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Abstract

Wheelchairs have been widely used for walking disabled people.
In order to operate a wheelchair to move straight or turn left/right, the
user has to use his hands in order to control the motion of left and right
wheels of the wheelchair. If the user cannot provide force to move the
wheelchair, a helper is required to push/pull the wheelchair from the
back. Electrical wheelchairs were developed in order that the users
could operate the wheelchairs through control panel/joy stick. The
wheelchairs can be used only on flat surfaces. Mobility between different
levels are possible only through slope surfaces. The existing
wheelchairs cannot move through steps; for example stairs, etc.
Furthermore, the existing wheelchairs cannot plan the paths and cannot
move to destination locations by themselves. They still require every
single commands from the users.

Based on the above reasons, this research has been conducted in
order to research and develop an autonomous mobile wheelchair which
has an ability to move through steps for walking disabled people; for
example, elderly people. The user is required only to provide the
destination location, the mobile wheelchair will plan the paths and
navigate itself to go to the destination. On the way to the destination, if
there exist steps, the mobile wheelchair will climb the steps
automatically.

The developed mobile wheelchair consists of 16 degrees of
freedom for all 4 legs. Each leg has a motor to drive 2 wheels in
forward/backward direction, a motor to adjust the length of each leg, a
motor to swing a link connecting the 2 driving wheels to climb up/down
steps, and a motor to turn direction of each leg to have only a point of

center of motion during turning.



The results from experiments confirm that the developed mobile
wheelchair can move in manual mode to follow commands from control
panel/joystick and in automatic mode to follow commands from

computer correctly with some small error of distance/angle.
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Mini PC

o Company name: Intel

o Model Number: NUC D54250WYK

o Peripheral Interfaces: Four USB 3.0 connectors, One SATA port
o One mini DisplayPort*1.2 with audio support
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One mini HDMI* port 1.4a with audio support

51U 5.5 aaufaimasuuindnann Intel u NUC D54250WYK
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AU ROV
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Touch screen

o Company name: Advantech

o Model: IDS31-070W540DVA1E
¢ Viewable size: 7”

o Power Supply: 12Vdc/3.5A

e Response time: 300ms

o) VGA,DVI,HDMI, DisplayPort

§1J1‘7i 5.6 favidn3u Advantech qu IDS31-070W540DVA1E

5.2.2 luTasAaunsalaasdiniuaiuaiuquuan
TulasmauInsataasdmsudiuaiuauvian@Aa ARM STM32F dququ

v o

1 vasaglinnuaNTiRavil
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ARM STM32F

o STM32F407VGT6 microcontroller featuring 32-bit ARM Cortex-M4F
core, 1 MB Flash, 192 KB RAM in an LQFP100 package

o On-board ST-LINK/V2 with selection mode switch to use the kit as a
standalone ST-LINK/V2 (with SWD connector for programming and
debugging)

o Board power supply: through USB bus or from an external 5 V supply
voltage

o External application power supply: 3V and 5V

o LIS302DL or LIS3DSH ST MEMS 3-axis accelerometer

o MP45DT02, ST MEMS audio sensor, omni-directional digital
microphone

o (CS43L22, audio DAC with integrated class D speaker driver

o Eight LEDs:

o LD1 (red/green) for USB communication

o LD2 (red) for 3.3 V power on

o Four user LEDs, LD3 (orange), LD4 (green), LD5 (red) and LD6
(blue)

o 2USB OTG LEDs LD7 (green) VBus and LD8 (red) over-current

o Two push buttons (user and reset)

o USB OTG FS with micro-AB connector

o Extension header for all LQFP100 1/Os for quick connection to

prototyping board and easy probing
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Junus

Model

JSP-180-30

Output

Peak Current

Peak time
Continuous current
Peak Output Power

Continuous Output Power

Input
HVmin to HVmax
Peak current

Continuous current

30 Adc
1 S
15 Adc
5.12 kW
2.56 kW

+20 to + 80Vdc
30 Adc
15 Adc

5U7i 5.9 19asdunaimasiivia Junus su JSP180-30
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Company Name: Logitech

Model : Extreme 3D PRO

System requirements : Windows8, Windows7, Windows vista

Features: Precision Twist Rudder control , 12 Programmable buttons, 8-
Way Hat switch, Rapid Fire trigger

5U71 5.10 ‘qmmuaumsLﬂﬁauﬁuuuaauaﬁﬂ Logitech 9u Extreme 3D PRO

u
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Target Actual

Position Position
Q PID Plant
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a5 Wheel Chair GUI - [} *
Senal Port Connection Display
Control Box
Manual Cortrol  Automatic Control  Setting
Joystick Control Panel
- —— | EMERGENCY
Scan Joystick e Connect Disconnect X | | ¥ | | STOP

Button Control Panel
Moving Climbing Stair
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Moving Titt Tuming Al

KIS |4 2| &

moving speed

rotating speed

517 6.1 wlsinvninaanan
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a5 Wheel Chair GUI

Serial Port Connection Display

Scan Port ~ Connect EXIT

Control Bax

Manual Cortrol ~ Automatic Control  Setting

Tum control

et Tum Adjust
s B FLieft | FRLeft || BLLeft || BRLeft
position 0 £ deg FL Ri 2 3 3
ot | FRRight | BLRight | BR Right
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FLDown | FR Down || BL Down || BR Down
Lock control 5
Set Lock Adjust
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A FR BL BR
Unlock Unlock Unlock Unlock
Test Flips —
Flip Adjust
Front Back L FR BL BR
Forward Forward Forward Forward
d deq/
weet 9% FlBack | FRBack | BLBack || BR Back
0 50 90
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517 6.3 misnvd nsTumIAILazaIUA

6.2 TUsTmraan1s8adsAde

nsduddiusudandmdadagldnu  ldidmaiuaumudnas
1ET5TnmaantsdaasAdvivisnuandonadunaluunil drdeiidudaunsig
9 ndudnsadldiuargnuladluddeiiugiutas q Aaudelldivain
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SET COMMANDS A lunTeae

Set Current Position oArsiumiilagiiu

S1, X, y, h: Set Current Position at coordinate x mm, y mm, heading h
degree.

40



Response: OK

Set Destination oAsumIfiaz
S2, X, y, h: Set Destination at coordinate x mm, y mm, heading h degree.

Response: OK

Set Speed FIANAIIE7
S3, v: Set Speed at v. (v varies from minimum to maximum speed 0-9)

Response: OK

Set Script sordta Indemrnda
S4, file: Set Script to file.
Response: OK

GET COMMANDS Ardalunisaudn

Get Current Position anuasiunuvilagiu

G1: Get Current Position.

Response: x, y, h: Current Position at coordinate x mm, y mm, heading h

degree.

Get Destination drudsinuiafiar
G2: Get Destination.
Response: x, y, h: Destination at coordinate x mm, y mm, heading h

degree.

Get Speed duA1nNLE
G3: Get Speed.
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Response: v: Speed at v. (v varies from minimum to maximum speed 0-
9)

Get Script drudndalndyndde
G4: Get Script.

Response: file: Name of Script File is file.

Get Limit Switch Status anuArdn uuaEIndING

G5: Get Limit Switch Status.

Response: 1100: Limit Switch No 1 is On, Limit Switch No 2 is On, Limit
Switch No 3 is Off, Limit Switch No 4 is Off.

Get Obstacle Position SIUAIMRUITIANUIY
G6: Get Obstacle Position.

Response: h, d: Obstacle is at heading direction h degree and distance

d mm.
ACTION COMMANDS drdvnisiadauidl
Stop 1409

A1: Stop any actions.
Response: OK.

Move Forward On wwaaun lugrumiuuusaiilay
A2: Move Forward continuously.

Response: OK.

Move Backward On AN ldaurasuuusiatiiay

A3: Move Backward continuously.
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Response: OK.

Turn Left On LﬁﬂaeﬁﬂuLLuuﬁaLﬁao
A4: Turn Left continuously.

Response: OK.

Turn Right On Bernuvusaiias
A5: Turn Right continuously.
Response: OK.

Climb Up Stair On dutiulauvusiaiiag
A6: Climb Up Stair continuously.
Response: OK.

Climb Down Stair On aviulauuusaliay
A7: Climb Down Stair continuously.

Response: OK.

Move Forward To Position  tadauii lusdruntindraszaznisndinua
A8, x: Move Forward for distance x mm.

Response: OK.

Move Backward To Position  iadauii lusinundniaszaznianaiiun
A9, x: Move Backward for distance x mm.

Response: OK.

Turn Left To Position LRy 1aagavAINAINUA

A10, x: Turn Left for angle x degree.
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Response: OK.

Turn Right To Position Berandoavdiinvua
A11, x: Turn Right for angle x degree.
Response: OK.

Climb Up Stair To Position dutiulagladruuduiinvue
A12, x: Climb Up Stair for x steps.
Response: OK.

Climb Down Stair To Position avtiuladiudiuuduiifiue
A13, x: Climb Down Stair for x steps.
Response: OK.

Turn LED On @alW LED sugduuvuiifiviua
A14,01110: Turn LED No 1 Off, Turn LED No 2 On, Turn LED No 3 On,
Turn LED No 4 On, Turn LED No 5 Off.

Response: OK.

Move To Destination Eurdaui Wi q dasnsasly
A15: Move to Destination set by Set Destination command.

Response: OK.
Execute Script ndaufienudrdeidualulng

A16, file: Execute Script with File Name of file.
Response: OK.
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511 7.9 n1svadaunuuunulalunisiedaunduiiule
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35U 7.10 Aasnadaunuutiulalunisimlaasninasiiule

u

7.2 msiadaunuuudn Twlis lunisiadaun lugamiia
nanadaunisiedauinanlulis  lunirsiedaunidndiuaud ldd1emia

Aeszazny 1200 Jadwss NA11uL57 75 Jadasaaiuli 3ruiu 10 A5
dnlusdn  7.11  lawanisnadausndadlunisiein 7.1 wudnau
RANAIAVIAILNUNNANRRY 2.34%

U7 7.11 nanadauluuaa Tuie

lun1smdani lugeriiscazne 1200 uu

No 1 2 3 4 5 6 7 8 9 10 Average | Error

Distance | 1170 | 1173 | 1170 | 1170 | 1178 | 1172 | 1171 | 1173 | 1170 | 1172 | 1171.90 | 2.34%

M5 7.1 Wwan1anadaunuudn Tuils
Tun1smdani lugeru1scazne 1200 uu

48




7.3 mMsiadaunuuudn Twif lunisinfaunaasmay
nanadaunisiafauinanTulis lunisiedaniniindiuaufnagnatanie

szeeny 1200 Nadms NAULE7 75 Tadagsaiuli S7uiu 10 A59 A9
uaaelusin  7.12  lananisnadausvudamilunns i 7.2 wudnaniu

NANAINVISAILLUUINAIRA[E 3.08%

4 AV 00 N
U 7.12 Aaanadaunuuan Tuis

u

Tun1sARauinasnavszaznig 1200 uu

No 1 2 3 4 5 6 7 8 9 10 Average | Error

Distance | -1160 | -1162 | -1167 | -1161 | -1162 | -1165 | -1167 | -1160 | -1162 | -1164 | _1163 | 3.08%

M151 7.2 Wan1anadaunuuan Tuie
Tun1sARauinasnavszaznig 1200 uu

7.4 msialaunuuuan Tws lunisiaendaagiun

nanadaunisieFauiianlulds TunistrdauntinduauailaaIgiaat
AuNeAIayN 90 avd1 NANLEY 18 avdAsiadu 31uu 10 A59 saudaavlu

U7 7.13 leawan1anadausmindadluai1519n 7.3 WudnAMUNRANAIAUDINN

fidade 5.22%
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5UN 7.13 nmsnadauuuuds TG

]
al

Tun1stdangraaefuiiyn 90 aven

No 1 2 3 4 5 6 7 8 9 10 Average | Error

Angle -85 -88 -84 -85 -88 -83 -86 -85 -83 -86 853 | 522%

M157191 7.3 Wwan1anadaunuudn Tuils

Tunisiaaraatnunyu 90 aven

7.5 msadaunuuuan Tuls lun1sidanadnagun
nanadaunisieFauiianlulds Tun1stAdauntinduuaualdaIulInag

AuNAIayN 90 avd1 NANLEY 18 avdAsiadu 3ruu 10 A59 sananvlu

UM 7.14 leawan1anadausmindadluai1s19n 7.4 WutdnaMNRANAIAUaINN
JAade 4.78%

51N 7.14 n1snadauluuan Tuie

TunisiaauadAuNyu 90 ave
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