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Abstract

The Spectus navigation assistant is an assistive technology device designed to enhance the mobility
and safety of visually impaired individuals. By integrating ultrasonic sensing and digital
magnetometry, the system provides a comprehensive spatial awareness solution that addresses two
primary navigation challenges: obstacle detection and directional orientation.

The system utilizes an ESP8266 NodeMCU as the central processing unit, interfacing with an HC-
SR04 ultrasonic sensor to detect physical barriers within an 80cm range. Unlike traditional canes, this
device offers multi-layered feedback through both haptic vibration and high-fidelity audio alerts via
the JQ6500 sound module. The vibration intensity is dynamically mapped to the distance of an object,
providing a tactile "sense" of proximity.

Furthermore, the integration of a GY-271 digital compass allows the device to announce eight cardinal
and ordinal directions (North, Northeast, East, Southeast, South, Southwest, West, and Northwest).
This ensures that the user is not only aware of immediate hazards but also their overall heading in an
environment. The software implementation includes custom calibration and stability algorithms to
manage magnetic interference and tilt errors, ensuring reliable performance in real-world conditions.
This project represents a cost-effective, scalable, and customizable approach to assistive robotics,
leveraging 3D printing and open-source electronics to provide a vital tool for independence.
L.Introduction environments are increasingly complex,

1.1 Overview

The Spectus navigation assistant is an
electronic travel aid (ETA) designed to support
the autonomy of individuals with visual
impairments. In a world where urban
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traditional tools like the white cane often fall
short in providing high-level situational
awareness. This project utilizes ultrasonic
pulse-echo techniques and magnetometry to
create a protective "electronic bubble" around
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the user, alerting them to hazards before
physical contact occurs.

1.2 Problem Statement in Detail

The challenges faced by the visually impaired
are multifaceted and often lead to reduced
mobility and increased anxiety in public spaces.
This project specifically addresses the
following gaps:

e Detection of Hanging Obstacles:
Traditional canes only detect ground-
level obstacles. They are unable to alert
the user to head-height hazards like
low-hanging branches, signboards, or
open truck tailgates.

e The "Veering" Phenomenon: Without
visual landmarks, it is naturally difficult
for humans to walk in a perfectly
straight line.  Visually impaired
individuals often "veer" off-course in
open spaces like plazas or large
hallways.

e Binary vs. Analog Feedback: Many
existing assistive devices only beep
when an object is hit. This lack of
"depth perception" makes it difficult for
a user to judge the speed at which they
are approaching a wall or person.

1.3 Proposed Solution

The proposed system, Spectus, leverages the
high processing speed of the ESP8266
NodeMCU to provide a dual-feedback
mechanism:

1. Haptic Perception Layer: Utilizing a
PWM-controlled vibration motor, the
device simulates a sense of touch. As
the distance to an obstacle decreases,
the vibration frequency and intensity
increase, allowing the user to "feel" the
distance intuitively.

2. Aural Orientation Layer: Through the
JQ6500 module, the system provides
natural language voice alerts. It replaces
abstract beeps with clear instructions
like "North West" or "Collision Alert,"
reducing the cognitive load on the user.

1.4 Technical Scope
The technical architecture is built around three
core pillars:

e Spatial Distance Measurement: Using
the HC-SR04 sensor to calculate the

Time of Flight (ToF) of ultrasonic
waves, converted into  precise
centimeter measurements.

e Geographical Heading: Using the GY-
271 (QMCS5883L) to measure the
Earth's magnetic field across three axes
($X,Y, Z$) to determine orientation.

o Logic-Based Prioritization: A software
state machine that prioritizes "Danger"
alerts (below 30cm) over general
orientation alerts to ensure user safety
during critical moments.

I1. Literature Survey

2.1 Historical Context of Assistive Navigation
The evolution of navigation aids for the
visually impaired has transitioned from passive
tools to active electronic systems. Historically,
the white cane has been the primary tool,
providing tactile feedback through physical
contact with the ground. While effective for
ground-level changes, it lacks the ability to
detect overhanging obstacles or provide long-
range spatial awareness.

2.2 Electronic Travel Aids (ETAs)

Recent research has focused on ETAs that use
ultrasonic, laser, or vision-based sensors to
extend the user's perception beyond their
physical reach.

e Ultrasonic-Based Systems: These are
widely favored for their low cost and
reliability in  various  lighting
conditions. They function by emitting
high-frequency sound waves that
bounce off objects, similar to the
echolocation used by bats.

o Laser-Based Systems (LiDAR): While
highly accurate, these are often
expensive and power-intensive, making
them less practical for low-cost portable
devices.

e Computer Vision Systems: These use
cameras and Al to identify objects (e.g.,
"chair," "car"). However, they require
significant processing power and may
struggle in low-light environments.

2.3 Feedback Mechanisms in Assistive
Technology

A critical area of study in assistive navigation is
how information is conveyed to the user
without causing sensory overload.
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e Auditory Feedback: Early ETAs used
beeps or buzzes, which required the
user to learn complex "audio codes".
Modern systems, like the Spectus
project, utilize Text-to-Speech (TTS) or
pre-recorded natural language to
provide intuitive directions.

o Haptic Feedback: Research shows that
vibration is an effective secondary
channel for alerts, especially in noisy
environments where audio might be
masked by traffic or crowds. The use of
PWM (Pulse Width Modulation) to vary
vibration intensity provides a "gradient"
of warning rather than a simple on/off
signal.

II1.Methodology and Implementation

3.1 Overview of Methodology

The development of the Spectus device follows
an iterative design methodology, focusing on
real-time data acquisition, signal processing,
and multi-modal feedback delivery. The
implementation is divided into three primary
functional domains: spatial sensing, directional
orientation, and the prioritization logic that
manages user alerts.

3.2 Spatial Sensing and Distance Calculation
The methodology for obstacle detection relies
on the ultrasonic "Time of Flight" (ToF)
principle.

e Pulse Triggering: The ESP8266
initiates a 10-microsecond high pulse to
the Trigger pin of the HC-SR04.

e Sonic Emission: The sensor emits an 8-
cycle burst of ultrasound at 40 kHz.

e Echo Acquisition: The system waits for
the reflected wave to return, measuring
the duration for which the Echo pin
remains high using the pulseln()
function.

e Mathematical Conversion: The distance
is calculated using the speed of sound
($343% m/s at room temperature),
applying the formula $Distance =
\frac{Duration \times 0.034}{2}$ to
obtain the value in centimeters.

3.3 Directional Orientation and Compass Logic
The directional methodology transforms raw
magnetic field data into a 360-degree azimuth

that is then mapped to eight distinct
navigational sectors.

o Raw Data Retrieval: The system reads
the magnetic flux density across the X,
Y, and Z axes from the GY-271 sensor
via the 12C bus.

e Hard Iron Compensation: The
implementation applies custom
calibration offsets (Min/Max values) to
the raw data to center the magnetic
readings and correct for local
environmental distortions.

e Azimuth Calculation: Using the
atan2(y, x) function, the software
calculates the heading in radians and
converts it to degrees ($0"{\circ}$ to
$3597{\circ}$).

o Stabilization Filter: To prevent "jitter"
or false readings caused by minor hand
tremors or sensor noise, the system
averages five consecutive readings

before finalizing a direction
announcement.
3.4 Feedback Prioritization and State
Management

A critical part of the implementation is the
software state machine that prevents sensory
overload by prioritizing urgent safety
information over general navigation data.

e Interrupt Logic: If a distance
measurement falls below 30cm, the
system immediately triggers the
"Collision Alert" and maximum haptic
vibration, regardless of whether a
compass announcement was about to
occur.

e One-Shot Alert Logic: To prevent the
speaker from repeating the same alert
constantly (which could be annoying
and confusing), the system uses boolean
"Flags" to ensure an alert for a specific
distance zone is only played once until
the path is cleared and a new obstacle is
detected.

e Timing and Scheduling: Directional
announcements are scheduled every
five seconds using a non-blocking
millis() timer, ensuring the processor
remains responsive to rapid distance
changes.
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3.5 Haptic Implementation (PWM Mapping)
The methodology for tactile feedback utilizes
Pulse Width Modulation (PWM) to create a
variable "feeling" of distance.

e Duty Cycle Scaling: The 10-bit PWM
range of the ESP8266 ($0$ to $10239%)
is used to control the vibration motor's
intensity.

e Proximity Mapping: When an object is
at 80cm, the duty cycle is set to
approximately 50% ($5008%) for a mild
warning. As the distance drops to 30cm,
the duty cycle is increased to 100%
($10238$) for an urgent alert.

ESP 8266 (Node MCU):

NodeMCU ESP-12 development kit V1.0
@ PIN DEFINITION
() o1

(usen)

This Photo by Unknown Author is licensed under CC BY-SA

The ESP8266 is a cost-effective and highly
integrated system-on-a-chip (SoC)
microcontroller that has become a staple in the
world of IoT (Internet of Things) development.
Developed by Espressif Systems, the ESP8266
has gained widespread popularity due to its
compact size, low power consumption, built-in
Wi-Fi  connectivity, and  considerable
processing power. This microcontroller has
opened the door to a wide range of IoT
applications, from smart home devices to
industrial automation.

HC-SR04 Ultrasonic Sensor:

4. Ground
3.Eho

Ultrasonic Sensor Pinout Configuration

As shown above the HC-SR04 Ultrasonic (US)
sensor is a 4 pin module, whose pin names are
Vce, Trigger, Echo and Ground respectively.
This sensor is a very popular sensor used in
many applications where measuring distance or
sensing objects are required. The module has
two eyes like projects in the front which forms
the Ultrasonic transmitter and Receiver. The
sensor works with the simple high school
formula that

Distance = Speed x Time

The Ultrasonic transmitter transmits an
ultrasonic wave, this wave travels in air and
when it gets objected by any material it gets
reflected back toward the sensor this reflected
wave is observed by the Ultrasonic receiver
module as shown in the picture below
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The GY-271 Magnetometer is a digital compass
sensor designed to measure the Earth's
magnetic field in three dimensions (X, Y, and Z
axes). It is based on the HMCS5883L or
QMCS5883L chip, depending on the module
version. This sensor is widely used in
navigation systems, robotics, drones, and
mobile devices to determine orientation and
heading. Its compact size, low power
consumption, and high sensitivity make it an
excellent choice for applications requiring
precise directional data.
Common applications include:
e Navigation systems for determining
heading and orientation
e Robotics for pathfinding and obstacle
avoidance
e Drones for stabilization and direction
control
e Mobile devices for augmented reality
and compass functionality

JQ6500

JQ6500 MP3 Player Module Pinout

JQ6500 MP3 Voice sound module can play
stereo MP3 files or standard mono audio files.
The module has two different modes to operate
in; serial communication mode (connecting to
a microcontroller) or AD button control mode
(module can be controlled with switches).

Features and Specifications of JQ6500 MP3
Player Module

This section mentions some of the features and
specifications of the JQ6500 MP3 player

Vol. 22, No. 2(1), 2026

1. Operating voltage: 3.5-5V DC

2. Current rating: 20mA

3. Speaker power: 8ohm/3W

4. Supported sampling rate (kHz):
8/11.025/12/16/22.05/24/32/44.1/48

5. 24-bit DAC output

6. Supports FAT16, FAT32 file system, TF

card(maximum capacity 32G), USB
32G, NOR FLASH(64M bytes)
IV. System Architecture and Circuit Design
4.1 System Block Diagram

System Architecture Block Diagram:
loT Smart Navigation Assistant

Power Supply Unit

5V Regulated DC Source
(USB Power Bank / Battery)

T
5V DC Power

Input Sensors (Data Acquisition)

ESP8266 NodeMCU Controller

+ Time-of-Flight Calculation
« Azimuth / Heading Computation

Central Processing Unit (MCU)
« State Machine & Priority Logic

Serial Control |/ MP3 Trigger ¢ ivanable Intensit y Drive

l User Feedback Mechanisms |

JQ8500 MP3 Vibration Motor
Module & Speaker Driver & Motor

Voice Announcements Haptic Proximity Feedback
= J = eanton )

If Distance < 30cm, THEN Priority 1 Alert: Collision Voice + Max

Else: Compass Updates.

Logic Flow: ’

The Spectus navigation assistant is organized
into a modular architecture centering on the
ESP8266 NodeMCU microcontroller. The
system is conceptually divided into four key
stages: Power Supply, Input Sensing, Central
Processing, and Multi-Modal Output. This
structured design ensures efficient data flow
and clear delineation of component roles.

The  block  diagram  illustrates  the
interconnections:

o Power Supply Stage: A regulated 5V
DC source provides stable power to the
core microcontroller and the specific
5V required for accurate ultrasonic
sensor performance.

o Input Sensing Stage: Contains the two
primary environmental sensors. The
HC-SR04 for distance measurement
(connected via digital GPIO) and the
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GY-271  for magnetic  heading
(connected via the standard 12C bus).

o Central Processing Stage: The ESP8266
runs the control software, performing
essential tasks like Time-of-Flight
calculation for distance, I2C data
acquisition and geometric math for
heading, and execution of the
prioritization state machine.

e Output Stage: Delivers the dual-modal
feedback to the user. This includes the
JQ6500 for Serial-triggered voice alerts
and a Vibration Motor for tactile
proximity warnings, controlled via a
dedicated driver circuit.

4.2 Circuit Schematic and Connection Details

The detailed schematic defines the precise pin-
to-pin wiring necessary for the system's
function and, crucially, for the safety of the
3.3V ESP8266 when interfacing with 5V
components.

4.2.1 Critical Voltage Protection

Because the ESP8266 operates on 3.3V logic
and the HC-SRO04 provides a 5V "Echo" signal,
a protection circuit must be implemented on pin
D7 (GPIO13). This is achieved using a two-
resistor voltage divider:

e A 1kQ resistor is placed in series
between the sensor's Echo pin and the
ESP8266's D7 pin.

e A 2kQ resistor is connected from the
ESP8266's D7 pin to GND.

This configuration steps down the 5V Echo
pulse to approximately 3.3V, preventing
permanent damage to the microcontroller's
input pin.

Vol. 22, No. 2(1), 2026
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4.2.2 Pin Interconnection Table
Compone [|Pin NodeMC SPI Not
nt Label ||[U Pin otes
Num
Power
HC-SR04 [[VCC ||Vin - from 5V
source
Common
GND | GND i Ground
Direct
Trig ||[D6 12 |[connectio
n
Via
Echo (D7 13 |[Voltage
Divider
Safe
GY-271 |[[VCC [|]3V3 - 3.3V
power
Common
GND |(|[GND - Ground
Standard
SDA ID2 4 12C Data
Standard
SCL |[D1 5 12C
Clock
) 5V for
JQ6500 ||[VCC ||Vin - amplifier
Common
GND ||GND - Ground
RX |[D4 p |[Via k@
Resistor
Direct
X D5 14 ||connectio
n
Motor Motor Vin ) SY power
+ rail
To
Motor Collector
) - - of
Transisto
r

4.2.3 Vibration Motor Driver Circuit
The ESP8266's GPIO pins cannot provide the
high current required to drive a DC motor. An
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NPN transistor (e.g., PN2222) acts as an
electronic switch:

1. The ESP8266 pin D3 (GPIOO0) connects
to the transistor's Base through a 220Q
current-limiting resistor.

2. The transistor's Emitter connects
directly to GND.

3. The transistor's Collector connects to
the negative (-) lead of the vibration
motor. The positive (+) lead of the
motor connects to the 5V supply (Vin).

4. Critical: A IN4007 flyback diode is
connected across the motor terminals
(with the stripe facing the positive
terminal). This suppresses the high-
voltage spike generated when the motor
is turned off, protecting the transistor
and microcontroller.

V. Software Algorithm and Logic Flow

5.1 Software Overview

The software for the Spectus system is
developed using the Arduino framework for the
ESP8266 NodeMCU. The primary logic is
structured as a non-blocking loop that
continuously polls sensor data, processes it
through mathematical filters, and triggers
specific haptic or audio responses based on
predefined thresholds.

5.2 Sensor Data Processing

The software implementation focuses on high-
frequency acquisition and stability:

e Ultrasonic Pulse Timing: The code
utilizes the pulseln() function with a
30,000-microsecond timeout to
measure the duration of the reflected
sound wave.

e Distance Smoothing: Logic is applied to
ignore "zero" readings or outliers that
occur when the sensor receives no
reflection, preventing false "Path Clear"
announcements.

o Compass Averaging: To eliminate jitter
caused by minor hand tremors, the
software takes five consecutive
readings from the GY-271 and
calculates an average azimuth before
mapping it to a direction.

e Custom Calibration: The
setCalibration() function is utilized to
apply specific Min/Max offsets ($X$: -

2135 to -236; $YS$: -3543 to -1462)
derived from raw data to correct
environmental magnetic shifts.
5.3 Priority Logic and State Management
A core feature of the software is the
Prioritization State Machine, which manages
which alert the user receives first.

o Safety First: Distance monitoring is the
highest priority. If an obstacle is
detected within 30cm, the system
immediately interrupts any other
process to play the "Collision Alert" and
activate maximum vibration.

e One-Shot Flag Logic: To avoid
repetitive audio loops, the software uses
a boolean flag system (obstacleActive).
Once an alert is played for a specific
object, the software will not re-trigger
that same audio until the obstacle is
removed and the path is cleared.

e Zone Switching: The logic allows for
"upward" priority. If a user moves from
an 80cm warning zone (File 1) into a
30cm danger zone (File 2), the software
detects the state change and
immediately triggers the more urgent
alert.

VI.Conclusion and Future Scope

Conclusion

The Spectus project successfully achieves the
goal of developing a low-cost, high-
performance assistive navigation device for the
visually impaired. By integrating an ESP8266
NodeMCU with ultrasonic and magnetic
sensors, the system provides a multimodal
feedback environment that significantly
enhances spatial awareness. The
implementation of prioritized logic ensures that
safety-critical collision alerts take precedence
over navigational data, reducing the risk of
accidents. Furthermore, the custom calibration
performed on the GY-271 magnetometer
demonstrates  that precision directional
guidance is achievable with hobbyist-grade
electronics when supported by robust software
algorithms. This project stands as a functional
prototype that empowers users with greater
independence and confidence in their mobility.
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Future Scope
While the current version of the project is
highly functional, several enhancements can be
integrated to move it toward a commercial-
grade product:

o Tilt-Compensated Navigation:
Integrating an MPU6050 accelerometer
and gyroscope would allow the system
to correct compass headings even when
the device is tilted, removing the
requirement for the user to keep the
device perfectly level.

e Cloud Connectivity and GPS: Utilizing
the Wi-Fi capabilities of the ESP8266
or adding a GPS module would allow
for outdoor turn-by-turn navigation and
the ability to send the user's location to
emergency contacts if a fall is detected.

e Machine Learning for Obstacle
Recognition: Future iterations could
incorporate a Raspberry Pi Camera to
identify specific objects (e.g., "chair,"
"door," 'stairs") rather than just
detecting a generic obstacle.

e Solar Power Integration: Adding
flexible solar panels to the device’s
enclosure could extend battery life,
making it more sustainable for long-
term outdoor use.

o Bluetooth App Integration: Developing
a mobile application to allow users to
customize volume, vibration intensity,
and announcement frequency would
provide a more personalized user
experience.
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