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When a puzzle piece is worth more than gold:
Applying robotics to non-traditional assembly.
How complex visual processing and delicate handling can solve bottlenecks outside the factory
floor.
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The Puzzle: Restoring the Irreplaceable

There is something uniquely humbling about watching a robot arm move toward an object that cannot
be replaced if it breaks. In the world of cultural heritage—specifically the restoration of ancient Roman
artifacts—the stakes aren't just profit margins or scrap rates; they are the loss of history. When we look
at shattered pottery, crumbling marble, or delicate frescoes, we aren't dealing with "parts" in the
traditional sense. We are dealing with unique geometries that don't fit a standard jig and surfaces so
fragile that even a slight over-torque from a pneumatic gripper could turn a thousand-year-old treasure
into dust.

I’ve spent enough time on manufacturing floors to know how we usually approach these problems: we
try to force the item into a standardized process. If it's not perfectly uniform, we call it "too complex"
for automation and leave it to manual labor. We assume that if a robot can’t handle a piece of pottery
with its current programming, then no machine is capable of doing it.



This isn't just an academic debate about archaeology; it’s a fundamental insight into how we approach
non-traditional assembly in our own plants. When we encounter "one-off" problems or high-variability
components that break standard automation rules, we often default to the "it's too hard" excuse. But if
we can look at how these specialists use advanced computer vision and soft robotics to handle
irreplaceable shards, we find a blueprint for solving our own bottlenecks where product variety makes
traditional automation impossible.

Diagnosis by Sight, Not By Force (Anatomy of the Problem)

In many manufacturing environments, we rely on "brute force" logic: if you want something moved,
you grab it firmly; if you want it sorted, you use a physical gate. This works for 90% of what comes off
an assembly line because those items are designed to be handled by machines. However, when the
geometry is irregular or the material is brittle, this approach fails.

I call this failure The Handling Gap.

The Handling Gap occurs when the standard "grab and move" logic of industrial robotics meets a
product that lacks uniformity or structural integrity. In traditional automation, if a part doesn't fit the pre-
programmed coordinate exactly, the system flags an error or, worse, it tries to force the action anyway—
resulting in a crushed edge, a cracked surface, or a jammed feeder.

In the context of archaeological reconstruction, "The Handling Gap" is bridged by replacing physical
force with visual intelligence. Instead of relying on a rigid gripper and a set path, they use high-
resolution computer vision to identify exactly where a piece fits based on its unique edges and textures.
They aren't just moving an object; they are processing data about the object’s shape in real-time. When
we face "non-traditional" assembly—parts that vary slightly but still need consistent handling—we
shouldn't be looking for stronger grippers. We should be looking for better sight.

Why Do We Assume Industrial Problems Look Like Factory Floors?

We often fall into the trap of thinking that if a process isn’t "standard," it isn't automatable. We assume
that because an item doesn't fit our current standard operating procedure (SOP), it is outside the realm of
machine capability. This leads to a stagnation where we keep human operators on tasks that are actually
just victims of poor system design—specifically, the choice to use "dumb" automation for "smart"
problems.

The reason many leaders hesitate to invest in advanced vision or soft-touch robotics for non-standard
items is the belief that these technologies are only for high-volume, low-variety production lines. They
assume the ROI isn't there because they can’t justify a custom robot for what they perceive as "edge
cases."

But an edge case on your floor might be a recurring bottleneck that costs thousands in labor and scrap
every month. We shouldn't be asking if we can automate these items; we should be asking why our
current automation is too rigid to handle them. The goal isn't to make the part fit the machine’s
limitations; it’s to use modern sensors and AI to allow the machine to adapt to the reality of the product.



If a robot can learn to navigate the complexities of an ancient pottery shard, it can certainly be trained to
handle your custom-ordered component or the oddly shaped housing that currently requires constant
manual adjustment.

What This Process Actually Costs: The Cost of Guesswork

When we encounter "non-standard" items and decide they are too complex for automation, we don't
actually eliminate the difficulty; we just move it to a different part of the P&L. We trade capital
investment in smarter systems for the recurring costs of human error, slower cycle times, and the
inevitable "scrap" that occurs when manual handling isn't perfectly consistent over a long shift.

The following table illustrates the difference between the common justification we hear on the floor and
the actual reality of staying with the status quo:

The Common
Rationalization

The Underlying Reality

"It’s too complex to automate." We are choosing a manual process because our current tools aren't sophisticated
enough.

"The parts vary too much for
robots."

Our vision systems are insufficiently calibrated or lack the AI layers needed to
interpret variance.

"Manual handling is safer
here."

Human operators are performing repetitive, high-precision movements that lead
to fatigue and inconsistency.

"It’s not worth the investment." We are losing money every day on labored oversight and failed parts due to
inconsistent manual handling.

The cost of this guesswork isn't just a line item; it's a degradation of our ability to scale. When we say,
"We can't automate that," what we usually mean is, "Our current system can't handle the variance." If
we don't bridge The Handling Gap, we end up with a process that works only as long as the human
operator stays alert and the parts stay within an impossible margin of perfection.

Five Steps for Non-Standard Automation Diagnosis

When you identify a "puzzle piece" problem—something that is difficult to handle because it doesn't fit
standard automation models—use this framework to determine how to move forward:

1. High-Resolution Data Capture: Don't just look at the part; map it. If your current sensors
can’t tell the difference between a "good" variance and a "bad" defect, you need better data.
This means high-resolution cameras or 3D scanners that feed clean information into the
system before the robot even touches the part.

2. Segmented Analysis (AI): Use machine learning to categorize what is actually happening.
Instead of a simple pass/fail based on fixed dimensions, use vision systems that can



"understand" shape and texture. This allows the system to adapt its pathing based on the
specific geometry of the piece in front of it.

3. Low-Force Tooling & Robotics Integration: Replace high-torque grippers with soft-touch
actuators or vacuum arrays where appropriate. If a part is fragile, you don't need more "grip";
you need better distribution of force. Use tools that work with the material properties rather
than against them.

4. The Human Oversight Loop: Not every decision needs to be made by a machine in real-
time, but it shouldn't always fall on an operator’s shoulders during production. Create
"exception zones" where the system flags a complex piece for human verification, allowing
the robot to handle 95% of the routine work while humans manage only the anomalies.

5. Iterative Process Refinement: Move away from "one-and-done" setups. A non-standard
process requires constant feedback loops. If a part fails or a grip is missed, that data must feed
back into the vision model to improve the next attempt.

Practical Takeaways for Your Next Gemba Walk

Next time you walk the line and see an area where operators are struggling with "tricky" parts—pieces
they have to hand-place, manually sort, or painstakingly adjust because of their shape—stop and ask
these three questions:

Identify the "Manual Workaround": Where are your best people spending their time doing
things a machine should be able to do? If it’s because the part is "too weird," that's a signal for
better vision, not more training.

Audit the Grip: Look at how parts are currently being handled. Are we using high-force
grippers on delicate surfaces? Is there an easier way to move these items without risking
damage or requiring constant human attention?

Flag the "Puzzle" Problems: Identify any process where the operator says, "I have to be
careful with this one." Those are your primary candidates for advanced vision and soft-touch
robotics.

Don't let a lack of imagination about what machines can do become a permanent bottleneck in your
facility. If we can find ways to handle shards of history that haven't seen the sun in two millennia, we
can certainly find a way to automate those "impossible" parts on your assembly line.

Call to Action

What complex 'puzzle' problem in your operation could benefit from a non-traditional approach? Share
this newsletter with an engineer who needs new ideas.
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