; e3eaB$"t | O#6#TBSH\  BLECF Rl CALMOP THE SPECI FI CATI ON A THE Tl TLE ELECTRI CAL
I\/[P B THE DESCRI PTION 1: Purpose of the Electrical Map It is

\mcrocontrol | er based and can nop the floor autononously. The nop can
start, nove and stop in the ways to accommopdate different floor

envi ronrrents. 2: The Sequence at the Myvenents of the mﬂﬂﬂlln t he
open floor. Initially, the nopis in the idle state amn\lwmmm . \When
started, it wall nove ahead until it neets the wall in frQpfelt wWll 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 nop is turned 180
degree when the direction of the novenent is just ﬁ““ﬁm\ﬂm\“m map nove
ahead until it meets the wall in fr@nt again. It av e direction
by turning right if the immediate past turn is in left ewootisrn left if the

i medi ate past turn is in rESECTRICAL, MOPhe above sequence conti nues
until the map is in the corner of the wall or it is stopped by the user,

the nove trajectories is shWFig. 2. Case 2: In the open
floor. Initially, the map i e and far fromthe wall which
sensor can not detect. Wen it is started, it will nove ahead until it
nmeets tAcTHEMITLE-N it will turn left 180 degree first and the fol | owi ng

novenent PELECTRICAEL MOP sane as those in Case 1. The nove trajectory is
shown in Fig.3. Case 3: Anong the sofa and furniture. Initially, the nop is

inidleg Vﬁfm%@‘gmvrwlqrmves ahead, turn left right 90 degree when it
neets a en go ahead. Turn left (right degree again when it
meet s ag Pbstaclf @M nove trajectory is shown in Fig. 4. 3 3 .
Mechani ca H? Pocontrol | er based el ectri cal map i s made up
by a body and a paper nop which is attached to th re part of the body. It
i s showlids imicropepteller haspd and tas nmp,the aptonpmously. ﬁ&'&‘ﬁg&%r“t“% per and a
| ong hanuive. andistopvin sy wWays 40 ecronaaedatd diffgrentlo@snvigpnmeents.t consi sts of an

upper plastic |layer and a | ower robber layer. Wien it is in use, a speciall

made cl 2aTheSeqidiRe ofiid Moveménts of MikdVlepr ubber | aer and then fol ded and
inserted into to cIip or catcher at thhe upper plastic layer. As the

el ectri egle {9 ’h gv 19fcr mﬁﬁamc &-éncmiidﬁ paper
;ss t der and the
89%3 1. r| cal nop

will cl ean u

St %zw

ot her end |s t .
It also pr ovilhe setmna'em t@%%’l’és an’@ whenjthedirgelign poor -

'| ~e Body of ofﬂwmmmmawmwﬂ»éhmonmmdmﬂém&ﬂmmmmp are far
t he accondat ifiont agairt. Boreversdthe g Idiredsiont byr tueningndgbt 6 thedmanediaty s and t he
rear part ispastttaahisdn left driverntefh df thedfnndckiatehmast/turmis in fighti s showed in Fig 5,

v—ﬂ-

6 & 7. The dls‘of tl'ﬂ{eabbw Sequinidecdniidnied uhiifché idpReindhetomatafr S/ wheel a i s
used to driveg, %@th@l,ﬁo@r itoisricalid #dwhanprovi de the
addi ti onal s a%laig ot he wei ght and to at abl"l se the novenent of the nop.
Fig 5 : The s uc of the EI ectrlcal Mop Front view a: PCB Board b:

o “an R R B ot e o i 0l
which sensor can not tcct. en it is started, it will move ahead until
itmeets 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 fumniture. Initially, the mop is in idle. When started, it
moves ahead, turn left/ right 90 dcgrec when it meets an obstacle, and then
go ahead. Tumn left /right degree again when it meets an obstacle again .
The move trajectory is shown in Fig. 4.



4 Fig.6 : The Structure of the Electrical Mp Top View a: The w per of the
* paper nop. It is covered by a special cleaning paper to clean the floor. It
is about 23cmx 9cm b: The Handl e of the Paper Mp 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 Mp Side View a: The wi per of the paper nop
b. The body of the paper nop. c. The handle of the paper nmop . It is
connects to the wiper on the body of the electrical nop. d. The right wheel
e. '"The sensor C: It is at the Frogt of the Electrical Mp f.. 1'he sensor
R It is at the Right side of the dy g. The special cleaning paper to
clean the floor 4; Electronlcs Hardware Design The control system nust be
abl e t o3 Meshanigal $tructwse, t 0 nove in the ways specified in - Fig 1 to 4 . In
view of this requirenent, the mcracontroller MCU A8/ 330 H TACH is chosen.
|t has Thismitratoninoller basidotlectrical mopyis mads up by o bodyrand apapensiop control two
not or s, whicleisiattachiedttd ¢h teaf parcef keecbody! Iis showedii Fig §6&7.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

f eedbacj Faﬂe? tion such as the wal | /abstacle in front, in the left or
in the right "of thie map. To record 'the position of the rmp and vel ocities

of two tors which are rtant paranmet.ers f.or ontr system an
encode @&W %ﬁﬂwﬁf@ ﬁm %@‘H\‘f‘g‘gd& |gned to
i nt er f o8 plastig layer Whenvo g, Sensor

i nt er f A& ik pyee @ speciall naadeclesping papergvill soverde m\olewgbw&agrmlmt he products;

t he dedolded ambinsertsliiatoi t clip evicatcher aithhe uppres plasticslayergAs theadeettichl om decoder s

and senmop mone kwuhd e rodth) thistwipelrwideths spidididnadespaperwitictidan uprthw e two notors;
the drifigorchi ps are controlled by the PWM signals from MCU. A LED bar
driven by a I\/CU part is used for the purpose of debuggi ng and

ot ity e 7 mg% qg%gfgg e
f B
o e SR ai\%méw i e@%m@amsd L

al | ocatl ons_in the CI rcw t design. _Address Allocations ueV| ce Address _
- - _Por tb Fhe Bedy pbibe ElsotricsbMep~~ ~~ Part Pi nEPRO M ~000 _0-' 7F_F _FFSensor_L
IRQ4 ~ ~P8/I1NP_8.5 T ~2016 Res ----.0000 ~~Sensor C 1R3P8/ 1N= P8 .4
: . The Main body of the electrical mop are for the accomdauon of the rechargeable

batteries PCB board sensors and the rear part is attached by the handle of the body

mop. It is showedin Fig 5, 6 & 7.

The differential drive system with two independent motors/wheels is used to drive the
* mop.

Four castor wheels are installed to provide the additional support for the weight and to

stablise the movement of the mop. .

Fig 5 : The structure of the Electrical Mop Front view

PCB Board

Battery Rechargeable

Left and right motors to control the wheels
Left and right wheels '

SensorC -

e TR



' S R IR--~P8/II~1 _-. P8.6 __ 7016 Rwot or _R PWVHI gh
Byt eDOOOGE 0: ON; 1: OFFP4/OL1TP4.71~w B aD()ulPH 0: FW 1: BWP4/ QUTP4. 42016

.. L~Motor_L PWvH gh Byt eAOOOCE 0: ON;, 1: OFFP4/ O-ClTP4.6T. ow BAOO1PH 0: FW1:

-B WP4/ QUTP4. _5 . ~DP6/ QUTP6. U-P6.7 Table 1: Port and Address Allocation 5.
Sof t war e De5|gn “for Robot Soft 1 5:1: The Control Scheme The main part of
the software is to inplenment the control algorithm conbined with the
sensor signals which reflect the statue of the nop novenment and surroundi ng
environnment. ' The control algorithmnust make sure that two nbtors run
synchronously so that map can nove straight, turn right, turn left or stop
in the ways required. Fig.8 shows 4he basic control |oops used in this

proj ect . 6 In the Fig 8 control loop, nay : the desired speed of the

| eft L K right notor n~ : the actual speed
8" mesmwaﬁeoftﬁé El acaﬂqsﬂua g%@wg.@% ght m P

of the Teft rmtor nr tile right notor gp :

propart, nal. |nt raI ~| tfni.l e s the notors PWM L:
the PWVI G 8?"%@’& W@kmw M right nmotor
fhe qgﬁt ®ontrol is: PWM L= ~Kp [(n~ - n, ) - K~~(n, -
ﬁﬁ ﬂaget MepP[(ndr - nr ) '~ ,xrlo (nt " nr "~"
rllai(9~1'll‘7~l and ightwheels. the PWM L and PAM R is the outputs of the
contrak ISmserdhmdeﬂterlﬂmﬂdd:hﬁthhhqdyr atio of the PWM signals, and thus
det er & r8endrd. Jpie atitht eft sids of the pedyls. The | owest and maxi mum val ues are
limteyd Wltistﬂﬂw\/ﬁbuﬁﬁtﬁéb@dﬁnd B' as required by the MCU). The

vel OCIgtyTh§mi-1 by count s/sarrpl e; and the acceleration is neasured by
count g/. lﬁﬁf ltﬂcbﬁ(ﬂfr' ng and experinents, the paraneters
usedlnt econtro e chosen~as shown in the table below :Miin

Par amil.er,,s The Shuc%%ofr}ﬁeﬂccmm g sk d%‘;.OUnIt I

a: The wiper of the paper mop

b. The body of the paper mop.

¢. The handle of the paper mop . It is connects to the wiper on the body of
the electrical mop.

d. The right wheel.

€. The sensor C : It is at the Front of the Electrical Mop

f.. The sensor R:Itis at the Right side of the Body

g The special cleaning paper to clean the floor
4: Electronics 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 microcontroller MCU H8/330 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/obstacle in front, in the left or in the right of the mop. To record the position
of the mop and welocities 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
MCU. 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 port is used for the purpose of debugging and troubleshooting, The
program is stored in a EPROM M27C256.. The address decoding for all the devices
is done by the address bus and a GAL chip GAL16VSB . The program for the GAL
chip MacAble language is listed in Appendix 1..



De~red_S~eed/ Left Motor Desired S a t Mtor300 300counts/sa n~le_

cotunt sl sam- pl e~ Accel erati anl Decel erati cmlOcou~nt s/ saan~l e/ sam 1e_ Pr
.. "anal . GainQ Int~~ral Gaul r_0. 1 - 45Turn Counts47712counts_Bi aa, of

~Left Motor ~T Bias of n'~ht Mdtor ,300 300 _c _ou_nta/sanple _ ~~

caunt s/ sanpl e The PPR of the encoder is 18D, which neant one revolts of

the notor will produce 720 counts. After calculation, the above desired

not or speed roughly corresponds to the nop speed 120mmis. Because t he

sl i ppage of the wheel and the capacity of the battery, the actual speed may
be I ower than this value. s.2: Rob%t soft 1 progranmme In the program the
H8/ 330 Tinmer 1 is used as the sanpling tithe generator. In every 1U ns
|ntervals the speeds of the notors are_ updated, the control algorithmis
procesdh &Mkﬁhl%ﬂ‘“&#@ adduess allosations mhe cireHitsdesigR. additi on, t he
|nterrupf|on of the center Sensors i's prow ded the status of the left and
tight; : i s of the
progr gm ar emhmmmaﬁmg; 9 to 12, peaeﬂloaméﬁse nop rmvemants speci fi ed,

har dWalifevfceNT T JUARHKES and ghepgp‘ms@ol al'gori {lpget ThEPRPUr ce| codes of the

pr ogr %%fi mdl'_ﬂ FIo WL pgTsne ['n in programme
.L\?'sz Chegs 4U| the 10 nis

Fig 1¢ -Cgt =TTe Tl t3
Sarrpli.%ﬂié}‘ ”tf;*nq Fi-g-4-2 .g W’éﬁ%ﬁ he—$aisor—C-HHEer-fupt | ons
APPENDLX_|._ROBQTSOET..| . SOEPongor | ANGS_A IDMAM 6 ADDRESS DECODI NG
GAL ABRB1¢|RE nodul e nop ti { MotoaRPWMi ng deg¢odi ng fpr nop pioject' nop
(¢

devi c¢ Higli By®r ' | DA, A14, A13 | Q20DN; 2, QFE, 5; (0 P40AU83| B4.7pi n 19, 1$, 17, 16
i st ype LosoByte nVeDOOL, H L, Z, (PHO.FW 1:BWK; equPWOUT | PR4A15&N14~A138&1 Al2;

| 04=All 751& §A 4dt T AL3BAIZ, T TRARAl 30t T AL2; T O2EALGBT ALESt | A138t | Al2;
test VyRaiRie (I Al4, A13, o , 03, Ols) 1p4e0] -- +[0, 1,1, 1] ;
[1, 1”’%}3 1,{0adort]: [ 1.0, ]F .0, 1] P4P8U‘r bpls >[1{1, 1, 0] ;
P6/OUT | P6.0-
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 sofiware is to implement the control algorithm, combined with
the sensor signals which reflect the status of the mop movement and surrounding
environment.

The control algorithm must make sure that two motors run synchronously so that mop
can move straight, turn right, turn left or stop in the ways required. Fig.8 shows the
basic control loops used in this project.



entd .9 Appendi x 2 ROBOTSOFT | SOFTWARE PROGRAMS B PROGRAM OF THE
CONTROLLER Mop speed control --noves in a way or turn right around all the
way in a closed trajectory . In a zigzag way, the nop goes strai ght when
there is no obstacle, then first tinme only turn left 180 when sensor L and
R is disabled and the nop neets the wall; turn left 180 when sensor Ris on
and the nop neets the wall; turn right 18D when sensor L is on and the map
neets the wall; Continue until it is in the corner of the wall.
. ****************************************gf rG S' G: RS***********_ *kkkkk Kk Kk k%
ok ke ok ok ok ok ko ok ok ok ok ok ko kK *p4ddr . eg?h f f b5p4dr . equh' $b7p6ddr . equh’ f f b9p6dr
.equh' ff bbp8ddr. equh~ bdp8dr equh' ft Bf p9ddr . equh' ~cOp9dr . equh’ ffcl
*----16-bit timer* ,
ti er. eqlih'thaFigSrcoatroHoeps,' 91ocra. equh’ ft' 94t 0. equh’ ~6t ocr. equh’ 1~9~frc. equh

"$92 *. . ---g bit tinmer* tciO .equ h'ffc8 tcsx0 .equ hH ffc9 tcora0 .equ

h' ffca ;ignthd desirpd spedd oftthe leftomotor pyvM | eft to . equ h'ffa0d right to .equ
h'ffad left dtr .equ h'ffal right dtr .equ h ffas * . ~pt* syscr .equ
h'ffc4 In,gr thechairhdfsm(!fdhendqunmﬁc? _*****************************
kkkkkkkk*%k [IRESSES*********** kkkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkk*k*%x ;-k Encoder

2016* | eft :2ha actual spesdiofithalsBanoter gh byte of count of left notor left 2016
to .equ p a0p1l | eft motor right 2016 hi .equ h'd000
: hi gh byté o‘ﬁ MPW‘?‘%?%?%&l ght 2016 10 .equ h' dOOl :low byte of
count of ?'W 2016 .equ h'c000 reget/clear the counter :

*** Kk kk*k*k*%

kkkkk*k* *******************************[EF' NED R AM

L4CAT| 4N3k**walw *******************************************int .
ram equ ~d80| eft c equi nt ram+ 2right count.equint raril + 4past le
count.e B?ﬁt‘llgrh}?ﬂag |ght count .equ int ram+ 8left error.equint
ram + 181wpf1 L 4R'PWM G4lbe Ot the R mhotbp! €f t . equint ram + 18ri ght speed. equi nt
ram + 20i nt error.equi nt ram + 22dal . equint ‘ram + 24l eft d speed. equint ram
+ 26.ri meﬂmddWMudncofﬂmnghmetoab equi nfi ram+ 30l eft bias.equint ram
+ 31right _biaa.equint ram+ 33left_dir flag.equint ram+ 35right dir

flag. equi nt ram + 36di spl ay count equi at ram + 39 Il stop _flag.equint ram

+ 40t ur fI ;}tql .left duty.equint ram+ 42past right _duty
. equi n?rh % | ef égmt)y eqw nt ram + 46right duty.equint ram+

48d| vid Obi 1. pas r.equiat ram+ 54turn
count . ej’&?ﬂt ﬂk%gﬂung'a t’ﬁﬂﬂ@ k?mg aé& urn dir~flag.equint ram+
59fu~t time_flag.equi~tt rain +60rnavef|ag equint ram+ 61. k 45. equi nt

ram + 6IORNMIR 4 g&(@t—rmWK?ﬁ(n, n, + bias)dtldt

R R R R R R E R E R 0:* ******* **********[EFI NED

CO\ISTANTS****************************************desi red Speed equ h 012C

ESZI?Y;?? ?];l I ﬂe{d‘r"l 0 8§WI % ? '@mg &fnh‘aﬂcre%cﬂ 62 ;10ms
countsd%@{" 3@8’@‘%%? ??%W 3&

] | a from
testing, dﬁg‘" - R W’s ﬁgperti anal
gal n fords| deq t'ZN ﬁh‘ob‘q H"’b’fﬁy Bt SRFEFNES T copy "ﬂf“?"él ®not ori nt

k. equ h’adqelerationsis gneasured by counisésample/mple. - accel er at i ondcc. equ h' OO0
deceleratlonhlghllmt equ h' OO a ; h|gh||mt of PWM duty
rati ol OVAfidrithd catibitatibhH4HA e xptrimerts, rthé pﬂhmwuiedmﬂleabntmﬂeca‘c@hasenqu h' 04

; ' 02 ; 553h&wih Afthe tablf bdi@ki notor errorscale r.equ h'05 ;h'01 ;scale factor
of rlght notor errorscale int.equ h"04 ;h' 04 ;scale factor of error

ni

|ntegroMﬁ t— tir-012c ‘,yﬁl ':11 'uu |e|t motjortum r. equ h' 012c ;turn
speed g=—rgH ~couhRt—45—egt—hba : —of—45 degree(smart turn);
count 4 TmﬁT) count.s {d045 ;count 45.equ h'c2d9

. count o Ioesiraé Spead/leaft Metor 1, 308) (1) ‘comgs'sample
Desired Speed/Right Motor | 300 counts/sample

Acceleration/Deceleration 10 counts/sample/sample
Proportional Gain 01

Integral Gain 0.1

45 Degree Tum Counts 47712 | counts

Bias of Left Motor 300 counts/sample

Bias of right Motor 300 counts/sample




kkhhkkhkhkkhhkhhkhkhhkhkkhhkhhkhkkhhkhhkhkihkhkhkkhkk -~ khkhkkkikkhkk*k kkhkkkkk*k*
12 ' INTTI ALSZATI 4N*

.**:****************************** 'aéctlan Vector’data’locate:h'o ;* n_.,_set
_.vector* .off h'00 .data.w initiabse *---NM iaterrupt vetor* .ors h' 0006

. data.w SELEC *---0o/p conpare A: $-bit tiner O I0Onms int~t~pt vector* .ors
h'26 .data.w I NT SAMPLI NG *---center sensor interrupt vector .ors h' Ce

SRR I b bk Sk S Sk I S
dat a. w SET TURN '********************************

R I b Sk Sk Sk kR I b R PRmM ER R I b b b Sk kR R I I S b I Rk
kkhkkhkkhkkhkhkhkkkkkhkkhkkhkhhhhkhkhkdkdkkhkkhkk k hhhkhkkxkx*k kk k* k k hhkk*x*x*x*kk*k*k k%% SECtIOﬂ

iait,code, | ocat e=h" 40 ******x*x*xx%x*x | NT| U ALI ZE . *******x*x***x jnjtialise:

*_ initialize satck pointer mov.w #h' $fifsp ;stack pointer *., -., ~p,rn~ts
nmov. b #h' ffrll nov.b rll, (~p4ddr ;config. P4 output) 13 nmov. b r1l, @6ddr
; conl 5hPEFPRufithe encaderis 280;0dhich incansonetrevdls of figdrotor eilhproduceP8 | nput ; *
i ni i e [F2Ocomts. wWiter 4altalatickBhebibbie sl nicdsripedit Jp&ugr@r@me_s%&ndswabl e

i

PVS, ) Witvimbp ishéed @0k BBGtsd o' Mlippag U tls twhicst arid e dapaiag oy and umask

i nt er r yREey the dial#peel'mAChe lo his Vflue - - ~t~1tialize interrupt8

5.2: Robot Soft 1 Programe

In the program, the H8/330 Timer 1 is used as the sampling time generator. In every
10 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
interruption of the center sensors is provided; the status of the left and right sensors are
fedback using polling method. The flow charts of the program are showed on fig 9 to
12, based on 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 Inferruptions



nov. w-#h' CSffrl may b rll,~igcr ;set 11tQ falling edge triggered nov.b
ri.h,~ier ;enable center sensor (IR @) *~ ~ g_bh tinmer * nov.b
..#sanmple~eriod, r01 nov.b ~1, (c~tcoraO ;tinme constant for |Onsec nrnr.b

#h' 00,r01 nmov.b rA, ~atcszfl ;clear the interrupt flag nov.b #h'4b, rOl
nov.b r01, @cr0O ;enable the intc,~rrupt, cl k11024 it~abse 2016 (clear to
zrero), CCR md RAMs recordi ng counts nov.w#h' OOO0O, r Onov. wr 0, ~r st

2016nmov. wi 0, ~pa~t | eft countnov.w 0, ~past right countnov wxO, ~l eft r count nov
wt 0, (~ght countnov.wO, (t~l eft speednov.wO,t

speedmav. w0, (~integral nov. w0, ~itty error 14 nmov.w 0, ~past | efi dutynov
wQO, (t'~past right duty -nmov.wO, (df eft dutynov.w O, ~i ght dutynov

wrO, (c~bi as~I novesr0, ~bias rnmov.wO, (~rit .countnov. bxU ,6 ~stop flag

~mw. brd , ~hun ~agnov. brd , ~turn ~ flagmw br01, ~~' first

l'i me_fl agmovbr 01, @o re_f | agnARPBENDDC ¥p6dr nov. b~ , yunbG

t ur nmmw#acc, ronov. wi U, (dl eft d speedmw. w O, ~ri ght ~d speednov. b#h' 04,

r Chmovbr O, (&, ~k 45TROBUISCIHD; SOFTWEARR PROGRAMES . ** * % x % % ks wswwox
****IVAIN PRG;:\)AM**** EAR IR R I b b b b b b I b S Stal’t bCk #511'a9' p4dr bCk
#4, ~p4dr run: nov w (t~left_dutyrO nov.w ~~right~duty,rl nov.b r01,,left

dtr nov. b rll ~1 fr kkkkhkkkkkikkkkikkkkk - PTS *kk k%
.************A*ﬁ%WﬁimE§%%9%D%thﬁﬁﬁgo of forward ;run 1INT
SAMPLI NG _”~ push iU push r1 push x2 15
or e#h' 80, ccr bcl r #6, (~t car Oandc#h"| ~carj sr (GET SPEEDj sr(a, ~GET_DU TY pop r2
pop rl pop ~tl rte SET T2JRN. push rO push rl push fl

module mop

title ‘addressing decoding for mop project’

mop device ‘pl6v8r’

Al5,A14,A13,A12 pin  23,4,5;

05,04,03,02 pin 19,18,17,16 istype ‘com,invert’;
HLZX = 1,0,.z,%}

cquations

105=A15&A14& A13&1A12;
104=A15&A14&1A13&A12;
103=A15&!A14&A13&!A12;
102=A15&A14&1A13&!A12;

test_vectors ([A15,A14,A13,A12] —>[05,04,03,02])
[1,1,1,0]->{0,1,1,1];
[15 1,0,1]"'>[l,0, 1’ 1];
[1,0,1,0}~>{1,1,0,1];
[171,0,0]">[1s 17 130];

end



nore tinme: ands #h' 7fccr ;utunask interrupts ;unmask interrupt ;get the

| effilright speed ;get the lefi/right duty fromthe control orc #h' 80, ccr
.mov. b #h' 4A x01 novb rOl,~ier nmov.b turn flagrOl crap.b #h'01,r01 beq go
back nmov.b #h'01,iUl nov b r01, flag ;set the turn nov.b (t~nove_flag,rlh
cnp.b #h' 0Ol ,r1 h beq go_back nmov.b (first tine flag,r0l cnp.b #h' OO i 01 beq
frost tinme mav.b LpBdr,r01 and #h' 60,r01 enp.b #h' OO, r01 beq go_~i g ; Sensor
R'L (P8.6/5) is on? 16 nmov. b#h' ffrl 1nov. brl |, ~stop_fl agbrago backgo ~i g:
nmov. b~turn~dir flag' rOlnat rOlnov. bi 01, (a~turn dir flagbrago backfirst

time: nov b#h~,iO0lnov.brol,~t time_, £l ag

~nmov. b@8dr, ~land#h' 20, rOlcnp. b#h' O3’ r01 ;1 f on, stop the nmop ;swap turn
flag ;change the first fijnme flag bne goback ; Sensor L (P8.5) is on? nov.b
#h'ff°,r01 nov.b rOL1,turn dir flAspendix Qurn direction left flag go back:
mov. b #h' 08,rCh nov.b rCh, (~ier ;enable IR PoP pop rl Pop rte SELEC. push

rO push rl push i Wr w ' c842, rOnmov. w0, (d
count 45nov. b#h' Oiz, . higw Bﬁwgﬂmv b rd,~turn-dir
flag ;nunber of 45 degree (turn 90) ;set turn direction-right flag

B PROGRAM QOF THE CONTROLLER

Mop speed control--moves in a zigzag 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; fumn left 180 when sensor R is on and the mop meets

the wall; turn right 180 when sensor L is on and the mop meets
the wall; Continue until it is in the corner of the wall.

;****'M"l‘***t#************t*#***
;*t**#**#**REGISTERS#*‘*#*##**#
;#***‘#***#**#*#t#****#*#**#***
j¥-—port*

pdddr .ecqu h'fIbS

pddr .equ hfib7

p6ddr .equ h'fIb9

p6dr .equ h'fibb

p8ddr .equ h'ffbd

p8dr .equ hfibf

p9ddr .equ  h'ffcO

podr .equ h'ficl

;*-—-16-bit timer*

ter .equ hfO0
tcsr .equ h'fi91
ocra .cqu h'fd4
ter .equ h'fY6
tocr .equ h'f97
frc .equ W92

;*-—8-bit timer*

ter0  .equ  h'ffc8

tesr0  .equ  h'ffc9
tcora0 .equ h'ffca
tent0  .equ  h'ffee



17 andc #h' 7ficcr Inmp pop rl pap to ;unmask ~Pts . **x*x*xkkakxskx
**‘SLJHRQJZ' | NES* '************** '***************************************
JF¥**x*Read the speeds of two orators***** GET SPEED: nov.b deft 2016 _hi,rCh
mov. b(~.left_2016 | o,r0lnov. w0, ~l eft countnmov.b @i ght 2016 hi,ifl hnov.b
fright 2016 |lo,t0lmav. w0, (~~ight taunt left calcu: nov w ~paat |eft
count, r0 mav.w deft count,rl sub.wrO,rl1 cnp.b #h'40,r1h blt 1 negative
nmov.w rl,~left speed jnp .right calcu 1 negative: jar ~COVPLE nov.w
ri,(a~left speed right _ralcu: nov.w ~pagt rig~ht _count,rO0 mav.w t_count, rl
sub.w r0,rl1 cnp.b #h" OO rih bit r, E}ggative mov.w rl,@ight speed jnp
(store ; GET THE SPEED/ PAST SPEED ;read left counts ;read right counts ;get
| eft speed._r negafiive: jsr (d~COVPLE nov.w r1, (c~ni ght ,speed ;get right
speed ;*IBPW‘?e: mov. w deft count,r0O nov.w r0, ~past |eft count nov.w
(ei ght leButer e no®'a0t 0, ~past right count rls '
*******ﬁm&rm&**w**************** **.__‘**C;et the dUtIeS for tV\D
nmot or s* keft* $trGequ DI WH4l nov. b @top_flag, r01 cnp. b #h'ffr01 bne chock turn
;stop fhige a6 .coqn (MWffasre the corner?)? stop_all: jsr (a-dcc rigbt jsr ~dcc
| eft nov.w #h' glJO,rO mv.w r0, @ias 1 nov.wr0,~bia~s r jnp (d control

;¥---Interrupt*

syscr  .equ h'ffc4

iser .equ h'fic6

ier .equ hiffc7

o de s oo o oo 20 o oo o o o o afe o o ofe o o s e ol e e e e e e o

-*##*##***ADDRESSES*#*#***#**lll
T R

;*—~-Encoder 2016*

left 2016 hi .equ  h'a000 ;high byte of count of left motor
left 2016 lo .equ h'a001 ;low byte of count of left motor
right 2016 hi .equ h'd000 ;high byte of count of right motor
right 2016 o .equ  h'd001 ;low byte of count of left motor
st 2016 .equ  h'c000 ;reset/clear the counter

« ool sheafe ot ol oo o o e b ot o o oo o e e ol o o o e s e o oo o e e e o o o o e afe e e o
gk DEFINED RAM LOC ATIQONS #k o ie s e e g e e

« e afe o o o o e e o o o o o o e e afe 2 o af o e e afe o ae o o e e e ol o s o ae e afe e o o o oe

- -

-

int_ram .equ h'fd80
left_count .equ int ram + 2
right_count equ int ram + 4

past left count .equ int ram+ 6
past_right count .equ int_ram + 8
left_error .equ int ram + 13
right_error .equ int ram + 15
left_speed .equ int ram + 18
right_speed .equ int ram + 20
int_error equ int ram + 22
integral .equ int ram + 24
left_d_speed .equ int ram + 26
right d_speed £qu int_ram + 28
status " .equ  int ram + 30
left_bias .equ int_ram + 31
right_bias .equ int_ram + 33
left_dir_flag .equ int ram + 35
right dir flag .equ int_ram + 36
display count .qu int_ram + 39




;'decelerate two notors to stop check turn: nov.b @-~urn iiU cnp.b
#h>OL,r01 beq turn jnp ~go_siraight turn: rnov.w count 45,r0 nov.w turn
..count,rl cnp.wrO,rl1 ;reach 45? blo check_dir mov.b (c~nunber turn,r4h inc
TCh nov.b ~h,[cD, nunber turn nov.b ~1c 45,r2h cnp.b r2h,rCh bge atop turn
nmov. w #h' QUOO, rO nov. w r0, ~turn count check car mv.b (t~turn dir flag,ro0l
cnp. b #h'~r01 bne turn _right ;turn left or turn right? 19 turn left: jsr
@icc left nov.w #t~rn 1, ~ nov. WIO @i as 1 nov.w #h' UOOO, r O nov. w r 0, @i as
r mov.w @ighi speed,rO mov.w @urn count,rl add.w 10,r1 nmov.w rl, @urn
count jnmp @ontral turn right: jsr @icc_right mv. w #dirn r,r0 oV, W
i0,@ias r nov.w #h' OOU4,r0 nmov.w LD, @ias 1 :turn off the left notor ;| oad
bias far left notor ;accunulate the turn counts ;turn o~'right notor nov.w
@eft sippeflhgr (1 mMosquv Gntrramcogmit , r1 add.w rtl,rl nov.w rl, @urn count jnp
@ont r gim HagP_ tur%qmnvmwrmm|0rmv b rOh, @umflag rmv b
rh, @lﬂmqgﬂ_w m) ~,@%n,._39unt go_strai ght mav. w #h' OOQQ, i O nov. w

ro, @i cc left jar @cc right control: nov w
@eft % Wﬂﬁ ri sub.wrO,rl ;jsr @CALE nov.w
ri, @eﬁgﬁ or b|§g- ﬁght notor ;accunul ate the turn counts

divide equ mt__ram+50

bias 1 .6qu int_ram + 52

bias r .equ int_ram + 54

turn_count .equ int_ram + 56

number_turn .equ int ram + 58

turn_dir_flag .equ int_ram + 59
first time flag .equ int_ram + 60

move _: .equ int_ram + 61
k 45 £qu  int_ram + 62
count 45 .equ int_ram + 64

;t#*t‘**#******##***####*#t*******

;#*****#**DEFINED CONSTANTS*******
;#****#*******#*#**#***#*#********

desired_speed .equ  h'012c ;70% of prvious h'0082
desired_count .equ  h'eSe4

;sample period  .equ  h'62  ;10ms sampling period counts
samplec period .cqu  h'93 ;15ms sampling period counts
display period .equ W7fif ;interval unit for display/0.1sec
;from testing, 3125d (Oc35h) only produce 50us time

. prop_Kl .equ  h'0l ;propertional gain for left motor
 kr .equ h0l1 ;propertional gain for right motor
int k .equ h'0l ;intergral gain
acc .equ  h'000a ;acceleration

equ  h000a ;deceleration
high limit .equ  h'00fa ;high limit of PWM duty ratio

low _limit .equ  h'0000 ;low limit of PWM duty reatio
scale |1 .cqu h'04:h02 ;scale factor of left motor error
scale r .equ h'05;h'01 ;scale factor of right motor error
scale_int cqu h'04 ;h'04 ;scale factor of error integral
tum | equ  hO012¢ ;turn speed of left motor

turn_r .equ  h'012¢ ;turn speed of right motor
;count_45 .cqu  h'ba60 ;counts of 45 degree(smatt turn)
;count_45 .equ  h'cb52 ;counts of 45 degree(smart turn)
;count 45 cqu  hc2d9 ;counts of 45 degree(smart turn)

; (h'c842)



;clear turn flag ;clear the nunber of 45 degree ;clear the turn caunta ;get
the'l eft speed errar 20 mov.w fight speed, rO mav.wt d speed, rl sub.w
.10,r1 ;jsr ,SCALE novw ri,~right _eiror nov.wht apeed, ~nov. w@ eft

apeed, rl sub. w0, r 1nov. w~bi ae 1, r0Oadd. w O, r 1nov. W a~bi as

r,iOsub.wO, rlnov.wdint error,r4add. wlO, r1nov.w 1, (~int error;nov.b # nt K,
rol ~"C, TIPLE ;jsr ~a, M| .nov. b#scale int,rChnov.b :~Ch, ~di vi dej ar
~sC~.nov.wl,~integral ;get the right speed error ;two notors velacity
difference ;intergral of the difference ;load the scale factor ;get the
error of the integral |oop nnv.m1~aiéegral,r0 nov.w @eft error,rl sub.w
ro,rl ;get the error for left notor nov.b #svcale |, xCh nov.b rOh, @li vi de

jsr ~SC/ I Q1 . jisr 'L~MJLTIPLE nov w (a~past left duty,r4
add. w ??‘?E’@%%@&/ﬁ%’ﬁ%‘#ﬁ#% rl,(~left duty mov.w rl,~pa~t left_duty

mov. w ~i i Jr*é'rwwm’bﬁf“ﬁ*r*or, rl add.wr0,rl1 nov.b #scale r,rCh

nmov. bt CAPRTIRI R RSk s i* ety b #prap krr01 ~sr (~tJLTIPLE ;load the
scal e fact or .seefion wotorgiataloéase='eft notor ;get the errar for right notor

21 nmov.w past right duty,rO add.wrO,r1 jsr ~LIIVIIT DITTY nmov.w rl,~right
duty nov.w rl,~paat right duty its

;¥---reset vector®

.org h00
.data.w initialise

;*---NMI interrupt vetor*

org  h0006
.dataw SELEC

;*-—0/p compare A: 8-bit timer 0 10ms interrupt vector*

org h26
dataw INT_SAMPLING

;*-—center sensor interrupt vector

og hle
dataw SET _TURN

SRR AR AR AR RO R ARk ok
sk ok koo PROGR AM 30F S bkl ok oo
R RO RO AR o ol B R B ol

.section init,code,locate=h'40
;****t******#t
JINITILALIZE *
SRR
initialise:
;¥ initialize satck pointer

mov.w #h'ff7f,sp ;stack pointer
;*.... iniﬁah'se ports L

mov.b #h'fErll
mov.b rll@p4ddr ;config. P4 output)



g“et t.he duty for |eft rmtor .*************************************** * %
Acc'right notor**x***xxskxxxskxxxssx — rjight: nov wtdeaired

.speed, rOnov. wd_speed, rl cnp. w0, r1lbge acc r renov. wtacc, rQOadd.wO,rlnov
wl,(t d speed acc r re: ris ;accelearte the right notor
.*************************************** * % ACC |eft

MOt Qr * ¥ **x*kxkkxkkxkkxx*xx* gcc left: nov.w #desired speed, rdnov. wdeft d
speed, rl cnp. w0, r 1bge acc 1 renov. w#acc, i0Oadd.wO,rlnov wl, (a~l oft

d speed acc 1 re: its ;accelearte the right notor

_kkkhkkkhkhkkhkhkhkkhkhkkhkhkhkkhhkkhkhhkkhkhkkkhhkkhkhkkkhkhkkhkkhkkkhkhkkhkkikhkkhk k% I:X:C rlght

MOt ar ¥ **¥**x*xkxkxkkxkxkx*xx* dec_ri ghp: nmov w#h' 0000, xOnmoves(cht d
speed, rlcnmp. w0, rlbl e dc r V. Widcc sub.wO, rlnov wl,t d speed
- dccel earte the rNj’Pft% rrd'ib@i’é&gor r ef g"“&“‘

.******'k********'k*********************** * % |7CC |eft'

DI Or * * * * % x %% %%+ movib * #00gdL | eft: nov. w #h' 0000, rO nov. w deft d speed, rl

cnmp.w r0,rl ble doovib r elb@p8ddridcc, ;contigs BB.imputO, r 1 nov.w rl, (r~left d

speed ;dccelearte the left notor dcc 1 re: rtes

.******w_j-ﬁliﬁraﬁge**m*‘c******************* ******Shift a Slgned rl

(di vi si on)***** SCALE: cnp. b

#0O0O, r| hbgeshiftjs ~C0 de~' 18] sr~co~r. ~braconplete shift: jsr ~slaflrn
92! {11 gl Mk ™ i 9

kkhkkkhkkhkhkkhhkhkkhkkhkhkhkkhhkhkkhkkhkkhkkkikkhkkikkk*k *******S~de

. conplete: its 'mov r

rl xxxxxxxxxx ghi Ii%: ~DI—=di vide, ~ ain:

shl rrl hrot a~rr11d819V cﬁgtg%t%, f’%ﬁ’g@% again 23
_****************m;\bc**th,@le ¢ R r|****** LnVaT DUTY: I’T'DV.W#hi gh
lirnit,r'| DUTY RepvdN rlh,@right dir

;*---initialize ccr and unmask interruptions *
andc #h'Tf,cer ;unmask irq

4 inifialize -
mov.w  #h'08ff,rl
mov.b rll@iscr ;set IRQs falling edge triggered
mov.b rlh,@ier ;enable center sensor (IRQ3)
;¥---initialise 8-bit timer *
mov.b #sample period,rOl
mov.b 10l, @tcoral ;time constant for 10msec

mov.b #h'00,r01
mov.b r0lL@tcsr0 ;clear the interrupt flag

mov.b #h'4b, 101 :
mov.b 10, @tcr0 ;enable the interrupt, clk/1024

;~-initialise 2016 (clear to zero), CCR and RAMs rccofding counts

mov.w  #h'0000,r0

mov.w 10,@rst_2016
mov.w 10,@past_left count
mov.w r0,@past_right count
mov.w 10,@left_count
mov.w 10,@right_count
mov.w 10,@left speed
mov.w 10,@right speed
mov.w 10,@integral

mov.w 10,@int_error



chp.w-x2,rl blt conmpare to nov.w #high~lim~rl ;check: rnov.w #h' ~, r0 nov.w
rQ, -p6dr bra finish conpare lo: mov.w #low limt,r2 cnp.wi'L,rl bge finish
nDVW#l OW|Imt,I’| ~6~rlsh |tS -**************************

‘*.****Corrpl ement of rl***** CUMPLE: not r1l1 not rlh nov.w #h' 0001, i'l add.w
r2,rl ;2's conplenent of the value its
.*************************************** *****M.lltlp||cat|0n Of tOl and
rix***** MJLTIPLE: cnp.b #h' 00, rlh blt nufti, neg mul xu r01,r1 mufti negq:
jsr (a~COWPLE ;1f:Q get the positive value nulxu 1,r1 jsr (~CUMPLE ;return
to negative ailer multiple ending: Ms .end ~s TFIC CLAIMS (1) The new
way of using the paper nmop. This microcontroll er based robot uses the magic
nop which attached to it od bar clearing the floor. The robot provides
the contact pressUP¥e% h@%ﬁé‘? . @U¥dl e of the nop to the specincial |y
made cl eani ng pap®PV-Barh@pagt dght (2) The "Robot Soft | " is the

progranmed sof t waieVor 19,@leflidetyocontrol ler in the robot. It characterised
by controlling thmovebor),@righbdaty n an orderly designed novenent showed in
Fig 1 to 4. (3) Tiaev.Robed,@hidst! | nake the robot do a 180 degree turn. Wen
t he sensor det ectmaqvpbm,@ui@_pr a wall at a short distance in front of the
robot, the robot Molw tH) @tifnd6dunt0r 180 degree then nove forward . As it
meets a wall agaigavph not “wil | turn left for another 180 degree. The
robot will conti WGv. oe:tge and left at 180 degree alternatively
until a roomis cO 'tet ".Chic is the nost |nportant novenent
of the softvvare.ex:g% TH% : | can al so nake the robot do a 90
degree turn eith Br 110} ‘gm“’i pecific condition so that the robot .
can nore around tmevpurifl@meve flag Ayl AY( A A A .Af;.Ar.Ans. A . A . AF!
s. As. A. AF. Af . A. A mpeb. MOR@yeds . AYh. A'. =Cp 67/t V)

mov.b 10l @number_turn

mov.w #acc,10

mov.w 10,@left d speed

mov.w 10,@right d_speed

mov.b #h'04, r0h

mov.b rOh,@k 45

mov.w  #h'c2d9,r0
mov.w 10,@count 45

;****t*#***#‘#********

;#+¢¥MAIN PROGRAM®#*+*++
;*********#****t******

start: belr  #5,@pddr ;set left motor forward
belr  #4,@pddr ;8et right motor forward
un; mov.w  @left_duty,r0

mov.w  @right_duty,rl
mov.b rOL@left dtr
mov.b rll@right dir ;run

bra run

;#*#****‘**##‘#**

JINTERRUPTS **#**
;#**##**##*#*****

INT SAMPLING:
push 10
push rl
push 12
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beq  first_time
more_time: mov.b @p8dr,r0l
and  #h'60,101
cmp.b  #h'00,r01

beq go zg ;Sensor_R/L (P8.6/5) is on?
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pop 12
pop 1l
pop 10

te

SELEC:
push 10
push rl
push 12

mov.b #h'02,r1h
mov.b rlh@k 45 ;number of 45 degree (turn 90)

mov.w #h'c842,r0
mov.w 10,@count_45

mov.b #h'0l,rlh
mov.b rlh,@move_flag

mov.b #h'00,101
mov.b 10L@turn_dir flag ;set tumn_direction-right flag
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;**SUBROUTINES*
SRR

e

senensRead the speeds of two motors® ¥ #*+

GET SPEED: mov.b @left 2016 hirOh ;GET THE SPEED/PAST SPEED
mov.b @left 2016 _lo,r0l
mov.w 10,@left_count ;read left counts
mov.b @right 2016 _hirOh
mov.b @right 2016_lo,r01
mov.w 10,@right count ;read right counts

left calcu: mov.w @past_left count,r0
mov.w @left_count,rl
subw 10,rl
cmp.b #h'00,r1h
blt 1 negative
mov.w rl,@left_speed
jmp  @right calcu

1 negative: jsr @COMPLE ‘
mov.w rl,@left_speed ;gct left speed

right calcu: mov.w @past_right count,r0
mov.w @right_count,rl
subw 10,rl
cmp.b #h'00,r1h
bit r _negative

mov.w rl,@right speed
jmp (@store

r_negative: jsr @COMPLE
mov.w rl,@right_speed ;get right speed
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store: mov.w @left_count,r0
mov.w 10,@past_left_count
mov.w @right_count,10
mov.w 10,@past_right count

s

;****#**#**##*******************#*******
;#eee¥Get the duties for two motors*****

GET DUTY: mov.b @stop_flag,10l
cmp.b #h'f 101
bne check tum ;stop flag is on (mop in the corner?)?

stop_all:  jsr @dcc_right
jsr @dcc_left ;decelerate two motors to stop
mov.w #h'0000,r0
mov.w 10,@bias |
mov.w 10,@bias_r
jmp  @control

check tum: mov.b @turn_flag 0l
cmp.b #h'01,r01
beq turn
jmp  @go_straight

turn: mov.w @count 45,10
mov.w @turn_count,rl
cmp.w r10,rl ;reach 4572
blo check dir ‘
mov.b @number_turn,rOh
inc rOh
mov.b rOh,@number turn

mov.b @k_45,r2h
cmp.b r2hrOh
. bge stop_tum
mov.w #h'0000,r0
mov.w 10,@turn_count

check dir  mov.b @tun_dir_flag,r0l
cmp.b #h'ff,r01
bne turn_right ;turn left or turn right?
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mov.w @mtegral,:ﬂ

mov.w @left_error,rl

subw 10,rl ;get the error for left motor

mov.b #scale l,rOh

mov.b rOh,@divide ;load the scale factor

jsr @SCALE

; mov.b #prop_ki,r0l

.jsr - @MULTIPLE

mov.w @past_left duty,r0

add.w 10,rl

jsr  @LIMIT_DUTY

mov.w rl,@left_duty ;get the duty for left motor
mov.w rl,@past_left duty

mov.w @integral,r0

mov.w @right_error,rl

addw 1r0rl ;get the error for right motor
mov.b #scale_r,r0h

mov.b rOh@divide

jsr  @SCALE

:mov.b #prop_kr,r0l

Jdst  @MULTIPLE
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fl110%& ()-- RL- %WM PPPPPPPv U4 fS

cmp.w 10,rl

bge accr e

mov.w #acc, 10

addw 10,rl

mov.w rl,@right d_speed ;accelearte the right motor

acc rre: s

;****‘*****“*****‘**“*‘*****‘*******‘*
;** Acc lcﬁ mom****“*‘**‘.**‘******

acc_left: mov.w #desired speed,r0
mov.w @left_d_speed,rl
cmp.w 10,rl
bge acclre .
mov.w #acc, 10
addw 10,1
mov.w rl,@left d_speed ;accelearte the right motor

acc 1l re: ris

;****t****#******#***#*#‘***##**#****t**
;ll!* Dcc l'ight motortFekkkkkgokiokibokk ook

dcc_right: mov.w #h'0000,10 '
mov.w @right d_speed,rl
cmp.w 10l
ble dcc r re
mov.w #dce, 10
subw 10,rl
mov.w rl,@right d speed ;dccelearte the right motor



109& ()-f f 10%& ()-101010 fy810%& ()- f@ (s109%& ()-
f @ ('s10%& ()-' PPPPPQQOkK34 S10%&' ()- S109%& ()- S10%& ()-S109%&' ()- S
2098 () - f QQQHQ Q GbQX<4 S10%&' () - SLO%& () - S10%&' () - S10%& () - S10%& () - 5Q
QRQBOPQVQ W4
S109&' () - S109%&' () - SLO%& () - S109%&' () - S10%&' () -\ Q @ QQ KQ-QXX@*
S10%& () - S109%&' () - S109%&' () - S10%&' () - QLU P84
S10%& () - S109%&' () - S109%&' () - S10%& () - S10%&' () - QLU P84
S109&' () - S109%&' () - S10%& () - S109&' () - S109%& () - QOOQQQQRt \ <4
S109&' () - S109&' () - S10%& () - S109%&' () »$10%& ()-R RRR*RIRgRj | <4 S SY109%&& () -
S9109%&&' ()-( SF 109&& () - S109%&' () STU%& () - gR-RRRRSKS{ Y7<4 ! Syl (
109 () -)Syl( 100 SyFY40%& ()-& SH109E& ()- S
109&8 (3* %%é‘f% %*’Zm {% ' "*ﬁL WiL10048& ()-! SAL10%& () -
MLlO%&'%McQWQwMV&'W“WM* VE& () - RTOTTTTTTTTVU4  Sf -10% V
& ()-T Sf -10%R & ()-T S10% R & ()-10E10EIOE S' 6 109%&& ()- SF1109%&& () -
TTUTY| UdckéfE)  1afoviv &¥1De00,r010% R & ()- 10% R & ()- S10% R & ()- SY 10% R
& ()- S10% R & () nhéhiUgpleRW spéthR 10% R

cmp.w 10,rl

ble dcc 1 re

mov.w #dcc, 10

sub.w 10,rl

mov.w rl,@left d speed ;dccelearte the left motor

dec 1 re:  rts

A L I I S A e
sekkkkeShift a signed rl (division)*¥¥**

SCALE: cmp.b #00,r1h
bge shift
Jsr @COMPLE
jsr  @ghifling

jsr  @COMPLE

bra complete
shift: jsr  @shifting
complete:  rts
;**#***********#l*t**##*##*#**‘*************
;*******shjﬂing_ﬁghﬂdivide rl 0o o o e 20 oe 240 e ol
shiftingg  mov.b @divide,12h
shift_again: shir rih

rotxr rll

dec r2h

~emp.b #h'00, 12h

bne shift again

s




&1{)--10% R & ()- p 1 10%R & ()- 10%R & ()-p 10%R & ()-UUUUUUULL T< 10%
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F1109& ()- F109%& ()- F:10%& ()- 10%R & ()-p 10%R & ()- 10% R

& () -] V| WVWWWKS7 FFs$S109%& ()-$ R(Fs$SL09K&' () - Fs$S109X&' () - ($
RFS$S109X& () - Fs$S109X& () - WWAMAMVWT FFs$S109X& () - Fs$S109X& () - $
RFS$S109X& () - Fs$S109X& () - $ RFS$SI09XE () - WWWWWXX@ F$

RFS$S109X& () - Fs$S109X& () -$ RFS$S109XE () - Fs$S109X& () - $

RVWWEW WANABB* p324109&& () - 24109%& () - FS/ 109%& ()- F*109%& () -

F& ' 109%& () - FS$S109X& () - WANNNANADX<p324109X& () - p3124109X& () - 24109%& () -
P324109X& () - 24109X& () - WANNNNNN X8B324109X& () - 24109K& () - p324109K& () - 241
09X&' () - p324109X&' () - WK XyX7p3 F: 9109X& () -

FLOLOOMX Qe pwRespatgqy oy (32 A0000KMYY - 241098 () - p3 X! X" XHXEXWXXXXv U4p

109 & ( )avinobl0ffiit( JroweF@0UXE () - FL09%Z& () -2 :

FS109%& () - 10X- 10X310XXYYpYYYYY}al ), 109%& () - q, 109%& () -, 109X& () -

F109X&! & )
1098 ( %Ws \ﬁé’v w 12 BUTY RATION

r}o%@%?'f",’ 109X& () - ql, 109%& () -, 109%& () - q, 109%& ()

CYYYYYYYYXX@ 1 ST T 10048 () - g, L09K& () -, 109K& () - qYYYY2ZBZQZPZbB* . 10
% & ()-.10% & (5:’“;;?; ¢ mrlf%( 109% & ()- F&F 10%& ()-
;check: mov.w #h'ffEr0
; mov.w 10,@p6dr
bra finish
compare_lo: mov.w #low_limit,r2
cmp.w 12rl
bge finish

mov.w #low_limit,r1
finish: rts

el
s Complement of rl1¥**e+*

COMPLE: not ril
not rlh
mov.w #h'0001, 12
addw 12,1 :2's complement of the value

s

SRR R R
JrewrMultiplication of r0l and rl*eswes

MULTIPLE: cmp.b #h'00, rlh
bit mulii neg
mulxu r0Lrl
bra ending
multi neg: jsr @COMPLE v <0, get the positive value
mulxu 10Lrl
jsr  @COMPLE ;return to negative after multiple

ending: s

.end
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"#$9& () *This nﬁmg@ttgdlpg dased robot uses the magic mop which attached to its
<=>7 @\BCDEFﬂBf oK cienaRERIRT Ui YERE fobot poavidésghe camtactopressure throyugh | } ~
the handle of the mop to the specificial ly made cleaning paper against the
floor.

(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 will 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. This 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.



