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Abstract

This structured review maps 143 assigned references on computer vision, autonomous
perception, multimodal sensor fusion, image enhancement, video understanding, and generative
visual systems. The literature is analyzed as a chain from acquisition and annotation to
representation, fusion, prediction, and deployment. Particular attention is given to environmental
corruption, missing sensors, domain shift, rare scenarios, efficiency, and evaluation design. The
resulting framework argues that robustness-efficiency trade-offs should be reported alongside
average task performance. The synthesis is based on bibliographic records and title-level coding,
so it provides coverage and research questions rather than unreported quantitative conclusions.
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1. Introduction

Vision systems operate through a sequence of choices about sensors, annotation,
representation, fusion, and decision thresholds. In autonomous and safety-relevant settings, a
model that performs well on average may still fail under low light, adverse weather, unusual
geometry, or missing modalities. Robust evaluation must therefore make the conditions of success
and failure visible.

This review has two purposes. First, it makes the supplied bibliography traceable by assigning
every retained record to one primary theme and citing it in the body. Second, it develops evaluation
questions that can guide closer reading, replication, and future empirical comparison. The review
does not assume that papers with similar titles use comparable data, metrics, or validation designs.
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2. Review Design

2.1. Corpus Construction and Deduplication

The master bibliography combines records collected from the supplied Google Scholar
profiles and the additional reference list used in the earlier document set. Unicode and whitespace
were normalized, a merged source paragraph was repaired, and duplicates were removed by DOI
when available and otherwise by a normalized title key. The resulting master corpus contains 283
unique references. For the six-paper design, Article 3 uses a deduplicated partition of 143 records;
the complementary partition is assigned to the other three papers.

2.2. Coding and Analytical Lens

The review follows the visual pipeline from data capture to scene interpretation and action. It
separates perception quality, corruption robustness, cross-domain transfer, temporal consistency,
computational efficiency, and downstream decision impact. This makes it possible to compare
contributions that use different visual tasks without reducing them to a single aggregate
benchmark.

Coding is based primarily on bibliographic titles. It is suitable for coverage, organization, and
question generation, but not for judging internal validity or reproducing reported outcomes.
Neutral verbs are used throughout, and numerical performance is not attributed unless it is present
in the bibliographic record itself.

2.3. Randomized Reference Allocation and Coverage

The project-level bibliography contains 283 unique records. To avoid repeating the same full
list in every paper, Article 3 receives one complementary partition of 143 references. The
membership of that partition is fixed, but its order is independently randomized in this document;
consequently, the local citation numbers below belong only to this article and should not be
transferred to another paper.

The first randomized block establishes the breadth of the assigned evidence and supplies
examples of predictive, descriptive, and decision-support research!! 18],

The second block extends the evidence map across additional application settings, data

regimes, and institutional constraints!!®-3¢],

The third block contributes comparative methods, feature-design choices, and evaluation

strategies that inform the thematic synthesis®’4],

The fourth block adds evidence on reliability, uncertainty, privacy, security, and human
interaction across the assigned corpus!>>"21,

The fifth block broadens the review toward deployment conditions, operational trade-offs,

and cross-domain transfert’3>-9,
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The sixth block supports discussion of monitoring, governance, reproducibility, and

accountable usel®!108],

The seventh block supplies further empirical and methodological records used to test whether
the framework travels across contexts!!?%-126],

The final randomized block completes article-level coverage and ensures that every retained
bibliography entry is represented in the main-text synthesis!'?’-143],

Table 1. Thematic organization of the bibliographic evidence

Primary theme Records Analytical focus

Autonomous  Driving 5 Task context, data regime, evaluation design, and
and Road-Scene deployment implications
Understanding

Multimodal Fusion and 5 Task context, data regime, evaluation design, and
Robust Perception deployment implications

Image Generation, 4 Task context, data regime, evaluation design, and
Enhancement, and deployment implications
Restoration

Video Understanding, 6 Task context, data regime, evaluation design, and
Tracking, and Animation deployment implications

Segmentation, 3 Task context, data regime, evaluation design, and
Detection, and Efficient deployment implications
Vision Models

Cross-Domain  Visual 4 Task context, data regime, evaluation design, and
Applications deployment implications

3. Thematic Evidence Map

3.1. Autonomous Driving and Road-Scene Understanding

This cluster contains 5 records. The purpose of the mapping is to identify the breadth of
questions represented in autonomous driving and road-scene understanding and to connect the
bibliography to a common evaluation frame.

The evidence map includes Li's study, "Caption generation from road images for traffic scene

"Bl Wu's study, "Caption Generation from Road Images for Traffic Scene

modeling

Construction"’%; Wu's study, "Jointly detecting and retrieving vehicles from road image
sequences based on CNN"['%!; Li's study, "Comparative Analysis of Illumination Normalization
Methods for Autonomous Driving Under Challenging Lighting Conditions"). These

contributions address autonomous driving and road-scene understanding from different task and
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data perspectives. They are treated as complementary records because the bibliographic corpus
does not provide a common outcome definition or effect-size basis for pooling.

The evidence map includes Guo's study, "A Multi-Dimensional Coverage Metric with
Evolutionary Search for Safety-Critical Scenario Generation in Autonomous Driving..."!1?8],
These contributions address autonomous driving and road-scene understanding from different task
and data perspectives. They are treated as complementary records because the bibliographic corpus

does not provide a common outcome definition or effect-size basis for pooling.

The key comparison is not average visual accuracy alone, but performance across corruption,
domain shift, rare scenarios, temporal change, and deployment constraints. Failure analysis should
be organized around operating conditions and downstream consequences.[73/701109]

3.2. Multimodal Fusion and Robust Perception

This cluster contains 5 records. The purpose of the mapping is to identify the breadth of
questions represented in multimodal fusion and robust perception and to connect the bibliography
to a common evaluation frame.

The evidence map includes Lei's study, "A Real-Time Detection Framework for High-Risk
Content on Short Video Platforms Based on Heterogeneous Feature Fusion"!!7); Li's study, "Detail
fusion GAN: High-quality translation for wunpaired images with GAN-based data
augmentation"!'®); Guo's study, "Reliability Assessment and Adaptive Fusion Algorithm for
Multi-Sensor Data in Autonomous Driving under Adverse Weather..."4; Guo's study, "Latency-
Adaptive Feature Fusion Weight Allocation Under Bandwidth Constraints for V2X Cooperative
3D Object Detection"!3¢]. These contributions address multimodal fusion and robust perception
from different task and data perspectives. They are treated as complementary records because the
bibliographic corpus does not provide a common outcome definition or effect-size basis for

pooling.

The evidence map includes Li's study, "Benchmarking Robustness-Efficiency Trade-offs of
Camera-LiDAR Fusion Strategies for 3D Object Detection Under Environmental..."!3%). These
contributions address multimodal fusion and robust perception from different task and data
perspectives. They are treated as complementary records because the bibliographic corpus does
not provide a common outcome definition or effect-size basis for pooling.

The key comparison is not average visual accuracy alone, but performance across corruption,
domain shift, rare scenarios, temporal change, and deployment constraints. Failure analysis should
be organized around operating conditions and downstream consequences.[! 7111001441

3.3. Image Generation, Enhancement, and Restoration

This cluster contains 4 records. The purpose of the mapping is to identify the breadth of
questions represented in image generation, enhancement, and restoration and to connect the
bibliography to a common evaluation frame.



JIT 2026 (01)

The evidence map includes Wu's study, "Image style transformation based on structure
GAN"['¥): Zou's study, "A Comparative Evaluation of Deep Learning Paradigms for Low-Light
Image Enhancement: From CNNs to Diffusion Models"[!°!l; Wang's study, "Effectiveness
Evaluation of Attention Mechanism Strategies in Deep Learning-Based Single Image Super-
Resolution"!!¥; Xu's study, "An Empirical Comparison of Generation Quality and Diversity
Between Discrete Diffusion and Autoregressive Text Generation"!!1%]. These contributions address
image generation, enhancement, and restoration from different task and data perspectives. They
are treated as complementary records because the bibliographic corpus does not provide a common

outcome definition or effect-size basis for pooling.

The key comparison is not average visual accuracy alone, but performance across corruption,
domain shift, rare scenarios, temporal change, and deployment constraints. Failure analysis should
be organized around operating conditions and downstream consequences.[!3I[1011l114]

3.4. Video Understanding, Tracking, and Animation

This cluster contains 6 records. The purpose of the mapping is to identify the breadth of
questions represented in video understanding, tracking, and animation and to connect the
bibliography to a common evaluation frame.

The evidence map includes Wang's study, "DeepMotionNet: AI-Driven Predictive Animation
State Transitions for Reducing Perceptual Latency in Competitive FPS Games"!'¥; Li's study, "Al-
Driven Procedural Animation Generation for Personalized Medical Training via Diffusion-Based
Motion Synthesis"®); Li's study, "Adaptive Cross-Cultural Medical Animation: Bridging
Language and Context in Al-Driven Healthcare Communication"”¥; Wang's study, "GAN-Based
Intelligent Keyframe Interpolation Method for Character Animation: An Automated In-
betweening Approach"*}l. These contributions address video understanding, tracking, and
animation from different task and data perspectives. They are treated as complementary records
because the bibliographic corpus does not provide a common outcome definition or effect-size

basis for pooling.

The evidence map includes Guo's study, "Event-VStream: Event-Driven Real-Time
Understanding for Long Video Streams"!!3]; Zhang's study, "An Effective Hierarchical Resolution
Learning Method for Low-Resolution Targets Tracking"*%l. These contributions address video
understanding, tracking, and animation from different task and data perspectives. They are treated
as complementary records because the bibliographic corpus does not provide a common outcome
definition or effect-size basis for pooling.

The key comparison is not average visual accuracy alone, but performance across corruption,
domain shift, rare scenarios, temporal change, and deployment constraints. Failure analysis should
be organized around operating conditions and downstream consequences.[!4/31%4]
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3.5. Segmentation, Detection, and Efficient Vision Models

This cluster contains 3 records. The purpose of the mapping is to identify the breadth of
questions represented in segmentation, detection, and efficient vision models and to connect the
bibliography to a common evaluation frame.

The evidence map includes Weng's study, "Deep Embedding Clustering with Adaptive
Feature Selection for Banking Customer Segmentation"®”); Huo's study, "Semantic segmentation
and scene reconstruction for traffic simulation using CNN"®); Guo's study, "Performance
Evaluation of Lightweight Detection Algorithms on Compact LiDAR-Camera Configurations for
Freight Transportation"!!%®]. These contributions address segmentation, detection, and efficient
vision models from different task and data perspectives. They are treated as complementary
records because the bibliographic corpus does not provide a common outcome definition or effect-

size basis for pooling.

The key comparison is not average visual accuracy alone, but performance across corruption,
domain shift, rare scenarios, temporal change, and deployment constraints. Failure analysis should
be organized around operating conditions and downstream consequences.[>7I81108]

3.6. Cross-Domain Visual Applications

This cluster contains 4 records. The purpose of the mapping is to identify the breadth of
questions represented in cross-domain visual applications and to connect the bibliography to a
common evaluation frame.

The evidence map includes Li's study, "Style Genes: Leveraging Generative Al for Artwork
Authentication through Artistic Style Consistency Analysis"'*!); Li's study, "Enhanced CNN-
based Feature Extraction and Classification for Chinese Artwork Styles"[?8); Li's study,
"Evaluating BLIP-2, LLaVA, and GPT-4V for Accessible Artwork Description Generation in
Virtual Museums: A Comparative Study..."[®>]. These contributions address cross-domain visual
applications from different task and data perspectives. They are treated as complementary records
because the bibliographic corpus does not provide a common outcome definition or effect-size
basis for pooling.

Chen, Zhang, and Jia's study of visual content analysis for social media advertising extends
the evidence base beyond perception benchmarks to outcome-linked visual analytics, where model
outputs are evaluated against campaign performance.!*’! This cross-domain use case highlights the
importance of testing whether visual representations remain interpretable and stable under
changing audiences and content distributions.

System-level evaluation is essential for this theme because source quality, retrieval or
representation, model behavior, security boundaries, and human review can each introduce distinct
failures. Component metrics should therefore be connected to end-to-end task outcomes. 2128195
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4. Evaluation Framework

Table 2. Minimum evidence for comparative and deployment-oriented evaluation

Dimension Core question Suggested evidence
Coverage Do test sets represent rare and safety- Scenario and  corruption
critical conditions? matrix
Sensor What happens when one modality is Sensor-ablation evaluation
integrity delayed, missing, or degraded?
Transfer Does performance hold across sites, Cross-domain validation
devices, and environments?
Temporal Are predictions stable and consistent Sequence-level metrics
behavior across frames?
Efficiency Are latency, memory, and energy Deployment envelope
measured on target hardware?
Failure Are uncertainty, abstention, and Failure taxonomy and
handling fallback behavior defined? fallback

4.1. Comparative Design

A useful comparison begins with a transparent baseline ladder and changes one layer at a
time: target, split, representation, learner, decision rule, or deployment constraint. This approach
makes improvements attributable and keeps a complex system from hiding leakage, weak labels,
or unrealistic assumptions behind a single aggregate score.

4.2. Robustness and Uncertainty

Robustness should be defined through named scenarios rather than a generic claim. Relevant
scenarios may include temporal drift, missing or corrupted inputs, population or site transfer, rare
events, adversarial behavior, resource limits, and changes in policy or workflow. Uncertainty
estimates, calibration, abstention, and fallback behavior should be evaluated at the thresholds
where decisions are made.

4.3. Deployment and Human Oversight

Deployment evidence should specify who owns the system, which users see its outputs, how
explanations or supporting evidence are presented, which signals trigger escalation, and how
incidents lead to rollback or retraining. Human oversight is not a generic safeguard; it is an
operational process that requires authority, time, information, and feedback capture.
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5. Discussion

5.1. Cross-Cutting Synthesis

Across the evidence map, reliable vision depends on deliberate coverage of operating
conditions. Autonomous systems need scenario-based validation and sensor-failure tests;
multimodal systems need reliability-aware fusion; generative enhancement needs fidelity checks
that protect downstream semantics; video and animation systems need temporal consistency
measures; and efficient models need latency, memory, and energy results tied to target hardware.
Reporting these dimensions together would make model comparisons more transferable and
safety-relevant.

5.2. Limitations and Research Agenda

The corpus is limited to the references supplied for this project and may not represent an
exhaustive or current database search. Inclusion does not establish peer-review status,
methodological quality, availability of data or code, or reproducibility. Title-level coding can also
miss secondary contributions. Future work should verify publisher metadata, retrieve full texts,
apply a formal quality-appraisal instrument, record dataset and sample characteristics, and update
the search with reproducible queries before drawing evidence-strength conclusions.

5.3. Implementation and Reproducibility Considerations

A credible implementation of a perception stack that transforms camera, LiDAR, radar, and
temporal context into safety-relevant scene estimates begins with a versioned account of data
provenance, inclusion rules, missingness, label construction, and temporal availability. Training,
validation, and test sets should reflect the sequence in which information becomes available in
practice, because random splitting can hide leakage and inflate apparent performance. Code, model
configurations, preprocessing rules, and threshold choices should be documented at a level that
permits an independent team to reproduce the analytical pathway rather than only the final score.

Reproducibility also requires reporting the operational context in which the model is expected
to work. For robust computer vision and autonomous perception, that context includes who
supplies data, who can correct it, which decisions are time-sensitive, what fallback procedures
exist, and how local policy changes alter target definitions. A model card alone is insufficient
unless it is linked to dataset versions, workflow diagrams, access controls, change logs, and a
record of human overrides. These materials convert technical repeatability into institutional
traceability.

5.4. Comparative Study Design and Error Analysis

Future comparisons should use a transparent baseline ladder. A simple rules-based or
statistical baseline should be evaluated first, followed by stronger feature sets, model classes,
calibration methods, and workflow interventions. Changing one layer at a time makes
improvements attributable and reveals whether a complex model adds value beyond better data

8
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cleaning or a revised decision threshold. Results should include confidence intervals, subgroup
estimates, resource use, and sensitivity to plausible distribution shifts rather than a single aggregate
accuracy measure.

Error analysis should be organized around consequences, not only error counts. In this
domain, important failure modes include missed objects, unstable depth estimates, corrupted
sensor fusion, brittle low-light behavior, and unsafe downstream planning. Reviewers should
sample both common and rare cases, trace errors backward through the data and model pipeline,
and record whether a trained human could detect and correct the problem in time. Counterfactual
and stress scenarios can then test whether the same control remains effective when demand, policy,
population, or adversarial behavior changes.

5.5. Operational, Ethical, and Human-Factors Implications

Operational value depends on the relationship between model outputs and the people who act
on them. For vehicle occupants, road users, safety engineers, fleet operators, and public authorities,
useful interfaces must communicate what the system observed, what it could not observe, how
uncertain the result is, and what action remains within human authority. Explanations should be
evaluated as decision aids: whether they improve error detection, consistency, response time, and
justified disagreement. Merely presenting a feature-importance chart does not establish that
oversight is effective.

Ethical assessment should be integrated with system design rather than added after
deployment. Teams should identify who benefits, who bears error costs, which groups are
underrepresented, and which decisions require notice, consent, review, or appeal. Privacy,
security, accessibility, fairness, and environmental cost can conflict, so the acceptable trade-off
should be stated explicitly and approved by an accountable owner. Incident response must include
correction of affected records and communication to affected people, not only restoration of
technical service.

5.6. Future Research Priorities and Reporting Standards

The strongest near-term research agenda combines scenario-based corruption benchmarks,
cooperative perception testing, uncertainty-aware fusion, and auditable safety cases. Multi-site and
longitudinal designs are especially important because static retrospective benchmarks cannot
establish whether performance persists after workflows, populations, incentives, and data systems
change. Research should also compare full decision processes, including human-only, model-only,
and human-with-model conditions, so that automation benefits and automation bias can be
measured directly.

A minimum reporting standard should connect each claim to a documented dataset,
comparator, metric, uncertainty estimate, subgroup analysis, and deployment assumption.
Negative and null results should be retained because they reveal where transfer fails. Studies
should specify whether data and code are available, whether metadata were independently verified,
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and which claims remain title-level inferences. Consistent reporting would allow future reviewers
to move from bibliographic mapping toward formal quality appraisal and, where outcomes are
sufficiently comparable, quantitative synthesis.

6. Conclusion

This review converts a broad bibliography into a traceable, decision-oriented map. Its main
contribution is organizational: each reference is connected to a theme, each theme is linked to
concrete evaluation questions, and the limitations of title-level synthesis are made explicit. The
framework can support full-text review, replication planning, and the design of comparative
studies that report not only predictive performance but also robustness, uncertainty, operational
fit, and accountable oversight.
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