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Abstract— Trained guide dogs and canes provide the visually
impaired with the highest degree of independence; however,
they are very limited in guiding the user towards a specific
desired location, especially in an unknown environment. Th
assistance of other people represents a feasible solutiobut
it does not improve the idea of autonomous guidance and
privacy. In this paper we present a remote guidance system
which provides the visually impaired with haptic directional
cues, useful for navigating in unknown environments. The bhd
user is equipped with a pair of camera glasses, two vibrotaite
bracelets and a cane which is used to avoid potential obstad.
The video captured by the camera glasses is streamed to
a remote operator who can properly navigate the impaired
person by activating the vibrotactile stimulations. The proposed
approach has been validated on a group of blind subjects in
an indoor scenario. Results revealed the effectiveness dfiet
proposed strategy for the guidance of visually impaired in
unknown environments.

Fig. 1. System overview. The visually impaired (1) is guided by a remote
|. INTRODUCTION operator (2) via two vibrotactile bracelets (3). A pair ofrera glasses (4)
’ streams the view of the blind user to the remote operator abtth can

Visually impaired people encounter many difficulties inproperly guide the subject to the desired location.
living an autonomous life, due to the reduced capability to
perceive the surrounding environment. In particular, havi

gation and orientation seem fo be very challenging Whetrg)ward a desired location and warned him about possible

moving in unknown domains. Trained guide dogs and Canes ciacles. Similar systems were developed in [2], [3], [4],

are useful for coII|S|qn av_0|da_nce gnd obstlacle warr_nn%r visually impaired pedestrians and in [5] combining GPS
but they do not provide directional information to guldetechnology with RFID for indoor pre-localization. All the

visually impaired toward a desired location. Assistiveides . : . .

. . S . . aforementioned researches did not use haptic as a possible
represent considerable solutions in improving the qua“%ean of communication
of life for subjects with impairments. The development o ic stimuli for bl d iation h b d
mobility aids for the blind represents a challenging task. Haptic stimuli for n naV|gat|pn nave been propose
The nature of blindness requires that assistive techrxmaogiIn [6]. The propos_ed _mdoor Iocal|_zat|on SVS‘e”.‘ reheo! on
provide location and situational awareness, displaying thBIuetQOth commumcatlon and prpwded _surrqundmg_ environ
information effectively and when needed ment information by means of vibrotactile stimuli displdye

Remote guidance systems have been recently develo gothe chest and to the shoulders of the user. In [7], a com-
g y y p[arison of different vibrotactile devices for guiding vésly

in literature. The aim is to blend the information provideq0

by assistive technologies with the computational captisi Impaired individuals was proposed. The authors evaluated

of a human operator. In [1], the authors developed a remo?léﬁerent vibration temporization and intensities. In,[8he

guidance system where the visually impaired was equippﬁghors developed an electronic bracelet which provided

with a digital camera, a GPS receiver and a headset. Inter rat!ons Whe.n an obstgcle was close to the user. The
ibration magnitude was directly proportional to the obkta

and GSM connections transmitted video/audio information), A similar hapti i develoned in 91 f
and GPS data between the remote operator and the u .tancc_a.  simifar apuc policy was developed in [9] for
e navigation of blind in virtual reality scenarios. Rettgn

Using audio communication, the operator navigated thelblir} ) ; - . .
vibrotactile stimuli for cooperative human-robot navigat

The research leading to these results has received fundorg the WEre proposed in [10]. None of the aforementioned works
European Union Seventh Framework Programme FP7/2007-200@r proposed a remote guidance system which provided the

nggtticzg{fre?uen:;ng‘ a?]%lrlof’otg.f the project "WEARHAP - WEARablghaired user with haptic directional cues.
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Fig. 3. Haptic bracelet. The vibrotactile bracelet is equipped with two
vibrating motors (a), an RN42 Bluetooth module (b) connécte an
Arduino mini pro 3.3 V and Atmega 328 controller (c). The bnl battery
is included in the box containing (b) and (c).
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No signal As depicted in Figure 1, camera glasses and bracelets are

interfaced with a portable computer. The camera glasses are
connected to the laptop via USB while the laptop commu-
e — nicates with the bracelets using the Bluetooth communica-
Goal signal—————————___,./Stop communication) tion protocol. The video captured by the camera glasses
D I is streamed to the remote operator via Skype. The remote
Fig. 2. System scheme. The remote operator guides the visually impairedoperator can activate the bracelets using an input deviee (i
user according to the depicted operations. keyboard, joystick, joypad, etc ...). The directional sign
are transmitted to the blind using the TCP/IP communication
I;e)rotocol. Fig. 2 reports the flow chart of the proposed system
Each haptic bracelet is composed by two cylindrical vibro-
otors which are independently controlled using the Blue-

Yes

distort and mask sounds in the environment which a
necessary for obstacle avoidance. Assistive devices d;ho%

Elc')t (;mp:gr_tanr)]/ S(lednse.t I;ear|ngk|s dtT)e mos_,t tgrovxén sense f%oth communication protocol and generate vibratory dgyjna
ind and 1t should not be masked by assISIVe deVvICesS. — ,qqq 1o warn the user (see Fig. 3). Studies have demonstrated

Base? on _;hese obs?rvat;ons,_ wel focusgddonh(jer\]/elop:g,%t vibration is best on hairy skin due to skin thickness and
a remote guidance system Tor visual impaired which coulge e depth, and that vibrotactile stimuli are best deteitte

be as Ie§§ m\t/)a?a/ ethas %%S.ts.'ble'l W'th. the t:&lnaac\j/er;ef tbony areas [13]. In particular, wrists and spine are gelyeral
we consider bo € addiional equipment nheeded by ’[‘\)Aeferred for detecting vibrations, with arms next in lidd].

blind to increase his/her mobility and the amognt .Of stln_1u ovement can decrease detection rate and increases respons
sent to the user. In the proposed system, the blind is eqduppﬁ

; : i ) me of particular body parts. For example, walking affects
with a pair of camera glasses, two vibrotactile braceletsaan lower body sites the most [14]. The effect of movement on

cane Wh'Ch. IS useq to avqld potential obstgcles. Note tieat tb/ibrotactile sensitivity has been also investigated in][15
proposed vibrotactile devices do not substitute the carigeor Following these considerations, the subject wears one vi-

guiding dog for obstacle avoidance; they represent amm\ﬁrotactile bracelet on each arm in order to maximize the

devices which prowde_ dlrect|on_al information in order toStimuli separation while keeping the discrimination prze
properly reach the desired location.

. . . . as intuitive as possible. The communication is realizedh wit
The paper is organized as follows. Section Il contain

. . 3n RN42 Bluetooth module connected to an Arduino mini
an overview of the proposed system. Experimental resultﬁrO 3.3 V with a baud rate of 9600. The vibrating motors
involving a group of blind, are reported in Section Il

Finallv. in Section IV some conclusions are drawn and futurare placed into two fabric pockets on the external surface of
inatly, . fhe bracelet, with shafts aligned with the elbow bone. The
directions of research are outlined.

bracelet guarantees about 4 hours of battery life with one
[I. SYSTEM OVERVIEW motor always turned on. Each bracelet weights about 80 g.

The proposed system, which is patent pendlifggdepicted Previous pilot studies revealed that t_he propoged haptic
in Fig. 1. Two agents are involved in the system: a blind usdiacelets are able to successfully provide directionakcue
and a remote operator. The visually impaired is provideH-’ o_Ider adults. Smcg the perception of the cutane_ous stlm-
with a pair of camera glasses and a pair of vibrotactilglation decreases with the age, the proposed vibrotactile
bracelets. The camera glasses stream the video to the remfif¥ices can be used to successfully provide navigatiors hint
operator. The operator remotely guides the visually ingghir to visually impaired people. In particular, studies on the

via vibrotactile feedback displayed by the haptic braselet €ff€cts of aging in the sense of touch [16] have revealed
that vibration threshold is the most rapidly affected by age

1Deposit number P12014A000016 of 21 February, 2014. and it is maximal after the age 6b years.
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Statement number Statement formulation
‘ ! 1 It was easy to use the vibrotactile system.
2 I did not feel hampered by the remote guidance
0+ - system.
3 | did not feel hampered by the sounds made by
EE ¢ the actuators of the vibrating bracelet.
o N ¢ 4 | was relying more on the vibrations then on the
: sounds made by the vibrating bracelet.
) 5 It was easy to feel the vibrations made by the
e . < vibrating bracelet.
" [ 6 | felt comfortable in using the proposed system.
— B 7 | felt safe in using the proposed system.
8 At the end of the experiment | did not feel tired.
(3) (2) 9 | would wear the vibrating bracelet in public.
i 10 The \{ibrating bracelet‘helped me a lot in
Tt 4o reaching the target point.
i TABLE |
[m] 1 - LR I QUESTIONNAIRE PROPOSED TO THE BLIND USERS AT THE END OF THE
o . : EXPERIMENTS
uDuk L]
i N
[ Note that the proposed system is able to only provide
(4) (1) directional indications, without giving an accurate guide
g A along the trajectory. The mativation is because blind users
preferred to freely move and explore the surrounding en-
. i vironment, instead of being constrained to move along a
B s lalela s : predefined path.
TS T e T T : In order to evaluate the users experience, a questionnaire
79.87 1 ‘ using bipolar Likert-type seven-point scales was propdsed

. _ _ _ the subjects at the end of the experiments. The questi@nair
Fig. 4. Experimental scenario. The users were remotely guided from the consisted of 10 questions (see Table |) and considered
initial location (1) to the final ones (2) (3) (4). . . .

the comfort in using the proposed system and its level of
informativeness in reporting the navigation informatiém
answer of 7 meant a/ery high comfort” of the system while

IIl. EXPERIMENTAL VALIDATION an answer of 1 meant avéry low comfort”.

A. Subjects
C. Results

The proposed guidance system was tested on 10 blind

subjects: six males and four females. The age range wag POSitive users response was returned at the end of the
26 — 65 (mean48.5 and standard deviation6.96). None of experiments. According to the proposed questionnaire, the

them had previous experiences with vibrotactile interface Mean value related to the perceived comfort was 6.2857,
while it was 6 for the questions related to the informativane

B. Methods of the system.

The experimental validation was conducted in an indoor N Table I, the three different outcomes for the proposed
environment, completely unknown to all blind users. EacRaths are reported. All users were able to easily reach the
subject had to move from a starting location toward a find/"&! destination point in a acceptable time.
one: three different paths were proposed (see Fig. 4). Useful informations were returned at the end of the

In order to maximize the vibrotactile perception anoexperlments; the camera ShQ,UId be located in such a way
minimize theaftereffect problem (vibration effects usually ©© Maximize the vision stability along the path, allowing
persist after the end of the stimulation), a periodic viloral the user to feel free in head moving. For instance, a smart
pattern with period of 0.4 s was displayed. In particularewh

the stimuli needed to be displayed to the user, the two motors Path Path success Average
of each bracelet were alternatively activated for 0.2 s. percentage [%] travel time [s]
At an early stage of development, different stimuli indicat ER% 188 11?;1%?%363
ing a smooth or a sharp turn were propos_ed to the subjects; (1)-(4) 100 62.66
however, the users preferred to have a single stimulus (left
or right) which only indicates the direction to go along. In TABLE |I
particular, they preferred to have a vibrotactile signathwi  Success PERCENTAGE AND MEAN TIMES IN THE THREE DIFFERENT
fixed amplitude and frequency rather than signals obtained PATHS.

by modulating such parameters.



positioning could be on a chest. As already underlined, the1]
users preferred to receive a single stimulus just to correct

their walking direction rather than to be assisted along the

whole path. In this way, possible risks of misunderstanding2]
the haptic signals are reduced.

IV. CONCLUSIONS AND FUTURE WORK 3

The proposed remote guidance system proved to be gan;
effective assistive system for visually impaired. Accogli
to their experiences, the system is considered instrurhenta
to aid blind and visually impaired people and ease thejis
mobility.

In future works, the stabilization of the video streame
to the operator will be taken into account. We also pla
to validate the proposed device with a larger number of
subjects. Experimental tests will be held in large, outdoor
crowded and noisy environments. In this regard, solutions
which manage the luminosity changes will be implemented.
Finally, future versions of the system could take into actou
the possibility to combine the assistance provided by the
remote operator with automatic algorithms that localize th
user and/or recognize possible obstacles.

16]
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