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Critical Engineering Requirements — Read First

AEC-Q100 AUTOMOTIVE GRADE COMPONENTS — MANDATORY FOR ALL TRANSPORTATION
SOLUTIONS

AEC-Q100 = Automotive Electronics Council stress test qualification standard.
Grade 1: -40°C to +125°C operating temperature (engine bay)

Grade 2: -40°C to +105°C (under hood, not engine bay)

Grade 3: -40°C to +85°C (passenger cabin)

A consumer-grade ESP32 in an engine bay will fail within weeks.
Indian summer + engine heat + vibration = consumer component failure in < 3 months.
AEC-Q100 components cost 20-50% more. They are non-negotiable.

Authorised sources for AEC-Q100 components: Mouser India, Arrow India, element14 India.
NEVER source automotive-grade components from IndiaMART or Amazon third-party sellers.

NON-INVASIVE RETROFIT — THE ONLY VIABLE APPROACH FOR INDIAN MSME

An MSME owner will NOT stop production for IoT installation.
A device that requires machine modification will NOT be adopted.

Every manufacturing lIoT sensor must:
Install without stopping the machine (magnetic mount, clamp-on, stick-on)
Require no machine modification (no drilling, no wiring into machine)
Be removable without trace (rental / subscription business model enabled)

This is not a convenience feature. It is the product-market fit requirement.
Violate it and the product will not reach the market regardless of technical quality.
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How to Use This Document

This is Appendix A4 — the detailed specification reference for Manufacturing & MSME and Transportation
solutions. These two domains are combined because they share the harshest engineering environments in the
entire 52-solution set: electrical noise, mechanical vibration, outdoor exposure, and vehicle-grade reliability
requirements.

Manufacturing loT (MF-1 to MF-5) is distinguished by three constraints not found in other domains: VFD
switching noise, non-invasive retrofit requirements, and the WhatsApp/SMS interface mandate for MSME
operators. Transportation loT (TR-1 to TR-5) is distinguished by AEC-Q100 component requirements, AIS 140
regulatory compliance, and the India-specific NavIC integration opportunity.
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Domain Overview — Manufacturing & Transport

Domain ‘ Solutions Annual Impact | Primary Hardware Primary Software
Challenge Challenge

Manufacturing 5 (MF-1to MF-  %1,10,000 Cr Non-invasive retrofit, VFD WhatsApp Business API

& MSME 5) noise immunity, IPC-A-610 in Indian languages, OPC-
Class 3, IP54 DIN rail UA bridge, MSME-specific

ML
Transportation 5(TR-1to TR- 82,000 Cr AEC-Q100 automotive iRAD + VAHAN +
5) grade, ISO 7637-2 transient  SARATHI APls, NCMC

protection, AIS 140 integration, NavIC + GPS
compliance multi-constellation
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Appendix A-7 — Manufacturing & MSME: 5 Solutions

| Manufacturing & MSME — 5 Solutions | 63 Million Machines Running on Instinct

India's 63 million MSMEs produce 30% of GDP and employ 110 million people. Most run machines bought
between 1970 and 2000 with zero instrumentation. The machine operator knows when the bearing is failing —
he can hear it. He has no data. When it fails, he loses ¥5-15 lakh in production and repair. A vibration sensor
and an ML model on a STM32N6 would have told him two weeks earlier. The engineering is known. The
product does not yet exist at Indian MSME price points.

Manufacturing l0oT operates in the harshest environment of any domain in this presentation:

1. Electrical noise — VFDs, welding machines, contactors — switching noise up to 10kV/us.
Every sensor signal wire is an antenna for this noise.
Differential signalling, shielding and filtering — mandatory.

2. Mechanical vibration — sensors mounted on machines vibrating at 10—-10,000 Hz.
Connector loosening, solder joint fatigue, component de-rating — all accelerated.
IPC-A-610 Class 3 assembly standard minimum.

3. Legacy machine integration — most Indian MSMEs run machines from 1970-2000.
No digital interface. No API. No documentation.
RS485/Modbus bridge to modern cloud — standard approach.

4. MSME operator reality — end user has never used a smartphone app for machine data.
Interface must be WhatsApp or SMS — not a dashboard.
Alert must be in Hindi, Tamil, Gujarati — not English.

Home | Seekers Signpost Rev1.0, May2026



https://www.seekerssignpost.com/

MF-1 MSME Predictive Maintenance
Manufacturing - Year 3—4 - ECE+CSE

Dimension Detail

Scale 63M MSMEs contribute 30% of GDP; most run legacy machines with zero instrumentation; I5—
15L lost per unplanned breakdown incident

Impact 70% reduction in unplanned downtime; ¥5—15L saved per incident; 25% improvement in OEE
(Overall Equipment Effectiveness)

Hardware MEMS vibration sensor — triaxial, 0.1-10,000 Hz, £16g; non-invasive CT clamp — 5-500A; IR

needed thermometer — non-contact, -20°C to 500°C; acoustic emission sensor — 100—400 kHz for
bearing fault; STM32N6 NPU edge Al node; RS485 Modbus RTU; all: IP54, DIN rail or magnet
mount, no machine modification

Software Bearing fault ML — FFT feature extraction + CNN classification; motor current signature analysis
needed (MCSA); thermal anomaly detection; OPC-UA bridge for modern machines; WhatsApp Business
API alert in operator's language; MSME cluster dashboard; maintenance scheduling ML

Why local HMT lathes, Kirloskar pumps, Greaves engines, TEXMACO presses — not in any global training
dataset. Indian MSME operator uses WhatsApp, not Siemens MindSphere. Industrial estate
cluster model unique — Rajkot castings, Ludhiana bicycle parts, Tirupur garments

_Senso_r A MEMS vibration sensor requires mounting surface preparation — any looseness introduces
integrity false vibration. Magnetic mount must achieve > 5 kHz flat frequency response — verify with
note impact hammer test. Current clamp accuracy degrades with harmonic-rich motor current.

Baseline vibration signature must be captured when machine is known-good — all anomaly
detection is relative to this baseline

Regulatory No mandatory certification for condition monitoring device; if integrated with safety system — IEC
path 61508 functional safety

POC entry Arduino Nano 33 BLE Sense + Edge Impulse vibration classification — logical check only
point

Engineering STM32N6 + MEMS accelerometer + CT clamp + RS485 + X-CUBE-Al FFT+CNN + WhatsApp
target Business API

MF-1: Key Government APIs & Links

API/Platform  URL | What It Enables

MSME Ministry msme.gov.in MSME schemes, cluster development programmes, financial
support

WhatsApp business.whatsapp.com/developers  Alert delivery in any Indian language, media messages, interactive

Business API buttons

OPC opcfoundation.org OPC-UA specification — standard interface for modern machine

Foundation data

Edge Impulse edgeimpulse.com/blog/predictive- TinyML vibration tutorial specifically for predictive maintenance on

Vibration maintenance Nano 33

MSME champions.gov.in MSME grievance + opportunity portal — understand customer

CHAMPIONS pain points
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MF-1: Engineering Notes — VFD Noise and Differential Signalling

Variable Frequency Drive (VFD) switching noise — the dominant EMC challenge in any Indian factory:

VFD switching frequency: 4-20 kHz carrier, 10kV/ps dV/dt transients on motor cables

Common-mode noise: capacitively coupled to motor shaft and bearing — causes bearing current
damage

Radiated EMI: strong emissions from motor cable acting as antenna above 10 MHz

How VFD noise corrupts sensor readings:
MEMS accelerometer: VFD switching couples into signal wire — false vibration reading
CT clamp: VFD harmonics appear as motor load — incorrect MCSA analysis
Temperature sensor: conducted interference on power rail — ADC noise

Correct sensor wiring design near VFD:
All analog sensor cables: twisted pair, shielded, shield grounded at one end only
Separation: sensor cable = 300mm from motor power cable. Never parallel > 50mm.
Differential input: use instrumentation amplifier (INA128 or AD8221) at sensor input
Ferrite choke: common-mode ferrite on sensor cable entry to enclosure
Optical isolation: between sensor circuit and microcontroller — eliminates ground loop

Impact hammer test for magnetic mount verification:
Strike mount with calibrated impulse hammer (PCB 086C01 or equivalent)
Measure frequency response of sensor on mount vs reference on rigid surface
Pass criterion: flat response (+3dB) from 10 Hz to 5 kHz minimum
Any resonance peak = loose mount = false vibration data

MF-1: The MSME Market Reality
Why India's 63 million MSMEs are an engineering opportunity:

No MSME will buy a ¥5L Siemens MindSphere subscription

Every MSME will pay ¥8,000-%25,000 for a device that saves 5L

The price point is Indian. The problem is Indian. The solution must be Indian.
No global lloT vendor serves this market

The market is 63 million units

The annual revenue opportunity: 50,000 crore minimum

Your student's final year project could be the product that serves this market.
The specification is here. The market is waiting.
The only missing piece is the engineer.
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MF-2 Worker Safety & Compliance Monitoring
Manufacturing - Year 3—4 - Factories Act + ESIC + DGFASLI

Dimension Detail

Scale 48,000+ factory accidents/year; 10 construction worker deaths/day;
12,000 cr annual accident cost

Impact 60% accident reduction; ESIC compliance automation; Factories Act
compliance; ¥7,000 cr annual accident cost saving

Hardware needed Personal gas detector wearable — H,S, CO, O,, LEL; fall detection IMU
band — 6-axis, wrist-worn; smart helmet — impact sensor, UV exposure,
fatigue camera; IR thermal camera — electrical hotspot; UWB RTLS anchor
+ tag — precise worker location +30cm; body temperature + heart rate —
heat stress; all: IP67, industrial grade, 12-hour battery minimum

Software needed Fall detection ML — distinguish actual fall from false positive; heat stress
ML — ambient temp + humidity + heart rate + work intensity; zone violation
detection; RTLS evacuation roll call; ESIC accident reporting integration;
Factories Act compliance dashboard; fatigue detection from HR variability

Why local Factories Act 1948, BOCW Act, ESIC — India-specific labour laws. Indian
construction site conditions — scaffolding types, material handling —
require India-trained fall detection models. ESIC integration for accident
reporting unique to India

Sensor integrity note A Personal gas detector — IEC 60079-29-1 certification mandatory for
explosive atmospheres. Gas sensor lifetime: 2 years maximum —
mandatory replacement regardless of apparent function. Fall detection IMU
requires per-individual calibration — body mass and height affect fall
signature. Heat stress algorithm must be validated against WBGT reference
standard

Safety requirement IEC 60079-29-1 for gas detectors in hazardous areas; IEC 61508 for safety-
critical fall detection

Regulatory path Factories Act 1948 — Section 11-20; BOCW Act 1996; ESIC Act 1948; IS
8791 for explosive atmosphere detectors; DGFASLI compliance

POC entry point Arduino Nano 33 BLE Sense + Edge Impulse fall detection + gas sensor
module — logical check only

Engineering target Custom nRF5340 wearable + certified gas sensors + 6-axis IMU + UWB
DW3000 + ESIC API + Factories Act dashboard

MF-2: Key Government APIs & Links

API / Platform URL What It Enables

ESIC esic.gov.in Employees' State Insurance —
accident reporting, medical benefit,
compliance dashboard

DGFASLI dgfasli.gov.in Directorate General Factory Advice
Service — safety standards,
inspection protocols
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API / Platform URL What It Enables

Factories Act labour.gov.in/sites/default/files/TheFactoriesAct1948.pdf ~ Safety provisions — Section 11-20,
mandatory safety requirements

BOCW Act labour.gov.in Building & Construction Workers
Act — construction site specific
provisions

DwW3000 UwB gorvo.com/products/p/DWM3000 Qorvo DW3000 UWB — +10cm to
+30cm indoor positioning for worker
tracking

MF-2: Engineering Notes — Fall Detection Algorithm Design

Fall detection ML for Indian construction worker — why India-specific training is non-negotiable:

Indian construction activities that generate fall-like IMU signatures (false positives):
Bending to pick materials at ground level (peak acceleration 3—-5g)
Sitting cross-legged on scaffold (rapid postural change)
Squatting to mix concrete (repeated rapid acceleration)
Rolling rope on shoulder (rotational + translational combined)

A Western fall detection model trained on desk-worker movements:
treats every construction activity as a fall — 200+ false alarms per worker per day
— workers disable wearable — system fails

India-specific training dataset requirement:
Collect IMU data from 50+ Indian construction workers across 20 activities
Label: fall (positive), normal activity (negative), near-fall recovery (separate class)
Train with class-weighted loss — false negative (missed fall) is 10x worse than false positive
Target: 99% sensitivity (miss < 1 real fall in 100), 95% specificity (< 5 false alarms/day)

WBGT (Wet Bulb Globe Temperature) heat stress validation:
WBGT = 0.7xTnwb + 0.2xTg + 0.1xTdb (outdoors)
India construction sites: WBGT > 28°C = caution, > 32°C = danger (NIOSH guidelines)
Wearable HRV + skin temperature must be validated against simultaneous WBGT measurement
ACGIH TLV-TWA for heat stress — validated protocol for algorithm calibration
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MF-3 Quality Inspection with Computer Vision
Manufacturing - Year 3—4 - IATF 16949 for Automotive

Dimension Detail

Scale India manufacturing rejection rate 8—12% vs global 2—3%; ¥40,000 cr
annual quality loss

Impact Reduce rejection to < 3% = 32,000 cr saving; improve export compliance;
reduce customer returns

Hardware needed Industrial machine vision camera — GigE Vision or USB3 Vision; telecentric
lens — dimensional measurement without perspective distortion;
programmable LED ring — coaxial + diffuse + dark field; edge Al — Jetson
Nano or STM32N6; conveyor encoder — synchronised capture; rejection
actuator — compressed air ejector; IP65 enclosure — factory dust and
coolant splash

Software needed Defect detection CNN — MobileNet or YOLO, trained on India-specific
defect types; anomaly detection for new defects; SPC (Statistical Process
Control) integration; ERP integration — SAP, Tally, custom Indian ERPs;
defect classification in operator's language; model retraining pipeline —
new defects added without downtime

Why local Indian manufacturing defects — foundry sand inclusions, weld spatter,
textile weave defects — not in global training datasets. Indian ERP systems
(Tally, custom) have different quality module APIs. Indian drawings use IS
dimensioning — not ASME or DIN

Sensor integrity note A Machine vision requires calibration with NIST traceable dot grid target for
dimensional measurement. Camera calibration must repeat after any
mechanical disturbance. lllumination intensity must be monitored — LED
flux degrades 30% over 10,000 hours — recalibration required. Lens focal
length changes with temperature — thermal stabilisation or compensation

required
Regulatory path No mandatory certification for quality inspection; IATF 16949 for
automotive, AS9100 for aerospace if export compliance
POC entry point Raspberry Pi + USB camera + OpenCV + TF Lite — logical check only
Engineering target Jetson Nano + GigE camera + telecentric lens + programmable illumination

+ YOLO defect detection + SPC + ERP API

MF-3: Key Government APIs & Links

API / Platform URL What It Enables

NVIDIA developer.nvidia.com/embedded/deepstream-  Jetson-optimised vision pipeline — camera

DeepStream sdk to inference to action

Roboflow roboflow.com Dataset management, annotation,
augmentation for manufacturing defect
datasets

OpenCV opencv.org Computer vision library — calibration,

image processing, GigE Vision interface
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API / Platform URL What It Enables

IATF 16949 iatfglobaloversight.org Automotive quality management standard
— quality system requirements for supplier

GeM Portal gem.gov.in Government e-Marketplace — quality-
verified product registration for export

MF-3: Engineering Notes — Lighting Is 70% of Machine Vision

Lighting design is the most under-estimated aspect of machine vision system design.
70% of machine vision problems are lighting problems, not algorithm problems.

Three lighting configurations for different Indian manufacturing defects:

Bright field (coaxial illumination):
Surface reflections highlight scratches, contamination
Best for: smooth metal surface defects, printed circuit board inspection
Setup: LED ring coaxial with camera axis — reflected light from flat surfaces enters lens

Dark field (low-angle side lighting):
Surface features cast shadows — high contrast for edges and texture
Best for: casting surface roughness, machining tool marks, burrs
Setup: LED ring at 15-30° angle to surface

Diffuse dome lighting:
Eliminates specular reflections — uniform illumination
Best for: shiny metal parts, curved surfaces, coloured defects
Setup: dome enclosure with LED strip on inside surface

Programmable LED ring (critical for India manufacturing diversity):
Indian factories make: castings, forgings, machined parts, textiles, PCBs, pharmaceuticals
Each requires different lighting. Fixed lighting = system only works for one product.
Programmable intensity + angle per quadrant: one hardware, configurable per product type
Add: strobe synchronisation with camera trigger — eliminates motion blur at conveyor speed
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MF-4 Supply Chain Visibility for Make in India
Manufacturing - Year 3 - PLI + GeM + GSTN

Dimension Detail

Scale PLI covers 14 sectors; Z2L cr incentives at stake; counterfeit components
cause 20,000 cr annual loss; supply chain visibility mandatory for PLI
compliance

Impact Full traceability = PLI claim accuracy; counterfeit elimination; ¥8,000 cr from

supply chain fraud; export compliance automation

Hardware needed UHF RFID reader — fixed gate + handheld; NFC product tag —
cryptographic anti-counterfeit; GPS tracker — container and truck; smart
label printer — RFID + barcode; loT gateway — warehouse-grade, IP54;
environmental logger — temperature + humidity for sensitive storage;
tamper-evident seal with RFID

Software needed End-to-end supply chain platform — raw material to finished goods; PLI
compliance tracker; GeM portal API; counterfeit detection ML — product
signature verification; blockchain provenance; GSTN integration for e-way
bill; export compliance — DGFT ICEGATE integration

Why local PLI scheme, GeM portal, GSTN, DGFT ICEGATE — entirely India-specific
government systems. Indian supply chain topology — tier 1/2/3 MSME
network — not in any global SCM platform

Sensor integrity note A RFID read rate at warehouse gates must be validated — metal and liquid
products detune UHF antennas. Minimum 99.5% read rate at rated
conveyor speed. NFC anti-counterfeit tag must use challenge-response
protocol — not static identifier

Regulatory path PLI scheme compliance — varies by sector; GeM vendor registration; Legal
Metrology for measurement-based claims; DGFT for export

POC entry point ESP32 + RFID RC522 + GPS + Google Sheets — logical check only

Engineering target Custom RFID gateway + NFC crypto tags + GPS tracking + GeM API + PLI

dashboard + GSTN e-way bill API

MF-4: Key Government APIs & Links

API / Platform URL | What It Enables

PLI Scheme dpiit.gov.in/schemes Production Linked Incentive — production data
submission, incentive calculation

GeM Portal gem.gov.in Government e-Marketplace — product listing, order
tracking, quality verification

GSTN gstn.org.in GST Network — e-way bill generation, invoice matching,
supply chain compliance

DGFT ICEGATE icegate.gov.in Export-Import compliance — shipping bill, duty drawback,
EXIM data

NFC Forum nfc-forum.org NFC tag specifications — Type 4 tag for crypto challenge-
response
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MF-4: Engineering Notes — NFC Cryptographic Anti-Counterfeit

Static NFC tag (UID only) is NOT anti-counterfeit:
UID is a fixed number readable by any NFC phone.
Attacker reads UID from genuine product, programs clone tag with same UID.
Scanner cannot distinguish genuine from clone. Security is zero.

Correct approach: Challenge-Response Authentication (NFC Type 4 + ECDSA):
Tag contains: ECDSA private key + product metadata (encrypted)
Reader sends: random 32-byte challenge
Tag responds: ECDSA signature of challenge using private key
Reader verifies: signature using product's public key (from manufacturer database)
Attacker cannot forge signature without private key — mathematically unforgeable

Implementation:
NFC tag IC: NXP NTAG 424 DNA — has built-in AES-128 and secure authentication
Cost: ¥18-25 per tag in volume
Reader: NXP PN7150 NFC controller (STM32 + PN7150 combination)
Backend: public key stored in GeM portal and manufacturer cloud — any reader can verify

Blockchain provenance — when to use vs when NOT to use:
Use: when multiple untrusted parties need to read and write to same ledger (tier 1/2/3 supply chain)
Do NOT use: when a single company controls all nodes (central database is faster and cheaper)
India use case: PLI supply chain involves hundreds of MSMEs — blockchain is appropriate
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MF-5 Textile & Garment Quality Monitoring
Manufacturing - Year 3—4 - ATUFS + CPCB CETP + EU REACH

Dimension Detail

Scale 12L cr textile industry; 45M workers; India's second largest export sector;
15% fabric rejection rate in domestic production

Impact Reduce fabric rejection to < 5% = 18,000 cr saving; 30% water + dye
waste reduction; improve export compliance to EU/US buyers

Hardware needed Fabric defect camera — line scan for continuous inspection; colour
spectrophotometer — CIE Lab, AE < 0.5; moisture sensor — microwave
resonance for yarn + fabric; thread break detector — optical, per needle;
loom tension sensor — strain gauge, real-time; water consumption flow
meter; effluent quality sensor — BOD, COD, pH, colour for CETP
monitoring

Software needed Fabric defect ML — warp break, weft break, hole, stain, weave skip —
trained on Indian fabric types; colour consistency ML; water optimisation
algorithm — dye bath reuse; ATUFS compliance reporting; EU REACH
compliance checker; effluent treatment monitoring with CPCB CETP
standards

Why local Indian fabric types — handloom, power loom, knit, woven, technical textiles
— require India-specific training. ATUFS subsidy India-specific. EU REACH
from Indian perspective needs India supply chain traceability. CPCB CETP
is India regulatory requirement

Sensor integrity note A Colour spectrophotometer requires daily calibration against CIELAB D65
illuminant reference tiles. Moisture sensor for yarn requires per-fibre-type
calibration — cotton, polyester, silk, wool all have different microwave
absorption. Effluent sensors (BOD, COD) require laboratory validation —
UV absorbance + dissolved oxygen used as surrogate with ML correction

Regulatory path ATUFS technical compliance; BIS IS textile testing standards; CPCB CETP
effluent standards; EU REACH for export; Oeko-Tex for sustainable claims

POC entry point ESP32 + TCS34725 colour sensor + moisture sensor + ThingSpeak —
logical check only

Engineering target STM32H7 + line scan camera + spectrophotometer + Coral Edge TPU +
ATUFS API + CPCB CETP API

MF-5: Key Government APIs & Links

API / Platform URL What It Enables
ATUFS texmin.nic.in/scheme/amended- Amended Technology Upgradation Fund — textile
technology-upgradation-fund- machinery upgrade subsidy

scheme-atufs

CPCB CETP cpcb.nic.in Common Effluent Treatment Plant standards, textile
effluent limits

EU REACH echa.europa.eu/regulations/reach  European chemicals regulation — restricted
substances in export textile
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API / Platform URL What It Enables

Oeko-Tex oeko-tex.com Sustainable textile certification — chemical safety for
consumer textile

TEXMIN texmin.nic.in Ministry of Textiles — scheme portal, export
promotion, cluster support

MF-5: Engineering Notes — Line Scan Camera for Continuous Fabric

Why area scan camera fails for fabric inspection and line scan succeeds:

Area scan: captures full frame at one instant. Fabric moving at 60—120 m/min.
At 100 m/min, area scan at 25fps: each frame has 66mm motion blur.
A defect 2mm wide is smeared across 66mm — invisible.

Line scan camera: captures one line perpendicular to fabric travel at 40,000—80,000 lines/second.
At 100 m/min (1,667 mm/s) + 80,000 lines/s: one line per 0.02mm = 0.02mm resolution.
No motion blur. Continuous inspection at any fabric speed.

Practical fabric inspection system design:
Camera: Basler raL4096-24gm — 4096 pixels, 24kHz line rate, GigE interface (385,000)
Lens: telecentric telecentric line scan lens — constant magnification across full width
lllumination: LED bar light — incident angle 45° for texture defect contrast
Encoder: rotary encoder on fabric roller — triggers image capture every 0.1mm of fabric travel
Processing: Jetson Orin Nano — 40 TOPS for YOLO defect classification at line rate

EU REACH restricted substances list for Indian textile exporters:
SVHC (Substances of Very High Concern) list: 240+ chemicals
Common violations in Indian dyeing: Azo dyes releasing carcinogenic amines, formaldehyde in finish
0T solution: effluent sensor + dye bath chemistry monitoring — REACH compliance real-time
ECHA API: access SVHC candidate list programmatically — echa.europa.eu/echa-term
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Manufacturing Domain Summary — Five Solutions, One Engineering
Discipline

Five solutions. One common engineering discipline: non-invasive sensing in electrically noisy
environments.

Differential signalling. Shielded cables. Optical isolation.
These are not advanced topics. They are Year 2 fundamentals. Teach them as fundamentals.

Solution Primary Noise Sensor Communication | POC

Source Mounting
MF-1 Predictive ~ VFD switching Magnetic RS485 Modbus Nano 33 + Edge 40,000 Cr
Maintenance noise mount Impulse
MF-2 Worker RF from welding Body-worn BLE + UWB Nano 33 + Edge 12,000 Cr
Safety IP67 Impulse
MF-3 Quality Conveyor motor Optical GigE Vision RPi + USB 32,000 Cr
Inspection EMI isolation camera
MF-4 Supply None significant Gate-mounted UHF RFID ESP32 + RFID %8,000 Cr
Chain RC522
MF-5 Textile Loom motor Machine-frame  RS485 ESP32 + 18,000 Cr
Quality harmonics TCS34725
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Appendix A-8 — Transportation: 5 Solutions

| Transportation — 5 Solutions | 4.5 Lakh Deaths. Every One Preventable.

India has 4.5 lakh road deaths per year — the highest in the world. 68,000 km of railway track, a quarter of
which has never been instrumented for health monitoring. 15 lakh school buses carrying 26 crore children with
no tracking, no fatigue detection, no parent confirmation. 111 National Waterways with logistics costs at 14% of
GDP versus a global benchmark of 8%. Every one of these numbers is an engineering problem with a known
loT solution. Every one has been waiting for the engineer who builds it.

Transportation loT operates under five constraints no other domain combines simultaneously:

1. Mobility — the device moves. RF must handoff between towers. GPS must work under bridges.
Power: 12V/24V vehicle supply with transients up to 120V (ISO 7637-2).

2. Safety criticality — a false negative from a fatigue sensor costs a life.
ISO 26262 functional safety applies to automotive systems.

3. Regulatory complexity — AIS 140 mandatory for commercial vehicles.
VAHAN + SARATHI + iRAD — India government databases, mandatory integration.

4. Indian road reality — potholes, unmapped roads, cattle, wrong-way drivers.
Any ML model trained on Western road data fails in India. India-specific data: non-negotiable.

5. Environmental extremes — engine bay: 85°C continuous, 125°C peak.
AEC-Q100 grade components mandatory. Consumer-grade components fail within weeks.

18
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TR-1 Vehicle Telematics & Accident Prevention
Transportation - Year 3—4 - AIS 140 + ISO 26262 + AEC-Q100

Dimension Detail

Scale 4.5L road deaths/year — world's highest; 1.5 cr accidents annually; 30 cr
registered vehicles; 1.47L cr annual road accident economic cost

Impact 30-40% accident reduction; 12,000 cr insurance saving; iRAD data quality
improvement for better road design

Hardware needed OBD-II dongle — BS-VI India vehicle protocol mapping; GPS/GNSS —

multi-constellation (GPS + NavIC + GLONASS); 6-axis IMU — harsh
braking, cornering, rollover; 4G LTE — AIS 140 compliant; AEC-Q100
throughout; vehicle power: 12V/24V, 6—-90V transient protection (ISO 7637-
2); -40°C to +85°C operating

Software needed Driver behaviour scoring ML — harsh braking, acceleration, cornering,
phone use; fatigue detection ML — steering micro-correction analysis; iRAD
integration — mandatory commercial fleet; VAHAN API; SARATHI driver
database API; FASTag analytics; fleet dashboard; insurance telematics —
UBI (Usage Based Insurance)

Why local iRAD, VAHAN, SARATHI — India government databases. NaviC — India
sovereign navigation. India-specific patterns — lane indiscipline, wrong-
way, cattle crossing — require India training. BS-VI OBD has India-specific
parameter IDs

Sensor integrity note A\ GPS accuracy degrades under flyovers and urban canyons — common
in Indian cities. Multi-constellation (GPS + NavIC + GLONASS) mandatory
for urban reliability. IMU calibration required after installation — mounting
angle compensation. Vibration from Indian roads causes IMU bias drift —
temperature + time recalibration every 6 months

Safety requirement ISO 26262 ASIL-B for safety-critical functions; ISO 7637-2 vehicle transient
protection; AEC-Q100 Grade 1

Regulatory path AIS 140 — MoRTH mandatory vehicle tracking; iRAD integration; Motor
Vehicles Act 1988; IRDAI telematics guidelines

POC entry point ESP32 + GPS + OBD ELM327 + MPU6050 + ThingSpeak — logical check
only

Engineering target Custom AEC-Q100 PCB + multi-constellation GNSS
(GPS+NavIC+GLONASS) + AIS 140 4G modem + iRAD API + VAHAN API
+ driver ML

TR-1: Key Government APIs & Links

APl / Platform URL | What It Enables

AIS 140 morth.nic.in Ministry of Road Transport — vehicle tracking standard,
type approval, data protocol

iRAD irad.nic.in Integrated Road Accident Database — mandatory
accident data submission, road blackspot analysis

VAHAN vahan.parivahan.gov.in Vehicle registration database — owner details, insurance,
fitness certificate

Home | Seekers Signpost Rev1.0, May2026

19


https://www.seekerssignpost.com/

API / Platform URL | What It Enables

SARATHI sarathi.parivahan.gov.in Driver licence database — driver qualification, violation
history
NavIC / ISRO isro.gov.in/NavIC.html India satellite navigation — chipset guidance, signal

specification, accuracy data

TR-1: Engineering Notes — ISO 7637-2 Vehicle Transient Protection

India vehicle electrical environment — what your hardware must survive:

Nominal: 12V (passenger) or 24V (commercial)

Load dump (alternator disconnected at high RPM): 87V peak at 12V system, 174V at 24V
Switching transients (inductive loads: relays, motors): £150V, < 1 us rise time

Ignition pulse: -100V to +75V, 0.5 ys pulse

Battery disconnect: -300V to +600V, 1 ms

ISO 7637-2 defines five pulse types that hardware must survive:
Pulse 1: -100V, 2ms (inductive energy after switch-off) — TVS diode required
Pulse 2a: +50V, 0.05ms (motor commutation) — TVS diode required
Pulse 2b: +10V above battery, 200ms (alternator load dump) — suppressor required
Pulse 3a/3b: 200V, 0.1ps (switching transients) — decoupling capacitor + TVS
Pulse 4: -7V (ignition on/off disturbance) — reverse polarity protection

Required protection circuit for AIS 140 device power input:
Fuse (5A polyfuse): overcurrent protection, self-resetting
TVS diode (SMAJ33A): 33V clamp for load dump on 12V system
Schottky diode (SS34): reverse polarity protection
Bulk capacitor (100uF/50V): energy storage for load dump absorption
LDO or DCDC converter: input range 6—36V, output 3.3V for logic
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TR-2 Public Transport Optimisation
Transportation - Year 3—4 - AIS 140 + NCMC + GTFS-India

Dimension Detail

Scale 170 cr daily public transport trips; 1.4L state RTC buses; 8,000+ urban bus
routes; ¥80,000 cr annual operating cost

Impact 25% fleet utilisation improvement; 18% fuel saving; reduce passenger wait
from 22 to 8 minutes; improve NCMC compliance

Hardware needed VTU — AIS 140 compliant; passenger counting sensor — stereo vision or
IR curtain; AFC terminal — NCMC + UPI + QR; driver display — route +
schedule; depot management terminal; all: AEC-Q100, -20°C to +70°C bus
interior

Software needed GTFS-India compliant API; crowd prediction ML — load by route, time,
weather; dynamic scheduling ML; NCMC integration; ONTS backend; state
RTC ERP — each state different; passenger app; depot optimisation —
charging + maintenance scheduling

Why local NCMC, ONTS, GTFS-India, state RTC ERP — entirely India-specific.
Indian bus route naming, stop naming — no global standard. Indian
passenger behaviour — festival surge, monsoon patterns — India-trained
demand models

Sensor integrity note A\ Passenger counting accuracy degrades with Indian bus entry behaviour
— multiple doors, simultaneous entry/exit, conductors blocking sensors.
Minimum 95% counting accuracy required — validate against manual count
on 20 representative routes before deployment

Safety requirement ISO 7637-2 transient; AEC-Q100 for in-vehicle components

Regulatory path AIS 140 for VTU; NCMC technical specifications — NPCI; MoRTH public
transport guidelines; state RTC regulations

POC entry point ESP32 + GPS + IR sensor for counting + ThingSpeak — logical check only

Engineering target AIS 140 VTU + stereo vision passenger counter + NCMC AFC terminal +

GTFS-India APl + ONTS + crowd ML

TR-2: Key Government APIs & Links

API / Platform URL What It Enables

NCMC npci.org.in/what-we-do/ncmc/overview National Common Mobility Card —
AFC terminal spec, transaction API,
interoperability

ONTS onts.in One Nation One Ticket System —
backend integration for multi-modal
fare

GTFS India developers.google.com/transit/gtfs General Transit Feed Specification
— real-time bus position, route,
schedule API

MoRTH Public morth.nic.in Ministry of Road Transport — bus

Transport norms, permit system, route

rationalisation
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API / Platform URL What It Enables

Google Maps developers.google.com/maps/documentation/directions  Passenger-facing app integration —
Transit real-time arrival overlay on Maps

TR-2: Engineering Notes — Stereo Vision Passenger Counting

Why infrared (IR) curtain counters fail on Indian buses and stereo vision is required:

IR curtain principle: IR beam broken by passenger crossing threshold.

Indian bus reality: 2—4 passengers simultaneously entering through same door.

IR curtain: counts beam breaks, not individual passengers — undercounts in surge conditions.
On festival days (Diwali, Pongal, Eid): 80% of trips are surge conditions.

Stereo vision (two cameras, 3D point cloud):
Detects each passenger as a separate 3D object in the doorway
Counts individuals even when simultaneous entry
Accurate to +3% even at peak crowd conditions
Additional benefit: crowd density map for vehicle loading optimisation

NCMC (National Common Mobility Card) technical implementation:
NCMC follows Open Loop EMV payment + ISO 14443 NFC
Same card works: Delhi Metro, Mumbai bus, Chennai MRT, national railways
AFC terminal: NFC reader (ISO 14443A/B) + EMV kernel + NPCI switch connection
Offline transaction: terminal must accept and queue offline transactions
(many Indian routes: no data connectivity for 15-30 minutes at a time)
Reconciliation: batch settlement every 30 minutes when connectivity restored
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TR-3 Railway Track & Bridge Health Monitoring
Transportation - Year 4 - RDSO Approval Mandatory

Dimension Detail

Scale 68,000 km railway track; 1,50,000 bridges — many 100+ years old; 3,000+
unmanned level crossings; 1,500 cr annual track maintenance budget

Impact Prevent derailments — 100+ lives saved annually; 800 cr maintenance
saving through condition-based vs scheduled; bridge collapse prevention

Hardware needed Acoustic emission sensor — piezoelectric, 100-400 kHz, rail crack;
vibration accelerometer — triaxial, track-mounted; strain gauge — bridge
member stress; displacement sensor — LVDT bridge deflection; ultrasonic
rail flaw detector — phased array 0—20 MHz; LoRa trackside mesh; satellite
modem — remote sections; solar powered — no grid; IP68

Software needed Track degradation ML — crack propagation prediction, tamping
requirement; bridge fatigue ML — cumulative stress cycle; IR MTRC data
integration; level crossing gate automation; derailment early warning;
maintenance crew dispatch ML; UAV inspection image ML

Why local IR track geometry standards — IR Schedule of Dimensions. IR's MTRC
system — India maintenance database. Indian bridge construction types —
riveted steel girder, PSC, arch stone — each different sensor strategy.
Remote NE India, mountain railways — satellite only backhaul

Sensor integrity note A Strain gauge on bridge member — installation quality is everything.
Improper bonding causes 50%+ error. NABL-accredited installation team
required. Strain gauge drift over time — baseline immediately after
installation, periodic zero-load check. Acoustic emission sensitivity must be
verified with pencil break test (Hsu-Nielsen source) at installation and

annually

Safety requirement RDSO approval mandatory for any trackside equipment; IEC 62280 railway
cybersecurity; IEC 61373 vibration testing for railway equipment

Regulatory path RDSO type approval; Indian Railways Bridge Rules; IR track maintenance
manual; RDSO SPN-TC-07 for trackside electronics

POC entry point Arduino + MEMS accelerometer + Edge Impulse vibration — logical check
only

Engineering target STM32N6 + acoustic emission sensor + strain gauge + LoRa + satellite

backup + RDSO-compliant enclosure + IR MTRC API

TR-3: Key Government APIs & Links

APl / Platform URL | What It Enables

RDSO rdso.indianrailways.gov.in Research Designs & Standards Organisation — type
approval, technical standards, specifications

Indian Railways indianrailways.gov.in IR data systems — MTRC maintenance records, accident
database, track geometry

RDSO Bridge Rules rdso.indianrailways.gov.in Bridge inspection standards, load ratings, maintenance
protocols
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API / Platform URL | What It Enables

IEC 61373 webstore.iec.ch Railway rolling stock vibration testing standard —
applicable to trackside equipment

IRICEN iricen.gov.in Indian Railways Institute of Civil Engineering — technical
circulars on bridge monitoring

TR-3: Engineering Notes — Acoustic Emission for Rail Crack Detection

Acoustic Emission (AE) principle for rail crack detection:

A growing crack releases strain energy in bursts of elastic stress waves (AE events).
AE sensor (piezoelectric) detects these waves: 100 kHz — 400 kHz frequency range.
Crack growth — increasing AE event rate — alert before crack becomes critical.

Why AE is superior to visual inspection for IR:
Visual: detects cracks after they are visible — may be too late
Ultrasonic pulse-echo: detects existing cracks — not progressive growth
AE: detects crack growth in real time — earliest possible warning

Hsu-Nielsen pencil break test (mandatory calibration verification):
Break a 0.5mm H pencil lead at 90° on the rail surface near the sensor
This creates a known stress wave — standard AE source
Measure: sensor detects the event within expected amplitude range?
Pass: amplitude within £3dB of factory specification
Fail: sensor delaminated from rail, cable fault, or sensor degraded — replace
Frequency: perform at installation + every 12 months + after any track maintenance

RDSO approval path for trackside electronics:
Submit design to RDSO Track Machines & Monitoring Directorate
Technical evaluation: 3—-6 months
Field trial: 6—12 months on nominated test track section
Commercial approval: after successful field trial
Partner approach: tie-up with RITES, IRCON, or an RDSO-approved vendor for field trial
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TR-4 Inland Waterway & Port Logistics
Transportation - Year 4 - SOLAS + DG Shipping + Sagarmala

Dimension Detail

Scale 111 National Waterways declared; 20,000 km navigable waterways; JNPT
handling 6M TEUs/year; Sagarmala — %6.7L cr; logistics cost 14% of GDP
vs global 8%

Impact 30% logistics cost reduction if waterways fully utilised; ¥2.1L cr annual
logistics saving; port ship turnaround from 2.5 days to 18 hours

Hardware needed AIS transponder — Class A/B, SOLAS compliant; vessel draft sensor —
ultrasonic, hull-mounted; weather buoy — wind, wave, current, visibility;
container RFID tracking — passive UHF; crane load monitoring — strain
gauge + wireless; port surveillance camera — PTZ, IP66, marine grade;
VDES — next generation AlS; all: IP68, salt spray resistant, marine grade
SS316L

Software needed Vessel routing ML — weather, draft, traffic optimisation; Sagarmala API
integration; DG Shipping compliance; container tracking — shipping line
API; port community system (PCS) integration; cargo ETA prediction ML;
EXIM data — DGFT,; crane cycle optimisation ML

Why local Sagarmala initiative, DG Shipping, Indian coastal shipping rules — India-
specific. Indian inland waterway depth profiles — Ganga, Brahmaputra,
backwaters — not in global maritime databases. EXIM data with DGFT
India-specific trade compliance

Sensor integrity note A Draft sensor on hull — calibration affected by vessel loading, trim, list.
Multi-point measurement required — fore, aft, port, starboard. AlS position
accuracy must be verified against DGPS reference. Weather buoy sensors
require antifouling maintenance — biological growth causes sensor error
within weeks in Indian coastal waters

Safety requirement IMO SOLAS Chapter V — AIS mandatory; IEC 62288 navigation
presentation; IP68 marine grade

Regulatory path SOLAS — IMO for AIS; DG Shipping; Inland Vessels Act 2021; Sagarmala
technical specifications; EXIM compliance — DGFT

POC entry point ESP32 + GPS + ultrasonic + Google Maps — logical check only

Engineering target Marine-grade AlS transponder + draft sensor + weather buoy + UHF RFID

+ Sagarmala API + DG Shipping compliance

TR-4: Key Government APIs & Links

APl / Platform URL | What It Enables

Sagarmala sagarmala.gov.in Port-led development — waterway mapping, logistics
corridor data, project funding

DG Shipping dgshipping.gov.in Directorate General of Shipping — vessel registration,
compliance, port state control

JNPT jnpa.gov.in Jawaharlal Nehru Port — container tracking API, berth
availability, vessel schedule
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API / Platform URL

Inland Vessels Act shipmin.gov.in

DGFT ICEGATE icegate.gov.in
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| What It Enables

2021 Act — inland waterway vessel regulation, crew
certification, safety standards

Export-Import compliance — shipping bill, duty drawback,
container status
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TR-5 School Bus & Child Safety Tracking
Transportation - Year 3 - AIS 140 + Motor Vehicles Act + RTO

Dimension Detail

Scale 15L school buses; 26 cr school children; 3,000+ annual school bus accidents; Delhi NCR alone
— 1L+ school buses

Impact Zero child safety incidents; 3,000+ accident reduction; parent peace of mind; RTO school bus
compliance automation

Hardware GPS + 4G tracker — AIS 140 compliant; RFID student card reader — ISO 15693, child-safe

needed rounded design; driver fatigue sensor — camera-based, eye + head tracking; panic button —

child accessible; door open/close sensor — boarding/alighting confirmation; overspeed alert —
cabin buzzer; -10°C to +60°C bus interior

Software Parent alert app — child boarded/alighted confirmation; route deviation geofence alert; driver
needed fatigue ML — eye closure, head nod; speed violation — school zone limit; school ERP integration
— attendance auto-update; RTO compliance report; emergency CCTNS integration

Why local RTO school bus regulations vary by state. School ERP — varied and local. CCTNS emergency
— India-specific. Indian driving patterns near schools — no dedicated school zones in most cities
— India-specific geofencing

Sensor A\ Fatigue detection camera must be validated for Indian driver demographics — skin tone, facial

integrity note  hajr variations affect landmark detection accuracy. Minimum 99% true positive for eye closure —
false negatives are safety failures. RFID range must be validated for crowded school bus
boarding — children with bags, multiple simultaneous cards

Safety Child safety — no sharp edges, no pinch points; AEC-Q100 for in-vehicle; ISO 7637-2 transient
requirement

Regulatory Motor Vehicles Act school bus provisions; state RTO school bus regulations; CBSE/state board
path transport guidelines; AIS 140

POC entry ESP32 + GPS + RFID RC522 + 4G SIM800 + parent SMS alert — logical check only

point

Engineering AIS 140 tracker + RFID reader + fatigue camera + Jetson Nano ML + school ERP API + parent
target Flutter app

TR-5: Key Government APIs & Links

APl / Platform URL What It Enables
MoRTH School Bus morth.nic.in School bus safety norms, permit requirements, fitness certificate
CBSE Transport cbse.gov.in CBSE school transport guidelines — vehicle standards, driver verification
CCTNS ncrb.gov.in/cctns  Crime & Criminal Tracking Network — emergency integration, child safety alert
AIS 140 morth.nic.in Vehicle tracking device standard — type approval, data protocol, testing labs
grifshti IAS Road drishtiias.com India road accident statistics — used for validating solution impact claims

afety
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TR-5: Engineering Notes — Driver Fatigue Detection for India

Why standard fatigue detection models fail on Indian drivers:

Most global fatigue detection models trained on: Western European, American, East Asian drivers
Key differences for Indian drivers:
Skin tone range: Fitzpatrick Scale 4-6 (darker complexion) — affects IR reflectance for eye tracking
Facial hair: dense moustache + beard common — occludes lower face landmarks
Head covering: turban, skull cap, dupatta — changes head geometry tracking
Driving posture: often forward-leaning, closer to wheel than Western norm

A model trained on Western faces will:
Miss eye closure events on darker skin (IR absorption difference)
Generate false positives from moustache shadow interpreted as drooping eyes
Fail to track head nod through turban

Required: Indian driver fatigue dataset. Collect from:
Consenting volunteer drivers (30+) across Fitzpatrick 4—6, varied facial hair
Simulate: eyes-open, progressive closure, full closure, head nod
Label and train — this dataset does not publicly exist. Building it is a research contribution.

RFID reader range for crowded bus boarding:
ISO 15693 (vicinity card): 0—1 metre range — sufficient for student card in bag/pocket
Multiple simultaneous reads: anti-collision algorithm handles 10+ cards simultaneously
Test: simulate 30 children boarding in 15 seconds — verify 99% read rate
Shielding from body: hold card in front of reader for 100% reliability. Teach this once.
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Transportation Domain Summary — Five Solutions, One Non-Negotiable

Five solutions. One non-negotiable: AEC-Q100 automotive grade components for anything in or on a
vehicle.

A consumer-grade component in a vehicle is not an engineering decision.
It is an engineering failure waiting to happen.

Solution Component Operating ‘ Key Standard POC Impact
Grade Temp

TR-1 Vehicle AEC-Q100 -40°C to AlIS 140 + SO 26262 ESP32 + GPS + 12,000 Cr

Telematics Grade 1 +85°C OBD

TR-2 Public AEC-Q100 -20°C to AIS 140 + NCMC ESP32 + GPS + IR %20,000 Cr

Transport Grade 1 +70°C sensor

TR-3 Railway Railway grade  -40°C to RDSO approval Arduino + MEMS +  %15,000 Cr

Track IEC 61373 +85°C mandatory Edge Impulse

TR-4 Port Marine grade -20°C to SOLAS + IMO + DG ESP32 + GPS + %30,000 Cr

Logistics 1P68 +70°C Shipping ultrasonic

TR-5 School Bus  AEC-Q100 -10°C to AIS 140 + Motor ESP32 + GPS + %5,000 Cr
Grade 1 +60°C Vehicles Act RFID
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The NavIC Opportunity — India‘'s Sovereign Satellite
Navigation

India has its own satellite navigation system.

NavIC — Navigation with Indian Constellation.

7 satellites. 20m accuracy over India and surrounding region.
Run by ISRO. Free to use.

Every transportation 10T solution in India should use NavIC as primary — not GPS.

Why this matters:
NavlC signal is stronger over India than GPS — better urban canyon performance
NavlC is India's sovereign infrastructure — no foreign GPS dependency
NavIC chipsets available now: Quectel LC29H, u-blox M10 with NavIC support
Government mandating NavIC in AIS 140 devices from 2024

This is an engineering choice that also makes a national statement.

NavIC Chipset Constellations \ Accuracy Authorised Distributor
Quectel LC29H GPS + NavIC + 1.5m CEP 1,200- Mouser India
GLONASS + Galileo 1,800
+ BeiDou
u-blox M10 GPS + NavIC + 1.5m CEP %1,800—- Mouser India
GLONASS + Galileo 2,400
Telit SL869T GPS + NavIC + 2.5m CEP ¥900-1,400 Arrow India
GLONASS
MediaTek MT3333 GPS + NavIC 2.5m CEP ¥600-900 element14 India

NavIC portal: isro.gov.in/NavIC.html | NavIC chipset guide: isro.gov.in/products
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Shared Engineering Principles — Manufacturing &
Transport

1. Differential Signalling — The Fundamental Noise Rejection Tool

Signal Type Application Rejection Max Device
Distance

RS485 MF-1 machine data, MF-5 70 dB 1,200 m MAX485, SP485
differential textile sensors CMRR
RS422 High-speed sensor data 60 dB 1,200 m MAX490, AM26LS31
differential CMRR
CAN bus TR-1 vehicle OBD, 80 dB 500 m MCP2551, TJA1050
differential automotive CMRR
4-20mA Process sensors, long Immune to 1,000 m XTR115, AD420
current loop cable runs voltage

noise
Optical Between sensor circuit Complete N/A PC817, HCPL-2611
isolation and MCU galvanic

isolation

2. Connector Selection for Industrial and Automotive Environments

The most common failure mode in student 10T projects deployed in the field:
not the PCB, not the firmware — the connector.

For manufacturing loT (MF-1 to MF-5):
M12 circular connector: IP67 when mated, IEC 61076-2-101, vibration resistant
DIN rail terminal block: Phoenix Contact or Weidmuller — IEC 60947-7-1
Never use: dupont header (jumper wire), banana plug, screw terminal in vibrating machine

For automotive/transport (TR-1 to TR-5):
Deutsch DT series: automotive grade, IP67, 150°C, vibration and chemical resistant
Molex MX150L: sealed automotive, IP67, AEC-Q100 qualified housing
Never use: IDC ribbon cable, USB connector, JST XH (not AEC-Q100)

Connector mating force and unmating test:
Pull test after installation: minimum 20N pull force without disconnection
Vibration test: 10—2000 Hz sweep, 2G acceleration — no intermittent connection
Temperature cycle: -40°C to +85°C, 100 cycles — no increase in contact resistance
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Cross-References

Hardware taxonomy for MF and TR solutions —
MCU, RF, vision processors, Cavli AQ20

PCB design for electrical noise — ground plane,
differential routing, EMC

Vibration sensor integrity — MEMS mounting,
magnetic mount verification, baseline capture

Vehicle antenna placement — GNSS + 4G multi-
antenna design, NavIC integration

AIS 140 certification, RDSO approval path, ISO
26262, ATEX for MF-2 gas detectors

MSME schemes, PLI, iDEX, TIDE 2.0 for
manufacturing startup funding

ECE-CSE co-creation for Year 4 joint
manufacturing and transport projects

Edge Impulse vibration guide, Roboflow dataset
for defect detection, GTFS-India data

Master index — all 52 solutions, year suitability,
certification tiers

Appendix B: Hardware Stack Reference

Appendix C1: Engineering Integrity

Appendix C2: Sensor Integrity

Appendix D: Antenna Engineering

Appendix E: Certification & Compliance

Appendix F: India Hardware Ecosystem

Appendix G: Co-Creation Framework

Appendix H: Learning Ecosystem

Appendix A6: Master Solutions Index
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