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Abstract- Whole Brain Emulation (WBE) proposes a
direct approach to uploaded intelligence: instead of
building an artificial mind from scratch, reconstruct a
biological one in software. In principle, if the brain is a
physical system obeying physical laws, then its
computations should be reproducible on non-biological
hardware. In practice, however, WBE is less a single
invention and more a pipeline of hard problems stacked:
preserving neural tissue, scanning at synaptic resolution,
reconstructing 3D circuitry, extracting the connectome,
modeling neuronal and synaptic dynamics, running the
simulation at scale, and validating whether the result is
meaningfully equivalent to the original mind. This paper
reviews WBE’s scientific foundations, identifies key
bottlenecks (resolution limits, data scale, reconstruction
error, neurochemical state, plasticity, and validation),
and discusses ethical challenges such as identity
continuity, rights of emulated persons, and misuse risks
including coercion, replication, and surveillance. The
analysis concludes that WBE appears physically
plausible but technologically distant, primarily due to
measurement, modeling, and verification constraints.
Progress will require not only neuroscience and
computing advances but also governance frameworks
capable of handling the emergence of potentially
conscious digital minds.

[. INTRODUCTION

If you tell most people you want to “upload a mind,”
they imagine a sci-fi USB stick labeled
HumanSoul.zip. Reality is less cinematic and more
terrifying: it’s a data problem, a modeling problem,
and an ethics problem fused together like a three-
headed dragon.

Whole Brain Emulation (WBE) sits at the extreme end
of computational neuroscience. The idea is not to train
an Al system to imitate human behavior, but to
recreate the brain’s causal machinery closely enough
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that the simulation produces the same cognitive
functions and behavioral patterns as the original
biological brain. In its strongest form, WBE aims to
preserve what matters most: memories, personality,
cognition, and potentially the subjective experience of
being that person.

This paper addresses a central research question:

How technically feasible is Whole Brain Emulation,
and what scientific obstacles currently prevent it from
becoming plausible?

The thesis is straightforward: WBE is likely physically
possible, but current scientific and engineering
limitations make it improbable in the near term. Even
if technical feasibility improves, WBE introduces
ethical risks severe enough to require policy and
governance research alongside laboratory advances.

II. BACKGROUND AND FOUNDATIONS

2.1 The Brain as Computation

WBE assumes a computational view of the brain:
neurons and their networks process information
through electrical activity, synaptic signaling, and
biochemical regulation. This does not imply the brain
is a simple machine, but it does imply a critical point:
the brain is a physical system, and physical systems
can be modeled.

2.2 Substrate Independence

A major philosophical assumption behind WBE is
substrate independence, the claim that mental
processes depend on functional organization more
than biological material. If correct, a system that
reproduces the brain’s relevant causal structure should
reproduce the mind’s functional properties. Whether
consciousness is included remains debated, but
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cognitive equivalence is at least conceptually coherent
within physicalism.

2.3 WBE vs Al

It matters not to confuse WBE with typical AI. A
language model can mimic a person’s writing style;
WBE aims to recreate the person (or something
uncomfortably close). Al builds intelligence by
learning patterns; WBE tries to reverse-engineer
intelligence by copying its biological implementation.

III. THE WBE ENGINEERING PIPELINE

WBE is not one “magic technology.” It’s a chain. And
chains are only as strong as the weakest link.

3.1 Preservation

The emulation can only be as accurate as the preserved
brain state. If the microstructure isn’t intact, the
simulation starts with corrupted data. Preservation
methods include fixation and cryopreservation, but the
required fidelity is uncertain: is structural wiring
enough, or must molecular states be captured?

3.2 High-Resolution Scanning

This step is where reality starts laughing at ambition.
The human brain contains ~86 billion neurons and an
astronomical number of synapses. Current high-
resolution methods (such as electron microscopy) can
map tiny tissue volumes but scaling to a whole human
brain is a different species of problem: destructive
slicing, alignment, storage, time, and cost all explode.

3.3 Reconstruction and Segmentation

Scanning produces raw images. Those images must be
reconstructed into a 3D model of neurons, axons,
dendrites, and synapses. This requires segmentation
and tracing. Al helps here, but errors remain common,
and errors are not benign: a few wrong connections in
a dense circuit could ripple into entirely different
cognitive behavior.

3.4 Connectome Extraction

Connectivity is necessary, but connectivity alone
might not be sufficient. The connectome must ideally
include:

e synapse type (excitatory/inhibitory)

e synaptic strength

IJIRT 197069

e plasticity rules (how synapses change)
Without these, you risk building a beautifully
mapped statue that doesn’t move.

3.5 Brain Modeling

Model choices trade realism for tractability:

e simplified spiking models can scale better

e Dbiophysical models are more accurate but
computationally expensive
We also cannot ignore non-neuronal influences
(e.g., glia) without knowing what functionality
we’re sacrificing.

3.6 Simulation Hardware

Even if the brain model exists, running it requires
massive compute. Brain-scale simulation could
demand supercomputing resources or specialized
neuromorphic architectures for efficiency.

3.7 Validation

This is arguably the hardest problem. How do you
prove the emulation “matches” the original brain?
Behavioral similarity is testable. Internal subjective
equivalence is not. Validation becomes a hybrid
technical-philosophical problem: equivalent by what
metric?

IV. BOTTLENECKS: WHY WBE IS STILL HARD

If WBE were easy, someone would’ve uploaded their
finals anxiety by now.

4.1 Detail Requirements

The fundamental unknown: what level of detail is

required?

Possibilities include:

e wiring diagram only

e wiring + synaptic weights

e wiring + weights + neurochemistry
Each step increases difficulty by orders of
magnitude.

4.2 Data Scale

Whole-brain scanning at synaptic resolution would
likely produce data on an exabyte scale. Storage is
solvable eventually. Processing and reconstruction
accuracy is a deeper challenge.
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4.3 Reconstruction Error

Even small segmentation errors can alter network
topology. Cognitive function may depend on delicate
circuitry where “almost correct” is simply incorrect.

4.4 Neurochemistry and Plasticity
Brains are living systems:
neurotransmitter release

e receptor dynamics
e neuromodulation
e constant synaptic rewiringThese are not cosmetic

details. They may contribute critically to
cognition, mood, and behavior.

4.5 The Neural Code

We still don’t fully understand how the brain encodes
information. Without this understanding, it is unclear
whether a structural replica necessarily yields
functional equivalence.

4.6 Equivalence Verification

Even if the emulation behaves similarly, is it truly the
same mind?

This is where science hits a philosophical wall at high
speed.

V. FEASIBILITY AND TIMELINE SCENARIOS

WBE is likely to advance through intermediate

milestones:

e small connectomes reconstructed and simulated
reliably

e ecntire insect or small mammal brains modeled
with behavioral fidelity

e brain-region emulation with consistent functional
mapping

e cventually, human-scale reconstruction if
scanning, automation, and compute converge

However, WBE timelines remain speculative because
unknown unknowns dominate the problem.

VI. ETHICS: WHEN THE SCIENCE WORKS TOO
WELL

If WBE succeeds, it forces civilization to answer

questions it has never had to formalize.
6.1 Identity
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If the scan is destructive and produces a digital replica,
the result may be a copy, not a continuation. Gradual
replacement methods avoid some intuitions about
death, but are even harder technically.

6.2 Rights of Emulated Minds

If the emulation is conscious, deleting it is not the
same as shutting down software. It may be closer to
killing. Ethical frameworks must address:

consent

personhood

protection from exploitation
autonomy

6.3 Security and Abuse

A mind that can be copied can be weaponized:

e forced labor

e surveillance

e cditing memories

e replication without consent WBE creates “mind
data,” and mind data would become the most
sensitive data category ever invented.

VII. FUTURE DIRECTIONS

Research must treat WBE as both a technical and

governance challenge.

Technical research priorities:

e scalable non-destructive scanning

e reconstruction pipelines with benchmarked error
rates
modeling neurochemistry and plasticity at scale
efficient brain-scale compute architectures

Governance priorities:

e international consent standards

e legal recognition of digital personhood (if
applicable)

® strict controls against
copying/modification

non-consensual

e security standards for mind-data storage

VIII. CONCLUSION

WBE is scientifically grounded but technologically
extreme. It is not forbidden by physics, but it is
constrained by current measurement limits, modeling
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incompleteness, and the unresolved challenge of
verification. Even if the engineering hurdles are
eventually solved, society must confront a new kind of
moral subject: a potentially conscious digital person.
In that sense, WBE is not only a project to emulate
brains, but a project that tests whether humanity is
mature enough to handle the consequences of success.
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