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System Design Consideration for Digital
Wheelchair Controller

Ruei-Xi Chen, Liang-Gee Cheenior Member, IEEEand Lilin Chen

Abstract—The design and implementation of a digital wheel- specifies the information flow between driving command and
chair controller system is presented in this paper. This novel model wheel speed, is composed of three functions: the command in-
depicts an information flow between the driving commands and terpretation, the speed estimation, and the speed servo blocks
wheel speed. A command interpreter and two speed processing . S . '
datapaths are proposed as functionally independent blocks for Block archltecture_s correspondmg to _the abovr-__* functlons_ are
the controller. The control process consists of the following demonstrated. This approach is considered suitable for field-
steps: command decoding, speed estimation, and speed servingprogrammable gate array (FPGA) rapid prototyping [5], [6].
Through proper partitioning to concurrent blocks, the design  The function blocks, configured by the FPGA, can be treated as

complexity is reduced significantly. Block reconfiguration for e concurrent and programmable hardware modules, gaining
fleld-.programmable gate array _rapld prototyping is also femployed both efficiency and flexibility in svstem desian

in this paper, and system fidelity and development efficiency are ) y ’ Y Y gn.

revealed through the experimental results. This paper is organized as follows. A novel model for a con-

Index Terms—Block design, electrical differential gears, trol strategy |s de_scribed in the next section. The plock-based
field-programmable gate array, proportional integral derivative ~ System specification and the proposed block architectures are
control, pulsewidth modulation, rapid prototyping, rotary en- then presented in Section Ill. Furthermore, the design approach
coders, speed estimators, speed models, voice driven, wheelchaiusing FPGA prototyping and the simulation results are illus-
controllers. trated in Section V. Finally, the realization is presented and the

conclusions are given in Section V.

|I. INTRODUCTION

HE electric controller is the major signal-processing Il. SysTeEm MODELS

kernel in a wheelchair system. It contains transfer The major function of an electric wheelchair controller is
functions for converting driving commands to motor powethe processing of the driving command and the adapting of
The goal of the design is aimed at regulating the wheelchafiotor power. Such a system contains multilevel information
speed for user comfort. Several approaches, based on an@l@gessing schemes and can be referred to as one type of a
technologies, to this problem have been taken. Traditionallyiotion mechatronics (mechanics and electronics) system [7].
analog technologies composed of signal processing and Vrariables of this system, including position, speed, torque;
terfacing are commonly employed. Recently, digital systemasid driving commands flow among the user, sensors, and
based on microprocessor controlling, have become attractiugtuators. Above all, the main control variable is the speed of
research topics. An adaptable optimal control for dc mototise wheels [2], [8]. Loading, friction, and road conditions, such
in a wheelchair using a microprocessor system is proposedairough surfaces and slopes, are factors influencing speed [1].
[1]; an intelligent control-model based on a micro-controlleControl algorithms, employed to smooth speed change, will be
is presented in [2]; an advanced system with autonomoascomplished in the following model.
mobility based on PC-486 notebook computer is described in
[3]; and a study for programming the voice-controlled wheels. Control Model
hair m is illustr in [4]. Among th roach . .
chair system is illustrated [. ] ong t 1€S€ Approachies, ) st wheelchair mechanisms only power the rear wheels.
the program-based system gains the benefit of being able_to ; . L
. . ; erefore, while neglecting the friction effect, the speeds of
easily upgrade the control strategies. However, it causes, a : . ) .
. - the rear wheels becomes the major controlling variables. In this
new problem. The real-time performance must be taken in{Q . . .
) . o . . design, the speed of both wheels is controlled by the driving
consideration while implementing the concurrent functions _— .
L . : commands from acquisition facilities. Such a command-driven
with time sharing methodologies. o -
. . S fstem is simply modeled as in Fig. 1(a). The movement of
In this paper, a novel model to address the design problem :
- . . . . the wheelchair can be represented as the vector sum of the rear
a digital wheelchair controller is proposed. This model, Wthﬁ’] ;
wheels’ speeds and can be expressed as the speed model shown
in Fig. 1(b). In this model, the horizontal and the vertical axes
Manuscript received December 4, 1998; revised September 23, 19?§present the speeds of the left wheel and the right wheel, re-
Abstract published on the Internet April 21, 2000. This work was sup- ivelv. H .. | f d d
ported by the Chip Implementation Center, Taiwan, R.O.C., under Proje%pecnve_ y. Here, a positive value means forward movement an.
NSC87-2215-E-002-028. This paper was presented at the 10th VLS| DR-negative value represents backward movement. The combi-
sign/CAD Symposium, Nan-Tou, Taiwan, R.O.C., August 18-21,1999. _ nations of both wheel speeds from quadrant one to four indi-
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neering, National Taiwan University, Taipei, Taiwan, R.O.C. ates- orwfar mOt'on_v eft circu a'_’ motion, backwar m_Ot'O.n*
Publisher Item Identifier S 0278-0046(00)06813-1. and right circular motion, sequentially. The speed combination
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Vz_esti CAN be obtained through the summation of thidal
speedloaded value) anthe accumulation ofi-step variations
6,.. Equation (1) illustrates this

Output Speeds
V)

n

U eeti(n) = 5,(0) + Y 6,(4). (1)

i=1

/SpeedsFeedback Here, v, _oi;(n) is the speed at theth sampling timeg,.(0)

is the initial speed given by th@mp-type commandnd the
subscripte represents left) or right(r). Theé,.(¢) representthe
ith speed variatiortorresponding to thstep-type commanrak
shownin Table |. Here, the constditindicates the initial speed
value and the constadtis the step value with a minimum value
one. In Table Inc means no command is detected at sampling
time, therefore, no speed change is required and can, thus, be
categorized ashe step type commané&urthermore, index
must be reset whenever themp-type commanig issued.
Equation (1) can be normalized by a three-valued function
f=(¢), +1, 0,and—1, according to Table Il and can be rewritten
as the following equation:

Driving
Commands

(g:bplrfs)

Ua:_esti(”) =K-f. (cjump(o)) + Z d-fe (cstep(i))' (2

~ 7 circle i=1

back ™ right

left This is the general case for wheel speed notation. In a joy-
stick system, the speed model can be simplified to the second
(b) term since ngump-type commanill be issued. However, the

Fig. 1. Models of wheelchair controller. () Control model. (b) Speed moddimitation of the accumulator must be taken into account. From
the view point of implementation, (2) is expressed in the recur-

at 45 indicates direct forward motion and that at the 22&8p-  sive form as

resents direct backward motion. The chair will turn left or right

if the combination of both wheel speeds falls in the other parts K+ fo(€ump(0)), for jump command
of quadrant one and three. Up_esti(n — 1)

In analog approaches, the speed model is usually mapped di- +d - fe(Cstep(n)), if step command and
rectly to the joystick’s behavior and controlled by continuous,, a(n) = [Va_esti(n — 1)]
voltage. In a digital system, the speed and the direction corre="*"" < (Max.—d)
sponding to discrete commands are determined according to the Vg _esti(n — 1), if step command and
cross point of lines and circles as in Fig. 1(b). [V _esti(n — 1)]

The control process of the wheelchair can then be divided into { > (Max. — d).
three steps: command interpreting, speed estimation, and speed 3
serving. Here, Max is the positive speed limit. In (3), whenever the

jump-type commant issued, the estimated speege.s:;(n)
B. Command Interpreter will be set to plus/minugs or zero and the index to zero. The

Driving commands are usually issued by the acquisition facfecond case represents a normal speed change corresponding to
ities of the wheelchair such as joysticks, head movement sendéf@ Step command, while the third case is overflow caused by
[9], or a voice recognizer [4], [10], [11]. Most of the driving-the speed limit, and the estimated speed.(n) will remain
commands fall into two categories. Themp-type command the same.
will load a fixed speed usingtop(p) go(g), andback(b)com- The speed estimator can be viewed as an electrical differen-
mands. Thestep-type commandill change current speed angtial gear, which distributes the speeds of separate wheels. For
direction step by step accordinglegt(l), right(r), faster(f) and example, when the “right” command is issued, the speeds will
slower(s)commands. Here, the command interpreter conveR§ Updated based on (3)
the output of the acquisition facility to appropriate control sig-
nals for the following datapaths. v(n) = [w(n)} = {;}l({;_ 11))} d [ ﬂ 4)

ve(n)

C. Speed Estimator From the above equation, the left and the right speed will be

The speed estimator is the first stage in speed-processing datreased and decreaseddyrespectively. Eventually, the left
apaths, which sets up the desired speed according to the drivivigeel will turn faster than the right wheel, causing the wheel-
command and the current estimated speed. The desired spehedr to turn right.
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TABLE |
RELATION OF COMMANDS AND DESIRED WHEEL SPEED CHANGE VALUES
Command| Jump type commands Step type commands
Types| (Load constant speed value) (Change speed by one step value)
Change Co ¢ Cz € €4 | Cs Cs }‘ ¢z
Value stop go back left vight | faster | slower ne
& 0 K -K -d d d -d 0
o, 0 K -K d -d d -d L 0
TABLE I

THREEVALUE COMMAND TRANSFERFUNCTION

C ,(n) C}ump(n) Cstep(n)
fledm) cp c; c; c3 cy Cs Cs c;
Jiedn)) 0 1 -1 -1 1 I} ] 0
Scdn)) 0 1 -1 1 -1 1 -1 0
D. Speed Servo Here,m(n) denotes the controlling power. The error

functione(n) is obtained from the difference between the
set speed,_...(m) and the feedback speeg ;(m). The
three control parameterk(,, K;, andK 4) must be care-
fully tuned because they affect the system'’s reaction and
stability.
Other algorithms can be considered.

The performance of the speed adapter can be further
enhanced through other advanced control methods. In

Because a rapid speed change of the wheelchair might result
in discomfort or even danger to the user, adaptive functions for
a smooth speed change must be employed. An accelerator and
a speed adapter are designed to accomplish these.

1) Accelerator: Once a new speed,_.i(n) is given, the
set speed,_...(m) will be accelerated to the estimated value. c)
The behavior of accelerating functions can be expressed as

if (Ve_esti() > Vo _set(m)) then{ . self-tuning PID control, the parameters can be automat-
Vg _set(m + 1) = vz set(m) +a;  //accelerating. ically adjusted to achieve the best response [13], [14].
) Other algorithms, such as a phase-locked loop (PLL)

motor speed control [15], can also be employed for

elseif (Vo esti(n) < Vo_cet(m)) then{ advanced applications

Up_set (M + 1) = v, _set(m) — a;  //decelerating.

} [ll. SYSTEM SPECIFICATION AND PROPOSEDARCHITECTURE
else{ A. General Description of Electric Wheelchair System

Vrset(m + 1) = vz ser(m); //no change An electric wheelchair can be partitioned into the function
} blocks shown in Fig. 2. The major blocks contain acquisition,

whereq is the accelerating stepy andx is a set resulting from control, and power. The acquisition block, composed of the joy-
the different sampling rates in the speed accelerator and spstick, the head movement sensor, or the voice recognizer, ex-
estimator. tracts the manipulator's commands. The control block, which
2) Speed AdapterThe speed adapter is used to adapt tre@nverts the driving commands to motor power, includes three
output power. There are several design strategies to be consigbblocks: the command interpreter, the speed estimator, and
ered. the speed servo. The power block is composed of the H-bridge
a) If this function is eliminated, it becomes an c,pen_|ooamplifiers,which power pulsewidth modulation (PWM) signals

speed control system. to the dc motors.

b) The use of proportional integral derivative (PID) control Interface buses labeled "A’—"F" act as block connectors.
theory is to be considered. Generally speaking, buses are not necessarily carrying only

PID control is widely used in the industry. The PIDthe electric signals. The paths “"A” and “F” are the physical
control algorithm based on [12] can be rewritten in thitformation flow associated with the user’s reaction such as
following discrete and recursive form: commands from the hand, head, mouth, or eyes. Bus “D”

B ‘ contains the energized PWM signals and bus “E” carries the
m(n) = Kp-e(n) + K- S(n) + Ka-d(n) feedback information detected by the speed sensors. Through
where  S(n) = S(n—1)+¢(n) the interface of these buses, the system forms a closed-loop

andd(n) = e(n) — e(n —1). (5) control flow.
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Fig. 2. Block diagram of the wheelchair controller system.
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Fig. 3. Architecture of the control block.

B. Proposed Architecture for the Control Block data width will be doubled after multiplication. The PWM con-

verter is implemented using a counter and a digital comparator.

.The control bk_)Ck’ as seen in Fig. 3, i construpted mamlp/he resultis converted to H-bridge PWM control signals for en-
with the connection buses and the three processing eleme@Fﬁizing the dc motors

The command interpreter converts the commands to proper €Oy an open-loop contral, the set speed can be connected di-

trol signals: the speed change information for bug,Br the rectly to the PWM converter without a PID block. The different

mhotion_condi(';ions f%r bu; “B"’";jThe spbeed‘%srtri]mator gg}ner""t‘c‘%ombinations of P, PI, and PD controls can also be considered.
the estimated speed and sends it to. Uss. € spee ser’v“o The speed feedback signals in the “E” bus must be exploited
corrects the error between the estimated speed in bug’“B,, 1iia the closed-loop control is implemented

and the feedback speed in bus “E” and then generates adequate
PWM signals to “C” bus. The command interpreter is composed
of command registers and a finite-state machine (FSM) for de-
coding. The function of this unit is similar to that of the controft- FPGA Simulation

unit in a microprocessor. The 10K20 FPGA, the device suitable for prototyping the
The datapaths of the speed estimator (SE) and speed sefes@ementioned wheelchair controller, consists of 1152 Logic
(SS) are shown in Fig. 4. The left and right SE datapaths aPells (LCs), equivalent to 15«63 k usable gates depending on
symmetrical in order to control the electrical differential geagpplications [16]. This device provides 144 logic array blocks
as shown in Fig. 4(a). The adder and the accumulator are mgjoABs) and six embedded array blocks (EABs). Each LAB
speed processing components. The lookup table and the mWisck therefore contains 8 LCs. Block design and validation
plexer determine the control function. The function of (3) wiltan be easily realized in hardware description language (HDL)
be implemented through this architecture. and integrated into a graphic environment. The results after
Fig. 4(b) shows the one-channel architecture of the SS datégmic synthesizing, technology mapping, and device fitting
aths, which is composed of the accelerator, PID controller, aate reported in Table Ill. The utilization of LAB reveals the
PWM converter. The accelerator will work as follows. If the setomplexity of each block. PID control is the largest area block,
speed is not equal to the estimated speed, the current value adtupying approximately 73% of the system. The data width in
be increased or decreased by one through the adder. Othervilse SE/SS datapaths is 8 bits and that in the PWM converter is
the set speed will remain the same. The PID control block intr8/16 bits.
duces a parallel architecture for three-term computing by the ac-Design fidelity is the most important consideration in this de-
cumulator, delay element, adders and multipliers. The pipelinsigin. A simplified circuit of 4-bits width with an open-loop con-
structure is considered to maximize the clock rate. Note that ttiel is tested for design fidelity, and the results are shown in

IV. EXPERIMENTAL RESULTS AND DISCUSSION
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Fig. 4. Architecture of speed estimator and speed servo blocks. (a) Speed estimate datapath. (b) One channel of left/right wheel speed servo datapath

AREA UTILIZATION FOR FPGA IMPLEMENTATION

TABLE 1l

Fig. 5. At first, the “simu” signal is used to shrink the time scale
from the actual time. Then, the seven driving commands are is-

sued sequentially to test their functions. The following abbre-

in 10k20 viations of the states in the command interpreter FSM include

the initial stateifit), the power switching stats\), the loading

state [ds), the running statern), and the speed-changing state

(chg. Here, thdds state is caused by themp-type command

and thechgstate corresponds to tlséep-type commanth this

test, the constank” and the step valué are set to 4 and 2, re-

spectively.

LCs Percent % Utilization
for Blocks
Timing Generator 47 4.7% 4.1%
Command Interpreter 42 4.1% 3.6% B
Speed Estimator 71 7.0% 6.2%
Speed Servo_Accerator 76 7.5% 6.6%
Speed Servo_PID 740 73.3% 64.2%
PWMs 34 3.4% 3%
Total 1010 100% 87.7%

In Fig. 5, the test commands are issued as the sequences of
go (start) left, left, go (restart) faster, faster, slower, right, and
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Fig. 5. A brief section of PWM waveforms corresponding to driving commands (note that the time scale is shrunk).

stop etc. The estimator will load the left and the right estima-
tion registers with a constadt (“4") while the go command g
is issued. Then, the speed servo accelerates the output speed as.
well as the pulsewidth of PWM signals. Whtte left command —
is issued, the left and the right estimated speeds are setto 2 and——
6, respectively, while the secoteft commands issued, the left
estimated speed will be reduced to zero and the right estimated _#=
speed increased to 8. Note that the PWM signals will soon re-
spond to this change through an accelerated procesga$tes
commandncreases both wheel speeds by 2. Flmver com-
mandacts in reverse to thfaster one and so does thaght
commando theleft one The stop commandbads both of the
estimation registers zero value and causes the wheelchair to de-
celerate to a complete stop. |

Vl_estim — -~ Vl_set |

Vr_estim —-—-- Vr_set

100

B. FPGA Implementation N

The FPGA controller is realized in two versions. Versionone & ¥ f/?d? \\\\ F{:b—'—[\\
is a simplified 4-bits-width open-loop controllerimplementedin & ° E ‘ 7 B _\(\ 7
a CPLD 7064 chip. The other version includes the PID scheme s F
utilized in our FLEX-10k40 ISA-interface card as shown in oo BTy
Fig. 6(a). This card is developed to ease PC interfacing during T BB § g % % é‘ § § g § g
the design and the test phase, and the FPGA controller to work Tims (250 samples /5)
independently upon completion of the entire function test. A ®)
configuration ROM, up to 2 Mbits, can be used for downloading
the control circuit to the FPGA device as power on. An on-board | Viestim 77~ Vet Vi_act|
25.175 MHz oscillator is used in the FPGA card. A 40-pin I/O 100 —
port is used to interface the controller to acquisition and power s | ‘_,_.f‘ﬁ \ .
blocks. Within the FPGA, a command interpreter, speed estima- g ya N W’wdm&
tors, accelerators, PID controllers, actual speed measurers, data @ 0 // L7 ‘
representation converters, and PWM converters are accommo- O Tt F A ffooboe et eeneforip
dated. The data before the PWM converter is a 2's complement 100
representation, which afterwards is converted to a sign-magni- 823 gy
tude representation for easing the generation of the full H-bridge Time (250 samples /s )
PWM control signals. A clock generator is designed to provide ©

the state clock (128 Hz), the acceleration clock (32 Hz), and the _ .
FPGA wheelchair controller. (a) Development environment. (b)

samplmg clock for actual speed measurement. The control CyEL%méted and set speeds for right and left wheels. (c) The actual speed
is set at 1/128 s. response of right wheel. (Time scalel s.)
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Fig. 7. Waveforms of PWM and filtered rotary encoder signals. (a) Responses after the go command issued. (b) Encoder speed following the PWiV pulsewidt
(2 V 500pus/div). (c) Forward and backward encoder signals (2 V 25@liv).

In this design, the data width is set as 8 bits, thereby the axtual speed response is included. The figure depicts the actual
tive range of speed is from128 to+127. The load valué(  speed, which does not follow the estimated spEesktim but
corresponding to theimp-type commanid set at 40, and the rather the accelerated speBdset.
step valuel corresponding to thetep-type commaridsetat9.  The waveform of PWM signal and the response of the rotary
The test results are shown in Fig. 6(b) and (c). The speeds aneoder corresponding to the driving command “go” are shown
obtained from the PCs I/O using an interface control prograin.Fig. 7(a). In this figure, the pulsewidth of the PWM signal is
Such an environment is shown in Fig. 6(a). The measuring cy@hereasing until it reaches the set valué.” Here, the frequency
is 4 ms and 6164 data sets are measured in the total time of 26fsthe PWM signal is 2.048 kHz. The nonuniform waveform
Fig. 6(b) reveals the fidelity of the FPGA controller. Followingesults from the analyzer’s sampling loss to a small width of the
a series of driving commands, listed in the figure, the estimatBdVM pulse. The motor starts running after 317 ms delay. At
and accelerated wheel speeds from the FPGA are measuredh#t time, the rotary encoder activating and the frequency of its
Fig. 6(c), only the right wheel speed is presented, however, thetput signals is proportional to the pulse width of PWM signal,
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Fig. 8. Right motor test for different speeds: 1.5 rad/s of (a), (b) versus 3.0 rad/s of (c), (d), and different weights: 25 kg of (a), (c) versus Y5&g of (b

S0 as to the set speed. The relation is shown in Fig. 7(b), while, ( ------ Set speed
in Fig. 7(c), the direction can be determined from the leading
edge of the two output signals of the rotary encoder. 100 ]
The actual speed responses are measured under variou 801
loads and speeds. The experimental results reveal that the °° [ {V
performance fits to the design goal independently of the rider's 40 | M ‘\M\ i
weight and the driving speed. In Fig. 8, the actual speeds of 20 | W \
the right motor under different riders (25/75-kg weights) and 0 : : : ‘ : L
set speeds (1.5/3.0 rad/s) are displayed. Comparing Fig. 8(a) 1 18 35 52 69 86 103120 137 154 171 188 205 222 239

Controlling power Actual speed |

to Fig. 8(b) and Fig. 8(c) to Fig. 8(d), the lighter of the riders Time (Total = 1 sec.)
will result in the faster response, but all speed changes are @
within 30% range. The beginning of each new command, |- Set speed —— Controlling power Actual speed

which usually causes the rapid change of speed and results in
discomfort, has been carefully dealt with. The estimated speed |,
for each individual command is converted to the set speed by g,
the speed accelerator. The major consideration for the set speec 6o
is to smooth the change of wheels running according to the 40
characteristics of the wheelchairs. Through this mechanism, the 20
actual speeds can be smoothly adjusted for all cases, regardles °
of loads and speed settings. 1 18 35 52 69 86 103120 137 154 171 188 205 222 239

In Fig. 9(a) and (b), which expands the starting and stopping Time (Total = 1 sec.)
parts of Fig. 8(c), the output power values to the PWM con- ®
verter are further evaluated. It shows that the adapting of thﬁ 9. Relation of controlling power and speeds. (a) 1 s of the start. (b) 1 s
controlling power is not affected by the speed changes. Thusthe end. (Controlling power and the speeds are represented by 8-bit signed
the smooth adjustment of wheel running according to the nélgital values. Here, the speed value 40 specifies 3.0 rad/s in this design.)
commands can be assured.

T

O Sy

are output with one having a 9@hase lead to the other. The ro-
tational direction is determined according to what is the leading
one. However, these signals are noisy and high-frequency noise
Certain problems make the controller’s implementation diffimust be filtered out. Otherwise, a speed-calculation and direc-
cult. First, the rotary encoder is normally used to detect the amn-detecting error will result. It will impede the PID block
tual speed that has two directions. Two square waves, A andf®m generating the proper power to energize the motor, and

C. Discussion
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Fig. 11. Disabled person, K. B. Su, tests the fidelity of the controller.

0 : f % ; é ; ; : : -
e ¢ ; — = — account to preventa zero zone from occurring. A circuit for dou-
2;?2; R . Jl_J i bling or quadrupling the output frequency of the rotary encoder
s gﬁgggg? : : : : g : is necessary for shrinking the zero zone and increasing the res-
| : I . : i ‘ i ﬁ olution.
Labels Define Initialize Thresholg The third problgm is the issuing rates of.the driving com-
© mands. In the design, although the processing speed of FPGA

circuit may up to 30 MHz, the control cycle is set to 128 Hz.
Fig. 10. Response of voice recognizer. (a) Photograph of the PC board. Thus, the rates of the driving commands need not exceed this
_BI(_)ck diagram of the voiqe recognizer. (c) Test result. (The tg—:‘sted voice sigiighit. Fortunately, for voice-driven equipment, the command
is issued by the author with the sequence of “go, back, left, right, stop,” etc.) . : .

generation rate is very slow. Fig. 10 shows the strobe response

of a speaker-dependent voice recognizer [11] employed in the
the H-bridge driver then may be destroyed. Second, the motdesign. The recognition process required about 0.5 s, although
must be carefully chosen to fit the mechanical requirement. itas reported as 33 ms. However, the real delay is caused by
drive the wheelchair, it is often necessary to increase the torqueman reaction, in that the voice commands are issued too late
of the motor through one or two stages of speed decreasipgturning around an obstacle, which will require more than 0.5
gears. The stage that the rotary encoder is locating will detsrfor disabled people, causing the driving to be not as smooth as
mine the sampling rate. For example, the maximum speedib¢ould be. Fig. 11 shows the driving test of a disabled person,
the dc motors used in this design is 4500 r/min and a two-stalgeB. Su, who indicated that the intelligent controller, meaning
speed-decreasing gear with 12:1 and 4: 1 ratios is equipptte automatic sensors and drives schemes, should be taken into
The diameter of the wheels used is 50 cm. Thus, the maximarcount in the design to allow more comfortable driving.
speed of the wheelchair will be approximately 2.5 m/s. AssumeAccording to the aforementioned approach, the wheelchair
that the 1-k pulses/revolution type of rotary encoder is mountedntroller is partitioned into three independent functional
in the first stage of the speed decreasing gear, a 6.25-k pulskxks: command interpreter, speed estimator, and speed
per second (PPS) signal will eventually be sent out. Howevegerving processor. This makes the function enhancement of
if the rotary encoder is connected to the motor directly, theamy individual block more easily be adopted and verified. In
75-k PPS will be sent out. The counting circuit and the sara-digital integrated system, an FPGA implementation can be
pling clock must be set according to this specification to preveviewed as a subset of an ASIC design. A block-based approach
overflow. Another limitation is the lowest speed detection valuer rapid prototyping can ease the system migration. The most
corresponding to the minimum speed, which must be taken int@aningful issue for this presentation is the establishment
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of parameterized reuse libraries. The parameterized modul¢ss] B. wittenmark and K. J. Astrom, “Simple self-tuning controller,”

enable efficient mapping, which converts digital designs into  in Methods and Applications in Adaptive Confrdfi. Unbehanen,
di hi . | d . . hnol Ed. New York: Springer-Verlag, 1980.
lvergent architectures implemented using various techno 14] R. Ortega and R. Kelly, “PID self-tuners: Some theoretical and prac-

gies. In this system, we construct the datapaths with a scalable tical apsects,JEEE Trans. Ind. Electronvol. IE-31, pp. 332-338, Nov.
parameter referred to as “width.” Therefore, the word length 1984.

. X . . 5] G.C.HsiehandJ.C. Hung, “Phase-locked loop techniques—A survey,”
are easily reconfigured to different bits (such as 4, 8, 16, etc.?)1 | IEEE Trans. Ind. EIectron?/oI. 43, pp. 609_615p Dec. 1%96_ Y

by simply changing this parameter. [16] Altera Data BookAltera Inc., San Jose, CA, 1998.

V. CONCLUSION
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A novel approach to a real-time digital system desig
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