in a project-specific
scheme. In Figure 6 the information system for the TheDefix project
is presented: the search area is located at the left, in the middle
is the result set, and on the very right the project specific data
representation (text and map representation) are displayed.
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Figure 6: TheDefix Information System
CGRN The CGRN presents epigraphical data on a website. Its

primary goal is to gather epigraphical material for the study of Greek
rituals and to make these sources widely available [26]. The data
are additionally stored in the EpiDoc format.

Merging information systems into an aggregated system, in
general, requires addressing the complex issue of information in-
tegration. “Information integration is the merging of information
from heterogeneous sources with differing conceptual, contextual,
and typographical representations” (see [27]). For computers it is
difficult to merge information without the knowledge of the syntax,
semantics, model, and access of the data representations (see [28]).
The approaches therefore require a standardized framework for rep-
resenting data that, while supporting autonomy to some degree, can
make heterogeneity manageable.

In the next chapters, we will reveal how to integrate different
autonomously developed information systems, which can also be
physically located in different places, as one SoS, taking into ac-
count that variant parts are not developed redundantly.

Product family The integrated PKT approach includes the VAM
which, in a hierarchical approach of four levels, is used to develop
a variant component for each custom-relevant differentiating prop-
erty, whenever possible in a 1:1 relationship. This approach is
very suitable if as many different customer requirements as possible
have to be satisfied while still remaining competitive. The VAM
approach was also transformed into a model-based approach, using
VAMOS to represent the variants. It was observed that the struc-
tured package overview in the SysML model avoids redundancies

24


https://tei-c.org
https://tei-c.org
http://www.astesj.com

S. Melzer et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 7, No. 3, 19-31 (2022)

and improved transparency and traceability for large and complex
projects (see [11]).

The integrated PKT approach aims at developing a product
family comprising variants. The idea of developing an SoS in a
standardized manner is obvious. However, it must be ensured that
the development of product families also involves the development
of variant hardware components and not just a communication in-
terface. In addition, one has an influence on all systems with the
development of product families. If, however, an information sys-
tem were designed as an SoS consisting of both internal and external
systems, it would be recommendable for a clear focus on the com-
munication interface. This recommendation must be taken into
account when the SoS is actually modeled on variants.

S Variant-oriented SoS Development

In this section we present how context information relevant to the
SoS and the variants are identified as part of the requirements engi-
neering process ACRE. Additionally, it is described how to design
the structure of an aggregated information system. Finally, this
chapter depicts how to create a communication network as well
as how to simulate the common function federated search using
Cameo Systems Modeler and the broker-based SysML Toolbox.

5.1 Variant-Based Requirements Engineering

For successful system development it is essential that the needs of all
stakeholders are sufficiently satisfied. Therefore, it is necessary to
have identified all persons and institutions that have requirements or
interest in the system. The respective requirements of all identified
stakeholders are collected, documented, and structured according
to the ACRE ontology, presented in [18], with the goal to identify
the requirements of all stakeholders and to be able to manage them
throughout the system development process.

For the variant-oriented development of an information system
as an SoS, a lean version of the ACRE ontology was specified and
used for modeling an aggregated information system. The ACRE
ontology with SoS and variety contexts is presented in Figure 7.

An (abstract) requirement has the specializations business, func-
tional, and non-functional requirements. A requirement description
explains requirements, where some rules are applied. The rules
could be that requirements have to be formulated in accordance
with the ISO 29148:2011 [29] and RFC2119 [30] to use the lin-
guistic syntax profitably. A requirement description is elicited from
one or more Source Element(s). Source elements can be standards,
conversations, requirement lists, and specifications among others.

The contexts are defined as:

e A system of systems context defines views on aggregated
systems.

e A system context contains views of system, subsystem, as-
sembly, and component.

e A stakeholder context defines views on different stakeholders.

e A variety context defines views on system variants.
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Use cases are validated by one or more Scenario(s). A Scenario
describes the “what ifs” in a semi-formal or formal way. SysML
activity and sequence diagrams can present Semi-formal Scenarios
to describe communication processes and interactions between ele-
ments in the system. SysML parametric diagrams present the “what
ifs” formally. Both scenario types support the analysis of “what
ifs” to validate the use cases. Through simulation, the modeled
scenarios can test the interactions between all participants within
the communication network.

The developed systems have a satisfying relationship with the
requirements they meet. A System of System element is a general-
ization and has two or more systems as parts.

It should be noted that there are a number of other approaches
to the requirements engineering process. However, it is crucial
that the variety context will be considered during the requirements
engineering process. Contextual information has to be added in all
other approaches as well. The ACRE ontology has already been
successfully applied in many projects over several years using the
SysML [11, 13, 14]. Due to the well-known and proven approach
of applying ACRE with a variety context in a model-based way
during system development, the ACRE approach was chosen for the
development of an SoS.

ACRE[ ACRE _ontology_w ith_SoS_and_Variety_Context ] J

System of Systems Context

System Context

Stakeholder Context

Business Requirement

Functional Requirement
Use Case

|

Scenario

atisfy T

Requirement [Abstract] |1 /"

4 describes

Requirement Description
+ constrains

Source Element ‘ ’ Rule ‘

P
0." &
System of Systems

[Non-functional Requirement | Variety Context

Semi-f I Scenario
Formal Scenario

Figure 7: ACRE ontology with systems of system and variety contexts

5.2 SoS Development

Heurist can be used to create variant database instances and is re-
alized as a client-server architecture. Although established design
patterns are missing in the still evolving software, further develop-
ment tends in the direction to have Heurist fully operational as an
Model-View-Controller (MVC) application. The MVC separates an
application into three main logical components: the model, the view,
and the controller. Each of these components are built to handle
specific development aspects of an application. In the context of
creating an information system, the model represents a data scheme,
the view a graphical user interface, and the controller accepts user
inputs and converts it to commands for the model or view.

The new planned architectural approach is important when it
requires adding another layer, the SoS layer. The development is
currently still in the conceptual phase. As of now, Heurist is initially
used for variant system development and the SoS layer is first tested
out through simulations and prototype implementations.

In addition, the Universitidt Hamburg operates Heurist as a pub-
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lic institution, which recommends the use of an adjusted version
of the V-model. It follows that further adjustments will be made to
Heurist in the area of verification and testing.

6 Modeling and Simulation of an SoS

Modeling and Simulating of an SoS using the SysML and the tool
Cameo Systems Modeler has the advantage to test the system’s
behavior before implementation because the specification is ex-
ecutable. “This quality of executable specifications promises to
remedy the most serious problem of software — its lack of correct-
ness and reliability.” [31]

In the following we present how to develop an executable speci-
fication for an SoS during the requirements engineering process.

6.1 Requirements Profile

For the special requirements (business, functional, and non-
functional), new stereotypes were defined as an extension of the
Extended Requirement stereotype. An Extended Requirement is
a standard requirement extension that adds some properties to a
requirement element. The requirements are devised in accordance
with the ISO 29148:2011 and RFC2119.

6.2 SoS Profile in SysML

For representing Systems and SoS the new stereotypes System and
System-of-Systems are defined as extensions of the Metaclass Class,
see Figure 8.

Profile Diagram Context|[ SystemsOfSystem ])

«Metaclass»
Class

«stereotype» «stereotype»
System System-of-Systems
[Class] 2. 0.* [Class]

Figure 8: Profile Diagram: new stereotypes Systems of System is a specialization of a
system and has an association to the stereotype System

6.3 Variety Profile

The VAMOS profile which is presented in Figure 1 is used for vari<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>