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Edge Al in Battery Management Systems —
Hype or Necessity?

As Al continues to shape the
energy storage landscape, a
frequently asked question
arises: Should Al models run
on the battery management
system (BMS) itself, or is
cloud computing sufficient?

While the vision of fully
autonomous, Al-driven edge
devices is attractive, the
reality is more nuanced. Let's
explore when Edge Al truly
adds value to a BMS, and
when it's better to keep
intelligence in the cloud.

Edge Al: Reserved for
Real-Time Safety and
Control

Edge Al, where machine learning models run directly on the BMS hardware, is technically
feasible and increasingly accessible. However, we believe its justification is limited to use
cases where millisecond-level response times are essential.

Use Cases Where Edge Al Makes Sense

e Thermal Runaway Detection and Suppression
Immediate detection of precursor signals (e.g. internal shorts, gas release) and
triggering of mitigation logic before a thermal event escalates.

e Live Fault Handling
For example, fast isolation of faulty cells or disconnection of the battery pack in less
than 10 ms.

e Redundant Safety Logic
As a secondary layer of intelligence in safety-critical systems such as automotive or
aviation-grade batteries.

In these cases, the round-trip latency of sending data to the cloud and back is unacceptable
and local inference is mandatory.
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Edge Al can deliver millisecond-level response times, but only under certain
conditions.

Can Edge Al Deliver Millisecond Responses?

When It Works:

« Model size is small and efficient (e.g., decision trees, TinyML models)

o Hardware includes Al acceleration, such as NXP, Tl, Infineon, Renesas
« Low-dimensional inputs (voltage, current, temperature)
» Inference-only workloads; training is done in the cloud

For example, a Cortex-M4F running a quantized model can yield inference times
below 5 ms.

Key Limitations:

« Infeasible for deep learning (CNNs, RNNs)
o Constrained by limited RAM/flash (~1 MB typical)
o Cannot handle high-resolution time-series

In short, Edge Al can respond in milliseconds for specific, narrow tasks. It excels as
an intelligent filter for real-time decisions, not as a full replacement for high-
performance cloud analytics.

Why Cloud Al is More Practical in Most Cases
In the absence of real-time constraints, cloud-based Al is the preferred choice. Here’s why:

e Higher Processing Power: Training and running complex models in the cloud enables
superior accuracy, especially for state-of-health (SOH) or aging prediction.

e Lower Cost: No need for additional silicon, firmware, or field software maintenance
on the BMS side.

e Centralized Learning: Cloud-based platforms can learn from fleet-wide data,
constantly improving predictions across all deployed systems.

o Simplified Update Cycle: Model updates are applied server-side. There's no need to
validate or re-flash edge devices in the field.
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While some newer microcontrollers include Al-capable accelerators, leveraging them adds
cost and complexity.

Cost Component Estimated Additional Cost (EUR/unit)

Cost of Edge Al in a BMS

Upgraded MCU with ML acceleration €2-5
Memory/Storage for Model Deployment €0.50-1.50
Firmware development & validation €3-10 (amortized)
Remote update infrastructure (OTA) €1-3

Total (per BMS) €6.50—€19.50

These figures apply to production volumes above 100k units/year. For smaller volumes, the
cost impact can be considerably higher.

Cost to train an Al model

If you're working with existing vehicle or battery telemetry, you already have the most
expensive input: data.

Example: Training a Fleet-Wide SOH Predictor

Activities Human Role Time Cost Range
(EUR)
1. Data Cleaning, labeling, Data 3-6 €10,000 —
Engineering synchronizing engineer + weeks  €25,000
CAN/telemetry data analyst
2. Feature Extracting derived ML engineer 2-4 €5,000 —
Engineering parameters (AV, IR trends, + domain weeks  €15,000
cycle rates, temp drift, etc.) expert
3. Model Selection Baseline model selection, ML engineer 2—4 €5,000 —
& Training tuning, validation runs weeks  €10,000 (plus
cloud €1k—5k)
4. Testing & Overfitting check, edge case ML + QA 2 €4,000 —
Robustness testing, sensitivity analysis weeks  €8,000
5. Documentation Model documentation, Tech writer + 1-2 €2,000 —
& Handoff certification prep, API PM weeks  €5,000
definitions
6. Total Cloud Compute time, storage, N/A — €1,000 —
Costs environment €5,000
-> Total €27,000 -
€68,000

For OEM or Tier 1-grade solutions (especially if the model affects safety, warranty, or
maintenance scheduling), this level of rigour is expected. If regulatory validation (e.g. ISO
26262, DO-178C) is needed, costs increase significantly—sometimes >€100k.
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Unlike cloud models, Edge Al models are difficult to update once deployed. Updates may
require:

Maintaining and Updating Edge Al Models

e Secure over-the-air (OTA) infrastructure

o Field validation

e Cybersecurity compliance (code signing, rollback protection)
e Qualification cycles for safety-critical applications

Furthermore, bugs or underperforming models on the edge can degrade system reliability

and create liability issues. This is a significant concern in automotive and aerospace sectors
where functional safety (ISO 26262) and change control are stringent.

Conclusion: Use Edge Al Selectively, Cloud Al Strategically

Edge Al in BMS has a clear but narrow application window namely, ultra-low-latency
decisions for safety or mission-critical tasks.

For most other applications—degradation analytics, fleet health monitoring, adaptive usage
profiling—cloud-based Al offers better performance, lower cost, and simpler maintainability.

As Al continues to redefine battery intelligence, successful strategies will depend not on
chasing trends, but on choosing the right architecture for the right problem.
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