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Abstract—Growing volumes of municipal solid waste, 
driven by rapid urbanization, have intensified demands for 
scalable and intelligent material classification tools. This paper 
introduces a purely browser-based waste sorting application 
that leverages Artificial Intelligence to categorize discarded 
items into three groups: Biodegradable/Wet, Recyclable/Dry, 
and Hazardous. The system deploys a TensorFlow.js inference 
model trained via Google Teachable Machine, executing all 
predictions locally within the user’s browser without 
transmitting any data to an external server. The front-end 
stack, built with HTML5, CSS3, Tailwind CSS, and Daisy UI, 
supports live webcam capture and static image uploads, 
delivering results within two to five seconds accompanied by 
color-coded disposal advisories. An embedded feedback 
channel enables users to flag incorrect predictions, supporting 
iterative model improvement. Testing across multiple browsers 
and device categories confirmed reliable classification 
performance, with plastic materials achieving confidence levels 
approaching 97.6%. The application is lightweight, privacy-
conscious, and deployable without backend infrastructure, 
making it suitable for municipal, educational, and community-
level waste management programs. 
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I. INTRODUCTION 
The global challenge of managing escalating urban waste 

has prompted both researchers and practitioners to explore 
automated, scalable approaches to material identification. 
Rapid demographic growth and continued industrial 
expansion have pushed conventional waste management 
infrastructure beyond sustainable limits, with landfills 
nearing capacity and recycling rates remaining inadequate 
across many regions. At the core of any effective waste 
strategy lies the accurate sorting of materials at the point of 
generation—a task that is cognitively demanding and prone 
to inconsistency when left to unaided human judgment. 

Recent advances in machine learning, particularly 
convolutional neural network architectures, have 
demonstrated that visual classification tasks previously 
requiring expert human judgment can now be automated 
with high accuracy. However, most existing deployments 
depend on centralized server infrastructure, continuous 
network connectivity, and specialized hardware, restricting 
their accessibility in resource-constrained or privacy-
sensitive environments. This work addresses those 
limitations by proposing a single-page web application that 
performs all inference logic directly inside the user’s 
browser, eliminating the need for any backend computation 
layer. 

The proposed system accepts input from a device 
webcam or through manual image upload and classifies the 
captured material into one of three groups: 
Biodegradable/Wet, Recyclable/Dry, or Hazardous. Disposal 
guidance tailored to local municipal frameworks is presented 
immediately following each prediction. Key contributions of 
this work include: (1) a fully serverless AI inference pipeline 
operating within standard web browsers; (2) dual input 
modalities combining live webcam streaming with static 
image upload; (3) localized, city-specific disposal 
recommendations; (4) a multilingual, theme-adaptive user 
interface; and (5) a user-driven feedback loop supporting 
ongoing model refinement. 

II. REVIEW OF RELATED WORK 
Research into automated waste sorting spans several 

technological paradigms. Early hardware-centric approaches 
relied on sensor arrays incorporating infrared emitters, 
ultrasonic transducers, and inductive proximity detectors to 
infer material composition from physical properties such as 
density, moisture content, and conductivity [1]. Although 
functional for narrow material categories, these systems 
incur substantial hardware costs and lack the adaptability 
required for heterogeneous real-world waste streams. 

The emergence of deep learning considerably broadened 
the scope of image-based material analysis. Gupta and Sahu 
[1] demonstrated that convolutional neural networks could 
reliably distinguish recyclable from non-recyclable materials 
using photographic inputs, establishing a strong baseline for 
vision-driven waste classification. Zhang et al. [5] extended 
this work by coupling deep learning with multi-sensor data 
fusion, achieving higher sorting precision in controlled 
smart-bin prototypes. 

Mohammed and Shaib [2] surveyed AI and machine 
learning frameworks applied to smart waste management 
contexts, underscoring real-time responsiveness and system 
scalability as critical design requirements. Complementary 
research by Rad et al. [3] explored classical computer vision 
techniques using color histograms and texture descriptors, 
providing foundational insight that subsequent deep learning 
methods refined. 

Despite measurable progress in classification accuracy, 
widespread limitations persist in prior solutions: reliance on 
proprietary hardware, absence of browser-native inference, 
no user error-correction mechanism, constrained offline 
operability, and limited public availability. The architecture 
described in this paper targets each of these shortcomings by 
confining all computational workload within a standard web 
browser, democratizing access without adding infrastructure 
burdens. 
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III. SYSTEM ARCHITECTURE AND METHODOLOGY 

A. Architectural Overview 
The application follows a single-page web application 

paradigm in which all AI computation is confined to the 
client’s browser. Three interdependent layers constitute the 
overall architecture: the Presentation Layer, constructed with 
HTML5, CSS3, Tailwind CSS, and Daisy UI; the Inference 
Engine, powered by a TensorFlow.js model loaded from local 
storage; and the Guidance and Feedback Module, which 
maps classification outputs to disposal protocols and records 
user-submitted corrections. Because all processing is local, 
no user images are transmitted over the network, and the 
application remains functional in offline or low-bandwidth 
conditions. 

B. Model Development and Training 
The classification model was constructed using Google’s 

Teachable Machine platform, which provides an accessible 
graphical interface for transfer learning experiments. The 
core architecture is a fine-tuned MobileNet backbone, chosen 
for its favorable balance between inference speed and 
accuracy on resource-limited devices. A purpose-built dataset 
was assembled spanning three waste categories: 
Biodegradable/Wet materials including food remnants, 
vegetable peels, and garden trimmings; Recyclable/Dry 
materials including plastic containers, paper sheets, and glass 
items; and Hazardous/Reject materials such as spent 
batteries, electronic components, chemical containers, and 
sanitary products. Upon training completion, the model was 
exported in TensorFlow.js format, producing a model.json 
configuration file, accompanying weight shards in 
weights.bin, and a metadata.json descriptor for label 
mapping. 

C. System Workflow 
The operational sequence proceeds as follows. On 

application launch, the TensorFlow.js model loads 
asynchronously from local files into the browser runtime. 
The user supplies an input image through live webcam 
capture via the WebRTC API or by uploading a photograph 
from their device. The inference pipeline resizes the input to 
224×224 pixels, normalizes pixel intensities to the expected 
range, and converts the preprocessed data into a tensor 
compatible with the MobileNet input specification. Invoking 
model.predict() yields a probability distribution across the 
three categories; the highest-probability class is presented 
with a confidence score and color-coded disposal 
instructions. After reviewing the result, the user may confirm 
its accuracy or submit a correction through the integrated 
feedback form, contributing labeled data for future retraining 
cycles. 

IV. IMPLEMENTATION DETAILS 

A. Frontend Construction 
The user interface employs HTML5 for structural 

foundations, CSS3 augmented by Tailwind’s utility-first 
framework for responsive layout, and Daisy UI for pre-styled 
interactive components such as buttons, modals, and 
progress indicators. Webcam access is mediated through the 
WebRTC API, enabling real-time video streaming without 
third-party plugins. The interface incorporates a language 
selector supporting English and Hindi, a theme switcher for 
light and dark modes, and an image preview panel that 
displays the selected input before inference is triggered. Eco-

conscious design language with color-coded bin indicators—
green for biodegradable, blue for recyclable, and red for 
hazardous—reinforces disposal guidance visually. 

B. AI Inference Integration 
On application startup, TensorFlow.js model artefacts are 

fetched and initialized within the browser’s JavaScript 
runtime. Image preprocessing involves resizing inputs to the 
model’s required 224×224 pixel dimensions, followed by 
pixel normalization and tensor conversion. The 
model’spredict() method returns a softmax probability vector 
over the three categories, from which the argmax operation 
extracts the leading class. Confidence percentages for all 
three categories are rendered simultaneously, enabling users 
to assess prediction certainty at a glance. 

C. Disposal Guidance Module 
A structured knowledge base encodes disposal protocols 

aligned with municipal guidelines from several major Indian 
cities, including Bengaluru’s BBMP framework. Upon 
classification, the module retrieves category-specific 
handling instructions, appropriate bin color assignments, and 
concise environmental impact summaries. Localized 
advisories accommodate the diverse regulatory landscape 
across Indian municipalities, improving the system’s 
practical relevance for a geographically dispersed user base. 

V. TESTING AND EVALUATION 

A. Testing Approach 
Systematic functional and non-functional testing was 

conducted to validate the system against its design 
objectives. Ten structured test cases examined webcam 
initialization, image upload handling, per-category detection 
accuracy, disposal guidance correctness, feedback 
submission integrity, language switching, theme toggling, 
and end-to-end prediction latency. Execution was repeated 
across three mainstream browsers—Google Chrome, Mozilla 
Firefox, and Microsoft Edge—and on four device form 
factors: desktop workstations, laptops, tablets, and 
smartphones. 

B. Test Results 

TABLE I.  SUMMARY OF FUNCTIONAL TEST RESULTS 

Test ID Test Scenario Outcome 

TC-001 Webcam Initialization Pass 

TC-002 Image Upload & Processing Pass 

TC-003 Wet/Biodegradable Detection Pass 

TC-004 Dry/Recyclable Detection Pass 

TC-005 Hazardous Waste Detection Pass 

TC-006 Disposal Guidance Display Pass 

TC-007 User Feedback Submission Pass 

TC-008 Hindi Language Toggle Pass 

TC-009 Theme Customization Pass 

TC-010 Inference Latency < 5 sec Pass 

C. Discussion of Results 
Every defined test scenario concluded with a passing 

outcome, confirming the system behaves correctly across all 
specified functional requirements. Classification of common 
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household waste items under typical indoor lighting 
produced accurate results, with inference consistently 
completing within the five-second target. Plastic containers 
yielded the most reliable predictions, achieving confidence 
scores approaching 97.6%, owing to their visually distinctive 
surfaces and consistent coloring. Items with ambiguous 
visual characteristics—such as crumpled composite 
packaging or organic matter photographed under low 
illumination—exhibited moderately reduced confidence, a 
limitation attributable to training dataset representation of 
challenging lighting scenarios. WebRTC webcam integration 
operated correctly across all tested browsers, and the 
bilingual interface transitioned between English and Hindi 
without observable rendering anomalies. 

VI. CONCLUSIONS 
This paper has presented a serverless, browser-resident 

waste classification tool demonstrating the practical viability 
of deploying machine learning inference entirely on the 
client side through TensorFlow.js. The system successfully 
automates identification of waste materials across three 
categories via image analysis, eliminates backend server 
dependencies, and preserves user privacy by ensuring no 
images leave the user’s device. A responsive, multilingual 
interface broadens accessibility across diverse demographics 
and device types. 

The solution aligns with Sustainable Development Goals 
SDG 11 (Sustainable Cities and Communities) and SDG 13 
(Climate Action), and complements national programs such 
as the Swachh Bharat Mission by providing an immediately 
deployable household waste sorting tool. Future 
enhancements include expanding the classification 
taxonomy, integrating the application with IoT-enabled smart 
bin hardware, releasing a native mobile application, and 
establishing a cloud-connected retraining pipeline that 
continuously leverages user-submitted feedback to refine 
model performance. 
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