
;e3eaB$^t|0#6#TB$H\  BLECfRICALMOP THE SPECIFICATION A THE TITLE ELECTRICAL
MOP B THE DESCRIPTION 1: Purpose of the Electrical Map It is
microcontroller based and can mop the floor autonomously. The mop can
start, move and stop in the ways to accommodate different floor
environments. 2: The Sequence at the Movements of the Mop Case 1: In the
open floor. Initially, the mop is in the idle state and near a wall . When
started, it wall move ahead until it meets the wall in front. It will turn
right if here is a wall on the left side, or turn left if there is a wall
on the right side. The turning will continue until the mop is turned 180
degree when the direction of the movement is just reversed, the map move
ahead until it meets the wall in front again. It averse the move direction
by turning right if the immediate past turn is in left or turn left if the
immediate past turn is in right 180 degree' The above sequence continues
until the map is in the corner of the wall or it is stopped by the user,
the move trajectories is shown in Fig. 1 and Fig. 2. Case 2: In the open
floor. Initially, the map is in the idle state and far from the wall which
sensor can not detect. When it is started, it will move ahead until it
meets the wall; then it will turn left 180 degree first and the following
movement patterns are the same as those in Case 1. The move trajectory is
shown in Fig.3. Case 3: Among the sofa and furniture. Initially, the mop is
in idle. When started, it moves ahead, turn left right 90 degree when it
meets an obstacle, and then go ahead. Turn left (right degree again when it
meets an obstacle again . The move trajectory is shown in Fig. 4.   3 3:
Mechanical Structure This microcontroller based electrical map is made up
by a body and a paper mop which is attached to th rear part of the body. It
is showed in Fig 5,6 & 7. a The Paper Mop It has a rectangular wiper and a
long handle. The wiper is about 23cm long and 9cm wide. It consists of an
upper plastic layer and a lower robber layer. When it is in use, a speciall
made cleaning paper wall cover to whole rubber laer and then folded and
inserted into to clip or catcher at thhe upper plastic layer. As the
electrical mop move around a roam, this wiper with the speciall made paper
will clean up the floor.. The handle is about 12 cm long and 2 cm in
diameter. It is connected to the upper plastic layer of the wider and the
other end is attached to the rear part of the body of the electrical mop.
It also provides light contact pressure to the wider against the Roar. b
'I~e Body of the Electrical Mop The Main body of the electrical mop are far
the accomdation of the rechargeable batteries PCB board sensors and the
rear part is attached by the handle of the body mop. It is showed in Fig 5,
6 & 7. The differential drive system with two independent motors/wheela is
used to drive the mop. Four castor wheele are installed to provide the
additional support for the weight and to atablise the movement of the mop.
Fig 5 : The structure of the Electrical Mop Front view a: PCB Board b:
Battery Rechargeable c: Left and right motors to, control the wheel~a d:
Left and right wheels e: Sensor C  



4 Fig 6 : The Structure of the Electrical Mop Top View a: The wiper of the
paper mop. It is covered by a special cleaning paper to clean the floor. It
is about 23cm x 9cm. b: The Handle of the Paper Mop c: The left and right
wheels d: Sensor R. It is at the right side of the body e: Sensor L It is
at the left side of the body f : Sensor C It is at the Front of the body g:
The Main Body h: The special cleaning paper for cleaning the floor Fig 7 :
The Structure of the Electrical Mop Side View a: The wiper of the paper mop
b. The body of the paper mop. c. The handle of the paper mop . It is
connects to the wiper on the body of the electrical mop. d. The right wheel
e. 'The sensor C : It is at the Front of the Electrical Mop f.. 1'he sensor
R: It is at the Right side of the Body g. The special cleaning paper to
clean the floor 4: Electronlcs Hardware Design The control system must be
able to .control the mop to move in the ways specified in - Fig 1 to 4 . In
view of this requirement, the micracontroller MCU A8/330 HITACHI is chosen.
It has two PWM ports which are very useful to simultaneously control two
motors, one is in the left called Motor L and the other is in the right
called Motor R. Three sensors are installed in the central front called
Sensor C, in the left called Sensor L and in the right called Sensor R to
feedback the information such as the wall/abstacle in front, in the left or
in the right of the map. To record 'the position of the mop and velocities
of two motors which are important parameters for the control system, an
encoder is equipped with each motor. There are circuits designed to
interface the infra-red sensors and the encoders with the MCiJ. Sensor
interface circuit is done according to the wiring diagram of the products;
the decoder HCTL 2016 is used to counts the pulses generated from decoders
and send them to the MCU) The drivers UDN2953 are used to drive two motors;
the drive chips are controlled by the PWM signals from MCU. A LED bar
driven by a MCU part is used for the purpose of debugging and
troubleshooting. The program is stored in a EPROM M27C2S6.. The address
decoding for all the devices is done by the address bus and a GAL chip
GAL16V88 . The program for the GAL chip MacAble language is listed in
Appendix 1..   5 The following Table. 1 list the port and address
allocations in the circuit design. _Address Allocations uevice Address _
--_Port Allocations_ Purpose ~~ ~~ Part PinEPRO_M ~000_0-'7F_F_FFSensor_L
IRQ4 _~ ~P8/INP_8.5 T____ _ ~2016 Res ----.C000 ~~Sensor C 1R3P8/1N= P8_.4_
. ._.. ._._ 



~ ._____________S__R__IR~ -~P8/ll~1 _-.____P8.6 ___Z016 _ RMotor_R PWMHigh
ByteD000OE 0: ON; 1: OFFP4/OL1TP4.71~w B aD()u1PH 0: FW 1: BWP4/OUTP4.42016
L~Motor_L PWMHigh ByteA000OE 0: ON; 1: OFFP4/O~C1TP4.6T.ow BA001PH 0: FW 1:
B WP4/OUTP4. _5_._~DP6/OUTP6.U-P6.7 Table 1: Port and Address Allocation 5.
Software Design for Robot Soft 1 5:1: The Control Scheme The main part of
the software is to implement the control algorithm, combined with the
sensor signals which reflect the statue of the mop movement and surrounding
environment. 'The control algorithm must make sure that two motors run
synchronously so that map can move straight, turn right, turn left or stop
in the ways required. Fig.8 shows the basic control loops used in this
project.    6 In the Fig 8 control loop, nay : the desired speed of the
left motor nar : the desired speed of the right motor n~ : the actual speed
of the left motor nr : the actual Speed Of tile right motor gp :
propartional gam integral gaol .~IQr.S': tLttnillg Speeds the motors PWM L:
the PWM value of the left motor PWM R: the PWM value of the right motor
'fhe equations of the above control is: PWM_L= ~Kp [(n~ - n, ) - K~~(n, -
n, + bias)dt]dt PwM R = ~Kp [(ndr - nr ) '~"' ,xrlo (nt " nr "~"
rlia~S'~t'~ In the above, the PWM_L and PWM R is the outputs of the
controller which determine the duty ratio of the PWM signals, and thus
determine the speed the motor speeds. The lowest and maximum values are
limited by MCU. (the values of 0 and B' as required by the MCU). The
velocity is measured by counts/sample; and the acceleration is measured by
counts/sample/sample. After the calibrating and experiments, the parameters
used in the controller are chosen as shown in the table below: :Main
Parameters -. _ Sampling Time ~T~Value 10Unlt ~ _ _~.._~ . 



De~red_S~eed/Left Motor Desired S a t Motor300 300counts/sa_m~le_ __
couuntslsam~ ple~__ AcceleratianlDeceleraticm10cou~nts/saan~le/sam 1e_ Pr
'anal. GainOl_Int~~ral Gaul r_0._1 -_____45Turn Counts47712counts_Biaa, of
_Left Motor _~T Bias of n'~ht Motor ,300 300_c_ou_nta/sample _ ~~
caunts/sample    The PPR of the encoder is 18D; which meant one revolts of
the motor will produce 720 counts. After calculation, the above desired
motor speed roughly corresponds to the mop speed 120mm/s. Because the
slippage of the wheel and the capacity of the battery, the actual speed may
be lower than this value. s.2: Robot soft 1 programme In the program, the
H8/330 Timer 1 is used as the sampling tithe generator. In every 1U ms
intervals, the speeds of the motors are updated, the control algorithm is
processed and the PWM values are fed into the PWM times. In addition, the
interrupfion of the center sensors is provided; the status of the left and
tight sensors are fedback using polling method. The flow charts of the
program are showed an fig 9 to 12, based an the mop movements specified,
hardware configuration and the control algorithms. The source codes of the
program can be found in Appendix 2. Fig 9 Flow Chart of the main programme
Fig 10 Flow Chart of the Interruptions Fig 11 Flow Chart of the 10 m/s
Sampling Interrupts Fig 12 Flow Chart of the Sensor C Interruptions
APPENDIX I ROBOTSOFT I : SOFTWARE PROGRAMS A PROGRAM FOR ADDRESS DECODING
GAL ABLE FILE module mop title `addressing decoding for mop project' mop
device `p16v8r' A15,A14,A13,A12 pin 2,3,4,5; 05,04,03,02 pin 19,1$,17,16
istype `com,invert'; H,L,Z,X - 1,O,.z.,.x; equations !OS=A15&A14~A13&lA12;
!04=Al S~ftAl4dtlA13&A12; tO3=A15&1A14&Al3dtlA12; !02=A158tA148tlA138tlA12;
test v~ector8 ([A15,A14,A13,A12] ->[05,04,03,02]) [1,1,1,0]-->[0,1,1,1];
[1,1,0,1]-->[1,0,1,1]; [1,0, l,o]-->[1, l,o,1]; Il,l,o,al >[1,1,1,o]; 



end   9 Appendix 2 ROBOTSOFT I SOFTWARE PROGRAMS B PROGRAM OF THE
CONTROLLER Mop speed control--moves in a way or turn right around all the
way in a closed trajectory . In a zigzag way, the mop goes straight when
there is no obstacle, then first time only turn left 180 when sensor L and
R is disabled and the mop meets the wall; turn left 180 when sensor R is on
and the mop meets the wall; turn right 18D when sensor L is on and the map
meets the wall; Continue until it is in the corner of the wall.
.****************************************gfrGIS'CF.RS***********.**********
*********************~...p~*p4ddr.equh'ffb5p4dr.equh'$b7p6ddr.equh'ffb9p6dr
.equh'ffbbp8ddr.equh~bdp8dr.equh'ftbfp9ddr.equh'~c0p9dr.equh'ffcl
*----16-bit timer*
tier.equh'~Utcsr.equh'ft,'91ocra.equh'ft'94to.equh'~6tocr.equh'1~9~frc.equh
"$92 *..---g_bit timer* tci0 .equ h'ffc8 tcsx0 .equ h'ffc9 tcora0 .equ
h'ffca ;tcnt0 .equ h'R'cc   la *._pvvM* left to .equ h'ffa0 right to .equ
h'ffa4 left dtr .equ h'ffal right dtr .equ h'ffa5 *_..~pt* syscr .equ
h'ffc4 iacr .equ h'ffc6 ier .equ h'ffc7 .*****************************
*********ADDRESSES*********** .***************************** ;* Encoder
2016* left 2016 hi .equ h'a000 ;high byte of count of left motor left 2016
to .equ h'a001 how byte of count of left motor right 2016 hi .equ h'd000
;high byte of count ofright motor right 2016_l0 .equ h'd001 ;low byte of
count of left motor rat 2016 .equ h'c000 ;reget/clear the counter
.*****************************************************DEFINED R.AM
L4CATI4NS************.*******************************************int
ram.equh~d80left count.equint ram + 2right count.equint raril + 4past le
count.equ ftint ram + 6past right count .equ int ram + 8left error.equint
ram + 13right, error.equint ram + 15left.equint ram + 18right speed.equint
ram + 20int error.equint ram + 22dal.equint ram + 24left d speed.equint ram
+ 26.right d speed.equint ram + 28stab.equinfi ram + 30left bias.equint ram
+ 31right_biaa.equint ram + 33left_dir flag.equint ram + 35right dir
flag.equint ram + 36display_count.equiat ram + 39   lI stop_flag.equint ram
+ 40turn flag.equint ram + 41past left duty.equint ram + 42past right _duty
-.equint ram + 44left duty.equint ram + 46right duty.equint ram +
48divide.equ~ ram + 50bias 1.equint ram -+- 52bias r.equiat ram + 54turn
count.equint ram + 56number turn.equmt ram + 58turn dir~flag.equint ram +
59fu~t timne_flag.equi~tt rain + 60rnave_flag.equint ram + 61.k 45.equint
ram + 62caunt_45.equint ram + 64.
.******************************************DEFINED
CONSTANTS****************************************desired speed.equ h'012c
;70% of prvious h'0082desired count.equ h'e5e4;sample~eriod.equ h'62 ;l0ms
sampling period countssample_period.equ h'93 ;l5ms sampling Period
countsdisplay_periad.equ h'7f1~ ;interval unit for display/0. lsec;from
testing, 3125d (Oc35h) only produce 50us timeprop kl.equ h'01 ;propertianal
gain for left motorprop kr.equ h'01 ;propertional gain for fight motorint
k.equ h'01 ;intergral gainacc.equ h'OOOa ;accelerationdcc.equ h'OOOa
;decelerationhigh limit.equ h'OOfa ;high limit of PWM duty
ratiolow_limit.equ h'0000 ;low limit of PWM duty reafiioscale-1.equ h'04
;h'02 ;scale factor of left motor errorscale r.equ h'05 ;h'01 ;scale factor
of right motor errorscale int.equ h'04 ;h'04 ;scale factor of error
integralturn 1 -.equ h'012c ;turn speed of left motortum r.equ h'012c ;turn
speed of right motor;count 45.equ hba60 ;counts of 45 degree(smart turn);
count 45.equ h'cbS2 ;counts of45 degree(smart turn);count 45.equ h'c2d9
;counts of 45 degree(smart turn)( h'c842)  



12 ******************************** ;*********1NTTIALSZATI4N*********
.******************************** .aectian vector,data,locate=h'0 ;* n~set
vector* .off h'00 .data.w initiabse *---NMI iaterrupt vetor* .ors h'0006
.data.w SELEC *---o/p compare A: $-bit timer 0 l0ms int~t~pt vector* .ors
h'26 .data.w INT SAMPLING *---center sensor interrupt vector .ors h'Oe
.data.w SET TURN .**************************************************
******************* PROGRAM **********************
.************************************************** .section
iait,code,locate=h'40 ************* ;INTIU.ALIZE .************* initialise:
*- initialize satck pointer mov.w #h'$fifsp ;stack pointer *.,-., ~p,rn~ts
mov.b #h'ffrll mov.b rll,(~p4ddr ;config. P4 output)   13 mov.b r11,@p6ddr
;conl5g P6 output may b #h'OO,rl1 rnov.b rll,~pgddr ;con~ig. P8 input ;*
iniie pwm mav.w#h'40fa,r1may br11,@1eft tomov.br11,(d~ght to ;enable
PWMs,)mov.b rlh,@left dtrmov.brlh,~right dtr ;*---initia>iZe ccr and umnask
interrupdon~ andc #h'7f,ccr ;uamaslc irq *--~t~itialize interrupt8 



mov.w #h'OSffrl may b rll,~igcr ;set IItQs falling edge triggered mov.b
rlh,~ier ;enable center sensor (IR.Q3) *~_~ g_bh timer * mov.b
#sample~eriod,r01 mov.b ~1, (c~tcora0 ;time constant for l0msec mrnr.b
#h'00,r01 mov.b rOl,~atcszfl ;clear the interrupt flag mov.b #h'4b, r01
mov.b r01, @tcr0 ;enable the intc,~rrupt, clk11024 it~abse 2016 (clear to
zrero),CCR mid RAMs recording counts mov.w#h'OOOO,rOmov.wr0,~rst
2016mov.wi0,~pa~t left countmov.wi0,~past right countmov wx0,~leftrcountmov
wt0,(~ght countmov.wr0,(t~left speedmov.wr0,t
speedmav.wr0,(~integralmov.wr0,~ittt error   14 mov.wt0,~past lefi dutymov
wr0,(t'~past right duty -mov.wr0,(dleft dutymov.wt0,~ight dutymov
wmO,(c~bias~lmovesr0,~bias rmov.wr0,(~rit .countmov.bxUl,~stop flag
~mw.brOl,~hun ~agmov.brOl,~turn ~ flagmw.br01,~~' first
lime_flagmovbr01,@mo`re_flagmov.br01, c~p6drmov.b~l,yumbGr
turnmww#acc,r0mov.wiU,(dleft d speedmw.wr0,~right~d speedmov.b#h'04,
rOhmovbrOh,(a,~k 45mov.w#h'c2d9,r0movesr0,(~count 45 .*********************
****MAIN PROGRAM***** ********************* start: bck #5,,'a9' p4dr bck
#4,~p4dr run: mov w (t~left_dutyr0 mov.w ~~right~duty,rl mov.b r01,,left
dtr mov.b rll,~ight dfir bra run **************** ;INTERRUPTs *****
.**************** ;set left motor forward ;set right motor forward ;run 1NT
SAMPLING: _^ push iU push r1 push x2   15
ore#h'80,ccrbclr#6,(~tcar0andc#h"l~carjsr(GET SPEEDjsr(a,~GET_DU'TY pop r2
pop r1 pop ~t1 rte SET T2JRN: push r0 push rl push fl 



more time: ands #h'7fccr ;utunask interrupts ;unmask interrupt ;get the
leffilright speed ;get the lefi/right duty from the control orc #h'80,ccr
mov.b #h'4A,x01 movb r0l,~ier mov.b turn flagr01 crap.b #h'01,r01 beq go
back mov.b #h'01,iU1 mov b r01, flag ;set the turn mov.b (t~move_flag,rlh
cmp.b #h'0l,rlh beq go_back mov.b (first time flag,r01 cmp.b #h'OO,i01 beq
frost time mav.b LpBdr,r01 and #h'60,r01 emp.b #h'OO,r01 beq go_~ig ;Sensor
R/L (P8.6/5) is on?   16 mov.b#h'ffrl1mov.brll,~stop_flagbrago backgo_~ig:
mov.b~turn~dir flag'r01nat r01mov.bi01,(a~turn dir flagbrago backfirst
time: mov b#h~,i01mov.brol,~t time_,flag
~mov.b@p8dr,~1and#h'20,r01cmp.b#h'OO,r01 ;If on, stop the mop ;swap turn
flag ;change the first fijme flag bne goback ; Sensor_L (P8.5) is on? mov.b
#h'ff`,r01 mov.b r01,turn dir flag ;set turn direction left flag go back:
mov.b #h'08,rOh mov.b rOh,(~ier ;enable IRQ3 PoP pop r1 Pop rte SELEC: push
r0 push rl push i2 mov.b#h'02,r1hmw.brlh,(a~k 45mov w#h'c842,r0mov.wr0,(d
count 45mov.b#h'0l,rlhmov.brlh,~tove flagmov.b #h'OO,r01mov.b rOl,~turn-dir
flag  ;number of 45 degree (turn 90) ;set turn direction-right flag   



17 andc #h'7ficcr lmp pop r1 pap to  ;unmask ~Pts .**************
**SLJHROUZ'iNES* .************** .***************************************
*****Read the speeds of two orators***** GET SPEED: mov.b deft 2016_hi,rOh
mov.b(~.left_2016 lo,r01mov.wr0,~left countmov.b @right 2016 hi,iflhmov.b
fright 2016 lo,t01mav.wr0,(~~ight taunt left calcu: mov w ~paat left
count,r0 mav.w deft count,rl sub.w r0,r1 cmp.b #h'40,r1h blt 1 negative
mov.w rl,~left speed jmp .right calcu 1 negative: jar ~COMPLE mov.w
rl,(a~left speed right_ralcu: mov.w ~pagt rig~ht_count,r0 mav.w t_count,rl
sub.w r0,r1 cmp.b #h'OO,rih bit r, negative mov.w rl,@right speed jmp
(store ;GET THE SPEED/PAST SPEED ;read left counts ;read right counts ;get
left speed r negafiive: jsr (d~COMPLE mov.w r1,(c~night ,speed ;get right
speed   18 store: mov.w deft count,r0 mov.w r0,~past left count mov.w
(eight count,i0 mov.w t0,~past right count rls
*************************************** **~`**Get the duties for two
motors***** GET DITTY: mov.b @stop_flag,r01 cmp.b #h'ffr01 bne chock turn
;stop flag is on (mop ire the corner?)? stop_all: jsr (a~dcc rigbt jsr ~dcc
left mov.w #h'OOUO,rO mov.w r0,@bias 1 mov.w r0,~bia~s r jmp (d control 



;decelerate two motors to stop check turn: mov.b @d~urn iiUl cmp.b
#h'O1,r01 beq turn jmp ~go_siraight turn: rnov.w count 45,r0 mov.w turn
count,rl cmp.w r0,r1 ;reach 45? b1o check_dir mov.b (c~number turn,r4h inc
rOh mov.b ~h,[cD,number turn mov.b ~1c 45,r2h cmp.b r2h,rOh bge atop turn
mov.w #h'OUOO,rO mov.w r0,~turn count check car mw.b (t~turn dir flag,r01
cmp.b #h'~r01 bne turn _right ;turn left or turn right?   19 turn left: jsr
@dcc left mov.w #t~rn 1,~ mov.w i0,@bias 1 mov.w #h'UOOO,rO mov.w r0,@bias
r mov.w @~ighi speed,r0 mov.w @turn count,rl add.w 10,r1 mov.w rl,@turn
count jmp @contral turn right: jsr @dcc_right mw.w #dirn r,r0 mov.w
i0,@bias r mov.w #h'OOU4,r0 mov.w r0,@bias 1 ;turn off the left motor ;load
bias far left motor ;accumulate the turn counts ;turn o~'right motor mov.w
@left speed,r(1 mov.w @turn count,rl add.w rtl,rl mov.w rl,@turn count jmp
@control stop_turn: mov.w #h'OOOO,iO mov.b rOh,@tum flag mov.b
rOh,@number_turn mov.w ~,@turn_count go_straight: mav.w #h'OOOO,iO mov.w
r0,@bias 1 mov.w r0,@bias r jsr @acc left jar @acc right control: mov w
@left speed, ~ mav.w @lei~ d speed, rl sub.w r0,r1 ;jsr @SCALE mov.w
r1,@left4 eaor ;load bias for right motor ;accumulate the turn counts 



;clear turn flag ;clear the number of 45 degree ;clear the turn caunta ;get
the left speed errar   20 mov.w fight speed, r0 mav.w t d speed, r1 sub.w
10,r1 ;jsr ,SCALE movw ri,~right_eiror mov.wht apeed,~mov.w@left
apeed,rlsub.wr0,r1mov.w~biae 1,r0add.wr0,r1mov.w(a~bias
r,i0sub.wr0,r1mov.wdint error,r4add.w10,r1mov.wr1,(~int error;mov.b #int k,
r01 ^C,TIPLE ;jsr ~a,Mil.mov.b#scale int,rOhmov.b :~Oh,~dividejar
~sC~.mov.wrl,~integral ;get the right speed error ;two motors velacity
difference ;intergral of the difference ;load the scale factor ;get the
error of the integral loop mov.w ~attegral,r0 mov.w @left error,rl sub.w
r0,r1 ;get the error for left motor mov.b #svcale l,xOh mov.b r0h,@divide
jsr ~SCAL.E mov.b #prop Id,r01 ; jsr 'L~MULTIPLE mov w (a~past left duty,r4
add.w r0,r1 jar ~I~LVBT DUTY mav.w r1,(~left duty mov.w rl,~pa~t left_duty
mov.w ~integral,r0 mov.w (fight error,rl add.w r0,r1 mov.b #scale r,rOh
mov.b tOh,~divide jsr (t,~SCALE ;mov:b #prap krr01 ~sr (~tJLTIPLE ;load the
scale factor ;get the duty for left motor ;get the errar for right motor
21 mov.w past right duty,r0 add.w r0,r1 jsr ~LllVllT DITTY mov.w rl,~right
duty mov.w rl,~paat right duty its 



;get the duty for left motor .*************************************** **
Acc right motor********************* ~ right: mov w#deaired
speed,r0mov.wd_speed,rlcmp.wr0,r1bge acc r remov.w#acc, r0add.wr0,r1mov
wrl,(t d speed acc r re: ris ;accelearte the right motor
.*************************************** ** Acc left
motor********************* acc left: mov.w #desired speed,rdmov.wdeft d
speed,rlcmp.wr0,r1bge acc 1 remov.w#acc, i0add.wr0,r1mov wrl,(a~loft
d_speed acc 1 re: its ;accelearte the right motor
-*************************************** ** Dcc right
motar********************* dcc_right: mov w#h'OOOO,xOmoves(cht d
speed,rlcmp.wr0,r1ble dcc r_remov.w#dcc, r0sub.wr0,r1mov wrl,t d speed
;dccelearte the right motor dcc r re: rrg   22
.*************************************** ** l7cc left
moior********************* dcc left: mov.w #h'OOOO,rO mov.w deft d speed,rl
cmp.w r0,r1 ble dcc I re mov.w #dcc, r0 sub.w r0,r1 mov.w r1,(r~left d
speed ;dccelearte the left motor dcc 1 re: rtes
.*************************************** ******Shift a signed r1
(division)***** SCALE: cmp.b
#OO,rlhbgeshiftjsr(c~coMPLEj~'~8jsr~co~r.~bracomplete shift: jsr ~slaflrng
. complete: its .******************************************* .*******s~de
rl ********** shifting: mov.b(~divide,~2hshy again:
shlrrlhrota~rr11decr2hcmp.b #h'00, fZhbneshift again    23
.******************************** .******~ rl****** LnVaT DUTY: mov.w #high
lirnit,r'l DUTY RATION 



cmp.w x2,r1 blt compare to mov.w #high~limi~rl ;check: rnov.w #h'~,r0 mov.w
r0,~p6dr bra finish compare lo: mov.w #low limit,r2 cmp.w i'L,r1 bge finish
mov.w #low limit,rl ~6~rish: its .**************************
*****Complement of rl***** CUMPLE: not r11 not rlh mov.w #h'0001, i'l add.w
r2,r1 ;2's complement of the value its
.*************************************** *****Multiplication of t01 and
r1****** MULTIPLE: cmp.b #h'00, rlh blt mufti neg mulxu r01,r1 mufti neg:
jsr (a~COMPLE ;If:O, get the positive value mulxu 1,r1 jsr (~CUMPLE ;return
to negative ailer multiple ending: its .end   ~s TFIC CLAIMS (1) The new
way of using the paper mop. This microcontroller based robot uses the magic
mop which attached to its body far clearing the floor. The robot provides
the contact pressure through the handle of the mop to the specincial ly
made cleaning paper against the noon. (2) The "Robot Soft I " is the
programmed software for the microcontroller in the robot. It characterised
by controlling the robot to move in an orderly designed movement showed in
Fig 1 to 4. (3) The Robot Soft I make the robot do a 180 degree turn. When
the sensor detect an obstacle or a wall at a short distance in front of the
robot, the robot wilt turn right for 180 degree then move forward . As it
meets a wall again, the robot will turn left for another 180 degree. The
robot will continue to turn right and left at 180 degree alternatively
until a room is completely cleaned. '.Chic is the most Important movement
of the software. (4) The Robot Soft I can also make the robot do a 90
degree turn either left or right in specific condition so that the robot
can more around the Furniture. .A.Ay{l .AY(  .A.A.A,.Af;.A r.Ahs.A,.A .AF!
s.As.A.AF.Af.A.A .ASl.AFR.AF s_.AYh.A".=Op 67^tv) 
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