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How to Use This Document

This is Appendix A1 — the detailed specification reference for Agriculture and Grain solutions. Every solution is
reproduced exactly as built in the original design session: every hardware dimension, every sensor integrity
warning, every government API link, and every POC vs engineering target distinction.

This appendix is not for reading in one sitting.
It is a reference map.

Use it to:
Identify final year project topics relevant to your department
Specify hardware and software requirements before approving a project
Connect students to government APIs relevant to their solution
Argue for lab equipment based on specific solution requirements
Build a department research agenda around real Indian problems

Each solution is specified across eight dimensions:
Scale — how big is this problem in India?
Impact — what changes if this is solved?
Hardware needed — what must be designed and built?
Software needed — what must be written and integrated?
Why local — why cannot this be imported or outsourced?
Sensor integrity note — the engineering discipline that makes data trustworthy
POC entry point — the logical check (not engineering check)
Engineering target — what a deployable product looks like

THE POC HONESTY PRINCIPLE — applies to every specification in this document

Every hardware specification below describes the engineering-grade product requirement.
Not the POC dev board.

The POC entry point listed for each solution answers: 'Does my logic work?'
The engineering target answers: 'Can this be deployed in India legally, reliably and at scale?’

These are two different questions.
Only the engineering target produces a product.
The POC produces a demo.

Appendix C1: Engineering Integrity explains every dimension of this distinction.
Appendix C2: Sensor Integrity explains why every sensor integrity note below is hon-negotiable.
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Domain Overview — Agriculture & Grain

Domain ‘ Solutions Annual Impact ‘ Primary Sensor Challenge | Primary Software
Challenge
Agriculture 6 (AG-1to AG- %2,30,000 Cr Soil chemistry — SS316L +  India-specific ML + 12-
6) AC excitation + NABL language voice + offline-
calibration first
Grain 5 (GR-1to GR- %61,000 Cr Grain probe + CO, NDIR + FCI FIMS + PDS APIs +
Management 5) Legal Metrology load cells state-by-state integration

The agriculture domain is where India's 0T engineering opportunity is most visible and most neglected
simultaneously. 140 million farming households produce food for 1.4 billion people. Not one of them has
access to a calibrated, trustworthy, India-specific soil intelligence system at a price they can afford. That
system does not exist yet. It must be built. By engineers trained in India's classrooms.
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Appendix A-1 — Agriculture: 6 Solutions

| Agriculture — 6 Solutions | 140 Million Farming Households Waiting

India has 140 million farming households, 600,000 villages, and 180 million hectares of cultivated land. It
wastes enough food every year to feed 100 million additional people. The farmer who grew it has no idea why
his crop failed, why his irrigation wasted 80% of the water, or when his tractor was about to break down. Every
one of those failures is an loT engineering problem with a known solution.

‘ AG-1 Soil & Crop Intelligence Network
Agriculture - Year 2-3 - ECE + CSE

Scale 140M farming households, 600,000 villages, 180M hectares cultivated land
Impact 30% water saving, 20% yield increase, reduce %1.5L cr annual crop loss
Hardware needed Soil NPK sensor — stainless steel 316L electrodes, AC excited at 1-10

kHz; soil moisture — capacitive, coated against soil chemistry; solar-
powered node — MPPT + LiPo; LoRa gateway — weatherproof IP67
enclosure; all designed for 45°C+ ambient

Software needed Edge ML crop advisory on STM32U5; PM-KISAN API integration; e-NAM
price feed; regional language voice advisory — 12 Indian languages
minimum; offline-first architecture

Why local Indian soil profiles — Vertisols of Deccan, Alluvials of Indo-Gangetic plain
— require India-specific sensor calibration. Sub-¥800 BOM target
impossible with imported sensors. No global vendor will calibrate for
Marathwada soil chemistry

Sensor integrity note A Soil moisture sensor must use AC excitation — DC causes electrolysis.
Calibration must be traceable to NABL reference. Lifetime: 6—18 months in
field conditions. Dashboard must show calibration status

POC entry point ESP32 + capacitive soil moisture sensor + ThingSpeak — logical check
only
Engineering target STM32U5 + custom 4-layer PCB + NABL-calibrated sensor + LoRa

STM32WL + IP67 enclosure
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AG-1: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

PM-KISAN pmkisan.gov.in Farmer identity verification, benefit linkage, direct
payment trigger

e-NAM enam.gov.in Real-time mandi price feed, advisory calibration against
market price

ICAR Soil Data icar.org.in India-specific soil profiles, crop advisory datasets, agro-
climatic zone data

Digital Agriculture agricoop.gov.in National farmer registry (Agri Stack), crop monitoring

Mission integration

VDAS — Village dahd.gov.in Village-level advisory service integration

Digital Advisor

AG-1: Engineering Notes

Soil moisture sensor — DC excitation causes electrolysis within days.

lon migration deposits minerals on probe electrodes.

Mineral deposit permanently shifts the electrical characteristics.

Reading drifts. The dashboard shows confident numbers. The numbers mean nothing.
AC excitation at 1-10 kHz is mandatory. There is no alternative.

Hardware progression: ESP32 + DHT22 (Year 1 logical check) — STM32U5 + capacitive sensor on 4-
layer PCB (Year 2) — NABL-calibrated NPK probe + LoRa STM32WL + IP67 (Year 3) — full soil
intelligence node with crop advisory ML (Year 4)

LoRa frequency note: India band is 865-867 MHz. NOT 868 MHz (European default). Configure in
firmware before field deployment.

Battery life target: 1 year minimum on 3.7V/5000mAnh LiPo with solar top-up. Verify with Nordic PPK2
before field deployment.

Enclosure note: Carbon-black black ABS absorbs RF — use natural/white ABS or polycarbonate near
antenna. IP67 minimum for Indian field conditions (monsoon + dust + 45°C).
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AG-2 Cold Chain for Perishables
Agriculture - Year 3—-4 - ECE + CSE

Scale 40% fruit/veg wasted = 392,000 cr loss annually; 7,000+ APMC mandis
unmonitored

Impact 25-30% post-harvest loss reduction; 23,000 cr saved annually

Hardware needed Temperature + humidity logger — £0.1°C accuracy, NABL calibrated; GPS

tracker; NFC smart seal — tamper evident; ruggedised packaging for Indian
truck vibration profile; LiPo + NB-loT; IP67

Software needed Spoilage prediction ML — trained on Indian route + climate data; ONDC
integration; e-NAM marketplace API; real-time dashboard; driver SMS alert
in regional language

Why local Indian cold chain routes — Nashik to Chennai, Azadpur mandi to Bangalore
— not mapped in any global platform. ONDC integration requires India-
registered entity

Sensor integrity note A\ Temperature sensor must be NABL calibrated. Calibration certificate
must travel with consignment. Dashboard must show calibration status at
time of each reading

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

Engineering target Custom PCB + NABL-calibrated PT100 RTD + NB-loT modem + GPS +
tamper-evident NFC seal + IP67 enclosure

AG-2: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

ONDC ondc.org Open Network for Digital Commerce — seller API,
logistics integration

e-NAM enam.gov.in APMC mandi integration, commodity price feed, buyer-
seller matching

NHB Cold Chain nhb.gov.in National Horticulture Board cold chain infrastructure data

WDRA wdra.gov.in Warehouse Development & Regulatory Authority —

digital receipts

APEDA apeda.gov.in Agricultural & Processed Food Export — export cold
chain standards
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AG-2: Engineering Notes
PT100 RTD vs DS18B20 — the engineering difference:

DS18B20: £0.5°C accuracy, no NABL calibration available, no certificate. Year 1 logical check only.
PT100 RTD: £0.1°C accuracy, NABL calibration available, certificate issued. Engineering-grade.

The £0.4°C difference is not just a number. It is whether a consignment is accepted or rejected at
destination.

A consignment declared 'within 0—4°C' by an uncalibrated sensor may have reached 4.4°C.
That consignment is legally compliant on paper and potentially unsafe in reality.

NB-IoT note: India Band 5 (850 MHz) and Band 28 (700 MHz). Verify carrier support before designing
modem selection.

NB-IoT in refrigerated trucks: metal body creates Faraday cage — external antenna via bulkhead
connector mandatory.
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AG-3 Drip Irrigation Automation
Agriculture - Year 2-3 - ECE + CSE

Dimension Detail

Scale 70M hectares irrigated land; 80% uses flood irrigation — massive water
waste

Impact 50% water saving vs flood irrigation; PM-KUSUM scheme linkage for solar
power

Hardware needed Soil moisture sensor — AC excited, coated electrodes; flow meter —

ultrasonic, no moving parts; solenoid valve controller; solar MPPT node;
LoRa mesh — field coverage 2—-5 km

Software needed ET-based irrigation scheduling ML — evapotranspiration model for Indian
crops; PM-KUSUM API; state water board integration; farmer mobile app —
Marathi, Telugu, Kannada, Tamil

Why local State-specific crop calendars, local water table data, PM-KUSUM scheme
— entirely India-specific

Sensor integrity note A Flow meter must be calibrated against volumetric reference. Soil
moisture AC excitation mandatory. Calibration drift monitoring in firmware

POC entry point Arduino + soil moisture sensor + relay module + Blynk — logical check only
Engineering target STM32U5 + 4-layer PCB + ultrasonic flow meter + solenoid driver + LoRa
STM32WL

AG-3: Key Government APIs & Links

API / Platform URL What It Enables for This Solution

PM-KUSUM mnre.gov.in/pm-kusum Solar pump scheme, subsidy calculation, beneficiary
registration

ICAR Crop Water icar.org.in Crop water requirement data, evapotranspiration
reference values

FAO ET Calculator fao.org/land-water/databases- Reference evapotranspiration — Penman-Monteith

and-software/eto-calculator method for Indian crops

PMKSY pmksy.gov.in Pradhan Mantri Krishi Sinchayee Yojana — irrigation
scheme integration

State Water Boards Various state portals Local water table data, aquifer depletion alerts (varies
by state)
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AG-3: Engineering Notes
Ultrasonic flow meter vs impeller (turbine) type:

Impeller: moving parts, clogs with sediment in Indian irrigation water. Fails within 3—6 months.
Ultrasonic: no moving parts, no clogging, calibrated. Engineering choice.

Solenoid valve note: India 12V DC latching solenoid saves 95% power vs non-latching. Critical for solar
battery life.

Latching solenoid requires pulse to open and pulse to close — firmware must handle both.

ET model note: Penman-Monteith equation is the FAO standard. Requires: temperature, humidity, wind
speed, solar radiation.

Indian crop-specific Kc (crop coefficient) values are published by ICAR for major crops.
Use Indian Kc values — not FAO generic values — for reliable irrigation scheduling.
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AG-4 Livestock Health Monitoring
Agriculture - Year 3—-4 - ECE + CSE

Scale 535M livestock — world's largest herd; 20,000 cr annual disease loss

Impact Early disease detection, estrus detection — 40% reduction in livestock
mortality

Hardware needed Ear-tag sensor — temp + rumination + GPS; coin-cell powered; nRF5340

BLE; IP68 rated for animal contact; body-safe materials — no toxic coatings

Software needed Rumination pattern ML — estrus, fever, iliness detection; INAPH (National
Animal Disease Reporting) integration; NDDB API; farmer WhatsApp alert

Why local Indian cattle breeds — Gir, Sahiwal, Murrah buffalo — different rumination
patterns from Holstein. INAPH is India-specific government platform

Sensor integrity note A\ Temperature sensor on animal body — must be body-safe, non-toxic.
Calibration must account for fur insulation effect. Lifetime: ear-tag must
survive 2+ years of animal activity

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

Engineering target Custom nRF5340 PCB + body-safe enclosure + BLE + LoRa gateway +
INAPH API

AG-4: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

INAPH inaph.nddb.coop National Animal Disease Reporting — disease event
logging, herd health tracking

NDDB nddb.coop National Dairy Development Board — cattle registry,
breed data

e-Pashuhaat epashuhaat.gov.in National livestock marketplace — cattle valuation,
transaction records

DADF dahd.gov.in Department of Animal Husbandry — scheme registration,
subsidy access

Edge Impulse edgeimpulse.com TinyML platform for rumination + activity classification on
nRF5340
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AG-4: Engineering Notes

Indian vs Western cattle breed difference — why global ML models fail:
Holstein cow: rumination 7-9 hours/day, characteristic jaw movement frequency ~1.1 Hz
Gir / Sahiwal: rumination 6—8 hours/day, different jaw frequency and rhythm signature
Murrah buffalo: very different rumination pattern — slower, longer bolus re-chewing
Training an ML model on Holstein data to detect Murrah estrus will produce garbage output.

Coin cell power budget for ear-tag:
CR2450 cell: 620 mAh at 3V
NRF5340 in sleep: ~2 pA; active BLE: ~5 mA; IMU active: ~0.5 mA
Duty cycle: 1s IMU sample, 30s BLE burst, rest in sleep
Expected lifetime: 18—-24 months — verify with Nordic PPK2

Body-safe materials: ABS plastic is fine. Carbon-black ABS (black colour) contains carbon black pigment
— verify RoHS compliance. No lead, cadmium, hexavalent chromium in enclosure near animal.

13
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AG-5 Aquaculture & Fishery Monitoring
Agriculture - Year 3—-4 - ECE + CSE

Scale 28M fishermen; %2.3L cr fishery GDP; 40% fish mortality from poor water
quality

Impact Real-time water quality — 40% mortality reduction; better catch forecasting

Hardware needed Multi-parameter water quality probe — DO, pH, ammonia, temperature,

salinity; buoy-mounted node; marine-grade SS316L housing; solar + LiPo;
LoRa to shore

Software needed Water quality anomaly ML; ocean current integration; PMMSY scheme API;
weather forecast integration; fisherman mobile app — Tamil, Malayalam,
Telugu, Odia

Why local Indian coastal water profiles — Bay of Bengal, Arabian Sea — different
from global models. PMMSY is India-specific scheme. Local fish species
behaviour

Sensor integrity note A DO sensor membrane degrades in saline water — replacement schedule
mandatory. pH electrode requires daily buffer calibration in marine
environment. All calibrations logged on dashboard

POC entry point ESP32 + pH sensor module + DO sensor + ThingSpeak — logical check
only

Engineering target STM32H7 + multi-channel ADC + marine-grade SS316L housing + LoRa +
solar MPPT

AG-5: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

PMMSY dof.gov.in/pmmsy Pradhan Mantri Matsya Sampada Yojana — scheme
registration, subsidy access

INCOIS Fishery incois.gov.in Ocean current data, fish potential zones, weather alerts

MPEDA mpeda.gov.in Marine Products Export — quality certification, traceability

NFDB nfdb.gov.in National Fisheries Development Board — infrastructure
support

IMD Ocean Met moes.gov.in Sea surface temperature, wave height, weather forecast

for coastal areas
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AG-5: Sensor Integrity Deep Note

DO (Dissolved Oxygen) sensor — the most demanding sensor in this system:

Galvanic DO probe: silver cathode reduces oxygen to hydroxide. Membrane isolates electrolyte from
sample.

Saline water: salt ions accelerate membrane degradation. Replace membrane every 1-3 months in
marine environment.

Temperature compensation mandatory — DO solubility is strongly temperature-dependent (14.6 mg/L at
0°C — 7.6 mg/L at 30°C).

Calibration: 100% air saturation method OR Winkler titration method against certified reference.

pH electrode in marine environment:

Junction potential drift due to high ionic strength of seawater — significant calibration offset vs freshwater.
Use seawater-specific calibration buffers, not standard pH 4/7/10 buffers designed for freshwater.
Calibration frequency: daily in marine deployment. Firmware must log and alert on calibration overdue.

15
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AG-6 Farm Equipment Telematics
Agriculture - Year 3—-4 - ECE + CSE

Scale 3M tractors, 600K harvesters; 1,200 cr annual breakdown loss for farmers

Impact 25% fuel saving; predictive maintenance — prevent 70% of unplanned
breakdowns

Hardware needed GPS + OBD adapter — Indian tractor OBD port mapping; engine vibration

sensor; fuel flow sensor; 4G modem; IP54 cab-mounted enclosure — dust
and vibration rated

Software needed Engine anomaly ML — trained on Indian tractor models (Mahindra, TAFE,
Sonalika, Eicher); CHC (Custom Hiring Centre) portal API; fuel theft
detection algorithm; fleet dashboard

Why local Indian tractor models not in any global OBD database. CHC portal is India-
specific. Tractor engine failure signatures unique to Indian field conditions

Sensor integrity note A Vibration sensor must be calibrated per ISO 10816. Fuel flow meter
requires volumetric calibration. Calibration must survive tractor vibration

profile
POC entry point ESP32 + OBD-Il module + GPS + ThingSpeak — logical check only
Engineering target Custom PCB + vibration sensor + fuel flow meter + 4G modem + GPS +

IP54 enclosure

AG-6: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

CHC Portal chcfarm.in Custom Hiring Centre — farm machinery booking,
utilisation tracking

ICAR Mechanisation icar.org.in Farm mechanisation data, crop-machine matching
guidelines

VAHAN vahan.parivahan.gov.in Vehicle registration integration for commercial farm
equipment

SMAM Scheme agrimachinery.nic.in Sub-Mission on Agricultural Mechanisation — subsidy
integration

PM-KISAN pmkisan.gov.in Farmer ID linkage for personalised fleet advisory
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AG-6: Engineering Notes

Indian tractor OBD reality: Most pre-2015 Indian tractors have NO OBD port.

Solution: Retrofit CAN bus tap directly on the engine controller harness.

This requires knowledge of the specific tractor model's CAN IDs — which are not publicly documented.
The innovation gap: India needs an open-source Indian tractor CAN ID database.

The student who builds it creates a foundational resource for all future Indian agri-loT.

ISO 10816 vibration calibration: measures vibration velocity in mm/s.

Zone A (new machinery): < 2.3 mm/s RMS

Zone B (acceptable): 2.3 — 4.5 mm/s RMS

Zone C (alarm): 4.5 - 7.1 mm/s RMS

Zone D (fault): > 7.1 mm/s RMS

Calibration: MEMS accelerometer must be calibrated against certified shaker table at 3 axis.

Fuel theft detection: Turbine flow meter + capacitive fuel level sensor cross-validation.
Sudden fuel level drop not accompanied by engine-on and flow meter reading = theft event.
GPS location at time of event logged automatically.
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Agriculture Domain Summary — The Six Solution Arc

The six agriculture solutions form a complete arc from soil to shelf — soil intelligence (AG-1) — post-harvest
cold chain (AG-2) — precision irrigation (AG-3) — livestock health (AG-4) — aquaculture (AG-5) — equipment
telematics (AG-6). Each can be built independently. Together they form a complete digital farm management
system for India.

Solution Year | Team | POC (Logical Check) | Engineering Target | Impact

AG-1 Soil 2-3 ECE+CSE ESP32 + soil sensor + STM32US5 + NABL sensor  %1,50,000 Cr

Intelligence ThingSpeak + LoRa + |IP67

AG-2 Cold Chain 34 ECE+CSE ESP32 + DS18B20 + Custom PCB + PT100 23,000 Cr
ThingSpeak RTD + NB-IoT + IP67

AG-3 Drip 2-3 ECE+CSE  Arduino + soil sensor STM32U5 + ultrasonic %30,000 Cr

Irrigation + relay + Blynk flow + LoRa

AG-4 Livestock 34 ECE+CSE Nano 33 BLE + Edge Custom nRF5340 + ear- 20,000 Cr

Health Impulse motion tag + LoRa + INAPH API

AG-5 Aquaculture  3—4 ECE+CSE ESP32 + pH + DO + STM32H7 + marine 15,000 Cr
ThingSpeak SS316L sonde + LoRa

AG-6 Farm 3-4 ECE+CSE ESP32 + OBD + GPS  Custom PCB + vibration + 12,000 Cr

Telematics + ThingSpeak flow + 4G + IP54

18
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Appendix A-2 — Grain & Food Stock: 5 Solutions

| Grain & Food Stock — 5 Solutions | 392,000 Crore Lost Every Year

India stores 80 million tonnes of grain annually across 150,000+ Fair Price Shops, 2,300 silos, and 700+ FCI
depots. It loses ¥92,000 crore of this grain every year to spoilage, pests, pilferage, and procurement fraud.
Every gram lost is food that was grown, transported, and paid for — and then wasted because nobody was
watching. The five grain solutions in this domain change that. Each addresses a specific failure point in the
chain from farm gate to PDS beneficiary.

‘ GR-1 Smart Silo & Godown Monitoring
Grain Management - Year 3—-4 - ECE + CSE

Scale 150K+ Fair Price Shops, 2,300 silos, 700+ FCI depots; 80M+ tonnes stored
annually

Impact Save 12,000+ cr from 92,000 cr annual grain loss

Hardware needed Grain probe sensor — stainless steel, multi-point temp + humidity inside

grain stack; CO, + ethylene sensor — fermentation/fungal detection; load
cell — precision weight monitoring; acoustic pest detector; solar LoRa node
— IP65 for godown dusty conditions

Software needed Spoilage prediction ML; FCI FIMS integration; PDS alert system for FPS
dealers; blockchain grain provenance; WDRA digital warehouse receipt

Why local FCI FIMS, PDS, PMGKAY are India-specific. Indian grain varieties and
climate zones require India-calibrated spoilage models

Sensor integrity note A Grain probe insertion causes physical disturbance — must be minimally
invasive. CO, sensor requires factory calibration + field verification against
reference gas. Load cell requires certified dead weight calibration

POC entry point ESP32 + DHT22 + CO, sensor + ThingSpeak — logical check only

Engineering target STM32U5 cluster + grain probe sensors + CO, + load cell + STM32WL
LoRa + IP65 + FCI FIMS API

19
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GR-1: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

FCI FIMS fci.gov.in Food Corporation of India — Food Inventory
Management System, stock reporting

WDRA wdra.gov.in Warehouse Development & Regulatory Authority —
digital warehouse receipts

PDS Portal dfpd.gov.in Department of Food & Public Distribution — FPS stock
levels, beneficiary data

PMGKAY dfpd.gov.in/pmgkay Pradhan Mantri Garib Kalyan Anna Yojana — free grain
scheme tracking

CIPMC cipmc.res.in Central Integrated Pest Management Centre — pest
protocols, intervention triggers

GR-1: Engineering Notes
CO, sensor choice — NDIR (Non-Dispersive Infrared) is mandatory for grain storage:

MH-Z19 (NDIR): £50 ppm accuracy, factory calibrated, stable in dusty godown conditions.
MQ-135 (electrochemical): sensitive to humidity, dust, temperature — unreliable in godown.

Grain probe design: Probe must penetrate grain stack to 1-2 metre depth for accurate core temperature.
Probe material: SS304 or SS316L minimum — no galvanised, no mild steel (rust contamination).
Probe diameter: < 20mm to minimise physical disturbance during insertion.
Multi-point: 5-8 sensors per probe at different depths — grain temperature varies 3—-8°C top-to-bottom.

Ethylene gas monitoring: Fungal infection produces ethylene before visible mould.
Electrochemical ethylene sensor: requires fresh air purge between readings — firmware complexity.

MOS (Metal Oxide Semiconductor) ethylene: cross-sensitive to humidity — godown conditions make this
unreliable.

Best option: MiCS-5524 MOS sensor with temperature-humidity compensation firmware.

IP65 for godown: grain dust is explosive above 50 g/m® — verify ATEX Zone 22 requirements for sites
above this threshold.
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GR-2 Farm-Gate Grain Quality Grading
Grain Management - Year 4 - ECE + CSE

Scale 7,000+ APMCs, 22,000+ PACS, 585 MSP procurement districts
Impact Farmers recover 20—30% lost income; eliminate middleman manipulation
Hardware needed NIR spectrometer — trained on Indian grain varieties (wheat, paddy, jowar,

bajra, ragi, maize); portable handheld version for FPO field agents; camera-
based impurity detector; GPS-tagged sampler; ruggedised mandi kiosk

Software needed NIR grain quality ML — India-variety specific; e-NAM integration; PM-
KISAN ID linkage; digital quality certificate; MSP calculator; vernacular
voice output

Why local NIR models built for North American wheat are useless for jowar or ragi. e-
NAM, MSP, APMC regulations vary by state — entirely India-specific

Sensor integrity note A\ NIR spectrometer requires calibration against wet chemistry reference for
each grain variety. Calibration laboratory must be NABL accredited.
Recalibration required seasonally as new crop varieties arrive

POC entry point AS7265x spectral sensor + ESP32 + basic grain classification — logical
check only

Engineering target NXP i.MX8M Plus + NIR module + camera + GPS + NABL calibration + e-
NAM API

GR-2: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

e-NAM enam.gov.in Electronic National Agriculture Market — quality-linked
price, buyer-seller matching

NAFED nafed-india.com National Agricultural Cooperative — MSP procurement,
quality standards

APEDA apeda.gov.in Agricultural & Processed Food Export — quality
certification for export

Agmarknet agmarknet.gov.in Agri marketing info network — commodity grade
definitions, price data

PM-KISAN pmkisan.gov.in Farmer ID linkage for payment trigger on quality-certified
grade
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GR-2: The Open Innovation Note

This is one of the most open engineering opportunities in the entire 52-solution set.

What exists today for grain grading in India:
Human visual grading — entirely subjective, manipulable by middlemen.
Imported NIR grain analysers (Perten, PerkinElmer, FOSS) — ¥15-60 lakh per unit.
No Indian NIR model trained on jowar, bajra, or ragi — globally.

What needs to exist:
A portable NIR grain grader under ¥50,000 trained on India’s 100+ grain varieties.
With e-NAM API integration and vernacular voice output.
With NABL-calibrated reference dataset built in partnership with a state agriculture university.

The spectral library does not exist. The student who builds it does not just graduate.
They create the foundational dataset for every future Indian grain quality system.
That is a startup, a publication, and a government partnership in one project.
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GR-3 Rodent & Pest Infestation Detection
Grain Management - Year 3—4 - ECE + CSE

Scale FCI loses 2M tonnes/year to rodents alone; ¥6,000 cr annual pest loss

Impact Near-zero rodent loss with early acoustic detection; automated fumigation
trigger

Hardware needed Acoustic sensor array — ultrasonic + audible range; vibration detectors; PIR

motion sensors; solar node — IP65 godown conditions; STM32N6 NPU for
on-device acoustic ML

Software needed Pest activity ML — rodent acoustic signature classification; automated
fumigation trigger; FCI loss reporting integration; pest activity heatmap

Why local Indian rodent species — Rattus rattus, Bandicota bengalensis — different
acoustic signatures from European species. FCI godown construction types
require India-specific sensor placement

Sensor integrity note A\ Acoustic sensor frequency response must be verified against calibrated
reference microphone. Sensitivity drift must be monitored — dusty godown
conditions degrade membranes

POC entry point Arduino Nano 33 BLE Sense + Edge Impulse audio classification — logical
check only
Engineering target STM32N6 + acoustic array + X-CUBE-AI audio ML + LoRa + FCI API

GR-3: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

FCI fci.gov.in Food Corporation of India — pest loss reporting,
fumigation protocol triggers

CIPMC cipmc.res.in Central Integrated Pest Management Centre — pest
identification, treatment protocols

Edge Impulse edgeimpulse.com TinyML platform for acoustic rodent classification on
Arduino / STM32N6

WDRA wdra.gov.in Warehouse receipt system — pest event logging for
insurance claims
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GR-3: Engineering Notes

Acoustic frequency ranges for Indian grain pests:
Rattus rattus (black rat): ultrasonic communication 20-90 kHz; scratching 100 Hz — 5 kHz
Bandicota bengalensis (bandicoot rat): larger body, lower frequency scratching 80 Hz — 3 kHz
Tribolium castaneum (flour beetle): movement sounds 200 Hz — 2 kHz — very low amplitude

MEMS microphone recommendation: SPH0645LM4H-B or ICS-43434 — flat response 100 Hz — 10 kHz.
For ultrasonic: dedicated ultrasonic transducer (MA40S4S) — 40 kHz centre frequency.
Combined array: 3x MEMS (audible) + 1x ultrasonic transducer per sensor node.

STM32N6 NPU deployment: X-CUBE-AI converts Edge Impulse .eim model to STM32-optimised C code.
Inference time target: < 200ms for 1-second audio window.
False positive rate target: < 5% (too many false alerts = fumigation cost, disruption).
False negative rate target: < 2% (missed detection = grain loss).
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GR-4 PDS Supply Chain Visibility
Grain Management - Year 3 - ECE + CSE

Dimension Detail

Scale 81 crore PDS benéeficiaries; 5 lakh+ ration shops; 2L cr annual PDS food
subsidy

Impact Eliminate ghost beneficiaries; ensure last-mile delivery integrity; reduce

10,000 cr annual PDS leakage

Hardware needed UHF RFID gates at godown exits + FPS entries; smart weighing machine —
certified legal metrology; biometric PoS terminal; tamper-evident RFID grain
bags; NB-loT connectivity

Software needed End-to-end supply chain tracker; Aadhaar-linked beneficiary authentication;
state PDS portal APIs — TNPDS, UP PDS, Odisha PDS all different;
PMGKAY integration; anomaly detection ML

Why local Aadhaar authentication, state PDS systems, PMGKAY — entirely India-
specific. Every state PDS portal has different API structure

Sensor integrity note A\ Weighing machine must carry Legal Metrology Department certification
— not just calibration. Certification renewal mandatory annually under
Weights & Measures Act

POC entry point ESP32 + RFID RC522 + HX711 load cell + ThingSpeak — logical check
only

Engineering target STM32 + UHF RFID reader + legal metrology certified scale + NB-loT +
Aadhaar API

GR-4: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

PDS Portal (DFPD) dfpd.gov.in Central PDS dashboard, stock movement data, FPS
status

TNPDS tnpds.gov.in Tamil Nadu PDS — beneficiary database, ration card API
(state example)

UP PDS fcs.up.gov.in Uttar Pradesh PDS API (different structure from TN —
state-specific)

PMGKAY dfpd.gov.in/pmgkay Pradhan Mantri Garib Kalyan Anna Yojana — free grain
entitlement

UIDAI uidai.gov.in Aadhaar authentication APl — biometric or OTP based
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GR-4: Engineering Notes — Legal Metrology is Not Optional

Legal Metrology Act 2009 — Section 9: No weighing or measuring instrument shall be used in trade
unless it has been verified and stamped by a Legal Metrology officer.

This means: the HX711 + load cell from an electronics supplier has NO legal standing in a trade
transaction.
A PDS distribution using an uncertified scale is an illegal transaction, regardless of IoT system quality.

Legal Metrology certification process:
1. Select a load cell from a type-approved manufacturer (Avery Weigh-Tronix, Mettler Toledo, etc.)
2. Integrate into weighing instrument per the approved type
3. Submit to State Legal Metrology Officer for verification and stamping
4. Annual re-verification mandatory
5. Any software update affecting weight display requires re-verification

State-by-state PDS API note:

TNPDS, UP PDS, Odisha PDS, Karnataka AePDS — all have different API structures,
different authentication methods, and different data schemas.

A PDS IoT product must be built for integration flexibility — state-configurable, not hard-coded.
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GR-5 MSP Grain Procurement Monitoring
Grain Management - Year 3—4 - ECE + CSE

Dimension Detail

Scale 20M+ farmers sell at MSP centres; %2L cr+ annual MSP procurement

Impact Transparent MSP payment; eliminate procurement fraud; direct DBT
payment trigger

Hardware needed Precision load cell — 24-bit ADC, legal metrology certified; GPS-tracked
procurement truck; RFID-tagged grain bags; 4G modem; ruggedised field
terminal

Software needed ML procurement demand forecasting; direct DBT payment trigger on

verified weight; NAFED + FCI integration; farmer PM-KISAN ID verification;
state procurement agency APls

Why local MSP regime, procurement agencies (FCI, NAFED, state agencies), DBT
payment system — entirely India-specific

Sensor integrity note A Load cell at procurement centre is a legal instrument — must carry Legal
Metrology certification. Tamper evidence mandatory — any physical
interference must be logged and flagged

POC entry point Arduino + HX711 + load cell + serial monitor — logical check only
Engineering target STM32H7 + 24-bit ADC + legal metrology certified load cell + 4G + NAFED
API

GR-5: Key Government APIs & Links

API / Platform URL | What It Enables for This Solution

NAFED nafed-india.com National Agricultural Cooperative — MSP procurement,
grading standards

FCI Procurement fci.gov.in Food Corporation of India — procurement planning, depot
allocation

DBT Bharat dbtbharat.gov.in Direct Benefit Transfer — payment trigger to farmer's
bank account

PM-KISAN pmkisan.gov.in Farmer ID verification, bank account linkage for DBT

Agmarknet agmarknet.gov.in Market prices — MSP comparison, grade verification
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GR-5: Engineering Notes
24-bit ADC for load cell — why precision matters in procurement:
Typical 5-tonne procurement scale: 5000 kg / 2224 = 0.0003 kg resolution = 0.3 gram
At MSP %2,183/quintal (wheat 2024): 0.3 gram error = 0.0007 — negligible.
BUT: a systematic 0.1% error over 1,000 tonne procurement = 1 tonne = 21,830 per centre per season.
Across 585 procurement districts: ¥12.75 crore/season systematic error from sensor calibration alone.

Tamper evidence design:
Load cell housing must have physical tamper seal (visible wire break on opening).
Accelerometer on weighing platform — any movement during weighing flagged in log.
GPS location must match registered procurement centre location — mismatch = alert.
All weight readings signed with device private key — cryptographic tamper evidence.

DBT payment trigger integration:
Weight verified — farmer ID verified (PM-KISAN / Aadhaar) — grade declared — payment calculated
— DBT payment initiated via PFMS (Public Financial Management System)
— SMS confirmation to farmer's registered mobile number
This entire chain must complete within 48 hours per NAFED/FCI guidelines.
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Grain & Food Stock Domain Summary — The Five-Solution Chain

The five grain solutions form a complete chain from storage to consumer: silo monitoring (GR-1) — quality
grading at farm gate (GR-2) — pest detection in storage (GR-3) — PDS supply chain (GR-4) —» MSP
procurement (GR-5). Each solution addresses a specific ¥6,000—%25,000 crore annual loss that currently goes
unchecked.

Solution Year Where in POC (Logical Engineering Target Impact
Chain Check)
GR-1 Smart Silo 34 Storage ESP32 + DHT22 + STM32U5 + grain probe + 12,000 Cr

CO; + ThingSpeak CO, NDIR + load cell +
LoRa + FCI FIMS

GR-2 Quality 4 Farm gate — AS7265x + ESP32 + i.MX8M Plus + NIR 25,000 Cr
Grading mandi classification module + camera + NABL
+ e-NAM API
GR-3 Pest 34 Storage Nano 33 BLE + STM32N6 + acoustic 6,000 Cr
Detection Edge Impulse audio array + X-CUBE-AI +
LoRa + FCI API
GR-4 PDS Supply 3 Godown — ESP32 + RFID + STM32 + UHF RFID + LM %10,000 Cr
Chain FPS — HX711 + certified scale + NB-loT +
beneficiary ThingSpeak Aadhaar API
GR-5 MSP 3-4 Farm gate — Arduino + HX711 + STM32H7 + 24-bit ADC + %8,000 Cr
Procurement procurement serial monitor LM certified load cell + 4G
centre + NAFED API
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Shared Engineering Principles — Agriculture & Grain

Domain

1. Soil and Grain Contact Sensor Materials

Sensor Type | Correct Material

Soil moisture SS316L or

electrodes titanium

Grain probe body SS304 or SS316L

Water quality Platinum or

probes (AG-5) graphite
electrodes,

SS316L housing

Load cell body
(GR-4, GR-5)

Aluminium alloy
(bending beam) or
SS (shear beam)

Wrong Material
Copper, brass,
galvanised iron

Mild steel,
aluminium

Uncoated copper,
aluminium

Any painted or
coated mild steel

| Failure Mode

Galvanic corrosion.
Reading drifts to zero
within 3—8 weeks.

Rust contamination in
grain stack. FSSAI
food safety violation.

Galvanic corrosion in
saline coastal water
within weeks.

Paint chips
contaminate grain, fail

food safety inspection.

Indian Context

Black cotton soil is
alkaline — accelerates
non-SS corrosion

Indian monsoon
humidity accelerates
rust on non-SS metals

Bay of Bengal: higher
salinity than Arabian
Sea — higher
corrosion rate

Procurement centres:
dust + humidity +
vibration — SS more
reliable

2. AC Excitation — Mandatory for All Electrochemical Sensors

DC excitation on any electrochemical sensor causes electrolysis.
Electrolysis deposits ions on electrodes.
Electrode characteristics change. Reading drifts. Permanently.

The dashboard shows confident numbers. The numbers are wrong.

AC excitation eliminates net DC current. No electrolysis. Stable reading.

Required for: AG-1 soil moisture, AG-1 NPK, AG-3 flow meter, AG-5 pH, AG-5 DO, AG-5 conductivity
Frequency: 1-10 kHz for soil | 3 kHz for conductivity | > 1 kHz for pH (to prevent polarisation)

Implementation: STM32 DAC + op-amp generates AC excitation signal.
Reference: Decagon / METER Group soil sensor design application notes (publicly available).

Home | Seekers Signpost Rev1.0, May2026

30


https://www.seekerssignpost.com/

3. NABL Calibration vs NABL Accreditation — The Difference That Matters

NABL ACCREDITATION: The National Accreditation Board for Testing and Calibration Laboratories
accredits a laboratory to perform calibration. The lab is NABL accredited.

NABL CALIBRATION: A calibration certificate issued by a NABL accredited laboratory.
The certificate is traceable to national standards (NPL India).

What students must verify for every sensor they deploy:
1. Is the calibration certificate issued by a NABL accredited laboratory?
2. Is the calibration traceable to NPL India or an equivalent national standard?
3. What is the stated uncertainty on the certificate? (e.g. £0.1°C, +2% RH)
4. What is the calibration expiry date?
5. Is the sensor deployed within the temperature/humidity range covered by the calibration?

Without YES to all five: the data has no authority.
CPCB, FCI, ABDM — all require traceable calibration before accepting sensor data.

4. Legal Metrology — India's Most Misunderstood Certification

India's Legal Metrology Act 2009 governs all instruments used in trade.

Any weighing machine used in a commercial transaction must be:
Type-approved by the Central Government (the instrument design is certified)
Verified and stamped by the State Legal Metrology Officer
Re-verified annually

This applies to: GR-4 PDS weighing terminals | GR-5 MSP procurement scales
And to any other solution involving billing by weight or volume (EN-1 smart meters, SC-1 water meters)

The HX711 load cell from an electronics shop is NOT a Legal Metrology instrument.
It is a component. It becomes a Legal Metrology instrument only after type approval and verification.

Faculty must tell students: the engineering challenge in GR-4 and GR-5 is not the sensor.
It is making the sensor comply with the legal framework that governs its use.
That is a harder and more valuable engineering skill than programming.
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5. LoRa India Band — The Most Common Implementation Error
India LoRa band: 865-867 MHz (IN865)

European LoRa band: 863—-870 MHz (EU868, default centre frequency 868 MHz)
Every LoRa module ships with European defaults.

This is a WPC (Wireless Planning & Coordination) regulation violation.

Fix in firmware:
lora.setFrequency(866000000); // 866 MHz — India IN865 band
lora.setSubBand(2); // Sub-band for India

Always verify with NanoVNA: transmit on 866 MHz and confirm with spectrum analyser or NanoVNA
sweep.

Do not assume the firmware change is sufficient — measure it.
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