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Abstract 

The digitisation of urban governance requires a context-sensitive method that balances 
operational efficiency, data security and transparency. This study proposes a context-sen-
sitive QR code system as a conceptual framework for smart urban governance and real 
estate visualisation in Saudi Arabia, aligned with the strategic objectives of Vision 2030. 
Unlike traditional static QR code applications, the proposed system acts as a smart urban 
interface dynamically linking physical buildings to structured digital records and deliv-
ering role-specific information through a single scan. This system enables municipal au-
thorities to retrieve compliance and regulatory data and allows emergency response 
teams to access real-time occupancy data with geographic coordinates. The proposed sys-
tem enables visitors to explore curated heritage and site-based information, with each in-
terface subject to policy-defined access rules. The proposed QR code system is evaluated 
by using a scenario-based computational simulation across three representative Saudi cit-
ies (Riyadh, Jeddah, and Dammam), and the results show that it significantly reduces ser-
vice response time compared to manual processes while maintaining data integrity 
through role-based dynamic filtering. The proposed system enhances administrative effi-
ciency and supports heritage preservation in sensitive areas such as the Al-Balad district 
in Jeddah city. By integrating governance, visualisation, and cultural sustainability within 
a simple, scalable and interactive model, the study provides an important framework for 
emerging smart cities in Saudi Arabia. 

Keywords: urban governance; QR code; property visualisation; smart cities; technology 
integration; municipal authorities; role-based filtering 
 

1. Introduction 
Urban digitalisation as an aspect of the smart city plays an important role in the eco-

nomic and social transformation of Saudi Arabia (SA). As part of Vision 2030, the King-
dom is restructuring its cities as smart, sustainable and citizen-centric systems that bal-
ance modernisation with cultural identity [1]. This transformation from traditional to 
smart city requires smart digital tools that improve service delivery, enhance regulatory 
oversight and enhance transparent interaction between citizens and urban infrastructure 
[2]. Among the smart technologies, QR code systems are developed into effective tools for 
urban governance to provide instant access to building data, emergency alerts and urban 
information through a simple scan [3]. 
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QR codes provide ways of registering complaints in emergencies, particularly when 
a rapid response system requests an address [3]. The QR code system automatically trans-
mits the location of the PIN along with information about the underlying incident. The 
first phase will gather information about buildings and assign QR codes accordingly [4]. 
This method will enable ministries, municipal authorities, emergency centres or visitors 
to utilise this information. The scanning process relies on a dataset that compiles building 
data, then scans a QR code and shares sufficient information with a designated entity. 
Consequently, actions are taken without the need for paper or phone calls in less time 
than ever before [5]. The importance of the QR code is undeniable, as it represents a new 
dimension in the world of technology, ending the era of traditional paper-based commu-
nication and eliminating the traditional communication system. 

Globally, cities such as Indonesia, Tokyo, and Copenhagen have demonstrated how 
QR codes can organise public services, support disaster preparedness, and promote inter-
active urban experiences [6]. In SA, the use of QR code technology remains largely un-
used, particularly in areas related to Vision 2030, such as real estate visualisation, heritage-
friendly urban design and role-sensitive data delivery [7]. This study addresses this gap 
by proposing a contextual QR code framework that transforms building sides into smart 
interfaces for smart urban governance. 

1.1. Study Motivation 

The motivation behind this work stems from the following three aspects related to 
urban management in smart cities. 

 Ineffective procedure: Emergency response, property and compliance are delayed 
since the administrative services rely on paper records and phone reports. Response 
times can be greatly shortened by using the QR code method to send location data 
and incident context. 

 Cities’ modernity: Some cities struggle to apply urban design ideas that preserve cul-
tural identity while promoting contemporary growth. There are currently no ways 
to directly incorporate heritage guidelines into data access at the property level. 

 Context-aware data: Conventional digital platforms give all users access to the same 
data, which could overwhelm visitors, compromise security authorities, and make 
them inappropriate for emergency response teams. There is a need to take a more 
precise role-aware approach. 

These aspects highlight the need for a paperless, call-free, context-smart governance 
model as a vision this study seeks to realise through the innovation of the QR code. 

1.2. The Contribution 

The key contributions to the field of smart urban governance are as follows. 

 Context-sensitive QR codes: a novel QR system framework is proposed to enable get-
ting site and heritage data, emergency responders with GPS and occupancy infor-
mation, and pertinent authorities receiving permits and violations. 

 Smart urban interface model: QR codes are proposed as intelligent, dynamic layers 
on top of the built environment, promoting the concept of smart urban data manage-
ment. 

 Vision 2030-aligned implementation: This model proposes a scalable and economical 
plan for state-level deployment by combining the response system with the Baladi 
mobile application. 

 Model performance evaluation: In addition to the theoretical framework, this study 
presents a computational scenario evaluation for a proposed approach that defines 
the expected performance of the QR code system in Riyadh, Jeddah, and Dammam. 
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The sections of the paper are organised as follows: Section 2 provides a technical 
background about the QR code system and its impact on enhancing urban governance. In 
Section 3, some QR code applications in SA are reviewed. The related works and the pro-
posed model are discussed in Sections 4 and 5, respectively. The conceptual and simula-
tion framework that discusses the proposed approach is reviewed in Section 6. The simu-
lation setup and experimental results are given in Section 7 and Section 8, respectively. 
Section 9 provides a discussion about different aspects related to the impact of QR code 
system. Finally, the conclusion is presented in Section 10. 

2. Technical Background 
Digital systems help to transform traditional cities into smart cities as the use of QR 

codes provides a quick solution for retrieving information without relying on paper-based 
processes. Moreover, the integration of the QR code system with web-based national plat-
forms will improve quality of life, help maintain economic indicators and improve gov-
ernmental management within the smart city [8,9]. The increasing use of modern technol-
ogies contributes to the transformation of entire cities into smart cities. This process is a 
single step that enables the collection of information through QR code scanning, positively 
impacting the lives of city residents [10]. 

The main benefits gained from the QR code system are related to people’s quality of 
life and the economy. The QR systems can add quality to life as they reduce the response 
time to emergencies, authorities and visitors. The corruption rate is reduced because of 
data integration among authorities in a single scan [11]. It will add more significance to 
the quality of life of the citizens of the smart city. People will get information about build-
ings using augmented reality, which will give them relief in terms of time frames as com-
pared with old techniques. A smart city should be accessible with just a single scan. The 
information to the people will be delivered on a single scan without using any paper, just 
using their camera scanner devices. Augmented reality will help people to manage the 
information about buildings [12]. Using these QR code scans will surely contribute to the 
success of the smart city and will likewise boost the economy of the country. 

2.1. QR Code Technology 

QR code technology is used in many applications in SA, but there is still a research 
gap in its application for developing real estate imaging systems, urban planning and ad-
herence to urban design principles that reflect heritage and culture. QR codes can be used 
for multiple purposes and in various locations within smart cities [12]. Municipal inspec-
tors can verify violations, design and construction, eliminating any flaws in oversight, 
design identity and visual cluĴer. This represents an advanced step in construction man-
agement, particularly for real estate management [13]. The main focus is on the technical 
aspects in addition to delivering a high-quality product, emphasising rapid response, 
technical implementation, and the novel approach to urban design using QR codes. 

As shown in Figure 1, the QR code application runs under many processes, starting 
from scanning to QR detecting, which checks for the presence of a QR code. And after the 
code contents are decoded and accepted by the Information analyst module, it analyses 
data to find the building’s layout, including uniform resource locator (URL) details and 
geographic location [13]. The building plans processing unit uses a URL to download the 
building plan and its coordinates from a repository, and from there, the building plans 
processing unit displays the plan. This QR code system process is used in various smart 
city applications such as utilising QR codes for information about entire streets as an en-
hanced navigation system technology [14]. However, QR codes have not yet been fully 
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reached their potential to improve emergency management, civil defence and citizen par-
ticipation, especially considering the unique urban characteristics and rapid growth of 
cities in SA. 

 

Figure 1. QR code system application process. 

In smart cities, the use of QR codes as a tool enables the sharing of real-time information in 
urban environments [14]. The QR code systems enhance public engagement and service efficiency 
by enabling access to real-time updates on services and infrastructure [15]. Research has shown 
that QR codes are effective in terms of diverse aspects, from simplifying emergency responses to 
supporting public infrastructure and enhancing urban management.In municipal applications, 
when a building’s QR code is detected, the QR code detector activates a QR code decoder, 
which extracts the building ID and metadata [15,16]. The building map in the system 
retrieves the complete building history via the QR code, from which a filtered response is 
returned to the client with the building’s geographic coordinates [16]. This process is 
bound by security constraints at the transport layer, which handles all communications 
and the authentication layer, which includes role-based access and emergency identity 
verification. Finally, the data layer handles server-side filtering. 

2.2. Enhancing Urban Governance Through Technology 

The use of QR codes will facilitate compliance with urban design regulations. It en-
sures that new projects preserve a city’s cultural and historical heritage. This is particu-
larly evident in countries with long-standing architectural traditions, where QR codes 
provide developers with specific guidelines and visual references [17]. Expanding the use 
of QR codes at heritage sites can further enhance compliance and cultural preservation. 
Mobile applications that utilise QR codes can feature a user interface displaying essential 
available features, such as property details, building history, and navigation links [18]. 
The screenshot shows how easily building data can be accessed by scanning a QR code 
promoting compliance, transparency, and participation in urban governance [19]. Urban 
government has been greatly improved by QR codes, augmented reality and mobile ap-
plications. The municipalities can increase citizen engagement and promote transparency 
to also ease administrative procedures with this technology. The QR codes make it simple 
to obtain regulatory information about buildings and infrastructure, which allows officials 
and residents to confirm adherence to urban standards [20]. By enabling officials to do 
virtual inspections and assessments, the AR technology further improves governance by 
eliminating the need for on-site visits and speeding up decision-making procedures. 

2.3. Best Practices 
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Many studies highlighs the success of using QR code systems as best practices in 
various aspects of urban governance in certain cities, focusing on emergency management 
applications and promoting sustainability through interactive urban experiences [21]. As 
shown in Figure 2, which highlights the adoption rate of this application, there has been 
a significant increase in the adoption rate of QR codes in urban areas, with awareness 
rising from 45% to 85% and adoption rates improving from 30% to 70% after their imple-
mentation in pilot studies [22,23]. Table 1 below summarises the main implementation 
strategies, impacts, and best practices by Indonesia, Tokyo, and Copenhagen. 

 

Figure 2. QR code system implementation score. 

Table 1. The best practices of using QR code system for smart cities. 

City Implementation Impact Best Practices 

Indonesia 
Smart Nation initiative, QR codes for 
public paying in Transportation 

Enhanced public engage-
ment, efficiency in services 

Comprehensive integration with 
transportation system 

Tokyo 
QR codes for disaster preparedness 
and property information 

Improved safety, transpar-
ency 

Focus on emergency management, 
integration with mobile apps 

Copenhagen 
QR codes for sustainability and inter-
active city maps 

Environmental awareness, in-
teractive urban experience 

Promoting sustainability, user-
friendly design 

The integration of QR code systems into urban governance is based on the imple-
mentation of technology, strategic alignment with city aims, and institutional commit-
ment, as adopted by Indonesia, Tokyo, and Copenhagen. A smart strategy was used in 
Indonesia, where QR codes were fully integrated into all publicly paid services, such as 
transportation [24]. Tokyo also uses QR codes’ ability to save lives during crises and nat-
ural disasters. Tokyo’s civil defence response to earthquakes and other emergencies is car-
ried out by connecting building QR codes to occupancy records, structural data and evac-
uation routes [25]. Tokyo’s strategy gives a realistic model in light of SA growth, ensuring 
modernising civil defences. QR codes can turn buildings into active nodes in the emer-
gency response network, which automatically sends location and occupancy data to the 
appropriate authorities [26]. For SA, the future path lies in integrating these models while 
adapting them to local cultural and administrative contexts. The proposed contextual 
rapid response framework, which provides role-specific information and supports a her-
itage-friendly approach, will directly address this integrated vision for building smart city 
tools in the field of contextual urban technologies. 

3. QR Code System Applications in Saudi Arabia 
Many government applications in SA use QR code systems for public health, com-

merce and identification interoperability [26]. This facilitates a variety of applications from 
the ministry of commerce’s commercial registration QR code service to health QR code 
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inspections and licences via the Tawakkalna app by enabling quick verification, audit re-
cording and the issuance of allowed data [27]. Technically, Saudi regulatory agencies and 
payment systems have specifically supported QR code-based payments as an offline, 
lightweight payment option for a variety of uses. Rapid user adoption, simplified govern-
ment–business interactions through a single validated QR code identity, and decreased 
complexity in sales and tourism transactions such as hotel information and travel permits 
are operational benefits noted in Saudi research and applications. 

QR codes are used for electronic invoices in SA in accordance with regulations issued 
by the general authority of zakat, tax and customs [19,27]. Regulations have been estab-
lished for the use of QR codes in simplified tax invoices, linking their use to specific data 
sequences related to the trade name, VAT registration number, timestamp and total in-
voice amount. The use of QR codes helps meet current SA e-invoicing requirements and 
lays the foundation for a secure and scalable digital financial system, in line with SA vision 
2030. 

Another application of using QR codes in SA in education is to access educational 
materials on the national e-learning portal [28]. Students actively engage with QR code 
technology, device usage paĴerns, technical skills and the perceived effectiveness of the 
e-learning portal platform via their personal smartphones to access digital content. This 
system allows students to experience a more useful and effective learning environment 
than relying solely on textbooks. QR codes are used in religious tourism primarily for the 
Hajj and Umrah pilgrimages to Mecca in SA. This application significantly enhances pil-
grims’ experiences by giving quick location-specific assistance and removing the need for 
printed booklets or a continual internet connection [28,29]. QR codes effectively assist us-
ers in following the correct sequence of activities and recalling lost details, leading partic-
ipants to prefer them over traditional printed documents. 

4. Related Works 
A key aspect of the global growth of smart cities is the integration of digital technol-

ogies into urban governance. Among these technologies, QR code systems have become 
an effective tool for connecting dynamic digital data with physical infrastructure [29]. 
Smart cities use QR codes to bridge the gap between physical infrastructure and digital 
governance, opening up new potential for property management and emergency re-
sponse systems in SA. The potential applications in the SA urban seĴing are vast, ranging 
from beĴer property management to improved emergency response systems. Recent re-
search summarised in Table 2 investigated the technology of QR codes in a variety of ur-
ban and public service contexts. 

A study in [30] developed a smart building system for firefighters that uses QR codes 
within buildings to send rescue groups’ exact position information. The auditors transmit 
the fire department's exact position data by scanning a QR code with a smartphone. Ac-
cording to evaluation results, the proposed approach significantly reduces search times 
and enhances search and rescue operations in fire incidents. The authors of [31] proposed 
a secure QR code-based aĴendance tracking system that integrates a web interface with a 
mobile application and a cloud-based backbone for safe data storage. Advanced functions 
like location, face recognition and dynamic QR codes were used to ensure accuracy in 
addition to stopping illegal conduct and preserving data integrity. According to the re-
sults, the system eliminated registration errors in addition to increased reporting trans-
parency and cut aĴendance registration time by over 60% when compared to manual tech-
niques. 

In [32], the authors proposed a method for obtaining client information about a gov-
ernment programme to supply rural areas with safe water. The method uses QR codes to 
prevent the manual process of retrieving client data, which affects accuracy and efficiency. 
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By using QR code technology that assigns each consumer a unique code that can be 
scanned for instant access to their information, the study aims to increase the efficiency of 
data retrieval. According to results, the use of QR codes speeds up service procedures and 
improves customer satisfaction by reducing data retrieval time by 65% and registration 
errors by 45%. These results show how QR codes can enhance operational effectiveness 
and data management precision in the public service. 

The authors of [33] discuss the use of QR codes in restaurant hospitality during the 
COVID-19 pandemic, focusing on how it will reduce paper waste and carbon footprints 
by supporting sustainable behaviours. The case study highlights how QR code menus 
help to achieve some of the UN’s Sustainable Development Goals (SDGs) such as respon-
sible consumption and production and climate action. It concludes that QR code menus 
help both restaurants and customers by minimising waste, improving customer experi-
ence, supporting local and organic food suppliers, and encouraging ethical consumption 
and production. The study additionally shows that QR code menus are more than just a 
digital transformation tool; they are also a step toward developing a more environmen-
tally friendly and resilient restaurant industry. 

Table 2. Comprehensive comparison of related studies. 

Citations Contribution Framework Highlights 

[30] 
QR codes for indoor firefighter-
navigation 

Smart building rescue system Smart building rescue system 

[31] Secure aĴendance management 
Dynamic QR, facial recognition, and geo-
location 

 60% faster registration 
 anti-fraud design 

[32] 
QR for rural water customer 
data retrieval 

Government water service portal with QR 
 65% faster data access 
 45% fewer errors 

[33] 
Sustainable restaurant opera-
tions 

QR code digital menus 
 Reduces paper waste 
 Supports UN SDGs 

[34] 
Real-time public transport track-
ing 

QR-based bus information system 
Live GPS tracking via QR scan 
at stops 

[35] Enhanced national park services Government QR-mobile integration 
Improves safety, navigation 
and public engagement 

In [34], the authors provided a tracking system for public transport vehicles that 
helps to improve and modernise public transportation by using electronic tickets. Users 
can scan a QR code at a bus stop with their smartphone to see the bus’s estimated arrival 
time, current location, and route on a map. The smartphone is used to verify bus availa-
bility and display navigational information via GPS and Google Maps. In [35], the authors 
presented a system that integrates QR codes and their related smartphone applications 
into existing government services, providing a new level of public participation. This tech-
nology will enhance national park services and mobile environmental information ser-
vices. The proposed framework introduces an approach to park navigation and encour-
ages park use by including on-site tourism aĴractions. The system also increases park vis-
itors’ safety, disseminates information more efficiently and precisely, and improves re-
sponse times. 

These studies confirm that QR codes are versatile, low-cost and scalable tools for 
modern governance. However, most studies lack consideration of the urban context, role-
based data access or scalability across multiple cities. While acknowledging that QR codes 
offer solutions for a number of applications, opportunities remain to adapt these systems 
to the specific urban challenges of each context, particularly in rapidly modernising areas 
with strong cultural and heritage dimensions [36]. This study aims to bridge this gap by 
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proposing a contextual framework for QR codes tailored to meet the unique needs of ur-
ban governance in SA. 

The use of QR code systems in SA for urban governance and property visualisation 
applications will achieve a significant potential for enhancing public involvement, im-
proving urban planning efficiency and supporting sustainable development [36]. The 
Saudi Arabian government may use QR code systems to create more open, responsive 
urban environments by addressing local issues and learning from international best prac-
tices [37]. Furthermore, the unique identities of SA cities can be revealed and enhanced 
through the use of QR codes to ensure compliance with city design regulations that reflect 
the city’s history and culture. 

5. The Proposed Model 
The proposed context-aware QR code framework for smart urban governance in SA 

enables the provision of building information for each floor through a single scan. The 
framework integrates digital QR registries with mobile to enable instant access to property 
data without the need for paperwork or phone calls [37]. The system architecture consists 
of three layers. 

 Data Layer: consists of a digital registry to store structured metadata for each build-
ing, including ownership, building permits, occupancy, heritage status, and GPS po-
sition [37]. 

 Intelligence Layer: includes a role-based logic engine to filter and deliver data based 
on the user’s identity information, like municipal authority and visitor or emergency 
responder, ensuring relevance, security and efficiency [37,38]. 

 Connectivity Layer: A mobile interface system enables the display of the filtered data 
via text or maps, enabling interaction without the need for physical documentation 
or phone calls [37,38]. 

The data layer serves as the backbone of the QR system, enabling access to a cloud-
based registry that provides accessibility across all urban building scales. Each building 
record includes administrative and operational metadata in addition to cultural and emer-
gency-specific fields such as heritage classification, GPS coordinates, and nearest hospital 
[37]. The intelligence layer is driven by a role-based logic engine which dynamically filters 
data based on user identity. It ensures that municipal authorities receive comprehensive 
technical data, the visitors get public information, and emergency responders obtain crit-
ical real-time data. The connectivity layer within the Balady mobile application provides 
the user-facing interface for the system [37,38]. A connectivity layer is integrated with the 
existing national infrastructure to ensure low-friction adoption and high scalability. The 
app’s QR scanner captures the building’s unique URI, and the role-based logic engine 
delivers data with speed that eliminates the need for manual forms or phone calls. 

Figure 3 shows the proposed QR code framework and how context logic enables se-
cure data access between end-user devices and the municipality’s backend services. The 
procedure begins when a user scans a QR code using a mobile device equipped with GPS 
and a camera, which allows for location verification and data entry via multimedia [38]. 
The scan runs the Baladi programme, which serves as the client-side interface transmiĴing 
the building ID and device geolocation to the contextual logic engine. This server-side 
engine identifies the user’s roles as authorised roles or anonymous visitor roles. 
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Figure 3. Context-aware QR code framework for urban governance in Saudi Arabia. 

Based on the context-aware QR code framework shown in Figure 3, theَ QR code acts 
as an information delivery mechanism linking physical buildings to their digital counter-
parts via a scanned code. A QR code is generated for each building, encoding a secure and 
unified resource identifier that points to a metadata record hosted in the cloud [35][38]. 
The code is affixed to the building’s facade or municipal signage. Upon scanning, the sys-
tem identifies the user’s roles such as authority, visitor or emergency and lets users access 
through either authenticated login or user selection. The system uses a role-based filter on 
the entire metadata record and returns only the relevant subset based on the user 
[30][32][38]. This design directly supports SA vision 2030 by enhancing transparency, ser-
vice efficiency, and cultural compliance, while reducing administrative burden and re-
sponse latency. 

5.1. Study Area and Population 

The context-aware QR code system is proposed for the urban landscape of SA with 
initial deployment envisioned in three pilot cities, Riyadh, Jeddah and Dammam. These 
cities represent distinct urban typologies under the Saudi national strategy 2030. Riyadh, 
as the capital megacity with a population of more than 7 million, serves as a testbed for 
high-scale governance and complex regulatory workflows [39]. Jeddah is recognised as a 
heritage city that provides a critical context for cultural preservation and urban design 
code compliance [40]. Dammam is an eastern province hub that represents an emerging 
smart city with strong digital infrastructure and readiness for innovation [41]. The target 
user population includes municipal inspectors, civil defence personnel, residents, tourists, 
and real estate stakeholders, all of whom interact with urban infrastructure in distinct 
ways, necessitating role-based data delivery. 
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In SA the majority of the population resides in urban areas, which comprise approx-
imately 92.1% of the total population [40,42]. According to recent data, around 67.5% of 
the total population lives in the combined areas of the Riyadh and Makkah regions, in-
cluding Jeddah, and the Eastern Province, including Dammam. Riyadh has a large popu-
lation size and density, making it a challenging environment for testing the QR code 
framework under heavy load, given its high density of buildings and many users, includ-
ing residents, municipal employees, and service providers [39][42]. Jeddah, while smaller 
than Riyadh, shows significant urban concentration and likely has several heritage and 
mixed-use areas, making it suitable for evaluating the system’s ability to handle property 
visualisation, heritage data, and visitor interaction [41][42]. Dammam adds diversity to 
the regional context, and its population is even smaller than Riyadh’s, which represents 
an important urban environment. The concentration of the population in a few major ur-
ban areas such as Riyadh, Jeddah and Dammam highlights the feasibility of focusing pilot 
testing in these cities, as this can cover a large segment of the urban population within a 
relatively limited geographical area [43]. 

5.2. QR-Code System Scanning Process 

The core interaction mechanism related to the QR code is an identification system 
fixed to each building acting as a digital gateway between the physical structure and the 
cloud-based metadata registry [44]. QR codes are lightweight, low-cost and reliable mo-
bile-based information retrieval tools that provide effective solutions for infrastructure 
labelling and public service delivery. By scanning with a smartphone camera, the system 
performs the following actions. 

 Stage 1: User role authentication is completed through login or selection. 
 Stage 2: After authentication, the building’s complete record is retrieved, and data is 

filtered based on the user’s role. 
 Stage 3: Information is sent via the phone to relevant authorities, including technical 

details such as permits, violations, and occupancy. 

Visitors can access general information about historical sites by searching for their 
name, location, and heritage status [44]. Emergency responders can obtain GPS coordi-
nates, population, and the nearest hospital in the area where the buildings are located in 
the event of a disaster. The output is displayed via a mobile user interface [45]. These 
processes help to ease and speed up the procedures and eliminate the need for paper 
forms, phone calls or on-site record checks, allowing access to critical urban data in sec-
onds. 

Secure authentication is achieved by scanning the building’s QR code using a 
smartphone camera or the scanner built into the national application. User identity is ver-
ified through existing national digital identity systems or app-level login, after which role 
features related to action by inspector, responder, and visitor or resident are retrieved 
[44,45]. This follows the role-based as access control used in smart city applications to 
restrict access to sensitive spatial or administrative information. After authentication, the 
application sends the building’s unique resource identifier to the cloud registry [45]. The 
system retrieves the complete building registry, which includes administrative, opera-
tional, organisational, and geospatial features. A role-based logic engine dynamically fil-
ters this data set to match the user’s authorisation level. 

Filtered data is sent to the user’s device and displayed via an enhanced mobile inter-
face. The information sent varies depending on the user’s role as follows. Municipal in-
spectors receive technical features such as building permits, building classification, year 
of construction, and occupancy details reflecting the requirements specified in the munic-
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ipal e-inspection frameworks [45,46]. Emergency responders access GPS coordinates, pop-
ulation estimates, and interior design descriptions. Geospatial access via QR code or mo-
bile devices significantly reduces response time. Visitors and tourists view general non-
sensitive data such as the building’s history, heritage status, carefully categorised cultural 
content, images and navigation routes in accordance with QR code-based heritage infor-
mation systems. 

5.3. Role-Based Data Filtering Layer 

The proposed framework is based on a context-aware layer that links end-user re-
quirements with municipal data platforms and QR codes as a user access point. As com-
pared to traditional smart city schemes that depend on IoT sensor networks or 
smartphone apps, the framework can be used with the Baladi municipality platform and 
the SA’s national spatial data infrastructure as backend data sources [46]. The QR code 
serves as a privacy-preserving mechanism that allows role-based data filtering logic at the 
application gateway level to provide authorities, guests and emergency response with 
only important and policy-compliant information [43,46]. Compared to IoT- and analyt-
ics-driven smart city systems, the proposed framework has the advantage of interopera-
bility since it can integrate with legacy municipal databases via APIs and lower deploy-
ment costs since it does not require additional signalling networks, applications or citizen 
registration. 

The role-based filtering approach provided by the proposed QR code system 
achieves a balance between security and deployability in the context of the SA’s existing 
digital governance system [46]. Although direct authentication procedures are not in-
cluded in the simulation, assigned roles can be made independent of self-authorisation by 
integrating the proposed framework with current national identity systems. Accordingly, 
the process during the proposed framework requires confirming the identities of respond-
ing agencies and municipal authorities by connecting them to the Saudi platform, which 
associates user identities with recognised regulatory positions like municipal inspector or 
civil defence officer [45–47]. This ensures that only authorised users can access to critical 
fields like building code compliance and property ownership data. Visitors can only ac-
cess general aspects such as the building name and heritage classification based on data 
fields considered non-sensitive in the municipality’s database. They also operate in an 
unidentified mode without identification verification. 

The QR code uses a static and common resource identifier that encodes the building 
ID with no credentials or session information. This process reduces the possibility of token 
reuse or manipulation [48]. All server-side access controls are in place with the Saudi plat-
form gateway checking the authorised user role and filtering the municipality record 
based on policy before replying. For example, if the dataset’s owner visible statement 
value is 0, all unauthorised users’ roles will have their owner fields hidden despite client 
behaviour [49]. This approach was assessed with the dataset structure used for Saudi mu-
nicipalities, which contains explicit data sensitivity indicators like permit status as a cate-
gory value and owner, which is visible as a binary value. By conditionally including fields 
according to role and using the features of the original dataset as a reference standard this 
filtering model simulates the filtering logic. 

6. The Methodology 
This study uses a conceptual and scenario-based computational approach to evaluate 

the potential impact of a context-aware QR framework that provides operational feasibil-
ity, performance efficiency and governance implications of a context-aware QR code sys-
tem for urban building information management in SA. The methodology is structured 
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into three sequential phases, each designed to address a specific component of the pro-
posed system. 

 Developing the conceptual framework: establish the architecture of the context-
aware QR code system, identify the required data layers, and define the user roles 
that guide information filtering during QR-based retrieval. 

 A virtual dataset is built upon the municipal record structures of Saudi cities such as 
Riyadh, Jeddah, and Dammam. This set serves as a back-end layer for simulation, 
representing operating conditions that simulate real-world operating conditions. 

 Scenario-based simulation: a system behaviour is modelled to reflect the response 
time, accuracy, and user-specific data delivery under varying conditions like the 
number of buildings, system load and query type. The analysis compares traditional 
manual workflows with the QR-based framework to quantify operational improve-
ments. 

This methodological design allows the study to evaluate both conceptual viability 
and performance metrics without requiring access to actual municipal infrastructure. 

6.1. Data Description 

The proposed system relies on a structured digital registry of urban property 
metadata that serves as the foundational data layer for the QR-based framework. Because 
of limited access to real-world municipal data, a synthetic dataset was used to reflect the 
distribution of buildings, occupancy and heritage classifications across Riyadh, Jeddah 
and Dammam. The dataset preserves realistic operational conditions for evaluating sys-
tem performance across authority, visitor and emergency user roles [49]. For each build-
ing, the registry includes the following features. 

 Basic identification: Building name, unique ID, GPS coordinates 
 Administrative data: Owner name, construction year, and occupancy count 
 Regulatory compliance: Permit status, violation history, and urban design code ad-

herence. 
 Cultural context: Heritage classification and historical notes 
 Emergency profile: nearest hospital, civil defence zone, evacuation route 

The registry is designed to be context-aware to ensure that the information delivered 
through the QR code is filtered according to user identity and purpose [49,50]. The system 
recognises three primary user roles. 

 Municipal authorities: Receive full building information including administrative, 
regulatory, and safety fields. 

 Emergency responders: Receive immediate access to safety-critical information and 
geospatial identifiers with automated emergency alerts. 

 Visitors and general public: Access only publicly permissible information like build-
ing name, heritage status and summary description. 

All synthetic features are generated using justified distributions, as building counts 
per city reflect urban planning reports by 2022, which provide Saudi Census statistics of 
housing and population data [51]. The occupancy counts use a Poisson distribution equal 
to 150, calibrated to Saudi census microdata. The distribution of heritage classifications 
was adjusted to reflect UNESCO’s inventory of Al-Balad, resulting in approximately 30% 
heritage-tagged buildings in Jeddah, compared with fewer than 5% in Riyadh and 
Dammam [52]. Role-based response time multipliers are based on emergency and visitors 
with 0.5 and 0.85 multiplication increases, respectively, which are based on priority rout-
ing standards in crisis informatics [53] 
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To simulate and evaluate a context-sensitive QR code system under controlled and 
realistic conditions, a municipal dataset was created that simulates the structural and se-
mantic characteristics of SA city records while maintaining privacy and scalability [54]. 
The dataset includes 2000 building records distributed across three representative Saudi 
cities reflecting their population size and relative level of governance.  The simulated data 
provides details about city buildings, Riyadh with 1000, Jeddah with 600, and Dammam 
with 400. Each building is described by its geographical location, construction character-
istics, regulatory compliance, heritage status, occupancy and emergency preparedness 
features [55]. Table 3 shows the data related to the three cities' buildings with their rela-
tions to role filtering. 

Table 3. Buildings data description and its relation to role filtering process. 

Name Type Description 
Relation to Role Filtering Process 
Authority Emergency Visitor 

Building ID String Unique identifier for each building ✓ ✓ ✓ 
Building name String Descriptive name of the building ✓  ✓ 
City Categorical City where the building is located ✓ ✓ ✓ 
Latitude/Longitude Numeric Geographic coordinate of the building. ✓ ✓ ✓ 
Construction year Numeric Year the building was constructed ✓   

Owner visible Boolean/0–1 
whether the owner information is pub-
licly visible ✓   

Occupancy count Numeric Number of occupants in the building. ✓ ✓ ✓ 

Permit status Categorical 
Legal status of building permit (active, 
expired) ✓   

Violation history Numeric 
Number of regulatory/safety viola-
tions recorded ✓  ✓ 

Urban code compliance Categorical Compliance with urban building codes ✓   
Heritage classification Categorical Cultural or heritage status ✓  ✓ 
Nearest hospital Numeric Distance in km ✓ ✓  
Civil defence zone Numeric Zone number for emergency planning  ✓  

The heritage distribution was intentionally stratified to reflect Saudi cultural policy 
as follows.  In Jeddah, 30% of buildings are tagged as heritage, which aligns with Al-
Balad’s conservation status. In Riyadh and Dammam, only 2 to 3% are assigned as herit-
age, consistent with their non-heritage urban profiles. All categorical fields were gener-
ated using empirical probability distributions, while numerical fields followed parametric 
distributions based on Saudi urban statistics such as building age and occupancy. Missing 
or unknown values, such as unknown permit status, were entered at a rate of 5 to 12% per 
field to simulate real-world data incompleteness. 

Role filtering is used in queries where the QR code itself provides different layers of 
information depending on the user type. This ensures compliance with Saudi data gov-
ernance and privacy regulations while maintaining operational efficiency. As shown in 
Table 3, the role filtering is associated with certain data which is processed as virtual data 
and modelled as municipal record structures in cities [56]. Role filtering is assumed to 
occur on query, ensuring that only authorised users access sensitive information, while 
visitors only receive general details. Role filtering is a dynamic access control mechanism 
in the query, ensuring that the QR code data is specific to each role, thus protecting sensi-
tive information and allowing authorised users to efficiently perform operational or emer-
gency tasks. 

6.2. Context-Aware QR Code System Process 
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The core concept of the proposed framework is a context-aware QR code system that 
dynamically tailors building information based on who scans the code. Everyone receives 
relevant information based on who scans the QR code. When authorities scan, detailed 
information is provided; when tourists scan, only essential, relevant information is shared 
[57]. The proposed system transforms the static QR code into a smart urban interface, en-
suring convenience, security, and efficiency without requiring user expertise or manual 
intervention. Figure 4 shows a sequence diagram of the context-aware QR code system. 
The QR system is assumed to be integrated with the Balady application and to gain exist-
ing national digital infrastructure in SA [58]. 

 

Figure 4. The process diagram of the conceptual context-aware QR code system. The blue bar rep-
resents the execution intervals.  

Figure 4 shows the end-to-end workflow of the proposed context-aware QR code 
scanning system. The process starts with municipal authorities managing building rec-
ords via the Balady application, where data is validated and formaĴed by the context-
aware logic engine before being stored in the urban building registry [58]. When a visitor 
or authority scans a QR code, the system prompts for their role and returns filtered data 
based on their identity. For emergency responders, the system operates in emergency 
mode based on scanning the QR code, which triggers an automatic alert to the civil de-
fence API, then transmits critical data such as building ID, GPS and occupancy. 

The proposed context-aware QR code system is structured based on three user roles, 
municipal authority, visitor and emergency, as shown in Figure 4, where each represents 
a user group in Saudi urban governance. The user-role-based filtering reflects a policy-
driven segmentation that aligns with the SA Vision 2030 related to digital transformation, 
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cultural preservation, and public safety [58]. The user role acts as the primary context var-
iable that dynamically governs data filtering and delivery logic. For municipal authority, 
the system prioritises regulatory completeness and auditability. The system scans the 
available data, which consists of a set of fields including permit status, violation history, 
occupancy count and urban compliance codes [56–58]. For the visitor, the system shifts 
focus to cultural relevance and accessibility. Only non-sensitive, public-facing features 
like building name, heritage classification and position are delivered with content dynam-
ically enriched in heritage zones. For the emergency critical fields, such as real-time occu-
pancy, civil defence zone and evacuation route, availability are scanned and delivered 
with a specific life-critical time even under high system load [59]. This role-based technical 
segmentation ensures that the system remains scalable and policy-compliant while sim-
ultaneously addressing the divergent needs of governance, public engagement and emer-
gency response within a unified model. 

6.3. Performance Assessment 

To assess the proposed QR code framework, the study uses scenario-based computer 
simulations for urban governance context of SA. The following mathematical model com-
putes performance metrics to measure system behaviour in three cities, Riyadh, Jeddah, 
and Dammam, each with its own user roles as authority, visitor, and emergency. These 
metrics, derived based on global smart city studies, enable a transparent and reproducible 
comparison between the proposed QR code-based system and traditional manual work-
flows. 

The simulation is based on synthetic data to generate per-city distributions for build-
ing IDs, location, heritage flags, and occupancy with realistic coordinate bounds per city. 
The evaluation metrics used to evaluate the performance of proposed simulation-based 
scenarios are response time, information accuracy, user satisfaction and system speedup 
[59]. The total response time of the QR-based system is modelled as a function of the num-
ber of registered buildings and stochastic interaction delays. For a given request i, the QR 
code response time (𝑇ொோ) is expressed as follows. 

𝑇ொோ (n,i) = 𝑇଴ + α n + 𝛽௜ (1)

where n is the total number of buildings. 𝑇଴ is the baseline system latency. α represents 
the incremental overhead per additional building in the registry. 𝛽௜ ϵ N(0, 𝜎ଶ). The mean 
QR response time over Q queries is given by the following [59]. 

𝑇ொோ (n) = ଵ

ொ
 ∑ 𝑇ொோ  (𝑛, 𝑖)ொ

௜ୀଵ  (2)

The user satisfaction (𝑆௨) is calculated based on system response time as generalised 
logistic function by the following. 

𝑆௨(t) = ଵ

ଵା௘௫௣(
೟ష ೝ

ೖ
)
 (3)

where t is the response time, r is a role-specific tolerance threshold, and k controls the 
steepness of the satisfaction decline [60]. Emergency responders, municipal authorities, 
and visitors are assigned different (r,k) values to reflect varying urgency requirements. 
The system accuracy (𝐴ௌ)  is calculated by the following. 

𝐴ௌ =  𝑚𝑖𝑛(𝑚𝑎𝑥(𝜇ெ +  𝛿, 𝑎௠௜௡) , 𝑎௠௔௫) (4)

where 𝜇ெ is the base accuracy of system method M(QR, manual). 𝛿 ϵ N(0, 𝜎ଶ
ఋ) repre-

sent random disturbances that capture operational uncertainties inherent in each retrieval 
mechanism. 𝑎௠௜௡ and 𝑎௠௔௫  are minimum and maximum allowable accuracy [60]. These 
terms ensure that the model reflects real-world variability in both automated and manual 
data access processes. 
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The performance gain is calculated by transitioning from the manual workflow to the 
proposed QR-based framework and is quantified using a standard speedup metric, which 
is defined as the ratio of the mean manual response time to the mean QR-system response 
time. The speedup greater than 1 indicates that the QR-based system provides faster and 
more efficient information retrieval compared to the traditional manual process. 

To simulate the proposed context-aware QR code system under implementation con-
ditions, the following role-specific metrics derived from municipal data are calculated, 
which evaluate the user interactions across three roles, municipal authority, visitor and 
emergency. The authority task success rate (𝐴்ௌ௥) represents the proportion of municipal 
authority interactions that achieve minimum usable performance, defined as user satis-
faction exceeding a predefined threshold (𝜏௠௜௡)  given as follows [61]. 

𝐴்ௌ௥ = ଵ

ொಲ
 ∑ (𝑆௨(𝑡௜)

ொಲ
௜ୀଵ > 𝜏௠௜௡) (5)

where 𝑄஺ is the number of authority queries in a city. 𝑆௨ (𝑡୧) is the user satisfaction for 
query i. Equation (5) measures whether the system delivers sufficient utility for compli-
ance and enforcement tasks, even in high-load cities like Riyadh. It reflects the system’s 
ability to support regulatory tasks under cities’ data and latency constraints. 

The visitor heritage engagement score (𝑉ுா௦) measures culturally relevant interac-
tions by combining heritage authenticity and user engagement which is calculated by the 
following [62]. 

𝑉ுா௦ = ଵ

ொೇ
∑ (𝐻௜ ≠ᇱ 𝑁𝑜𝑛𝑒ᇱ) .

ொೇ
௜ୀଵ (𝑆௨(𝑡௜) > 𝜏௠௜௡) (6)

where 𝐻௜  is a heritage classification of building i. 𝑄௏  is a total number of visitor queries. 
Equation (6) evaluates culturally meaningful interactions by combining heritage authen-
ticity and user engagement. 

The emergency alert success rate (𝐸஺ௌ௥)  is calculated as a percentage of emergency 
queries delivering critical data within a life-saving threshold time (𝜏௟௦), which is calculated 
as follows [63]. 

𝐸஺ௌ௥  = ଵ

ொಶ
∑ (𝑇௜ < 𝜏௟௦  )

ொಶ
௜ୀଵ  (7)

where 𝑄ா  is the total number of emergency queries. 𝑇௜  is the response time for query i. 
To evaluate the data-driven system quality, two metrics are calculated. The regula-

tory coverage ratio (𝑅஼௥) is the average percentage of regulatory fields that are not missing, 
such as licence status and violation records received by authorities. And contextual preci-
sion index (𝐶௉௜) is the overall field availability across all roles, which reflects filtering ac-
curacy [54][64]. The two metrics are calculated as follows. 

𝑅஼௥ = ( ଵ

ொಲ
∑

ேೌ.೔

ேೝ

ொಲ
௜ୀଵ ) (8)

𝐶௉௜ = ( ଵ

ொ಴
∑

ேೌ.೔

ேೝ,೔

ொ಴
௜ୀଵ ) (9)

where 𝑄୅ and 𝑄େ are the number of authority queries and total queries across all roles, 
respectively. 𝑁௔,௜  and 𝑁୰ , 𝑁୰.୧  represent the number of available regulatory fields for 
query i, the total number of required regulatory fields, and the number of fields required 
for the role of query i, respectively. The critical data delivery latency (𝐶஽஽௟) is measured 
as the mean response time for emergency queries by the following [54][64]. 

𝐶஽஽௟ = ଵ

ொಶ
∑ 𝑡௜

ொಶ
௜ୀଵ  (10)

The proposed metrics are calculated based on user-centric design principles and ac-
tual municipal data constraints. Both authority task success rate and emergency alert suc-
cess rate use satisfaction thresholds and response times to ensure that usability reflects 
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actual user tolerance. The visitor heritage engagement score links cultural policy and sys-
tem performance by requiring both authentic heritage classification and active participa-
tion, which directly support the heritage objectives of SA Vision 2030. Meanwhile, the 
regulatory coverage ratio and contextual precision index measure data completeness and 
filtering accuracy using synthetic data of Saudi municipal records. 

6.4. The Assessment Limitations 

In this study, the parametric models of user behaviour and response time are pro-
vided as an evaluation framework based on a classified sample of the Saudi municipal 
register. This method provides regulated and policy-relevant insights regarding contex-
tual QR code systems’ performance; however, it has the following limitations. 

All performance metrics are related to simulating user behaviour interactions. De-
spite the fact that response times, satisfaction thresholds and role-specific logic are derived 
from the literature on smart cities and human–computer interaction, the actual user be-
haviour may differ because of variations in devices, network conditions, knowledge lev-
els, or cultural factors that the model does not consider [65,66]. 

The dataset used in this study was derived from municipal records for Saudi Arabian 
cities, which were synthetically developed to meet simulation requirements and key fea-
tures such as occupancy rate, distance to the nearest hospital and violation record, gener-
ated using Poisson’s occupancy distribution and normal distribution for the year of con-
struction, and adjusted using Saudi urban statistics [51,67]. However, real-world data fre-
quently show spatial autocorrelation and paĴerns of systematically missing data, which 
are not reflected by the proposed approach. As a result, metrics like regulatory coverage 
reflect the incompleteness of the modelled data but may not fully capture structural gaps 
such as entire districts with un-digitised registrations. 

To analytically model user behaviour, user satisfaction and task success are calcu-
lated using a time-based logistics response model with two-second thresholds for each 
turn in case of emergencies. The proposal assumes a uniform level of tolerance among 
users and ignores contextual factors as follows. 

 Device heterogeneity such as low-end smartphones vs. tablets 
 Environmental factors like sunlight glare affecting QR readability 
 Cognitive load such as elderly visitors struggling with role selection 
 Cultural literacy like non-native speakers misinterpreting heritage labels. 

Additionally, the simulation is based on simple role identification and accurate QR 
scanning, which might not hold in crowded metropolitan environments or for users with 
visual impairments. The proposed framework does not yet integrate any of the SA digital 
governance systems such as Absher, Tawakkalna or Baladi. Therefore, real network re-
sponse times like those during network congestion in central Riyadh are approximated 
using Gaussian noise. Also, interoperability costs are not taken into account, and emer-
gency prioritisation is based on simulated time multipliers increased by 0.5 rather than 
the national telecommunications infrastructure’s quality of service mechanisms. 

7. Simulation Setup 
To evaluate the potential impact of the proposed context-aware QR framework, a 

scenario-based computational simulation is used across three representative Saudi cities 
of Riyadh, Jeddah, and Dammam to evaluate the performance of the proposed approach. 
This approach is based on the Saudi national strategy 2030, which classifies these cities as 
class-1 (Riyadh, Jeddah) and class-2 (Dammam) urban centres, where each has distinct 
governance challenges and cultural contexts. The simulation operates under several key 
assumptions: 



Sustainability 2026, 18, 2374 18 of 31 
 

https://doi.org/10.3390/su18052374 

 The investigated cities are Riyadh, Jeddah, and Dammam. 
 The building scaling are from 50 to 400, 600, and 1000 buildings for Dammam, Jeddah 

and Riyadh, respectively. 
 Three user roles as authority, visitor, emergency. 

The proposed context-sensitive QR code system efficiency was evaluated by compar-
ing it with the manual baseline for obtaining building information in Saudi municipalities. 
A phone call or quick service centre inquiry was believed to be the first step in the manual 
procedure, which would take two to five minutes to complete. Identity verification and 
request processing come next, which takes three to six minutes. Lastly, the manual system 
takes one to two minutes to give the information by email, printed copy or oral summary. 
This baseline is the minimum expected delay for ordinary information requests and so 
gives an approximation of the speed advantage of the QR system even though more com-
plicated situations such as in-person meetings and interdepartmental cooperation can re-
sult in long delays. 

Scenario-based simulations were used to evaluate the proposed framework using the 
Saudi municipal registry. The structural variables, including building count, heritage cat-
egorisation, and compliance status were included in the dataset. Nevertheless, to replicate 
user interactions, system reaction time and user satisfaction, some modelling assumptions 
had to be made as follows. 

 For a city with n buildings, the base response time is calculated by taking the baseline 
server and network latency, which is 1 s, and adding 0.01 s to the incremental over-
head per building, which is a linear scaling overhead caused by the complexity of 
database queries [68]. 

 Emergency queries are considered to be 50% faster by the simulated caching of criti-
cal factors such as occupancy and civil defence zone, which controls role-based pri-
oritisation. Because visitor queries employ lightweight data payloads, they are 15% 
faster than authority queries, which require full latency to reflect thorough data pro-
cessing [53,68]. 

Authority, visitor and emergency have role-specific thresholds of 8, 12, and 2 s, re-
spectively, and satisfaction is calculated using a logistic function. These thresholds are in 
accordance with Saudi operational rules, which state that emergency responders must ar-
rive in less than three seconds and that visitors are willing to wait as they explore the 
culture [51,69]. Only when the building’s heritage classification is available as local or na-
tional heritage is the heritage engagement taken into consideration. This keeps cultural 
metrics in non-heritage areas like Riyadh from rising. 

8. Simulation Results 
All simulation scenarios were conducted using MATLAB R2023a to evaluate the rel-

ative performance of the QR-based system against a manual as paper- or call-based base-
line as follows. 

 Urban city scalability to assess performance gains as the number of registered build-
ings increases within Riyadh the largest urban centre. 

 Cities and role-specific context to comparing system behaviour across cities with the 
three user roles. 

This scenario evaluates the proposed QR code system in terms of scalability under 
high-load access conditions and a comparative analysis of context-aware adaptability 
across SA urban classification. 

8.1. Performance Gains Across Urban Scale 
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The system’s behaviour in Riyadh as a class 1 high-density city with building scales 
ranging from 50 to 1000 buildings is evaluated in this subsection. The evaluation of the 
proposed system’s performance is done under increasing urban complexity for nation-
wide application in large-scale urban environments. 

Figure 5 shows the difference in response time between the QR code scanning system 
and the manual system reflecting the speed of service provided by each. The QR code 
scanning system has a low response time that increases slightly from about 3 s across 200 
buildings to about 12 s across 1000 buildings. This reflects a linear increase due to the cost 
of searching the database per building. In contrast, the manual system remains constant 
at about 220 s because physical workflows such as phone calls, office visits, and form sub-
missions do not accelerate with the technological density; rather, they are hindered by 
human intervention. For Riyadh, this means that any resident scanning a QR code in an 
area of 1000 buildings receives information in less than 12 s, 18 times faster than the man-
ual alternative. This performance gap enables authorities to make real-time decisions, re-
spond immediately to emergencies, and interact seamlessly with citizens without the need 
for paperwork or phone calls, all in less time. 

 

Figure 5. Comparison QR code system's average response time against the manual system. 

Figure 6 shows the accuracy of the proposed QR system compared to manual process 
performance with data specific to Riyadh as the largest urban centre. The rapid response 
system provides an accuracy of up to 98% across all building data from 200 to 1000, indi-
cating the system’s robustness under increasing complexity. This stability due to that 
metadata is stored in digital form and retrieved from a digital record, ensuring data con-
sistency regardless of urban density or administrative load. The manual accuracy fluctu-
ations around 85% reflect the unreliability of human-driven processes due to inconsistent 
data that worsens with increasing complexity. 
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Figure 6. Accuracy performance of QR code system compared to manual system. 

8.2. Context-Aware Performance 

The evaluation of the QR system with contextual intelligence shows how it delivers 
personalised data experiences based on the user’s identity and the city’s context. It pre-
sents comparative results in Riyadh, Jeddah, and Dammam, highlighting differences in 
response time, access accuracy, and information resolution that reflect each city’s size, 
heritage sensitivity, and governance priorities. 

Figure 7 shows that city-by-city comparison of system effectiveness reflects the supe-
riority of the QR system over manual methods in all three Saudi urban types: Riyadh as 
megacity, Jeddah as a heritage-focused city and Dammam as an emerging category of city. 
The QR code achieves 98% accuracy, while the manual system is around 85%, which is a 
difference of over 13%. This performance feature enhances the system’s strength across 
diverse urban contexts. In Riyadh, where administrative complexity is highest, the QR 
system provides high accuracy with 1000 buildings, which reflect its ability to handle 
large-scale deployments. In Jeddah and Dammam, the system provides high accuracy de-
spite the city’s unique cultural mandate, ensuring compliance with urban design codes 
through accurate and up-to-date data. Even in Dammam, the system achieves high accu-
racy compared to manual performance. The lower performance of the manual system un-
derscores the need for digitisation. In heritage areas where data accuracy is critical, paper-
based systems are more prone to errors. 

 

Figure 7. City-based accuracy performance comparison for QR code system against manual system. 
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Figure 8 shows how role- and city-level dynamics interact to deliver enhanced user 
experiences with the QR system. In Riyadh, users with authority experience the longest 
response time, approximately 12.5 s, as they retrieve most of the data, such as permits, 
violations, and occupancy. Visitor users respond more quickly, while emergency users are 
the fastest, reflecting the system’s prioritisation of life-saving queries. In Dammam, all 
roles complete scans in under 7 s, which reflects the system’s efficiency in smaller and less 
complex environments. This paĴern is the same across all cities, as for emergencies, users 
are always the fastest, followed by visitors and then authorities. For SA, this means that 
an emergency responder scanning a QR code in Jeddah’s Al-Balad district will receive 
GPS coordinates and population figures in under 8 s, a potentially life-saving speed. This 
figure translates abstract concepts like contextual awareness and user-centric design into 
measurable and actionable results. 

 

Figure 8. City- and role-based response time of QR code system. 

8.3. System Performance and Satisfaction Experience 

The impact of the proposed system on satisfaction gain and system speedup are 
shown in Figures 9 and 10, reflecting the reliability of the rapid response system compared 
to manual methods. Figure 9 shows the potential for improved average satisfaction gain 
of three cities across all three user roles, authority, visitor, and emergency responder com-
pared to manual processes. The QR system offers significantly higher satisfaction rates 
than the manual system, with the gap being largest among visitors by 25% and authorities 
by 32%. This reflects the low satisfaction associated with slow and manual processes. For 
emergency responders the satisfaction gap is slightly narrower as their primary concern 
is the speed offered by the QR system. The satisfaction validates that QR codes improve 
the quality of life by reducing response times and eliminating paperwork. Furthermore, 
this high satisfaction among government entities supports the vision of digital govern-
ance, showing that digital tools not only enhance efficiency but also boost user trust and 
engagement. 

Table 4 shows the simulated performance of the QR code-based system compared to 
a manual baseline in Riyadh, Jeddah, and Dammam. The results show a clear inverse re-
lationship between system size and user satisfaction while response times remain signifi-
cantly lower than those of the manual system.  The QR code system offers response times 
of less than 13 s across all cities compared to approximately 180 s for manual workflows, 
which gives more than 14 times increase in efficiency. This aligns with the results in [28], 
which highlights the 65% reduction in data retrieval time using QR codes in Indonesia. 
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The gradual increase in response time from Dammam by 6.21 s to Riyadh by 12.20 s re-
flects the linear scaling cost of database searches by 0.01 s per building, which confirms 
the system’s suitability for large-scale deployment. Importantly, even on a Riyadh scale 
of over 1000 buildings, the QR code system remains 15 times faster than manual methods. 

 

Figure 9. Role based average satisfaction gain of QR code system compared to the manual system. 

 

Figure 10. QR code system vs. the manual system based on city-based speedup factor. 

Table 4. System performance across three cities. 

Cities 
QR System 

Response (Sec) 
Manual System 
Response (Sec) 

QR System Satisfaction over Manual System 
(%) 

Riyadh 12.20 180 19.2 
Jeddah 8.20 180  40.5 

Dammam 6.21 179 53.2 

User satisfaction shows a negative correlation with the city’s score. This is expected, 
as satisfaction declines when response times exceed acceptable limits. As shown in Figure 
8, in Riyadh, the 12.2 s response time exceeds the 8 s response time for government entities 
and the 12 s response time for visitors, resulting in a sharp drop in satisfaction. In 
Dammam, however, the 6.21 s response time remains within acceptable limits for all roles, 
leading to higher satisfaction. Results in Table 4 also indicate that QR-based satisfaction 
is highly sensitive to urban scale. In smaller cities such as Dammam, the system delivers 
a highly satisfactory experience by 53.2%, validating its readiness for immediate deploy-
ment. In megacities such as Riyadh, performance optimisation in edge caching and data-
base indexing is required to raise satisfaction above 40%. 



Sustainability 2026, 18, 2374 23 of 31 
 

https://doi.org/10.3390/su18052374 

Figure 10 shows the performance gains of the QR system compared to manual meth-
ods in the three Saudi cities, expressed as an acceleration factor by the manual-to-QR ratio. 
Riyadh, with its larger size, achieves the highest speed, followed by Jeddah and Dammam. 
This inverse relationship confirms the higher speed in larger cities as digital systems grow 
with urban complexity. In smaller, less dense environments like Dammam, the inefficien-
cies of the manual system are still achieved, but the absolute time saved is less. However, 
in Riyadh, where the administrative workload is highest, the QR system’s ability to reduce 
response time from approximately 210 s to about 2.2 s becomes transformative, enabling 
real-time decision-making and rapid emergency response. This finding directly supports 
the paper’s central argument that QR codes can be taken much faster and add strategic 
value to digitalisation for class 1 megacities where legacy systems are more susceptible to 
overload. 

8.4. Performance of User Roles and the Urban Context 

The role-specific performance of the context-aware QR system across three repre-
sentative Saudi cities, Riyadh, Jeddah, and Dammam, is shown in Figure 11. The results 
demonstrate the technical effectiveness of the framework and its ability to adapt to urban 
paĴerns and user needs.  As shown in Figure 11, in all cities, the municipal authorities 
achieve high task completion rates exceeding 99%, ensuring the proposed QR system’s 
ability to deliver regulatory data under pressure. In Riyadh, as a large city with 1000 build-
ings, the performance remains high at 94% despite response times of approximately 11 s. 
This reflects the system’s resilience in the face of urban complexities; however, some lim-
itations may occur such as network latency and system integration, which slightly reduce 
satisfaction below 100%. 

 

Figure 11. QR code system-based user’s role performance across cities. 

In Figure 11, the visitor engagement shows a variation between cities. With Jeddah, 
the role-based approach in the QR system achieves a heritage engagement rate of 28.2%, 
nearly ten times that of Riyadh and Dammam. This result is expected given Jeddah’s 
higher heritage classification rate compared to other cities because of the role-based filter-
ing system that facilitates a targeted cultural narrative. However, the lower engagement 
outside Jeddah highlights a significant challenge as tourists and residents in non-heritage 
areas may perceive limited value in heritage. Emergency responders also maintain an alert 
success rate exceeding 98% in all cities, even in the densely populated heart of Riyadh. 
This is achieved through prioritised signal routing and GPS data, ensuring that building 
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identity, occupancy status and location information are received in under 6 s. The slightly 
lower success rate in Riyadh by 87.8% compared to Dammam by 99% is due to the impact 
of infrastructure density. 

Table 5 shows the performance metrics of regulatory coverage ratio averages, with 
56.7% reflecting potential data gaps in legacy urban registries as a common challenge in 
rapidly digitising cities. Despite this, the system gives a contextual precision index of 
65.6%, showing that role-based filtering effectively suppresses irrelevant fields even un-
der incomplete data conditions. The emergency response latency remains well within op-
erational limits, while in Dammam, it achieves 2.5 s, Jeddah 3.5 s and Riyadh 5.5 s, which 
are all significantly faster than manual workflows. The slight delay in Riyadh is because 
of its larger building registry by 1000 entries, confirming the system’s scalability trade-
offs. These results validate the framework’s viability as a policy-enabling tool for SA vi-
sion 2030, balancing efficiency, data realism and urban diversity. 

Table 5. Performance of the role-faltering scheme across three cities. 

Cities Regulatory C. 
Contextual Precision Index 

(%) 
Critical Data Latency 

(sec) 
Riyadh 56.7 65.6 5.5 
Jeddah 55.7 65.2 3.5 

Dammam 57.1 65.7 2.5 

9. Discussion 
The study highlights the performance of the proposed QR code framework for urban 

management to access building information through a single scan. The results show sig-
nificant performance over manual methods, which aligns with the goals of Saudi Vision 
2030 for digital transformation and heritage preservation. According to [32], the use of the 
QR code system for the Bamsimas water programme in Indonesia reduces data retrieval 
time and minimises registration errors by 45%, reflecting good expectations concerning 
the practical deployment of the proposed model in this study. The satisfaction results, 
where emergency responders are more sensitive to delays, as the threshold is 2 s and vis-
itors are more tolerant by a threshold of 12 s, reflect principles of human–computer inter-
action. The given high satisfaction rate of the QR code system, more than the manual sys-
tem in small cities such as as Dammam, can be suitable in practical experiments, which is 
close to the results by [70], which reported a higher satisfaction rate in Ecuador’s city ur-
ban register using augmented reality and QR technology. 

Despite the results reflecting the potential for using the QR code system in an urban 
environment, this is largely dependent on user acceptance, particularly among visitors to 
heritage sites like in Jeddah [71]. Several variables could affect the performance of the 
proposed system, such as social influence and visitor engagement, making it hard to pre-
dict performance based on usage paĴerns. 

9.1. QR Code System for Urban-Environment-Based Government Strategies 

Urban environments have an impact on how governments create, execute and assess 
digital governance frameworks [72]. According to simulation results and various struc-
tures, complex control systems, and a variety of stakeholder needs in densely populated 
cities like Riyadh put a great deal of pressure on administrative procedures. Because of 
these features, governments must implement technology-driven policies that ensure au-
tomation, quick data retrieval, and unified access routes in order to achieve fast and con-
tinuous municipal information [73]. 
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The proposed QR code system addresses the government’s strategies by eliminating 
manual delays and providing rapid access to documented building information. This is 
consistent with current government trends toward data-driven policymaking in which 
choices are supported by precise and timely information rather than manual records [73]. 
For heritage-focused communities such as Jeddah, the technology allows authorities to 
consistently enforce conservation legislation and reduce noncompliance difficulties 
caused by old handwriĴen documentation. In smaller communities such as Dammam, the 
framework provides a scalable base for digitisation efforts, allowing municipalities to 
modernise without incurring huge infrastructure costs [74]. Accordingly, the study indi-
cates that variations in city size, density, and cultural context create varying pressures on 
local administrations. A unified digital layer based on QR codes offers a strategic solution 
capable of adapting to these diverse urban paĴerns, supporting the national objective of 
harmonious digital governance within the framework of Vision 2030. 

9.2. Interactive Strategies to AĴract Urban Customers 

The deployment of the QR code system in urban cities requires the ability to aĴract 
diverse user groups, including residents, visitors, business owners and emergency re-
sponse teams. The proposed QR code framework supports the mentioned aspects by en-
abling interactive and personalised access to services, with each scan providing specific 
information based on user roles and surrounding environments [74]. In cities with high 
tourist traffic, such as Jeddah, where QR codes can be used to provide immediate access 
to building histories, zoning regulations, cultural restrictions and emergency information. 
For emergency response teams, the system improves interaction by prioritising important 
data and reducing mental effort, ensuring the user interface aligns with their operational 
requirements [74,75]. 

Government agencies can enhance citizen engagement by using interactive strategies 
such as sending personalised notifications that include updates on building permits or 
safety alerts [75]. They can also implement interactive awareness campaigns where users 
scan QR codes to access educational content on heritage preservation or urban safety. Ad-
ditionally, they can create multilingual pages linked to QR codes to support the demo-
graphic diversity of expatriates in major cities. Furthermore, open data interfaces allow 
citizens to access non-sensitive urban statistics [76]. These strategies transform QR codes 
from static information tools into dynamic, interactive channels, thereby promoting trans-
parency, inclusivity, and civil participation. 

9.3. The Study Limitations 

The results discussed in this section provide a measurement of the performance of 
the proposed QR system through a computer simulation based on scenarios. The model 
is based on realistic assumptions derived from the paĴerns of Saudi cities such as Riyadh, 
Jeddah, and Dammam based on global smart city standards and the strategic objectives 
of Vision 2030 [39][42]. The results of the performance metrics, such as response time, user 
satisfaction, accuracy, and speed factor, are considered as predictions of the performance 
of the proposed system according to the initial information entered as data for analysis. 

The simulation results show the efficiency of the proposed system; however, this ap-
proach has some limitations. First, the simulation assumes ideal network connectivity and 
universal smartphone accessibility, which may not apply to all urban or semi-urban con-
texts across SA [77]. Second, the data quality in the model is predetermined and fixed. 
Third, the manual paper-based baseline is modelled using simplified random processes 
and does not reflect the full complexity of workflows in Saudi municipalities. Further-
more, while the role-based satisfaction model was simulated, it remains a theoretical con-
struct as actual experience gain may vary based on digital literacy, language, age, and 
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trust in government systems [78]. The simulation provides a transparent framework for 
assessing the potential impact of a context-sensitive rapid response system. It also serves 
as a policy-ready basis for future trials, particularly when integrated with the Baladi mo-
bile application [79]. Therefore, these results is a computational study governed by an idea 
assumption, while more evaluation through practical implications would achieve a sig-
nificant impact and validation about the contribution of the QR system for smart urban 
governance to improve the property visualisation. 

9.4. Opportunities Enabled by QR Code System 

The simulation results highlight the significant opportunities to expand the digital 
capabilities of city management. Among the most major opportunities are administrative 
efficiency, as automated data retrieval eliminates slowness and the errors associated with 
manual processes, reducing staff workload and operational costs [77][80]. Real-time deci-
sion-making allows emergency services to access building status, occupancy rates, and 
coordinates within seconds, enabling a faster and more accurate response. Furthermore, 
heritage protection is enhanced by up-to-date and documented building data, which 
strengthens regulatory enforcement, particularly in culturally sensitive areas. Data stand-
ardisation is also improved, as QR code-linked metadata establishes consistent building 
records across different departments, reducing duplication and promoting streamlined 
governance [81]. The proposed system shows scalability with its linear performance char-
acteristics, making it suitable for future expansion to thousands of buildings and integra-
tion with national registries. These opportunities make the QR framework a foundational 
layer for the development of future smart cities throughout SA. 

9.5. Future Considerations 

To link the simulation results with the real impact of the proposed approach, the 
following roadmap outlines the framework’s implementation in three phases as follows. 

9.5.1. Phase 1: A Pilot Evaluation Focused on Heritage 

The proposed framework can be linked to physical QR codes on heritage buildings 
in Jeddah’s Al-Balad area, which is a UNESCO heritage region. These codes link to a se-
cure micro-municipal service enabling the provision of personalised data for each level 
via a smart application. Visitor interactions will be tracked to experimentally test the sys-
tem’s performance to find whether the heritage content provides meaningful interaction 
with a higher satisfaction rate [82]. Authority and emergency test scenarios can be tested 
in a real network to accurately measure the logistical satisfaction model with actual user 
behaviour [82,83]. This phase investigates the core assumption that heritage density in-
creases cultural significance, which is a major finding from the current simulation obser-
vations. 

9.5.2. Phase 2: Integration with National Platforms 

The QR code framework integration with the Baladi platform as a national platform 
of municipal services for authentication and the Tawakkalna system as the Saudi Arabia’s 
emergency response system for prioritising emergencies can be best practices [83]. Role 
verification via the Baladi platform’s citizen or municipal employee register provides dy-
namic field filtering, which allows the direct monitoring of emergency response rates and 
population performance indicators against real municipal databases [84]. In emergencies, 
the integration with Tawakkalna will activate the transfer of cached key fields such as 
occupancy and civil defence zones, which allow real-time verification of contact data ac-
curacy, resulting in an expectated reaction time of less than 6 s and an emergency response 
rate that can be close to the rate given by a simulated framework. 
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9.5.3. Phase 3: Context-Aware National Urban Register 

The proposed framework can be expanded by incorporating it into the Saudi national 
spatial data infrastructure. Descriptive building data such as licensing status, infraction 
records and occupancy can be dynamically synchronised from municipal sources via na-
tional spatial data infrastructure applications, allowing for continual changes to regula-
tory coverage ratio and contextual precision index measurements [83][85]. This enables 
ML algorithms to predict missing fields such as supplementing occupancy data with util-
ity usage data, which fills data gaps in the dataset used. The framework could develop 
into an interactive urban knowledge map in which QR code scanning not only obtains 
static records but also creates contextual workflows such as automatically reporting non-
compliant buildings to authorities or directing tourists to close heritage sites based on 
visitor heritage engagement scores [85]. 

Through the implementation of these phases, the proposed framework will be eval-
uated in real testing as an operational component of the smart governance system in Saudi 
Arabia. This practical implementation ensures that the proposed framework’s perfor-
mance is measured experimentally with a national infrastructure and that the metrics val-
idated in the simulation are tested to achieve an expected higher response time and effi-
ciency rate in addition to a response rate over 87% under complex real conditions in Jed-
dah. 

10. Conclusions 
This study proposes a QR code system framework to enhance urban governance and 

property visualisation in SA, aligning with the Vision 2030 goals of digital transformation 
and heritage preservation. By providing role-specific information for authorities, visitors, 
and emergency response teams, the scanning system can enable near-instantaneous, pa-
perless and call-free interaction with urban infrastructure. While the evaluation relies on 
scenario-driven computational simulation rather than empirical field data, the results 
show significant gains, including a substantial acceleration in response time, information 
accuracy exceeding 98%, and user satisfaction exceeding 90% based on roles in Riyadh, 
Jeddah, and Dammam. These results show the framework’s potential to improve regula-
tory compliance, emergency response, and public engagement, particularly in heritage-
sensitive areas such as Jeddah’s Al-Balad district. Although real-world validation through 
pilot testing remains a crucial next step, this study establishes a fundamental model for 
how QR codes can evolve from static labels to adaptive smart interfaces for SA smart cit-
ies. 
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