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Critical Safety Warning — Read Before Using Any
Healthcare Specification

CDSCO MANDATORY REQUIREMENT

Any device that diagnoses, monitors, treats or prevents disease — or measures a physiological
parameter for clinical use — is a medical device under India’s Medical Devices Rules 2017.

Class A: Low risk (wellness, non-clinical). Self-declaration + CDSCO enrollment.

Class B: Low-moderate risk (ECG monitor, pulse oximeter, RPM device, BP cuff). Full CDSCO
MD-13 registration. Timeline: 12—-24 months. Cost: ¥15-80 lakh.

Class C: Moderate-high risk (ventilators, glucose meters). CDSCO license + audit.

Class D: High risk (pacemakers, HIV test kits). Full clinical evaluation + CDSCO license.

WHAT THIS MEANS FOR STUDENTS:
HC-1 ECG patch: Class B. NEVER connect to a human body without CDSCO clearance.
HC-3 Maternal monitor: Class B. NEVER use on a pregnant patient without CDSCO clearance.
HC-2 Vaccine logger: Not a medical device — but WHO PQS E6/TR06 mandatory.
HC-4 Pill box: Wellness device. CDSCO Class A if making clinical claims.
HC-5 RTLS: Not a medical device — but DPDP Act + ABDM framework mandatory.
HC-6 Mental health wearable: Wellness device. CDSCO Class A if making clinical claims.

POC DEVICES (AD8232, MAX30102) ARE FOR LOGIC VERIFICATION ON SIMULATORS ONLY.
Use PhysioNet datasets, cardiac simulators, or mannequins — never human subjects.

Selling a medical device without CDSCO registration: imprisonment up to 3 years + fine.
Portal: cdsco.gov.in | CDSCO helpline: 1800-11-8899

IEC 60601-1 — THE STANDARD THAT GOVERNS ALL MEDICAL ELECTRICAL EQUIPMENT

DC excitation on body electrodes is NOT just a calibration problem.
It is a patient safety failure.

DC current through body tissue causes:
Electrolysis — tissue damage at electrode contact points
lonic polarisation — false ECG readings, patient safety decisions made on wrong data
Risk of microshock — current passing through cardiac catheter to heart

IEC 60601-1 mandatory for HC-1 (ECG), HC-3 (maternal monitor), HC-6 (wearable if clinical).
AC coupling mandatory for ALL body-contact sensors in healthcare IoT.
This is non-negotiable. There is no 'good enough' alternative.
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How to Use This Document

This is Appendix A2 — the detailed specification reference for Healthcare and Cold Chain solutions. Every
solution is reproduced exactly as built in the original design session: every hardware dimension, every sensor
integrity warning, every regulatory path, every government API link, and every engineering note.

Healthcare and Cold Chain are combined in one document because the cold chain solutions (CC-1 to CC-3)
are deeply connected to healthcare delivery — particularly CC-2 (pharma) and CC-3 (ASHA vaccine last mile).
The engineering principles overlap. The regulatory frameworks share common ancestry in WHO and CDSCO.

Why Cold Chain is a separate domain from Agriculture:

Cold chain sits at the intersection of three worlds:
Food safety — FSSAI regulation
Pharma & vaccine logistics — CDSCO + WHO PQS
Agricultural supply chain — ONDC + e-NAM + APMC

Each world has different regulatory requirements, temperature tolerance bands,
certification bodies, and government APIs.

A student building a cold chain solution must know which world their solution lives in
before writing a single line of code or placing a single component.

A temperature logger for vaccines and a temperature logger for tomatoes
are not the same engineering problem.
The sensor, the calibration standard, the certification and the regulatory body are all different.
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Domain Overview — Healthcare & Cold Chain

Domain ‘ Solutions Annual Impact | Primary Hardware Primary Software
Challenge Challenge
Healthcare 6 (HC-1to HC- %2,58,000 Cr Body-safe sensors, AC ABDM API, 22-language
6) coupling, CDSCO-compliant  voice, offline-first, Al on
electronics, sub-%¥2,000 Indian population data
device cost
Cold Chain 3(CC-1t0 CC- %31,000 Cr +0.1-0.5°C calibration, ONDC + eVIN + CoWIN
3) FSSAI/WHO PQS APIls, MKT calculation, 21
compliance, IP67/IP68, CFR Part 11 audit trail

coin-cell power (CC-3)

The healthcare domain is India's most consequential 0T engineering opportunity. 650 million people have no
specialist within 50 kilometres. 172,000 Primary Health Centres exist with electricity and mobile signal — but
without a single calibrated diagnostic device. The technology to change this exists. The engineers to build it at
Indian price points, in Indian languages, with Indian government API integration — do not yet exist in sufficient
numbers. That is the gap this curriculum closes.
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Appendix A-3 — Healthcare: 6 Solutions

| Healthcare — 6 Solutions | 650 Million People With No Specialist Within 50 Kilometres

‘ HC-1 Rural Remote Patient Monitoring (RPM)
Healthcare - Year 4 — ECE+CSE Joint - CDSCO Class B

Dimension Detail

Scale 650M people with no specialist within 50 km; 172,000 PHCs across India;
30M pregnancies/year

Impact Early detection of cardiac, diabetic, hypertensive events — 2M preventable
deaths annually

Hardware needed ECG patch — body-safe electrodes, AC excited, CDSCO Class B medical

device; SpO, wearable — optical sensor, motion artifact rejection; BLE BP
cuff; solar-charged PHC hub — STM32N6 NPU; all sub-%2,000 device cost
target; IP54 for field conditions

Software needed Al ECG arrhythmia detection — on device, not cloud; ABDM ABHA
integration; PM-JAY insurance linkage; offline-first — works without
internet; 22-language voice interface; ASHA worker mobile app

Why local ABDM, ABHA, PM-JAY, ASHA worker workflow — entirely India-specific.
Indian population ECG baseline differs from Western training data. 22
languages non-negotiable

Sensor integrity note A ECG electrodes on human body — DC excitation is a patient safety
failure. AC coupled measurement mandatory. Electrode material must be
body-safe — Ag/AgCI preferred. CDSCO Class B registration mandatory
before any field deployment. Electrode lifetime: single use or 30-day

maximum

Regulatory path CDSCO MD-13 Class B registration; IEC 60601-1 safety standard; IEC
60601-2-47 for ambulatory ECG

POC entry point AD8232 ECG module + Arduino + serial plotter — logical check only —
NEVER use on human body without CDSCO clearance

Engineering target STM32N6 + custom body-safe ECG frontend + X-CUBE-AI arrhythmia

model + BLE + ABDM API
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HC-1: Key Government APIs & Links

API / Platform URL What It Enables for This Solution

ABDM / ABHA abdm.gov.in | Health ID linkage, health records, FHIR API, facility
sandbox.abdm.gov.in registry — use sandbox for development

PM-JAY / Ayushman pmijay.gov.in Insurance eligibility check, hospital empanelment,

Bharat claim trigger

eSanjeevani esanjeevani.in National teleconsultation platform — RPM alert

routing to doctors

CDSCO cdsco.gov.in Medical device registration portal, Class B MD-13
pathway
PhysioNet physionet.org Open clinical ECG datasets (MIT-BIH, PTB) — for ML

training (NOT Indian population)

HC-1: Engineering Notes — The Sub-¥2,000 Device Challenge

The target: a CDSCO Class B RPM wearable under 32,000 BOM.
Global equivalents cost 320,000 — %2,00,000.
The gap is not technology — it is engineering discipline at extreme cost constraint.

ECG frontend design at sub-%¥500 analog cost:
INA128 instrumentation amplifier: 180 — CMRR 90 dB, adequate for ECG
AD8221: %3320 — CMRR 100 dB, lower noise — preferred if budget allows
Right-leg drive circuit: mandatory — suppresses 50 Hz powerline interference
High-pass filter at 0.05 Hz: removes baseline wander
Low-pass filter at 150 Hz (diagnostic) or 40 Hz (monitoring): removes EMG artifacts

Ag/AgCl electrode selection:
Wet gel Ag/AgCl: best signal quality, 72-hour maximum wear, ¥8-15 each
Dry Ag/AgCl: no gel, longer wear, higher contact impedance — requires high-input-impedance frontend
Textile electrodes: research-grade, not yet field-deployable at Indian cost targets

STM32N6 NPU for on-device arrhythmia detection:
4.8 TOPS Ethos-U55 — runs 12-lead ECG classification at < 50ms latency
X-CUBE-AI converts Keras model to optimised C for STM32N6
Train on PhysioNet (global) — fine-tune on Indian population data collected at PHCs
Target: AF detection sensitivity > 90%, specificity > 85% on Indian validation set

ABDM sandbox credentials: register at sandbox.abdm.gov.in — free, immediate access.
ABHA FHIR API supports R4 standard — use HAPI FHIR library for Python/Java integration.
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HC-2 Vaccine & Medicine Cold Chain
Healthcare - Year 3—-4 - WHO PQS E6/TR06

Dimension Detail

Scale 300M children in immunisation programs; 7,000+ cold chain points; 27
vaccines in Universal Immunisation Programme

Impact Recover 25% vaccine efficacy lost to cold chain failures; protect every
immunised child

Hardware needed Temperature datalogger — +£0.1°C accuracy, NABL calibrated; tamper-
evident smart cap with NFC; low-power cellular tag; sealed IP67 box logger;
battery life 90 days minimum without charge

Software needed CoWIN integration; eVIN (Electronic Vaccine Intelligence Network) API;
predictive restocking ML; ASHA worker SMS/WhatsApp alert; cold chain
point dashboard; break detection and alert

Why local CoWIN and eVIN are India government platforms. Last-mile ASHA worker
workflow, vernacular alerts, government portal APls — entirely India-
specific

Sensor integrity note A Temperature sensor must carry WHO PQS (Pre-Qualification Scheme)
certification for vaccine cold chain use — not just NABL. WHO PQS
E6/TRO6 specifically covers temperature monitoring devices for
immunisation. Calibration must be traceable to national metrology

standards

Regulatory path WHO PQS E6/TR06; CDSCO notification for medical cold chain devices;
BIS IS 7602 for cold chain equipment

POC entry point ESP32 + DS18B20 + ThingSpeak — logical check only

Engineering target STM32U5 + NABL + WHO PQS certified PT1000 RTD + NB-loT + tamper

NFC + IP67 + CoWIN API

HC-2: Key Government APIs & Links

API/ URL What It Enables for This Solution

Platform

CoWIN cowin.gov.in Vaccine stock tracking, immunisation session
scheduling, beneficiary records

eVIN evin.in Electronic Vaccine Intelligence Network — cold chain
point monitoring, stock visibility

uip nhp.gov.in/fimmunization Universal Immunisation Programme — all 27 vaccines,

Guidelines temperature requirements per vaccine

WHO PQS  apps.who.int/immunization_standards/va  Pre-qualified device list — E6/TR06 temperature

Catalogue ccine_quality/pqgs_catalogue monitoring devices
ASHA nhm.gov.in ASHA worker workflow documentation, last-mile
Portal immunisation protocols
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HC-2: Engineering Notes — The WHO PQS Requirement

WHO PQS E6/TR06 covers temperature monitoring devices used in immunisation programs.
It is not the same as NABL calibration. It is not equivalent to ISO 17025.
It is a specific WHO assessment that the device performs reliably in immunisation field conditions.

WHO PQS performance requirements for vaccine loggers (E6/TR06):
Temperature range: -30°C to +70°C operating; storage per specification
Accuracy: £0.5°C in the range +2°C to +8°C (vaccine storage range)
Battery life: minimum 1 year with display (no charging infrastructure in many cold chain points)
Memory: minimum 12 months of data at 10-minute intervals (52,560 readings)
Alarm: 2 alarms — high temp breach + low temp breach — configurable
Display: must show current temp, alarm status, battery status without any USB connection
Tamper evidence: seal that shows if logger has been opened or repositioned

DS18B20 meets none of these requirements. It is a POC component only.
PT1000 RTD + 24-bit ADC + NABL calibration + WHO PQS submission = engineering target.

Battery life for 90-day field deployment without charging:
STM32U5 in stop mode 2: ~2 pA
NFC readout burst: 5 mA for 200ms every hour
NB-loT transmission: 220 mA peak for 2 seconds every 6 hours
AA alkaline cell (2500 mAh): > 2 years calculated — verify with Nordic PPK2
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HC-3 Maternal & Neonatal Health Monitoring
Healthcare - Year 4 — ECE+CSE Joint - CDSCO Class B

Dimension Detail

Scale 30M pregnancies/year; 44,000 maternal deaths/year; 300,000 neonatal
deaths/year

Impact 60% reduction in preventable maternal mortality through early high-risk
detection

Hardware needed Wearable fetal heart monitor patch — ultrasound Doppler or

phonocardiography; BP patch — oscillometric; hemoglobin sensor —
optical, non-invasive; body-safe adhesive; 7-day continuous wear; nRF5340
BLE; CDSCO Class B

Software needed High-risk pregnancy ML — trained on Indian population data; JSSK scheme
integration; PMSMA (Pradhan Mantri Surakshit Matritva Abhiyan) API; ANM
worker mobile app; referral trigger to CHC/DH

Why local JSSK, PMSMA — India-specific maternity schemes. Indian maternal health
risk factors — anaemia prevalence, pre-eclampsia patterns — differ from
Western datasets. ANM worker workflow unique to India

Sensor integrity note A Fetal monitoring on pregnant woman — highest safety standard. IEC
60601-2-55 for fetal monitors mandatory. Any acoustic/ultrasound sensor
must have CDSCO clearance. Electrode gel composition must be body-
safe for prolonged contact

Regulatory path CDSCO Class B MD-13; IEC 60601-2-55 fetal monitor standard; IEC
60601-1 general safety

POC entry point MAX30102 optical sensor + Arduino — logical check for signal acquisition
only — NEVER use on pregnant patient without CDSCO clearance

Engineering target Custom nRF5340 PCB + CDSCO-cleared sensor frontend + BLE + JSSK
APl + ANM app

HC-3: Key Government APIs & Links

API/ URL What It Enables for This

Platform Solution

JSSK nhm.gov.in/index1.php?lang=1&level=3&sublinkid=842&1id=308  Janani Shishu Suraksha
Karyakram — entitlements: free
delivery, transport, drugs, diet

PMSMA pmsma.nhp.gov.in Pradhan Mantri Surakshit
Matritva Abhiyan — ANC
checkup data, high-risk flagging

ABDM abdm.gov.in Maternal health record linkage to
ABHA ID

CDSCO cdsco.gov.in Medical device registration —
Class B fetal monitor pathway

PhysioNet physionet.org/content/ctu-chb-ctg-database/ Cardiotocography dataset — fetal

Maternal heart rate training data (CTG-
UHB)
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HC-3: Engineering Notes — The Indian Maternal Health Reality

Why Indian training data is non-negotiable for HC-3:

Anaemia prevalence: 57% of Indian pregnant women are anaemic (NFHS-5).

Anaemia changes the ECG baseline and the PPG (photoplethysmography) waveform.
A hemoglobin sensor trained on Western non-anaemic populations will systematically
over-estimate hemoglobin in Indian patients. The error is not random — it is directional.
A misdiagnosis built on wrong training data can send a severely anaemic mother home.

Pre-eclampsia patterns: earlier onset, more severe, higher mortality in Indian population.
Western ML models trained on European datasets will miss Indian pre-eclampsia patterns.

NFHS-5 data at mohfw.gov.in — the most comprehensive Indian maternal health dataset.
Use it. Train on it. Validate against it.

IEC 60601-2-55 — Particular requirements for fetal monitoring equipment:
Applies to: cardiotocographs, fetal Doppler, fetal phonocardiographs
Specifies: accuracy, safety, electromagnetic compatibility, output signal characteristics
Mandatory before clinical use — no exceptions under Indian Medical Devices Rules 2017

7-day continuous wear adhesive selection:
Medical-grade acrylic adhesive — skin allergy tested (ISO 10993-10)
Must not cause contact dermatitis during 7-day wear in Indian summer (40°C+ skin surface)
Breathable membrane — perspiration must not degrade adhesion or sensor signal
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HC-4 TB Patient Adherence Monitoring
Healthcare - Year 3 - CDSCO Class A (if clinical claims)

Dimension Detail

Scale 28 lakh TB cases/year — world's highest burden; 1.5 lakh drug-resistant TB
cases annually

Impact Ensure medication adherence — reduce drug resistance which costs %8
lakh per DR-TB patient

Hardware needed Smart pill box — capacitive pill detection per compartment; EVRD
(Electronic Video-observed therapy) camera; BLE for patient phone pairing;
tamper-evident lid sensor; WiFi for urban, NB-IoT for rural

Software needed Adherence tracking ML — predict missed dose before it happens; Ni-kshay
portal integration; NTEP (National TB Elimination Programme) API; missed
dose WhatsApp + ASHA alert; anonymised population adherence
dashboard

Why local Ni-kshay is India's TB management platform. NTEP protocols, DOTS
(Directly Observed Treatment Short-course) workflow — entirely India-
specific. Regional language patient interface mandatory

Sensor integrity note A Pill detection sensor must reliably distinguish pill presence from other
objects — capacitive sensing requires per-medication calibration as
different pills have different dielectric constants. Calibration must cover all
TB drug combinations in NTEP

Regulatory path Wellness device classification; CDSCO Class A registration required if
making clinical claims

POC entry point ESP32 + capacitive touch sensor + BLE + Firebase — logical check only

Engineering target STM32 + capacitive sensing array + EVRD camera + BLE + NB-loT + Ni-
kshay API

HC-4: Key Government APIs & Links

API / Platform URL What It Enables for This Solution

Ni-kshay nikshay.in India's TB patient management platform —
patient registration, treatment tracking,
adherence records

NTEP tbcindia.gov.in National TB Elimination Programme — DOTS
protocol, drug regimen data

WHO TB who.int/teams/global-tuberculosis- Treatment guidelines, DR-TB protocols, End

Programme programme TB strategy

ABDM abdm.gov.in Health record linkage for TB patients with
ABHA ID

WhatsApp Business developers.facebook.com/docs/whatsapp  Missed dose alert to patient in regional
API language
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HC-4: Engineering Notes — Capacitive Pill Detection

Capacitive sensing for pill detection — why per-medication calibration is mandatory:

Capacitive sensor detects change in dielectric constant when pill is present vs absent.
The dielectric constant of a pill depends on: active ingredient, excipients, coating, size.

NTEP TB drug regimens include: Rifampicin, Isoniazid, Pyrazinamide, Ethambutol (RIPE)
Plus second-line drugs for DR-TB: Bedaquiline, Delamanid, Linezolid, Clofazimine
Each has different physical and electrical properties. Each requires calibration.

A sensor calibrated for Rifampicin capsule will NOT reliably detect Pyrazinamide tablet.
The firmware must store per-drug calibration profiles — loaded at prescription time.

EVRD (Electronic Video-observed therapy) alternative to physical DOTS:
WHO endorses EVRD as equivalent to in-person DOTS for selected patients.
Camera resolution requirement: 480p minimum, IR illumination for night viewing.
Privacy: video stored on-device, never transmitted. Only adherence confirmation sent.
DPDP Act 2023 compliance mandatory: patient consent for video capture, right to erasure.

DOTS workflow integration note:
NTEP has two regimens: Daily (6 months) and Intermittent (three times weekly).
Alert algorithm must know which regimen the patient is on — retrieved from Ni-kshay API.
Alert threshold: dose missed > 2 hours past scheduled time = ASHA naotification.
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HC-5 Hospital Asset & Patient Tracking
Healthcare - Year 3—4 - DPDP Act + NABH Compliance

Dimension Detail

Scale 70,000+ hospitals; critical equipment utilisation < 40%; patient
misplacement a daily occurrence in large government hospitals

Impact 30% improvement in equipment utilisation; zero patient misplacement;
NABH compliance automation

Hardware needed BLE beacon tags — on every critical asset; UWB anchors — for £10cm
patient location; RFID wristband — patient ID; real-time location server —
MPU-class compute; PoE-powered anchor infrastructure

Software needed RTLS platform — room-level BLE + precise UWB; NABH accreditation
dashboard; hospital ERP integration — HIS/EMR; equipment utilisation ML;
patient flow optimisation; Ayushman Bharat hospital onboarding API

Why local NABH accreditation standards, Ayushman Bharat Digital Mission hospital
onboarding — India-specific. Government hospital infrastructure constraints
require India-designed hardware

Sensor integrity note A UWB anchor placement geometry determines location accuracy —
requires site survey and calibration after installation. BLE RSSI varies with
hospital environment — requires environment-specific calibration map

Regulatory path Not a medical device; patient data under DPDP Act 2023 and ABDM data
privacy framework

POC entry point ESP32 BLE scanner + Node-RED + Grafana — room-level tracking logical
check only

Engineering target nRF5340 BLE tags + DW3000 UWB anchors + RPi CM4 RTLS server +
NABH API

HC-5: Key Government APIs & Links

API / Platform | URL What It Enables for This Solution
NABH nabh.co National Accreditation Board for Hospitals —
standards, accreditation dashboard integration

ABDM Facility abdm.gov.in Hospital onboarding, facility ID, patient record access

Registry control

Ayushman Bharat / pmjay.gov.in Hospital empanelment, patient eligibility, equipment

PM-JAY audit requirements

DW3000 uwB gorvo.com/products/p/DWM3000 Qorvo DW3000 UWB transceiver — TWR ranging,

module +10cm accuracy

DPDP Act meity.gov.in/data-protection- Data privacy law — patient location data is sensitive
framework personal data under DPDP
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HC-5: Engineering Notes — BLE vs UWB for Different Use Cases

BLE RSSI-based location (room-level, +3—-5 metres):
nRF5340 BLE 5.3 — direction finding capability (AoA/AoD) for £0.5m accuracy
RSSI fingerprinting: survey the hospital once, map signal patterns to rooms
Advantages: low infrastructure cost (¥800/beacon), easy deployment
Limitation: accuracy degrades near metal equipment, IV poles, large patients
Best for: asset tracking (ventilators, infusion pumps) where £3m is sufficient

UWB Time-of-Flight (precise, £10 centimetres):
DW3000 anchors: 4 anchors per ward minimum for 3D location
TWR (Two-Way Ranging): no clock synchronisation needed between anchors
Accuracy: £10cm typical in hospital multipath environment
Advantages: unaffected by metal, people, RF interference
Best for: patient wristband tracking, surgical instrument location in OT

PoE (Power over Ethernet) for UWB anchors:
IEEE 802.3af (PoE): 15.4W maximum — sufficient for UWB anchor + LED indicator
Existing hospital network cabling can carry POE — no new power wiring needed
Central PoE switch: single point of management and failure monitoring
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HC-6 Mental Health Early Warning Wearable
Healthcare - Year 4 - DPDP Act + CDSCO Class A (if clinical)

Dimension Detail

Scale 197M Indians with mental health conditions; 1.7 lakh suicide deaths/year; 1
psychiatrist per 100,000 people

Impact Early stress + depression detection; reduce suicide rate; bridge the
psychiatrist gap

Hardware needed Wearable HRV + GSR (galvanic skin response) monitor; sleep quality

tracker — actigraphy; body temperature; nRF5340 BLE; coin-cell powered;
14-day continuous wear; body-safe materials

Software needed Stress pattern ML — HRV + GSR fusion model; anonymised population
mental health dashboard; iCall + Vandrevala helpline API integration; crisis
alert to trusted contact; DPDP Act compliant — data never leaves device
without consent

Why local India-specific mental health stigma patterns require culturally sensitive alert
design. iCall, Vandrevala, NIMHANS — India-specific mental health
resources. DPDP Act data privacy compliance mandatory

Sensor integrity note A GSR sensor requires skin contact calibration per individual — baseline
varies significantly between people. HRV measurement requires R-peak
detection accuracy > 99% — motion artifact rejection critical. Wearable
must be validated against clinical HRV reference in Indian population

Regulatory path Wellness device — CDSCO Class A if making clinical claims; DPDP Act
2023 for sensitive personal health data

POC entry point MAX30105 + Arduino + Edge Impulse HRYV classification — logical check
only

Engineering target Custom nRF5340 PCB + GSR + optical HRV + actigraphy + BLE + privacy-

first firmware + iCall API

HC-6: Key Government APIs & Links

API / Platform URL What It Enables for This Solution

iCall icallhelpline.org TISS mental health helpline — crisis referral API,
counsellor routing

Vandrevala vandrevalafoundation.com 24/7 mental health helpline — crisis alert integration

Foundation

NIMHANS nimhans.ac.in National Institute of Mental Health — Indian clinical

reference, research datasets

DPDP Act meity.gov.in/data-protection- India data protection law — mental health data is
framework sensitive personal data, highest protection
iSPPD (NIMHANS) nimhans.ac.in Indian mental health data standards and privacy
protocols
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HC-6: Engineering Notes — The Privacy-First Architecture

Mental health data under DPDP Act 2023 is sensitive personal data.
Processing it requires explicit consent, purpose limitation, and data minimisation.

Privacy-first firmware design principles for HC-6:

1. On-device inference only — raw GSR and HRV data NEVER transmitted.

Only the inference result (stress level categorical: low/medium/high) is transmitted.
2. Consent management: device must have physical consent button.

Pressing for 3 seconds: toggles data sharing on/off. Visible LED indicator of state.
3. Data never leaves device without active consent. Power-cycle resets consent state.
4. No user account required for device to function — fully local operation mode.
5. All transmitted data: anonymised with k-anonymity (k=5 population grouping).

GSR sensor calibration per individual:
Skin conductance baseline varies: 2—200 uS between individuals.
A factory calibration is meaningless for GSR — baseline is person-specific.
First-use protocol: 5-minute rest baseline capture — personalised threshold set.
Firmware stores baseline in on-device encrypted flash — never in cloud.

14-day coin-cell power budget (CR2016, 90 mAh at 3V):
nRF5340 + IMU: 3.2 yA in deep sleep (advertising every 10 seconds)
GSR measurement: 0.8 mA for 50ms every minute
HRV measurement (PPG): 2 mA for 30 seconds every hour
Total average: ~8 yJA — 90 mAh / 8 pA = 11,250 hours = 469 days
Safety margin: 14 days easily achievable. Verify with Nordic PPK2.
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Healthcare Domain Summary — The Six Solution Arc

The six healthcare solutions form a complete care continuum — RPM in the field (HC-1) — vaccine integrity
(HC-2) — maternal safety (HC-3) — chronic disease adherence (HC-4) — hospital intelligence (HC-5) —
mental health (HC-6). Each can be built independently. Together they form a complete digital primary
healthcare system for India's 172,000 PHCs.

Solution CDSCO Class | POC (Logic Check Engineering Target
Only)
HC-1 Rural RPM 4 Class B AD8232 + Arduino STM32N6 + ECG %2,00,000
(Joint) (no human use) frontend + X-CUBE-AI + Cr

ABDM API
HC-2 Vaccine 3-4 Not device — ESP32 + DS18B20 + STM32U5 + PT1000 %5,000 Cr
Cold Chain WHO PQS ThingSpeak RTD + NB-loT + NFC +

IP67 + CoWIN API
HC-3 Maternal 4 Class B MAX30102 + Arduino nRF5340 + CDSCO 15,000 Cr
Monitor (Joint) (no patient use) frontend + BLE + JSSK

API
HC-4TB 3 Class A (if ESP32 + capacitive + STM32 + capacitive array  %8,000 Cr
Adherence clinical) BLE + Firebase + EVRD camera + Ni-

kshay API
HC-5 Hospital 34 Not device — ESP32 BLE + Node- nRF5340 BLE tags + 10,000 Cr
RTLS DPDP Act RED + Grafana DW3000 UWB + RPi

CM4 + NABH API
HC-6 Mental 4 Class A (if MAX30105 + Arduino  nRF5340 + GSR + HRV %20,000 Cr
Health clinical) + Edge Impulse + actigraphy + iCall API
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Appendix A-4 — Cold Chain: 3 Solutions

| Cold Chain — 3 Solutions | India Wastes What It Cannot Afford to Lose

Cold chain sits at the intersection of three regulatory worlds. Each solution in this domain is governed by a
different regulatory body, uses a different calibration standard, and requires different certification. Students
who conflate these worlds build products that fail regulatory review. The engineering discipline required is
knowing the specification before the first component is selected.

‘ CC-1 Food & Perishable Cold Chain Monitoring
Cold Chain - Year 3—4 - FSSAI Schedule 4

Dimension Detail

Scale 92,000 cr food wasted annually; 40% fruits & vegetables lost; 7,000+
APMC mandis unmonitored; 2M+ refrigerated trucks with no monitoring

Impact 25-30% reduction in post-harvest loss; 323,000 cr saved annually; farmer
income increases 15-20%

Hardware needed Temperature + humidity logger — £0.3°C accuracy, FSSAI food safety
grade; GPS tracker — IP67, vibration rated for Indian truck roads; NFC
smart seal — tamper evident, food-safe materials; cellular modem — 4G
with NB-loT fallback; shock + tilt sensor — detects improper handling;
battery life 30 days without charge

Software needed Spoilage prediction ML — trained on Indian perishable types, route
conditions, seasonal temperature; ONDC seller integration; e-NAM
marketplace API; driver mobile alert — regional language; consignee
dashboard; FSSAI food safety compliance report generation

Why local Indian cold chain routes, mandi systems, ONDC — not mapped in any
global platform. FSSAI compliance reporting format is India-specific. Indian
truck road vibration profile differs from global — hardware must be tested
against it

Sensor integrity note A Temperature sensor must be FSSAl-grade — not just NABL calibrated.
FSSAI Schedule 4 specifies calibration requirements for food business
operators. Sensor must be food-safe material — no lead, no cadmium in
enclosure. Calibration certificate must accompany every consignment per
Food Safety Act 2006

Regulatory path FSSAI Food Safety & Standards Act 2006; Schedule 4 temperature
monitoring requirements; FSSAI license for food technology operator

Temperature bands Frozen: -18°C £ 2°C | Chilled: 0—4°C + 1°C | Cool: 8-15°C + 2°C | Ambient
monitored: 15-25°C = 3°C

POC entry point ESP32 + DS18B20 + GPS module + ThingSpeak + Google Maps — logical
check only
Engineering target Custom PCB + FSSAIl-grade PT1000 RTD + GPS + NFC + 4G modem +

IP67 + ONDC API + e-NAM API
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CC-1: Key Government APIs & Links

API / Platform URL What It Enables for This Solution

FSSAI fssai.gov.in Food Safety & Standards — Schedule 4 compliance,
FSSAI license, food safety report format

ONDC ondc.org | developer.ondc.org Open Network for Digital Commerce — food seller
API, logistics integration, temperature disclosure

e-NAM enam.gov.in National Agriculture Market — cold chain quality
linkage, consignment API

NHB Cold Chain nhb.gov.in National Horticulture Board — cold chain
infrastructure guidelines, route data

WDRA wdra.gov.in Warehouse Development & Regulatory Authority —
temperature log as warehouse receipt

CC-1: Engineering Notes — Indian Road Vibration Profile

Indian truck road vibration: why global cold chain hardware fails in India.

Indian NH (National Highway) typical vibration PSD: 0.01 g#Hz at 10 Hz, 0.001 g*¥Hz at 100 Hz.
Indian state road: 3—5x higher than NH. Village road: 10x higher than NH.
European highway: < 0.001 g#Hz across spectrum.

A logger designed and vibration-tested for European highways will have solder joint failures
on Indian village roads within 3—6 months.

PCB design for Indian road vibration:
No heavy components (connectors, large capacitors) with only two solder joints
Underfill or conformal coat all through-hole components
BGA devices: add corner staking adhesive
Test: ISTA 2A transit testing protocol at 2x Indian village road PSD for 60 minutes

NFC smart seal material for food contact:
Food Safety Act 2006 Regulation 2.4: no toxic substance may contact food
NFC antenna PCB: food-safe FR4 + ENIG (gold) finish — no lead in HASL
Enclosure: food-grade polyethylene or polypropylene — no ABS with lead stabiliser
Tamper evidence: physical wire break visible to naked eye + cryptographic counter

Home | Seekers Signpost Rev1.0, May2026



https://www.seekerssignpost.com/

CC-2 Pharmaceutical & Medicine Cold Chain
Cold Chain - Year 4 - WHO TIR32 + Schedule M + 21 CFR Part 11

Dimension Detail

Scale %4.2L cr Indian pharma industry; 60,000+ drug warehouses; 8,000+ pharma
distributors; cold chain failure causes ¥5,000 cr annual medicine loss

Impact Ensure medicine efficacy from manufacturer to patient; reduce ¥5,000 cr
annual pharma cold chain loss; GDP compliance automation

Hardware needed Precision temperature logger — +£0.1°C accuracy, WHO PQS qualified for
pharma; multi-point warehouse sensor array; door open/close sensor;
humidity sensor; tamper-evident data logger seal; 21 CFR Part 11
compliant audit trail hardware; UPS-backed gateway

Software needed GDP (Good Distribution Practice) compliance dashboard; CDSCO drug
logistics tracking; Schedule M pharma manufacturing compliance; 21 CFR
Part 11 electronic records; temperature excursion MKT (Mean Kinetic
Temperature) calculation; automated regulatory report generation

Why local Schedule M — India's GMP standard; CDSCO drug approval system;
Indian pharma supply chain topology — C&F agents, stockists, retailers —
not present in global systems

Sensor integrity note A Pharma cold chain temperature sensors must meet WHO TIR32
calibration standards. £0.1°C accuracy requires NABL calibration with
traceability to NPL. Calibration interval: 6 months maximum for pharma
grade. MKT calculation requires continuous data — no gaps permitted

Regulatory path WHO GDP guidelines; Schedule M under Drugs & Cosmetics Act; 21 CFR
Part 11 for electronic records; CDSCO drug logistics compliance

Temperature bands Frozen: -20°C £ 5°C | Refrigerated: 2—-8°C + 0.5°C | Controlled room temp:
15-25°C + 2°C | Per drug: per manufacturer specification

POC entry point ESP32 + DS18B20 + RTC + SD card logger — logical check only

Engineering target STM32U5 + NABL WHO TIR32 calibrated PT1000 + tamper seal + 4G + 21

CFR audit trail firmware + CDSCO API

CC-2: Key Government APIs & Links

API/ URL What It Enables for This

Platform Solution

CDSCO cdsco.gov.in Drug logistics compliance,
Schedule M standards,
manufacturer API

Schedule  cdsco.gov.infopencms/resources/UploadCDSCOWeb/2022/ScheduleM/ScheduleM.pdf  |ndia GMP standard —

M warehouse temperature
requirements, equipment
qualification

WHO who.int/publications/i/item/978924 1502054 Good Distribution Practice

GDP guidelines — temperature

monitoring requirements
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API/ URL What It Enables for This

Platform Solution

WHO who.int/publications/i/item/TRS-961 Technical Information Report 32

TIR32 — cold chain calibration
standards

PFMS pfms.nic.in Public Financial Management

System — payment automation
for GDP-compliant suppliers

CC-2: Engineering Notes — MKT and 21 CFR Part 11
Mean Kinetic Temperature (MKT) — why it matters more than max temperature excursion:

MKT = the single equivalent temperature that would produce the same thermal stress
as a variable temperature profile over the entire storage/transport period.
Calculated from the Arrhenius equation.

Example: A drug exposed to 3 hours at 12°C, 20 hours at 5°C, 1 hour at 15°C
has a lower MKT than if it spent all 24 hours at 12°C.

Looking only at the 15°C peak would reject this consignment incorrectly.

MKT gives the correct acceptance/rejection decision.

Firmware must: store temperature readings at < 5 minute intervals, no gaps permitted,
calculate MKT per ICH Q1A stability protocol, generate MKT report on demand.

21 CFR Part 11 (US FDA electronic records) — why India pharma companies require this:
India exports $15B+ of pharmaceuticals to the USA annually.
US FDA requires 21 CFR Part 11 compliant electronic records for all pharma data.
Requirements: audit trail (who changed what when), user authentication, electronic signatures,
tamper evidence (any change creates a new record — original preserved).

Firmware implementation: every temperature reading stored with timestamp + device ID.
Any configuration change creates an audit event — stored in WORM (write once read many) flash.
Export to signed PDF: SHA-256 hash of all readings + device certificate.
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CC-3 Last-Mile Vaccine Cold Chain — ASHA to Child
Cold Chain - Year 4 - WHO PQS E6/TR06 - The Open Innovation Opportunity

Dimension Detail

Scale 1M+ ASHA workers; 90M children immunised annually; 27,000+ cold chain
points; last mile from PHC to village entirely unmonitored

Impact Every child immunised is actually protected — recover 25% efficacy lost at
last mile; eliminate vaccine wastage worth ¥800 cr annually

Hardware needed Ultra-portable vaccine carrier monitor — fits in ASHA's cold box; coin-cell
powered — no charging infrastructure at village; NFC readout on ASHA's
feature phone — no smartphone needed; temperature + door open sensor;
IP68 waterproof; < Z500 unit cost target for mass deployment

Software needed CoWIN last-mile integration; eVIN cold chain point tracker; ASHA worker
IVRS (Interactive Voice Response) alert — basic phone compatible;
temperature excursion automatic recording; District Immunisation Officer
dashboard; predictive restocking ML — prevent stock-out

Why local ASHA worker workflow, feature phone dominance in rural India, CoWIN +
eVIN integration — entirely India-specific. Last-mile cold chain failure
patterns: power cuts, transport delays, heat exposure during walk

Sensor integrity note A This sensor operates in the most uncontrolled environment — ASHA's
bag in 45°C sun. Must be WHO PQS E6/TR06 qualified. Calibration must
survive storage at village PHC with no laboratory. Self-diagnostic
mandatory — sensor must report its own health status at each use

Regulatory path WHO PQS E6/TR06; Universal Immunisation Programme guidelines;
CoWIN data standards

Temperature band +2°C to +8°C for most vaccines; OPV: -15°C to -25°C for frozen storage

The innovation gap A No Indian company currently makes a < ¥500 WHO PQS qualified

vaccine carrier monitor for ASHA workers. This is an open engineering
opportunity. Specifications known. Market: 1 million ASHA workers. Impact:
90 million children.

POC entry point Arduino Nano + DS18B20 + NFC tag writer — logical check only

Engineering target Custom ultra-low-power MCU + WHO PQS calibrated sensor + NFC + coin
cell + IP68 + CoWIN API + eVIN API

CC-3: Key Government APIs & Links

API/ URL What It Enables for
Platform This Solution
CoWIN cowin.gov.in Vaccine tracking,

session scheduling, last-
mile immunisation
records

eVIN evin.in Electronic Vaccine
Intelligence Network —
cold chain point stock
visibility
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API/ URL What It Enables for

Platform This Solution
uip mohfw.gov.in Universal Immunisation
Guidelines Programme — cold

chain requirements per
vaccine

WHO PQS apps.who.int/immunization_standards/vaccine_quality/pgs_catalogue = E6/TR06 pre-qualified

Catalogue temperature monitoring
devices for vaccine cold
chain

ASHA nhm.gov.in ASHA worker workflow,

Guidelines immunisation session
protocols

CC-3: Engineering Notes — The ¥500 Sub-Target Challenge

This is the most demanding cost-engineering challenge in the entire 52-solution set.

3500 BOM target breakdown:
Ultra-low-power MCU (STM32L010 or equivalent): ¥80
PT1000 RTD sensor (WHO PQS grade): %60
NFC transponder tag (ISO 15693): %25
CR2016 coin cell: %20
Door open reed switch: ¥8
PCB (JLCPCB, 2-layer, 156x20mm): ¥35
IP68 enclosure (injection moulded, volume pricing): 3150
Passive components, connectors, assembly: 80
Calibration (amortised at volume): ¥42
TOTAL AT 10,000 UNITS: 500

At 100 units (typical student project): BOM is ¥3,500-5,000. WHO PQS qualification adds ¥15—40 lakh.
This makes CC-3 a startup problem, not a student project. But the PCB + firmware is student-buildable.

What a Year 4 student CAN do on CC-3:
Design and build the hardware to WHO PQS E6/TRO06 technical specification
Validate performance: £0.5°C accuracy, 90-day battery life, IP68
Integrate CoWIN and eVIN APIs in sandbox
Document the WHO PQS submission pathway
File a DST NIDHI PRAYAS application for prototype funding
That is a publishable paper, a startup foundation, and a contribution to 90 million children.

Feature phone NFC readout — why no smartphone requirement is a design constraint, not a
convenience:

Rural India: 65% of mobile users have feature phones (2G/basic phone). Not smartphones.
ASHA worker in a village may have a Nokia 105 or Samsung Guru — no Android, no app.
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ISO 15693 NFC tag (vicinity card, 1 metre range): readable by any NFC phone.
BUT: most feature phones do NOT have NFC.

Practical solution: NFC to IVRS (Interactive Voice Response) bridge.

ASHA scans NFC tag with a dedicated NFC reader device at the PHC (shared device).
Reader connects to PHC's landline/basic mobile.

IVRS call reads temperature log in ASHA's local language.

ASHA confirms immunisation session via keypad response.

No smartphone. No data connection. No literacy requirement.
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Cold Chain Engineering Summary — Three Regulatory Worlds
Three solutions. Three regulatory worlds. Three calibration standards.

The hardware difference between +0.1°C and +0.5°C is not just a number.

It is a different sensor, different PCB layout, different calibration laboratory, and different certification
body.

This is what engineering means.
Knowing the specification before you design. Not after you build.

Solution Regulator ‘ Calibration Temperature Battery Life Connectivity

Standard Tolerance Target
CC-1 Food FSSAI FSSAI Schedule 4 10.3°C 30 days 4G + NB-loT
cold chain fallback
CC-2 Pharma CDSCO/ WHO TIR32 + 21 1+0.1°C 12 months 4G + UPS-
cold chain WHO CFR Part 11 (warehouse) backed
CC-3 Vaccine WHO PQS WHO PQS E6/TR06  £0.5°Cin+2to 1 year (coin NFC only — no
last mile +8°C range cell) cellular
HC-2 Vaccine WHO PQS + WHO PQS E6/TR06  +0.1°C 90 days NB-loT + NFC
distribution CoWIN (distribution

grade)

HC-2 (vaccine distribution cold chain) sits in the healthcare domain but shares the cold chain regulatory
framework. It is shown here for completeness and cross-reference.
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The Open Innovation Call — Healthcare & Cold Chain

Three things no Indian company currently makes well:

(1) A < %500 WHO PQS qualified ASHA cold box monitor (CC-3)
Market: 1 million ASHA workers. Impact: 90 million children. Specification: fully known.

(2) An FSSAI + ONDC integrated end-to-end food cold chain platform (CC-1)
Market: 2 million+ refrigerated trucks. Annual loss recoverable: 323,000 crore.

(3) A GDP-compliant pharma cold chain system integrated with CDSCO + Schedule M (CC-2)
Market: 60,000+ drug warehouses. Annual loss: %5,000 crore. US export compliance value: enormous.

(#) A sub-%2,000 CDSCO Class B RPM wearable with ABDM integration (HC-1)
Market: 650 million people without specialist. Preventable deaths: 2 million annually.

(5) A maternal monitoring patch for India — trained on Indian population (HC-3)
Market: 30 million pregnancies per year. Preventable deaths: 44,000 annually.

These are not research problems.
They are engineering problems.
With known specifications. With waiting markets. With government schemes to fund them.

Your students' final year project could be the foundation of any one of these.
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Shared Engineering Principles — Healthcare & Cold
Chain

1. AC Coupling — The Non-Negotiable for Every Body-Contact Sensor

DC current through human body tissue causes: electrolysis, ionic polarisation, and — via cardiac
catheters or pacemaker leads — risk of ventricular fibrillation.

IEC 60601-1 limits patient auxiliary current to 10 uA DC and 100 uA AC (at body surface).

Implementation for ECG (HC-1):
AC coupling capacitor at electrode input: 0.1 uF to remove DC offset
Right-leg drive circuit: actively drives body voltage to mid-supply reference
High-pass filter corner: 0.05 Hz (diagnostic ECG) or 0.5 Hz (monitoring ECG)
Input impedance: > 10 MQ to minimise current draw through skin

Implementation for maternal monitoring (HC-3 phonocardiography):
AC coupling on all acoustic transducer outputs
No DC path from PCB to body-contact adhesive

Isolation barrier: optical isolator or galvanic isolation transformer between sensor PCB and
microcontroller

2. The CDSCO Registration Timeline — Plan from Day One

Risk Level Typical Typical Applicable Solutions
Timeline Cost
Class Low Self-declaration + CDSCO 1-3 months <31 lakh HC-4 (if clinical), HC-6 (if
A enrollment online clinical)
Class Low- CDSCO MD-13 registration 12-24 315-80 HC-1, HC-3 (and any ECG,
B moderate + conformity assessment + months lakh BP, SpO, device)
audit
Class Moderate- CDSCO license + 18-36 350L-2 Implantable sensors
C high comprehensive audit + months crore (future)
clinical data
WHO Vaccine WHO technical review + 12-24 %15-40 HC-2, CC-3
PQS specific performance testing + site months lakh
audit
WHO Pharma NABL calibration to WHO 3-6 months  ¥2-8 lakh CC-2
TIR32  grade TIR32 + CDSCO noatification

Faculty instruction: Tell students in Week 1 of any healthcare project:

"This project will not be fully certified by semester end.’
"It will produce an engineering prototype and a documented certification pathway.'
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'That is the correct Year 4 outcome for a Class B medical device.'

A student who understands the certification pathway is more valuable to industry
than a student who has built a working circuit but has no idea what certification it needs.

3. Indian Population Data — The Validation Gap

Every ML model trained for healthcare IoT in India must address the population gap.

Global benchmark datasets (PhysioNet, MIMIC-III, UK Biobank):
Predominantly European/American/East Asian populations
Different disease prevalence (anaemia, TB burden, malnutrition)
Different physiological baselines (lower average BMI, different cardiac geometry)
Different comorbidity patterns

What exists for Indian population ML training:
AIIMS New Delhi ECG datasets — contact AIIMS research office
NIMHANS mental health dataset — nimhans.ac.in/research
NFHS-5 health indicators — mohfw.gov.in (population level, not individual sensor data)
IndiaAl Mission health datasets — indiaai.gov.in (emerging, check for updates)

What does not yet exist (and is a ME research opportunity):
Open ECG dataset from Indian rural population
Open fetal heart rate dataset from Indian pregnancies
Open HRV dataset validated against Indian clinical depression screening tools

The student who builds India's first open clinical ECG dataset from a PHC
creates more long-term value than the student who trains another ResNet on PhysioNet.
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Hardware taxonomy for HC and CC solutions Appendix B: Hardware Stack Reference
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AC coupling, body-safe materials

Sensor integrity — electrochemical, temperature,  Appendix C2: Sensor Integrity
optical sensor calibration chains

Antenna design for BLE wearables and NB-loT Appendix D: Antenna Engineering
cold chain loggers
CDSCO Class A/B path, WHO PQS, WHO Appendix E: Certification & Compliance

TIR32, BIS cold chain certification

IndiaAl Mission, ABDM digital health Appendix F: India Hardware Ecosystem
infrastructure, government schemes for
healthcare startups

ECE-CSE co-creation framework for Year 4 Appendix G: Co-Creation Framework
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