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1. Introduction

1.1 Purpose

This Software Design Document (SDD) describes the technical design and
implementation structure of EagleNav, a campus accessibility and navigation application
for California State University, Los Angeles.

It defines how the software will be constructed to meet the functional and nonfunctional
requirements outlined in the Software Requirements Specification (SRS).

This document is intended for developers, testers, and project stakeholders to guide
implementation, integration, and maintenance.

1.2 Document Conventions

Bold: Component or module names
monospace: public APIs, methods, config keys, and code identifiers

1.3 Intended Audience and Reading Suggestions

Developers: Sections 3-7, 8, 9

Test/QA: Sections 5.3, 10

Project Leads/PMs: Sections 2, 3,4, 5
OSD/Stakeholders: Sections 1, 4, 9 (overview and UI)

1.4 System Overview

EagleNav provides indoor/outdoor campus navigation with accessibility-aware
routing, campus events, and safety shortcuts. The mobile client (Flutter) integrates local
campus data, routing services, device sensors, and external data sources for navigation
and events.



2. Design Considerations

2.1 Assumptions and Dependencies

Devices: Android 10+, i10S 14+; GPS, magnetometer/compass, gyroscope, camera,
vibration motor available

Data: Public campus map layers; routing service (Valhalla/OSRM) reachable; periodic
tiles updates

Connectivity: Intermittent; Routing depends on availability of an external Valhalla
service and may not function offline without a running routing backend.

Accessibility: Screen reader (TalkBack/VoiceOver) enabled on some devices
Security: All network calls over TLS; PII storage minimized

2.2 General Constraints

Privacy: No student records; location processed on device when possible

Performance: 95% of route requests < 3s; cold start < 2.5s; Ul frame budget 16ms target
Maps: Indoors coverage constrained by available floor plans

Battery: Background updates throttled; sensor fusion optimized

2.3 Goals and Guidelines

Accessibility defaults on first run; redundant cues (text/icon/haptics)
Deterministic routing given same inputs; explainable guidance steps
Robust to partial data (graceful degradation to waypoint mode)
Modular Architecture for easy updates and changes

2.4 Development Methods

Branching: main, develop, feature branches; conventional commits
Team Delegation (split in 2)
o Computer Vision Team
o Path Mapping Team
Weekly meeting with liaison sponsor and potential users
Weekly meetings with devs for project progress and task distribution if needed and posted
via Jira



3. Architectural Strategies

Framework & Language: Flutter (Dart) for cross-platform UI & logic

Maps: flutter map with MapLibre-compatible vector tiles (public map provider); raster
fallback

Routing: External routing service (Valhalla) via REST

Caching: On-device

Config: Configuration and user preferences are stored locally using SharedPreferences
and JSON-based assets.

Security: Keep all user inputted data localized

Internationalization: en-US baseline; text externalized; right-to-left

4. System Architecture

EagleNav follows a layered architecture organized into three tiers: cloud infrastructure,
on-device controllers, and on-device services. Each tier has a single responsibility, communicates
downward through well-defined interfaces, and is replaceable without affecting the layers above
it.



Navigation Layered Architecture Diagram

Cloud infrastructure

Cloudflare R2 Google Cloud Platform Flutter Application

: Virtual Machine : . :
Campus OSM file Valhalla Routing Engine iOS and Android

Controllers
Location Routing Guidance Voice User
Controller Controller Controller Controller Interface
GPS stream Route + deviation| | Step progression | Speech + coaching | Ul state
Services [

Location Service Valhalla Service Compass Service

Text to Speech Manager Haptic Feedback Instruction Enhancer

Orientation Coach Off Course Detector Landmark Service

(O EagleNav code and infrastructure @ Platform surfaces and service adapters

Figure 4-1. Navigation Layered Architecture

Cloud Infrastructure

The cloud tier hosts the campus map data and the routing engine that computes pedestrian paths.
Cloudflare R2 stores the campus OpenStreetMap extract (renum_ file.osm.pbf), which Valhalla
loads into memory on startup. Valhalla itself runs on a Google Cloud Platform virtual machine
and exposes a REST API consumed by the Flutter application. This separation lets the team
update map data without redeploying the app: a new map is uploaded to R2, the Valhalla service
is restarted, and every phone receives the new routes on its next request.



Controller Layer

Controllers sit on the device and coordinate the live navigation experience. Five controllers each
own a single concern and never reference each other directly:

- LocationController: Manages the GPS stream, filters fixes by accuracy, and exposes the
user’s current position as a reactive value.

- RoutingController: Fetches routes from Valhalla, tracks deviation against the active route,
and triggers reroutes when needed.

- GuidanceController: Tracks step progression along the route, advances to the next step
when the user passes a turn point, and detects arrival.

- NavigationVoiceController: Produces spoken instructions, handles announcement timing,
and exposes the smoothed compass heading to other controllers.

- UiNavigationController: Owns the four Ul-visible states (idle, destinationSelected,

navigating, arrived) that drive what is shown on screen.

All cross-controller coordination happens in the navigation screen, which receives change
notifications from each controller and routes them to the appropriate next call. This keeps
controllers loosely coupled and individually testable.

Service Layer

Services are stateless or near-stateless modules that wrap platform APIs or perform isolated
computations. The service layer includes:
- LocationService: Wraps the geolocator package and exposes a filtered position stream.

- ValhallaService: Formats routing requests, posts them over HTTPS, and parses the JSON
response into typed step objects.

- CompassService: Wraps flutter compass, smooths the magnetometer signal with a rolling
average, and exposes a trustworthy heading value.

- Text-to-Speech Manager: Wraps flutter tts with prioritization so urgent cues interrupt
non-urgent ones.

- Haptic Feedback: Wraps the device vibration API and produces patterned cues for turn
events.

- Instruction Enhancer: Converts Valhalla’s machine-readable maneuver codes, distances,
and angles into user-friendly spoken phrases.
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- Orientation Coach: At route start, compares the user’s compass heading to the route’s
first-segment bearing and produces alignment cues.

- Off-Course Detector: Uses heading-aware thresholds (45m when aligned, 15m when
opposed) to decide whether to fire a reroute.

- Landmark Service: On user request, computes nearby buildings and speaks their position
relative to the user’s body (e.g., "Library is to your front right, about 30 steps away").

External Interfaces

- Valhalla Routing API: HTTPS REST API on Google Cloud, returns pedestrian routes
with custom accessibility costing.

- Cloudflare R2: Object storage holding the campus .osm.pbf file consumed by Valhalla on
startup.

- CSULA Events Website: HTML scraping for campus events (used by the Events
subsystem).

- Device Sensors: GPS, magnetometer/compass, camera, vibration motor exposed through
Flutter platform plugins.

The deployment diagram below shows the physical boundaries of the system: what runs in the
cloud, what runs on the device, and how they communicate.

11



Deployment Diagram

where each component runs and how they communicate
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Deployment Diagram — cloud and device boundaries.

The sequence diagram below traces a single user session from destination search through route
receipt, orientation coaching, and the first turn announcement, showing exactly which
component talks to which and in what order.



Sequence Diagram — Search to Active Navigation

a single user session, from destination search to first turn announcement

‘ Ul | Screen J [ RoutingCtrl ’ Valhalla ‘ GuidanceCtrl ] [ VoiceCtrl ]

search "Library"

show matching buildings

select building

5
]
'
'
;
i
'
'
5

P

requestRoute

.
; g

i H H POST /route

i E b PEUESITaT COSTITY

e

polyline + steps

notify route ready

show route preview

tap Navigate

! ! startNavigation(route) ! !

orient user

“You ara: facing the right direction. Walk forward.“

E"In 20 steps, turn slightly tht.”:

H H loop continues until arrival; each turn produces a new announceStep cycle H .

Sequence Diagram — search to active navigation.

DFD Level 0

The Level-0 Data Flow Diagram represents the EagleNav Navigation System (also referred to as
the Accessibility Campus Navigation System, or ACNS) as a single top-level process and
illustrates how it exchanges data with all external entities. The User provides navigation inputs
(destination selections, navigation commands, status update requests). The system responds with
multimodal outputs (spoken instructions, haptic cues, visual route, landmark cues). Device
Sensors continuously supply position and compass heading. Campus Data Sources contribute
static map and building information. Valhalla Routing Engine on Google Cloud receives routing
requests and returns computed routes. The CSULA Events Website provides event listings
consumed by the Events subsystem.
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DFD Level 0 — Accessibility Campus Navigation System

the entire system as a single process with its external entities

User

visually impaired student

destination, spoken instructions,
navigation commands, haptic cues,
status update requests visual route, landmark cues

PO

EagleNav
Navigation System

bosition, heading map data, routeq

Device Sensors Campus Data Sources

GPS, magnetometer, vibration map, buildings, entrances

audio-first pedestrian navigation

routing requgsty
butes event listings

Valhalla Routing Engine CSULA Events Website

on Google Cloud Platform external HTML source

[:] EagleNav system (process) . External entity — Labeled data flow

Figure DFDO-1. Level 0 Data Flow Diagram of the EagleNav System

DFD Level 1 (Textual Description)

DFD Level 1 Diagram

The diagram shows how the EagleNav subsystems interact through controller-based architecture
to deliver real-time navigation and accessibility features. The Navigation subsystem handles
destination input and route requests through the RoutingController, which communicates with
the ValhallaService to retrieve route data. The Guidance subsystem continuously processes
location updates from device sensors through the LocationController and GuidanceController to
generate real-time instructions and feedback.
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The Events subsystem retrieves event data from the Cal State LA events website using HTTP
requests, parses the content, and allows users to bookmark events, which are stored locally. The
Computer Vision subsystem processes camera input through the ScanOverlay, applies
YOLO-based detection models, and generates directional and urgency-based feedback using
text-to-speech and haptics. Together, these subsystems coordinate to provide responsive,
accessible navigation without relying on a complex backend architecture.

BElsRdaatEation
EagleNav - Data Flow Diagram (Level 1)

(IJ Route Planning Subsystem

Navigation Routing Valhalla
Controller > Controller > Service > gottelbata ‘

@ Guidance Subsystem 3 User Outputs

(( [e) )) Location Guidance instrur@ ; D 2
Controller Controller
Haptics
Device Sensors ) p

N

-

ext-to-Speech Notifications

£ Events Subsystem @ Computer Vision Subsystem ‘

@m Events Screen  —> Shared @ Scan Overlay
Preferences
CSULA Events Camera

Website

1. Route Planning Subsystem

Data Flows

- The user selects a destination through the building search bar in the navigation screen.
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- The screen invokes RoutingController, which uses the current GPS fix as origin and the
closest entrance from buildings.json as destination.

- RoutingController calls ValhallaService, which posts an HTTPS request to the Valhalla
server with origin, destination, and pedestrian costing options.

- Valhalla computes the route and returns a JSON response. ValhallaService parses it into a
typed route object containing the polyline and turn-by-turn steps.

- RoutingController stores the route and notifies the screen, which displays the polyline on
the map and exposes the destination sheet with walking time.

2. Guidance Subsystem

Data Flows
- LocationController emits a filtered GPS position on every tick. The screen forwards the
position to RoutingController and GuidanceController in sequence.

- RoutingController computes the user’s deviation from the active route and uses the
compass heading to select an effective threshold (45m when aligned with the route, 15m
when opposed).

- GuidanceController checks whether the user has passed the current step’s endpoint. If so,
it advances the step index, fires an imminent-turn cue, and triggers an announcement.

- The Instruction Enhancer translates the new step’s maneuver code, the relative angle
from the compass, and the distance to the next turn into a spoken phrase like "in 30 steps,
turn slightly right onto Circle Drive."

- Haptic feedback fires alongside the spoken cue so the user receives a multimodal signal
at every turn.

- If RoutingController detects sustained deviation beyond the effective threshold, it triggers
a reroute by calling Valhalla again with the current position as the new origin.

- On arrival, GuidanceController fires an arrival announcement that uses the compass
bearing to tell the user where the door is relative to their body (e.g., "You have arrived.
The door is to your front right.").

3. Events Subsystem

Data Flows

e The Events screen sends an HTTP request to the Cal State LA events website.
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The system parses HTML content into structured event data.
Users can bookmark events, which are stored locally using SharedPreferences.
Notifications are scheduled locally based on bookmarked events.

4. Computer Vision Subsystem

Data Flows

The camera captures real-time video input from the device.

The ScanOverlay processes frames using YOLO-based object detection and segmentation
models.

Detected objects are filtered and categorized by direction (left, ahead, right).

The system evaluates urgency based on object size and proximity.

Feedback is provided through text-to-speech and haptic signals to assist the user.

Naming Convention Glossary (System-Wide)

This glossary ensures consistency across diagrams, code modules, and documentation.

Entities and Subsystems

ACNS: Accessibility Campus Navigation System

User Interface (UI): Presentation layer used by end users

Navigation Controller: Orchestrates routing and re-routing requests
RoutingController : Core computation unit responsible for generating accessible routes
GuidanceController: Real-time navigation processor

ValhallaService: Communications layer for routing queries (Valhalla integration)

EventsScreen: Displays campus events and handles bookmarking

CompassService: Service that smooths and validates raw magnetometer readings,
exposing currentHeading.

17



- currentHeading: Smoothed compass heading in degrees (0° = magnetic north, clockwise).
Used by every body-relative feature.

- Orientation Coach: One-shot service that aligns the user with the route’s first segment at
navigation start.

- Landmark Service: User-initiated feature that speaks nearby buildings with body-relative
direction.

- Body-relative direction: A direction expressed relative to the user’s facing direction (e.g.,
"front right") rather than a cardinal direction (e.g., "northeast"). Body-relative directions
are usable without sight.

- Closest-entrance routing: The technique of routing to the nearest accessible entrance of a
building rather than its centroid. Implemented using buildings.json and the user’s current
GPS position.

Data Terms

o Route Geometry: Polylines, nodes, edges representing the navigation path

e Accessibility Metadata: Tags indicating ramps, accessible entrances, excluded stairs,
etc.

e Fused Position: Location derived from combined GPS, IMU, CV, and proximity inputs
e Instruction Set: Ordered turn-by-turn navigation directives

e Event Entry: Raw event information from campus sources

External Data Sources

e Campus Data Source: Authoritative provider for map layers and building information

e eventsSource: Official campus website containing campus events

18



1. Plan Route: UI - RoutingController — ValhallaService - Route -
GuidanceController

2. Guide User: LocationController » GuidanceController — UI (visual, audio,
haptics)

3. Events: HTTP — EventsScreen — SharedPreferences — Notifications
Computer Vision: Camera — ScanOverlay ~ YOLO Model — TTS / Haptics

DFD Level 2

DFD Level 2 Diagrams

The Route Planning Subsystem diagram shows how user destination input flows through the
NavigationController, which coordinates routing requests using the RoutingController. The
RoutingController communicates with the ValhallaService to send routing queries and receive
route geometry and instructions. The response is converted into a structured route model and
passed to the GuidanceController for real-time navigation. This subsystem focuses on
orchestrating communication between the Ul, controllers, and the external Valhalla routing
service to generate accurate and accessible routes.

1. Route Planning Subsystem — DFD Level 2

The Route Planning Subsystem handles every step from the moment the user presses Navigate to
the moment a complete route is stored on the device and ready to drive turn-by-turn guidance.
The flow runs in four stages: trigger, endpoint resolution, cloud routing, and route receipt.
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Route Generation Flow

how a route gets from the cloud to the phone

Stage 1 — Trigger

Stage 2 — Resolve endpoints

Stage 3 — Cloud routing

Stage 4 — Route stored in app

User selects building

from the in-app search list

Pick closest entrance

origin = current GPS position
destination = nearest entrance node

resolved from buildings.json

route response

Routing request Valhalla on GCP
origin - destination - costing options computes pedestrian route

a on startup

Cloudflare R2
campus map data (.osm.pbf)

Route ready for navigation

« polyline (path geometry)
= turn-by-turn steps + maneuver codes
= street names + distances

ammm o

- continued in Live Navigation diagram

D App layer (Flutter) . Cloud or data payload

Figure DFD2-1. Route Generation Flow

Processes

P1.1 Building Selector — receives user destination input from the search bar. Resolves
the building’s closest entrance from buildings.json using current GPS position.

P1.2 RoutingController — assembles routing request from origin (GPS), destination
(entrance node), and accessibility-aware costing options. Manages the request lifecycle,
including reroutes.

P1.3 ValhallaService — formats the routing request as JSON, posts it over HTTPS to the
Valhalla server, and parses the response into typed step objects.

P1.4 Valhalla Routing Engine (cloud) — consumes the campus map (.osm.pbf) loaded
from Cloudflare R2 at startup. Computes the optimal pedestrian route using configured
costing factors that prefer sidewalks and walkways and exclude unpaved surfaces.
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Data Stores
- buildings.json — local asset bundled with the app, contains every campus building and
its entrance coordinates.

- Cloudflare R2 (renum_file.osm.pbf) — cloud-side storage of the campus map. Read by
Valhalla on server startup, not on every request.

External Entities

- El.1 User (UI Layer) — provides destination selection.

- E1.2 Valhalla Server on GCP — consumes routing requests and returns route responses.

Data Flows

- El.1 — PI1.1: destination selection.

- P1.1 — P1.2: origin (GPS LatLng) + destination (entrance LatLng).

- P1.2 — P1.3: routing request payload.

- P1.3 — E1.2: HTTPS POST to /route endpoint.

- E1.2 — P1.3: JSON route response (polyline + steps + maneuver codes).
- P1.3 — P1.2: typed route object.

- P1.2 — Guidance Subsystem: stored route ready for turn-by-turn guidance.

2. Guidance Subsystem — DFD Level 2

The Guidance Subsystem turns a stored route into live, spoken, body-relative guidance. The
subsystem consumes three continuous inputs (GPS, compass, stored route), processes them in a
single guidance loop on every GPS tick, and produces three outputs (spoken instructions, haptic
cues, and reroutes when needed).
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Live Navigation Flow

how the user is guided to the door, step by step

— stored route from Route Generation Flow

£omm
’

Live navigation loop

GPS Spoken instruction

1

1

1

1

1

filtered by accuracy ~ / via Instruction Enhancer :
- J

1

~ |

1

1

1

/ |
1

Guidance loop

Compass Haptic cue
smoothed heading R @UE Sy on each turn
advances at turn points J
detects deviation - ~ ,"
Stored route checks arrival Reroute _,"
polyline + steps / if user goes off course
- J

Arrival
User reaches the door
"You have arrived at the entrance.”
door direction announced from compass bearing
G App layer (Flutter) . Sensor / stored data ==== Conditional / loop-back
Figure DFD2-2. Live Navigation Flow
Processes

- P2.1 LocationController — receives raw GPS positions from the geolocator plugin, filters
fixes whose accuracy exceeds 20m, and exposes a clean position stream.

- P2.2 CompassService — receives raw magnetometer data, smooths it with a rolling
average, validates it for sudden spikes, and exposes a trustworthy heading value used by
the Instruction Enhancer, Orientation Coach, and Landmark Service.

- P2.3 GuidanceController — on every tick, checks whether the user has reached the
destination, passed the current step endpoint, or sustained deviation past the effective
threshold. Advances the step index when needed; fires arrival when the user is within 8m

of the final step endpoint.

- P2.4 Instruction Enhancer — converts the current step’s maneuver code, the
compass-derived relative angle, and the distance to the next turn into a body-relative

spoken phrase.
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P2.5 NavigationVoiceController — manages TTS prioritization so urgent cues (turn-now)
interrupt non-urgent ones (countdown alerts).

P2.6 Off-Course Detector — uses the compass heading to choose between a 45m
tolerance (user heading-aligned with route) and a 15m tolerance (user heading-opposed)
before triggering a reroute.

Data Stores
Stored Route — held in memory by RoutingController; contains the polyline, steps, and
maneuver codes returned from Valhalla.

Last Distance Cache — held in GuidanceController; the previous tick’s distance to the
current step endpoint, used for crossing detection (the "closing rate" check that fires the
turn-now cue one tick early).

External Entities

E2.1 Device Sensors (GPS, magnetometer) — continuous data sources.
E2.2 User — receives spoken instructions, haptic cues, and visual updates on the screen.

E2.3 Route Planning Subsystem — receives reroute requests when the user goes off
course.

Data Flows

E2.1 — P2.1: raw GPS position.

E2.1 — P2.2: raw magnetometer reading.

P2.1 — P2.3: filtered position.

P2.2 — P2.4: smoothed compass heading.

P2.2 — P2.6: smoothed compass heading (for alignment check).
Stored Route — P2.3: current step + polyline.

P2.3 — P2.4: current step’s maneuver code + distance to next turn.
P2.4 — P2.5: phrased spoken instruction.

P2.5 — E2.2: TTS audio output.

P2.3 — E2.2: haptic cue at each turn point.

P2.6 — Route Planning Subsystem: reroute request when user is sustained off course.

P2.3 — E2.2: arrival announcement when within 8m of the final step endpoint.
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2.2.1 Compass Service — nested DFD

The Compass Service is a critical component of the Guidance Subsystem. It transforms raw
magnetometer readings — which are inherently noisy and can fluctuate by 10 to 15 degrees
between consecutive samples — into a stable, trustworthy heading value the rest of the
application can rely on. Three downstream consumers depend on this value: the Instruction
Enhancer (for relative-angle phrasing), the Orientation Coach (for alignment cues), and the
Landmark Service (for body-relative landmark direction).

Compass Data Flow

from device sensor to a heading the app can trust

Magnetometer raw degrees Compass Service urantHeadin App layer

device sensor smooths - validates read by guidance
noisy, can drift handles failsafes and voice features

the compass is what makes every direction in the app body-relative, not map-relative

Figure DFD2-2.1. Compass Data Flow

Processes inside the Compass Service
- Smoothing — rolling average over the most recent N samples cuts magnetometer jitter
without adding noticeable lag. Handles the 360°/0° wraparound boundary correctly.

- Validation — detects readings that change too rapidly to be physically plausible (likely
caused by metal interference or device tilt) and discards them rather than propagating bad
values.

- Failsafe handling — if the magnetometer becomes consistently unreliable, the service can
derive a fallback heading from the user’s recent GPS movement direction (requires the
user to be walking).

Output

- currentHeading — a smoothed, validated degree value (0° = magnetic north, clockwise)
exposed as a reactive notifier so consumers receive updates without polling.
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2.2.2 Orientation Coach — nested DFD

The Orientation Coach addresses a specific challenge faced by visually impaired users at the start
of every route: knowing which direction to face before they begin walking. Sighted users solve
this trivially by glancing at the map; blind users have no such option. The Orientation Coach
runs for the first few seconds of every navigation session, comparing the user’s compass heading
to the bearing of the route’s first segment, and produces a body-relative coaching phrase until the
user is aligned.

Orientation Coach — Data Flow Diagram

aligning the user with the route at the moment they begin walking

Device compass Stored route

data store

user WK / route bearing []

P1
Compute relative angle
route bearing - user heading

external sensor

relative angle [?]

P2
Match angle to coaching phrase
lookup table of angle ranges

spoken instruction

Text-to-Speech engine

"Turn slightly fo your right fo align.”

orientation locked in i

once heading clears the alignment check, step-by-step navigation begins

Figure DFD2-2.2. Orientation Coach Data Flow Diagram
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Processes

- P1 Compute relative angle — subtracts the user’s current heading from the route’s
first-segment bearing, normalising the result to the range [-180°, +180°]. Positive values
mean the route is to the user’s right; negative means left.

- P2 Match angle to coaching phrase — uses a lookup table of angle ranges to select an
appropriate body-relative phrase. Ranges are: |angle| < 15° — "walk straight ahead";
15°-45° — "slightly to your right/left"; 45°-150° — "turn to your right/left"; |angle| >
150° — "turn around."

External Entities and Data Stores

- Device compass — supplies the user’s current heading.
- Stored Route (data store) — supplies the route’s first-segment bearing.

- Text-to-Speech engine — sink for the spoken coaching phrase.

Data Flows

- Device compass — P1: user heading [°].
- Stored Route — P1: route bearing [°].
- P1 — P2: relative angle [°].

- P2 — TTS engine: spoken instruction.

Lifecycle Note — orientation lock-in

The two-phase navigation start diagram below shows how the system handles the gap between
where the user actually is (which may be in a courtyard, on a lawn, or inside a building) and
where the routable path begins.
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"The path is to your right. WaIR férward fo'reach "
"You are about 30 steps from the path.”

Two-Phase Navigation Start

how the app gets the user from where they are now onto the planned path

Route received from Valhalla

first instruction ready to fire

Phase 1 Distance from user to Phase 2

Approach Path (off network) first polyline point? (on network) Step-by-Step
threshold: 15m -

orient toward path begin announcing

entry point turn-by-turn route

. /
i

Phase 1 announcement examples: user reaches path erltry - RhadefPtarfimaseement examples:

Siward foreach it~ """ Tt T T T o7 MWalK forwardabouf 80 Sfeps aleny the 'pTaﬁ"
"In 20 steps, turn slightly right.”
runs until arrival

TTTTTTTTR

'
1
i
'
'
'
i
\

Why two phases? GPS may place a user in a courtyard, on a lawn, or inside a building when they press Navigate.
Phase 1 gets them onto the routable path before Phase 2 takes over with normal turn-by-turn guidance.

Two-Phase Navigation Start — getting the user onto the path.

The heading-aware off-route detection diagram below shows the decision tree that runs on every
GPS tick. The key insight is that the same deviation distance means different things depending
on which direction the user is heading: 30 meters off-route while walking in the right direction is

probably a parallel sidewalk, but 30 meters off-route while walking the wrong way is a genuine

€1TOoT.
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Heading-Aware Off-Route Detection

deciding whether deviation is intentional drift or genuine error

GPS tick received
position + heading available

|

Compute deviation distance

perpendicular distance to nearest route segment

Generous threshold aligned Heading vs. opposed Tight threshold

deviation > 45m? diff] < 45° route bearing? |diff] = 90° deviation > 15m?
user likely on parallel sidewalk at nearest route point user heading wrong way

Increment off-route tick count

if = 3 consecutive ticks - trigger reroute

|

Trigger reroute

request new route from Valhalla

Heading-Aware Off-Route Detection — decision tree per GPS tick.

The Orientation Coach is a one-shot phase. Once the user’s heading clears the alignment check
([relative angle| < 15°), the coach locks in and stops firing for the rest of the session. From this
point forward, step-by-step navigation begins and the Instruction Enhancer takes over as the
primary speech producer. This handoff is critical: it prevents the coach from interrupting normal
navigation cues every time the user momentarily turns their head or shifts direction while
walking.

3. Events Subsystem — DFD Level 2

The Events Subsystem diagram shows how event data is retrieved from the Cal State LA events
website, processed, and presented to the user. The system fetches HTML content via HTTP,
parses event data into structured format, and displays it in the Events screen. Users can
bookmark events, which are stored locally using SharedPreferences. Notifications are scheduled
based on bookmarked events to inform users of upcoming activities.
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DFD Level 2: Events Subsystem

CSULA Events D EventsScreen Shared iggeralery [\ Notifications
Website Preferences

Processes
e P3.1 HTTP Request Handler
Fetches event HTML from the CSULA Events Website.
e P3.2 EventsScreen
Parses event data and displays events to the user.
e P3.3 SharedPreferences
Stores bookmarked events locally.
e P3.4 Notification Scheduler

Schedules local notifications for bookmarked events.

Data Stores

e D3.1 Raw event Store
e D3.2 Normalized event Store

External Entities

e E3.1 Campus event Website(s)
e E3.2 User (U

e E3.3 Navigation Controller (Route Planning Subsystem)

Data Flows
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e E3.1 - P3.1: Raw HTML/Text event Content

e P3.1 — P3.2: Parsed Raw event Entry

e P3.2 - D3.1: Stored Raw event

e P3.2 — P3.3: Raw event Record

e P3.3 - D3.2: Normalized event

o P3.3 — P3.4: Resolved event (severity + affectedSegments)
o P3.4 — E3.2: User event Notification

e P3.4 — E3.3: User notification signal

4. Landmark Service Subsystem — DFD Level 2

The Landmark Service is a separate user-initiated feature that operates independently of the live
navigation loop. The user can request a status update at any time (during navigation, or with no
active route) by tapping the spatial-audio button on the navigation screen. The service responds
with a spoken cue describing nearby buildings and their position relative to the user’s body.

This feature came directly from interviews with visually impaired student volunteers, who
described knowing-where-you-are as half of navigation. Standard turn-by-turn guidance assumes
the user is following a predefined route; the Landmark Service supports the more general case of
a user wanting environmental awareness at any moment.
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Landmark Service — Data Flow Diagram

on-demand status update — telling the user what is around them

GPS Device compass buildings.json

user position user heading data store

lat/ building list
a \ l/ heading [D]/ Hieng s

P1
Find nearby buildings
filter within 50m of user

compute bearing relative to heading
convert distance to steps

J/ spoken landmark cue

Text-to-Speech engine

"Library is to your front right, about 30 steps away."

Figure DFD2-4. Landmark Service Data Flow Diagram

Processes

P4.1 Find nearby buildings — filters the buildings dataset to entries within 50m of the
user’s current GPS position. This radius was tuned empirically: wider radii crowded the
audio with irrelevant buildings; tighter radii left gaps in open spaces between buildings.

P4.2 Compute relative bearing — for each nearby building, computes its bearing from the
user’s position and subtracts the user’s compass heading to produce a body-relative angle.
The angle is then translated into a directional phrase (front, front-right, right, back-right,
etc.).

P4.3 Convert distance to steps — converts the metric distance from the user to each
building into approximate step counts using the average adult stride length (about 0.76m
per step). Steps are the unit users can feel as they walk; meters are abstract.

P4.4 Compose spoken cue — assembles a spoken phrase combining building name,
direction, and approximate step count.
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Data Stores

- buildings.json — local asset listing every campus building, its centroid, and its accessible
entrances.

External Entities

- E4.1 GPS — current user position.
- E4.2 Device compass — user’s current heading.
- E4.3 User (via Ul button) — initiates the request.

- E4.4 Text-to-Speech engine — sink for the composed spoken cue.

Data Flows

- E4.3 — P4.1: button-tap event triggers the request.

- E4.1 — P4.1: lat/lon (current position).

- buildings.json — P4.1: building list.

- P4.1 — P4.2: filtered nearby buildings.

- E4.2 — P4.2: heading [°] (for body-relative bearing computation).

- P4.2 — P4.3: building + relative bearing pairs.

- P4.3 — P4.4: building + bearing + step count.

- P4.4 — E4.4: composed spoken cue (e.g., "Library is to your front right, about 30 steps
away.").

Design Note — independence from navigation state

The Landmark Service is entirely independent of whether navigation is active. The user can
request a status update from the idle Ul state (no destination selected) just as easily as during
active navigation. This separation means the service has no shared state with
GuidanceController, RoutingController, or any other navigation component. It only reads from
the same external sensors and from the static buildings dataset.

32



4. Policies and Tactics

4.1 Choice of which specific products used

Flutter 3.x / Dart 3.x

flutter map, latlong2, geolocator, flutter compass, tflite
Valhalla Routing Engine

Json for local offline storage

local auth (optional), flutter local notifications

AR: platform channels to ARCore/ARKit (where enabled)

4.2 Plans for ensuring requirements traceability
e Maintain a matrix mapping SRS-FR/NFR — Module(s) = Test IDs

e FEach PR references covered requirement IDs; CI validates presence of tests

4.3 Plans for testing the software

e Field tests: On-campus pilot paths; elevator outage scenarios

4.4 Engineering Trade-offs

e On-device vs server routing: Privacy/latency vs complexity/cost
o AR richness vs battery: Camera-based guidance optional; default to low-power arrows

4.8 Interfaces (summary)

e Software: routing/events
e Hardware: GPS, camera, LiDar, haptics, compass, TTS, STT

S. Detailed System Design

5.1 Module: Navigation Controller
Responsibilities

e Orchestrates the overall navigation workflow.

e Initiates route planning when the user selects a destination.

e Starts and stops turn-by-turn guidance.
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e Monitors user position updates to detect route deviations.
e Requests re-routing when the user goes off the planned path.

e Mediates between the Ul, RoutingController, GuidanceController, LocationController,
NavigationVoiceController, and external services such as ValhallaService.

How it works

1. User selects a destination > Navigation Controller validates input and sends a route
request to the RoutingController, which uses ValhallaService

2. When a route is returned, the module activates the GuidanceController, providing
geometry + turn instructions.

3. It listens to Sensor Fusion / Map Matching outputs:

o If the user is within tolerance — continue guidance
o If deviation exceeds threshold — trigger Reroute()

4. 1If the user deviates from the active route, the controller triggers rerouting through the
RoutingController. Rerouting is based on route deviation checks, with the current
implementation using an approximate 30-meter threshold and multiple consecutive
off-route updates before requesting a new route.

99 ¢¢

5. Provides the UI with updates such as “rerouting...,” “on track,” or “arrival reached.”
6. When routing stops (user cancels or reaches destination), the controller gracefully
deactivates the guidance session.

5.2 Module: RoutingController and ValhallaService
Responsibilities

- Receives route requests from the NavigationScreen.

- Sends origin and destination coordinates to ValhallaService.

- Communicates with the external Valhalla routing API.

- Converts returned route geometry and instructions into route data used by the app.
- Tracks the active route and checks whether the user has gone off route.

- Triggers rerouting when route deviation exceeds the configured threshold.

34



How it works

1. The user selects a destination from the navigation UI.

2. NavigationScreen passes the current location and destination coordinates to

RoutingController.

RoutingController calls ValhallaService to request a route.

4. ValhallaService sends the route request to the Valhalla API and receives route

geometry and instructions.

The route response is converted into an internal route model.

GuidanceController uses the route model to guide the user.

7. If the user moves off route by approximately 30 meters for multiple consecutive
updates, RoutingController requests a new route.

(98]
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5.3 Module: GuidanceController and NavigationVoiceController
Responsibilities

Tracks the user’s progress along the active route.

Determines the current and next navigation step.

Calculates distance to the next maneuver.

Sends visual updates to the UI.

Sends spoken instructions through NavigationVoiceController.
Uses haptics for accessibility cues.

Detects arrival at the destination.

How it works

1.

A

GuidanceController receives the active route after RoutingController retrieves it.
It tracks the user’s position as LocationController receives GPS updates.

It compares the user’s current location against the active route and current step.
It updates the UI with the next instruction and route progress.
NavigationVoiceController uses text-to-speech to announce instructions.

Haptics are triggered for important navigation events.

When the user reaches the final destination area, the session is marked as arrived.

5.4 Module: MapsRepo

Responsibilities

Loads local campus data used by the app.
Provides building and entrance information for destination search.
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Provides points of interest and landmark data from local JSON/GeoJSON assets.
Supports map display through flutter map and route visualization.
Supplies static campus information used by search, routing targets, and UI display.

How it works

1.

ol

On startup or when needed, the app loads campus data from local JSON and GeoJSON
files.

Building data is used to support destination search and entrance selection.

Points of interest are used as landmarks or map reference points.

Route geometry returned from Valhalla is displayed on the map using flutter map.

The module does not currently sync construction zones or map updates from a backend.

5.5 Module: EventsScreen and Notifications

Responsibilities

Retrieves event information from the Cal State LA events website.
Parses event data from HTML content.

Displays events in the Events screen.

Allows users to bookmark events.

Stores bookmarked events locally using SharedPreferences.
Schedules local notifications for bookmarked events.

How it works

1.

ol o

EventsScreen sends an HTTP request to the Cal State LA events page.

The returned HTML is parsed into structured event information.

Events are displayed to the user in the Events tab.

When the user bookmarks an event, the bookmark is stored locally.

The notification system schedules reminders based on the bookmarked event.

5.6 Module: AccessibilityProfileManager

Responsibilities

Stores user accessibility preferences and app settings.

Provides toggles for voice guidance, haptics, contrast, and routing preferences.
Stores developer/debug settings such as scan debug mode.

Persists settings locally using SharedPreferences.

36



How it works

1. The user updates preferences in the Profile or Settings screen.
The app saves selected options using SharedPreferences.

3. Other parts of the app read these settings to adjust behavior, such as voice guidance,
haptics, and scan/debug options.

4. Some preferences are currently stored for future expansion and may not yet affect every
routing decision.

6. Detailed Lower Level Component Design
6.1 Component: Routing

6.2 Component: AccessibilityProfile

6.3 Component: Notifications
Retrieves bookmarked events and sends notifications using the notifications API
6.4 Component: Computer Vision

Processes real-time camera input using YOLO-based object detection and segmentation.
Detected objects are filtered, categorized by direction, and converted into spoken and haptic
feedback.

Platform Differences (Computer Vision)

The core navigation and system architecture are consistent across both Android and 10S
platforms. However, differences exist in how distance estimation is handled within the computer
vision subsystem.

On i0S devices that support LIDAR, distance measurements are obtained directly from hardware
sensors, allowing for more accurate real-time depth estimation.

On Android devices, distance estimation is performed using a TensorFlow Lite (.tflite) model
that approximates object distance based on camera input. This approach provides cross-device
compatibility where dedicated depth sensors are not available.

Additionally, model formats differ by platform:

- Android uses TensorFlow Lite models (.tflite)

- 10S may use CoreML equivalents for optimized performance
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Despite these differences, both implementations produce comparable outputs that are integrated
into the same guidance and feedback pipeline.

6.5 Component: Routing Preferences

7. Database Design

7.1 bookmarks.json
Purpose: Stores saved routes and locations for later. Placed for future development.
7.2 buildings.geojson

Purpose: Stores building and entrance coordinates.

Note: Computer vision model files may vary by platform. Android uses TensorFlow Lite (.tflite) models, while iOS
may use CoreML equivalents.

7.3 depth_estimator.tflite

Purpose: Android-specific TensorFlow Lite model used to estimate relative distance of
objects in the camera frame.

7.4 object_detector.tflite

Purpose: Android-specific TensorFlow Lite model used for real-time object detection
within the camera feed.

7.5 labels.txt

Purpose: Defines classification labels used by the object detection model to map detected
objects to human-readable categories.

8. User Interface

8.1 Overview of User Interface

Home / Map: Search bar, current location, route panel, bottom nav

Route Guidance: Turn card, distance to turn, haptic/voice toggle, AR button
Favorites: Saved places, quick start

Events: List of campus events; users can view, bookmark, and receive notifications.
Settings (Accessibility): Profiles, text size, high contrast, haptic intensity, caption mode
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8.2 Screen Frameworks or Images (descriptive)

e HomeMapScreen: AppBar(Search), MapView,
BottomNav(Home/Favorites/Events/Settings, Emergency)
e GuidanceScreen: TurnBanner, ProgressBar, ARButton, End/Cancel

8.3 User Interface Flow Model (text)

HomeMap — (Search or Favorite) - RoutePreview — Start —~ Guidance — (Deviation?

Recalculate) — Arrive — Done

Alternative flows: HomeMap — View on Map — Re-route; HomeMap — Report Issue

9. Requirements Validation and Verification

SRS-FR-1.1

SRS-FR-2.6

SRS-FR-8.1

SRS-FR-6.1

SRS-NFR-Perf

FR-0.1

FR-0.3

FR-1.1

FR-2.1

FR-2.3

FR-3.1

FR-3.2

FR-3.4

Outdoor routing

Prefer elevators/ramps

Push events

Emergency shortcut

Latency & FPS

Map as default view on launch
Search bar focus + TTS on launch
Search buildings by name
Display generated route on map
Route summary (distance, time,
entrance)

Custom pedestrian path network

Turn-by-turn + initial direction

Auto-recalculate on deviation

RoutingController,
NavigationController

AccessibilityProfileManager,
RoutingController

EventsScreen, Notifications,
Ul

UL OS intent

App

MapScreen, Ul

UI, TTS Manager

BuildingSelector, Ul

RoutingController,
MapScreen

Ul, ValhallaService

ValhallaService, Cloudflare
R2

GuidanceController,
OrientationCoach

RoutingController,
OffCourseDetector

Integration test: plan &
render path; latency <3s

Unit + integration with
avoid=stairs; route diff
asserted

UI update and notification
delivery verified

Manual/automated intent
launch test

Perf test suite; frame time &
CPU usage

Manual: app opens to
campus map

Manual: verify TTS
announces search prompt

Manual: search returns
matching results

Integration: polyline renders
after selection

Integration: summary sheet
displays correct data

Integration: route uses
campus OSM data

Walk test: first instruction
fires on start

Walk test: deviate and verify
reroute fires
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FR-3.5 Vibration at turns and off-route HapticFeedback Walk test: haptic cue at each
turn point
FR-5.1 Distinct haptic patterns for turns HapticFeedback Manual: left/right/straight
produce different patterns
FR-7.1 Simple, sequential instructions InstructionEnhancer Walk test: step-by-step
phrasing, no jargon
FR-7.3 Landmark-based guidance LandmarkService Walk test: nearby building
cues on request
FR-13.1 Spoken confirmation at nav start NavigationVoiceController, Manual: "Navigating to
TTS [destination]" fires
FR-13.5 Spoken alerts for rerouting NavigationVoiceController Walk test: reroute
announcement on deviation
FR-14.1 Closest-entrance routing RoutingController, Integration: route ends at
buildings.json entrance, not centroid
FR-14.2 Body-relative direction phrasing InstructionEnhancer, Walk test: "to your right" not
CompassService "head north"
FR-14.3 Heading-aware deviation OffCourseDetector, Walk test: 45m aligned, 15m
thresholds CompassService opposed
FR-14.4 Two-phase navigation start GuidanceController, Walk test: Phase 1 — Phase
OrientationCoach 2 handoff
FR-14.5 TTS priority (urgent interrupts) NavigationVoiceController, Manual: turn-now interrupts
TTS Manager countdown alert
FR-14.6 Tick-count reroute trigger RoutingController Walk test: 3 consecutive ticks
before reroute
FR-14.7 Step-count distance conversion InstructionEnhancer Walk test: "about 20 steps"
not "152 meters"
FR-14.8 Arrival at 8m + door direction GuidanceController, Walk test: arrival fires near
CompassService entrance with cue
FR-14.9 Valhalla pedestrian costing ValhallaService, Cloudflare Integration: sidewalks
R2 preferred, unpaved excluded
FR-15.1 CompassService (smoothed CompassService Unit: smoothing reduces
heading) jitter, validates spikes
FR-15.2 Orientation Coach (alignment) OrientationCoach, Walk test: "turn slightly right
CompassService to align"
FR-15.3 Orientation lock-in lifecycle OrientationCoach Walk test: coach stops after
alignment
FR-15.4 Landmark Service (nearby LandmarkService, Walk test: "Library, front
buildings) buildings.json right, 30 steps"
FR-15.5 Landmark independence from nav | LandmarkService Manual: works from idle (no
state active route)
FR-15.6 Independent voice (separate from TTS Manager Manual: app voice doesn't
VO) interrupt VoiceOver
FR-15.7 No gesture conflicts with OS ally | Ul Manual: double-tap not

overridden in VO mode

40




10. Glossary

AR: Augmented Reality guidance overlay

DFD: Data Flow Diagram used to represent system processes and data movement
POI: Point of Interest (e.g., entrance, ramp, restroom)

Profile (Accessibility): User’s accessibility constraints and preferences stored locally
Valhalla: Open-source routing engine accessed via HTTP API for route generation
LocationController: Handles GPS and sensor-based position updates
RoutingController: Manages route requests, active route state, and rerouting logic
GuidanceController: Provides real-time navigation instructions and step tracking
NavigationVoiceController: Handles text-to-speech output for navigation guidance
EventsScreen: Displays campus events and manages bookmarks and notifications
SharedPreferences: Local key-value storage used for settings and bookmarks

11. References

e FEagle Nav SRS v0.2 (latest)

e Flutter & Dart docs; flutter map, tflite, geolocator
e Valhalla API documentation

e Docker docs
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