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T I M E L I N E

Autonomous Floor Cleaning: A Timeline

Fifteen years from lab prototype to 42,000 deployed units. Here's how it played

out.

THE AUTONOMOUS FLOOR EQUIPMENT FIELD GUIDE TIMELINE

2010 – 2014

Early Research Phase

Carnegie Robotics and university labs develop 3D LiDAR navigation. First proof-of-concept cleaning robots show

up at research conferences. Warehouse AGVs had been around for years, but they couldn't handle spaces where

people and obstacles move.

2014 – 2016

First Commercial Entrants

Avidbots founded in 2014, launches the Neo, the first purpose-built commercial autonomous scrubber. Brain Corp

begins developing BrainOS. Cenozoic Robotics begins R&D in Singapore.

2017 – 2019

Platform Emergence

Tennant cut a deal with Brain Corp and strapped BrainOS onto the T7AMR. Between 2017 and 2018, four new

players showed up at once. Gausium came out of China. LionsBot launched in Singapore. Kemaro opened shop in

Switzerland, and DDROBO started building in Korea. The Asian manufacturers came in aggressive on price.

Market cleared $2B.

2020 – 2022

COVID Accelerates Adoption

COVID flipped the switch. Everyone wanted contactless cleaning overnight. What forecasters said would take

until 2025 happened by 2021. Pudu, which had been making restaurant delivery bots, jumped into commercial

floor cleaning. The market doubled past $4B.

2023 – 2024

Maturation and Scale

ICE Cobotics killed the purchase model entirely and went subscription-only. Avidbots crossed 1,000 deployed

units on 5 continents. Gausium landed over 6,500 customers. By this point, 3D LiDAR and vision AI weren't

premium features anymore. They were expected. Global market hit $5.98B.



2025 – 2026

Mass Deployment Era

42,000 commercial robots out in the wild as of 2025. RaaS has gone mainstream. Chinese manufacturers like

Gausium and Pudu are opening US warehouses and hiring American sales teams. Hardware isn't the

differentiator anymore. What matters now is whether the software can spot debris on the floor, figure out which

areas are already clean, route around a forklift that wasn't there yesterday. Projections say 680K units in the US

alone by 2030.
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Why Autonomous Equipment is Here
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This isn't a buying guide. We're not here to rank robots. Three years ago, autonomous floor equipment was a

pilot program at maybe a dozen airports. Today there are 42,000 units running in buildings around the world.

Most facility managers are still making decisions based on vendor decks from 2022. That's a problem.

Labor tells the real story. Janitorial costs are up almost 20% since 2020. Turnover in commercial cleaning?

North of 200% a year. Sixty cents of every dollar we bill goes to payroll. We posted the same floor tech job

three times in four months at one of our sites before somebody actually showed up and stayed. So yeah. When

people ask why robots, that's why.

A scrubber isn't going to solve your staffing crisis. Nobody should sell it that way. What it does is take the most

mind-numbing task off your crew's back. We had an operator at a 200,000 square foot warehouse pushing a

walk-behind four hours a night. Put an autonomous unit on those corridors. Moved him to dock cleaning and

break rooms. Coverage on the open floor got better, not worse. Nobody lost a job.

$21B
GLOBAL  MARKET  BY

2030

23.7% CAGR from

$5.98B in 2024

42K+
ROBOTS  DEPLOYED

Commercial units

globally, 2025

200%+
ANNUAL  TURNOVER

In commercial cleaning

labor

12–36
MONTH  PAYBACK

Typical ROI timeline

By the Numbers

One machine covers 1,500 to 2,000 square meters an hour. To put that in context, that's the output of 3 or 4

people pushing walk-behinds. Facilities that track it report 30 to 70% labor savings on the areas the robot

covers. And every single run gets logged. Coverage maps, timestamps, runtime. You've never had that data

from a guy with a mop.

KBS brought autonomous scrubbers into a national grocery chain. Two million dollars in annual savings.

Cleaning costs fell 21%. Nine weeks in, the machines were running 49% more floor time than anyone projected.

That one pilot turned into hundreds of stores. But here's what people miss about that story: it wasn't the robots.

It was the planning. KBS spent weeks on route maps and integration before a single machine hit the floor.

"The two robots we brought in have completely changed how we maintain cleaning standards in our

busiest areas."

David Harris, University Health System, San Antonio TX (Cenobots deployment, 2024)



Where Autonomous Equipment Fits

What do these machines actually do? Open floor. That's it. Hallways. Lobbies. Atriums. Long warehouse aisles.

They run at night, or whenever foot traffic drops off. The shift it creates is what matters: your crew stops

spending half the night walking back and forth across 40,000 square feet of corridor. Instead, they're in

restrooms. Break rooms. Elevators. The places people actually notice. And for the first time, you have data. Real

coverage maps. Timestamps. Before we put a robot on the floor, most of our clients had no idea whether

corridors actually got cleaned on any given night.

Here's what nobody tells you at the trade show: ask any building occupant what they notice about cleanliness.

They'll mention the restroom. Maybe the elevator. Nobody has ever said "the hallway floor." That's why pulling

your crew off open floor and putting them on detail work makes buildings feel cleaner, even though you're

technically cleaning less square footage by hand.

FROM  OUR  EXPER IENCE

We run autonomous floor equipment at Georgia Aquarium and World of Coca-Cola in Atlanta. Both are

high-traffic public venues. Machines handle overnight large-area passes. Crews focus on detail cleaning

and the precision work guests actually notice. Headcount stayed the same. Assignments changed.
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Navigation Systems Explained

How a machine navigates your building tells you more about its real-world

performance than any spec sheet. Here's what to look for.
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Every autonomous scrubber is solving the same puzzle: figuring out where it is, deciding where to go, and not

running into things. Sounds simple. It's not. How a manufacturer handles that puzzle tells you more about how

the machine will actually perform in your building than any spec sheet.

LiDAR SLAM (Preferred)

A spinning laser builds a live map of the space and

tracks where the machine sits inside it. You don't

touch the building. Walls move? Fine. Someone

leaves a cart in the hallway? It goes around.

Temporary barriers for an event setup? Handled.

Used by: Cenobots, Avidbots, Gausium, Tennant

(through BrainOS), LionsBot, Pudu, Narwal, Carnegie

Robotics

+ No stickers on the floor. Runs in pitch black. Adjusts

when things move. You can draw virtual no-go zones

in software.

- Costs more upfront. Glass walls and super-glossy

floors can throw off the laser.

QR / Tag-Based

You stick QR codes or AprilTags on the floor or

walls. A camera on the bottom of the machine

reads them and hops between fixed positions.

Think of it like connect-the-dots.

Used by: Some Karcher models, older warehouse

AMRs, traditional AGV systems

+ Cheaper hardware. Paths are predictable. Software

is simpler to maintain.

- Tags get scuffed, waxed over, or ripped up by foot

traffic. Move the furniture and you're re-tagging. Not

great for buildings that change.

WHERE  NAVIGAT ION  I S  HEADED

In 2020, navigation was the selling point. In 2025, everyone has LiDAR SLAM. It's table stakes. The real

differentiator now is software. Cenobots' SP50 has vision AI that spots debris on the floor and skips areas

that are already clean. Brain Corp's BrainOS works differently: your operator walks the route once with the

machine, and from then on it repeats that route by itself. Most platforms now ship with fleet dashboards so

you can track machines across multiple buildings from one screen.



Sensor Stack Breakdown

TECHNOLOGY WHAT IT DOES WHO USES IT

2D LiDAR Spins 360 degrees and picks up walls, columns, furniture. The

baseline sensor on almost every scrubber sold today.

Most modern

manufacturers

3D LiDAR Catches things 2D misses: power cords on the floor, curb edges,

chair legs. Lets the machine duck under tables.

Carnegie Robotics,

Cenobots

Stereo

Cameras

Two cameras give depth perception. The machine can tell a

person from a trash can. Some models use this for AI object

recognition.

Avidbots, Cenobots

(vision AI)

Ultrasonic Short-range. Helps with docking at the charging station and

hugging walls during edge cleaning.

Most manufacturers

(supplementary)

BrainOS

Platform

Camera-based teach-and-repeat. Your guy walks the route once.

The machine memorizes it and runs solo after that.

Tennant, Nilfisk, SoftBank

Matching Navigation to Your Facility

If your space changes, go LiDAR. Retail floors with shifting displays, warehouses where inventory moves daily,

event venues that reconfigure weekly. Tag-based can work in static environments with fixed corridors, and it

costs less, but most buyers we talk to end up choosing LiDAR anyway. Once you've had a machine that adapts

on its own, going back to floor stickers feels like a downgrade.

FROM  OUR  EXPER IENCE

Our aquarium is 500,000+ sq ft. Exhibit layouts shift with the seasons. Millions of visitors walk through

each year. LiDAR SLAM was the only viable option for us. Tag-based would mean reinstalling floor

markers every time something moves. Our machine adapts to the building. Nobody rearranges the

building for the machine.
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Industry Feedback
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Over the past year, we talked to 40+ facility managers and BSCs running autonomous equipment in live

buildings. Published case studies and vendor data filled in the gaps. A few honest patterns emerged.

Feedback from Facility Managers

"We went from skeptical to fully bought in within six weeks. Coverage data alone justified the

investment for our leadership team."

Operations Director, Multi-site Healthcare System (2024 pilot program)

"It did take some time to perfect the mapping at our site, and some areas can be mapped better than

they are."

ISS Account Manager (Tennant AMR deployment)

"Doubled cleaning team productivity and a morale boost."

Christie Lites VP Equipment (Avidbots Neo deployment)



Where Buyers Get Stuck

CONCERN REALITY

Labor shortage Facility managers and maintenance leaders bring this up before anything else. It's the #1

reason autonomous equipment enters the conversation.

Capital

hesitancy

$20K–$95K upfront scares procurement teams. RaaS (Robot-as-a-Service) starting at

~$15/day is emerging as a bridge.

Mapping friction First setup is the hard part. Glossy waxed floors bounce the laser. Tight corners force manual

overrides. Expect 1–3 weeks of tuning before it runs smooth.

Battery runtime Anywhere from 3 hours on a small unit to 16 on the big ones. If your building needs all-night

coverage, you're figuring out docking rotations too.

Liability and

insurance

Gray area right now. Your standard janitorial GL probably doesn't cover a robot bumping into a

visitor. Carriers are still writing policies for this. Ask your broker before you sign.

Staff resistance Real. Places that run a pilot first and frame the robot as a tool for the crew, not a replacement,

tend to get buy-in faster. Nobody wants to train their own replacement.

OUR  HONEST  TAKE

Real talk: a BSC in Texas cut their integration time in half by assigning a dedicated operator for the first 30

days. Meanwhile, a property management company in Florida bought two machines and parked them in a

closet for six months because nobody owned the rollout. The machines work fine out of the box. What

goes wrong is the human side. At one site we evaluated, the machine sat in a closet for 3 months because

no one was assigned to manage it. Training was skipped. Nobody looked at the coverage reports.

FROM  OUR  EXPER IENCE

We have tested machines from Cenobots, Tennant, Avidbots, and a few others. Brand name mattered less

than we expected. Mapping at our aquarium took two and a half weeks to get right because exhibits kept

shifting mid-setup. Route optimization needed 5 or 6 real-world runs before it held. Staff buy-in came

down to whether the night supervisor was involved from day one. At WOCC, week one was frustrating. By

week three the machine was running clean with almost no babysitting.
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Quick Match: Best Fit by Environment

Different environments demand different capabilities. Full breakdowns for each

vertical are in Section 10.
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We pulled these numbers from real deployments and conversations with vendors across the country. Budgets

listed are purchase price for commercial-grade machines. Add-ons, service contracts, and custom

configurations can push the number higher.

Office Buildings (50–200K sq ft)

The machine has to be quiet. Under 65 dB or tenants

will notice. LiDAR navigation with multi-surface pads,

carpet to tile transitions without stopping.

Budget: $33K–$85K

Warehouses & Distribution Centers

Oil on the floor, grit, pallets everywhere, forklifts

running at 3 AM. You need big tanks, industrial

squeegees, and a frame that can take a hit.

Budget: $45K–$95K

Healthcare Facilities

HEPA filters, infection control certs, and quiet

enough to run past patient rooms. If it can't pass a

Joint Commission walkthrough, the price doesn't

matter.

Budget: $65K–$85K

Retail & Grocery

Stores want something that cleans while shoppers

are walking around. RaaS subscriptions are popular

here because you can add locations without a

capital request each time.

Budget: $0 upfront (RaaS) or $75K–$85K

Hotels & Hospitality

Guests can't hear it, and it needs to look like it

belongs. Lobbies get cleaned overnight. Some

properties care as much about how the machine

looks as how it cleans.

Budget: $25K–$55K

Airports & Transit

Changi, CVG, Haneda all run fleets already. These

are massive spaces, 24/7 operation, with fleet

software managing machines across terminals.

Budget: $85K–$160K



GEORG IA  AQUAR IUM  CASE  STUDY

Our aquarium is over half a million square feet. Twelve thousand people walk through every day. Exhibits

rotate with the seasons, so the floor plan is never the same two months in a row. Flooring is all over the

place: polished concrete, tile, coated surfaces. You need LiDAR, you need quiet, and you need something

that can dodge guests during the day and run full coverage at 2 AM. Sticking QR codes on the floor? That

lasted about a week in our head before we ruled it out.


