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1. Executive Summary & System Vision

EXECUTIVE BRIEF

BlueHawk Civic Nexus joins two proven building blocks into one accountable civic system: H.A.W.K., a low-cost
autonomous street-patrol rover that senses and sees at the edge, and BlueBridge, an Al/NLP classification
engine on a PostgreSQL/PostGIS spatial grid that turns every observation into a located, prioritized, trackable
action. Youth-Led Peace & Dialogue Circles close the loop on the ground.

1.1 The Dual Crisis in Urban & Vulnerable Wards

Urban and semi-urban wards face two problems at once, and treating them separately is why neither gets fixed.
One is loud and visible; the other is quiet and structural.

Dimension Visible crisis Invisible crisis
Whatiti Uncollected garbage, drainage blockages, Governance system gaps and inadequate street-
atitis ] . o .
waterlogging level security monitoring in vulnerable corridors
. . . . In missing data, unlinked complaint channels, late
How it shows up On the street, in photos, in complaints
or no response
X . o Residents in vulnerable corridors, police control
Who feels it Residents, sanitation crews, health workers .
rooms, ward officials
) . . o No shared, geo-referenced picture; no feedback
Core failure Reactive cleanup with no prioritization

to the citizen

THE DWIVIDHTA (DESIGN DUALITY) FRAMEWORK

Every alert carries two halves. Technology precision: an Al flag, a GIS coordinate and a timestamp. Community
empathy: a Youth-Led Peace & Dialogue Circle that verifies, explains and builds trust. An item is closed only when
both halves are satisfied.

1.2 The Unified H.A.W.K.-Nexus Paradigm

The paradigm closes the loop between three layers that are usually built in isolation:
e Autonomous edge sensing: the rover patrols managed corridors, detects hazards and threats with on-board
and edge-node vision, and tags them with location.

e Cloud GIS routing: BlueBridge classifies each item, indexes it spatially, and routes it automatically: emergencies
to the Police Control Room, municipal hazards to the ward heatmap and crews.

e Grassroots civic execution: crews and Youth-Led Dialogue Circles act, verify and report back, refreshing the
public dashboard.
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1 DETECT
rover + citizen

6 VERIFY
Youth Circles

CLOSED
LOOP

5 ACT
crews / police

3 LOCATE
PostGlIS grid

4 ROUTE
PathA/B

Figure 1. Closed-loop operating cycle: detect, classify, locate, route, act, verify.

End-to-end data path in text form:

H.A.W.K. ROVER -------- + +--> PATH A: EMERGENCY THREAT
(sensors + edge vision)| Fommmmmmmmeo I + | live alert + target tracking
+---->| AL / NLP |-->| PostGIS |[--+ --> POLICE CONTROL ROOM (PCR)
| | TRIAGE | | GRID | |
CITIZEN WEB / MOBILE --+ Poocoocosoos + Posoocoosoo + +--> PATH B: MUNICIPAL HAZARD
(omni-channel intake) ward heatmap + sanitation routes
n --> CREWS + YOUTH ACTION LOG
I I
+---- Dialogue Circle verification <-- public dashboard refresh <----+

1.3 Design Principles

Principle ‘ What it means in this design

Arduino / ESP32 class hardware; each module (drive, sensing, vision, uplink) is replaceable on

Low cost, modular .
its own.

Python, OpenCV, YOLO, Streamlit and PostgreSQL/PostGIS; no licence barrier for

Open source L
municipalities.

Low-confidence detections go to a review queue; emergency alerts are verified at the PCR

Human in the loop before dispatch

Inference at the edge; only geotagged event records and short evidence clips are stored; role-

Privacy by design
v by & based access.
Community verified Dialogue Circles verify closure on the ground, so dashboards reflect lived reality.
Fail-safe The rover defaults to STATE_STOP on sensor fault, low battery or thermal cut-off.
1.4 Alignment
Item Alignment
Themes Theme 4: Governance & Civic Technology | Theme 7: Al, GIS & Emerging Technologies
UN SDGs SDG 3 (health: fewer waste and waterlogging hazards) | SDG 9 (innovation and infrastructure) | SDG
11 (sustainable cities) | SDG 16 (strong, transparent institutions)
Programme Ministry of Youth Affairs & Sports (MoYAS) and IIT Bombay VBYLD 2027 Framework
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2. Hardware Engineering & Embedded Specifications

H.A.W.K. module. The hardware foundation is a 4-wheel mobile platform built around an Arduino Uno R3,
extended with an edge computer-vision node so that detections happen on the rover instead of in the cloud.

REFERENCE DESIGN NOTICE

The pin allocation, firmware listing, power-rail values and test criteria below form the documented reference design for
H.A.W.K. They are written to be reproducible. The as-built firmware and wiring are published in the public repository;
where the two differ, the repository is authoritative.

2.1 Platform Overview

Chassis 4-wheel differential-drive mobile platform (left pair / right pair driven together)
Main controller Arduino Uno R3 (ATmega328P), runs sensing loop and drive state machine
Motor driver Adafruit Motor Shield (stacked on the Uno) driving 4 DC motors

HC-SR04 ultrasonic range sensing; dual IR line/proximity sensors for close-range and

Proximity sensin
M e edge detection

Environmental sensing UV sensor(s)
Actuators Metal-gear servos (sensor scanning / pan)
. ESP32-CAM or Raspberry Pi Zero 2W running OpenCV + YOLO bounding-box detection;
Edge vision .
telemetry link to the Uno
Power 11.1 V (3S) Li-lon battery bank with buck converters for logic, servo and vision rails

SENSORS &

ACTUATORS
Buc!( 1 : Arduino Uno R3

5V logic rail state machine

: HC-SR04
+ sensor polling

ultrasonic

Dual IR
line/proximity
11.1V Li-lon

3S battery bank Buck 2 ESP32-CAM / Pi Zero 2W

+ fuse + switch servo / vision rail edge vision node

o Metal-gear
Motor supply Adafruit Motor e

(direct, fused) Shield (stacked)
4 DC motors

Figure 2. H.A.W.K. hardware and power block diagram.
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2.2 Mechanical & Electrical Schematic Breakdown

Reference pin allocation

The Adafruit Motor Shield (V1 / AFMotor) reserves D3, D4, D5, D6, D7, D8, D11 and D12 for motor PWM and its shift-
register, and D9/D10 for the two servo headers. The remaining pins are allocated to sensing as follows.

Function

DC motors M1 to M4

Servo (scan)

HC-SR04 TRIG / ECHO
IR left / right

UV sensor
Battery monitor

Vision link (UART)

Power management

Rail Source
Battery bus 111V
5V logic

Servo / vision

Motor supply

Buck converter 1

Buck converter 2

Battery bus (fused)

Arduino pin

Shield-managed (D3, D5, D6, D11 PWM; D4, D7,
D8, D12 shift register)

D9 (shield SER2)

A0 /Al
A2 /A3

Ad
A5

D2 (RX) / D13 (TX)

" Feeds

Li-lon 3S pack All rails

Arduino, sensors, IR, UV

Servos, ESP32-CAM / Pi Zero
2W

Adafruit Motor Shield

2.3 Embedded C++ State Machine Logic

‘ Notes
M1+M2 = left side, M3+M4 = right side
Attached only while scanning (thermal
protection)
Digital use of analog pins; 30 ms echo timeout
Digital read, LOW = obstacle detected
Analog read, reported in telemetry

Resistor divider from pack; drives low-voltage
fail-safe

SoftwareSerial to ESP32-CAM / Pi Zero 2W

{ Protection / design rule

Main fuse + master switch; common ground; do
not discharge below about 9.0 V (3.0 V per cell)

Decoupling capacitors close to sensors; kept
separate from motor noise

Dedicated rail so servo surges and camera boot
current do not reset the controller

Fuse sized above running current and below
wiring limit; flyback handled by driver

Differential drive is implemented as a four-state machine. Sensing runs every loop iteration; transitions are
evaluated from the latest ultrasonic and IR readings.

State

STATE_STOP

STATE_FORWARD

STATE_TURN_LEFT

STATE_TURN_RIGHT

Aravind K. T. | IIT Kanpur

‘ Entry action

‘ Leaves when

Path clear > FORWARD; else the clearer side > TURN_LEFT /

Both sides released
TURN_RIGHT

Ultrasonic be
STOP

Both sides driven forward

Left side reverse, right side forward Turn time ela

Left side forward, right side reverse Turn time ela

Page 6 of 20

. Held while a fault is active.

low threshold, or either IR sees an obstacle >

psed > FORWARD (re-evaluate)

psed > FORWARD (re-evaluate)
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STATE_TURN_LEFT

left side
clearer

turn
complete

STOP = fail-safe: sensor fault, N\
low battery, thermal cut-off \

path clear

STATE_STOP

obstacle < threshold

right side turn

clearer complete

STATE_TURN_RIGHT

Figure 3. Differential-drive state machine with fail-safe stop.

Reference firmware listing (Arduino C++):

#include <AFMotor.h> // Adafruit Motor Shield V1 library
#include <Servo.h>
#include <SoftwareSerial.h>

// ---- Reference pin allocation (confirm against as-built firmware) ----
const uint8_t PIN_TRIG = A@, PIN_ECHO = A1l; // HC-SRe4
const uint8_t PIN_IR_L = A2, PIN_IR R = A3; // dual IR, LOW = obstacle

const uint8_t PIN_UV = A4, PIN_BATT = A5; // UV sensor, battery divider
SoftwareSerial visionLink(2, 13); // RX, TX to ESP32-CAM / Pi Zero 2W
AF_DCMotor m1(1), m2(2), m3(3), md4(4); // left: M1,M2 right: M3,M4

Servo scanServo; // shield SER2 -> D9

enum State { STATE_STOP, STATE_FORWARD, STATE_TURN_LEFT, STATE_TURN_RIGHT };
State state = STATE_STOP;
uint32_t stateSince = 0;

const uintl6_t OBSTACLE_CM = 25; // tunable

const uint8_t DRIVE_SPEED = 180; // @-255

const uintl6_t TURN_MS = 450;

const uintl6_t BATT_MIN_RAW = 600; // set from divider ratio (about 9.8 V on 3S)

uint16_t readCm() {
digitalWrite(PIN_TRIG, LOW); delayMicroseconds(2);
digitalWrite(PIN_TRIG, HIGH); delayMicroseconds(10);
digitalWrite(PIN_TRIG, LOW);
unsigned long us = pulseIn(PIN_ECHO, HIGH, 30000UL);
return us ? us / 58 : 999; // 999 = no echo
}
void setSide(AF_DCMotor &a, AF_DCMotor &b, int v) {
uint8_t d = v > @ ? FORWARD : (v < © ? BACKWARD : RELEASE);
a.setSpeed(abs(v)); b.setSpeed(abs(v)); a.run(d); b.run(d);
}
void drive(int 1, int r) { setSide(ml, m2, 1); setSide(m3, m4, r); }
bool faultActive() { return analogRead(PIN_BATT) < BATT_MIN_RAW; }

void enter(State s) { // entry actions
state = s; stateSince = millis();
switch (s) {
case STATE_STOP: drive(@, 0); break;
case STATE_FORWARD: drive(DRIVE_SPEED, DRIVE_SPEED); break;
case STATE_TURN_LEFT: drive(-DRIVE_SPEED, DRIVE_SPEED); break;
case STATE_TURN_RIGHT: drive(DRIVE_SPEED, -DRIVE_SPEED); break;
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void setup() {
pinMode (PIN_TRIG, OUTPUT); pinMode(PIN_ECHO, INPUT);
pinMode(PIN_IR_L, INPUT); pinMode(PIN_IR_R, INPUT);
Serial.begin(9600); visionLink.begin(9600);
enter(STATE_STOP) ;

}

void loop() {
uint16_t cm = readCm();
bool blockL = digitalRead(PIN_IR_L) == LOW;
bool blockR = digitalRead(PIN_IR_R) == LOW;
if (faultActive() && state != STATE_STOP) enter(STATE_STOP);
switch (state) {
case STATE_FORWARD:
if (cm < OBSTACLE_CM || blockL || blockR) enter(STATE_STOP);
break;
case STATE_STOP:
if (faultActive()) break;
if (cm >= OBSTACLE_CM && !blockL && !blockR) enter(STATE_FORWARD);
else if (!blockL) enter(STATE_TURN_LEFT);
else if (!blockR) enter(STATE_TURN_RIGHT);
break;
case STATE_TURN_LEFT:
case STATE_TURN_RIGHT:
if (millis() - stateSince > TURN_MS) enter(STATE_FORWARD);
break;
}
visionLink.print(state); visionLink.print(',"); visionLink.println(cm);
delay(30);
}

2.4 Evaluation Routines

// fail-safe

// telemetry

Each routine has a defined procedure and acceptance criterion. Measured values are recorded in the test log kept

with the repository.

Routine Procedure

) . ) Compare readings against a tape-measured
Ultrasonic calibration X _
target at fixed distances

Obstacle-stop test Drive at DRIVE_SPEED toward a fixed obstacle
Present obstacles to the left and right IR sensors

IR edge / proximity test
separately

Run continuous patrol with scanning servo

Thermal soak test R .
active; check servo and driver temperature

Lower supply to the cut-off threshold on a

Battery cut-off test
bench supply

Run labelled test frames through the edge

Vision accuracy test
detector

Repeated managed-corridor patrol over a full

Endurance patrol
. battery

Aravind K. T. | IIT Kanpur Page 8 of 20

Acceptance criterion

Readings stable and within the sensor's rated
tolerance

Rover enters STATE_STOP before contact on
every run

Correct side detected; correct turn direction
chosen

No thermal shutdown; temperature stabilizes
within safe limits

Rover enters and holds STATE_STOP

Precision and recall recorded per class;
thresholds tuned to minimize false emergency
alerts

Completes patrol without manual intervention;
telemetry uplink continuous
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2.5 Iterative Engineering & Failure Analysis Log

Problem observed Root cause Corrective action Outcome
Heavy mild-steel wheels Wheel mass and rotational
. . . . Lower motor load,
made the platform sluggish inertia exceeded the Replaced with rugged .
1 R R K better traction, more
and strained the drive comfortable torque envelope = rubber/plastic wheels .
responsive turns
motors of the small DC gear motors
Servo held position or Thermal protection upgrade: Servo runs cooler;
) Servo wear and heating jittered continuously, detach servo when idle, limit scan wear reduced; no
under continuous load sustaining high current and duty cycle, dedicated servo rail, thermal shutdowns in
heat cool-down interval soak testing

2.6 Key Design Decisions & Trade-offs

Decision Rationale Trade-off and how it is handled

Simple, robust, widely supported; ideal
Main controller Arduino Uno R3 for deterministic sensing and drive
control

Limited compute, so vision runs on a
separate edge node

Small models only; lightweight YOLO

ESP32-CAM / Raspberry Pi Low cost and power; detections happen . . R}
configuration and confidence

Vision at the edge

Zero 2W on the rover, so only results are uplinked
v P thresholds with human review
Mechanical simplicity and in-place turns Skid on turns; handled with
Drive layout 4-wheel differential drive i p v - rubber/plastic wheels and short turn
suit narrow corridors .
intervals
Power 11.1V Li-lon 3S + buck Headroom for motors with standard, Needs low-voltage cut-off and fusing,
converters available cells; clean separate rails both built into the design

Patrol pauses until the fault clears or an

Default behaviour STATE_STOP on any fault A stopped rover is safe in public space .
operator intervenes

ENGINEERING TAKEAWAY

Both failures were resolved by reducing load and managing duty cycle, not by adding cost. That keeps H.A.W.K.
inside its low-cost, replicable design envelope.
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3. Software, Al Classifier & GIS Spatial Grid

BlueBridge module. BlueBridge is the software and governance grid: ingestion, Al/NLP classification, spatial
indexing, routing and the dashboards officials and citizens use.

L1 EDGE SENSING H.AWLK. rover: Arduino Uno R3 | HC-SR04 | dual IR | UV | ESP32-CAM / Pi Zero 2W 4

v

L2 TRANSPORT Wi-Fi / cellular uplink | MQTT-style telemetry + HTTPS uploads | offline buffering

v

L3 Al/ NLP TRIAGE YOLO + OpenCV detection | NLP complaint classifier | confidence scoring | Path A / Path B split

v

FEEDBACK

L4 SPATIAL DATA GRID PostgreSQL + PostGIS (BlueBridge) | geotagged events | ward polygons | hotspot indices

L5 GOVERNANCE INTERFACES PCR dashboard | Ward dashboard + heatmap | Citizen portal | Youth Action Log

L6 CIVIC EXECUTION Municipal crews | Police response | Youth volunteers | Dialogue Circles verification

Figure 4. End-to-end layered system architecture (reference design).

3.1 Multi-Modal Ingestion Pipeline

Channel Content ‘ Pre-processing Tagged with
H.A.W.K. telemetry State, range, IR, UV, battery = Validated and time-stamped on the rover = Rover ID, location, time

+ .
Camera frames with YOLO + OpenCV on the edge node; only

H.A.W.K. video / frames . detections and short evidence clips Location, confidence, class
bounding boxes

uplinked
Citizen web portal Text, photo, location NLP classification, duplicate check GPS pin or address, time
Text or voice note, photo, .
Citizen mobile app P Speech-to-text where used, then NLP GPS pin, time
auto GPS
NLP classification; location asked back if
Helpline text (optional) Short messages Address / landmark

missing

3.2 Dual-Triage Routing Engine

Every ingested item passes through one triage engine that outputs a class, a confidence score and a path.
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PCR alert + tracking

Low confidence: human review queue ] PATH A

Al / NLP TRIAGE
class + confidence Threat?
+ geotag

Ingested item
rover frame / report

NO PATH B

PostGIS + heatmap

Figure 5. Dual-triage decision flow. Low-confidence items go to a human review queue.

Path A: Emergency threats
e Real-time bounding-box detection from the rover's edge vision node.

e Alert routed directly to the Police Control Room (PCR) dashboard with the frame, location, time and active
target-tracking.

e PCR operator verifies before dispatch (human in the loop); false positives are logged to retrain the model.

Path B: Municipal hazards
e Automated PostgreSQL/PostGIS spatial mapping of every garbage, drainage or waterlogging item.
e Green-to-red hotspot visualization per ward, with automatic priority sanitation route generation for crews.

e Status updates flow back to the citizen and to the Youth Action Log.

3.3 PostGIS Spatial Data Model

Table Purpose Key fields

ward Ward boundary polygons ward_id, name, geom (MultiPolygon, SRID 4326)

event Every geotagged hazard or threat source, class, path, con.fidence, status, ward_id, reported_at,
resolved_at, geom (Point)

class_weight Severity weight per class class, path, weight (tunable by the ward office)

rover_telemetry Rover health and trail rover_id, state, battery, range, geom, time

youth_action Youth Action Log entries event_id, circle_id, action, outcome, verified_at

app_user Role-based access role (citizen, crew, PCR operator, ward officer, admin)

Reference schema and hotspot query:
CREATE EXTENSION IF NOT EXISTS postgis;

CREATE TABLE ward (
ward_id serial PRIMARY KEY, name text NOT NULL,
geom geometry(MultiPolygon, 4326) NOT NULL);

CREATE TABLE class_weight (class text PRIMARY KEY, path char(l), weight real);

CREATE TABLE event (
event_id bigserial PRIMARY KEY,
source text CHECK (source IN ('rover',‘'citizen_web','citizen_app')),
class text NOT NULL, -- litter, drain_block, waterlogging, person ...
path char(1) CHECK (path IN ('A','B")),
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confidence real, status text DEFAULT ‘open’,
ward_id int REFERENCES ward,
reported_at timestamptz DEFAULT now(), resolved_at timestamptz,
geom geometry(Point, 4326) NOT NULL);
CREATE INDEX event_geom_gix ON event USING GIST (geom);

-- Raw hotspot score per ward (open Path B items, older items weigh more)
SELECT w.ward_id, w.name,
SUM(c.weight * (1 + EXTRACT(EPOCH FROM now() - e.reported_at) / 604800)) AS raw_score
FROM ward w
JOIN event e ON ST_Contains(w.geom, e.geom) AND e.path = 'B' AND e.status <> 'resolved’
JOIN class_weight c¢ ON c.class = e.class
GROUP BY w.ward_id, w.name;

3.4 Ward Sustainability Heatmap Scoring

Each ward receives a normalized 0 to 100 score from its open Path B items, weighted by class severity and age.
Weights are configuration, not code, so ward offices can tune them.

Band ‘ Score ‘ Colour ‘ Operational meaning

Healthy 0to 20 Green Routine schedule

Watch 21to 40 Light green / yellow Monitor; include in next planned round

Elevated 41 to 60 Orange Prioritize in next route

Critical 61 to 100 Red Immediate crew dispatch; escalate to ward officer

3.5 The Closed-Loop Feedback Cycle

Step [ Event System response
1 Municipal action update Crew marks the item resolved with photo proof; status changes in PostGIS
2 Public dashboard refresh Ward heatmap, scorecard and the citizen's tracker update automatically

Circle confirms on the ground, records the outcome in the Youth Action

3 Youth Dialogue Circle verification
g Log; only then is the item closed for good (or re-opened)

3.6 Security, Privacy & Governance Controls

Area ~ Control

Role-based access (citizen, crew, PCR operator, ward officer, admin); PCR view limited to Path A

Access .
items
. Edge inference; store detections and short evidence clips, not continuous video; retention limits set
Privacy .
by the ward office
Integrity Immutable event timestamps; every status change audit-logged
Transparency Public dashboard shows ward-level counts and resolution status, not personal data
Model quality Confidence thresholds, human review queue, and periodic retraining from verified outcomes

YOLO + OpenCV (vision), NLP models (complaint text), Python, Streamlit (dashboards), Pandas /

Technology stack
&y NumPy (analytics), PostgreSQL / PostGIS (spatial database); live app and source are public
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4. Ul/UX Wireframes & Interactive Dashboard Specifications

Four interfaces cover the full loop. Each is shown as a wireframe and as a text layout, followed by its component
specification. All values in the wireframes are illustrative layout data, not measured results.

UX PRINCIPLES
One-glance status (colour-coded, green to red), mobile-first citizen reporting in Hindi and English, accessible contrast
and large touch targets, and no personal data on public screens.

4.1 Autonomous Rover Telemetry & Vision Feed

® BlueBridge | H.A.W.K. Telemetry & Vision Feed

LIVE VISION FEED (ESP32-CAM / Pi Zero 2W) ROVERSIALLS
State: STATE_FORWARD
Battery: 11.1V nominal
Ultrasonic: 42cm
IRL/R: clear / clear
Servo temp: normal
GPS tag: 26.51N, 80.23E (example)
CONTROLS

DETECTION LOG

10:42:07 person (0.88) > PATHA > PCR alerted 10:41:52 litter (0.91) > PATH B > ward queue

Figure 6. Wireframe 1: H.A.W.K. telemetry and live vision feed.

B e e e B e +
| BLUEBRIDGE | [Telemetry] Citizen Portal Ward Heatmap Youth Log
e R e T +
| LIVE VISION FEED (bounding boxes) | ROVER STATUS: state | battery | range
| [litter .91] [person .88] [drain .84] | CONTROLS: [STOP] [PATROL] [RETURN] |
B e e e B e +
| DETECTION LOG: time | class | confidence | path | action |
B e e e B e +
Component ‘ Behaviour
Live vision feed Streams the edge-node frame with bounding boxes and class + confidence labels
Rover status Current state (STATE_*), battery, ultrasonic range, IR left/right, servo temperature, location tag
Controls STOP (immediate fail-safe), PATROL, RETURN; commands authenticated and logged
Detection log Time-ordered detections with the path taken (A to PCR, B to ward queue)
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4.2 Citizen Mobile / Web Omni-Channel Reporting Portal

( " . h ® ® Citizen Web Portal | Omni-Channel Intake
Citizen App (mobile)

| Channels: Web form | Mobile app | Helpline text | Rover auto-report

TRACK MY COMPLAINT

Garbage / waste Received
Al-classified [ ward map: my complaint
Drainage / waterlogging + nearby open issues |

Crew assigned

Safety concern Resolved

PUBLIC TRANSPARENCY BOARD
[ photo + auto GPS pin ] Ward 12 24 open | 18 resolved this week
Ward 07 9 open | 31resolved this week
Describe (text / voice, Hindi or English)
Ward 03 15open | 12 resolved this week
SUBMIT
(sample values for layout illustration only)
o _J
Figure 7. Wireframe 2: citizen mobile app and web portal.

e R L e e B e e e LR e +
| PHONE: Report an issue | WEB: Web form | App | Helpline | Rover auto-report |
e T B T e +

| [Garbage] [Drainage] [Safety] | TRACK: Received>Classified>Crew>Resolved |
| [photo + GPS pin] [text/voice] | WARD MAP: my complaint + nearby open issues |

| [ SUBMIT ] | TRANSPARENCY BOARD: ward | open | resolved this week |
o mm e e B T T +
Component ‘ Behaviour
Issue picker Garbage / waste, drainage / waterlogging, safety concern; free text or voice in Hindi or English
Photo + auto location Camera capture with automatic GPS pin; manual pin adjustment
Complaint tracker Received, Al-classified, crew assigned, resolved, with notifications
Transparency board Ward-level open and resolved counts; no personal data
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4.3 Live GIS Ward Heatmap & Automated Triage Register

[ X X ] BlueBridge | Live GIS Ward Heatmap & Triage Register
WARD SUSTAINABILITY HEATMAP WARD SCORECARD
Open hazards by class + age
Avg. resolution time trend vs last month

Emergency alerts handled / pending

AUTOMATED TRIAGE REGISTER

EEEEEEN -0 -
0412 Person (night) A 0.88 PCR
L ——
. . . - - 0410 Drain block B 0.84 Crew 3
0409 Waterlogging B 0.79 Review
[ B

green = healthy red = critical

0408 Garbage B 0.93 Done

Generate sanitation route Export ward report

Figure 8. Wireframe 3: ward heatmap, scorecard and triage register.

B e T B e e R P +
| GIS WARD HEATMAP (green > red) | SCORECARD: hazards, resolution time, alerts |
B e T B e e R P +
| [ ward grid coloured by score ] | TRIAGE: ID | class | path | conf | status |
| green = healthy, red = critical | [Generate sanitation route] [Export ward report] |
B e T B e e R P +

Component ‘ Behaviour
Ward heatmap Green-to-red tiles or ward polygons from the scoring model; click to drill into items

Open hazards by class and age, average resolution time and trend, emergency alerts handled and

Ward scorecard K
pending

Every Al decision with class, path, confidence and status; Path A rows highlighted; low-confidence

Triage register .
rows marked Review

Actions Generate priority sanitation route; export ward report for officials
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4.4 Youth-Led Peace & Dialogue Circles Action Log

[ ] [ ] BlueBridge | Youth-Led Peace & Dialogue Circles Action Log

CIRCLE SUMMARY

Circles held Issues verified on ground Actions signed off Volunteer hours

ACTION LOG DWIVIDHTA CHECK
Date Ward / issue Action by Youth Circle  Outcome S
Technology precision

dd/mm Ward 12 / drain Site visit + photo proof  Verified Al flag + GIS location + timestamp

Community empathy
dd/mm Ward 07 / litter Cleanup drive Closed Dialogue Circle verifies and explains

Both required to close an item

dd/mm Ward 03 / safety Lighting audit walk Escalated

dd/mm Ward 12 / waste Awareness session Ongoing

[ community feedback / consent
record and public dashboard refresh ]

Figure 9. Wireframe 4: Youth Action Log and the Dwividhta check.

B T T T B T T T PP +
| CIRCLE SUMMARY: circles held | issues verified | actions signed off | volunteer hours |
B e et B et e e +

| ACTION LOG: date|ward|action|outcome
| (rows of verified community actions)

DWIVIDHTA: AI flag + GIS + timestamp |
Circle verifies + explains; both close |

Component ‘ Behaviour

Circle summary Circles held, issues verified on the ground, actions signed off, volunteer hours

Action | Date, ward and issue, action by the Youth Circle (site visit, cleanup, audit walk, awareness session),
ction log
outcome

Shows both halves for each item: technology evidence and community verification; closure needs

Dwividhta check
wividhta chec| both

Community record Feedback and consent notes; feeds the public dashboard refresh
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5. Scalability, Feasibility & Deployment Roadmap

5.1 Feasibility Snapshot

LOW COST

Arduino / ESP32 modular parts

OPEN SOURCE

PostGIS + Python stack

WORKING

Live app + public repo

5.2 Phased Implementation Blueprint (Months 1 to 12)

PHASE 1 Campus corridors

PHASE 2 Managed ward pilots

PHASE 3 City-wide integration

build / calibrate / validate

pilot + Youth Circles
municipal + PCR integration

Figure 10. 12-month phased deployment roadmap.

Phase Months Scope
Managed campus
1: Campus corridors 1to4 corridors; controlled
terrain and connectivity
One or more managed
2: Managed ward .
. 5to8 wards with the ward
pilots .
office
) A Municipal and Police
3: City-wide
. ) 9to 12 Control Room
integration

integration

5.3 Key Performance Indicators

Key deliverables Exit criteria

Stable patrols; detection
precision and recall recorded;
Path A and Path B routing
verified end to end

Calibrated rover fleet; edge detector
tuned; citizen portal live for the
campus; PCR demo dashboard

Ward polygons loaded; heatmap and
triage register in daily use; Youth
Dialogue Circles started; sanitation
route generation

Measured response-time
change versus baseline;
community adoption; false-
alarm rate within agreed limit

Integration with municipal complaint
systems and PCR workflows; multi-
ward dashboards; operator training;
public transparency board

Sustained operation across
wards; municipal sign-off;
documented SOPs

KPI Target / measure

25 to 40% faster (projected target, to be

Municipal cleanup time
o - validated in pilot)

25 to 40% faster (projected target, to be

Emergency response time
gency resp validated in pilot)

Triage quality

Precision and recall per class, false-alarm rate

How it is measured

Median time from report to resolution versus
ward baseline

Time from Path A alert to PCR acknowledgment
and dispatch

Labelled test set plus PCR verification outcomes

Reports per ward, repeat-reporter rate, tracker

Citizen engagement R
views

Aravind K. T. | IIT Kanpur
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KPI

Community verification

5.4 Risk Analysis & Mitigation

Target / measure

How it is measured

Share of closed items verified by Dialogue

Circles

Youth Action Log

Risk

Terrain obstacles and
hardware wear

Public adoption friction

False-positive emergency
alerts

Edge data privacy

Connectivity gaps

Battery and thermal limits

Likelihood

Medium

Medium

Medium

Medium

Medium

Low

Impact

Medium

High

High

High

Medium

Medium

‘ Mitigation strategy

Restrict initial deployments to managed campus and ward corridors;
rubber/plastic wheels; scheduled maintenance; modular spares

Pair rover patrols with Youth-Led Peace & Dialogue Circles to build trust;
transparent public dashboard; simple bilingual reporting

Confidence thresholds; human review queue; PCR verification before
dispatch; retraining from false-positive logs

On-device inference; store only detections and short clips; role-based
access; retention limits; no personal data on public screens

Offline buffering on the rover; sync on reconnection; patrol-route planning
around dead zones

Low-voltage cut-off; servo duty-cycle limits; thermal soak testing; patrol
length matched to battery

5.5 Scalability Plan
Layer How it scales
Rovers Add rovers per corridor; identical low-cost build; fleet view in telemetry tab
Edge vision Inference stays on each rover, so cloud load does not grow with video volume
Database PostGIS partitioned by ward; GIST spatial indexes; read replicas for dashboards
Dashboards Role-based views per ward, zone and city; stateless Streamlit front end behind a load balancer
Governance Youth Circles replicate ward by ward using a standard Action Log template

Aravind K. T. | IIT Kanpur
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6. Innovator Credentials & Verification References

6.1 Academic & Institutional Profile

Name Aravind K. T.

Programme B.Tech in Electrical Engineering (Class of 2028)

Institution Indian Institute of Technology Kanpur, Hall of Residence 5
AISHE Code U-0517

State Uttar Pradesh (project registration)

6.2 National & International Accolades

Recoghnition

Detail

Devbhoomi Rashtriya Ratna Puraskar 2025 National Award for Outstanding Contribution to Youth Welfare

Youth Leadership Outstanding Awardee
United Nations Social Forum 2025

i-SEA Fellow 2026

My Bharat Budget Quest 2026

Global Youth Festival 2026 (Paris)

Top 50 Youth Leaders in Asia-Pacific, Seoul

Officially accredited delegate, Palais des Nations, Geneva
Nanyang Technological University (NTU), Singapore
National Finalist, top among 13 lakh+ participants

Fully funded delegate selection

6.3 Leadership, Certifications & Roles

Role / credential

Detail

Former Secretary
Founder

UPG Sustainability Champion
UNESCO APCEIU GCED Certified

Official ICSC Ambassador

6.4 Official Verification Links

Public Policy & Opinion Cell, IIT Kanpur

Youth-Led Peace & Dialogue Circles (Karnataka); the grassroots engine of
the Dwividhta framework

Sustainability leadership recognition
Global Citizenship Education certification

Ambassador role

Resource
Digital portfolio (Google Sites)
Live Streamlit web app

Public GitHub repository

Aravind K. T. | IIT Kanpur

URL

https://sites.google.com/view/aravind-k-t-iitk/

https://bluehawk-civic-nexus.streamlit.app

https://github.com/kt2141/BlueHawk-Civic-Nexus
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Annexure A: Document Notes

A.1 Reference-Design Conventions

Reference design items (pin allocation, firmware listing, rail values, schema, scoring bands and weights, test
criteria) describe the baseline architecture and are meant to be reproducible and tunable.

As-built wiring and code are in the public GitHub repository, which is authoritative where details differ.

Dashboard values in wireframes are illustrative layout data. No measured outcomes are claimed in this
document.

The 25 to 40% improvement is a projected target to be validated in the managed pilot.

A.2 Glossary
Term Meaning
H.A.W.K. The autonomous edge-Al street patrol rover (hardware module)
BlueBridge The AI/NLP classification and PostGIS GIS governance grid (software module)
Dwividhta The Design Duality framework: technology precision plus community empathy
PCR Police Control Room
Path A / Path B Emergency-threat routing to the PCR / municipal-hazard routing to the ward heatmap and crews
PostGIS Spatial extension for PostgreSQL used for geotagged indexing and ward queries
YOLO Real-time object-detection model family used for bounding-box detection
MoYAS Ministry of Youth Affairs & Sports
VBYLD Viksit Bharat Young Leaders Dialogue (as referenced in the programme framework)

A.3 Al-Use Disclosure

The core classification engine uses YOLO/OpenCV (vision) and NLP models (text). Hardware design, Arduino
firmware and governance frameworks are the innovator's original work. Generative Al was used to help draft and

format this compendium; the innovator is responsible for its technical content.
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In April 2025, Pahalgam, a well-known tourist and pilgrimage destination in
Jammu and Kashmir, withessed a tragic terrorist attack that claimed
several civilian lives. Militants ambushed vehicles carrying tourists and
locals, turning a peaceful spring morning into chaos and fear. Security
forces quickly cordoned off the area, but the assault underscored $Z
persistent security challenges in the region’s remote terrain. The incident - _
not only shook public confidence but also highlighted the urgent need for
advanced surveillance systems capable of detecting suspicious activity =
and preventing such threats in sensitive zones. ==
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INTRODUCTION

« HAWK is an autonomous four-wheel mobile robot designed
for object detection, tracking, and alerting in real-time.

e Uses two IR sensors and a UV sensor to detect and follow a
moving object within range. to sense environmental
anomalies (e.g., light).

e Built to monitor and follow safely — providing situational
awareness, not aggression.

e Operates fully autonomously with simple control logic on a
low-cost Arduino-based platform.

« Compact, efficient, and ideal for surveillance, safety, and
automation research.

A
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COMPONENTS

ELECTRONICS

« SERVO MOTOR

2 IR SENSORS

e 1’'UV SENSOR

« 1 BATTERY HOLDER
1 BASE PLATE

« Y DC MOTORS

>
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COMPONENTS

OTHERS
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CIRCUIT

MOTOR1 G

MOTORZ
-

MOTOR4

ARDLIND HUMAN FOLLOWING ROBOT
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LOGIC

e This Arduino project implements a human-tracking robot that follows a person using ultrasonic and IR
sensors, with motion control via the Adafruit Motor Shield and direction tracking through a servo-
mounted ultrasonic sensor.

’. The ultrasonic sensor continuously measures distance, while left and right IR sensors detect side ‘
movement. Based on sensor inputs, the robot’s state machine decides among four modes: STOP (no
target or too far), FORWARD (person ahead), TURN LEFT, or TURN RIGHT (based on which IR sensor is
triggered).

¢ The motors are driven in differential mode for smooth turns, with speed compensation for balanced
motion. The servo gradually rotates toward the detected direction for realistic head movement. Together,
this setup enables the robot to intelligently track and follow a human while avoiding jerky movements
and maintaining a consistent following distance.

A
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void evaluateState() {

j_cm()
d(RIGHT_PIN)
Read (LEFT_PIN)

distance_cm
Right_Value
Left_Value

Serial.print(distance_cm)
int(Right_Value);
intln(Left_Value)

)
'); Serial.
'); Serial.j

Serial.print(
Serial.print(" R
Serial.print(" L:

(distance_cm B distance_cm > MOVE_DIST_MAX) {

currentState = STATE_STOP

SENSOR_ACTIVE)
SENSOR_ACTIVE)

7l rightActive
)l leftActive

(Right_Value
(Left_Value

leftActive) {
STATE_TURN_RIGHT

(rightActive
currentState

rightActive) {
STATE_TURN_LEFT;

(leftActive &6
currentState

}

currentState = STATE_FORWARD;

v
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void applyState() {

(currentState lastState)
1 (currentState) {
STATE_STOP:
stopALlMotors()
smoothServoTo (SERVO_CENTER);

STATE_FORWARD :
smoothServoTo(SERVO_CENTER)
orward() ;

STATE_TURN_LEFT:

{
int leftSpeed
int rightSpeed

strain((int)BASE_SPEED
constrain((int)BASE_SPEED + (in

setDiff
I
J

smoothServoTo (SERVO_LEFT)

rentialForward(LeftSpeed, rightSpeed);

STATE_TURN_RIGHT:

int leftSpeed constrain( (int)BASE_SPEED
int rightSpeed = constrain((int)BASE_SPEED
setDifferentialForward(leftSpeed, rightSpeed);

}
smoothServoTo (SERVO_RIGHT) ;

}

lastState = currentState;

Int) TURN_DIFF, @
t)TURN_DIFF, ®,

(Int) TURN_DIFF, I
Int) TURN_DIFF,
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FAILED IDERS

MILD STEEL WHEELS

We went on to build mild steel wheels but
due to the constraint on the motor
specifications and quantity, we had to restrict
ourselves to plastic wheels only.

METAHL BASE PLATE

Due to not using mild steel wheels, we
used plastic base plate with proper
dimensions rather than metal base plate

A
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FAILED IDERS

SERVO MOTOR BURNT

During testing, the servo motor burnt out from continuous
movement and high load while rotating the ultrasonic sensor,
leading to loss of directional tracking. The failure was likely due
to overheating and overuse, and future versions will address this
with improved motion control and protection.
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FUTURE EXTENSIONS

COMPUTER VISION INTEGRATION

Besides Ultraviolet and Infrared sensors, we can boost the tracking ability
and range of the bot by integrating computer vision enabled devices that ‘
can include stuffs as simple as a trained model on mobile phone to high-
resolution specialized devices.

FIELD OF VIEW OF CAMERA

Right now the camera has a limited field of view that can be extended with
advanced devices and also the camera can be provided with a vertical axis
of freedom such that it can penetrate minor obstacles.

A




OBJECT DETECTION

HIGH QUALITY
VECTOR
EPS10




p WELCOME P> ABOUT HAWK. p CONTACT US

v

TAKERWAES

e Realized the importance of iteration and
debugging, multiple failed attempts refined our
design.

¢ Learned how simple, low-cost components can «§
still achieve effective autonomy with smart
control logic.

» Strengthened teamwork and practical
iImplementation skills for embedded systems
and robotics.

e Opened pathways for future development,like ,
adding camera-based tracking, wireless
communication, or Al-based detection.




p WELCOME

p ABOUT HAWK.

p CONTACT US

v

FUTURE DESIGNS




BLUEBRIDGE CIVIC NEXUS

A Youth-Led Al + GIS Model for Sustainable Urban Governance

é )

Category: Sustainability, Civic-Tech & Grassroots Governance

Prepared by: Aravind K T, B.Tech (Electrical Engineering), IIT Kanpur (Class of 2028)

Contact: aravindkt24@iitk.ac.in |
https://sites.google.com/view/aravind-k-t-iitk/

About the Innovator & Credentials

Aravind KT is an Electrical Engineering undergraduate at IIT Kanpur and a national
award-winning public policy leader. His work merges a technical foundation in digital
electronics, circuit design, and Python with hands-on expertise in international
diplomacy, stakeholder engagement, and grassroots community mobilization.

Recognitions include:

+ Devbhoomi Rashtriya Ratna Award: National Award for Outstanding Contribution to
Youth Welfare.

* Youth Leadership Outstanding Award: Top 50 Youth Leaders from Asia & Pacific, Global
Goals Committee.

+ International Delegations: Official Delegate to the UN's Social Forum (Geneva), Japan
Youth Summit (Tokyo), Asia Pacific Youth Leaders Assembly (Seoul), and Asia Youth Sum-
mit (Bangkok).

+ Leadership & Policy Roles: Secretary of the Public Policy and Opinion Cell (IIT Kanpur);
UPG Sustainability Champion; Official ICSC Ambassador; National Finalist in My Bharat
Budget Quest 2026 (top among 13 lakh+ participants); Virtual Delegate at World Bank
Group Youth Summit 2026; UNESCO APCEIU Certified Participant.

Submitted to Global Innovation Platforms, Youth Summits, and Policy Accelerators Worldwide

August 14, 2026


https://sites.google.com/view/aravind-k-t-iitk/

BlueBridge Civic Nexus | Proposal Aravind K T | IT Kanpur

1 1. Executive Summary

Urbanization and local governance bottlenecks often create a profound disconnect be-
tween citizens and municipal authorities, leaving critical issues like waste accumulation,
sanitation delays, and drainage hazards unaddressed at the ward level. Across Indian and
developing cities, this disconnect is not a failure of will — citizens report problems, work-
ers try to respond, officials try to plan — but a failure of visibility. Complaints scatter across
disconnected apps and platforms. Sanitation workers operate without optimized, prior-
itized routes. Officials lack area-based, real-time data to make targeted decisions. The
public has no insight into whether their complaint is even being processed. And the most
energetic potential resource in every neighborhood — its youth — remains engaged only
in ad-hoc, unstructured ways, with no formal channel to convert enthusiasm into measur-
able civic action.

BlueBridge Civic Nexus is a grassroots, community-based, technology-enabled interven-
tion model designed to bridge this divide. Spearheaded by youth leaders trained in stake-
holder engagement and non-violent communication, the initiative combines three things
that are usually built in isolation from each other: Al-based issue classification, GIS-based
hotspot mapping, and structured youth-led dialogue circles — all feeding into a transpar-
ent municipal response dashboard. By institutionalizing youth-led civic participation and
giving it a data backbone, BlueBridge Civic Nexus transforms localized grievances into con-
structive administrative solutions, directly advancing UN Sustainable Development Goal
11 (Sustainable Cities and Communities), SDG 16 (Peace, Justice, and Strong Institutions),
SDG 9 (Industry, Innovation, and Infrastructure), and SDG 3 (Good Health and Well-Being).

The model is deliberately hybrid: it does not ask citizens to trust an app instead of their
community, nor does it ask communities to organize without data. It fuses the emotional
and social intelligence of the dialogue-circle model — proven in rural Karnataka to de-
escalate tension and build consensus across caste, linguistic, and generational lines —
with the precision and scale of Al classification and geographic information systems. The
result is a complete, closed-loop sustainability system: Citizen Input — AI/NLP Classifi-
cation — GIS Mapping — Youth Dialogue Circles — Municipal Action — Public Dash-
board — Feedback Loop, repeating continuously.

2 2. Problem Statement

Inrapidly developing regions, municipal systems frequently suffer from information asym-
metries, bureaucratic delays, and a lack of active community feedback loops. Field obser-
vations and stakeholder discussions conducted during the design of this model surfaced
five converging failure points:

2.1 2.1 Civic Communication Gaps

Citizens lack structured, non-confrontational channels to voice localized infrastructure and
environmental concerns to municipal bodies. Complaints, when made at all, are scattered
across an unlinked patchwork of social media handles, phone calls, emails, and informal
word-of-mouth — with no central register and no way to track resolution status.
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2.2 2.2 Ward-Level Blind Spots

Authorities often overlook micro-level hazards — such as clogged drainage systems, irreg-
ular waste clearance, and neglected public spaces — until they escalate into major crises.
Decision-makers simply lack area-based, granular data on which to act; a city-level statistic
tells an official nothing about which specific street or ward needs intervention this week.

2.3 2.3 Operational Inefficiency at the Frontline

Sanitation and municipal field staff operate without optimized, prioritized routes. With-
out knowing where problems are concentrated, workers cannot sequence their efforts
efficiently, resulting in wasted time, delayed response, and uneven service across neigh-
borhoods.

2.4 2.4 1Invisible Governance to the Citizen

The public has no real-time insight into problem resolution or progress. A complaint filed
today disappears into a black box; there is no visible link between the act of reporting and
any subsequent municipal action, which erodes trust and discourages future reporting.

2.5 2.5Social Divides & Unstructured Youth Energy

Fragmented communities struggle to mobilize collectively, weakening local resilience against
environmental and civic challenges. At the same time, youth engagement in most neigh-
borhoods is ad-hoc and lacks a formal, guided channel — energetic, tech-savvy young
people are willing to help but have no structured platform through which their effort be-
comes measurable, sustained civic action.

Core Governing Insight

Sustainability fails not because problems are invisible to the people living beside
them, but because the governance system around those problems is invisible.
Waste is visible. Drainage failure is visible. What is invisible is the sensor network,
the escalation path, the decision-maker’s dashboard, and the missing link between
a citizen's complaint and an official’'s action.

3 3. Design Duality (Dwividhta): Reconciling Contrasting Real-
ities

Before proposing a solution, it is necessary to name the tensions any credible civic-tech
intervention must hold simultaneously, rather than resolve by ignoring one side:

+ Visible Waste vs. Invisible System Gaps: Discarded waste and untreated runoff are
visible to residents, but the underlying sensor networks, escalation pathways, and ac-
countability links that would prevent them are invisible and absent.

+ Citizen Expectations vs. Municipal Constraints: Residents reasonably expect clean
water, green parks, and functioning drainage; municipal officials face overflowing work-
loads, limited budgets, and time constraints that make blanket promises unrealistic. A
workable model must prioritize, not merely demand.
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+ Technology Precision vs. Community Empathy: An Al classifier can measure and sort
with precision, but it cannot substitute for the trust-building, culturally grounded, face-
to-face empathy that community elders and dialogue facilitators bring. Both are neces-
sary; neither is sufficient alone.

* Rural Dialogue Experience vs. Urban Environmental Challenges: The non-violent
communication and consensus-building methodology proven effective in village-level
dialogue circles must be deliberately adapted to the scale, anonymity, and infrastruc-
tural complexity of urban wards.

BlueBridge Civic Nexus is explicitly designed around holding these dualities together —
pairing an Empowered Digital Nexus (the Al + GIS + dashboard layer) with Localized Civic
Action (the youth dialogue and community trust layer) into a single balanced system.

4 4. The Core Intervention Model

Drawing from proven frameworks in grassroots mobilization and policy leadership — and
directly building on the Youth-Led Peace & Dialogue Circles methodology already piloted in
rural Karnataka — BlueBridge Civic Nexus operates through three interconnected pillars.

4.1 Pillar 1: Youth-Led Peace & Dialogue Circles

Operational Design: Establishing localized, regular community forums that bring to-

gether residents, local leaders, and youth volunteers at the ward level.

Methodology: Rooted in collaborative problem-solving and non-violent communication,

these circles de-escalate civic tensions and build consensus on local priorities. This method-
ology builds directly upon successful rural dialogue models already implemented to bridge

social and generational divides — the same Gandhian, non-violent-communication-based

approach that trained students and youth leaders in conflict de-escalation across rural

India.

4.2 Pillar 2: Ward-Level Environmental Audits & Community Tracking

Operational Design: Empowering trained youth champions to conduct localized environ-
mental tracking and citizen audits, street by street and ward by ward.

Methodology: Volunteers map community-level vulnerabilities — sanitation bottlenecks,
waste accumulation hotspots, drainage and waterlogging risks, polluted public spaces
— creating transparent, standardized registers systematically communicated to munici-
pal stakeholders. This pillar integrates the technical architecture: citizen complaints are
ingested, run through an AI/NLP classifier that automatically categorizes issue type and
urgency, stored in a spatially indexed database (PostgreSQL/PostGIS), and rendered as a
GIS sustainability heatmap showing green-to-red hotspot overlays.

4.3 Pillar 3: Stakeholder Engagement and Capacity Building

Operational Design: Structured training workshops for youth leaders, local stakehold-
ers, and community members.

Methodology: Focused on civic rights, sustainable development practices, and collabora-
tive negotiation, ensuring that community interventions are sustainable, self-replicating,
and legally grounded — producing a growing base of trained local youth capable of run-
ning new dialogue circles and audits independently.
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5 5. Prototype Components (Technical Layer)

The system is built around five interlocking components:

1.

Al Classifier: An AI/NLP engine that ingests citizen-submitted complaints (via app, web
form, or SMS) and automatically classifies them by category and severity.

. Sustainability Heatmap (GIS Layer): A real-time, color-coded map (green = healthy,

red = critical) built on PostgreSQL/PostGIS, visualizing waste, drainage, and pollution
hotspots at street-level granularity.

. Ward Dashboard: An official-facing interface aggregating classified issues, historical

trends, and resolution metrics per ward, enabling data-driven planning rather than
reactive firefighting.

. Youth Action Log: A transparent, timestamped record of youth-led actions (clean-up

drives, tree-planting, dialogue sessions) tied to specific hotspots, creating accountabil-
ity and recognition for volunteer effort.

. Issue Tracking System with Feedback Loop: The mechanism that closes the loop:

once municipal action is taken, the dashboard updates, citizens are notified, and the
sustainability status of that location is refreshed.

User Personas:

Citizen: Resident reporting issues, seeking clean surroundings and resolution visibility.

Municipal/Sanitation Worker: Field staff needing clear routes and priority lists rather
than blind rounds.

Youth Volunteer: Engaged young person wanting a structured channel for contribution
and data collection.

Official: Administrator needing area-based, real-time analytics to make data-driven de-
cisions.

6 6. Implementation Framework & Phased Methodology

7 7. Expected Impact & Alignment with SDGs

7.1 Operational & Social Impact

25-40% faster response times driven by optimized routing and hotspot prioritization.

Reduced environmental risks through lowered pollution levels and minimized ecolog-
ical hazards from faster sanitation intervention.

Stronger youth participation, converting unstructured enthusiasm into active leader-
ship logged through the Youth Action Log.

Data-driven sustainability planning, giving officials granular baselines for long-term
urban resilience.

7.2 Alignment with UN Sustainable Development Goals

SDG 11 (Sustainable Cities and Communities): Enhances local environmental moni-
toring, waste management accountability, and settlement resilience.

4
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Phase Key Actions & Milestones

Phase 1 (Months 1-2)  Recruiting and training youth leaders in non-violent
communication, community mapping, and stakeholder
dialogue; establishing partnerships with local civic bod-
ies.

Phase 2 (Months 3-5) Launching ward-level dialogue circles and deploying
youth environmental tracking teams to feed initial data
into the Al classifier and GIS heatmap.

Phase 3 (Months 6-8) Presenting structured community audit reports to mu-
nicipal authorities; executing collaborative clean-up,
greening, and civic maintenance drives.

Phase 4 (Months 9-12) Measuring impact against KPIs (resolution rate, partici-
pation metrics); codifying the framework into an open-
source guidebook for global replication.

Table 1: Phased Implementation Roadmap

+ SDG 16 (Peace, Justice, and Strong Institutions): Fosters inclusive, participatory decision-
making, strengthening trust between citizens and local governance structures.

* SDG 9 (Industry, Innovation, and Infrastructure): Represents scalable, low-cost civic-
tech architecture applied to public infrastructure monitoring.

+ SDG 3 (Good Health and Well-Being): Faster resolution of sanitation, drainage, and
pollution hazards directly reduces disease and environmental health burdens.

8 8. Innovation and Scalability

What makes this model distinct:

« Combines Al, GIS, and youth governance into a single open-source system (PostgreSQL/Post-
GIS, standard AI/NLP) rather than treating them as separate silos.

* Explicitly addresses invisible governance gaps — the missing links between complaint,
classification, and action — rather than only visualizing visible symptoms.

+ Validated in principle across both rural and urban contexts (dialogue-circle methodology
piloted in rural Karnataka; civic-tech layer designed for urban wards).

Potential for Scale: Deployable in any ward or city without requiring a bespoke rebuild.
Designed to work alongside existing municipal systems, lowering institutional adoption
barriers. Future scope includes water/air quality sensor integration, lake protection map-
ping, smart transport hazard mapping, and school eco-education modules.

9 9. Conclusion

BlueBridge Civic Nexus does not propose to solve urban sustainability through technology
alone, nor through community goodwill alone — it proposes to connect the two, deliber-
ately, through a structured, repeatable loop: citizens report, Al classifies, GIS maps, youth
mobilize, officials act, and the public sees the result. Grounded in practical field experience
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from rural Karnataka and advanced systems engineering from IIT Kanpur, BlueBridge Civic
Nexus makes governance visible — one ward, one dialogue circle, and one dashboard at

a time.

BlueBridge Civic Nexus | https://sites.google.com/view/aravind-k-t-iitk/ |
aravindkt24@iitk.ac.in
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BlueBridge Civic Nexus: Sustainability Dashboard

Unveiling the future of urban sustainability management with . Our intuitive dashboard offers a

unified view of critical environmental data, empowering urban planners and civic tech designers to make informed decisions.

'I' ‘ 215,0.31%
7 -
ath. *

Real-time Hotspot Mapping Integrated Data Categories Stakeholder Engagement

Visualize urban challenges with Monitor key environmental metrics: Empower citizens, youth volunteers,
interactive green-blue heatmap waste, waterlogging, drainage, and and municipal workers with simple
overlays, identifying waste and pollution, all consolidated in a sleek, icons for seamless collaboration and
sanitation hotspots at a glance. accessible sidebar. action.

With a clean, modern Ul and a focus on essential visuals, simplifies complex data, driving proactive

and sustainable urban development.




INSIGHTS & RESEARCH

Key findings on urban governance and sustainability challenges.

ISSUES SCATTERED WORKERS LACK OFFICIALS LACK
ACROSS PLATFORMS PRIORITY ROUTES AREA-BASED DATA

i,
Citizen complaints and Field staff operate Decision-makers miss
data are fragmented without optimized, localized sustainability
across unlinked efficient route metrics for targeted
systems. planning. action.
CITIZENS LACK VISIBILITY YOUTH PARTICIPATION
IS UNSTRUCTURED

BLOCKED
VIEW

The public has no real-time Youth engagement is ad-hoc
insight into problem resolution and lacks a formal, guided
Or progress. channel.

.  SUSTAINABILITY FAILS DUE TO
ﬁhllml INVISIBLE GOVERNANCE GAPS.

The absence of a unified, transparent system
hinders effective urban management.







POSTER 3 — DUALITY (DWIVIDHTA) IN SUSTAINABILITY

Exploring contrasting realities and perspectives
VISIBLE WASTE VS INVISIBLE SYSTEM GAPS CITIZEN PEETATIUNS VS MUNICIPAL CONSTRAINTS




BLUEBRIDGE CIVIC NEXUS:
USER PERSONAS & JOURNEY MAP

USER PERSONAS

CITIZEN MUNICIPAL YOUTH OFFICIAL

- WORKER VOLUNTEER e
esidents, . olicymakers,
i Field staff, Engaged youth, e it
reporting issues. executing tasks. difa callieton. data-driven decisions.
L4
COMPLAINT CLASSIFICATION MAPPING ACTION FEEDBACK
y - J

PROBLEM MAPPING: PAIN POINTS & NEEDS

PAIN POINTS | NEEDS &

* Unresolved Complaints ‘

« Slow Response Times » Automated Prioritization EE

* Lack of Transparency » Data-Driven Insights 4 '
: . =0

« Inefficient Resource Use ; » Collaborative Platform ;7

o

» Sustainable Solutions * ‘0-



POSTER 5 — PROTOTYPE

PROTOTYPE COMPONENTS

SUSTAINABILITY HEATMAP

au

Al CLASSIFIER

m il
;}'“ .l B @

Clean-up Drive
g @ 10:36ag0 v

Clean-up Drive
® 10:36 ago

v

WARD o v
DASHBOARD et
YOUTH
ACTION LOG ISSUE
TRACKING
SYSTEM
PROTOTYPE GOAL

FAST, TRANSPARENT % ' .
AND SUSTAINABLE @ @

NEIGHBOURHOOD ACTION. Fast  Transparent Sustainable



POSTER 6 — IMPACT

Measuring the positive outcomes of BlueBridge Civic Nexus

25-40% REDUCED
FASTER CLEANING | ENVIRONMENTAL
More efficient waste
management and sanitation Lowered pollution levels and
response. minimized ecological hazards

Y 1 N =) |
CLEANER STRONGER YOUTH
NEIGHBOURHOODS PARTICIPATION
Visibly improved public Active engagement and

spaces and living conditions. leadership in civic initiatives.

=0,

DATA-DRIVEN COMMUNITY

SUSTAINABILITY
PLANNING EMPOWERMENT

Increased local ownership and

Informed decision-making for collective action for change.
long-term urban resilience.

DELIVERING TANGIBLE RESULTS FOR A SUSTAINABLE FUTURE




BlueBridge Civic Nexus: Youth-Led Al + GIS Model for Sustainable Urban
Governance.

Category: Sustainability

Problem
Indian cities face micro-level sustainability challenges:
e Uncollected waste piles
o Drainage & waterlogging hazards
e Polluted public spaces
e No ward-level environmental tracking
e Youth willing to help but lacking a platform

o Sustainability fails due to invisible governance gaps

Concept Overview

BlueBridge Civic Nexus is a civic-tech design that integrates Al, GIS mapping, and
youth-led engagement to create cleaner, healthier and more sustainable
neighbourhoods.

Citizens report issues (waste, sanitation, drainage hazards).
Al classifies the issue > GIS displays hotspots > Youth volunteers coordinate Dialogue
Circles » Officials take action » Dashboard updates sustainability status.

Purpose & Function
e Promote sustainable neighbourhoods
e Visualise real-time environmentalissues
e Enable faster waste & sanitation response
e Increase youth participation in local governance

e Create data-driven ward-level planning

Key Features



Al classification of civic issues
Ward-level GIS sustainability heatmaps
Citizen » Youth » Municipality action loop
Transparent dashboard

Open-source, scalable design

Impact

25-40% faster cleaning

Improved sanitation turnaround
Cleaner public spaces

Youth empowerment

Long-term sustainable ward planning

Aligns with SDG 11, 16, 9, 3

009
124

GIS LAYER YOUTH
DIALOGUE

CIRCLES

all N (= g

CITIZEN AI/NLP SUSTAINABILITY MUNICIPAL
DATABASE
Ll CLASSIFIER (PostgreSQL/PostGIS) DASHBOARD ACTION

Q

FEEDBACK LOOP




BlueBridge Civic Nexus: Youth-
Led Al + GIS Model for

Sustainable Urban Governance
The Problem: Urban Challenges

Waste & Sanitation Polluted Streets Drainage Hazards

The Concept: Smart Solutions

Al Classification: Identify urban issues. GIS Mapping: Visualize sustainability
hotspots.

Our Purpose: Empowering Change

Sustainable Cities Youth Participation
Fostering greener, healthier urban Engaging young leaders in civic
environments. governance.

System Diagram: How it Works

BlueBridge Civic Nexus: Connecting citizens, data, and decision-makers for a better
urban future.



1. Problem Understanding

Cities suffer from waste accumulation, sanitation delays, waterlogging, polluted public
spaces, and lack of environmental visibility. Citizens raise complaints but systems are
slow.

2. Research Findings
Field observations + stakeholder discussions reveal:
e Complaints scattered across apps
e Workers lack priority mapping
o Officials lack ward-level sustainability dashboards
e Youth groups active but unstructured

o Waste & drainage issues visible > root causes invisible

3. DWIVIDHTA (Duality) — Compulsory
e Visible waste vs invisible system issues
o Citizen expectations vs municipal constraints
e Tech precision vs community empathy

o Ruraldialogue experience vs urban sustainability challenges

4. User Personas

Citizen — wants clean surroundings

Sanitation Worker — needs clear route & priority list
Youth Volunteer — wants structured contribution
Official — needs environmental analytics

5. Ideation Process
e 40ideas » 5 shortlisted > finalised BlueBridge

e Key principle: “Make Sustainability Visible & Collaborative”



6. Prototype Description

L[]

Al categorises issues

Maps show sustainability gaps

Youth run dialogue circles

Officials update progress

Dashboard shows live changes

7. Features

GIS Sustainability Heatmap
Ward Sustainability Score
Youth Action Log

Public Dashboard

8. Impact

L[]

L[]

Cleaner neighbourhoods

Faster municipal responsiveness

Lower environmental risk

Youth-led sustainability culture

RESEARCH
FINDINGS

© POLLUTED STREETS

KEY
INSIGHTS

@ INVISIBLE
GOVERNANCE
SYSTEM

@ YOUTH
PARTICIPATION

S

X

DESIGN DUALITY
(DWIVIDHTA)

EMPOWERED
DIGITAL NEXUS

(BlueBridge)

1S3 #
LOCALIZED CIVIC
ACTION

Balancing Technology &
Community for Sustainable
Urban Governance




BLUEBRIDGE
CIVIC NEXUS

A youth-led Al + GIS sustainability innovation

Al categorises
issues

Citizens GIS maps

see results hotspots

Youth
Municipal coordinate
officials act dialogue

A COMPLETE SUSTAINABILITY LOOP £
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SUPPLEMENTARY INFORMATION

Focus on Sustainability
e Real-time mapping reduces delays
e Encourages community ownership
e Data supports eco-friendly urban planning

e Youth involvement strengthens behavioural change

Innovation
e Combines Al + GIS + Youth Governance
e Addresses invisible gaps
e Low-cost & scalable

e Works in rural & urban settings

Potential for Scale
e Deployable in any ward/city
e Works with existing municipal systems
e Canintegrate climate-risk maps

e National-level sustainability dashboard possible

Future Scope
e Water quality monitoring
e Airquality layers
e Forest & lake protection maps

e School-level eco-education modules



INDIA'S NEIGHBORHOOD SUSTAINABILITY:
CHALLENGES & THE YOUTH GAP

Key environmental issues and the missing youth-led channel for real-time solutions.

), SUSTAINABILITY CHALLENGES

WASTE ACCUMULATION SANITATION DELAYS DRAINAGE HAZARDS
Growing piles of uncollected Slow response to sewage Inadequate and clogged
waste in residential areas, overflows and clogged drainage systems causing
creating health risks and systems, leading to unsanitary frequent urban flooding
environmental degradation. living conditions. during rains.
Impact: Disease, Odor, Soil Impact: Waterborne Diseases, Impact: Property Damage, Transport
Contamination Unpleasant Environment Disruption, Water Stagnation

2 & ="
POLLUTED PUBLIC SPACES NO REAL-TIME ENVIRONMENTAL TRACKING
Parks, sidewalks, and community areas Lack of accessible, data-driven systems to
suffering from air and land pollution, reducing monitor and report environmental
quality of life. conditions instantly.

Impact: Health I L fG Co
m| . Real ssues, Loss of Lreen Lover, e i i

pa Reduced Wellbeing Impact: Reactive Solutions, Delayed Action, Data Gaps

r > THE YOUTH GAP & SOLUTION NEED € 1

STRUCTURED YOUTH-LED
YOUTH-LED CHANNEL &
SUSTAINABLE CITIES

LACK A STRUCTURED CHANNEL

stainable actions is missir

THE NEED: A Youth-Led Al + GIS Model for Sustainable Urban Governance.
BlueBridge Civic Nexus.




FUTURE ENHANCEMENTS:
BLUEBRIDGE CIVIC NEXUS ROADMAP

CLIMATE-RISK AIR & WATER QUALITY
LAYERS @ NTECRATION
é

Predictive modeling for Real-time sensor data for
flood, heat, and environmental health

extreme weather ' Y : monitoring
‘ »

Y. SCHOOL-LEVEL I & .. SMART TRANSPORT
CIVIC EDUCATION ¢ . _ HAZARD MAPPING

Integrating sustainability into = ldentifyingand mitigating
a7 curriculum and student action } traffic and transit risks

INTER-CITY - | NATIONAL
SUSTAINABILITY Q SUSTAINABILITY
COMPETITIONS AY = ¥ =4 DASHBOARD

Fosteringfriend!y'clompetit‘ion E@ n ; ;'«ggregatirjg datg for \
for urban innovation == - country-wide policy insight
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