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R31JP serial interface (minmon.asm)

I simply extended MINMON with commands F, B, L, K, H, S which instruct the
robot to move around or send sensory information.

; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
; ∗ ∗
; ∗ MINMON − The Minimal 8051 Monitor Program ∗
; ∗ ∗
; ∗ Port ions o f t h i s program are cour t e sy o f ∗
; ∗ Rige l Corporation , o f Ga ine s v i l l e , F lor ida ∗
; ∗ ∗
; ∗ Modif ied f o r 6 .115 ∗
; ∗ Massachuset ts I n s t i t u t e o f Technology ∗
; ∗ January , 2001 Steven B. Leeb ∗
; ∗ ∗
; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
s tack equ 2 fh ; bottom of s t a c k

; − s t a c k s t a r t s a t 30 h −
e r r o r f equ 0 ; b i t 0 i s e r ror s t a t u s
;=================================================================
; 8032 hardware v e c t o r s
;=================================================================

org 00h ; power up and r e s e t v e c t o r
ljmp s t a r t
org 03h ; i n t e r r u p t 0 vec to r
ljmp s t a r t
org 0bh ; t imer 0 i n t e r r u p t v ec t o r
ljmp s t a r t
org 13h ; i n t e r r u p t 1 vec to r
ljmp s t a r t
org 1bh ; t imer 1 i n t e r r u p t v ec t o r
ljmp s t a r t
org 23h ; s e r i a l por t i n t e r r u p t v ec t o r
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ljmp s t a r t
org 2bh ; 8052 ex t ra i n t e r r u p t v ec t o r
ljmp s t a r t

;=================================================================
; beg in main program
;=================================================================

org 100h
s t a r t :

clr ea ; d i s a b l e i n t e r r u p t s
l c a l l i n i t
l c a l l i n i t a d c

; i n i t i a l i z e hardware
l c a l l pr in t ; p r i n t welcome message
db 0ah , 0dh , ”Welcome to 6 .115 ! ” , 0ah , 0dh , ”MINMON> ” , 0 h

monloop :
mov sp ,# stack ; r e i n i t i a l i z e s t a c k po in t e r
l c a l l i n i t p e r i p o r t s ; i n i t or r e i n i t the pe r i por t ch ip

; j u s t in case
clr ea ; d i s a b l e a l l i n t e r r u p t s
clr e r r o r f ; c l e a r the error f l a g
l c a l l pr in t ; p r i n t prompt
db 0dh , 0 ah , ”∗” , 0 h
clr r i ; f l u s h the s e r i a l input b u f f e r
l c a l l getcmd ; read the s i n g l e− l e t t e r command
mov r2 , a ; put the command number in R2
ljmp nway ; branch to a monitor rou t ine

endloop : ; come here a f t e r command has f i n i s h e d
sjmp monloop ; l oop f o r e v e r in monitor loop

;=================================================================
; subrou t ine i n i t
; t h i s rou t ine i n i t i a l i z e s the hardware
; s e t up s e r i a l por t wi th a 11 .0592 MHz c r y s t a l ,
; use t imer 1 f o r 9600 baud s e r i a l communications
;=================================================================
i n i t :

mov tmod , #20h ; s e t t imer 1 f o r auto re l oad − mode 2
mov tcon , #41h ; run counter 1 and s e t edge t r i g i n t s
mov th1 , #0fdh ; s e t 9600 baud with x t a l =11.059mhz
mov scon , #50h ; s e t s e r i a l c on t r o l reg f o r 8 b i t data

; and mode 1
ret

;=================================================================
; monitor jump t a b l e
;=================================================================
jumtab :

dw badcmd ; command ’@ ’ 00
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dw badcmd ; command ’ a ’ 01
dw gobackward ; command ’ b ’ 02 used
dw badcmd ; command ’ c ’ 03
dw downld ; command ’ d ’ 04 used
dw badcmd ; command ’ e ’ 05
dw goforward ; command ’ f ’ 06 used
dw goaddr ; command ’ g ’ 07 used
dw r obo tha l t ; command ’ h ’ 08 used
dw badcmd ; command ’ i ’ 09
dw badcmd ; command ’ j ’ 0 a
dw go r i gh t ; command ’ k ’ 0 b used
dw g o l e f t ; command ’ l ’ 0 c used
dw badcmd ; command ’m ’ 0 d
dw badcmd ; command ’ n ’ 0 e
dw badcmd ; command ’ o ’ 0 f
dw badcmd ; command ’ p ’ 10
dw badcmd ; command ’ q ’ 11
dw readmem ; command ’ r ’ 12 used
dw s enso r ; command ’ s ’ 13 used
dw writab ; command ’ t ’ 14 used
dw badcmd ; command ’ u ’ 15
dw badcmd ; command ’ v ’ 16
dw writmem ; command ’w ’ 17 used
dw badcmd ; command ’ x ’ 18
dw badcmd ; command ’ y ’ 19
dw badcmd ; command ’ z ’ 1 a

; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
; monitor command rou t i n e s
; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
;===============================================================
; command readmem ’ r ’
; t h i s rou t ine reads & p r i n t s the hexadecimal content o f the by t e
; in e x t e rna l memory o f which the l o c a t i o n i s the 4 hex d i g i t
; address which f o l l o w s the command
;===============================================================
readmem :

l c a l l getbyt ; g e t address h igh by t e
l c a l l prthex
mov dph , a ; save in dph
l c a l l getbyt ; g e t address low by t e
l c a l l prthex
mov dpl , a ; save in dp l
l c a l l c r l f
movx a , @dptr ; read from ex t mem
l c a l l prthex ; p r i n t by t e to user
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ljmp endloop ; re turn
;===============================================================
; command writmem ’w ’
; t h i s rou t ine wr i t e s a by t e to a l o c a t i o n in e x t e rna l memory
; the format i s wXXXX=YY where XXXX i s the 4 hex d i g i t address
; o f the l o c a t i o n and YY i s the hexadecimal content o f the by t e
;===============================================================
writmem :

l c a l l getbyt ; g e t address h igh by t e
l c a l l prthex
mov dph , a ; save in dph
l c a l l getbyt ; g e t address low by t e
l c a l l prthex
mov dpl , a ; save in dp l
l c a l l getchr ; s k i p the = charac t e r
l c a l l sndchr
l c a l l getbyt ; g e t the by t e content
l c a l l prthex
movx @dptr , a ; wr i t e i t to e x t mem
ljmp endloop ; re turn

;===============================================================
; command wr i tab ’ t ’
; t h i s rou t ine wr i t e s a t a b l e o f b y t e s to e x t e rna l memory
; the t a b l e prompts f o r the f i s t by t e to wr i t e at address XX00,
; where XX f o l l ow s the command name
; entry s t op s a f t e r 256 by t e s or i f the user h i t s re turn wi thout
; en t e r ing any data
;===============================================================
writab :

l c a l l getbyt ; g e t address h igh by t e
l c a l l prthex
mov dph , a ; save in dph
mov dpl , #00h ; LSB=00 a s t a r t

writab loop :
l c a l l c r l f
mov a , dph ; p r i n t MSB
l c a l l prthex
mov a , dpl ; p r i n t LSB
l c a l l prthex
mov a , #20h ; p r i n t space
l c a l l sndchr
l c a l l getbyt ; g e t the by t e content
l c a l l prthex
movx @dptr , a ; wr i t e i t to e x t mem
mov a , dpl ; increment LSB
inc a
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mov dpl , a
jnz wri tab loop ; l oop again f o r next entry
ljmp endloop ; re turn

;===============================================================
; command goaddr ’ g ’
; t h i s rou t ine branches to the 4 hex d i g i t address which f o l l o w s
;===============================================================
goaddr :

l c a l l getbyt ; g e t address h igh by t e
mov r7 , a ; save in R7
l c a l l prthex
l c a l l getbyt ; g e t address low by t e
push acc ; push l s b o f jump address
l c a l l prthex
l c a l l c r l f
mov a , r7 ; r e c a l l address h igh by t e
push acc ; push msb o f jump address
ret ; do jump by doing a r e t

;===============================================================
; command downld ’ d ’
; t h i s command reads in an I n t e l hex f i l e from the s e r i a l por t
; and s t o r e s i t in e x t e rna l memory.
;===============================================================
downld :

l c a l l c r l f
mov a , # ’> ’ ; acknowledge by a ’> ’
l c a l l sndchr

d l :
l c a l l getchr ; read in ’ : ’
cjne a , #’ : ’ , d l
l c a l l getbytx ; g e t hex l en g t h by t e
jz enddl ; i f l e n g t h =0 then re turn
mov r0 , a ; save l en g t h in r0
l c a l l getbytx ; g e t msb o f address
setb ac c . 7 ; make sure i t i s in RAM
mov dph , a ; save in dph
l c a l l getbytx ; g e t l s b o f address
mov dpl , a ; save in dp l
l c a l l getbytx ; read in s p e c i a l purpose by t e ( i gnore )

dloop :
l c a l l getbytx ; read in data by t e
movx @dptr , a ; save in ex t mem
inc dptr ; bump mem po in t e r
djnz r0 , dloop ; r epea t f o r a l l data b y t e s in record
l c a l l getbytx ; read in checksum
mov a , #’ . ’
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l c a l l sndchr ; handshake ’ . ’
sjmp dl ; read in next record

enddl :
l c a l l getbytx ; read in remainder o f the
l c a l l getbytx ; t e rminat ion record
l c a l l getbytx
l c a l l getbytx
mov a , #’ . ’
l c a l l sndchr ; handshake ’ . ’
ljmp endloop ; re turn

getbytx :
l c a l l getbyt
jb e r r o r f , gb e r r
ret

gb e r r :
ljmp badpar

; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
; monitor suppor t r ou t i n e s
; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
badcmd :

l c a l l pr in t
db 0dh , 0 ah , ” bad command ” , 0 h
ljmp endloop

badpar :
l c a l l pr in t
db 0dh , 0 ah , ” bad parameter ” , 0 h
ljmp endloop

;===============================================================
; subrou t ine g e t b y t
; t h i s rou t ine reads in an 2 d i g i t a s c i i hex number from the
; s e r i a l p o r t . the r e s u l t i s re turned in the acc .
;===============================================================
getbyt :

l c a l l getchr ; g e t msb a s c i i chr
l c a l l ascb in ; conv i t to b inary
swap a ; move to most s i g h a l f o f acc
mov b , a ; save in b
l c a l l getchr ; g e t l s b a s c i i chr
l c a l l ascb in ; conv i t to b inary
orl a , b ; combine two ha l v e s
ret

;===============================================================
; subrou t ine getcmd
; t h i s rou t ine g e t s the command l i n e . c u r r en t l y on ly a
; s i n g l e− l e t t e r command i s read − a l l command l i n e parameters
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; must be parsed by the i n d i v i d u a l r o u t i n e s .
;
;===============================================================
getcmd :

l c a l l getchr ; g e t the s i n g l e− l e t t e r command
clr ac c . 5 ; make upper case
l c a l l sndchr ; echo command
clr C ; c l e a r the carry f l a g
subb a , # ’@’ ; conver t to command number
jnc cmdok1 ; l e t t e r command must be above ’@’
l c a l l badpar

cmdok1 :
push acc ; save command number
subb a , #1Bh ; command number must be 1Ah or l e s s
jc cmdok2
l c a l l badpar ; no need to pop acc s ince badpar

; i n i t i a l i z e s the system
cmdok2 :

pop acc ; r e c a l l command number
ret

;===============================================================
; subrou t ine nway
; t h i s rou t ine branches ( jumps ) to the appropr ia t e monitor
; r o u t i n e . the rou t ine number i s in r2
;================================================================
nway :

mov dptr , # jumtab ; po in t dp t r at beg inn ing o f jump t a b l e
mov a , r2 ; l oad acc wi th monitor rou t ine number
r l a ; mu l t i p l y by two.
inc a ; l oad f i r s t v e c t o r onto s t a c k
movc a , @a+dptr ; ” ”
push acc ; ” ”
mov a , r2 ; l oad acc wi th monitor rou t ine number
r l a ; mu l t i p l y by two
movc a , @a+dptr ; l oad second vec to r onto s t a c k
push acc ; ” ”
ret ; jump to s t a r t o f monitor rou t ine

; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
; g enera l purpose rou t i n e s
; ∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗∗
;===============================================================
; subrou t ine sndchr
; t h i s rou t ine t a k e s the chr in the acc and sends i t out the
; s e r i a l p o r t .
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;===============================================================
sndchr :

clr s con .1 ; c l e a r the t x b u f f e r f u l l f l a g .
mov sbuf , a ; put chr in s bu f

tx loop :
jnb scon.1 , tx loop ; wai t t i l l chr i s sen t
ret

;===============================================================
; subrou t ine ge t ch r
; t h i s rou t ine reads in a chr from the s e r i a l por t and saves i t
; in the accumulator .
;===============================================================
getchr :

jnb r i , ge tchr ; wai t t i l l charac t e r r e c e i v ed
mov a , sbuf ; g e t charac t e r
anl a , #7fh ; mask o f f 8 th b i t
clr r i ; c l e a r s e r i a l s t a t u s b i t
ret

;===============================================================
; subrou t ine p r i n t
; p r i n t t a k e s the s t r i n g immediate ly f o l l ow i n g the c a l l and
; sends i t out the s e r i a l p o r t . the s t r i n g must be terminated
; wi th a n u l l . t h i s rou t ine w i l l r e t to the i n s t r u c t i o n
; immediate ly f o l l ow i n g the s t r i n g .
;===============================================================
pr in t :

pop dph ; put re turn address in dptr
pop dpl

p r t s t r :
clr a ; s e t o f f s e t = 0
movc a , @a+dptr ; g e t chr from code memory
cjne a , #0h , mchrok ; i f t e rminat ion chr , then re turn
sjmp prtdone

mchrok :
l c a l l sndchr ; send charac t e r
inc dptr ; po in t a t next charac t e r
sjmp p r t s t r ; l oop t i l l end o f s t r i n g

prtdone :
mov a , #1h ; po in t to i n s t r u c t i o n a f t e r s t r i n g
jmp @a+dptr ; re turn

;===============================================================
; subrou t ine c r l f
; c r l f sends a ca r r i a g e re turn l i n e f e ed out the s e r i a l por t
;===============================================================
c r l f :

mov a , #0ah ; p r i n t l f
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l c a l l sndchr
c r e t :

mov a , #0dh ; p r i n t cr
l c a l l sndchr
ret

;===============================================================
; subrou t ine pr thex
; t h i s rou t ine t a k e s the con ten t s o f the acc and p r i n t s i t out
; as a 2 d i g i t a s c i i hex number.
;===============================================================
prthex :

push acc
l c a l l binasc ; conver t acc to a s c i i
l c a l l sndchr ; p r i n t f i r s t a s c i i hex d i g i t
mov a , r2 ; g e t second a s c i i hex d i g i t
l c a l l sndchr ; p r i n t i t
pop acc
ret

;===============================================================
; subrou t ine b inasc
; b inasc t a k e s the con ten t s o f the accumulator and conver t s i t
; i n t o two a s c i i hex numbers. the r e s u l t i s re turned in the
; accumulator and r2 .
;===============================================================
binasc :

mov r2 , a ; save in r2
anl a , #0fh ; conver t l e a s t s i g d i g i t .
add a , #0f6h ; a d j u s t i t
jnc noadj1 ; i f a−f then r e ad j u s t
add a , #07h

noadj1 :
add a , #3ah ; make a s c i i
xch a , r2 ; put r e s u l t in reg 2
swap a ; conver t most s i g d i g i t
anl a , #0fh ; l ook at l e a s t s i g h a l f o f acc
add a , #0f6h ; a d j u s t i t
jnc noadj2 ; i f a−f then re−ad j u s t
add a , #07h

noadj2 :
add a , #3ah ; make a s c i i
ret

;===============================================================
; subrou t ine ascb in
; t h i s rou t ine t a k e s the a s c i i charac t e r passed to i t in the
; acc and conver t s i t to a 4 b i t b inary number which i s re turned
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; in the acc .
;===============================================================
ascb in :

clr e r r o r f
add a , #0d0h ; i f chr < 30 then error
jnc notnum
clr c ; check i f chr i s 0−9
add a , #0f6h ; a d j u s t i t
jc hextry ; jmp i f chr not 0−9
add a , #0ah ; i f i t i s then ad j u s t i t
ret

hextry :
clr ac c . 5 ; conver t to upper
clr c ; check i f chr i s a−f
add a , #0f9h ; a d j u s t i t
jnc notnum ; i f not a−f then error
clr c ; see i f char i s 46 or l e s s .
add a , #0fah ; a d j u s t acc
jc notnum ; i f carry then not hex
anl a , #0fh ; c l e a r unused b i t s
ret

notnum :
setb e r r o r f ; i f not a v a l i d d i g i t
ljmp endloop

;===============================================================
; mon return i s not a s u b r ou t i n e .
; i t s imply jumps to address 0 which r e s e t s the system and
; invokes the monitor program.
; A jump or a c a l l to mon return has the same e f f e c t s ince
; the monitor i n i t i a l i z e s the s t a c k .
;===============================================================
mon return :

ljmp 0

;===============================================================
; i n i t p e r i p o r t s
; i n i t i a l i z e s the 8255 ( on address FE01xh ) f o r wr i t i n g on a l l
; po r t s
;===============================================================
i n i t p e r i p o r t s :

mov dptr , #0FE13h ; wr i t e c on t r o l word
mov a , #80h
movx @dptr , a
ret
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;===============================================================
; i n i t a d c
; i n i t i a l i z e s the A to D conver t e r ( on address FE0xh)
;===============================================================
i n i t a d c :

mov dptr , #0FE00h ; s imply wr i t e and read from AD
mov a , #0 ; to i n i t i a l i z e i n t e r r u p t p o s i t i o n ( P3.2 )
movx @dptr , a
mov dptr , #0FE00h
movx a , @dptr
ret

;===============================================================
; command goforward ’ f ’
; i n s t r u c t the robo t to go forward
; motors are connected to por t B
; PB0 = L+
; PB1 = L−
; PB2 = R+
; PB3 = R−
;===============================================================
goforward :

mov dptr , #0FE11h
mov a , #05h
movx @dptr , a
ljmp endloop ; re turn

;===============================================================
; command gobackward ’ b ’
; i n s t r u c t the robo t to go backward
;===============================================================
gobackward :

mov dptr , #0FE11h
mov a , #0Ah
movx @dptr , a
ljmp endloop ; re turn

;===============================================================
; command g o l e f t ’ l ’
; i n s t r u c t the robo t to go l e f t
;===============================================================
g o l e f t :

mov dptr , #0FE11h
mov a , #06h
movx @dptr , a
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ljmp endloop ; re turn

;===============================================================
; command go r i g h t ’ k ’
; i n s t r u c t the robo t to go r i g h t
;===============================================================
go r i gh t :

mov dptr , #0FE11h
mov a , #09h
movx @dptr , a
ljmp endloop ; re turn

;===============================================================
; command r o b o t h a l t ’ h ’
; i n s t r u c t the robo t to h a l t
;===============================================================
r obo tha l t :

mov dptr , #0FE11h
mov a , #00h
movx @dptr , a
ljmp endloop ; re turn

;===============================================================
; command sensor ’ s ’
; r e tu rns a hexadecimal read ing o f the sensor x va lue ,
; where x i s a d i g i t a f t e r the s command
; x=0 ( f r on t )
; x=1 ( back )
; x=2 ( l e f t )
; x=3 ( r i g h t )
; Note t ha t the 74HC4d67 (16− channel analog ( de ) mu l t i p l e x e r )
; i s connected as f o l l o w s :
; PA0 = S0
; PA1 = S1
; PA2 = S2
; PA3 = S3
; PA4 = !E
; Z goes to A/D input
;===============================================================
s enso r :

l c a l l getchr ; g e t a s c i i chr
l c a l l sndchr ; send i t back
l c a l l ascb in ; conv i t to b inary
mov dptr , #0FE10h ; c on f i gu r e d emu l t i p l e x e r f o r
movx @dptr , a ; t h i s sensor
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l c a l l readadc ; read d i g i t a l va lue
l c a l l prthex ; p r i n t i t
ljmp endloop ; re turn

;===============================================================
; readadc
; Reads the va lue o f the A/D and s t o r e s i t in the accumulator .
;===============================================================
readadc :

mov dptr , #0FE00h ; S t a r t convers ion
mov a , #0
movx @dptr , a
wait : ; Wait f o r convers ion to comp le t e .

jb P3.2 , wait
mov dptr , #0FE00h ; Read d i g i t a l v a l u e .
movx a , @dptr
ret

; end o f MINMON

Python library serial interface (librobot.py)

librobot.py provides the basic functionality to command the robot from Python.
It uses pySerial, a Python module to access the serial port, freely available at
http://pyserial.sourceforge.net.

”””Python Library f o r 6 .115 Fina l Pro jec t
May 2006
Nada Amin ( namin@mit . edu )

This l i b r a r y i n t e r f a c e s wi th the R31JP us ing the s e r i a l por t and
commands the robo t to move around or to send sensor in format ion .
”””
import s e r i a l
import sys

# cons tan t s f o r both d i r e c t i o n s and sensors
BACK = ’ b ’
FRONT = ’ f ’
LEFT = ’ l ’
RIGHT = ’ r ’
STOP = ’ s ’

# l i s t o f a l l p o s s i b l e cons tan t s f o r d i r e c t i o n commands
GO LST = [FRONT, LEFT, RIGHT, BACK, STOP]
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# t a b l e t ha t maps a cons tant to a d i r e c t i o n command
GO TABLE = {FRONT : ’F ’ , BACK : ’B ’ , LEFT : ’L ’ , RIGHT : ’K’ , STOP : ’H’}

# t a b l e t ha t maps a d i r e c t i o n to cons tant to i t s oppo s i t e
REVERSE DIRS = {FRONT : BACK, BACK : FRONT, LEFT : RIGHT, RIGHT : LEFT, STOP : STOP}

# l i s t o f a l l p o s s i b l e cons tan t s f o r sensory po s i t i o n
SENSOR LST = [FRONT, LEFT, RIGHT, BACK]
# t a b l e t ha t maps a cons tant to a sensory po s i t i o n
SENSOR TABLE = {FRONT : ’ 0 ’ , BACK : ’ 1 ’ , LEFT: ’ 2 ’ , RIGHT : ’ 3 ’}

PRETTY SENSORS = {FRONT : ’ f r on t ’ , LEFT: ’ l e f t ’ , RIGHT : ’ r i g h t ’ , BACK: ’ back ’}
PRETTY DIRS = {FRONT: ’ forward ’ , LEFT: ’ l e f t ’ , RIGHT: ’ r i g h t ’ , BACK: ’ backward ’}

NUM SENSORS = len (SENSOR LST)

class Robot :
”””The Robot c l a s s d e f i n e s the ba s i c l i b r a r y i n t e r f a c e to the
R31JP−c on t r o l l e d robo t . ”””
def i n i t ( s e l f ) :

””” I n i t i a l i z e s the s e r i a l por t ( w i l l propage the e r ro r s from
the s e r i a l l i b r a r y ) . ”””
s e l f . t ty = s e r i a l . S e r i a l (0 )

def t t y r ead ( s e l f ) :
”””Waits f o r a message on the s e r i a l por t and re turns i t .
Note t ha t t h i s procedure i s not robust , because i t might wai t
f o r e v e r i f no message comes .
”””
while s e l f . t ty . inWaiting ()==0:

pass
return s e l f . t ty . read ( s e l f . t ty . inWaiting ( ) )

def go ( s e l f , x ) :
”””Commands robo t to go in the g iven d i r e c t i o n ( or s top ) . ”””
s e l f . t ty . wr i t e (GO TABLE[ x ] )
out = s e l f . t t y r ead ( )
return out == GO TABLE[ x]+ ’\ r\n∗ ’

def go forward ( s e l f ) :
”””Commands the robo t to go forward . ”””
return s e l f . go (FRONT)

def go backward ( s e l f ) :
”””Commands the robo t to go backward . ”””
return s e l f . go (BACK)
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def g o l e f t ( s e l f ) :
”””Commands the robo t to go l e f t . ”””
return s e l f . go (LEFT)

def go r i gh t ( s e l f ) :
”””Commands the robo t to go r i g h t . ”””
return s e l f . go (RIGHT)

def stop ( s e l f ) :
”””Commands the robo t to s top . ”””
return s e l f . go (STOP)

def s enso r ( s e l f , x ) :
”””Returns the sensory va lue f o r the g iven sensor p o s i t i o n . ”””
s e l f . t ty . wr i t e ( ’ s ’+SENSOR TABLE[ x ] )
out = s e l f . t t y r ead ( )
va l = out [−5:−3]
return i n t ( ’ 0x ’+val , 1 6 )

def ob s t a c l e ( s e l f , x ) :
”””Returns whether t he r e i s an o b s t a c l e a t the g iven sensor
p o s i t i o n . ”””
return s e l f . s en so r ( x) >= 80

def o b s t a c l e f r o n t ( s e l f ) :
”””Returns whether t he r e i s an o b s t a c l e on the f r on t . ”””
return s e l f . o b s t a c l e (FRONT)

def obs ta c l e back ( s e l f ) :
”””Returns whether t he r e i s an o b s t a c l e on the back . ”””
return s e l f . o b s t a c l e (BACK)

def o b s t a c l e l e f t ( s e l f ) :
”””Returns whether t he r e i s an o b s t a c l e on the l e f t . ”””
return s e l f . o b s t a c l e (LEFT)

def o b s t a c l e r i g h t ( s e l f ) :
”””Returns whether t he r e i s an o b s t a c l e on the r i g h t . ”””
return s e l f . o b s t a c l e (RIGHT)

def g o un t i l o b s t a c l e ( s e l f , x , txt= ’ ’ ) :
”””Goes in the g iven d i r e c t i on , u n t i l the sensor in t ha t
d i r e c t i o n d e t e c t s an ob s t a c l e , and s t op s . t x t i s an op t i ona l
message to be p r in t ed at every round .
”””
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s e l f . go (x )
while not s e l f . o b s t a c l e ( x ) :

sys . s tdout . wr i t e ( txt )
sys . s tdout . f l u s h ( )

s e l f . s top ( )

def g o f o rwa r d un t i l o b s t a c l e ( s e l f , txt= ’ ’ ) :
”””Moves forward u n t i l t h e r e i s an o b s t a c l e on the f ront , then
s t op s . ”””
s e l f . g o u n t i l o b s t a c l e (FRONT, txt )

def go backward unt i l ob s t a c l e ( s e l f , txt= ’ ’ ) :
”””Moves backward u n t i l t h e r e i s an o b s t a c l e on the back , then
s t op s . ”””
s e l f . g o u n t i l o b s t a c l e (BACK, txt )

def g o l e f t u n t i l o b s t a c l e ( s e l f , tx t= ’ ’ ) :
”””Moves l e f t u n t i l t h e r e i s an o b s t a c l e on the l e f t , then
s t op s . ”””
s e l f . g o u n t i l o b s t a c l e (LEFT, txt )

def g o r i g h t u n t i l o b s t a c l e ( s e l f , txt= ’ ’ ) :
”””Moves r i g h t u n t i l t h e r e i s an o b s t a c l e on the r i gh t , then
s t op s . ”””
s e l f . g o u n t i l o b s t a c l e (RIGHT, txt )

Sample programs (demorobot.py)

demorobot.py showcases a few sample programs. In particular, the DemoRobot
class extends the library interface to record and replay or undo sequences of
moves, while also optionally avoiding obstacles.

”””Sample programs t ha t use the l i b r o b o t l i b r a r y .
May 2006
Nada Amin ( namin@mit . edu )
”””
import l i b r obo t
import sys
import time

def ex1 ( ) :
”””Simply go forward and s top when an o b s t a c l e i s d e t e c t e d in
f r on t . ”””
print ex1 . func doc
robot = l i b r obo t . Robot ( )
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i f robot . o b s t a c l e f r o n t ( ) :
print ’ o b s t a c l e f r on t ’

else :
print ’ no o b s t a c l e f r on t ’
print ’moving forward ’
sys . s tdout . f l u s h ( )
robot . go forward ( )
while not robot . o b s t a c l e f r o n t ( ) :

print ’ . ’ ,
sys . s tdout . f l u s h ( )

print
print ’ o b s t a c l e f r on t ’
robot . stop ( )
print ’ s t opp ing ’

print ’ bye bye ’
robot . t ty . c l o s e ( )

def ex2 ( ) :
”””Avoids o b s t a c l e . Only s t op s when surrounded by o b s t a c l e s .
Looks and moves in the order o f l i b r o b o t .SENSOR LST.
”””
print ex2 . func doc
robot = l i b r obo t . Robot ( )
# for p r i n t i n g reasonab l e and non−redundant in format ion
# prev : index o f the sensor wi thout an o b s t a c l e on the prev ious round
prev = −1
# nl : whether we need a newl ine f o r p r e t t y p r i n t i n g
# ( t h i s cou ld happen a f t e r we p r i n t a dot and then comes some t e x t )
nl = False
while True :

# stop now : keeps t rack o f whether t he r e are o b s t a c l e s a l l around
stop now = True
# go through a l l s ensors and check f o r o b s t a c l e s
for i in range ( 0 , l i b r obo t .NUM SENSORS) :

x = l i b r obo t .SENSOR LST[ i ]
i f robot . ob s t a c l e ( x ) :

# ob s t a c l e . . . t r y the next sensor
i f prev<=i :

i f nl :
print
nl = False

print ’ o b s t a c l e ’ , l i b r obo t .PRETTY SENSORS[ x ]
else :

# no o b s t a c l e . . . t h i s i s where we ’ re heading
i f prev != i :

i f nl :
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print
nl = False

print ’ no o b s t a c l e ’ , l i b r obo t .PRETTY SENSORS[ x ]
print ’ go ing ’ , l i b r obo t .PRETTY DIRS[ x ]
robot . go (x )
prev = i

else :
# same as prev ious round
print ’ . ’ ,
n l = True

stop now = False
break

# there are o b s t a c l e s in a l l d i r e c t i on s , so s top
i f stop now :

print ’ Obs tac l e s a l l around . ’
print ’ Jus t s top . ’
robot . stop ( )
break

sys . s tdout . f l u s h ( )
robot . t ty . c l o s e ( )

def ex3 ( ) :
”””Goes in each sensor d i r e c t i o n u n t i l o b s t a c l e , in the order o f
l i b r o b o t .SENSOR LST. Then s t op s . ”””
print ex3 . func doc
sys . s tdout . f l u s h ( )
robot = l i b r obo t . Robot ( )
for i in range ( 0 , l i b r obo t .NUM SENSORS) :

x = l i b r obo t .SENSOR LST[ i ]
i f robot . ob s t a c l e ( x ) :

print ’ o b s t a c l e ’ , l i b r obo t .PRETTY SENSORS[ x ]
sys . s tdout . f l u s h ( )
continue

else :
print ’ go ing ’ , l i b r obo t .PRETTY DIRS[ x ]
sys . s tdout . f l u s h ( )
robot . go (x )
while not robot . ob s t a c l e ( x ) :

print ’ . ’ ,
sys . s tdout . f l u s h ( )

robot . stop ( )
print
print ’ o b s t a c l e ’ , l i b r obo t .PRETTY SENSORS[ x ]
sys . s tdout . f l u s h ( )

print ’ Stop . ’
print ’ bye bye ’
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robot . t ty . c l o s e ( )

def ex3b ( ) :
”””Goes in each sensor d i r e c t i o n u n t i l o b s t a c l e , in the order o f
l i b r o b o t .SENSOR LST. Then s t op s . ”””
print ex3b . func doc
sys . s tdout . f l u s h ( )
robot = l i b r obo t . Robot ( )
for i in range ( 0 , l i b r obo t .NUM SENSORS) :

x = l i b r obo t .SENSOR LST[ i ]
i f robot . ob s t a c l e ( x ) :

print ’ o b s t a c l e ’ , l i b r obo t .PRETTY SENSORS[ x ]
sys . s tdout . f l u s h ( )
continue

else :
print ’ go ing ’ , l i b r obo t .PRETTY DIRS[ x ]
sys . s tdout . f l u s h ( )
robot . g o u n t i l o b s t a c l e (x , ’ . ’ )
print
print ’ o b s t a c l e ’ , l i b r obo t .PRETTY SENSORS[ x ]
sys . s tdout . f l u s h ( )

print ’ Stop . ’
print ’ bye bye ’
robot . t ty . c l o s e ( )

def ex4 ( ) :
”””Fol lows the o b s t a c l e . I f t h e r e i s more than one ob s t a c l e ,
s t op s . ”””
print ex4 . func doc
sys . s tdout . f l u s h ( )
robot = l i b r obo t . Robot ( )
# prev : t r a c k s the index o f the o b s t a c l e in the prev ious round
prev = −1
# nl : t r a c k s whether we need a newl ine f o r p r e t t y p r i n t i n g
nl = False
while True :

ob s t a c l e s = map(lambda x : robot . ob s t a c l e ( x ) , l i b r obo t .SENSOR LST)
# i f t he r e ’ s more than one ob s t a c l e , q u i t
t r u e o b s t a c l e s = f i l t e r (lambda x : x , o b s t a c l e s )
i f l en ( t r u e o b s t a c l e s )>1:

robot . stop ( )
i f nl :

print
nl = False

print ’More than one o b s t a c l e . ’
print ’Bye bye ! ’
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break
# update move accord ing to where the o b s t a c l e occurred
# note t ha t i==NUM SENSORS means t ha t no o b s t a c l e occurred
for i in range ( 0 , l i b r obo t .NUM SENSORS+1):

i f i==l i b r obo t .NUM SENSORS or ob s t a c l e s [ i ] :
i f prev==i :

# same as prev ious round
print ’ . ’ ,
n l = True

else :
# d i f f e r e n t from prev ious round
i f nl :

print
nl = False

i f i<l i b r obo t .NUM SENSORS:
x = l i b r obo t .SENSOR LST[ i ]
print ’ go ing ’ , l i b r obo t .PRETTY DIRS[ x ]
robot . go (x )

else :
print ’ s t opp ing ’
robot . stop ( )

prev = i
sys . s tdout . f l u s h ( )
break

class DemoRobot( l i b r obo t . Robot ) :
”””The DemoRobot c l a s s ex tends l i b r o b o t . Robot to perform
s o p h i s t i c a t e d ac t ions , r e qu i r i n g memory o f the pas t . ”””

def i n i t ( s e l f ) :
l i b r obo t . Robot . i n i t ( s e l f )
s e l f . seq = None

def do move ( s e l f , x , prev ) :
””” (Re−f a c t o r ed ) Performs move x and p r i n t s appropr ia t e
progre s s in format ion . ”””
i f prev !=x :

# d i f f e r e n t from prev ious round
print
i f x!= l i b r obo t .STOP:

print ’ go ing ’ , l i b r obo t .PRETTY DIRS[ x ]
s e l f . go (x )

else :
print ’ s t opp ing ’
s e l f . s top ( )

print ’ . ’ ,
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def do move i f n o ob s t a c l e ( s e l f , x , prev ) :
””” (Re−f a c t o r ed ) Performs move x i f t h e r e i s no o b s t a c l e and
p r i n t s appropr ia t e progre s s in format ion . ”””
i f prev !=x :

# d i f f e r e n t from prev ious round
print
i f x!= l i b r obo t .STOP:

print ’ go ing ’ , l i b r obo t .PRETTY DIRS[ x ]
else :

print ’ s t opp ing ’
i f x!= l i b r obo t .STOP and s e l f . o b s t a c l e ( x ) :

s e l f . s top ( )
print ’ o ’ ,

else :
s e l f . go (x )
print ’ . ’ ,

def record moves ( s e l f ) :
”””Fol lows the o b s t a c l e . Stops i f t h e r e i s more than one
o b s t a c l e . Records the sequence o f moves thus generated . ”””
# the record o f moves
s e l f . seq = [ ]
# prev : t r a c k s the move o f the prev ious round
prev = None
while True :

ob s t a c l e s = map(lambda x : s e l f . ob s t a c l e ( x ) , l i b r obo t .SENSOR LST)
# i f t he r e ’ s more than one ob s t a c l e , q u i t
t r u e o b s t a c l e s = f i l t e r (lambda x : x , o b s t a c l e s )
i f l en ( t r u e o b s t a c l e s )>1:

s e l f . s top ( )
print
print ’More than one o b s t a c l e . ’
print ’Bye bye ! ’
break

# update move accord ing to where the o b s t a c l e occurred
# note t ha t i==NUM SENSORS means t ha t no o b s t a c l e occurred
for i in range ( 0 , l i b r obo t .NUM SENSORS+1):

i f i==l i b r obo t .NUM SENSORS or ob s t a c l e s [ i ] :
i f i==l i b r obo t .NUM SENSORS:

x = l i b r obo t .STOP
else :

x = l i b r obo t .SENSOR LST[ i ]
s e l f . seq . append (x )
s e l f . do move (x , prev )
prev = x

21



sys . s tdout . f l u s h ( )
break

def type moves ( s e l f ) :
”””Type out the moves on the screen us ing f ( orward ) ,
b ( ackward ) , l ( e f t ) , r ( i g h t ) , s ( top ) . Any other key q u i t s . The
moves are recorded as a sequence f o r p layback . ”””
s e l f . seq = [ ]
prev = None
t s t a r t = None
while True :

try :
x = raw input (” f ( orward ) , b ( ackward ) , r ( i g h t ) , l ( e f t ) , s ( top )” )

except KeyboardInterrupt :
break

i f prev !=None :
tend = time . time ( )
tdur = in t ( round ( ( tend − t s t a r t )∗10 ) )
s e l f . seq += [ prev ]∗ tdur

i f x in l i b r obo t .GO LST:
s e l f . go (x )
t s t a r t = time . time ( )
prev = x

else :
break

s e l f . s top ( )
print ’Bye bye ! ’

def playback moves ( s e l f , sk ipStops=False , avo idObstac l e s=False , curseq=None ) :
”””Replays the curseq or the l a s t recorded sequence o f moves . ”””
i f curseq==None and s e l f . seq==None :

print ’No sequence has been recorded . ’
return

i f curseq==None :
curseq = s e l f . seq

# prev : t r a c k s the move o f the prev ious round
prev = None
for x in curseq :

i f not sk ipStops or x!= l i b r obo t .STOP:
# s l e e p a b i t to s imu la t e the time o f read ing the sensors , e t c .
time . s l e e p ( 0 . 1 )
# update move accord ing to the sequence o f moves
i f avo idObstac l e s :

s e l f . d o move i f n o ob s t a c l e (x , prev )
else :

s e l f . do move (x , prev )
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prev = x
sys . s tdout . f l u s h ( )

s e l f . s top ( )
print
print ’Done . ’
print ’Bye bye ! ’

def undo moves ( s e l f , sk ipStops=False , avo idObstac l e s=False ) :
”””Undo moves o f l a s t recorded sequence , by performing both a
time and d i r e c t i o n r e v e r s a l . ”””
i f s e l f . seq==None :

print ’No sequence has been recorded . ’
return

rev = map(lambda x : l i b r obo t .REVERSE DIRS[ x ] , s e l f . seq )
rev . r e v e r s e ( )
s e l f . playback moves ( sk ipStops , avo idObstac les , rev )
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