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Artificial Intelligence/Machine Learning-Based Surveillance Model Development

Passive Surveillance

model model

Event-based

. + Host factors acts as signal/source
Surveillance model

early detection of outbreaks

* Risk other than host such as
ecological, environment, trade etc.,
by risk based probability sampling
method

Risk-based
Surveillance model

« Systematic or regular recording of
cases of a designated disease or a
group of diseases by probability
sampling method

Active surveillance
model

Environmental that involves the collection of

Surveillance model i .
probability sampling methods

 Not sample based only opportunistic

» Non-invasive method of surveillance

environmental samples by advanced
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Involved in providing village-level Nationwide surveillance plans for FMD, Brucellosis, PPR and CSF

FMD Seromonitoring
Round V

States & UTs: 36
Districts: 851
Blocks: 2085
Villages:2823
Samples: 38272

CSF CP Seromonitoring
Round II

States & UTs : 28
Districts: 467
Blocks: 1363
Villages:2561
Samples: 32760

FMD Serosurveillance

2024

States & UTs : 36
Districts: 761
Blocks: 4012
Villages:8288
Samples: 119059

Brucellosis Seromonitoring
Phase Il

\&\ ﬁi% .‘g_q A%-:-_,gm

Sampling Plan

States & UTs : 35
Districts:697
Blocks: 2291
Villages:3528
Samples: 46398


https://www.nivedi.res.in/Nadres_v2/
https://nivedi.res.in/PDDES/
https://nivedi.res.in/nicra/

Sampling Plan tab under NADRES Website Schematic representation of Two-stage stratified random sampling and formula

National Animal Disease Referral
Expert System (NADRES v2)

8 Al-Enabled Redefining Livestock Disease Risk Forewarning - i § ok Al
14/03/2025 15:43:04

LH-DCP Portal : Cloud-Based Digital Platform for Active Livestock
Disease Surveillance and Control
Karnataka

State https://nivedi.res.in/Nadres v2/lhdcp/index
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X Livestock Health & Disease Control Programme (LHDCP)
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23| Mizoram. 02 o0 | 09 | oe | wo | 7 | w6 5936 | 33742 | 036 | 005 | 09 | 09 | 66 528
24 |Nagaland 02 o0 | 09 | oo | e | oo 6838 | 2732 | 021 | oot | 09 | 08 | m 520
25 [odisha 02 [oesi| 09 | oe | ws |y | jom 59 %097 | 752 | 30368 05 Jow| 09 | 08 | m 758 . . . .
26| Puducheny 02 [oes| 09 | oo | 76 | s 8481 | 33924 | 032 [ 005 [ 09 | 09 | 66 504
e oot o5 | oo [ | T T N pproximately Samples are allocated annually aCross India 10r monitoring an
28 [Rajasthan 02 [oes| 09 | 09 | 76 | ems 6838 | 2732 | 021 |00t | 09 | 08 | m 320 ! !
29 [Sikkim 02 [oest| 09 | oo | w5 | 1ss | sen 2.1 205 | 6698 | 26792 | 021 |o00s | 09 | 08 | ® 320 - - -y = - - -
e ool o be ebe e b o oo ebe oo oo surveillance of four prioritized animal diseases (FMD, Brucellosis, PPR, and CSF
31 |Telangana 02 o002 | 09 | oo | 18 | 1es | 7076 0.1 70735 | 28294 | 028 [ oex | 09 [ 09 | m 520 ) 3 )
32 [Tripura 02 o0 | 09 [ oo | e | s 455 | 15208 | o018 |02 | 09 | 09 | 1 | im0
33 |Uttarakhand 02 003t o8 [ 105 1191 648 648 2592 026 003 | 090 | 0o 110 1210 A A A A A 2 adsq A
e . 1 T W TR MR = e—wol|| sUpporting nationwide disease tracking and control initiatives
35 |WestBengal 02 o002 | 09 | 0o | 18 | 194 | se03 8603 | 34412 | 03¢ [ 005 [ 09 | 09 | 66 528 .
TOTAL 3528 | 42369 | 7647 | 63.05 | 6624 | 248549 3153 | 33443
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Real time/Near Real time Data Capture and Storage Workflow: NADRES V2 Database Flow Diagram

List of NADEN Centers  NADRES website NADEN login Page Data Entry Form

S sunibeniiionion WO iA

NADEN Centre Data Upload
B S0 10 YU Gashboed e B Disesse Outbreaks Fie Uplosd

How To Upload

Files To NADEN

Centre through
NADRES V2

[y —

&3
&l Set data
approval / Reject

and upload data files or status
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| Data Analysis and I

Visualization

Epidemiological data were compiled at the state, district and village levels from multiple sources, and a subsample of cases was confirmed in the laboratory; the dataset includes
information on susceptible populations, attack rates and outbreak-associated mortality




Livestock Disease Risk Forewarning Through Al & ML Based Disease Modelling

NADRES V2- NATIONAL ANIMAL DISEASE REFERRAL EXPERT SYSTEM

https://nivedi.res.in/Nadres v2/index.php
NADRES v2 is an early warning system powered by Artificial Intelligence with set of capacities needed to generate and

disseminate timely and meaningful warning information that enables at-risk livestock population, and guide the farmers and
organizations to prepare and act appropriately and in sufficient time to reduce the I|vestock dlsease |nC|dence

National Anirmal Disease Referral Expert System wf ‘ Al & ML Powered Data Capturing and Forewarning System SI.No List of Diseases
(NADRES 2) Y . .
it 1 African Swine Fever
Metrologica[ Dqta Livestnck
Home AboutUs Risk Factors  Analytics ~Livestock Diseases  Post Prediction Validation  Contact (G\}(DF}’QDE(]:)I s 2 Anthrax
Skl Welcome to NADRES v2 K R(tl\lil((;t[glg:nlil:ndg::a \\ ‘ h ‘ } 8 Babesiosis
r‘v:mrlnn ”\ | \
9 NADRES Version-; D
S - e ﬂ JI U\. WU Hh 4 Black Quarter
™ - = 5 Bluetongue
Gl ramne Othcr Risk - o
e e e Disease D o A M . :
T iy g et - - SN 6 Classical swine fever
uuuuuuuuuu Shnslor by ot e 28 e Forewarning 7 E nte rotoxae m |a
YR o D Ep ot Prediction ) (1M,2M,6M g s v
Very Low Risk A i G - -
: it o Forecastm ;\"R) ljﬁ?ﬁ;o i 8 Fasciolosis
g . — \’;.'.‘;?,hs ML
¥, s Algorithms 9 Foot and mouth disease
Orline G5 Maps Disease i v R . .
[ I st Communica 10 Haemorrhagic septicaemia
F 7 ‘ TS . .
Farmers . audeih 11 Lumpy Skin Disease
State Animal Husbandry Dent. e Web portal . .
| bl L d . 12 | Peste des petits ruminants
ﬁ : P B—
‘ a eep and Goat pox
‘ DAHD, Govt. of India ¢ Alert Messages p p
k . ..
Social Media 14 Theileriosis
NADRES V2 Resources .
15 Trypanosomosis
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Real Time Climatic Factors used for Forecasting, Forewarning and Developing Risk maps

Livestock Population Remote Sensing Meteorological
Livestock data (Numbers) Meteorological Units Meteorological Units Spatial
: Endemicity
Cattle 19,63,79,000 | |LST °C Air Temperature k clole BT i
Potential Evaporation Relative Humidity %
Buffalo 11,04,24,984 | | NPVI&EVI il Rate w/m? .
PET mm Rainfall kg/mls Temperature C T%mpqrgl
Sheep 15,01,13,442 | | La| m2/m? . Endemicity
NDVI ZEVI Soil Moisture kg/m? Temperature Max C
Goat 7,32,94,702 : o - . .
LST PET, LAI Specific Humidity ka/kg Temperature Min C "
Pig 92,94,830 Resolution: 1km  Resolution:500 Surface Pressure Pa Vapour Pressure hPa Correula(iion
m. -
Villages-664369 i S it Wet dry Frequency days
Source: Source: :
Blocks-5564 o : https://disc.gsfc.nasa.gov/datasets/GLD OIES: Space Time
gg}os.llladsweb.modaps.eosdls.nasa.g AS_NOAH025_M_2.1/summary?key httpsél:/é(;r/udata.;igggéullzl:;u/iaézllhrg/cru Cluster
- 20Th Lj - ts_4.05/cruts. AVZS
EQ')%:CS' 2(;) | LiestoEicCensUs; https://search.earthdata.nasa.gov/ words=GLDAS -
0 Resolution: 0.25 * 0.25 degree Resolution: 0.5 degree Linear

Discrimina

nt Analysis

Delta Weather Parameters: Represents the difference between two corresponding values, typically between two time periods, to capture changes or trends.
Static Set: Long-term deltas (2001-2021) showing climatic trends affecting disease patterns.
Dynamic Set: Recent deltas (2018-2023 averages) capturing ongoing weather changes for short-term forecasting.

Risk

Modelling
Maps

Remote Sensing Data

Extract Data

ladsweb.moda Select Time HDF to Geo from GeoTIFF Data saved in Secondary
ps. eosd|s nasa. SeIeCt ¢ period and <> DOWHI.Oad HDF TIFF <> using latl ong csv infection(RO)
Product files Conversion
area

Meteorological Data

Download NC4
[ GLDAS/CRU ]<>[ Select Parameters ]<>[ Select Time period ]<> Files

Seven step approach used

Extract Data from for risk Prediction
NC4 files using lat [ Data saved in CSV }

long




Machine Learning Model Building and evaluation

Model Selection Criteria I_[ 3. Random Forest (RF)

Akaike information
criterion (AIC)
Bayesian information
criterion (BIC)
Bridge criterion
(BCCross-validation
Deviance information
criterion (DIC),
Likelihood-ratio test
Mallows's Cp
Minimum description
length

Minimum message
length (MML)
PRESS statistics
Stepwise regression

1. Generalized Linear Model(GLM) |—| ) )
;[[ 2 Gonesalized Additive Model (GAMD Presently used Indices For Model Evaluation
: ] | 1. KAPPA
]_‘ 2. ROC
_ 3. TSS
4. Kernal Support Vector Machine (KSVM) | 4.  Accuracy
5. Boosted Regression Tree (BRT) ]—‘ 2 E:ggg:;?;?}
6. Artificial Neural Networks (NN) 7. Sensitivity
8. Specificity

7. Multiple Adaptive Regression Splines (MARS) 9. F1 Score

10. Log loss

11. Gini Coefficient
12. RMSE

13. MAE

8. Flexible Discriminant Analysis (FDA)

9. Classification Tree Analysis (CTA)

10. Support Vector Machine (SVM)

11. Decision Trees (Tree prob)

73 VET-ALERT

12. Least Absolute Shrinkage and Selection Operator (Lasso)

13. Gaussian Process (GP)

14. Neural Network (NN)

15. Cubiset

16. Probit Regression

17. Elastic Net

18. Adaptive Boosting

19. Ridge Regression

P O O O O O O O O O
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-
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20. Conditional Random Forest NADRESv2 Monthly Bulletin Cover page
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National Animal Disease Referral Expert System (NADRES v2)

Welcome to NADRES v2

The ational Arimal Disease Referral Expert System (NADRES 2] of ICAR-NIVEDI i an early warring system pomwered by Artf It

SELECT DISEASE

INADRES Version-2 | State Wiz D> .
7 Choose a disease..

comes with  se of capacies eeded o generate and diseminat timely and meaningful warning information. This cnables at ik stoch | e AN Olsema

papulations, famers, and organizations o prepare and actn sufficenttime ta redue vestock disease incidence. —

SELECT STATE

NADRES 42 provides ctionabie insights and supports organizatons in efiecively managing livestack heath, ensring bettr preparedness for m Choose a state..

patential outbreaks.
Samiking Plans
Forecasingof FMD R wsing GARMA model

o ) ) prmr]
Jomm(5) L =

0

LH-DCP Web Portal

iy i
-
e

LU
T e Ay Dozl

= Th dispesion paramete of thebegeeiveBincistmadel. M omix
i Uwiged  wmas

ek Maps

et | ) _

SELECT MONTH

| May

Reset Form Generate Forecast -

NADRES V2 Home page

Foot and mouth disease

O June @ July

Reset Form Generate Forecast

Processing with Al

Analyzing disease patterns and predicting outcomes..

= Ring vaccination within an 8 km radius using appropriate vaccines for circulating serotypes (O, A, Asia-1).

Foot-and-Mouth Disease (FMD)

Preventive Measures:

= Strict movement control of livestock must be enforced during outbreaks.
* Quarantine measures should be implemented for newly introduced animals.

= Animals aged four months and older should receive biannual vaccinations to maintain immunity.
= Infected animals should be immediately isolated, as their excretions and secretions contain the virus.

= All feed and fodder in contact with infected animals should be discarded.

If vaccinated, please ignore the disease forecast.

Disease Distribution
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Disease: Foot and mouth disease | State: KARNATAKA | Month: July

Map

Very High Risk
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Foot and mouth disease Livestock Disease Forecast for the July Month in KARNATAKA
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Risk Prediction - Livestock Disease Forewarning Maps (May-2025)

Risk Predicton of Affcan Swine Fever for the month of July 2025 Risk Prediction of Anfhrax for the month of July 2025 Risk Prediction of Babesiosis for the monfh of July 2025 Risk Prediction of Black quarter for the month of July 2025 Risk Prediction of Bluetongus for the monh of July 2025 Risk Prediction of Ciassical Swine fever for the month of July 2025 sk Predicion of Enterolosessia for fhe mon of July 2025
b N No Risk/ No Data a6 N No Risk/ No Data & N No Risk/ No Data N No Risk / No Data C’M\ N No Risk / No Data 4 N No Risk / No Data L/:N \/\\ N No Risk/ No Data
Very Low Risk Very Low Risk Very Low Risk Very Low Risk Very Low Risk Very Low Risk P E/ Very Low Risk
Low Risk Low Risk Low Risk Low Risk ‘ Low Risk Low Risk { LowRisk
Medium Risk Medium Risk | Medium Risk Medium Risk ¢ Medium Risk Medium Risk Medium Risk
High Risk High Risk High Risk High Risk ‘ High Risk High Risk HighRisk
W very High R Il Very High Risk Il very High Risk Il Very High Risk “’ I Very High Risk B Very High Risk Il Very High Risk

African Swine Anthrax Babesiosis Black quarter Bluetongue Classical Swine Enterotoxemia
Fever Fever
Rk Preicon of Fascifasis for the o of uy 2025 Risk Predicton of Foot and mouth diseas for the month of July 2025 Rk Predicson of Haemorhag sepficsems o e morth of uly 2025 Risk Predicion of Lumpy Skin Dissass for he morth of July 2025 Risk Preiction o Peste des pefis ruminanis for the morsh of July 2025 Risk Predicion of Sheep and Goat poxfor he morh of July 2025 Risk Predicion of Theleiossfor the month of uly 2025 Risk Precicton of Trypanosontiasis for the morth of uy 2025
s ‘ .
No Risk/ No Data N No Risk/ No Data N No Risk/ No Data N No Risk / No Data No~Risk/No Data Ao N NoRisk/No Data N NoRisk/ No Deta
Very LowRisk Very Low Risk Very Low Risk Very Low Risk Very Low Risk Very Low Risk A Very Low Risk
LowRisk Low Risk Low Risk LowRisk LowRisk Low Risk LowRisk
Medum Risk Medium Risk Medum Risk Medum Risk Medum Risk Medium Risk Medum Risk
High Risk High Risk High Risk High Risk High Risk 4 Figh Risk High Risk
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: == \ = ‘ = 3 - b ¥
Fascioliasis Foot and mouth Haemorrhagic Lumpy Skin Peste des petits Sheep and Theileriosis Trypanosomiasis

disease septicaemia disease ruminants Goat pox



End to End Risk Communications

Monthly Forecasting of 15 Livestock Diseases (Based on Al and ML models) Dissemination to all Stakeholders

¥

Hard Copy (vet-

alert, Livestock Diseases
Risk Forewarning
Bulletin)

Dissemination
by Post

|

DAHD and
ICAR officials

Soft co PY (vet-alert,

Livestock Diseases Risk
Forewarning Bulletin)

Via emails

State Veterinary
Officials(52),
KVKS (731),
NADEN centers

(55 Including P1 &Co-P1)

LDF & NER
LDF Mobile
application

https://nivedi.res.in/Nad &

Fruits SMS
alerts to
registered
farmers

res v2/index.php

Real time access
by field users
(100+ Users)

v’ Veterinary nodal
officers use the system
to create data-driven
sampling plans for
targeted surveillance.

Total Visitors: 26.7
Lakh Individuals (as
of latest update)

v' 25.7 lakh SMS alerts
were sent to farmersin
April 2025.

v' 23.3 million SMS alerts
disseminated via
FRUITS (Apr 2024-Mar
2025).

DLT SMS
to
Veterinary
Doctors

v’ 17,954 SMS alerts
sent to
veterinarians in
April 2025.

v' 1.09 lakh SMS
alerts sent to vets
from Sep 2024 to
Mar 2025.

Social
Media
Platforms

X (Twitter)
https://x.com/dilnivedi/s
tatus/1888899265411645
536

LinkedIn
https://www.linkedin.co
m/feed/update/urn:li:sh
are:72946673718294364
17/

Instagram
https://www.instagram.c
om/p/DFE5DkagymcW/?i
gsh=N2NvZXR5cHp3cX
dj

YouTube:
https://www.youtube.co

m/@icar-nivedi

GitHub:
https://github.com/SEL -
NIVEDI/

Facebook
https://www.facebook.co
m/icarnivediofficial/

> 4

Informed Farming Community & Veterinary Authorities
= Early Response
= Risk Mitigation
=  Animal Health Protection
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https://www.instagram.com/p/DF5DkqqymcW/?igsh=N2NvZXR5cHp3cXdj
https://www.youtube.com/@icar-nivedi
https://github.com/SEL-NIVEDI/
https://www.facebook.com/icarnivediofficial/

Operational Scale & Response Time Optimization in NADRES V2 via AI/ML Automation

Operational Scale

Data Inputs for Monthly Livestock Disease Forecasting

v Total Livestock Population & Animal Species Covered: 540 Iill AL % ML-tI_Drlven VRLIe @ FIREGETORS ol OIe jeals
million animals (Cattle, Buffalo, Sheep, Goat, and Pig) o peration
. . 1 Data Capturing 2,08,380 records(disease data, key risk factors)
v Disease Surveillance Network: Data collected from 35 NADEN ;  (additiomal 23 del -~
(National Animal Disease Epidemiology Network) Centers 2 Data Alignment 761,046 records (additional 23 delta variables)
SEET 3 Disease Modelling Forecasting 15 livestock diseases, over 12 months using 20 models and

13 performance indices across 755 districts and 15 agro climatic zones
in India requires approximately 530 million operations per time

WhatsApp NADEN
Group

4 Risk Communication 25 lakh SMS alerts to farmers in 1 year; 17 to 18 thousand DLT
SMS alerts to veterinary officials every month

Optimized Response Time in NADRES Through AlI/ML Automation for Each

v" Number of States & Districts Covered: 36 States& UTs, 755 month
Districts Before After
Process . . Improvement
] ] ) ) Automation Automation P
v" Number of Target Diseases: 15 economically important livestock _ _ _
. Data Collection + Cleaning 10-14 days < 48 hours ~90% time saved
diseases
- . . . i i _ ~QR0,
v' Climatic Parameters: 18 key weather and climate variables Forecasting & Modeling 710 days < 10 hours 95% faster
considered Report Preparation 10 — 15 days < 3 days ~90% time saved
v" Remote Sensing Variables: 5 variables derived from satellite and Alert Generation Manual dispatch '%Sta”t Imu'ti' Real-time
geospatial data channe communication
) _ ) S Total Response Cycle 18-24 days < 6 days faster response time
v Delta Variables: 23 variables capturing changes in climatic trends
over time v Fully automated pipeline powered by Al and ML, Covers the entire workflow from data
acquisition through to district-level risk alerts
v Forecasting Models: 20 predictive models used for analysis v' Over 2,346 lines of R code implemented across data capture, processing, and modeling stages to

) o o ) ) ) automate the NADRES V2 pipeline. ( https://nivedi.res.in/Nadres_v2/ )
v"Indices: 13 indices to support decision-making and interpretation v Nearly 250 CPU hours per month devoted to continuous model execution and risk forecasting.



https://nivedi.res.in/Nadres_v2/

NADRES V2: Future Scalability & Strategic Collaborations for Precision Livestock Disease Forecasting

Scalability Opportunities

v" Micro-Level Forecasting: Expansion from district to block and village levels, enabling hyper-localized risk predictions tailored to specific
livestock practices and microclimates.

v" Model and Disease Expansion: The number of forecasted livestock diseases is projected to increase to 20-30, with a parallel rise in

machine learning models to approximately 25-30, improving prediction specificity and robustness.

Offline Accessibility: Deployment of Al/ML models on mobile devices with offline capabilities for remote areas with poor internet.

Multi-Language & Voice Support: Integration of Al-driven voice alerts, SMS, IVR, and community radio in regional languages for

inclusive communication.

<]

Strategic Collaborations

v NICRA (ICAR): Leveraging agro-climatic data to enhance prediction accuracy under climate variability (floods, droughts).

v IMD Integration: Real-time meteorological data and farmer details across India are integrated to enhance the prediction of climate-
sensitive and vector-borne diseases and to enable timely dissemination of alerts to farmers

v' Government Platforms: Seamless integration with NDLM, BSNL, and Digital India initiatives for unified data exchange and delivery.

Al & ML Adaptability: Dynamic model recalibration using real-time feedback and new climate-disease relationships.

Community-Centric Risk Communication

v" Global Inter Engaging village cooperatives and extension workers as grassroots communication hubs.

v Dissemination through SMS, IVR, local radio, and mobile-based tools to reach digitally underserved areas.

v" We will also expand SMS alerts to farmers in their local or vernacular languages, ensuring better understanding and adoption.

Global Interest
v" FAO experts organized a workshop on community-based early disease detection and reporting systems, and invited the NADRES V2 team
to explore expanding its implementation at the community level.




Officials were oriented on the NADRES V2 workflow during their visit to the SEL Lab

NIVEDI

Administ

atul chaturvedi 1

ICAR-NIVEDI is doing great job in area of
disease forecasting through Artificial
Intelligence tools

Dept of Animal Husbandry & D...

Secretary AHD @atullchaturvedi
visited to ICAR-NIVEDI, Interacted
with the Scientist Involved in
veterinary disease epidemiology.
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Web Audit Certificate

| The website is currently under evaluation by the
Standards and Quality Compliance Lab (STQCL)
for adherence to GIGW guidelines

ji:g WAVE Tool Accessibility
‘ Summary Report

ICAR-
Parameter NADRES v2 Website |NIVEDI
Website
0 (No critical
Errors accessibility errors) 2
§|Contrast Errors 0 (No contrast issues) 0
Features 32(Agce55|blllty features 55
implemented)
Structural
Elements n 86
ARIA
Attributes (il 19
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