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1. Introduction
1.1 Background

Hiking has become the most popular outdoor
activity in the United States, with participation
doubling over the past decade to reach 63
million hikers annually. [1] This surge in
outdoor recreation has brought a parallel rise
in preventable injuries, particularly muscle
strains, shoulder pain, and lower back
compression caused by improper backpack
loading and weight imbalance. [2] About 15%
of hikers report back pain during or after their
hikes, and roughly 12% experience shoulder or
neck injuries directly tied to unevenly
distributed loads or poorly adjusted straps. [3]

1.2 Problem

Current hiking backpacks lack real-time load-
distribution feedback, leaving hikers reliant on
subjective awareness. This product-design-
geared project asks: Can a backpack
prototype integrating dual textile-based
force sensors, an Arduino Circuit
Playground, and NeoPixel/haptic actuators
reliably detect shoulder load asymmetry and
deliver real-time visual and vibrational
feedback to the user? We evaluate success by
whether the sensor produces a measurable
resistance drop over 2002 under 201bs force,
and whether the system triggers alerts when

analog-read difference exceeds a calibrated
threshold of 25-30 units.

2. Investigation

2.1 Methodology

We modified a commercial backpack with
handmade custom straps embedding sensors
and feglbaqk. (Figure 1)
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Figure 1. The strap side of the VO prototype.

Straps were made of layered ripstop nylon,
TPE, memory foam, and 3D spacer mesh.
Textile-based force sensors using three 3D
spacer mesh layers with knitted conductive
thread sandwiched by silver-plated nylon were
inserted into the top of the straps. (Figure 2)
Iterative testing of six sensor models (placing a
201b weight on each sensor; using voltmeter to
measure resistance drop) identified this design
as optimal in comparison to others tested.
(Figure 3)
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Figure 2. A digital diagram of the material
composition of the force sensor.

20 7 Ax

:-’::" u-w@ =

Figure 2. The six iterations of tested force sensors.
(For Table 1: Left to Right A, B, C, D, E, F)
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An Adafruit Circuit Playground powered by
double-A battery was mounted inside the pack.
Sensors connected via 470Q2 voltage dividers to
analog pins A3 (left) and A2 (right). Two 3-
LED NeoPixel strips attached to pins A7/A6.
(Figure 3) DRV2605 haptic motor routed along
interior back panel. (Figure 4) Firmware read
sensors, applied right-side calibration (0.75x),
computed difference, and updated outputs.

At >25-unit difference, LEDs displayed load-
tier colors and haptic motor buzzed until
balanced.
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Figure 3. Digital diagram of circuit inbuilt into the
back panel/straps of backpack.

Figre 4. The interior back panel of the backpack.
Adafruit Circuit Playground and haptic vibration motor
are clearly shown.

2.2 Results

Final sensor achieved 401.2—1.2Q range,
suitable for analog reading. (Table 1) Bench
tests confirmed >25-unit differences
triggered responses within ~50 ms. Adafruit
haptic motor provided stronger vibration
than Lilypad alternative. No formal human
trials conducted; validation limited to
controlled compression and serial logging.

Model | Materials Construction + Design Range from Voltmeter

2140
Dropped when pressed

A e Conductive Thread '@ Conductive thread sewn through the
3D spacer mesh face of the 3D spacer mesh
Silver-plated woven nylon  |® Conductive Fabric Sandwiching the
3D mesh

B e Conductive Thread o Conductive thread sewn horizontally Didn’t work
3D spacer mesh through the sides

Silver-plated woven nylon The tail and head of the string is left
out to conduct with the fabric
Conductive Fabric Sandwiching the
3D mesh

a
.

230-265 Q
Increased when pressed

Velostat center
Conductive tape on either side

Velostat
Conductive tape

D 3D spacer mesh

Conductive Fabric Sandwiches the No significant change in
mesh resistance

E e Conductive Thread
@ 3D spacer mesh

Conductive thread sews partially
through

Inconsistent range

F @ Velostat
@ Silver-plated woven Nylon

432-40.2 Q
Dropped when pressed

8 ply sandwich switching between nylon
and velostat

Table 1. Composition and voltmeter testing results of six
sensor iterations.

3. Conclusion
3.1 Related Work

Prior textile pressure sensors used silver
nanowires and Velostat for medical
applications. [4], [5] Our work adapts these to
hiking, prioritizing low-cost hand-sewn
construction and dual-mode feedback.

3.2 Limitations

This project did not include rigorous on-body
trials with human participants, so sensor
performance under long-term dynamic hiking
conditions remains unverified.

3.3 Societal Impact

Beginner hikers and general backpack wearers
may benefit from accessible load-balance
feedback that could reduce strain injuries.
However, reliance on LEDs and vibration
excludes users with sensory or visual

impairments unless alternative modalities are
added.
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