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Abstract: This study shows an application of the Design for Six Sigma (DFSS) Methodology in the
field of medical engineering. This research aims to demonstrate the application of a systematic
design approach in the development of the “Ocane”, an innovative concept of smart cane for visually
impaired patients which was thought of in answer to the end user’s needs, deploying an easy to
transport, locate, and adjust element with ultrasonic sensors and tactile feedback. DFSS is an analyti-
cal design methodology meant to organize project workflow in a sequence of specific steps. Other
standardized design procedures such as Quality Function Deployment (QFD) and Stylistic Design
Engineering (SDE) have been used to support DFSS in terms of targeting customer requirements and
focusing on aesthetics for ergonomics analysis, respectively. First, the QFD process is introduced
and applied to gather the final customer needs, completing the analysis with benchmarking and
similar-thought products on the market. Afterwards, a description of the DFSS methodology and
application to the case study was deployed. Thereafter, the SDE procedure is exposed by identifying
the “Ocane” concept and development, and moving towards the completion of an inventive product
with a creative design and careful attention to visually impaired clients’ requirements.

Keywords: DFSS; SDE; QFD; design; walking cane; blind people; assistive technology; visually impaired

1. Introduction

This research study is meant to address the power of the Design For Six Sigma (DFSS)
through the application of this design methodology on an innovative product concept: a
new navigation cane for blind people. In order to design a useful product that satisfies the
blind populations’ requirements and supports visually impaired independency and safety
in everyday life, careful effort was put into an extensive review of scientific literature and
dedicated commercial products.

According to the World Health Organization (WHO), there are 2.2 billion visually
impaired people in the world [1]. Among these people, 39 million suffer from complete
blindness. The definition of visual impairment follows WHO categorization criteria [2].
Main causes of sight loss, along with congenital blindness, are uncorrected reflective errors
and cataracts, diabetic retinopathy, and glaucoma, as well as others [3]. Recent study has
shown that the number of the visually impaired population is expected to grow in the near
future [4].

Blindness or partial loss of view is a profound disabling condition considering human
environment perception is almost totally demanded to the sense of sight (83%). Information
is collected also by hearing (11%), smell (3.5%), 1.5% by tactile sense, and 1% by taste [5].

Assistive technology is gradually improving daily routines of the visually impaired,
moving from the traditional analogic blind stick to smart solutions and sensor integra-
tion [6], in which it is acknowledged that well-known techniques are being used in these
systems, the basic features required to offer a fair performance (good user feedback), its
advantages, and its disadvantages. In the beginning of the 20th century, the white cane
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was internationally recognized as the symbol of the blind community [7]. This is still used
by most people with impairment, the best-known travel aid for the sightless. This rather
simple device is used to detect obstacles at ground level, uneven surfaces, holes, steps,
and other hazards; this inexpensive object is so lightweight and small that it can be found
in the compact form that can be folded and slipped into a pocket. However, the study of
Manduchi and Kurniawan [8] listed, among the multiple reasons why sightless people
avoid the use of the traditional white cane, being fearful of striking people or undesired
objects and of collisions with obstacles at a height higher than its contact reach distance
among the most important reasons by sightless people avoid using it. In addition, the social
stigma accompanied with the use of it, alongside a long training curve of about 100 h [9]
required for its accurate use, were key problems found with many devices for the blind.
The main drawback for the traditional white cane is that obstacles can only be detected
by contact, which can be problematic to the user and the environment, for example, when
traveling in a crowded street.

Nevertheless, in the last decades efforts have been invested in the development of
assisted navigation canes, which may include state-of-the-art wireless communication
technology and a number of sensors for avoiding objects and calculating its distance. Many
of these were tested until a final product release. Others served as examples of a com-
bination of existing technology for a specific purpose. Trials found in Literature include
the GPS-included sensor-filled cane from Agrawal and Gupta [10]; circuitry-concentrated
cane proposal from Damdhare and Sakhare [11]; proposal based on ultrasonic sensors
by Dey et al. [12]; voice-command by Koley and Mishra [13]; haptic alerts for obstacles
by Wang and Kuchenbecker [14]; low cost approach by Kumar et al. [15]; electronic sen-
sors by Mahmud et al. [16]; overall improved smart-cane by Maidenbaum et al. [17] that
would offer object type and detection with artificial intelligence (A.I.) by Mavarkar and
Mundargi [18]; sound and touch input from Megalingam et al. [19], Infrared sensor-based
by Nada et al. [20], Camera object detection with A.I. by Narayani et al. [21]; acoustic obsta-
cle detection feedback by Rodríguez et al. [22]; Internet of Things approach by Sharmila [23]
that, in a similar way to the Google Lens, requires wearing glasses and using the walking
cane; a belt-like obstacle-avoidance system with A.I. technology by Shoval et al. [9] that
showed the capacity to surpass all obstacles found by the white cane with state-of-the-art
technology at the time; ultrasonic sensor-enabled shoes [24] that used ultrasonic sensors in
shoes, sunglasses [25], and camera-integrated wearable devices including OrCam Read
Smart which contains the text reading feature and a smart reading feature [26]; a very
interesting four-stage double-diamond designed wearable orientation guidance device for
modern travel aid systems by Zhang et al. [27]; and a cost-efficient object detection with
deep learning algorithms achieved by applying the YOLO V3 dataset as the input to the
model by Mekala et al. [28]. Other means of independent ambulation support found in
literature include I Music, an audition image assessment by Abboud et al. [29]; a vibrotactile
device that can translate facial expressions by Buimer et al. [30]; and a tactile-feedback
safety device that helps blind people to avoid collisions at the head level by Jameson
and Manduchi [31]. However, very few products have been released on the market and
accurate efficiency in the real world calculation is still missing, meaning that there are still
important investments to undergo in order to find the actual device that could deliver the
best results to its customers.

Having seen the current development status of the industry, the aim of the present
study is to apply the DFSS, i.e., an industrial procedure of product development in the
design of an innovative smart cane for the visually impaired that uses the Deployment
of Quality Functions gathered by a market analysis, a Top Flow, and benchmark analysis
as well.
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2. Materials and Methods
2.1. QFD—Quality Function Deployment

The Design For Six Sigma (DFSS) is a design methodology articulated in a sequence of
steps that are meant to shape the phases of brainstorming, customer targeting, product de-
velopment, benchmarking (BM), and aesthetic styling [32–34] in a standardized procedure.
Procedure standardization is thought to upgrade product design by reducing time and
energy dissipation, as well as by meeting client requirements meticulously. This research
is based on products already available on the market, aiming to seek and correct main
limitations, thus obtaining a more satisfying and innovative product.

The DFSS is also supported by Stylistic Design Engineering (SDE) and Quality Func-
tion Deployment (QFD) analysis which is articulated in different means of evaluation:

• the Six Questions;
• the Relationship Matrix of Relative Importance; and
• the Relationship Matrix of Dependence/Independence.

The Six Questions serve as mean of draft investigation on product characteristics.
Answers will be further translated into project information through the Relationship Ma-
trix of Relative Importance. This step has the objective to establish a utility hierarchy
among selected features that determines which feature is the most important. Then,
outcomes from the first matrix are examined through the Relationship Matrix of Depen-
dence/Independence, with the purpose of evaluating the dependency and independency
of product characteristics from one another.

The DFSS approach is built on a rigorous and farsighted strategy of specific work
phases. At the industrial level, this systematic modus operandi is cost and time efficient as
each step of the pattern is operated by dedicated offices, relying on specialized knowledge
and skills. This research will further follow a work pattern in the form of the acronym
DMADV, consisting of 5 distinct phases: define, measure, analyze, design, and validate.

1. Define: The purpose of this step is to collect information of client needs, identifying
product functions and its general context. The first phase is supported by QFD,
a useful analysis for quality management, asking the Six Questions (namely who,
where, when, how, what and why) that characterize the product placement.

2. Measure: This phase is decisive in order to assess product features that guarantee cus-
tomer satisfaction. Main characteristics are defined through QFD Interrelation Matrixes.

3. Analyze: Benchmarking (BM) and Top/Flop (TF) analysis is performed, allowing for
the examination of similar competitive products’ design.

4. Design: Relying on data gathered from preceding steps, computer-aided design (CAD)
concepts are made, aiming to fulfill both functional and aesthetical requirements. This
phase is supported by the What/How Matrix following QFD guidelines.

5. Validate: At last, it is verified if the product satisfies engineered characteristics.
Eventually, prototypes are crafted and tested in order to assess the continuation of
design features.

The DFSS steps’ purposes are summarized in Table 1.

Table 1. DFSS structure and related methods employed.

DfSS Steps Related Methods Targets

Define QFD-six questions Customer needs

Measure QFD-matrixes Customer analysis

Analyze Benchmarking Competition analysis

Design SDE Stylistic design

Validate CAD model/prototype Verification of design
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A systematic methodology allows for the steady management of both technical phases
and the industrial organization of personnel, striving to achieve efficiency and fluency of
work. Relating to the DMADV design pattern:

• define and measure phases should be performed by the product marketing office;
• analyze phase by the purchasing office; and
• validate phase by the experimental technical office.

These considerations are summarized as follows in Table 2.

Table 2. Symmetry of DFSS: industrial engineering vs. management engineering.

Technical Operations Related Methods Company Organization Offices

Define QFD-six questions Product marketing office

Measure QFD-matrixes Product marketing office

Analyze Benchmarking Purchasing office

Design SDE Technical and stylistic office

Validate CAD model/prototype Experimental technical office

2.1.1. Define: The Six Questions

The first step of DFSS consists of giving open answers to the Six Questions (namely
who, what, where, when, why and how); this phase supports product development by
establishing guidelines that organize the process of brainstorming.

Who are the customers? What is the use of the developing product? Where, when,
and how will they apply it to their daily routines? Why? These questions are functional
to addressing major product characteristics by identifying the overall background and
how the product is useful to the customer. Therefore, it is possible to detect those factors
that have to be maintained and/or enhanced in the design of a competitive new product.
Answers to the Six Questions applied to the case study are reviewed in Table 3.

Table 3. QFD-Six Questions.

Six Questions Open Answers

WHO is the customer? The product is thought to improve the independent
navigation of blind and visually impaired citizens of all ages.

WHAT are the uses of the product? The product is meant to assist vision disabled people in
outdoor and indoor navigation.

WHERE is the product used? The product is used outdoor in the urban context and
also in an indoor environment.

WHEN is the product used?
The product is used whenever visually impaired citizens
are in need to move independently. Its use is considered

to be daily and very recurring.

WHY should it be chosen?
It should be chosen because a smart design guarantees

deeper information collection from the environment, thus
enhancing the safety of independent navigation.

HOW is the product used? The product is used for short distances at a walking pace.

Moreover, according to current literature [34], main limitations concerning the abil-
ity to independently mobilize are found in the lacking of audio feedback from public
transportation (82.4%) and traffic lights (81.4%); failing to find the entrance of a building
(64.9%) and irregular sidewalks (58.7%); falling down because of unknown stairs (48.5%)
and roadside holes (44.3%); hitting of obstacles on the waist level (47.4%); and getting
lost (45.3%). Among the participants of the survey, 66% were blind and 34% had low
vision. In total, 95.3% used white canes and 97.7% brought a mobile phone when travelling
outdoors, showing a large acceptance of phone services such as the Short Message Service
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(70.1%), accessing the internet (45.4%), and GPS navigation (34%). Living in a world where
society is increasingly connected, technological integrations such as GPS units for assisted
navigation could enhance the safety of the customer. In fact, 84.5% of the participants
pointed out the importance of GPS navigation tools while travelling outdoors. By having
such a large number of white cane users, it is necessary to ask visually impaired citizens
about the main impediments they face in their everyday independent navigation, with the
purpose of designing the best product possible.

As the product is intended to actively assist people with profound disabilities in their
daily tasks, characteristics of steadiness and reliability are mandatory.

Therefore, considering daily use in both indoor and outdoor environments, the prod-
uct has to be ergonomic, lightweight, and easily transportable. The cane occupies the hand
of the person and its use could also be protracted overtime, thus, it has to have an adequate
battery life, must be comfortable, and should not overstrain the user. Cost is another
important factor considering that the vast majority of visually impaired people live in poor
countries and their disability strongly influences their ability to provide for themselves.

Traditional white cane is an affordable instrument but has no additional connection
to the environment apart from tactile and acoustic feeling. The tip of the stick is usually
made of a ceramic material that enhances a clear acoustic feedback by tapping it onto the
surface [35]. Smart canes would integrate sensors and devices that connect with the sur-
roundings in a deeper manner, resulting in an enhancement of safety and independence for
the customer. However, additional technologies have to maintain the product’s simplicity
of use, avoiding frustration and mistrust in users.

2.1.2. Measure: Relationship Matrices

A smart cane for the blind must be steady but also portable, must be ergonomic, easy
to use, and should also be a reasonable investment that allows for safe navigation. How do
these considerations become measurable information?

Found features are put in the Relationship Matrix of Relative Importance in rows and
columns following the same order (Table 4).

Table 4. Relationship Matrix: relative importance.

Feature Steadiness Safety Weight Battery Life Price Ease of Transport Simplicity of Use Ergonomic

Steadiness 1 1 0 0 0 0 1 1

Safety 1 1 0 0 0 1 1 1

Weight 2 2 1 2 2 1 2 1

Battery life 2 2 0 1 0 2 2 1

Price 2 2 0 2 1 1 2 2

Ease of
transport 2 1 1 0 1 1 2 1

Simplicity
of use 1 1 0 0 0 0 1 1

Ergonomic 1 1 1 1 0 1 1 1

Total 12 11 3 6 4 7 12 9

Relative importance is evaluated numerically, filling every cell with a value of 0, 1,
or 2. If the requirement of the row is more important that the one of the column, 0 is
given, while 1 is given if requirements are equally important and 2 if the requirement of
the column is more important than the one from the row. Then, values are summed and
features with the highest scores are highlighted.

Thus, the first matrix produces aspects that are essential for the purpose of the product.
The innovative smart cane has to be steady, easy and comfortable to use, and must produce
a reliable connection with the environment, enhancing safety of navigation.
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The second matrix in Table 5 identifies their mutual dependence. Features still occupy
rows and columns in the same order and a value of 0, 1, 3, or 9 is added in each cell. No
dependence is represented by 0, while 1 represents mild dependence, 3 represents average
dependence, and 9 represents strong dependence. The major sum of the rows indicates the
aspect that is most affected by the others, while the major sum of the columns identifies the
aspect that overall influences other features.

Table 5. Relationship Matrix of Independence.

Feature Steadiness Safety Weight Battery
Life Price Ease of

Transport
Simplicity

of Use Ergonomic Total
(Dependence)

Steadiness 9 9 0 3 3 1 1 26

Safety 3 0 9 0 0 9 0 21

Weight 3 0 3 0 3 3 3 15

Battery life 0 9 3 3 3 1 0 19

Price 1 9 0 9 0 9 3 31

Ease of transport 3 1 3 1 0 1 3 12

Simplicity of use 0 9 3 1 9 3 1 26

Ergonomic 3 3 3 0 1 9 1 20

Total
(independence) 13 40 21 23 16 21 25 11 170

2.1.3. Analyze: Benchmarking and Top-Flop Analysis

The third step of the DFSS method consists of actively comparing available products
in order to establish a hierarchy based on prominent parameters. The first phase of this
stage is called Benchmarking (BM) and has the purpose of identifying similar products
already available on the market. The second phase of this stage is called Top-Flop Analysis
and consists of comparing chosen products, stating their winning features and limitations.
The best values found are set to be the starting features for an innovative device. Canes
were compared on the following parameters: safety, weight, ergonomic structure, price,
battery life, charging time, water resistance, separate sale of the cane, period of warranty,
obstacle detection range, and simplicity of use.

The selected canes are summarized in Table 5 and the best/worst features of each
product are highlighted in green/red. For each top or flop characteristic, a value of +1 or
−1 is considered for each item. Then, the total sum of each product is made, resulting in a
DELTA (∆) for each symbol. This value is meant to measure the innovation of a product on
a certain number of features. In order to be competitive, the new product has to enter the
market with a better ∆ than its competitors.

Benchmarking

Although several research studies have been published aiming to design an innovative
smart cane, some of them are still in development. Thus, very few products are already for
sale [36]. Available canes are summarized in Table 6.

Top-Flop Analysis

This step has the purpose of highlighting the winning features for the end user and the
limitations found in the identified competitors. Items are compared on a certain number of
parameters and a ∆ is evaluated for each product, expressing an “innovation” indicator.

Smart canes found on the market were confronted on the following parameters: price,
safety, weight, ergonomic structure, and battery life.
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Table 6. Smart canes benchmarking.

Main Features BAWA Cane, Figure 1 [37] Smartcane™, Figure 2 [38] WeWalk, Figure 3 [39] UltraCane, Figure 4 [40]

Features Dual ultrasonic sensors
for obstacle detection.

Does not detect below-knee
objects. Sensors’

orientation is adjustable.

Integrated with ultrasonic
sensors that spot

low-hanging obstacles.

Gives haptic feedback
through two vibrating

buttons at the
thumb level.

Range of detection
1.2 m in front and

above-waist, in a cone
of 45◦, above and

below the knee-level
1.8–3 m, knee to head-level

0.8–1.65 m, in front and
above-waist, above and

below knee-level
2–4 m in front, 1.5 m
at chest/head height

Feedback system Audio Vibratory Audio and vibratory Vibratory

Battery life 48 h 8 h 20 h No rechargeable batteries

Cost $699 $90 $599 £590

Weight 245 g 136 g 252 g Unknown

Year of production 2018 2008 2019 2010

Figure 1. Stock photo of BAWA Cane [37].

Figure 2. Stock photo of SmartCane™ [38].

Figure 3. Stock photo of WeWalk Cane [39].
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Figure 4. UltraCane stock photos [40]: (a) UltraCane smart handle; (b) different white cane sizes that can be chosen at the
time of purchase; (c) customizable rolling “marshmallow” tip; and (d) customizable rolling sphere tip.

Safety

A smart cane is designed with the purpose of protecting its user from obstacles that
are not detectable with the traditional stick. It is documented that blind people very
often experience head trauma [8] because the white analogic cane only gives feedback on
knee-level objects. Therefore, safety is an indispensable aspect to consider when trying
to improve daily routines of the visually impaired. Ultrasonic sensors are found to be a
reliable and cost-effective mean of interaction with the environment. The device sends
ultrasonic sound waves to the surroundings and processes a response of different electrical
signals based on the time taken by the sound wave to travel back from the impacted surface.

The signal is generally transduced in an acoustic stimulus emitted from the cane (es.
BAWA Cane emits feedbacks of 80 dB) or from a Bluetooth earpiece connected with the
stick. However, an acoustic-driven navigation can be unhelpful in crowded places or in
intense traffic. Furthermore, as blind people profoundly rely on the sense of sound [41],
an earpiece or headset could be very distracting. In order to give customers the chance
to receive feedback while having their ears free from obstruction, it was thought to equip
the innovative cane with a bone conduction earpiece. Bone conduction hearing is an
interesting technology that stimulates the skull, producing a vibration that transmits to
the inner ear, bypassing outer and middle sections. It has been recently documented that a
bone conduction navigation system for the blind gave optimistic results [42]. It is important
that visually impaired people continue to rely on their senses rather than overstimulate
them with artificial feedbacks [43].

The signal is also transduced very often in haptic stimuli, resulting in different vibrat-
ing patterns that shake the fingers of the user from the handle. UltraCane, SmartCane™,
and WeWalk all give haptic feedbacks and differences in the intensity and frequency of
the vibration are meant to give the visually impaired a sense of sight by trying to depict
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a mental map of the environment. However, long-lasting usage could damage the user’s
health as it was found that vibrations of the hand and wrist produce pain and induce blind
people to change their grip on the handle [44].

Weight and Ergonomic Factors

In order to design a useful and innovative product, it is important to use empathy
to step into the shoes of the visually impaired and understand that a cane is their mean
of independence and safety. Blind people make daily use of the white cane and their
movements are greatly influenced by the need of a stick for assisted navigation. It has
been seen that those repetitive movements [45] drastically change normal musculoskeletal
walking patterns and the extended tapping of the tip onto the ground could potentially
damage the user’s health [46]. Furthermore, it has been found that smart canes tend to
be twice as heavy than traditional analogic canes [47]. Thus, a new smart cane must be
lightweight and the handle must be ergonomic, preventing long-term repercussions on the
muscular system.

Simplicity of Use

Every travel aid object, smart or traditional, needs several hours of training in order
to be efficient and put in action. The learning curve of smart devices is inevitably longer, as
the user needs to adapt to a certain number of extra features [48]. The blind community is
still divided on addressing their utility, as a massive portion is gradually abandoning smart
devices, aspiring to rely more on their own senses. It has been recently discovered that
blindness “reorganizes” brain sections that are involved in information processing. Blind
people use “echolocation” that gives them a feeling of sight by producing mouth-clicks or
quick noises and allows them to produce a mental map of the ambience. This information
acquisition process is similar to how bats communicate with the environment, as they often
live in dark caves and have a very low level of sight [43]. It has been recently documented
that echolocation is directly linked to the visual cortex rather than areas that are dedicated
to process acoustic information [49]. Thus, it seems that the human brain naturally adapts
to sight loss by trying to substitute viewing acquisition with other senses, producing a
mental image of the environment [50]. In this direction, it is believed that overloading
assistive devices with sensors and technology could potentially represent a disadvantage
rather than an improvement.

Based on the previous considerations, simplicity of use was evaluated as follows:

• low: the device has a high level of assistance (smartphone connection with dedi-
cated applications, a headset, a voice-assisted navigation, and multiple functions
and controls);

• medium: the device has a medium level of assistance (smartphone connection, voice-
assisted navigation, and acoustic feedbacks); and

• high: the device has a low level of assistance (the cane has no smartphone con-
nection, no extra connections, and feedback comes from the handle only through
haptic systems).

Ease of Transport

There is no substantial difference in the structure between the traditional white cane
and a smart cane. The four abovementioned products are clip-on devices that support the
traditional cane as an additional device (BAWA Cane), are smart handles that come with a
stick and are easily disassembled (WeWalk, SmartCane™, and UltraCane), or are adapted
to already existing sticks. Canes are usually rigid, telescopic, or made of foldable sections
kept together by an inner elastic cable. The last configuration is really appreciated because
it guarantees steadiness but is also easily transportable, as the cane can be discreetly carried
in a bag. The material is usually an aluminum alloy, ensuring steadiness and ensuring a
light weight.
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Main characteristics were examined in detail as a smart cane for the visually impaired
is not a common item but must accomplish very specific tasks for a particular customer need.
Its requirements and limitations could be misunderstood by sightless citizens, especially if
not familiar with sight loss and visual impairments. Based on the considerations examined,
a top-flop table (Table 7) was constructed, comparing canes in terms of following the
parameters demanded by unsighted customers: safety, weight, ergonomic structure, price,
battery life, charging time, water resistance, separate sale of the cane, period of warranty,
obstacle detection range, and simplicity of use. The best features are highlighted in green
and worst features in red. Innovative features are summarized in Table 8.

Table 7. Top-flop analysis.

Product BAWA Cane SmartCane™ WeWalk UltraCane

Safety Acoustic feedback Haptic feedback Acoustic and
haptic feedback Haptic feedback

Weight/Ergonomic (g) 245 136 252 Unknown

Price $699 $90 599$ £590

Battery life Rechargeable batteries:
48 h charging time

Rechargeable batteries:
8 h charging time

Rechargeable batteries:
20 h charging time

Non-rechargeable
batteries(two AA
batteries needed)

Charging time (h) 1 4 2 -

Waterproof No No No Works under light rain

Cane included No Yes Yes Yes

Warranty 1 year 1 year 1 year 2 years

Obstacle detection
range (m) Up to 4.5 1.8–3 0.8–1.65 1.5

Simplicity of use Medium High Low Medium

Number of TOP 3 4 2 3

Number of FLOP 5 3 4 2

Delta ∆ −2 1 −2 1

Green states best option, red is worst choice.

Table 8. Innovative features detected.

Innovative Feature New Smart Cane

Safety Acoustic and haptic feedback
Weight <136 g
Price <$90

Battery life >48 h
Charging time <1 h

Warranty 24 months
Water resistance Yes

Obstacle detection range >4.5 m
Cane included Yes

Simplicity of use High

Hence, the new innovative cane should have at least a ∆ > 2 in feature offering.
It has to benefit from both an acoustic and tactile feedback system in order to avoid
information dissipation in crowded places. A bone conduction system would be a very
useful improvement, leaving user ears unimpeded. It must be light (around 100 g) and
ergonomic to ensure the user does not feel overstrained by continuous use of the device
and must have a long-lasting battery autonomy that could be quickly recharged. Water
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resistance could be a huge innovation. Considering ultrasonic sensors are able to detect
raindrops, the feedback system would overload the user with information; thus, a sudden
downpour could immediately stop the navigation of the visually impaired. The cane
should be equipped with a variable range of obstacle detection including a short range for
indoor navigation and a longer range for outdoor navigation. The cane should be included
in the purchase; however, because the traditional white cane is still the main mean of
navigation, it should be detachable and allow for the pairing with existing white canes
through an adaptation system.

Overall, it should be an affordable investment with a low level of smart features
and assistance.

2.2. SDE—Stylistic Design Engineering

Stylistic Design Engineering (SDE) is an industrial standardized procedure of product
styling that was initially carried out by Eng. Lorenzo Ramacciotti, former CEO of Pininfa-
rina Spa [51]. The purpose of this methodology is to organize the styling phase by dividing
the workflow in six different steps:

• analysis of stylistic trends;
• sketches;
• 2D computer-aided design (CAD) drawings;
• 3D CAD models;
• rendering; and the
• solid stylistic model.

The case study was supported by a brief analysis of stylistic trends, assuming that
a smart device which substitutes a traditional analogic cane should feel futuristic and
advanced. Initial sketches were carried out considering technological solutions that were
previously abandoned, such as the Bluetooth earpiece for acoustic feedbacks (Figure 5).t

Figure 5. Initial sketches.
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Then, 2D CAD drawings served as an indication of dimensions (Figure 6).

Figure 6. 2D computer-aided design (CAD) drawings.

The resulting product was labelled “Ocane” and 2D drawings became 3D CAD models
(Figure 7).

Figure 7. CAD modelling on Fusion 360.
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3. Results

Following DFSS guidelines, it was possible to achieve an excellent fluency of work.
The aim of this research was to demonstrate an application of an industrial and rigorous
methodology to conceptualize an innovative product. The QFD analysis produced good
market and product characterization, and SDE organized artistic and crafty labor for the
aesthetic design. The result of this research study is the developing of Ocane (Figure 8), a
smart cane for the visually impaired. Proposed innovative aspects of this device are to be
found in the:

• including of an innovative charging system that ensures a quick complete charge
by means of a magnetic induction wall hanger, which was also a safety product
design input;

• innovative user-feedback system that uses bone conduction hearing; and
• light and ergonomic structure.

Through a subsequent rendering process, product features and the aesthetic design
were much clearer (Figure 9). The Bluetooth earpiece became a bone conduction device
following previous considerations. A led for clearer identification was added in the handle,
resulting in an enhancement of safety. The charging system became a magnetic induction
wall hanger that ensures also to prevent the loss of the stick. Two ultrasonic sensors were
positioned in the handle, adjustable for different heights.

Another important aspect regarding the ergonomic structure is the tactile feeling of
the handle. As the device is meant to be carried by hand for several hours, tactile comfort
is not a secondary aspect; thus, handle customization was made possible in the shape of a
honeycomb, a broken glass shape, and dots (Figure 10).

Additionally, the Ocane was developed following a methodology that focused entirely
on the final customer’s needs to offer a device which is foldable for discrete transport,
easily identifiable due to the handle led, includes ultrasonic sensors that are adjustable in
angulation in order to cover the right range of detection, and most importantly, includes
a handle that can be disassembled from the cane, thus the ordinary white canes can be
installed in and benefit from smart functions. The tip is thought to be made of ceramic ma-
terial that enhanced the environmental sound feedback and, finally, the handle is equipped
with a haptic system that stimulates the thumb of the user with different frequencies and
patterning in a similar way to devices designed for touch sense stimulus.

Figure 8. Ocane render.
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Figure 9. Rendering of earpiece, cane, and magnetic induction charging system.

Figure 10. Patterns of tactile customization of the handle: a honeycomb, a broken glass shape,
and dots.

4. Conclusions

The scientific world is still putting in effort to reach the perfect blind cane. However,
promising ideas have emerged in the last years and smart devices are slowly appearing on
the market. This project pursued the idea of creating a device that could communicate with
the end user more efficiently rather than overloading it with technology and sensors on a
single device. This would leave more room for users to feel with their own senses, allowing
them to acquire their known perception of the world rather than substituting natural
information acquisition with artificial, which is not free from errors and approximations.
As the development of assisted navigation technology is still in its early stages, the authors
hope to push the design process of a smart white cane forward by applying the DFSS
methodology that is shown to increase the accuracy of product placement and delivered
higher technical improvement from those found in the product benchmark.

Furthermore, this device was designed following improved industrial product devel-
opment and function deployment procedures, in which main functional and aesthetical
characteristics were defined in order to guarantee market feasibility.

Lastly, it is very challenging to assist the visually impaired, as the lack of sight
profoundly changes the perception of space. Even if engineering is far from emulating the
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nature of senses, empathetic efforts in designing such a delicate device that tries to use the
same nature of perception as the final user has shortened the distance between the designer
and its final user.

Future Work

Further research should investigate blind peoples’ clinimetrics of the pace and ten-
sional state of the musculoskeletal system of users in order to design an accurate ergonomic
element. In addition, extending the potential usage of the device by adding water resistant
ultrasonic sensors that work in rainy and icy weather conditions should be considered.
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