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Abstract—This project aims to develop a harness for the Uni-
tree Gol and Go2 quadrupeds that implements haptic feedback
to the user when obstacles are encountered in their path. This
research builds upon previous robotic Seeing Eye dog designs,
incorporating feedback from a focus group session, which has
led to further understanding what some members of the visually
impaired community value in assistive devices. Though future
implementations of this work may include more advanced object
detection, with computer vision tools such as LiDAR, this project
uses an Arduino Uno and ultrasonic sensors for proof of concept.
The final deliverable of this project is a functional prototype
implemented on the robotic quadruped that includes vibration
motors, adaptable mechanical integration, and an ergonomic
handle for the harness. Technical design requirements have been
outlined, including battery life, budget, and handle dimensions
and weight. The prototype will be reviewed at an additional
upcoming focus group session for feedback and iterative design.
Incorporating user responses to make a useful and desired
product, this research looks to advance equity, inclusion, and
accessibility for members of the visually impaired community,
aiding their independence through ease of navigation in unfamil-
iar spaces.
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I. INTRODUCTION

Seeing Eye dogs are important aides for many members of
the visually impaired community. Yet for some individuals,
having a live service animal is an extreme burden in terms of
cost, care, and more. A robotic alternative could better suit the
needs of some users, with less maintenance, greater longevity,
and increased individualization. This research aims to explore
the development of robotic service dogs (RSD) for people with
visual impairments. A traditional rigid harness was adapted
with vibration motors, creatinga familiar feeling tool with a
new type feedback. This prototype is demonstrated in Figure
1. This type of vibration feedback could also be implemented
on a traditional, live Seeing Eye dog with a rigid harness as
shown in Figure 2.

II. LITERATURE REVIEW

Haptic feedback has significant usages both outside of
robotics and within it [1]-[7]. The most popular applications
are with smartphones, gaming applications, and virtual reality
systems [3], [8]-[10]. More recently, haptic vibration has
been involved in medical robotics to give surgeons feedback

Fig. 1. A Unitree Gol quadraped was equipped with the rigid harness device.

when conducting robotically assisted operations [6], [10]-[12].
There has also been research into using haptic feedback as a
way to assist individuals with difficulty processing sensory
information [7]. Thus, the understanding of haptic vibration
feedback is ever growing for usages that range from medical,
to recreational, to daily life.

Haptic vibration feedback has significant research to aid in
adapting service technologies for individuals with visual dis-
abilities [13]-[18]. There are several methods of implementing
haptic feedback. One popular method is through wearable
technology such as bracelets, gloves, or belts [13], [17], [18].
The placement of the device varies with what method of
sensing is used. When using something attached to the wrists
or hands of the user, there is more movement to try to account



Fig. 2. Traditional, live Seeing Eye dogs use rigid harnesses of a similar style
to the proposed device.

for with a typical human gait than mounting close to the
user’s center of mass [13], [18]. Thus some researchers attempt
to place sensors in places with more predictable and limited
movement, such as integrating with glasses [13]. Often, these
projects force the individual to learn totally new technologies
and systems, rather than updating familiar technology.

Finally, this research builds off of past focus group session
feedback [19], [20]. This includes creating a RSD Al voice
module for a Gol quadruped and developing a “smart” cane
with LiDAR detection [19], [20]. This variation allows for
individuals to select their own preference rather than hyper-
focusing on one type of assistive device.

III. SYSTEM DESIGN

The Unitree Gol was used as the platform for this iteration
of RSD device. A base plate was modeled in SolidWorks and
3D printed to connect to the back plate of the dog. This base
plate allows for connection to the 5 step articulating hinges as
well as the electronics box. The hinges allow for customization
of the angle of the rigid harness. This allows the user to adjust
the handle height and the horizontal distance to the quadruped.
The electronics housing box contains all the necessary sensors
and controls. The motors are mounted in the handle of the rigid
harness. The physical prototype is shown in Figure 3.

The system was designed to provide distance-dependent
haptic feedback using ultrasonic sensing and DC motor ac-
tuation. Three ultrasonic sensors were used to detect the
proximity of objects, and each sensor was paired with a
corresponding DC motor. The intensity of motor vibration was
modulated based on the measured distance, such that closer
objects produced stronger vibrations. This system focuses on
close-range obstacle avoidance. The furthest distance to alert
the user is 75 cm, and the closest is 3 cm.

The system was implemented using an Arduino UNO
R4 microcontroller, 2 dual H-bridge motor drivers, and DC
motors. Distance measurements are continuously acquired,
processed, and mapped to motor control signals in real time.
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Fig. 3. The haptic feedback harness delivers vibrational feedback to the user’s
hand.

A. Hardware Configuration

Each ultrasonic sensor was connected to the Arduino using
a trigger (TRIG) and echo (ECHO) pin pain. The sensors
operate by emitting an ultrasonic pulse and measuring the time
required for the reflected signal to return, enabling distance
calculation based on the speed of sound. The three DC motors
were controlled using two motor driver modules. Each motor
driver channel consisted of two digital input pins for direction
control, and one enable pin for speed control via pulse-width
modulation (PWM). The enable pins were connected to PWM-
capable pins on the Arduino to allow continuous variation in
motor speed. An external battery pack was used to power the
motors. All system components shared a common ground to
guarantee consistent signal referencing and reliable operation.
This can be seen in a simplified schematic in Figure 4.
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Fig. 4. A simplified schematic of a single sensor—motor unit is shown above.
The ultrasonic sensor provides distance measurements to the microcontroller,
which generates PWM signals to control motor speed through a motor driver.
The motor is powered by an external supply, and all components share a
common ground.



B. Distance Measurement

Distance measurements were obtained using a time-of-flight
approach. For each sensor, the Arduino generated a 10us pulse
on the trigger pin, causing the sensor to emit an ultrasonic
wave. The duration of the returning echo pulse was measured
using the pulseIn() function. This duration was converted to

distance using:
t*xv

d=— (D

Where ¢ is the measured echo time and v is the speed
of sound in air 0.0343cmps. The division by two accounts
for the round-trip travel of the signal. To reduce interference
between sensors, measurements were taken sequentially with
short delays between each reading.

C. Motor Control Strategy

Each motor was controlled independently using a unidi-
rectional drive scheme. Direction pins were set to maintain
forward rotation, while speed was controlled through PWM
signals applied to the enable pins of the motor drivers. The
Arduino’s analogWrite() function was used to generate PWM
signals with values ranging from O to 255, corresponding to
0% to 100% duty cycle. A value of zero resulted in no motor
activity, while higher values increased the average voltage
supplied to the motor, producing stronger vibration.

D. Distance to Speed Mapping

A mapping function was implemented to convert measured
distance into a motor speed command. Two threshold pa-
rameters were defined: a minimum detection distance and a
maximum detection distance. Distances greater than the max-
imum threshold resulted in the motor being turned off, while
distances below the minimum threshold produced maximum
motor speed.

For distances within this range, a normalized “closeness”
value was computed and mapped to a PWM output range.
To enhance perceptual sensitivity, a nonlinear scaling function
was applied to the normalized distance, emphasizing stronger
changes in motor output at closer distances. This approach
improved the responsiveness of the system and made variations
in proximity more perceptible to the user. Additionally, a
minimum active motor speed was enforced to overcome the
dead zone of the motors, ensuring that once activated, each
motor produced a noticeable vibration.

E. Software Implementation

The control logic was implemented in the Arduino IDE
using a modular structure. Separate functions were de-
fined for distance measurement, distance-to-speed conver-
sion, and motor actuation. This modular design improved
code readability and allowed for easier parameter tuning.
Within the main loop, the system continuously:

1) Measured distances from each ultrasonic sensor

2) Converted each distance measurement into a correspond-

ing motor speed

3) Updated each motor’s PWM signal accordingly

4) Output diagnostic data to the serial monitor for debug-
ging and calibration

Delays were introduced between sensor readings and loop
iterations to reduce signal interference and ensure stable
operation.

Algorithm 1 Main Control Loop
1: Initialize sensor and motor pins
2: Stop all three motors
3: while system is running and repeat for each motor do
4:  d, + MeasureDistance(sensor,,)
wait(sensor delay)
sn, < ConvertDistanceToSpeed(d,,)
DriveMotor(motor,,, S;,)
Output diagnostic data
9:  wait(loop delay)
10: end while=0
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Algorithm 2 MeasureDistance
Require: triggerPin, echoPin
Ensure: distance (cm)

1: Set triggerPin LOW
wait(2 microseconds)
Set triggerPin HIGH
wait(10 microseconds)
Set triggerPin LOW
echoDuration < MeasurePulseDuration(echoPin)
if echoDuration is invalid then

return —1
end if
distance <
: return distance =0
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Algorithm 3 ConvertDistanceToSpeed

Require: distance (cm)
Ensure: motorSpeed (PWM value)
1: if distance < 0 then
2 return 0
3: end if
4: if distance > MAX_DISTANCE then
5:  return 0
6: end if
7. if distance < MIN_DISTANCE then
8 return MAX_SPEED
9

. end if
. MAX_DISTANCE—distance
10: closeness < MAX_DISTANCE—MIN_DISTANCE

11: adjustedCloseness < closeness

12: motorSpeed — MIN_ACTIVE_SPEED +
(MAX_SPEED — MIN_ACTIVE_SPEED) X
adjustedCloseness

13: Clamp(motorSpeed, valid range)
14: return motorSpeed =0




IV. METHODOLOGY

There were two main testing objectives at this stage of
development in the prototype. In the first test, the ultrasonic
senors were sampled at set distances to observe the sensor
noise. First, a target object was placed at the far edge of the
sensor range (118 cm away) and sensor values were collected
over a set time frame of 14 seconds. For the second test, an
obstacle was moved between various pre-measured distances
for 4-6 seconds per setpoint. The distances were 3 cm, 22 cm,
48 cm, and 58 cm. Again, the distance sensed was recorded
in terms of time. For these two tests, a statistical outlier filter
was applied by finding standard deviation as shown:

d.(x—1)?

n—1

o= 2
where z is the sample, Z is sample mean, and n is the sample
size. Points outside of the standard deviation were filtered out.
Finally, a third test was conducted in which the frequency of
vibration was varied with the dsitance of obstacle detection as
described in Algorithm 3. To test this, the system was placed
on the robotic quadruped and motor vibration speed was read
at various distances from the obstacle.

V. RESULTS

Figure 5 demonstrates the effect of having the obstacle 118
cm away from the system. This graph demonstrates some
sensor noise, though it was minimal and stabilized after 10
seconds stationary pose. However, without filtering, this would
cause some sensor vibration from false obstacle detections.
After applying the statistical outlier filter, the noise signifi-
cantly decreased as shown in Figure 6. There is still some
noise, but nothing that would trigger the vibration motors into
a false readout unlike the outliers from Figure 5. Still, other
methods of further eliminating false readings should be used,
like incorporating a moving average or slightly increasing
the amount of time between sensor readouts to minimize the
likelihood that false values are reported.
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Fig. 5. Sensor readouts at 118 cm show noise prior to preforming statistical
outlier removal.

Figure 7 demonstrates the sensor readout for a target moving
relative to the RSD. As depicted, under 50 cm, there is minimal
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Fig. 6. Sensor readouts at 118 cm after preforming statistical outlier removal
show massive noise reduction.

error with the sensor readouts. The closer the object is, the
more accurate the sensor is. However, at 58 cm, there are more
false readouts in the data. However, all the distances detected
at that time were within the detection range, which means
that the sensor did not stop vibrating. This demonstrates that
even with some noise around 60 cm away from the system, the
user would experience slight fluctuation in vibration feedback,
but still be alerted the entire time. After performing statistical
outlier analysis, Figure 8 shows minimal noise. Both Figure 7
and 8 alerted the user continuously of objects in their path.
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Fig. 7. Sensor readouts for the varied distances test before preforming
statistical removal shows significant noise at obstacle distance of 58 cm.

Finally, Figure 9 shows how the frequency of vibration
increases as the object gets closer to the user. The test explored
distances from 3 cm to 75 cm between the obstacle and the
prototype. What little sensor noise remains after filtering is
largely smoothed out when the distance is converted to haptic
feedback as a vibration frequency signal.

VI. CONCLUSIONS

The next step for this research is to conduct another focus
group session and to receive feedback from members of the
visually impaired community on this device. This focus group
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Fig. 8. Sensor readouts for the varied distances test after preforming statistical
outlier filtering reduced the sensor noise.
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Fig. 9. Vibration frequency is mapped from the sensed obstacle distance to
give users higher frequency haptic feedback for obstacles that are close and
lower frequency haptic feedback for osbtacles that are further away.

will allow for interaction with the prototype developed and a
group Q&A session and discussion. This will allow for a better
understanding of how future work can best support individuals
and enhance their comfort when using such a device.

Additional testing will also be conducted prior to the focus
group including testing the 2D feedback field, identifying
coordinates of objects in the sensor field, and scaling haptic
response of the different motors to give a better sense of
obstacles in 2D. This testing will elevate the quality of the
prototype that will be presented to the focus group, allowing
for a better understanding of what changes should be imple-
mented. Further testing should include leading a member of
the research team through an obstacle course based on the
feedback detected.

This research shows the significant work done in adapting a
rigid harness to return haptic vibration feedback to a user with
visual impairments with the ability for individual customiza-
tion. Yet, there is more work to be done to ensure a safe and
well tested mechanism.
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