Smart Cat Litter Box

Phase 1 Innovation Analysis Report

Report Purpose: This report integrates market data, technical patents, consumer
insights, and multi-source analysis conclusions to conduct a comprehensive
assessment of the next-phase innovation directions for smart cat litter boxes,
proposing prioritized Top3 innovation recommendations with clear technical

pathways to inform product definition and R&D investment decisions for Phase 1.

1. Market Status and Pain Point Analysis

1.1 Market Scale and User Base

As a core category in pet automation, the smart cat litter box's core value proposition
centers on "reducing human intervention and improving pet health management.”
According to consumer usage scenario distribution, Auto Cleaning (Easy Cleaning) ranks
first with 29.9% mention rate, far ahead of health monitoring (19.3%) and environmental
hygiene control (14.1%). This indicates the market's most fundamental expectation
remains freeing users from the labor of scooping litter. Meanwhile, health monitoring
demand has surpassed basic hygiene needs, becoming an independent growth driver—
providing market ground for product evolution from "tool" to "health management

device."
1.2 Core Pain Points: The "Hard-to-Clean - Smelly - Breaks-Easily"
Triangle

Consumer negative feedback reveals three core pain points, collectively accounting for
85.1% of all negative mentions:



Pain Point 1: Extremely Difficult Internal Cleaning (Difficult To Clean, 54.1%)

This is the overwhelming #1 issue, with over half of all negative mentions concentrated
here. Consumers report extensive cleaning dead zones in the drum interior, screening
structure, and waste collection chamber—complicated water-washing operations, and
hands getting dirty during disassembly. This is corroborated by the extremely high
keyword frequency for "drum:30" and "screening:32"—the drum screening structure is

indeed the core of existing solutions, but precisely the hardest area to clean.

A structural paradox exists here: the product achieves automatic fecal processing but
transfers the new labor of "cleaning the machine" to users. Users are satisfied only with
the device's automatic scooping function, finding maintenance of the device itself
extremely painful and time-consuming. The 54.1% negative mention rate means this pain

point is eroding user trust in the "smart cat litter box" category.

Pain Point 2: Poor Odor Control (Ineffective Odor Control, 16.1%)

Although "Odor Elimination" also has 23.9% positive mentions in advantages, a significant
proportion of users still report insufficient actual deodorization capacity, indicating
considerable variation in existing solutions—with some users experiencing poor
performance in hot, humid environments. Technically, current deodorization relies mainly
on activated carbon (frequency: 4) and simple UV light (1), with limited technical depth

and significant room for composite solution innovation.

Pain Point 3: High Failure Rate (Stopped Working, 14.9%)

This directly relates to unmet demand for "longer lifespan" (Longer Lifespan 7.9%). The
complexity of automatic cleaning mechanical structures collides with the high-intensity
pet usage scenario—durability of high-frequency mechanical components like drum drives
(17) and fixed structures (28) poses a major challenge. Frequent failures not only
undermine product convenience but also severely impact user experience and brand trust.

1.3 Positive Advantages and Purchase Motivations

Notably, Easy To Use (32.5%) and Easy To Clean (28.8%) both exceed one-quarter in
positive metrics, indicating that "usability" and "cleaning effectiveness" positive word-of-

mouth have helped early users build product trust.

However, an interesting discrepancy exists between purchase drivers and positive
experiences: "High Value" (28.6%) and "Word-of-Mouth Recommendation” (22.1%) are
the primary purchase drivers—not any killer feature. This indicates the market remains in a
"function validation phase"—users purchase because products can deliver on core
promises, while social recommendation becomes an important decision chain. Any
iteration that strengthens the "easy-to-clean + high-reliability" combination has clear

conversion logic.



1.4 Unmet Needs

"Design Needs Improvement” (21.9%) ranks first among unmet needs, highly correlated
with "internal machine cleaning difficulty"—essentially an implicit expression of user
expectations for overall industrial design improvement. “Insufficient Capacity" (9.4%) and
"Poor Durability" (7.9%) reveal physical product limitations, with multi-cat households
and long-term usage scenarios not yet fully addressed.

2. Technology Opportunity Matrix

Based on patent associations and keyword frequency analysis, the industry's current

technology capability map can be structured:
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Drum screening patents are already covered, with the highest keyword density and intense
category competition—this constitutes "necessary but non-differentiated capability." Shell
structure design is already fully laid out, with innovation space shifting from "having a

shell" to "how to make the shell easier to disassemble and clean."
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Sensor technology (frequency only 4) severely mismatches the 19.3% health monitoring
demand. Weighing (6 mentions) and infrared (1 mention) applications are extremely
shallow—this represents the largest technology gap and the key leverage point for
evolving from "tool" to "health terminal.”
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3. Innovation Direction Priority Ranking



Synthesizing consumer pain point urgency, demand mention rates, and technical

feasibility, the following PO/P1/P2 priority system is established:
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Ranking Logic: Cleaning difficulty (54.1%) has 3.4x the pain point weight of deodorization
(16.1%), but the deodorization system involves chemical/physical composite solutions with
higher technical maturity and shorter iteration cycles—enabling rapid product perception
upgrades. Therefore, "cleaning process redesign” and "deodorization system iteration" are

recommended for parallel execution, with 6-9 months as the overall Phase 1 cycle.

4. Recommended Solution Details



4.1 PO-1: Extreme Cleaning Process Redesign — "Zero-Contact"

Modular Cleaning Station

Objective: Achieve "disassembly and cleaning of core components within 3 steps,”

reducing user manual cleaning time from an average of 15 minutes to within 3 minutes.
Technical Pathway:

Structural Innovation: Adopt magnetic or quick-release snap design to make the drum,
screen, and base basin key pollution components independent modules that users can
separate with one click without tools. Specifically, the drum bracket connects to the base
via 4 magnetic connectors (POM magnet, pull force >3kg), allowing disassembly by simply
pulling upward without screwdrivers or buckle tools. Decompose the internal cavity into
<3 detachable modules (screen module, waste collection bin module, inner wall liner),

each supporting water washing and dishwasher cleaning.

Material Application: Apply new nano-hydrophobic/oleophobic coating (e.g., fluoro-silane
modified coating, contact angle >150°) on core module surfaces to reduce waste adhesion
and make rinsing extremely easy. Drum inner wall pairs with 304 stainless steel woven
mesh of 140-mesh equivalent screening precision, ensuring rapid fecal and urine

separation without adhesion. Oleophobic coating durability requires >500 cleaning cycles.

Self-Cleaning Program: Integrate one-key deep cleaning mode—inject clean water +
diluted citric acid solution, drum rotates 10 revolutions forward and backward, soaks for 5
minutes, then high-speed spin-dry, all without disassembly. For stubborn stains (mainly
from urine scale), ultrasonic-assisted cleaning nodes (optional) can be set for periodic

descaling.

Guided Design: Clearly mark detachable components and operation sequences on the
product, with App video guides to minimize maintenance costs. Supporting dishwasher-
friendly design—drum assembly, sand mesh, and waste bin all certified food-grade FDA,
suitable for direct dishwasher cleaning.

Verification Index: User manual cleaning time compressed from average 15 minutes to

within 3 minutes.

4.2 P0-2: Composite Deodorization System Upgrade — "Smart Air

Capsule”

Objective: Solve stubborn odors, achieving a 90%+ reduction in ammonia concentration

at 1 meter from the device (compared to no deodorization system).

Technical Pathway:



Layer 1: Active Odor Decomposition — Embed low-temperature plasma generator (based
on dielectric barrier discharge principle, power <15W to meet silent operation
requirements) in the drum chamber. lonize air to generate high-energy active oxygen (Os;,
‘OH radicals), oxidizing and decomposing odor molecules like ammonia (NH;) and
hydrogen sulfide (H,S) into harmless substances. Compared to single activated carbon
adsorption, plasma molecular-level decomposition efficiency can improve 3-5x, without

frequent consumable replacement.

Layer 2: Deep Adsorption — Configure honeycomb activated carbon module downstream
of plasma (preferred coconut shell activated carbon, iodine value >1000mg/g). Residual
trace odor molecules are physically adsorbed and retained in activated carbon micropores.
Set micro fan between the two layers for forced air circulation, ensuring air exchange rate

>2m?/h. Maifan stone composite layer can be added to enhance adsorption efficiency.

Layer 3: Antibacterial Protection — Integrate Patent 9891548 hypochlorous acid
disinfection generator to perform 30-minute fumigated disinfection on drum inner wall
during night standby or regular execution mode, with low-concentration hypochlorous

acid mist (50-100ppm safety threshold) to inhibit bacterial growth.

Smart Start/Stop: Precisely detect cat entry and exit via infrared or microwave sensors,
automatically activating powerful purification mode after the cat leaves, then switching to
low-power intermittent operation after completion—balancing effectiveness and energy
consumption.

Consumables Management: Built-in algorithm accurately calculates filter consumable
lifespan based on module run time and work intensity, reminding users via App for
replacement to ensure sustained deodorization effectiveness. Filter replacement cycle

expected at 60 days (monitored via weighing sensor for saturation).

Verification Index: Ammonia concentration at 1 meter from device reduced by 90%+

(compared to no deodorization system).

4.3 P1: Smart Health Monitoring and Multi-Cat Management —
“Cloud Al Health Butler”

Objective: Upgrade from single weighing to multi-dimensional multi-cat health tracking
and early warning, building a data moat and extending toward pet health management

ecosystem.
Technical Pathway:

Multi-Cat Identification: Integrate high-precision weighing sensor array with low-power

Al camera. Deploy 4x4 or more high-precision pressure sensor matrix on the base



(measuring range 50g-15kg, accuracy +5g), replacing the existing single weighing sensor.
Al vision identifies different cats by coat pattern, body shape, combined with weight data
to establish each individual's exclusive profile. Optional RFID or BLE collar solution

provides precise individual identification for multi-cat households.

Behavior Modeling: Automatically record each cat's toilet frequency, duration, weight
changes, and excretion volume. Cloud algorithms analyze data trends and compare

against health baselines. Health early warning logic includes:

e Urination Abnormality Detection: Sudden increase (>30%) or decrease (240%) in

single urine volume triggers urinary system risk markers

o Defecation Habit Deviation: Toilet duration exceeding historical baseline by 2x or

frequency sharp decline suggests digestive system issues

e Weight Fluctuation Monitoring: Weekly weight change exceeding +10% triggers
nutrition or metabolism warning

e Cat Entry/Exit Identification: Identify multi-cat identity via weight change temporal
patterns

Data Visualization: Generate intuitive health reports (weekly/monthly) in App, displaying
various indicator change curves to help owners better understand pet health status.
Immediately send health early warnings to owner via App when anomalies are detected.

Key Design Parameters: Sensor sampling frequency >10Hz, multi-cat identification
accuracy target >90%, Al model uses lightweight edge inference chip (e.g., ARM Cortex-

M4), supporting offline inference.

5. Preliminary Direction Recommendations: Top3

Top1: [Highest Priority] PO - Extreme Cleaning Process Redesign

Recommendation Rationale: The 54.1% primary pain point directly corresponds to
usability and word-of-mouth core—a qualitative change in cleaning experience can rapidly
improve user satisfaction and NPS recommendation rate. This is a decisive opportunity to
solve the biggest pain point, reshape word-of-mouth, and build#P158]. Primarily industrial
design innovation with low technical risk, verifiable within 4-6 months. Recommended as

Phase 1 fundamental project, advancing in parallel with the other two directions.

Top2: [High Potential] P1 - Smart Health Monitoring and Multi-Cat
Management



Recommendation Rationale: The 19.3% health monitoring usage scenario and 22% high-
premium anchor association represent the core path for product evolution from "tool" to
"health management device." This is a strategic direction that enhances product value,
creates high premium, and strengthens user stickiness. Naturally & & 3T i %l Z I & 5
(monthly health report service). Recommended as Phase 1 strategic long-term
investment, allocating resources for sensor selection and algorithm MVP verification (12-

18 month cycle).

Top3: [Fill the Gap] PO - Efficient Active Deodorization System

Recommendation Rationale: High technical maturity and short iteration cycle (expected
3-4 months for solution verification), rapidly boosting product appeal. Improved
deodorization directly enhances product placement scenarios (living room/bedroom),
expanding target user base. The coexistence of 16.1% negative pain points and 23.9%
positive word-of-mouth indicates "correct execution retains customers, mistakes lose
them." Recommended as Phase 1 differentiated technical high ground, first applied on
premium product lines.

6. Risks and Challenges

6.1 Technical Risks

PO Plasma Solution: The biggest challenge is ozone safety threshold management. Low-
temperature plasma discharge inevitably produces small amounts of Os;—national
standard GB/T 18883-2022 requires indoor Oz concentration <0.16mg/m?. This requires
precise O3 concentration sensor (accuracy <0.01mg/m?) and automatic shutoff protection
mechanism to ensure safety boundaries. Additionally, electrode corrosion of plasma
generators in humid (cat litter dust) environments requires engineering solutions.
Recommend 2000-hour accelerated aging test, plus leakage protection and moisture
isolation design.

P1 Multi-Cat Identification: Technical risk lies in multi-cat environment identification
accuracy. When two similarly weighted cats use the litter box consecutively, weight
temporal analysis misjudgment probability significantly increases. Additional features
(entry speed, residence duration) for auxiliary judgment, or micro infrared light curtain at
the litter box entrance for identity confirmation, are needed. Industrial-grade sealed

sensors (IP67) with drift compensation algorithms are required.

PO Cleaning Structure: Core risk is long-term reliability of magnetic connectors. Pet litter

box usage environments are humid with sand particle intrusion risk—magnetic force



degradation and sand particle jamming after long-term (>2 years) use are potential failure

modes. Protective seals must be reserved in engineering design.

6.2 Cost and Market Risks

Modular design, plasma generators, and multi-channel sensor matrix addition will
significantly increase BOM cost. Recommend SKU tiered strategy: Standard Edition
(cleaning optimization + activated carbon deodorization), Pro Edition (+ plasma

deodorization + health monitoring)—ensuring hardware incremental cost control.

Consumer awareness of "health early warning" remains in early stages, with market
education costs not to be underestimated. Recommend free basic functions + paid

premium archives subscription model to lower trial barriers.

6.3 Patent and Competition Risks

Multiple leading brands in the smart cat litter box track have already laid out core drum
screening technology patents (Patent 1932993), but deep integration solutions for
deodorization systems and health monitoring have not yet emerged. Vigilance against
competitor patent entrapment—particularly in multi-channel weight matrix sensor layout
patents—is advised. Recommend completing comprehensive Freedom-to-Operate (FTO)
analysis before formal R&D launch, and proactively filing own patent applications for core
innovations (plasma + activated carbon integrated structure, magnetic quick-release

connectors).

Summary and Recommendations

This report, based on triple cross-validation of consumer insights, technology frequency,
and patent data, identifies the three directions most worthy of investment for smart cat
litter box Phase 1 innovation:
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Recommend advancing Phase 1 innovation under a "PO Cleaning as Foundation, PO

Deodorization as Flagship, P1 Health as Long-Term" three-track parallel strategy. PO

cleaning and PO deodorization can start in parallel, completing engineering prototype

within 6-9 months; P1 health monitoring proceeds as strategic reserve with sensor

selection and algorithm verification.

Maximize market return while controlling R&D risk, upgrading the product from

"automatic poop-scooping tool" to "maintenance-free health terminal," building category.
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