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Safeguarding Downstream Communities
Through Edge Technology

Objectives @ Deliverables =[]
® Development of Indigenous GIS-based Glacial Lake .
Outburst Floods Early Warning System (GLOF-EWS). The TGChﬂOlogy. C-DAC
® Field survey and Bathymetric study and volumetric ® GIS based Spatial Decision Support System (SDSS)

analysis of glacial lake as part of pilot Implementation. ;
® Fail-Safe Edge Sensor Network
® Field Deployment of Buoy System, AWS and Glacier

vision Unit (GVU) to establish a pilot implementation. * High-performance Hydro-dynamic simulation
—

The GLOF-EWS bridges the gap between raw glacial data and life-saving evacuation

time, engineering out failure points in the harshest environments on Earth.




@ Software Modules/Sub-Modules/Components of EWS ﬂ%ﬂé

API for data collection from AWS, Buoy & GVU
=  Unified Web Portal - Access Controlled for display, query and analysis
0 Central and State Agencies will have different login credentials and views
= Sensor Data Display Module -Data Visualization in Tabular, Graphical Plots and Image
0 Glacial Lake Water Level, Temperature, Water Pressure Data etc.
0 AWS Data - Temp, Pressure, Wind Direction, Snow Depth etc.
0 Glacier Vision Unit Data - Daily Images
=  Spatial Decision Support System - Visualization, Query and Analysis
0 Glacial Lakes, Administrative Boundaries, Satellite Images etc. (to be provided by SDMAs)
0 Glacial Lake Data, Sensor Data, Image Data, Simulation Results etc.
0 Lake Bathymetry Data, Lake Profile, Lake Volume and Discharge Computation
= Algorithm for Automated GLOF Event Detection and Assessment

= Automated GLOF Simulation Model
= Warning and Alert Dissemination through SMS/Email/Whatsapp



Sub-Surface Intelligence:
Dynamic Lake Profiling
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The Dual-Band Synergy
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S-Band: Unbreakable Reliability
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EWS SOFTWARE

Early Warning. Real-time Monitoring. Safer Tomorrow.
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Him Jheel Software System Architecture T

e
l Server
Simulations
and Alart Protocol and tnggers the
Glacial Lake Protocols Protocols
L] |
Ingestion Application & Dissemination |
Raw packets from the | Processing Servers The Application Server |
Glacial Lake (Sensor -= Data is routed through API simultaneously updates the
Ground Station -> -+ layers into High-Performance ~+ web-based Unified Portal and
Satellite) hit the secure Computing (HPC) nodes triggers the SMS Gateway /
firewall. for continuous storage E-Mail Server to push alerts
and visualization. directly to local

administration and users,
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HimJheel EWS Software Suite conC

GLOFsSIM

SDBMS & SDSS (Spatial
Decision Support System)

Access-controlled unified web
portal mapping glacial lakes,
administrative boundaries, and
satellite images.

Displays real-time Buoy data
(Water Level, Temp, Pressure) and
AWS Data (Wind, Snow Depth)

in tabular and graphical plots.

GLOFPRO
(Event Detection)

Automated algorithms
identifying abrupt water level
drops, abnormal GPS
displacement, and acoustic
anomalies.

' GLOFSIM
(Simulation & Prediction)

Automated Hydrodynamic
Simulation running over HPC to
predict water arrival times,
depth, and provide GIS-based
inundation mapping.




Systam Archiliechire

PostgreS0OL
Sensors Spring Boot AP i ;Estﬁg Redis Cache HPC [ ANUGA GeoServer React Ul
; ' WMS layers
» Water Level REST + Spatial data AP Flood simulation = T:I'II:G Dashboard
: Simulation
* GPS JWT Security Time-series Response cache Parallel compute putput HApE SIS
outpL

Spring Security + JWT

ime Alert En ine

 Threshold/drop triggers Multi-channel notify




Scalable Hybrid Deployment Architecture For GLOF-EWS




Major Software Modules

Lake Management

CRUD for glacial lakes
Postals geometry storage
Lake spatial contiguration

Threshold & alert configuration

- Simulation Engine

Flood simulation scenario
canflguration
HPC cluster job execution

An Uga- hased {lood maodellir 1

Result processing & storage

Sensor Monitoring

Feal-time data Iingestion
Multi-sensor aggregation
Anomaly detection rules

Histarical trend analysis

GIS & Visualization

GeoServer layer publish
WMS endpoints
DEM & TIFF rendering

Flood inundation maps

Alert Management

sulti=level alert tiers
Automated alert generation

Emall dispatch

Auth & Security

I'WT + ':1|'.-ri|||.'I SECUrity
Role-bazed access

Bt i:1|-;E_ir:|_-'l



Sensor Data

loT sensors F:IIJ':.:'l Water '3"-“-‘|. pressure &= G5
via REST. Spring Boot ingestion validates

payload.

Threshold Analysis

Per-lake configurable thresholds. Sudden-drop
detection (GLOF precursor). Statistical anomaly

engine

Workflow

Validation

range validation & duplicate Pers eS0L with PostGIS
detection, Bad data quarantined, 5 cache updated

Alert Generation Dashboard Display

=1 T e = W :
NG, Using React dashboard. Real-time charts
slation job on critical =t 3 LS i R S
ulation job on critic update. Map layers refresh via GeoServer

Wik,

Spring Boot Services : SensoringestionService - ThresholdEvaluatorService - AlertDispatchService - CacheUpdateService




Database & Caching Architecture

) i Caches frequently accessed application data
Lakes Table Geometryl Polygon), thresholds, MOMA id

Reduce database load
Sensors Table Type, min, max, station

Improves APl response time

Sensor Readings Indexed on timestamp + sensar

Alerts Table Severity , triggered at, type Performance Gains

o Geometryl Point), state, district,
settlement Table ; N '
|,:-|'_:-|:|||.;|[|:_:|'|

ST_Within, ST_Distance, ST_Area,
5T Intersection

G5 Functions




GIS & DEM Processing

5 raster data.

culation
e o

Integrate DEM elevations within lake polygon boundary. Volume = Ejcell_area

= depth). Stored per water level reading

Flood Extent Estimation

ANL

dium { Low risk: PostGIS 5T_Buffer + :'-_' [""E!'L_

OpenlLayers / Leaflet




HPC-Based Flood Simulation

Water level drap Spring job scheduler

Bathymetry survey registration n ; { SLURM job submission

GEM + boundary file transfer

lob status polling

All Depth rasters extracted Raster laver styled [WMS)
Max depth raster for worst-case Shareable map URLs

ANUGA EXECUTION

Python-based hydrodynamic

Finite volume shallow water egns
Parallel process across HPC nodes

Qutput — depth, velogity

React map overlay update
Animated flood spread
Affected area statistics

sk rone classification




Alert & Early Warning System

CONDITION CONDITION
* Water level crossed warning Danger/below threshold
threshold. breached
Sudden drop
ACTION ACTION GLOF precursor pattern detected.

ALTION

* Water level within normal range.

= Save to DB = Email to all users
= Update dashboard indicator * Yellow alert on dashboard

» Email blast
« Trigger HPC simulation
* Red alert on dashboard

Technical Implementation

Recejve data - Analysis engine for threshold scan + Ev + Alert generation




Key Features & Capabilities

‘{25

Alert Latency
From sensor ingestion to dashboard
notification

= 30%
o= =1

DB Load Cut

Redis cache-aside reduces Postgres0L read
pressure significantly

i Daily Report

Daily buoy analysis report
Bally analysis of buoy monitoring data featuring
SevEn-cay water evel trends, Impact event

assassment, and system health Indicators

Spatial Engine

Full GI5 capabilities — geometry ops, spatial
indexing, raster storage

ﬂ JIWT

Secure Auth

Spring Security + JWT with role-based access,

audit log

.g| Hazard Map

Whorst-Case GLOF Risk Assessment Map
Assessment of flood arrival Times, inundation

extent, and risk exposune for downsiream

colTlemenrs

: HPC

Simulation Power

AMUGS on parallel cluster

~ WMS

Live GIS Layers

Geoherver streams simulation outputs layers in
real-time

=== Scalability

Layered & Scalable

Supparts independent scaling of backend,
database, simulation companent




Daily Buoy Analysis Report
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Flood Hazard Assessment Map
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GLOF Scenario Generation

Froehlich Peak Discharge(2008) :

Qp= 0.607 V3235 pl24

Orifice / 5lot Flow Equation :

(=) (= Q=Co A Vg

BREACH WIDTH Froehlich (2008) : BREACH HEIGHT Froehlich (2008} :
By = 0.18 x 0325 yp1d Hp= 0.00254 x| 933




FLOW CHART OVERVIEW

i Ty
ANUGA OUTPUT INFRASTRUCTURE
: AND AGRICULTURE
| MAPS
‘l‘ . ¥ . -L 2
FLOOD FLOW |
Loom | = e @ I
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ARRIVAL TIME /

SEVERITY i MEDIUM | HIGH | |
HIGH SEVERITY r jﬂ_ . L I &Q_-,s
MEDIUM SEVERITY | H M L RISK ZONES
LOW SEVERITY M L L

Integrating Anuga model outputs, infrastructure & agriculture data, and risk

classification to generate actionable GLOF risk maps for informed decision-making.

METHODOLOGY OF GLOF RISK ASSESSMENT

FLOOD SEVERITY CLASSIFICATION

FLOOD SEVERITY D V THRESHOLD
(=) Low severmy = 0.6
() MEDIUM SEVERITY ~ 0.6 to = 10
@)  HIGH SEVERITY = 10

FLOOD WAVE ARRIVAL TIME CLASSIFICATION

ARRIVAL TIME

(D) =2Hms

() 2-10HRS

() >10HRs

DEFINITION

Mo time for authorities
to provide warning

Less time for authorities
io provide waming

Sufficient time for authorities
o pravide waming




Future Enhancements

for sub-100ms sensor data streaming.

!*‘Hﬁ Digital Twin

Creates a virtual replica of the lake that
continuously updates with live data to
support monitoring, analysis, and
simulation

Apache Kafka Fhase |
Streaming

Replace REST ingestlon with Katka topics

AR ML Anomaly

i B Detection

Enhanced

T\
»E) Reporting

Automated generation of comprehensive Different ML models on sensor time-series
for early GLOF precursor detection beyond

simple thresholds

u-.'n_-l"-cilr' anmc ot |||',- reports r'r_--.|!__|r|r'-5

comblned Buoy and AWS analysis

Emergency ) _ Scenario Fhae2 |
Evacuation Planning = ,'-_':: ﬂ Generation Engine
o R |

Stores pre-generated flood simulations for

calculates the nearest safe evacuation ;
- e different lake volume-drainage levels,

routes for communities in affected areas. ; : EnT ;
allowing immediate retrieval of liksly
inundation impacts when a similar water

loss event is detected

Built on open standards - Cloud-ready (AWS f Azure) - Designed for replication across glag
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{® HimJheel Netra EWS Screen Shots
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Applying Ad\'/‘anced Computing for Human Advancement
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