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A Novel Adaptive Method for Robotic Wheelchair
Navigation Using Brain Signals
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A brain machine interface (BMI) is a direct communication pathway between the
brain and an external device (i.e. robot). The BMI ability to directly communicate with
machines and bypass the peripheral nerves and muscles, is often used at assisting or
repairing human sensorimotor functions in severely disable or locked-in syndrome
affected humans. BMI coupling with assistive technology is seen as a promising
approach to restore mobility in disable people. A very important rehabilitation
technology application is the BMI based navigation of robotic wheelchairs. The aim of

this application is to restore some mobility independence to paralyzed patients.

Navigating a robotic wheelchair by using only brain signals is a very challenging
task. Since only brain signals and no other means can be used to control the wheelchair,
the safety requirements are higher than standard wheelchairs. Proximity sensing data is
usually used to detect objects and avoid collisions to improve wheelchair navigation

safety.

BMI is a low-bit communication channel. This means, the subject has to perform a
high amount of mental tasks for a relatively long period of time, even for simple
navigation scenarios. This makes the navigation task very tiring and abnormally slow.
Shared control between subject’'s mental intentions and intelligent robots is usually
proposed as a solution to improve navigation. Shared control generally improves the
navigation experience but also restricts the subject’s control over the robot. Also prior

environment training and/or goal location information are required to assist navigation.



In this thesis, we present a novel adaptive method that improves the navigation of
a robotic wheelchair based on a brain machine interface control. We employ a
synchronous brain machine interface to retrieve mental intentions from the subject at
specific points in time. Furthermore, we have developed two modules to assist the
robotic wheelchair navigation. The first module is capable of navigating the wheelchair
autonomously following assistive information (tactile paving for visually impaired
people) on the floor captured by a camera in real time. The second module uses a laser
range finding sensor to detect and avoid objects in the navigation path. The adaptive
platform integrates the brain machine interface output, the robot sensing and the
navigation modules in order to provide the subject with context based navigation

choices through audio and visual queries.

Based on environment conditions the subject can choose to navigate the robot
turn-by-turn or give high-level control commands, and allow the robot to navigate
autonomously following the assistive information. The subject is able to accept or reject

assistance adaptively by using only brain signals.

Experimental results show that the adaptive method significantly improves the
navigation performance. By using its modules adaptively, the robotic wheelchair is able
to navigate on a better trajectory, avoid potential collisions and reduce the navigation
time. The number of mental tasks required is reduced significantly when the assistive
information is used. As a consequence of a reduced mental workload the subject is more
relaxed and is able to perform better mental tasks, which lead to a higher BMI accuracy

during adaptive navigation.



[ SCEAEDOMRDOEF]

RGN N7 A X (OTFTsyE, K= b, BE, ZLTT7LHF I LKE
W E~OIER & REFE A FTREDOMEE 2 G BIR BRI T\ 5, mEE Ny 7=
57 SOOTFTZ EBLT H121%, 735 AR R & /oA 2 Sl o 528 4 #1
fifd 252 ENRKEITHDH, OTFTTIEL, EHICZOOEERFENPA D, H 11,
i NI, BRI E C, ZAUC R T RV EBRT S, 2 IR
K BBRE T, ZHICED 22 VT BEASHD,

(2 AHEEER R I oW Tk Lo, AR )8 mix T A
Ak i bR L, ERDRBEE GRB SIS, YIHo®RETIL, @BE
MR &R 22 O AJEHES, OTFTONY Tong R & av & 7 MEHLZHIN S
B, RETOR—NVFEAZRDLEIEDL Z RSN, Y—A /KL A (SID)
B L AR EROMO a2 7 R, v U TEAELE L TEBRSBRLY
AT LHZETREESND Z LB RENT, BBeRE(EY TH 2Mo0;,
WOs, V05 MDERLA T 2 GeOP, TiOH D BATF /2 s A RHE TH 3Bk
MHE S, FoRRE L TEMEARENSEIND, Thvx, Ak &
MAmHZN R T 5 & T, SIDEMMNEE X J@ITE LRy, 3
&7 MEHL, NU T A b ZLTT A AMEREZ W) | S D EHC o ks
WG Z R <2 & RE L 712 D,

B2l by 7TarXy oA B OTFTE V., #UVN (G nmYDMoOs,
GeO. WO;, = L CTIO Mt A AU L~ & & U MITH A L7z BR D & i A K
PO E & ERBIEOFN 21T > 7o, AuDHDEMAFFO~ X & OTFTE
g LT, ZREBEEBEMA R OT A AOMRIIRE S SEI N, REfEiE
ANEOBRDFEBEE, LEWEE, A4 7 HORTOT /A AEREILHE <
E S, 5nmDGe0x AV 5 Z & TR B EIE 0.96 cmilVs, L & WEE-4V,



ZLTIREDA A7 H5.2x10 BNiEK SN, £2, 2 TOT A ADIp-Vp
FEPE O EERAFEIERE T, 3R R R AP R S L7z,

F3IT, BTOTNA ADIp-VpfFEDIRERFHE LV me S b a v b
XIS L D7 4 v T 4 v T BT T, In(l) EVYHEE T, BIEOVA~ D4t
FoOTay b, BVCTOERIDRED, ZOlz AV, InlgT? 5k 1T
PEDORRZ 7'y M U E 2155, ZJEH#1E DMoOs/AuT0.03 eV, WO5/AuT0.05
eV, TiOJAuTO0.04 eVCHHDIZxF L, & L CAUBEBMDATIINY T g FH
0.12eVCoh o7z, I bIERWAY 7oA R & LT, ZJEEMRGeO/AUTO0.01 eVa 15
oo UEDIHIT, Aub X2t BRICENRIEMEZHRAT L2 & T, A
UT A DB R T,

[FEEIC, XX B OREET AR Y =00, ET 72 A IE&RmHBILYE
DIFFAIC L VD LTz, ZJEEm A2 OOTFTOMREL E D FERIL, N T
A FOWA & TEEEORE T 7 X ADPDIZE B O LTI ST, Fivl,
ORI g & Aud JERGE 2 AT, OTFTRIEDUGEICH RN 2 HIETH V|

XV EEMSHOBSENLT A AR E LAERH KD L 525,

BT, XU B L SIDEMMIZHEVM0O; R—7 D & & g & Ffo
VA B UOTFTCOF v U 7 IHEAREOWFEIC OV THAE Lz, #\MoO3 K —
TOX B ARBOHAZLY . KA VB, BROREBEE, 2L TL
XWEEEEFLT AN AFERSGE S, Au/ XU Z B SUETO N TN
A ME MO0z =7 D & AR A LD | 0.12eM)> 50.05e VR X iz,

fhiam & LC. @it Emo " J@iEEmo a2 7 FOOTFTISHIC
DWTHFZE L72, GeO/Aut&E T L7e/N U 7ong Fd0.0leVE /&<, ZH
I O ST D MoOy/AUEM 0 0.03 eVE i L TR o 72, Z ik,
GeO/Au B E I OEMEE L LI L THETH D, AT, Xk



MoOs7s K =7 SN~ Z e ODAEMEEZR LI, 26D T A A

OTFTISHITHETHYD ., HESN TWAERLTCIEREOMRELZ R LT,
Thik, ARSI LS E2EL2DICHHELWH D TH D LI ST,



