
AI FOR ROBOTIC 
AUTOMATION 
EXPLAINED 
What AI and machine learning really are and why 
they matter when it comes to robotic automation 
for fulfillment operations explained in terms 
anyone can understand.

By Dr. Christopher Geyer, BG Fellow and PhD
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THE AI DIFFERENCE 
When coupled with AI, our robots can learn from their collective experience and improve their 
efficiency over time. That means not only does Shirley get improved production operations in 
the short term by deploying robotic automation, but she also sees continuous performance 
improvements the longer the AI-enabled systems run, the more they learn better and faster 
techniques for handling individual SKUs and improved methods for processing in dynamic 
operations. Our AI-enabled robotic automation solutions can reduce operations expense by 
up to 70% and bolster facility throughput by up to 50%.

AI helps robotic systems handle more stuff — more SKUs, more packaging and more parcel 
types. It also helps improve robot speed over time. By handling more SKUs and doing so 

MEET SHIRLEY. 
“Shirley” runs a fulfillment 
center for a large retailer. 
Like many warehouse 
managers, she is looking to 
gain operational efficiencies 
through technologies such 
as advanced automation, 
artificial intelligence (AI), 
machine learning (ML),  
and robotics. 

BERKSHIRE GREY AI-ENABLED ROBOTIC 
AUTOMATION SOLUTIONS CAN 

REDUCE OPERATIONS 
EXPENSE BY UP TO 

70%
BOLSTER FACILITY 

THROUGHPUT BY UP T0 

50%

faster, AI helps us help our customers in 
retail, eCommerce, and logistics grow 
their topline revenue. But, Shirley’s first 
question was: “That’s all great — I want 
improvements over time and the more 
volume your robots handle, the better 
— but how do I know your AI is going to 
work on Cyber Monday?  How do I know 
it’s always going to get better?” 

Shirley wants the promise of improved 
efficiency, but she needs an assurance 
that AI will help her meet her SLA 
commitments, especially when she 
needs that help most. Shirley just wants to know if AI — something she can’t physically see — 
will be at least as dependable as the motor-driven conveyors and forklifts she is familiar with. 
Turn them on and they just work. And if they do stop — her maintenance staff can see what’s 
wrong with them and replace the parts. No surprises. Shirley does not like surprises.

FAMILIAR VIRTUAL AIs YOU INTERACT WITH EVERY DAY
Let’s start by taking some of the mystery out of what AI is actually doing. AI has been bandied 
about so much that sometimes it’s not always clear what people mean when they say AI. Like 
Shirley, most adopters of intelligent, AI-enabled robotic automation just want to know: “What 
does AI actually do, what is it really,  and how does it deliver me value?” 

A good place to start with AI is to recognize that we interact with AI “agents” all the time. If 
you used an eCommerce website or visited a social media site, you were probably interacting 
with some kind of AI agent. Companies use AI to make their websites instantly responsive to 
what they believe to be your desires. AI is tailoring the user experience to each visitor with the 
goal of enticing each individual to enter and buy something or add additional items because 
the site is ‘speaking’ just to you (or so it seems). An AI agent can personalize an eCommerce 
website for each visitor. 

Recognize, though, that AI agents for websites or robots are always designed for specific 
purposes. We don’t mean artificial intent when we say AI. So, let’s re-load the word with 
meaning.

Shirley wants the promise 
of improved efficiency, but 
she needs an assurance 
that AI will help her meet 
her SLA commitments, 
especially when she needs 
that help most. 

Shirley is under constant pressure to reduce her 
operating costs. With manual or minimally automated 
fulfillment methods, she’s likely spending between 
fifty cents to one dollar per unit shipped when fulfilling 
orders. Automated fulfillment with robots can help 
Shirley reduce a big part of those expenses. Not only 
does robotic automation introduce systems that can 
augment the existing workforce when there is a limited 
labor pool, but it can also mean less time training new 
employees in roles that have high turnover and are 
difficult to fill. Shirley can run more shifts, handle more 
order volume, and improve facility throughput without 
adding hard-to-find staff. And the longer AI-enabled 
robotic automation is running, the better the results. 
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THE ACTUAL INTELLIGENCE BEHIND AI — ACTIONS, POLICIES, AND REWARDS
The first thing to understand about an AI agent is that what it can do is very limited. The 
eCommerce AI agent might only be able to choose which product to pitch you, how to adjust 
prices, or which ad to show you. We think of the things an AI agent can do as “actions”. For the 
eCommerce agent, the actions are tuning the limited knobs or levers that affect the content 
on the website or its appearance. By construction, it can’t go outside of these bounds. It is 
built to produce the highest yield of purchases for the products the eCommerce site offers. 
It can’t recommend or share things that are outside its purview, like a cute cat video from 

YouTube.

The second thing to understand is that an AI 
agent makes its choice only on the information 
it’s been given. It executes a “policy” — which is 
just a recipe for taking what it knows and turning 
it into an action. For eCommerce, which action 
the agent takes depends on what it knows about 
you. Even though the AI agent may have “met” 
you for the first time, tracking data in cookies 
tells the agent about your demographics, where 
you shop, and what you’ve bought before. AI 
agents can instantaneously tailor the websites 
to your probable tastes and preferences. They 
create the same conditions under which people 
like you hit “buy” or click an ad. What the AI 
agent does in response to what it knows about 
you is called its “policy”.

The third piece is the signal that the AI agent 
gets as to whether it did a good job or not — 
this is the “reward”. Direct and clear feedback is 
how an AI agent learns to get better at its job. 
For websites, this is easy. Did you or did you not 
buy something? Did you or did you not click on 

the ad? These signals are part of the “reward” to the agent for getting it right. These three 
key pieces are essential to the AI agent’s function: a set of “actions” to choose from; and 
the action is chosen based on inputs according to a “policy”; which is combined with the 
knowledge through “rewards” to know when it’s done a good job or not.  

CAPACITY FOR COMPLEXITY
The thing to understand about a policy is that it’s just a computation. Policies have a range of 
complexities. They can be very simple to very complex. Simple policies can be composed of 
a series of additions. More complicated policies will have multiple layers of IF statements and 
incomprehensible expressions to get to the answer. 

1. AN AI AGENT IS 
VERY LIMITED IN 
WHAT IT CAN DO

2. AN AI AGENT 
MAKES ITS CHOICE 
ONLY ON THE 
INFORMATION IT’S 
BEEN GIVEN

3. AN AI AGENT 
LEARNS TO GET 
BETTER AT ITS JOB 
WITH DIRECT AND 
CLEAR FEEDBACK

In other words, the policies don’t have to be complicated to be good. Some policies you could 
implement by hand with a bunch of heuristics. Maybe L.L. Bean sees that you just bought 
some winter boots at Zappos and will serve you up an ad to offer you some long underwear 
to go with them. That might be a simple heuristic that L.L. Bean could implement to choose 
which ads to serve.

So, then what’s the big deal? The truth is this some problems just don’t need a lot of 
horsepower or complexity to answer. But some do. A lot of problems are intricate and complex. 
A Walmart or an Amazon has millions and millions of SKUs. It would be cost-prohibitive to 
pay programmers to implement heuristics that serve ads or recommendations for all those 
millions of SKUs.  

Programmers would rather do something once and make it as general as possible than have 
to do the same thing over and over again with small variation. They’ve figured out how to 
harness the power of the millions and billions of visits to their websites. Amazon, in particular 
gets tens of billions of visits per year. Every single visit informs them of the quality of the policy.  

In a complex policy, with many, many IF statements, the problem is that each IF statement 
has some question: IF($A$99 > 1.234, …, …) — if some cell is greater than some number like 
1.234. Each of these numbers needs a rationale for its choice. Each website visit gives them a 
datapoint about whether this was the right question — the right IF statement. For instance, 
there are options for policies:

• Policy can be bootstrapped — or simple policies can be good enough.

• Policy can be informed by data.

• Policy can be simple.

• Policy can be complicated.

• Policy is just a really complicated spreadsheet.

     All of AI’s value is packed into whether the policy does the right thing.
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RICH, REAL-WORLD INTERACTIONS WITH ROBOTS
The AI agents that we’ve talked about so far do all their work in the virtual world.  Their actions 
only affect pixels on a screen. Robotic AI agents make their impact in the real world.  

In a general sense, the same three pieces apply: there’s a set of actions, like how to move the 
robot, or where to pick something up; there’s information from sensors and databases that 
help inform the agent which action to take; and there’s a reward if the robot has succeeded 
at its operation or to whichever task the agent is applied.

At BG, we apply this pattern in several different ways, and one of the most interesting places is 
in robot picking. Real-world robot picking is … let’s just say challenging. To start with, working 
in the real world is much different from picking in the lab. (See our eBook, The Secrets of 
Robotic Picking.) There are so many challenges that you have to contend with, ranging 
from detecting and mitigating garbage, to picking the nearly infinite variety of SKUs. And 
SKUs come in different shapes, sizes, and packaging. Some SKUs can be picked up almost 
anywhere, and others need to be picked up in specific locations. Some SKUs such as loofahs 
and dish towels are porous; some are rigid, and some are floppy.  

In the context of robot picking, we have a rich, but well-scoped set of actions from which to 
choose. There are all the ways in which the robot can pinpoint a location for grasping an item. 
There are the robot’s speed and the shape of the trajectories it executes. There is the robot’s 
choice of suction cup for those systems that can automatically swap end effectors. All these 
are independent control variables from which the robot’s AI agent can choose.

SAFE, RELIABLE AND PREDICTABLE AI FOR THE WAREHOUSE
Distribution centers pose a lot of challenges, including unstructured and dynamic physical 
environments; the need to identify and pick up a nearly infinite variety of goods; and the need 
for any automation — including our robotic systems — to be as fast if not faster than humans. 
As with any industrial operation, there are millions of decisions daily that fuel fulfillment. AI 
and ML help us improve system performance in the face of this real-world complexity and 
need for speed. 

ROBOTIC AI AGENTS MAKE 
THEIR IMPACT IN THE REAL 
WORLD WITH A SET OF 
ACTIONS INFORMED BY 
SENSORS AND DATABASES 
AND LEARN THROUGH 
REWARDS  WHEN THEY 
SUCCEED AT AN OPERATION.

It starts with having a safe process for deploying “our” AI and ML. Using an in-house lab 
system, we validate the performance of any deployed AI/ML before it ever hits the customer 
installation.   

First, we collect the data from millions and millions of picks in an actual production system 
that we built and operate. That data informs any improvements that we develop for our 
customer systems. We use that data to retrain our models, applying learnings to that training. 
Finally, we redeploy the models after we’ve validated them. This gives us a cycle of continuous, 
reliable improvement over time. 

Because we’re getting data continually, it gives our systems performance improvements over 
time throughout the operation of multiple work cells. (In the lab, we’re essentially learning 
through the collective operation of multiple robots in the functional system at Berkshire Grey, 
which is actually training itself.) 
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https://www.berkshiregrey.com/resources/ebooks/secrets-of-robotic-picking/
https://www.berkshiregrey.com/resources/ebooks/secrets-of-robotic-picking/
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The net/net: Throughput over time continuously improves based on the in-situ performance 
of the robots and the instant incorporation of that picking behavior — both “good” and “bad” 
decisions — back into real-time performance for picking. That enhanced picking performance 
is reflected in fulfillment process improvement.

Think of it this way: If your child never received real-time feedback on good and bad behavior, 
how would he or she evolve into a mature, high-functioning, and self-reliant person in society? 
It’s the same with mission-critical picking systems in distribution centers, which are critical to 
global supply chains.

BETTER FULFILLMENT THROUGH AI
AI and ML have lifetime employment in distribution centers. In distribution centers, many 
dependent processes must work together in getting products from warehouse shelves to 
consumers in the fastest, safest way and most-pristine condition possible. Berkshire Grey has 
customers that daily pick hundreds of thousands of SKUs — some of them incredibly crazy 
in configuration, such as a Godzilla toy in a form fitting blister pack or a stuffed egg with a 
unicorn jutting out from it. 

It’s useful to compare this level of intelligent ML with human learning in the distribution 
center. When adding a new employee, it takes her time to get started and get proficient. 
According to some estimates, the cost to add a new employee and train them can be up to 
4% of the employee’s fully burdened salary, which depending on the employer could be up 
to $3,000. When you consider multiple warehouse associates across a number of distribution 
centers, the expenses continues to escalate. Now, multiply this event by tens or hundreds of new 
employees: that’s a lot of startup time. With an AI-guided system, we can capture the digitized 
data from multiple robots in the system, aggregate and analyze it using ML models, then apply 
the collective learning across all the operational cells all at once — in near-real-time. 

DECISION, DECISIONS, DECISIONS
With AI and ML in continuous operation, our customers’ robotic fulfillment systems can 
learn over time which decisions by the system were good or bad — something not possible 
with human workers at the requisite speed and scale to radically improve decision-making 
in the future. By comparison, more-static systems in the  distribution center — such as an 
orchestration system for automated storage retrieval systems (ASRS) — don’t need to learn 
at this rate over time.  

ML is useful in helping a robot discern whether it’s picked up two items or one, enabling the 
system to make a better decision at this point. For example, with a “mis-pick,” the AI model 
learns from the failure — it was a bad idea — then underweights that particular feature. When 
the robot succeeds, the model weights the corresponding feature more highly so that, over 
time, the pick gets better. 

When Berkshire Grey robots accidentally pick up more than one item, our systems analyze 
the scanner data from sensors mounted around the robot cell, which capture the 3D data. 
The system then decides where to best place the robot’s end effector (the source of suction 
and other picking mechanics). In this way, the cell’s accuracy gets better over time while 
throughput improves. 

Because Berkshire Grey systems are running 
and continually improving many individual 
processes — for example, about the optimal 
spot on an SKU for picking it up or how 
to best recognize an unknown object — 
Berkshire Grey can dramatically improve the 
aggregate performance of picking, even if 
there’s millions of SKUs.
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In our robotic automation, AI and ML let us take the learnings from one thing and apply them 
to everything else at rapid speed. This helps us continually expand the number of SKUs we’re 
able to handle for customers. The greater our SKU coverage, the more BG can prevent DC 
operators from requiring separate processes for robot- and non-robot-compatible items.

AI also helps us reduce damage and its costs (See our eBook,Why Truly Careful Handling is 
The Next Leap Forward for Robotic Automation) by making sure that we don’t drop stuff 
(aka being more careful). When distribution centers buy systems from us, they’re getting 
a big giant sensory feedback cycle that lets them continuously improve damage costs and 
other metrics.  

In distribution centers where our systems are helping pack items into boxes for shipment 
direct to consumers, we can pipe these measurements into our ML algorithms so they can 
further train the robots. In packing, there are lots of tradeoffs and decisions. Should you put 
this item or that item in first? Should you put them next to each other or on top of each 
other? Should you put the cookies at the bottom when the next items are cans of soup? 
(Probably not.) Such decisions affect both shipping costs and customer experience.

Dr. Geyer has spent almost 20 years leading aggressive 
technology development based on leading-edge 
research to deliver practical solutions for the real-
world. He has deep technical expertise in computer 
vision, machine perception, autonomy, and unmanned 
systems. Chris was a member of the winning DARPA 
Urban Challenge team (self-driving car competition) 
at Carnegie Mellon University and his publications 
have been cited more than 4,000 times. Prior to 
Berkshire Grey, Chris was the perception leader at 
iRobot contributing to products and new technology, a 
scientist at Carnegie Mellon University, and a scientist 
at Berkeley. Chris has a B.SE. and a Ph.D. in computer 
science from the GRASP Lab at the University of 
Pennsylvania.

DR. CHRISTOPHER GEYER
BG FELLOW AND PHD

In our robotic automation, AI and ML let us 
take the learnings from one thing and apply 
them to everything else at rapid speed. 

AI and ML are also optimizing routing for our mobile 
robots. What’s the most efficient way to route items 
from one location to another, and how should we do 
the sequencing? With hundreds of robots operating 
as a dynamic team, there are lots of different decisions 
being made every second, which can have a huge 
impact on overall throughput and cost. Routing is like 
a 200-piece chess game — not something that can 
be done by brute force, but something that happens 
autonomously when using AI.

Our application of AI and ML — 
unparalleled in our industry, with 
our approach and deep expertise 
— lets us quickly digest and master 
whatever fulfillment challenges 
our customers bring to us. We’ve 
truly only scratched the surface 
of what AI and ML can do to help 
improve life in distribution centers, 
for Shirley and everyone else. 

https://www.berkshiregrey.com/resources/ebooks/careful-handling-a-leap-forward-for-robotic-automation/
https://www.berkshiregrey.com/resources/ebooks/careful-handling-a-leap-forward-for-robotic-automation/
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We Help Customers Compete and WIN

Comprehensive AI-enabled  
Robotics Across the Supply Chain

Berkshire Grey delivers transformative change for 
competitive advantage. Our AI-powered robotic solutions 
are reimagining fulfillment for global retailers, eCommerce 
companies, parcel carriers, and logistics providers by getting 
tens of millions of products to consumers: 

• More efficiently
• Cost-effectively 
• More safely than ever before

The Berkshire Grey team is unequalled in the industry with 
80% of our technical experts holding advanced degrees in 
robotics, AI, and engineering disciplines. 

We are a full solution partner. We invest in people, systems, 
and processes to ensure customer success and facility uplift 
by providing design, deployment, installation, training, 
operation, and maintenance services. 

COMPANY SNAPSHOT

• Founded in 2013

• $300M+ in venture backing

• Multiple Global 100 customers

• Unequalled robotics and AI 
experience

• Robotic automation solutions 
for omnichannel fulfillment

• Tens of millions of robotic picks 
in production at customer sites

BUSINESS IMPACT

• Reduce operations expense by 
up to 70%

• Lessen dependency on labor

• Improve facility throughput by 
up to 50%

• Achieve social distancing within 
pick modules, pack areas & 
induction zones

• Reduce CapEx via Robotics-as-
a-Service solutions

SUPPLY CHAIN SOLUTIONS

• eCommerce Fulfillment

• Smart Store Replenishment

• Dynamic Parcel Sortation

• Microfulfillment

INDUSTRIES SERVED

• Retail

• eCommerce

• 3PL

• Grocery & Convenience

• Post & Parcel

GLOBAL HEADQUARTERS

Berkshire Grey
140 South Road
Bedford, MA 01730
www.berkshiregrey. com
1-833-848-9900


