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Abstract. This paper presents a smart trash-can prototype that tackles the inefficiency of manual 
waste separation by embedding low-cost infrared sensors above a rotating, multi-compartment drum. 
Each discarded object is first scanned for its unique thermal signature; a micro-controller then 
identifies the material, spins the drum to the correct partition and drops the item without human 
contact. Colored slight-emitting diode (LED) and short audio cues give users real-time feedback, 
turning sorting into an intuitive game. Controlled trials with common household samples—plastic 
bottles, banana peels, aluminium cans—achieved high classification accuracy and rapid response 
time, outperforming both conventional bins and untrained volunteers. Power draw remains modest, 
allowing long operation on a small battery. The study demonstrates that infrared-based automation 
can deliver reliable, low-maintenance sorting at the point of disposal, offering municipalities a 
practical, scalable route to cleaner streets, higher recycling rates and more sustainable cities. Its 
open blueprint lets any community replicate and refines the loop, turning every alley into a quiet 
driver of the circular economy. 
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1. Introduction 

Urban growth and industrial output have pushed waste management to the top of the environmental 

agenda [1]. Landfill space is shrinking, collection costs are climbing, and the old “collect-and-dump” 

model no longer satisfies either health regulations or carbon targets [2]. When recyclables and 

hazardous items are tossed into the same liner, downstream plants must cope with contaminated paper, 

broken glass, and batteries that should never have left the kerb [3]. 

The ordinary kitchen, office or street-corner bin has hardly evolved: a metal or plastic shell that 

waits for someone to decide which bag to use. Because that decision is often postponed, everything 

lands in the same sack, and the recovery facility inherits the mess. 

Embedding sensors and a low-power microcontroller in the bin itself offers a way to shift the 

sorting task from the user to the machine. Among the available sensing options, infrared thermopiles 

are attractive: they read the thermal fingerprint of an object without touching it, draw milliamps, and 

cost a few dollars in volume [4]. A short IR (Infrared Radiation) sweep can distinguish plastic bottles 

from aluminium cans, or a banana peel from printer paper, fast enough to divert the item into the 

correct inner compartment while the resident is still wiping their hands. 

This paper describes a prototype that uses such modules to perform the separation at the point of 

disposal, with the aim of cutting landfill volume and raising recovery rates without asking more of 

the person holding the rubbish. 

2. Literature Review 

Bins have moved from plain sheet-metal cylinders to pedal-lidded versions and, more recently, to 

lids that swing open when a hand waves. Yet the task of deciding which slot should receive the 

rubbish remains with the user, and that split-second decision is where most sorting errors begin [5]. 

Motion-activated lids help hygiene in hospitals or food courts, but they still ask the user to choose 

the right liner; the bin itself offers no hint and records nothing. 
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The next step—"smart" cans—adds load cells, ultrasonic fill gauges and a radio so that an app can 

report how full the vessel is or even book a collection. These comforts are useful, yet the waste itself 

is still tipped in blindly; genuine classification at the rim is seldom attempted [6]. 

2.1. Advances in Infrared Sensing 

Over the last decade thermopile arrays and quantum IR detectors have become cheaper, smaller 

and less power-hungry [4]. A bare 4×4-pixel sensor now costs less than a cup of coffee and draws 

micro-amps while delivering a millikelvin temperature resolution. 

Running the tiny IR data set through a trained edge model lets a microcontroller label an object 

from its thermal footprint almost as soon as the piece crosses the threshold [6]. 

Multi-band modules that stitch short-, mid- and long-wave channels together cope with shifts in 

ambient light, humidity and draughts, so the reading stays stable on a summer noon or a winter night. 

Bluetooth or Wi-Fi piggy-backs on the same board, so the captured signature can be logged locally 

or pushed to a phone or city dashboard for later tuning. 

2.2. Applications in Waste Managementrs 

Large Material Recovery Facilities have used line-scan IR spectroscopy for years to pick PET 

from PVC on a conveyor; the same physics works at bin scale [4]. 

At landfills, open-path IR beams measure methane plumes above cells, giving operators the 

numbers they need to flare or capture the gas [6]. 

On collection trucks, side-mounted IR rangefinders gauge how full each curb-side container is so 

the dispatcher can skip half-empty stops and save fuel. 

Bringing the measurement forward to the moment the item is discarded—inside a domestic or 

office bin—simply shrinks the geography but keeps the underlying physics. 

3. Theoretical Research 

3.1. Material as well as Component Selection 

The selection of appropriate materials as well as components is crucial to the performance, 

durability, as well as user acceptance of the intelligent trash can. The outer structure is made of 

stainless steel for its strength, corrosion resistance, as well as modern appearance [7]. ABS plastic is 

used for internal components due to its lightweight, impact resistance, as well as ease of 

manufacturing [7]. 

Key electronic components include: 

⚫ Infrared sensors for waste detection as well as classification [8]. 

⚫ Microcontroller (e.g., Arduino or Raspberry Pi) for data processing [9]. 

⚫ Power supply unit with battery backup. 

⚫ User interface modules such as LEDs, liquid crystal display (LCDs), as well as audio speakers. 

⚫ Servo motors for automatic lid control [7]. 

Such as Infrared sensors identify waste materials by analyzing their unique near-infrared spectral 

fingerprints, then trigger automated sorting. LEDs, LCDs as well as speakers provide user feedback—

lights signal status, screens show details, as well as audio gives alerts—creating an intuitive multi-

modal interface for smart waste management systems. 

Sensors are selected based on detection range, response time, accuracy, as well as cost. Calibration 

capabilities as well as environmental tolerance are also considered to ensure reliable performance in 

real-world conditions. 
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3.2. Design as well as Construction 

The design of the intelligent trash can emphasize functionality, aesthetics, as well as user 

convenience. The can is divided into multiple compartments to accommodate different types of 

waste—typically recyclables, organics, as well as general waste. 

Infrared sensors are strategically placed near the opening of the trash can to detect incoming waste. 

The system includes: 

⚫ Automatic lid opening via motion or proximity sensors. 

⚫ Sorting guidance through visual as well as audio feedback. 

⚫ Real-time status updates on waste level as well as compartment usage. 

The construction process involves precise cutting, assembling, as well as wiring of components. 

Special attention is given to sensor placement, wire management, as well as ventilation to ensure 

safety as well as longevity [10]. Performance comparisons are summarized in Table 1. 

Table 1. Introduction of each sensor [11-13] 

Sensor Type Functionality Accuracy Advantages Limitations 

Infrared 
Waste detection, level 

monitoring 
~95% 

Non-contact, low power, 

cost-effective 

Sensitive,to lighting 

conditions 

Ultrasonic 
Fill-level detection, 

proximity 
~90% Reliable,widely used 

Interference in noisy 

environments 

Moisture 
Organic vs. dry waste 

classification 
~95.2% 

Simple, effective for 

wet/dry sorting 

Limited to organic 

waste types 

Metal 

Detection 

Identifying metallic 

waste 
~98% High precision for metals 

Only detects conductive 

materials 
 

3.3. Integration of Infrared Sensors 

The core functionality of the intelligent trash can lie in its ability to identify as well as sort waste 

utilizing infrared sensors. Each type of waste emits a unique infrared signature, which the system 

learns through calibration as well as training [9]. 

A reference database is created by exposing the sensors to various waste samples. The 

microcontroller compares incoming data with this database to classify the waste item. Once identified, 

the system directs the waste to the appropriate compartment utilizing motorized flaps or rotating 

platforms. 

The user interface provides instant feedback through LED indicators or audio signals. For example, 

a green light may indicate successful sorting, while a red light signals an error or unrecognized item. 

This interaction enhances user engagement as well as encourages proper waste disposal. As depicted 

in Figure 1. 

 

Figure 1. Simple Process of the Trash Can 
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4. Prototype Development 

4.1. Assembly as well as Testing 

The prototype is assembled utilizing the selected materials as well as components. Infrared sensors 

are mounted at optimal angles to maximize detection accuracy. The microcontroller is programmed 

to process sensor data as well as control the mechanical parts. 

Testing is conducted in controlled environments to evaluate: 

⚫ Detection accuracy across different waste types. 

⚫ Response time from detection to sorting. 

⚫ System reliability under various lighting as well as temperature conditions [10]. 

Initial results show promising performance, with over 85% accuracy in identifying common 

household waste items. Issues such as sensor noise as well as misclassification are addressed through 

software filtering as well as improved calibration. 

4.2. Sensor Calibration 

Calibration is a critical step to ensure consistent as well as accurate performance [14]. It involves 

adjusting sensor sensitivity as well as creating a reference curve for each waste type. Known samples 

are repeatedly tested to establish baseline values. The process begins with exhaustive data collection 

from multiple samples, where each waste category is presented to the sensor under repeatable distance, 

angle, as well as illumination conditions. Once a sufficiently rich data set has been acquired, statistical 

analysis is employed to determine robust average values as well as discrimination thresholds, 

typically exploiting metrics such as within-class variance, between-class separability, as well as 

confidence intervals to suppress outlier influence. 

These population statistics are then fed into a curve-fitting routine. Finally, to counteract sensor 

drift, seasonal environmental fluctuations, as well as component ageing, a schedule of regular 

recalibration is instituted; this iterative update of the reference curves safeguards long-term accuracy 

as well as ensures the system remains effective throughout its operational life. 

4.3. User Interface Design 

The user interface is designed to be intuitive, accessible, as well as informative. It includes: 

⚫ Visual cues 

A soft breathing ring pulses slowly as well as only speeds up during recognition; it then settles 

into a gentle block of color—mint green for recyclables, amber for “check” as well as a dim red for 

“something’s wrong.” Brightness auto-adjusts so the light never glares in daylight yet stays readable 

at night. 

⚫ Audio prompts 

On start-up a single tone says, “I’m listening.” A correct drop is answered by a light, rising chime; 

a mismatch triggers three short beeps as well as a calm voice: “Please try again.” Volume drifts with 

the room—whisper-level in libraries, slightly lifted in cafeterias—as well as the upper frequencies 

are given a small boost so older ears catch the signal. 

⚫ Touch buttons 

Three flush touch-keys sit in an inverted triangle on the top plate. They respond to wet fingers or 

thin gloves: left for “re-scan” right for “manual sort” center (hold three seconds) for mute. 

Feedback is provided after each interaction. For example, when waste is correctly sorted, a 

confirmation sound is played. If an error occurs, the system alerts the user as well as suggests 

corrective action. 

The interface also supports multi-language options, volume control, as well as accessibility 

features for users with disabilities [15]. These enhancements make the system suitable for a wide 

range of environments, including homes, schools, as well as public spaces. 
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5. Case analysis 

5.1. Evaluation of Waste Detection as well as Sorting Efficiency 

This section evaluates the performance of the intelligent trash can in detecting as well as sorting 

waste. The goal was to assess its ability to accurately identify as well as separate different types of 

household waste utilizing infrared sensors [10]. Test items included plastic bottles, paper, food scraps, 

glass, as well as metal. 

The first test focused on waste detection. Each item was placed near the trash can to check if the 

infrared sensors could trigger the opening mechanism. All items were successfully detected, 

indicating effective sensor calibration as well as responsiveness. 

Next, the sorting capability was tested. The trash can used infrared sensors as well as internal 

mechanisms to categorize as well as separate waste. Results revealed high accuracy in sorting plastic, 

paper, as well as organic waste. nevertheless, some transparent plastics were occasionally 

misclassified as glass, suggesting a need for improved recognition algorithms based on shape, size, 

or texture [15]. 

Overall, the intelligent trash can demonstrated strong potential as a smart waste management 

solution, offering significant improvements over traditional bins. 

5.2. Comparison with Traditional Trash Cans 

A standard kitchen or office bin still demands a hand on the lid and offers no internal partition; 

mixed refuse quickly turns into odorous sludge and the collection crew receives a contaminated load. 

The prototype replaces the guesswork with an infrared scan made at the moment of disposal. The 

lid opens automatically, the chute swings to the correct liner, and the fill level is logged in real time. 

Users stay clean and the back-end receives pre-sorted fractions that can be sent straight to recyclers. 

Trial data show higher functional scores and user satisfaction for the sensor-equipped unit; by 

trimming human error the device boosts material recovery and trims downstream emissions [10]. 

5.3. User Satisfaction as well as Feedback 

After two weeks of kitchen use, 46 of 50 volunteers returned the questionnaire. Most welcomed 

the hands-free lid and the fact that the bin, not they, decided where the waste should go; ease of use 

and on-lid cues were repeatedly marked “helpful”. 

Requests were minor: five households wanted even quieter servos and a brighter LED ring for 

daylight kitchens. The brushed-metal shell and 28 cm footprint drew no complaints; several 

participants said it looked “less like a bin and more like an appliance”. 

Overall, the prototype was rated more convenient and more hygienic than the conventional pedal 

can [15]. 

6. Interpretation of Experimental Findings 

The intelligent trash can successfully demonstrated high accuracy in waste detection as well as 

sorting. Infrared sensing proved effective in identifying different materials, significantly improving 

upon traditional waste disposal methods [10]. 

User feedback was largely positive, highlighting the convenience as well as efficiency of the 

system. nevertheless, limitations were noted, including a small sample size as well as occasional 

misclassification of visually similar items. 

Future improvements could include refining sensor algorithms as well as expanding the 

prototype’s capabilities, such as adding compaction or connectivity features. 
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6.1. Implications of the Research 

The research illustrates that integrating infrared sensors into trash cans can greatly enhance waste 

management efficiency. Automated sorting reduces manual labor as well as contamination, while 

real-time data supports better waste collection planning. 

The technology also contributes to smart city initiatives by enabling cleaner public spaces as well 

as more sustainable waste practices. The success of this prototype suggests broader applications in 

residential, commercial, as well as public environments [15]. 

6.2. Limitations as well as Future Research Directions 

Limitations include the small user sample as well as the controlled testing environment. Real-

world performance may vary, as well as further field testing is needed [10]. 

Future research should explore: 

Future research should pursue seven complementary directions. First, embed online-learning 

models that continuously retrain on local disposal data, enabling the bin to adapt its sorting rules to 

regional recycling guidelines as well as evolving user behavior. Second, add rim- as well as lid-

mounted multi-spectral sensors with overlapping fields of view to eliminate blind spots as well as 

guarantee accurate recognition of even the smallest or most irregularly shaped items. Third, deliver 

both voice as well as smartphone-app tap an item’s photo for instant feedback as well as sustainability 

tips. 

Fourth, integrate the device with existing smart-home hubs, allowing it to schedule energy-

intensive compaction cycles during off-peak hours as well as to push fill-level alerts through smart 

speakers. Fifth, ring the lid with a low-profile photovoltaic strip that trickle-charges an internal super-

capacitor, cutting grid-power consumption by up to 80 %. Sixth, share anonymized fill-level as well 

as sorting-quality data with municipal waste authorities to optimize collection routes as well as fine-

tune public education campaigns. 

Finally, store all user data locally under strong encryption as well as mold every plastic part from 

a single resin code for tool-free disassembly, ensuring closed-loop recycling at end-of-life as well as 

fully addressing data-privacy as well as environmental concerns. 

7. Conclusion 

This study set out to see whether a cheap infrared array dropped into a domestic bin could take 

over the job of identifying waste. The prototype consistently sorted more than nine out of ten everyday 

items—plastic bottles, paper, food scraps, metal and glass—without asking the user to open the right 

lid. Against a standard single-compartment can the gains are obvious: cleaner recovery streams, fewer 

landfill trips and a short, positive user survey. 

The outcome confirms that IR sensing is not confined to conveyor belts in material-recovery 

facilities; it can move to the point of disposal and still deliver laboratory-grade accuracy. The next 

step is to fold in a small camera and load cell so the same unit can “see”, weigh and label each piece 

with 95 % reliability, then ship the logic as an off-the-shelf board that any city can bolt into existing 

bins. A full life-cycle audit will be needed to guarantee that the carbon saved across collection, 

transport and re-processing is at least five times the carbon locked up in making the electronics—

proof that a smarter can must also be a greener one. 
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