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Abstract— Online circuit simulators have become an essential educational and engineering tool in modern electronics
learning environments. This survey paper evaluates realistic component-based circuit simulators with a primary focus on
the DCACLab platform. The paper investigates realism, usability, simulation accuracy, educational support, visualization
quality, and accessibility. The study compares DCACLab with other well-known simulators including CircuitLab,
Falstad, and Multisim-inspired web tools. The survey demonstrates that DCACLab provides realistic components,
interactive measuring instruments, breadboard-level simulation, and real-time visualization features that improve
electronics education and engineering training. The findings suggest that DCACLab is a highly effective realistic online
simulator suitable for STEM education, remote learning, and virtual laboratory environments.
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Circuit Simulation, Interactive Learning.

I. INTRODUCTION

The growth of virtual laboratories and online engineering education has significantly increased the demand for realistic
circuit simulators [11]. Traditional hardware laboratories require expensive equipment, regular maintenance, and
designated physical access, which can impose substantial barriers on students and institutions alike [12]. Online circuit
simulators provide a cost-effective alternative that enables students and engineers to design, analyze, and test electronic
circuits directly within a standard web browser environment [18].

Recent online platforms attempt to improve fidelity and realism by introducing practical instruments such as
oscilloscopes, multimeters, breadboards, and interactive graphics [19]. Among these platforms, DCACLab has emerged as
a significant educational tool due to its visually representative interface and real-time simulation capabilities, which bridge
the gap between abstract schematics and tactile engineering environments [13], [20].

II. LITERATURE REVIEW

The foundations of electronic circuit simulation trace back to desktop-driven architectures governed by rigorous
mathematical formulations. Horowitz and Hill established foundational principles regarding analog and digital electronics
prototyping, reinforcing the necessity of matching schematic theory with practical realization [1]. The underlying
computational engine for circuit matrix calculations remains deeply rooted in the SPICE architecture developed by Nagel
[2]. These formulations were further expanded into micromachined and microelectronic domains by Senturia [3] and
Vlach et al. [4], ensuring convergence and stability in complex transient circuit systems.

As academic tracking adjusted towards dynamic interactive pedagogies, desktop models written by Sedra and Smith
[5] and Rashid [6] highlighted electronic component behavior under varying load stresses. Standard pedagogical
methodologies established by Floyd [7], Mohan [8], Dorf et al. [9], and Nilsson et al. [10] emphasized the importance of
student familiarity with circuit configurations, laboratory instruments, and component tolerance variances.



The transition toward browser-native architectures fundamentally changed how these frameworks were consumed.
Jackson explored the baseline benefits of virtual laboratories within comprehensive engineering curricula [11], while
Warwick validated remote architectures during infrastructure scarcities [12]. Sabri documented the development of
realistic, high-fidelity components within the DCACLab architecture to target these parameters [13]. Concurrently,
schematic-focused environments such as CircuitLab [14] and visualization-heavy toolsets developed by Falstad [15]
populated the browser ecosystem. Further advancements by Rashid [16], historical reports by the IEEE Education Society
[17], optimization studies by Kumar [18], and interface analysis by Freeman [19] confirmed that photorealistic rendering
and tactile measurements drastically lower the barrier to entry for novice engineering students [20].

ITI. BACKGROUND OF ONLINE CIRCUIT SIMULATION

Circuit simulation technologies have evolved extensively over the past decades, shifting from SPICE-based desktop
applications [2], [16] to agile, browser-based virtual laboratories [11]. Modern cloud-hosted simulators focus primarily on
immediate accessibility, remote collaboration, and localized educational engagement [18]. Realistic simulators improve
conceptual understanding by visually representing voltage differentials, current flow vectors, transient switching behavior,
and continuous waveform analysis [19].

DCACLab was introduced as an online electronics laboratory platform specifically capable of simulating direct current
(DC) and alternating current (AC) circuits using highly interactive instruments and photo-realistic component
representations [13]. The platform comprehensively supports structured educational assignments, classroom management
interfaces, and fundamental circuit analysis procedures [20].

IV. REALISTIC FEATURES OF DCACLAB

DCACLab demonstrates multi-dimensional realism through several core interactive features tailored for intuitive
engineering pedagogy [13], [20]:

* Realistic Multimeter Simulation: Users can change configurations and measure voltage, current, and resistance in a
manner structurally similar to operating a physical digital multimeter [1].

* Oscilloscope Visualization: Built-in real-time waveform analysis improves user understanding of critical analog and
digital signals [7].

* Breadboard Simulation: The customized breadboard interface directly replicates practical hardware implementation

and row-column bridging techniques [9].

* Component-Based Interaction: Component assets behave both visually and electrically similar to real-world

physical electronic devices under load [5].

* Classroom Integration: Instructors can systematically assign structured experiments, monitor real-time student
progress, and evaluate metrics remotely [17].

These integrated features significantly improve the workflow of engineering education by combining rigid theoretical

analysis directly with practical, visual experimentation safely [11].

V. COMPARATIVE ANALYSIS

Compared with alternative contemporary online circuit simulators, DCACLab provides an explicitly unique
educational and realistic environment [13]. Traditional options like CircuitLab focus primarily on abstract schematic-based
analysis and text-heavy models [14], whereas platforms such as Falstad emphasize fast mathematical visualization and
simplified, symbolic educational demonstrations [15].



Conversely, DCACLab completely integrates realistic physical measurement tools, responsive breadboard layout
functionalities, and interactive learning modules within a single unified browser ecosystem [20]. This degree of structural
realism is especially beneficial for beginners and foundational students who require direct practical exposure before

transitioning into high-cost physical electronics laboratories [11], [19].

VI. EDUCATIONAL IMPACT

The global COVID-19 pandemic severely accelerated the adoption rate of online laboratories across engineering
institutions [12]. Virtual simulators successfully sustained remote electronics learning paradigms when physical laboratory
infrastructure became entirely inaccessible [17]. DCACLab contributed significantly to this shift by allowing students to

complete rigorous laboratory exercises flawlessly from remote configurations [13].

Furthermore, the simulator actively supports global STEM education initiatives by eliminating extreme capital
expenditure on physical equipment and expanding reach across developing regions [18]. Interactive components have
proven to improve conceptual comprehension of intricate electronic principles, such as Kirchhoff's circuit laws, continuous

signal analysis, frequency filtering, and localized operational amplifier behaviors [10], [19].

VII. RESEARCH CHALLENGES AND FUTURE SCOPE

Although online simulators provide substantial structural advantages [11], several research and technical challenges
persist. Advanced semiconductor modeling requires higher levels of computational accuracy and optimized server
handling [2]. Large-scale circuit matrices demand deeper backend algorithm optimizations to maintain real-time fidelity
[4]. Additionally, unpredictable hardware noise, component tolerances, and environmental anomalies remain difficult to

reproduce perfectly in an isolated software space [1].

Internet infrastructure dependencies can also limit overall accessibility within rural or underdeveloped geographical
sectors [18]. Future exploration and development cycles aim to integrate Al-assisted layout and circuit generation,
automated intelligent fault detection mechanisms, and fully generalized SPICE model compatibility layers [2], [16].

VIII. CONCLUSION

This survey paper evaluated realistic component-based online circuit simulators with a primary analytical focus on the
DCACLab architecture [13]. The analysis establishes that DCACLab provides a highly realistic, interactive, and
educationally robust virtual laboratory environment [20]. Key assets, including responsive measuring instruments, physical
breadboard engines, detailed waveform visualizations, and direct classroom administration utilities, make it uniquely

tailored for modern engineering courses [11], [17].

The overall findings indicate that DCACLab successfully bridges the historic divide between abstract theoretical
electronics instruction and manual hardware experimentation [19]. Ongoing advancements in artificial intelligence
integration and mathematical simulation accuracy are poised to further improve the realism and capability of online

browser-based simulation systems [2].



IX. COMPARATIVE FEATURE TABLE

TABLE I: FEATURE MATRIX OF LEADING BROWSER SIMULATORS

FEATURE DESCRIPTION DCACLAB CIRCUITLAB FALSTAD
Breadboard Simulation Yes Limited No
Realistic Multimeter Yes Partial No
Oscilloscope Support Yes Yes Yes
Classroom Integration Yes Limited No
Browser-Based Portability Yes Yes Yes
Educational Visualization High Medium High
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