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1. Executive Summary

Transportation computers are expected to
operate reliably under power conditions far less
industrial

predictable than those in fixed

installations. A fleet computer may attempt to

bootduring a cold crank event. Avideo recording
platform may lose active files when power is
removed abruptly. An unattended system may
continue drawing current after the ignition is
to

Each condition can lead

data

turned off.

preventable downtime, loss, battery

depletion, or a service visit.

These risks become more significant as
embedded platforms take on mission-critical
in buses, trucks,

workloads emergency

vehicles, rail fleets, and mobile edge Al
deployments. In these environments, the host
computing platform must withstand unstable
DC ACC/IGN

reverse-polarity exposure, undervoltage and

input, frequent transitions,
overvoltage events, overcurrent conditions, and

sudden power removal.

Axiomtek Smart addresses these

through

Ignition

challenges platform-level power
supervision and sequencing. It validates input
interprets ACC/IGN status,

configurable startup and shutdown delays, and

power, applies
coordinates controlled shutdown before unsafe
electrical conditions affect the operating

system or applications.

2. Power Challenges in
Transportation Computing

Transportation computers operate across an
electrical profile that changes throughout the
vehicle lifecycle. Engine startups, ignition
transitions, battery discharge, peripheral load
variation, cable loss, and sudden power
removal can all affect system stability. Without
coordinated power protection and shutdown
control, these events may result in failed boots,
abnormal resets,

corrupted data, depleted

batteries, and higher maintenance costs.

1. Challenge A

Unstable vehicle power

startup voltage fluctuation,
cold crank, battery discharge

G

Ignition-driven
power events
frequent ACC / IGN
on-off transitions

9

Electrical stress

reverse polarity, under-voltage,
over-voltage, over-current

o=p=g=

Mission-critical operation

systems must remain reliable in
buses, trucks, railway, and fleet vehicles

2. Pain Points

Q

a0 %

Failed or repeated boot Abrupt shutdown Data loss or corruption Battery drain Field service burden
system starts at the wrong applications lose time recordings, logs, or files systems continue drawing downtime, manual recovery,
time or resets unexpectedly to close safely may be incomplete power after ignition-off and higher maintenance cost
J
o
3. Why Traditional 7B\ m )
lutions Fail
Solutions Fai —— —_ :
power control Fixed-delay solutions 0S-only shutdown handling No integrated
reacts to ignition only, one timing profile cannot fails if software hangs protection logic

without evaluating input
power quality

fit all vehicles and

workloads

lacks coordinated voltage
protection, timing control,
and hardware-level backup

or does not respond

Figure 1. Power Instability in Transportation Computing Environments
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3. What is Smart Ignition?

Axiomtek Smart Ignition is a hardware-level
power management architecture with software-
embedded
It uses the vehicle

configurable parameters for
computing platforms.
ACC/IGN signal

coordinates

as a control input and
MCU-based

sequencing, voltage regulation, configurable

input protection,
timing, and controlled shutdown based on

actual power conditions before the host

operating system becomes involved.

Positioned between raw vehicle power and the
host computing platform, Smart
field

controlled system behavior. The wide DC input

Ignition
converts variable conditions into
supplies system power, while the ACC/IGN
signal indicates vehicle operating intent. The
MCU evaluates the input power status, ignition
state, configured delay settings, and protection
thresholds, the

system should remain off, start up, continue

then determines whether

operating, enter controlled shutdown, or safely

remove output power.

4. Design Principles

Smart Ignition is engineered as a controlled
power management layer between the vehicle's
the embedded

unpredictable and

Unpredictable
Vehicle Power

* Cold Crank

power

Smart Ignition Control Layer

LI

Input MCU
./\,‘/\, Voltage Fluctuation l Protection Decision Logic
LLLEL
Ignition Transitions Raw #
(On/Off) Power MCU
Input

+
1

Reverse Polarity Risk

Valid & Protected

Sudden Power Loss Input Confirmed

> &

Valid Operating
Condition Confirmed

-

computing platform. Its architecture separates
four core responsibilities: input protection, MCU
decision logic, regulated power delivery, and
configurable timing.

4.1 Why MCU-Based Control?

Using an MCU as central control provides
deterministic sequencing and configurable
intelligence. Discrete logic circuits can enforce
fixed electrical thresholds, but cannot manage
timing sequences, store field parameters, or
coordinate shutdown with the host system.
FPGAs offer extensive programmability but
introduce unnecessary complexity and cost for
dedicated power sequencing.

4.2 Why Platform-Level Integration

Matters

Platform-level integration enables ignition
control and power protection to be designed
than

assembled from separate external devices.

into the computing system rather
Smart Ignition consolidates input protection,
ignition logic, voltage regulation, and shutdown
coordination within the platform, providing
system integrators with consistent behavior and

reduced qualification effort.

Host Computing
Platform

©

Regulated
Power Delivery

4]

Configurable
Timing

_@_

Timing Conditions
Satisfied

-

Managed
Power
Output

Dy-

Stable Output
Confirmed

Figure 2. Smart Ignition Product Design Concept
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5. System Architecture

At the system level, Axiomtek Smart Ignition is
implemented as a hardware-based power
supervision and sequencing architecture. It
integrates the input connector, ACC/IGN
recognition circuit, Input Voltage Protection
Block, MCU Control Block, Voltage Regulation
Block, and host platform interface into a
coordinated power-control path.

By separating electrical protection, MCU
decision logic, and regulated power delivery,
Smart Ignition provides predictable system
behavior in transportation environments where
battery condition, ignition transitions, cold
crank, voltage fluctuation, and sudden power
loss can directly affect platform reliability.

6. Core Functional Blocks

Smart Ignition is built around three core
functional blocks: the Input Voltage Protection

INPUT CONNECTOR

ACC / IGN
& ACC . E RECOGNITION
ég@ Accessory ™ Detects ACC/IGN
Signal control signal

GND 1. INPUT VOLTAGE PROTECTION BLOCK
Ground

INTERRUPT

Block, the MCU Control Block, and the Voltage
Regulation Block. Together, they enable the
system to validate input power, interpret
ACC/IGN status, apply configurable timing, and
coordinate safe system shutdown. By assigning
each function to a dedicated block, the
architecture supports more predictable power
behavior and helps protect the host platform
under unstable

transportation ~ power

conditions.

6.1 Input Voltage Protection Block

The Input Voltage Protection Block is the first
stage of electrical supervision in the Smart
Ignition architecture. It monitors incoming DC
input before regulated power is delivered to the
host computing platform, protecting the system
against reverse polarity, undervoltage,
overvoltage, overcurrent, and unstable vehicle

power conditions.

3. VOLTAGE REGULATION BLOCK

REGULATED DC

VOLTAGE REGULATOR POWER OUTPUT

Converts and regulates input
voltage to a stable 12V output

4. HOST COMPUTING
PLATFORM

VCC OUT ON/OFF

2. MCU CONTROL BLOCK

REVERSE POLARITY PROTECTION
4 Protects system from
reverse polarity INTELLIGENT POWER | UART/I2C
dl | -
4 VIN MANAGEMENT MCU [€—> -
y il UV/OV DETECTION PO
Input Voltage | (g w AND PROTECTION N N HOST COMPUTING
Monitors input for undervoltage PSON PLATFORM
|-
L ) (UV) and overvoltage (OV) POWER ON/OFF DELAY > Main computing
unit
OVERCURRENT PROTECTION @ Conﬁgurfafb;e Ipower—on and
- Protects system from el
excessive current [ == . p
. J
(. J
[ @ UV = Undervoltage OV = Overvoltage J
Figure 3. Axiomtek Smart Ignition System Architecture
o)
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6.2 MCU Control Block

The MCU Control Block serves as the central
power sequencing controller. It receives input
power status from the Input Voltage Protection
Block and ACC/IGN status from the recognition
circuit. The MCU manages key timing and
threshold parameters, including IGN On Delay,
IGN Off Delay, Low Voltage Shutdown Delay,
start voltage, OS shutdown wait time, and
forced power off timing.

6.3 Voltage Regulation Block

The Voltage Regulation Block converts a
validated wide-range DC input into a stable
output rail for the host computing platform.
Input voltage can vary because of battery
condition, engine startup, cable loss, load
changes, and railway power disturbances.
Following input validation, Smart Ignition helps
reduce the risk of failed boots, abnormal resets,
and data corruption. It also helps maintain
consistent power delivery to the host platform
and connected devices during short-duration

voltage fluctuations.

7. ACC/IGN Behavior and
Controller Shutdown

Smart Ignition treats ACC/IGN as a control
signal that reflects vehicle operating intent.
When ACC/IGN turns on, the MCU applies the
configured startup delay before allowing the
host boot. This
unintended startups caused by key movement,

computer to prevents
signal bounce, cold cranking, or short voltage

fluctuations.

When ACC/IGN is turned off, Smart Ignition

maintains power during the configured

shutdown window instead of immediately
removing power. The MCU sends a shutdown
signalto the host system, allowing the operating
system and applications to save data, close
services, complete file operations, and enter a

safe shutdown state.

If the operating system does not complete
shutdown within the configured time, the MCU
hardware-controlled

maintains timing and

removes power when the delay window expires.

A ACC / IGN Event MCU Action System Result

@ Configurable IGN On Delay: 2 sec to 30 min

Startup sequence

* MCU verifies Input Power

* Checks start voltage and stability
* Applies IGN On Delay

Controlled shutdown
* MCU sends shutdown signal

Safe startup

System powers on only after
valid input and delay conditions
are satisfied

(&l

Prevents false startup during
key bounce or cold crank

Data protection
0S and applications can save

* Keeps output power active
* Maintains shutdown window for

0S and applications

® Configurable shutdown window: 1 sec to 6 hours

Force power-off control
* MCU waits until the shutdown

// } [TTH N _
o P ; accrian oy PR
turns ON =””'
1111
( :’ ACC / IGN : E
g 6 turns OFF » -
0S does
9 not ShUt ’ timeout expires
down in time e

Figure 4. Controlled Startup and Shutdown Response to ACC/IGN Events

¢ Then removes output power

d"c

»

data, close services, and
complete file operations before
power removal

° Supports graceful shutdown

Battery drain prevented
Power is removed after the
configured limit to avoid
unnecessary battery consumption

© 2026 Axiomtek Co., Ltd.
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8. Operation Flow

Smart Ignition manages power from input
validation to final removal. The Input Voltage
Protection Block verifies the wide DC input,
while the ACC/IGN Recognition Circuit detects
ignition status and reports it to the MCU Control
Block.

When input power is valid and ACC/IGN is
active, the MCU applies the configured IGN On
Delay before enabling the Voltage Regulation
Block and continuously monitors input voltage,
ignition status, and protection thresholds. When
ACC/IGN turns off or low voltage is detected, the
MCU initiates shutdown, notifies the host, and
maintains power throughout the configured
shutdown window. After the OS shuts down or
the timer expires, the MCU disables output
power to protect system integrity. This
coordinated sequence helps prevent abrupt
power loss while allowing the host platform
sufficient time to save data and close active
processes. It also ensures that startup and

shutdown behavior remains consistent across

9. Platform Generations and
Mode Selection

Smart Ignition has evolved across two
generations to address a broader range of
vehicle and railway power environments. Both
generations share the same core architecture:
input protection, MCU control, and voltage
regulation but differ in configuration flexibility,
communication interfaces, and supported

voltage modes.

9.1 Smart Ignition Generations

The first generation establishes the foundation
with hardware-configurable delay timing, MCU-
based shutdown sequencing, and fixed 12 V or

24 V input modes. Configuration is handled via

changing vehicle, battery, and railway power

conditions.

o + — . Input Power Validation

Wide DC input enters the
platform and is validated.

+

e ACC / IGN Detection
MCU detects ACC / IGN signal

and confirms vehicle intent.

2 2

e Y Startup Delay
i Startup is delayed to prevent
false or unstable boot events.

2

6 N Regulated Output Enabled

Stable regulated power is supplied
to the host computing platform.

L 4

(5 ) CL\. Controlled Shutdown Window

/ The host OS and applications are given
time to save data and shut down safely.

L

G @ Final Power Removal

After shutdown completes or the
timeout expires, the MCU disables
output power.

-

Figure 5. Axiomtek Smart Ignition Operation Flow

hardware jumpers or BIOS settings, making
deployment in standard vehicle environments

straightforward.

The second generation extends these
capabilities for deployments requiring greater
flexibility. Voltage mode selection becomes
automatic, allowing the platform to detect and
adaptto 12V, 24V, or48V input without manual
configuration. Delay timing and voltage
thresholds can be adjusted through operating
system utilities. This enhanced configurability
allows system integrators to adapt power-
management behavior more efficiently to
changing vehicle requirements and deployment
conditions.

© 2026 Axiomtek Co., Ltd.
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CAPABILITY AREA

Axiomtek Solution

@ 2nd generation

f‘Q_"?_\ Others

Mode type

Configuration interface

Start voltage

Low voltage protection

IGN ON / OFF delay

) O Q@ N & Q

>
<
=
O

Auto input voltage selection
Communication interface

OS shutdown waiting time

B O [

Firmware / code update

e ———————
@ 1st generation
\

Software strap

BIOS menu + UEFI tool + OS utility

Adjustable setting
Simplified low voltage strategy
1-second setting
12V / 24V / 48V auto selection

UART / 12C

1-second setting

UEFI / OS-based update support

Hardware strap Usually fixed

BIOS menu + UEFI tool Limited or external utility
Fixed setting Usually fixed

Low / very low voltage settings Basic support

Supported Often 10-second setting
12V / 24V (no 48V) Usually 12V / 24V only
UART Limited or varies
Supported Often 10-second setting
Limited update path Usually limited

KEY ADVANCEMENT

The Axiomtek Smart Ignition 2nd generation solution delivers software-based configuration,

broader voltage support, finer timing control, flexible updates, and easier customization.

Figure 6. Axiomtek Smart Ignition Generations

9.2 Smart Ignition Mode Selection

Smart Ignition supports two operating modes.
Mode 0 (In Vehicle Mode) is designed for vehicle
power management applications, with a
transient voltage range of 9 to 60 V and support
for 12V, 24V, and 48 V systems. Smart Ignition
Management automatically detects the vehicle
power system and adjusts related settings.

Mode 1 (Railway Mode) is designed for industrial

=
@

Mode O - In-vehicle Mode

Designed for vehicle power management
to protect the system and vehicle battery.

Start Voltage

=

Operating input range: 9-60Vdc 12V Mode | Low Voltage Lockout
Q Automatically detects vehicle power system ﬁ Start Voltage
and adjusts settings.
24V Mode  Low Voltage Lockout
Automatic System Detection
ﬁ Start Voltage
12V System ﬁ 24V System 48V System
Input > 16.5V Input 16.5-33V Input > 33V 48V Mode Low Voltage Lockout 37V

Default thresholds DE
Py

ov

20V

18v

38v

PC and railway environments that require a
wider input voltage range of 24 to 110 V,
supporting stable operation under railway
power conditions with greater voltage tolerance.
Together, these modes allow system integrators
to select power management behavior that
aligns with the electrical characteristics and

operational requirements of each deployment.

Q Mode 1 - Railway Mode

Start Voltage
Configurable: 16-110V
9V Default: 16V

@ Application range: 24-110Vdc

Used for IPC and railway environments

requiring wide-input power handling.

N

Low Voltage Lockout
Configurable: 13-90V
Default: 14V

K

Under Voltage Lockout
12v

Q Railway / Mode 1

Over Voltage Lockout
160V

Q @

24Vdc 110Vvdc

Figure 7. Axiomtek Smart Ignition Mode Selection Overview

© 2026 Axiomtek Co., Ltd.
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10. Axiomtek Smart Ignition
Solution Overview

Axiomtek Smart Ignition combines ignition
management, power management,
configuration utilities, and system status
monitoring into a unified behavior model.
Ignition management defines the platform
response to ACC/IGN events, including trigger
behavior, startup delay, shutdown delay,

debounce handling, and final power removal.

IGNITION
MANAGEMENT

ACC / IGN enable or disable
Trigger behavior

IGN ON delay

IGN OFF delay

Debounce behavior

Final power off

,  DEPLOYMENT VALUE
) Prevents false startup and gives the OS
\ enough time to shut down safely.

~——

* OS utility support
depending on platform
generation

DEPLOYMENT VALUE
\ Allows integrators to tune behavior
\\ without redesigning the power system.

SMART
IGNITION

by AXIOMTEK

CONFIGURATION MONITORING
UTILITIES AND STATUS
e BIOS menu Input power state

* UEFI utility ACC / IGN state

Power management governs the response to
input-voltage conditions, start-voltage settings,
low-voltage protection, voltage-mode selection,
and battery-related risks. Configuration utilities
allow users to adjust supported parameters
through BIOS, UEFI, or operating system tools.
Monitoring and status functions provide
visibility into input power state, ACC/IGN status,
warning events, and LED behavior.

POWER
MANAGEMENT

Input voltage detection
Start voltage setting
Low-voltage protection
Voltage mode selection
Low-voltage delay
Status monitoring e

DEPLOYMENT VALUE \
Keeps the platform within a safe
electrical operating window.
.

Warning events
Operating status
Indicator LED
depending on platform

DEPLOYMENT VALUE
Supports on installation verification,
troubleshooting, and fleet maintenance.

Figure 8. Axiomtek Smart Ignition Solution

11. Application Scenarios

Smart Ignition is suitable for transportation and
mobile computing environments where stable
power behavior is essential for system
reliability. It can be applied in in-vehicle
computers, fleet management systems, mobile
surveillance platforms, telematics gateways,
railway communication systems, onboard video

recording systems, and edge Al platforms

deployed in vehicles or rolling stock. By
coordinating input power validation, ACC/IGN
detection, configurable timing, and controlled
shutdown, Smart Ignition helps protect the
computing platform, connected peripherals,
stored data, and vehicle battery during unstable
voltage conditions, ignition transitions, battery

discharge, and sudden power removal.

© 2026 Axiomtek Co., Ltd.
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Ta,

Prevents cold crank and
ignition-off recording loss

Fleet DVRs &
In-Vehicle Computers

Ensures safe shutdown
and system protection

0N
b

e Maintains connectivity

during power transitions

Telematics & 1
Vehicle Gateways

° Clean shutdown protects
data and 0S

TR

12. Key Technical
Parameters

Axiomtek Smart Ignition is engineered for the

electrical demands of vehicle and railway
applications. The following parameters help
system integrators assess platform suitability

prior to deployment.

12.1 Supported Input Voltage Ranges

Smart Ignition supports different input voltage
ranges according to the selected operating
mode and platform generation. In Generation 2
vehicle mode, Smart
detects 12V, 24 V, or 48 V input systems and

Ignition automatically

0 Tolerates 24V / 48V
power variations

v
Keeps systems stable
within safe i

T2

Handles power
fluctuations and outages

Smart Traffic &
Surveillance Systems

Protects recordings

imits and reduces data loss |

w’a

Autonomous Mobile
Robots & AGVs

e Manages battery swap,
charging, and E-stop

Protects apps and
file integrity

Figure 9. Smart Ignition Application Scenarios

adjusts the applicable protection thresholds

accordingly, without requiring  manual
configuration. Generation 1 platforms use fixed
12 V or 24 V input modes configured via

hardware jumpers or BIOS settings.

In Railway Mode, Smart Ignition supports wide-
input railway power environments designed for
platforms operating across broader voltage
tolerances. Supported operating ranges,
transient voltage tolerance, and protection

thresholds vary by platform model.

Operating Mode Transient Voltage Range Typical Application

In-Vehicle 12V 9to 60 Vdc
In-Vehicle 24V 9to 60Vdc
In-Vehicle 48V 9to 60 Vdc

Railway 14to 160 Vdc

Passenger cars and light commercial vehicles
Buses, trucks, and heavy-duty fleets
Hybrid vehicles and electric fleets

Railway vehicles aligned with EN 50155

Note: Refer to the relevant product datasheet for the applicable range.

© 2026 Axiomtek Co., Ltd.
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12.2 Configurable Timing Parameters

Startup Delay (IGN On) 2 sec to 30 min Prevents unintended boot during key bounce or cold crank
Shutdown Delay (IGN Off) 1 sec to 6 hours Keeps the system powered after ignition off

Ils?a\i\;;/oltage Shutdown 1 minto 3 hours Enables shutdown below the battery-voltage threshold.
Forced Power Off Default 3 min Removes power if the shutdown exceeds the set time.

12.3 Status LED (Generation 2)
The onboard LED gives field technicians immediate visibility into system status without requiring a
diagnostic tool.

Solid ON System operating normally
1 blink Input voltage below the startup threshold
2 blinks Input power fault detected
4 blinks Low-voltage protection active
8 blinks The previous firmware update did not complete successfully
12.4 Standards Considerations with standards and certification status varying
The voltage ranges, timing windows, and by platform model.
protection mechanisms described in this white .
paper are designed with reference to electrical 13. Axiomtek Platform Value
Axiomtek Smart Ignition strengthens

and environmental conditions commonly found

in transportation and railway deployments, transportation embedded systems by

including ignition transitions, cold-crank integrating power protection, control logic,

behavior, voltage drops, transient disturbances, voltage regulation, configuration, and

battery discharge, vibration, shock, humidity, monitoring into the platform design. This helps

. - tem integrators r xternal circuit
and wide temperature variation. syste egrators reduce external circu

complexity, standardize deployment behavior,

Road vehicle applications may be exposed to and improve long-term reliability in variable-

electrical disturbances addressed in ISO 7637- power environments.

2, while railway applications may require wide-

. . . . For tran rtation rators, the val i
input power capability and power-interruption ° ansportation - operators, e vawe 1s

tolerance referenced in EN 50155. practical: more reliable startup, safer

Environmental reliability may also be validated shutdown, stronger battery protection, better

using IEC 60068 test methods, with alignment data integrity, and fewer preventable service

events.

© 2026 Axiomtek Co., Ltd. o 11
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AXIOMTEK SMART IGNITION VALUE

Intelligent Power Control for Reliable Operations in Every Journey

INTEGRATED POWER MANAGEMENT

Combines protection, timing,
regulation, and shutdown control.

RELIABLE OPERATION

Ensures stable startup and safe
shutdown in harsh transport
environments.

APPLICATION FLEXIBILITY

Fits mobile NVR, telematics,
railway, and edge Al
deployments.

INTEGRATOR-FRIENDLY DESIGN

Simplifies setup with configurable
delay and protection settings.

(NN
EDGE Al PLATFORMS

System Configuration

General Power On Delay

Shutdown Delay —

Protection
Timing
Monitoring

Overvoltage Protection N

Undervoltage Protection

LOWER RISK, LOWER COST
Reduces battery drain, data loss, a
downtime, and service needs.
LESS BATTERY PROTECT DATA LESS FEWER SERVICE
DRAIN INTEGRITY DOWNTIME NEEDS
( —— > \
POWERING TRANSPORTATION SOLUTIONS ? PROTECT v MAXIMIZE EXTEND BOOST |
\ WITH STABILITY, PROTECTION, AND CONFIDENCE. hg SYSTEMS UPTIME BATTERY LIFE RELIABILITY |

Figure 10. Axiomtek Platform Value

14. Conclusion

Power instability is one of the most persistent
threats to transportation and railway embedded
Cold

ignition

systems. crank events, voltage

fluctuations, transitions, battery
discharge, and unexpected power loss can
interrupt critical computing tasks, compromise
stored data, and create avoidable service
demands. Axiomtek Smart Ignition delivers an
intelligent platform-level power management
foundation that keeps embedded systems
prepared for these real-world conditions. By
stable controlled

coordinating startup,

shutdown, battery protection, and power

supervision, it helps transform unpredictable

vehicle and railway power behavior into reliable,

managed system operation.

With configurable timing, voltage thresholds,
and monitoring capabilities, Axiomtek Smart
Ignition gives system integrators greater control
over how their platforms respond to changing
power conditions. It helps protect critical data,
preserve battery capacity, reduce preventable
downtime, and support long-term deployment
reliability across in-vehicle computers, mobile
surveillance systems, telematics gateways,

railway platforms, and edge Al applications.

© 2026 Axiomtek Co., Ltd.



