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1.1 Problem Overview 

0; +3V : •{+ } / / J L­ ++4; 1h 9 / JV84; 1 •; J JVL/ $•+4/ ; } •{ J/ ; V 9 •; ­ •88©h +34{ 

: $/LV{{ 3•J 9 •; © J$•} � •L6{ {­ L3 •{ +3V : $/ LV{{ $V=­ 4$VJ +49 Vh 8/ {{ / I •LL­ $•L©h •; J 

; VLV{{4+© / I +•8V; +v ' / J •© 9 •; © : $/J­ L+{ •$V L$V•+VJ � © J$•} 4; 1 +3V JV{4$VJ 

JVL/ $•+4/ ; � © L/ 9 : ­ +V$h •J5­ {+4; 1 4+ •{ ; VVJVJh •; J +3V; +3V L•$!4; 1 / : V$•+4/ ; 4{ 

•LL/ 9 : 84{3VJ � © L/ 9 : ­ +V$v z / 9 : ­ +V$4]4; 1 +34{ : $/LV{{O JVL$V•{V{ L•$!4; 1 +49Vh 

4; L$V•{V{ 5/ � •LL­ $•L©h •; J $V9 / ! V{ JV9 •; J I/ $ • L•$!4; 1 V◊: V$+v q ; 8© • 1$•: 34L{ 

+•8V; +VJ ­ {V$ 4{ ; VVJVJv 

'34 { : $/5VL+ +•$1V+{ +3V L/ 9 : ­ +V$4]•+4/ ; / I } / / J L•$!4; 1 •; J JVL/ $•+4/ ; h � © 

49 : 8V9 V; +4; 1 • J$4! 4; 1 : $/1$•9 +3•+ L/ ; +$/ 8{ • L•$!4; 1 9 •L34; Vh +$•; {8•+4; 1 ­ {V$ 

J$•} ; JVL/ $•+4/ ; { +/ L/ ; +$/ 8 {41; •8{ +3•+ } 488 •­ +/ 9 •+V +3V 9 •L34; V 3•$J} •$V 

L/ 9 : / ; V; +{v 0; / +3V$ } / $J{ +3V ­ {V$ {­ : : 84V{ +3V : $/1$•9 } 4+3 +3V JV{4$VJ 49 •1V +/ 

� V carved, - on +3V : 4VLV / I wood - then +3V : $/1$•9 } 488 : $/LV{{ +3V 49 •1Vh 

4; +V$:$V+4; 1 4+ +/ •: : $/: $4•+V L/ ; +$/ 8 {41; •8{O +3V{V {41; •8{ {V$!V{ •{ •; •­ +/ 9 •+4; 1 

8•; 1­ •1V I/ $ +3V L•$!4; 1 9 •L34; Vv 

S$/9 +3V •� / ! V V◊: 8•; •+4/ ; +3V : $/5VL+ L/ ; {4{+{ / I +} / 9 •5/ $ {­ � : $/5VL+{h +3V 

L/ ; {+$­L+4/ ; / I +3V L•$!4; 1 9 •L34; Vh •; J +3V {/ I+} •$V •: : 84L•+4/ ; +3•+ •; •8©]V{ 

49 •1V{ •; J L/ ; +$/ 8{ +3V 9 •L34; Vv . +V•9 / I V8VL+$4L•8 •; J •­ +/ 9 •+4/ ; V; 14; VV$4; 1 

{+­JV; +{ n' V•9 . o } 488 � V } / $64; 1 / ; +3V JV{41; •; J L/ ; {+$­L+4/ ; / I +3V L•$!4; 1 

9 •L34; Vh } 348V +3V L/ 9 : ­ +V$ V; 14; VV$4; 1 {+­JV; +{ n' V•9 Wo } 488 � V } / $64; 1 / ; +3V 

JV{41; •; J 49 : 8V9 V; +•+4/ ; / I +3V J$4! 4; 1 : $/1$•9 } 34L3 } 488 : $/LV{{h ­ ; JV${+•; Jh 

and translate computer drawings to control signals for the machine components. Of 
L/ ­ ${V 4; +V$I•L4; 1 L4$L­ 4+{ � V+} VV; +3V L/ 9 : ­ +V$ •; J +3V 9 •L34; V ; VVJ{ 

L/ 9 : $V3V; {4! V ­; JV${+•; J4; 1 / I +3V {/ I+} •$V {/ +3V4$ JV{41; } 488 8•© ­ : / ; ' V•9 W 

$V{: / ; {4� 484+4V{v ' • � 8V gvg L8•$4I4V{ V•L3 +V•9 9 •5/ ${ •; J $V{: / ; {4� 484+4V{v 

2 



Team A Team B 
' • � 8V gvgD k$/5VL+ ' V•9 { 

Major G8VL+$4L•8 G; 14; VV$4; 1 

z •$! 4; 1 9 •L34; V JV{41; 
HV{: / ;{4� 484+4V{ and construction 

z / 9 : ­ +V$ Z©{+V9 { G; 14; VV$4; 1 
09 : 8V9 V; +•+4/ ; / I +3V 9 •L34; V 
J$4! 4;1 •: : 84L•+4/ ; v 4; +V$I•L4; 1 
L4$L­ 4+{h •; J •{{/ L4•+VJ J$•} 4; 1 
: $/1$•9 

Figure 1.1 shows a block diagram of the project; where the driving program which 
$V{4JV{ •+ +3V {/ I+} •$V •: : 84L•+4/ ; {­ : : 84V{ +3V {VL/ ; J � 8/ L6 n" •L34; V 3•$J} •$V 

L/ 9 : / ; V; +{o } 4+3 +3V ; VVJVJ {41; •8{ +3$/ ­ 13 +3V 4; +V$I•L4; 1 L4$L­4+{v 

is330> 
0; +V$I•L4; 1 

z 4$L­ 4+{ " •L34; V 
2 •$J} •$V 

z / 9 : / ; V; +{ 

Z/ I+} •$V 
. : : 84L•+4/ ; 

S41­$V 1.1: Z©{+V9 W8/ L6 w4•1$•9 

1.2 Aim of the project 

'3 V : $/5VL+ } 3/ 8V 4JV• L/ ; LV; +$•+V{ / ; L/ ; {+$­ L+4; 1 • L/ 9 : ­ +V$4]VJ } / / J 

L•$!4; 1 9 •L34; V } 3V$V 49 •1V{ •$V {­ : : 84VJ +/ +3V L/ 9 : ­ +V$h +$•; {8•+VJ •; J +3V; 

L•$!VJ � © +3V 9 •L34;Vv 

0; 9 / $V •� {+$•L+4/ ; +$•; {IV$$4; 1 •; 49 •1V I$/ 9 +3V L/ 9 : ­ +V$ {L$VV; 4;+/ • L•$!VJ 

{3•: V / ; • : 4VLV / I } / / Jh +/ •L34V! V +34{h • 1$/ ­ : / I {­ � 1/ •8{ 9 ­ {+ � V •LL/ 9 : 84{3VJ 

{+•$+4; 1 I$/ 9 +3V L/ ; {+$­L+4/ ; / I +3V L•$!4; 1 9 •L34; Vh +$•; {8•+4/ ; / I •; 49•1V 

3 



$V{4J 4; 1 / ; +3V L/ 9 : ­ +V$ +/ +3V 4; +V$I• L4; 1 L4$L­ 4+ } 34L3 4; +­ 9 1V; V$•+V{ +3V 9 / +/ ${ 

L/ ; +$/ 884;1 {41; •8{v 

Z4; LV +3V +}/ {­ � U: $/5VL+{ L/ 9 : 8V+V V•L3 / +3V$ •; J 3• ! V 9 •; © J V: V; J V; L4V{h +/ 

•L34V! V +3V : $/5VL+ 9 •4; 1/ • 8 � / +3 +V•9 { {3/ ­ 8J •LL/ 9 : 84{3 +3V4$ +•{6{ 4; +49 V •; J 

}4+3 • 3413 J V1$VV / I : $/ IV{{4/ ; •84{9 v '3 V I41­$V � V8/ } {3/ } { V•L3 +V•9 {­ � 1/ •8{h 

•8/ ; 1 } 4+3 +3V : $/5VL+ 1V; V$•8 1/ •8v 

T'1 

~ Team A 

S41­$V gvf D k$/5VL+ 1/ •8{ 

'3 V $V{+ / I +34{ J/ L­9 V; +•+4/ ; }488 I/ L­ { / ; ' V•9 W 1/ •8{h +•64; 1 4; L/ ;{4JV$•+4/ ; 

+3•+ ' V•9 . +•{6{ {3•88 � V L/ 9 : 8V+VJv 

' V•9 B- L/9 : ­ +V$ {©{+V9{ V; 14; VV$4; 1 team- sub 1/ •8{ / I +3V : $/5VL+ }488 � VD 

• Z/ I+}•$V •: : 84L•+4/ ; 49 : 8V9 V; +•+4/ ; v 

/ " •6V +3V {/ I+}•$V •{ I8V◊4� 8V •{ : / {{4� 8Vv 

/ k$/LV{{4; 1 •; J ­; JV${+•; J4;1 49•1V{O 4vVv L•$!V +3V : 4VLV / I } / / J 

JV:V; J4;1 / ; LV$+•4; 4;I / $9•+4/ ; {+/ $VJ 4; +3V 49 •1Vv 

/ " / ;4+/ $4; 1 9 •L34; V : $/1$V{{ •; J $V: / $+4;1 •; © V; L/ ­; +V$VJ V$$/ ${v 

4 



/ wV{41; / I • J$•} 4; 1 : $/1$•9 +•48/ $VJ I/ $ +3V L$V•+4/ ; / I JVL/ $•+4/ ; { 

•; J 49 •1V{ +3•+ } 488 � V L•$!VJ / ; +3V } / / J v 

• 0;+V$I• L4; 1 L4$L­ 4+{ J V{41; •; J 49 : 8V9 V; +•+4/ ; v 

/ . J5­ {+ +3V $VLV4! VJ {41; •8{ I$/ 9 +3V kz • ; J {V; J +3V9 +/ +3V 

3•$J } •$V L/ 9 : / ; V; +{v 
~ 

/ ZV; J +3V 9 •L34; V {+•+V +/ +3V 9 / ; 4+/ $4; 1 9 / J­ 8Vh •8/ ; 1 } 4+3 •; © 

: / {{4� 8V V$$/ ${ +3•+ } / ­ 8J •$4{V J­$4; 1 +3V L•$!4; 1 : $/LV{{v 

1.3 Review of literature 

The } 3/ 8V {©{+V9 L•; � V L8•{{4I4VJ ­ ; JV$ z / 9 : ­ +V$ F ­9 V$4L•8 z / ; +$/ 8 9 •L34; V{ 

nz F z oh •; J $VIV${ {: VL4I4L•88© +/ • L/ 9 : ­ +V$ aL/ ; +$/88V$a +3•+ $V•J{ , UL/ JV 

4; {+$­L+4/ ; { •; J J$4! V{ +3V 9 •L34; V +/ / 8h • : / } V$VJ 9 VL3•; 4L•8 JV! 4LV +©:4L•88© ­ {VJ 

+/ I• � $4L•+V 9 V+•8· L/ 9 : / ; V; +{ � © +3V {V8VL+4! V $V9 / ! •8 / I 9 V+•8v z F z J/ V{ 

; ­ 9 V$4L•88© J4$VL+VJ 4; +V$:/ 8•+4/ ; / I • L­ ++4; 1 +/ / 8 4; +3V } / $6 V; ! V8/ : V / I • 

9 •L34; Vv 

, UL/ JV 4{ • L/ 99 / ; ; •9 V I/ $ +3V : $/1$•99 4; 1 8•; 1­ •1V +3•+ J$4! V{ F z •; J z F z 

9 •L34; V +/ / 8{v 0+ } •{ JV! V8/ : VJ � © G0. 4; +3V V•$8© gudC{h • I4; •8 $V! 4{4/ ; } •{ 

•: : $/! VJ 4; SV� $­•$© gupC •{ HZf m&wv 

w­ V +/ +3V 8•L6 / I I­ $+3V$ JV! V8/ : 9 V; +h +3V {3VV$ ! •$4V+© / I 9 •L34; V +/ / 8 

L/ ; I41­ $•+4/ ; {h •; J 84++8V JV9 •; J I/ $ 4; +V$/: V$• � 484+©h IV} 9 •L34; V +/ / 8 L/ ; +$/ 88V${ 

nz F z {o •J3V$V +/ +34{ {+•; J•$Jv G◊+V; {4/ ; { •; J ! •$4•+4/ ; { 3•! V � VV; •JJVJ +/ 4+ 

4; JV: V; JV; +8© � © 9 •; ­ I•L+­$V${h 9 V•; 4; 1 +3•+ / : V$•+/ ${ 3•! V +/ 6; / } +3V J4•8VL+{ 

•; J =­ 4$6{ / I +3V : •$+4L­ 8•$ 9 •L34; V{ +3V© ­ {Vh •; J z ." {©{+V9 { 3•! V 3•J +/ 849 4+ 

+3V9 {V8! V{ +/ +3V 8/ } V{+ L/ 99 / ; JV; / 9 4; •+/ $ / I •88 +3V +/ / 8{ +3•+ +3V© {­ : : / $+v 
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. 1$/ ­ : / I : $/5VL+{ } •{ JV! V8/ : VJ 4; +3V {•9 V I4V8J / I / ­ $ : $/5VL+ {­ L3 •{ aW­ 48J4; 1 

• 9 488 I$/ 9 • J$488a L$V•+VJ 7•; Eg{+h f CCE � © Yvz 3•; h +34{ : $/5VL+ L/ ; LV$;{ / ; 

L/ ; +$/ 884; 1 • L3•; 14; 1 • J$488 9 •L34; V +/ • 9 4884; 1 9 •L34; V ­ {4; 1 • 1$/ ­ : / I {+V: : V$ 

9 / +/ ${v . J / L­9 V; +•+4/ ; / I +34{ : $/5VL+ L•; be found by ! 4{4+4; 1 +3V I/ 88/ } 4; 1 84;6 

3++: Dr r} }} v: •+3L/ 9 vL/ 9r ±! 3L3•;r V; Lr V; Lv3+98 

1.4 Project estimated cost 

' 34{ : $/5VL+ L/ ; {4{+{ / I � / +3 3•$J} •$V •; J {/ I+} •$V L/ 9 : / ; V; +{ 4; +3V I4${+ 

{VL+4/ ; } V } 488 JV{L$4� V +3V ; VVJVJ 3•$J} •$V L/ 9 : / ; V; +{ •; J +3V4$ L/ {+{h } 348V 

{/ I+} •$V L/ 9 : / ; V; +{ •$V L/ ; {4JV$VJ 4; {VL+4/ ; gv&vfv 

1.4.1 Hardware equipments 

2 •$J} •$V V=­ 4: 9 V; +{ •$V � / +3 I/ ­; J 4; +3V L•$!4; 1 9 •L34; Vh •; J +3V 

4; +V$I•L4; 1 L4$L­ 4+h 3V$V } V } 488 L/ ; {4JV$ / ; 8© +3V L/ {+ / I +3V ; VVJVJ V=­ 4: 9 V; +{ / I 

+3V 4; +V$I•L4; 1 L4$L­ 4+h +3V L/ {+ / I +3V L•$! 4; 1 9 •L34; V V=­ 4: 9 V; +{ L•; � V I/ ­ ; J 4; 

+3V J / L­ 9 V; +•+4/ ; / I +3V {VL/ ; J +V•9 v 

Taking a 8/ / 6 •+ I41­$V EvT 4; L3• : +V$ E U {©{+V9 design -- shows +3V ; VVJVJ 

3•$J} •$V L/ 9 : / ; V; +{h 9 / $V JV+•48{ •� / ­ + +3V{V : •$+{ L•; � V I/ ­; J 4; L3• : +V$ 4­ 
JV+•48VJ 3•$J} •$V design-. 

" •5/ $4+© / I +3V 4; +V$I•L4; 1 L4$L­ 4+ L/ 9 : / ; V; +{ •$V 8/ } L/ {+ 0z i{h $V{4{+/ ${h 

+$•; {4{+/ ${h RGwi{h : ­ {3 � ­ ++/ ; {h •; q F ~q SS {} 4+L3h } 4$V{h •; J • k0z 

9 4L$/L/ ; +$/ 88V$v 

d 



' / : $/1$•9 +3V k0z 9 4L$/L/ ; +$/ 88V$ • JVJ4L•+VJ : $/1$•9 9 V$ 9 ­ {+ � V ­ {VJ h � ­ + } V 

} 488 ­ {V +3V ­ ; 4! V${4+© : $/1$•99 V${ {/ +3V$V } 488 � V ; / ; VVJ +/ � ­ © • : $/1$•99 V$v 

1.4.2 Software Utilities 

w4IIV$V; + {/ I+} •$V ­ +484+4V{ } 488 � V ­ {VJ 4; +3V JV{41; •; J 49 : 8V9 V; +•+4/ ; / I +34{ 

{©{+V9 h � ­ + +3V 9 •5/ $4+© / I +3V9 •$V / : V; {/ ­ $LV : $/1$•9 { 9 V•; 4; 1 +3•+ +3V© } 488 � V 

­ {VJ I/ $ I$VV } 4+3 ; / ; VVJ +/ : •© I/ $ ­ {4; 1 +3V9 O +3V 84{+ / I {/ I+} •$V } V } 488 ­ {V 4{ •{ 

I/ 88/ } {D 

• " 4L$/ {/ I+ ( 4; J / } { ) k k$/ IV{{4/ ; •8D {V8VL+VJ I/ $ 4+{ V•{V / I ­ {Vh •; J 4+{ 

L/ 9 : •+4� 484+© } 4+3 +3V $V{+ / I +3V {/ I+} •$V ­ +484+4V{ ­ {VJ v 

• F V+� V•; { 0wGD � V{+ 4; +V1$•+VJ JV! V8/ : 9 V; + V; ! 4$/;9 V; + I/ $ 49 : 8V9 V; +4;1 

•; J JV{41; 4; 1 7•! • •: : 84L•+4/ ; { 4; •J J4+4/ ; +3•+ 4+ 4{ / : V; {/ ­ $LV {/ I+}•$Vv 0+ 

4{ ­ {VJ � VL•­ {V +3V J$4! 4; 1 : $/1$•9 } 488 � V 49 : 8V9 V; +VJ 4; 7•! •v 

• 7w- gvTD +3V 5•! • JV! V8/ : 9 V; + 64+ } 34L3 L/ ; {4{+ / I +3V 7•! • ­ +484+© L8•{{V{ 

•; J +3V ! 4$+­•8 9 •L34; Vv '34 { {/ I+} •$V 4{ •8{/ I$VVv 

• q : V; / II4LVD •; / +3V$ / : V; {/ ­ $LV {/ I+}•$V ­ {VJ +/ } $4+V •; J VJ4+ } / $J 

J / L­ 9 V; +{h 4+{ I­ ; L+4/ ; •84+© 4{ +3V {•9 V / I " 4L$/{/ I+ / II4LV � ­ + 4+{ I$VVv 

• k{k4LVD •; V8VL+$4L•8 : $/1$•9 ­ {VJ +/ J$•} {L3V9 •+4L J4•1$•9 { / I V8VL+$4L•8 

L4$L­ 4+{h / ; 8© +3V I$VV {+­JV; + ! V${4/ ; / I 4+ } 488 � V ­ {VJ v 

m 



1.4.3 Cost and Delivery Schedule 

' • � 8V gvf {3/ } { +3V L/ {+ / I V•L3 L/ 9 : / ; V; + ; VVJVJ 4; +34{ : $/5VL+h •; J +3V JV84! V$© 

: V$4/ J I/ $ V•L3 L/ 9 : / ; V; +v 

' • � 8V gvf z / {+{ •; J wV84! V$© ZL3VJ­ 8V 

PIC Programmer Hw J5e the university 
\ \ \ vOvvvv\\\ k$/ •9 9 V$\ ±vvvvvvvvvvvv\U 

~~!{~fon~,-------····-•,,·,-,,-~ ·,···~· --~ =· K· v vvvh vv Uh ZV! V$•8 2 / ­${ 
I 0z i{h ±4U•; {4{+/ ${hvHV{4{+/ ${hi 2 ( 8q e 
and Wires. 

7 
ZV! V$•8 Hours 

ZV! V$•8 2 / ­${ 

'10LEDs 1$ Several Hours 

!
1DD"DDDDK4LK$DDD/ {DDDD/DODI+ODO(DDDDDDDD4ivDD; DOJ/ODhD}DODOiv{vDDDv)kDivivDDDv DDDDOvD vvvv :;;;:::::=::.::;::;;::::::;:::'.:::--::::::,:::.::.~:::.~--'=~;;;;:~:::::::.:::::::=:::::::::::::;:;~-;;::,1. 

Z( 4; L8­ JVJ } 4+3 PC Several Hours 
vv : $/IV{{4/ ; •8 U· · avDD· KDOOOODDDODDDUUUDDDDDDU±KvOOU±DDDDUDUDDDDKODUDDDUUDDUDODDDUUDOODO±±DUDDDDKKDDDDDD±DDDDOU 
NetBcans IDE =+-7. """""""""" several Hours] 
JDK 1.5 
L.. ±±UiUUUUUUiUU±±DDDDvDDDDDDUDODOOhDOhDDOvv±Dvvvvvvvv{vvvvvvvvvvvDv ·KU±±UU±iUU \ \ vvvvvh\\v iUUi 
Ru: V; q II4LV · U±U· · · · · vv · 0;+V$;V+ Connection Several Hours 
PsPice student version ZY?± 0$$+V$;V+z/ ;; VL+4/ ; 

' 3V 4; +V$;V+ L/ ;; VL+4/ ; 4{ +3V +/ +•8 L/ {+ / I ­ {4; 1 +3V 4; +V$;V+ +/ J/ } ;8/ •J +3V 

{/ I+} •$Vv ' 3V +/ +•88© V{+49 •+VJ L/ {+ I/ $ +34{ : $/5VL+ 4{ Emdv&Tev W­ + •{{­ 9 4; 1 +3•+ +3V 

kz •8$V•J© V◊4{+ •{ 4; / ­$ L•{V +3V; +3V +/ +•8 L/ {+ 4{ / ; 8© f dv&Te +3•;6 { I/ $ ­ {4; 1 

/ : V; {/ ­$LV {/ I+} •$Vv 

. 1•4; +3V L/ {+ / I +3V V=­ 4: 9 V; +{ ; VVJVJ I/ $ L/ ; {+$­L+4; 1 +3V L•$!4; 1 9 •L34; V •$V ; / + 

4; L8­ JVJ 4; +34{ L•8L­ 8•+4/ ; h +3V© } 488 � V L/ ; {4JV$VJ 4; +3V L/ {+ V{+49 •+4/ ; / I +3V / +3V$ 

+V•9 v 

p 



1.5 Assumptions and Dependencies 

' 3V I/ 88/ } 4; 1 •{{­ 9 : +4/ ; { •$V L/ ; {4JV$VJ 4; +34{ : $/5VL+ 

• ' 3V : 3©{4L•8 9 •L34; V } 488 � V L/ ; {+$­L+VJ } 4+3 +3V •� 484+© +/ •LL/ 9 : 84{3 4+{ 

} / $6 : $VL4{V8©v ' 34{ 9 V•; { +3•+ +3V 9 •L34; V 9 ­ {+ 3•! V •; •LLV: +• � 8V L•$! 4; 1 

•LL­ $•L©h {9 / / +3 9 / ! V9 V; +{h •; J / +3V$ : $/ : V$+4V{ ; VVJVJ +/ L•$!V : $VL4{V8© 

/ ; +3V } / / J v 

• ' 3V } / / J : 4VLV{ +3•+ } 488 � V L•$!VJ 3•! V • I8•+ {­ $I•LVv 

• ( / / J : 4VLV{ } 488 3•! V 9 •◊49 ­ 9 J49 V; {4/ ; { / I nf TC * f CC * ECo L9 

L/ $$V{: / ; J4; 1 +/ 8V; 1+3h } 4J+3h •; J 3V413+h $V{: VL+4! V8©v 

• X{V${ / I +3V 9 •L34; V 3•! V • 1/ / J 6; / } 8VJ1V 4; L/ 9 : ­ +V${ •; J z . wv 

. LL/ 9 : 84{34; 1 / ­ $ 1/ •8{ JV: V; J{ / ; +3V {­ LLV{{ / I +3V / +3V$ +V•9 n' V•9 . o 4; 

� ­ 48J4; 1 +3V 9 •L34; V } 4+3 •88 / I 4+{ $V=­ 4$VJ L/ 9 : / ; V; +{ } / $64; 1 : $/: V$8©v S/ $ 

V◊•9 : 8V } V } 488 � V •� 8V +/ JV+V$94; V +3V $V=­ 4$VJ L/ ; +$/ 8 {41; •8{ •I+V$ +3V / +3V$ +V•9 

{­ : : 84V{ ­ { } 4+3 4; I/ $9 •+4/ ; • � / ­ + +3V +©:V / I 9 / +/ ${ ­ {VJ •; J 3/ } +/ L/ ; +$/ 8 +3V4$ 

9 / +4/ ; v wV: V; JV; L4V{ L•; � V {­ 9 9 •$4]VJ 4; +3V I/ 88/ } 4; 1 : / 4; +{D 

• ' ©:V{ / I 9 / +/ ${ ­ {VJ +/ L/ ; +$/ 8 +3V 9 / +4/ ; / I +3V 9 •L34; V •; J +3V4$ 

L/ ; +$/ 884; 1 signals. 
• . LL­$•L© / I +3V 9 •L34; V L/ ; {+$­L+VJh } 488 � V ­ {VI­ 8 +/ 6; / } 3/ } 9 ­ L3 
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1.6 Development process 

1.6.1 Software Engineering 
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1.6.2 Language of choice 
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1.7 Project breakdown and timeline 

1.7.1 Project breakdown and scheduling 
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1.8 Risk identification and planning 
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Table 1.5: risk analysis

Hardware which is essential for the project will d t ·wewouc 4.. ."" f° 
The machine used to carve on wood wilno be _f low catastrophic

'------::;:::;:: .9.onstructed by the other team. ~-....J
' -- Maifunction ofhardware p".arts (IC's, · -~ ... =-·· sen-.o-u-s ------·-7! R4 moderate
!...-·-~----- Mic:rocontroller, Motors}~::;:::::::::::;:'.:: ::;;=::::-;;:::=:=;;'.: There will be a larger number of changes to the += 

reg_uiremen.ts than anticipated. --~-- .~;:.:;;;-;;;;:;:::;.:;;::;.:;;::::::;~ 
· Code of the software is damaged ◊r deleted ·-·= ---hi 1 "o"" RS ·····-·-··.,....-·The~kit used to· program the microcontroller 1ow seriou~- -

.l-, wi_~_not oe ayailabte.

ff""" "-" Te time required to develop the softwares <+ v 
und©restimated Low tolerable } 

Rl

RS serious

1 
R6.

i

f R8 Time of delivery of the project changed. Very low Tolerable

f R10
i

- Key-staffs are ill and unavailable at critical 
times.

Table 1.6: Risk Management Strategies

Risk ID Strategy 

~_.. I_de_n_tl;.::_'fY- the needed hardware as fast as _possible and order. them. ____j
Conti~tlie proJ~~tdevelop_ment aiicfs'iiiiulate the machine operation. j 

Chose amicrocontroller that can be programmed using the programming l
i:.-~------..:._kits available m the umver~_1ty l_~bs. · _ J 

R4 Order spare hardware P!i!!L~.._...._...........------'--~~-- :: ]
Derive traceab1lity information to assess requiremeii.ts change impact, and 

l RS
'@ximize information hiding in the design._.__. --:-_-_-_-_--:_-'-'--_..;:_:_-_-,:,:.;;;_-;;;;.::::::::::::
R6 Understand exactly what isneededin the software.--" 
[R7 Understand exactly what is needed in the software.ff! 

R8 No_str_at_e_g::,~-::.::.-:..~::.:::.::.·~-::.::,-::,~--~----~---------------::;:=:::;-__-_-_-_-__--_: __ ~~---
R9 Always save back up copies of the software (on flash, CD's, hard disks)

,_· _R_l_0 .-:.R~eo::::rganize team so that _!here is more overlap in the wgrk__~··---~---
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1.9 Report overview 

The following chapters will be included in this report:

Chapter One: an introduction to the project, describing the problem, project idea,

and its aims and the software engineering methodology followed.

Chapter Two: a theoretical background study covering the Java2D API, motors, PIC

microcontroller, and the PC parallel port.

Chapter Three: system design, dissecting the complete system into a group of

subsystems, describing the functionality of these subsystem, interfaces between 
them, and finally giving a complete overview ofhow the system works starting from

supplying the program with an image and getting the image carved on the piece of

wood.

Chapter Four: detailed hardware design, describing in more detail the hardware

components of the carving machine focusing on the interfacing circuit components,

showing their functions, the components type numbers, and schematic diagrams of

each component.

Chapter Five: detailed software design and implementation, where the software is

explained as a group ofmodules, using code snaps, algorithms, flowcharts, dataflow,

andUML.

Chapter Six: system testing, shows the methodologies used to test the system

different modules, contains images showing results of testing operations.
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Chapter Seven: Conclusion and Future Work, conclusions obtained from the system

design, and suggestions and improvements to the system which could be used in

future work.
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CHAPTER TWO 

THEORETICAL BACKGROUND

2.1 Java Graphics 2d API 

2.2 Motors

2.3 PICmicrocontroller

2.4 PC Parallel port

2.5 Requirements
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2.1 Java Graphics 2d API 

Java is one of the most modern programming languages with lot of

precompiled classes, API's, and reusable components. Since image understanding

and interpretation covers a major need in the project software, then this application

will highly depend on image processing, which is one of the main API's used in Java

2D.

But why not using MATLAB for image processing? Even if MATLAB have a good

and powerful image tool box which could help in image processing, the software 
needs an appealing graphical user interface and an associated drawing program to be 
used for the creation of decorations and images. So Java is more adequate than

MATLAB.

Java 2D API enhances the graphics, text, and imaging capabilities for the Java

application development, these API's contain many graphics related libraries, with 
some advanced graphics libraries such as images special effects and transformations,

as well as the creation of read and write filters for both image and graphic files.

The Java 2D API provides a uniform rendering model across different types of

devices. At the application level, the rendering process is the same whether the target

rendering device is a screen or a printer. When a component needs to be displayed,

its "paint" or "update" method is automatically invoked with an appropriate

Graphics" context. 
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2.1.1 Coordinate Systems 

Two coordinate systems are used in Java 2D API:

• User space: which is device-independent: it's a logical coordinate system, this

system is used exclusively inside the Java program, and all geometries are

specified in this space.

• Device space: is a device-dependent, which means it varies from device to

another, according to the device itself, i.e. one computer monitor can contain

multi configurations like 640*480* 16 colors, 640*480*256 color, and

800*600*256 colors, or a printer.

User space coordinates are automatically transferred into appropriate device space

when a graphic object is rendered, which is Java2D API responsibility to do the

needed transformation with no user intervention.

Device space will be very useful in this system as we can represent the carving

machine as a "GraphicsDevice" suited for the piece of wood dimensions, so we can

take advantage of the Java2D capabilities for transforming between the two spaces.

2.1.2 Images 

Images are collections of pixels organized spatially, each pixel defines the

properties of the appearance of the image at one single point, and images are

represented by a two-dimensional array ofpixels called raster.

Images are divided into two main parts depending on the type of pixel definition

used:
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1- Directed colors: used in images that contain more than 256 colors usually,

pixels in directed mode define the color, alpha, transparency, and other

display characteristics, storing these images for sure consumes more memory

space than other image types.

2- Indexed colors: usually used in images that contain 16 or less colors, in this

mode all the colors are indexed in a colors array, where each pixel is given an

index number, instead of representing each pixel as an object with different

attributes as in Directed color mode- which requires more storage space-,

here each pixel is represented by one byte only, Figure 2.1 shows an array of

colors used in indexed colors mode.

index 1 2 3 4 5 6 7 8 9 10 1112131415 

cotr [E I I I] 

Figure 2.1: Array of 16 colors, used in Indexed colors images

Indexed colors mode, advantages and disadvantages:

• Advantages 
1- Smaller to store in memory.

2- Processing the colored image is done easily with simple algorithms

and requires less time.
3- Flexibility in defining the colors array, where the user can change the

colors in the array easily.

• Disadvantages 
1- Limited number of colors: not a drawback in our software application

since there in no need for using a large number of colors, only certain

colors to distinguish between different carving depth levels.

2- Inability to define other display characteristics: also not a drawback

since the images will be aliased; where we only need the color of the

pixel and its position (X, Y) in the image.
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For the previous advantages, indexed colors mode will be used for dealing with 

images in the software application.

2.1.3 Imaging Models 

The Java 2D API supports three imaging models:

1- Producer/consumer: also called (push) model, is a simple filter model of

image producers and consumers for image processing. An Image object is an 
abstraction that is not manipulated directly. Called (push) model because an

ImageConsumer can never ask for data; it must wait for the ImageProducer to

"push" the data to it.

2- Pipeline model (pull): also called Java Advanced Imaging model (JAI), this

model is used to add more powerful and advanced imaging features, image

sources such as file or network participate in the "pull" imaging model by

responding to requests for arbitrary areas.

3- Immediate model: this model provides techniques for dealing with pixel

mapped images whose data resides in memory. This model supports

accessing image data in a variety of storage formats and manipulating image

data through several types of filtering operations.

Translating the images to control signals for the motors will need lot of processing,

for colors extraction, pixel manipulation, area specification and many other

processes. The most appropriate model is immediate model as it deals with images

stored in memory fast and efficiently, which will significantly decrease processing

time, "Bufferedlmage" is one of the main classes used in the immediate model,

which makes an instance of the image in the memory, with its other related

information.
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2.2 Motors 

The hardware part of the machine will contain mainly a group of motors with

different functions, these motors will be used to enable accurate positioning of the

carving head in the three space directions (X, Y, Z), and drill rotational motion. So

we need three motors for head accurate positioning (Servo motors), and one for

rotational motion (DC motor). In this section we discuss the motors interface and

control operation with no interest about their specific information (i.e. why servos

not steppers, are they suitable for carving wood or not ... etc) since chousing the

motor types was the responsibility of Team A and of course they have their

justifications, at the end of the road for us there is a servo motor that needs to be

controlled which is Team B responsibility.

Sub-section 2.1.1 covers DC motors while sub-section 2.1.2 covers the needed

information about controlling servo motors.

2.2.1 DC Motors 

A simple electric DC motor has six parts, as shown in Figure 2.2 these parts are as

follows:

• Armature or rotor

• Commutator

• Brushes

• Axle

• Field magnet

• DC power supply of some sort
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Figure 2.2: Parts of an electrical DC motor

An electric motor is all about magnets and magnetism: A motor uses magnets to

create motion. If you have ever played with magnets you know about the

fundamental law of all magnets: Opposites attract and likes repel. So if you have two

bar magnets with their ends marked "north" and "south," then the north end of one

magnet will attract the south end of the other. On the other hand, the north end of one

magnet will repel the north end of the other (and similarly, south will repel south).

Inside an electric motor, these attracting and repelling forces create rotational

motion.

In the above diagram, you can see two magnets in the motor: The armature (or rotor)

is an electromagnet, while the field magnet is a permanent magnet (the field magnet

could be an electromagnet as well, but in most small motors it isn't in order to save

power).
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2.2.2 Servo Motors Control 

Servomotors - see Figure 2.3 -, are used in most radio controlled model

airplanes and expensive model cars, boats, and helicopters. Because of this hobbyist

market, servomotors are readily available in a number of stock sizes. Servomotors

have many applications in animatronics, robotics, and positioning control systems

where this project can be classified under it.

Figure 2.3 A Servo motor

Fundamentally, servomotors are geared de motors with a positional feedback control

that allows the rotor to be positioned accurately. The specifications state that the

shaft can be positioned through a minimum of 90° (± 45). In reality, we can extend

this range closer to 180° (±90°) by adjusting the positional control signal. For more

information see appendix A at the end of the documentation.

There are three wire leads to a servomotor. Two leads are for power, Vee and GND.

The third lead feeds a position control signal to the motor. The position control signal

is a single variable-width pulse. The pulse can be varied from I to 2 ms. The width of

the pulse controls the position of the servomotor shaft.

A I-ms pulse rotates the shaft to the extreme counterclockwise position (-45°). A

1.5-ms pulse places the shaft in a neutral midpoint position (0°). A 2-rns pulse rotates
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the shaft to the extreme clockwise position (+45°). The pulse width is sent to the

servomotor approximately 50 times a second (50Hz). Figure 2.4 illustrates the

relationship of pulse width to servomotor position.

1 0 0 1.50 ms: Neutral 
o ° +e t"' 
co IV U1 .....
0 U1 co UT 

3 a ill a 
"'

1 n -0 0 1. 25 ms: 0 degrees 
e ! ~ ~ 
8 IV & I 

UT UT 

3 a ~ ~ 
"'

1 

I 1.75 ms: 180 degreesG0 
? ~ e ! 
co IV "' I 
0 "' 0 "' 3 a ~ ~ 
U 

Figure 2.4 Servomotor positions with respect to pulse width

In the system design three servo motors will be used, one for each axis. Control

signals for each motor will be generated from a PIC microcontroller or directly from

the PC Parallel Port if it will be reliable to generate accurate signals; which will

remove the complexity of the interfacing circuit. Each motor will have a dedicated

control line.

2.3 Microcontroller 

A microcontroller is an inexpensive single-chip computer. Single-chip

computer means that the entire computer system lies within the confines of the
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integrated circuit chip. The microcontroller on the encapsulated sliver of silicon has

features similar to those of our standard personal computer. The microcontroller is

capable of storing and running a program. The microcontroller contains a CPU

(Central Processing Unit), RAM (Random Access Memory), ROM (Read Only

Memory), 1/0 (Input/output) lines, serial and parallel ports, timers, and sometimes

other built-in peripherals such as AID (Analog to Digital) and D/A (Digital to

Analog) converters.

A PIC microcontroller is used to get rid of the bulk of the interfacing circuit,

minimizing its total cost, increasing reliability, and simplify test operation. Its main

functions are reading the machine state, sending control signals to the machine (i.e.

servo motors control signals), and do other needed operations. In this section we 
describe the general specifications of the l 6C84 PIC microcontroller.

The PIC16F94 belongs to the mid-range family of the PICmicro© microcontroller

devices (see Figure 2.5). The program memory contains lK words, which translates

to 1024 instructions. Since each 14-bit program memory word is the same width as

each device instruction. The data memory (RAM) contains 68 bytes. Data EEPROM

is 64 bytes too.

RA2 1 18 RAl
RA3 ~ RAO

RA4/T0CLK1 o OSCl/CLKIN
~ MCLR \0 OSC2/CLKOUT

vss ~ VDD
RBO/INT u RB7

RBl ~ RB6 
RB2 ~ RBS 
RB3 9 10 RB4 

Figure 2.5: 16C84 PIC microcontroller pinout diagram

There are 13 1/0 pins divided into two ports, port A with 5 1/0 lines and port B with

8 1/0 lines. Each port has registers associated with it, the TRIS (Tri State) register
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Table 2.1: 16C84 PIC Specifications

~ CPU features 

word instructions 
on single-cycle except for program braches which are two-cycle 
peed: DC - 20 MHz clock input 

DC- 200 ns instruction cycle 
rds of program memory 
of Data RAM 

tes of Data EEPROM 
it wide instruction words 
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and the port register address itself. The TRIS register controls whether a particular

pin on a port is configured as an input line or an output line. Once the ports are

configured the user may then read or write information to the port using the port

register address.

Some of the VO pins are multiplexed with other functions, these functions include:

• External interrupt.

• Change on Port B interrupt

• Timer O clock input

There are two memory blocks in the PICl 6C84. These are the program memory and

the data memory. Each block has its own bus, so that access to each block can occur

during the same oscillator cycle. The data memory can further be broken down into

the general purpose RAM and the Special Function Registers (SFRs), which are used

to control the peripheral modules. The data memory also contains the data 64 byte

EEPROM memory. This memory is not directly mapped into the data memory, but is

indirectly mapped. That is, an indirect address pointer specifies the address of the

data EEPROM memory to read/write.

Table 2.1 summarizes the complete specifications of the PIC16C84 microcontroller.

More detailed information about this microcontroller can be found in Appendix A.

Table 2.1: 16C84 PIC Specifications

+ performance RISC CPU features 

Only 35 single word instructions 
All instruction single-cycle except for program braches which are two-cycle 
Operating speed: DC- 20 MHz clock input 

DC- 200 ns instruction cycle 
1024 words of program memory 
68 bytes of Data RAM 
68 bytes of Data EEPROM 
14-bit wide instruction words 

29 



8-bit wide data bytes
15 special function hardware registers
Eight=level deep hardware stack
Direct, indirect and relative addressing modes
Four interrupt sources:

- External RB0/INT pin
. TMRO timer overflow 
- Port B <7:4> interrupt on change
- Data EEPROM write complete

Peripheral Features 5 

13 1/0 pins with individual direction control
High current sink/source for direct LED drive 

- 25mA sink max. per pin
- 25 mA source max. per pin

TMRO: 8-bit timer/counter with 8-bit programmable prescaler

Special Microcontroller Features 

10,000 erase/write cycles Enhanced FLASH program memory typical 
10,000,000 typical erase/write cycles EEPROM Data memory typical 
EEPROM Data Retention> 40 years 
In-Circuit serial programming"# (ICSPTA)- via two pins 
Power-on Reset (POR), Power-up Timer (PWRT), Oscillator Start-up Timer (OST) 
Watchdog Timer (WDT) with its own On-Chip RC Oscillator for reliable operation 
Code protection 
Power saving SLEEP mode 
Selectable oscillator options 

The MPASM cross assembler will be used to write and develop PIC programs, it will

take ·our source code file which would have been created using any text editor and

assemble it into the machine code which will be executed by the PIC. The file

produced is in a format suitable for being sent to the PIC.

The final stage is to download the machine code file generated by the cross

assembler to the PIC16C84, a special programmer software will be used to send­ 
write- the machine code (.hex file) to the PIC 16C84 microcontroller embedded in

the development kit.
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2.4 PC Parallel Port 

The Parallel Port known as the printer port is the most commonly used port

for interfacing computers with home made projects. This port allows the input of up

to 9 bits or the output of 12 bits at any given time, thus requiring minimal external

circuitry to implement many simpler tasks.

The parallel port, as implemented on the PC, consists of a connector with 17 signal

lines and 8 ground lines. The signal lines are divided into three groups: 4 Control

lines,

5 Status lines, and 8 Data lines.

As originally designed, the Control lines are used as interface control and

handshaking signals from the PC to the printer. The Status lines are used for

handshake signals and as status indicators for such things as paper empty, busy

indication and interface or peripheral errors. The data lines are used to provide data

from the PC to the printer, in that direction only. Later implementations of the

parallel port allowed for data to be driven from the peripheral to the PC. Figure 2.6

shows the parallel port pinout.
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Figure 2.6: Parallel Port Pins 

Accessing the parallel port differs between programming languages for example in

Ansi C, there is some built in functions which are used for reading from and writing

to the port. In Java there are not such as functions so we will need to use JNI (Java

Native Interface) and use native methods to communicate with the port. The native

methods will load a dynamic link library file named jnpout32reg.dll, which have

function calls to access the parallel port.

The software will use the following native methods to read and write data to the

parallel port.

public native void Out32 ( short portAddress, short Data) 

public native short Int32 ( short portAddress) 
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CHAPTER THREE 

SYSTEM DESIGN 

3.1 System Requirements

3.2 Objectives

3.3 System Parts

3.4 System modeling

3.5 Interfacing circuit

3.6 How the system works
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3.1 System Requirements 

As any project this project has a group of requirements that should be

considered and satisfied during the design and implementation process, these 
requirements consist of functional and non-functional requirements.

3.1.1 Functional and Non-Functional requirements 

The functional requirements that should be considered are as follows:

• The machine shall be able to carve on a piece ofwood.

• The carving head shall have the ability to be positioned precisely.

• The machine shall report any encountered errors during the carving operation.

• The machine shall carve in the three directions X, Y, Z.

• The carving head can be changed to other diameter sizes.

• The driving program shall understand images drawn with some format and

convert them to control signals to the machine hardware components.

• The software shall allow the user to draw and edit images and decorations.

• The driving software shall show progress of the carving process.

• If the carving process stops suddenly for any reason, the machine shall

continue the carving process from the point it stopped.

• The software shall allow the user to define the dimensions of the piece of

wood.

The non-functional requirements are:

• The carving must be of a high quality and precision.

• The machine should terminate the carving operation as fast as possible.

• The use of the software driving program and drawing program must be as

easy as possible.

• The software must be reliable and robust as much as possible.
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After defining the functional and non-functional requirements user and system

requirements will be considered.

3.1.2 User and System requirements 

The user requirements are specified on the demand of the machine owner, and can be

summarized in the following:

• Carve a predrawn image on wood

• Give the user the ability to define the piece of wood dimensions in different

metrics (cm, inch ... ) and margins.

• Scaling the image to fit on the wood size

• Carve the wood at different depth levels, these depths should be specified on

the original image using different colors.

• Move the carving head manually, using keyboard arrows or mouse.

• Monitor the carving process and indicate the progress on the image.

• Save the progress, this is needed to enable the machine to continue its process

in the case of a fault preventing the machine to continue carving is

encountered (i.e. power turns off). 
e Possibility to change the drill heads with different diameters.

• Cootrol :tl:e s_peed of motors from the softw-are application depending on the

carving area if possible. 
• Associate the driving program with a drawing program tailored for drawing 

g S57 72.rt ts: 



After defining the functional and non-functional requirements user and system

requirements will be considered.

3.1.2 User and System requirements 

The user requirements are specified on the demand of the machine owner, and can be

summarized in the following:

• Carve a predrawn image on wood

• Give the user the ability to define the piece of wood dimensions in different

metrics (cm, inch ...) and margins.

• Scaling the image to fit on the wood size

• Carve the wood at different depth levels, these depths should be specified on

the original image using different colors.

• Move the carving head manually, using keyboard arrows or mouse.

• Monitor the carving process and indicate the progress on the image.

• Save the progress, this is needed to enable the machine to continue its process

in the case of a fault preventing the machine to continue carving is

encountered (i.e. power turns off).

• Possibility to change the drill heads with different diameters.

• Control the speed of motors from the software application depending on the

carving area if possible.

• Associate the driving program with a drawing program tailored for drawing

decorations and manage them.

• Control the machine manually with no need of a computer.

System requirements:
• Process and analyze input image then translate them to appropriate control
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signals.

• Define device coordinates, user coordinates and transform and scale images

between these two modes.

• Define multiple colors in the image where each color specifies the depth that

the Z-motor will move, i.e. black color means a 5 mm depth level, and green

color means 7 mm.

• Ability to control the motors manually by mouse or keyboard by defining

appropriate signals related to each key, or mouse direction of move.

• Read feedback signals from sensors connected to the machine to report

encountered errors during the carving operation.

• Ability to pause the carving process or even stop it and postpone the work for

later, in case of emergencies or any other user requirements.

• Generate signals with different frequencies, so the motors speed is alternated

depending on these signals.

Fault tolerance by providing sensors on edges of the wood to stop the motors if they

overpass the allowed area.

3.2 Objectives 

The objectives of this project can be divided into two main parts, the machine

driving software objectives and the carving machine objectives.

The machine driving software objectives are:
• Ability to process a predrawn image, analyze it, and generate suitable signals

for the machine hardware to carve it.
• Provide a dedicated drawing program to the user, to create drawings and

decorations.
• Allow the user to see and modify the texture (on screen), before carving it on

wood.
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• Speed up the carving operation, and carving quality through multiple carving

passes.

• Supply the user with a monitoring system, used to show the progress of the

carving operation.

• Report errors encountered during the carving process.

The machine objectives are:

• Carve the piece of wood based on the signals sent from the software

application.

• Increase carving quality and accuracy by moving the carving head smoothly

and precisely.

• Send feedback signals from sensors to the software application, about the

state of the machine and encountered errors.

3.3 System Parts 

To satisfy user and system requirements - listed in section 3.1- the machine

should consist of the following hardware and software parts.

The hardware parts:

• X direction servo motor, used to move the carving head in the X direction.

• Y direction servo motor, used to move the carving head in the Y direction.

• Z direction servo motor, used to move the carving head in the Z direction.

• Drill, a drill dedicated for carving on wood.

• Drill Motor used to rotate the drill in order to carve on the piece ofwood.
' 

• Wood holder: a place to mount and fix the piece ofwood on it

• Edge detection sensors used to signal a 5v signal when the carving head

exceeds the allowable displacement in both X and Y directions.
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• Wood detection sensor which is used to signal a 5v signal when the piece of

wood is mounted on the machine and Ov when there is no wood on the
machine.

• Manual control mechanism to control the machine manually.

• An interfacing circuit, described later in this chapter.

The software parts:

• Image loader and analyzer, used to open a user defined image, scale it to fit

the device coordinates, and then analyze it.

• Control Signals generator, generates signals to move the motors in different

directions.

• Error detector, a dedicated module for error detection and sensing.

• Monitoring system, used to display progress of carving operation, different

machine parts and their states, and report detected errors.

• Drawing program, used to enable the user to draw images, decorations and

edit existing ones. Also it should be responsible to manage and store images.

3.4 System Modeling 

The system can be modeled as a set of subsystems and relationships between

them, this decomposition is based on the functionality of the subsystems with no

distinction between hardware and software components (i.e. a subsystem may consist

of software and hardware components). In section 3.4 hardware components will be

grouped. in one subsystem called the interfacing circuit.
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Figure 3.1: Subsystems ofthe carving machine

The system is decomposed of a group of subsystems in order to satisfy user and

system requirements mentioned in section 2.5, the subsystems can be either hardware

or software or a combination of them, and are specified as follows:

• Carving subsystem.

• Manual Machine Controller.

• HalfAutomatic Machine Controller.

• Image Analyzer.

• Monitoring subsystem.

• Drawing subsystem.

a Software program. 

Table 3 .1 shows a brief description of each subsystem
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Table 3 .1: Subsystems functionality

Subsystem ~--•T•--, Description 

Carving subsystem 
I ··=• .... , -· ......, . ···-· .

Manual machine controllers A keypad to control the carving machine :
ff: manually, mounted on the interfacing circuit. r . . . .. " -~ .-·~~-~---=-·-~ .. ··~ . -· ~..- ·- ~-•r· .... .. :f 

I Half automatic machine controller Controls the machine using the computer · j 
f- ,._. ·~ --··· ., ··- ~· . . -·=··· ~ •·-··1

Image analyzer Analyze an image and generates control signals 
I Assa--are lo Carve[t A 

···- • -·-· :r.-: 

A machine for carving on wood

#yhggg-pegs».a 

Monitoring subsystem Monitors the carving· operation and. reports 3 
L.--~--.~====~-~--~err~o~r~s----~-~...:.....-~ -.~.-~---~

,,......., h!O"" -·---· •• -~-·---~------~.,-,~~~,-l"'!•....--•,..-,•·--•-•;!•>e•• -~,.....,,. -·-- ~- .. ·~ "'7 

Drawing subsystem A user friendly drawing environment I 
j . . ,. '. . -· ... ,_ .. 
I Software program

Contains all subsystems software in one 
'-5--. DIOgT'aI 

The software program is not a stand alone subsystem; it serves as a software

container for all subsystems. As it can be noticed it has relations with the Image

analyzer, drawing subsystem, half automatic machine controller, and the monitoring

subsystem. It will contain all the software of these subsystems.

The following subsections will explain these subsystems in more details concerning

on the hardware components and circuit block diagrams, detailed information about

the hardware circuits and schematics are provided in Chapter 4 (Detailed Hardware

Design), while detailed information about the software is presented in Chapter 5

(Implementation).

3.4.1 Carving subsystem 

The carving subsystem consists of a group of motors that make the machine

capable of carving on different pieces of wood, three motors are used to place the
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carving head in a precise location in the three directions X Y Z and another motor
' ' ' 

is used to rotate the carving head.

The positioning motors are servo motors controlled by a position control signal. The

position control signal is a square wave signal; the motor will rotate in specific

degrees by depending on the number of signals it receives. The fourth motor which is

a DC type is used to rotate a drill mounted on it, its control operation is only on/off.

The complete construction of this sub system is under the responsibility of the other

team- Team A-.

3.4.2 Manual Machine Control 

This subsystem allows the user to control the machine manually - with no

need for a computer --; it contains a keypad with different function buttons where

each button generates one of the various machine orders.

The user will be able to generate the following commands using this subsystem: 

1. Move the carving head in the X direction.

2. Move the carving head in the Y direction.

3. Move the carving head in the Z direction, downward and upward.

4. Spin the carving head.

The figure below shows a block diagram of the manual machine control.
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Figure 3.2: Manual machine control diagram

The circuit consists of a 16F84 PIC microcontroller, with the following

configuration:

• Port B (PBO- PB5) configured as input lines, (PB6, PB7) configured as output

lines.

• Port A (PAO- P A3) configured as output lines.

The buttons for moving the carving head in the three directions are push buttons, so

that the command will be executed as long as the button is pushed, if the button is

released the command terminates. The last button is used for spinning the drill and

it's an ON/OFF switch. The table shown below describes each of the signals

generated by the buttons with a brief description.

Table 3.2: Manual machine control buttons

PB0 Input +XM 
Command name: Positive X Move 
5 volts: no control signal generated ] 
0 volts: move carving head in the positive X direction 
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Command name: Negative X Moy,%wars+sanes 
5 volts: no control signal generated
0 volts: move carving head in the negative X direction ~
Command name: Positive Y Move ,.., l
5 volts: no con.trol signal generated
0 volts: move carving head in the positive,Y direction 
command ame: Negative Y Move 

5 volts: no control signal generated
djj V volts: move carving head in the negative Y direction 

command name: Positive Z Move 
5 volts: rio control signal generated

==.'#"9e@ring head down.-.ts===3 
Colhmandname: NegativezMoveT - ]
5 volts: no control signal generated
0 volts: move carving head up

~:-::'.::::~'7.:;:~-;;;:;;::~::;:-:--::::::-~ A_ clock pulse signal to control the X servo motor
Direction of the X motor CW or CCW
5 volts: CCW translated to backward motion
0 volts: CW translated to forward motion 

• [» 
[ PB3

Input -XM

Input +YM

Input.

PB4 Input

-YM 

+ZM

l 
.,..,..,..,.__ ,.......... ~- ...

PBS Input -ZM

! PAO x-pulse L ____ 

PAI Output x-'Direction 

P.A2 Y-pulse

PA3 Output Y-Direction

Z-pulse PB6 Output 
··-- 

PB7 -Output 
Z-Direction

~.__--'-_.-~~~A clock pulse sig'!}al to control the Y servo motor
Direction oftheymotor Cw or ccvr , 
5 volts: CCW translated to backward motion
0 volts: CW translated to forward motion 

z±:723%3,%a%toast&zssssi» 
birection of the·z motor··cw or Ccw 
5 volts: CCW translated to backward motion
0 volts: CW translated to forward motion

R-control Command name: Rotation Control j j 
0 volts: stop the rotationof the carving head i 
5 volts: start the rotation of the carvinghead.. !._:,_____~--~_____,;---~~~-~~~~--~ 

*

*· R-control signal is directly connected - from the keypad- to the DC signal

without passing through the microcontroller. The rest of the keypad buttons are

connected to Port B of the microcontroller and depending on these values the PIC

will generate output signals for each motor.
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PIC micro controller will be programmed to control manual operation; it will read

Port B values and then generate control signals and output them on PAO- P A3, PB6

and PB7. Figure 3.3 shows a flow chart diagram of the program operation.

Start 

Sleep mode

Yes 

No 

PIC wakeup 

Positive X move 

Yes---p] NqaliugXmove b] 

N~i---------------___, 
y 

~Y~--+i P~itiveYmove 

No 

~--Yes---.i Negative Y move 

N 

~y~,---•wl PositlveZmove 

No 

"y.(gs] NqafiygZmQe } b] 

See Table 3.2 for more details about each sigal 

Figure 3.3: Manual control program flow chart
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After starting the program it will check which buttons are hold generating the

corresponding control signals. And then go back to the beginning of the program and

check the buttons again.

If two buttons are pressed at the same time and from the same category - like both 
buttons for moving in the X direction- it will move only in one direction ignoring

the other direction.

The reason for allowing the user to manually control the machine is for testing and

debugging the different operations of the machine, not using it for carving, since

accurate positioning can't be obtained using manual control. In other words when the

user holds a button for moving the carving head in the X direction, the head will

move but there is no mechanism to allow the user to specify how far it will move.

3.4.3 Half Automatic Machine Controller 

The half automatic controller controls the machine as the manual controller

does, but this time the control is generated from the computer with no need for

external buttons for the commands. Using this subsystem the user can carve more

precisely, but it's still difficult to carve images using it.

Half automatic carving generates the same commands generated in manual control

in addition to specifying how much to move in each direction (i.e. move 5 steps in

the positive X direction). In this mode there is no need for external circuitry, only 8

output lines of the parallel port (DO- D7) are used to generate the four motors

control signals as shown in table 3.3. Using the half automatic mode the user can 
enable and disable the HPE (hardware protection enable) line through the parallel

port D7 line.
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Table 3.3: Parallel port output lines and their corresponding motor control signals

Parallel Port Line Corresponding Motor 

1 

L. 4 

ms 
gs.fMggpie®-ye+go se 

D4 for controlling the rotation direction ofthe X servo motor, ·;
whether-it's Clock Wise or Counter Clock Wise. j
For controlling the rotation direction of the Y servo motor,

whether it's Clock Wise or Counter Clock Wise. ·®--=-74-15--.76%%% a 
For controlling the rotation direction of the Z servo motor, 7 
whether it's Clock Wise or Counter Clock Wise.. ·1"""t...F"""-''Ff V7-=7-:15755...o6.3 

D7 HPE, hardware protection enable. Used to enable or disable 
"--""aa. Lhe hardware protection if an error is encoUI}tered. _ I 

The half automatic mode can be used for testing both the hardware and software

operation of the machine, in addition to carve simple shapes which can be easily

understood by the user such as squares and lines.

3.4.4 Image Analyzer (Full automatic mode) 

This subsystem is responsible for reading an image; scale it if needed, analyze

it, and then generate the control signals to the interfacing circuit which will cause

the motion of the different motors. Only the hardware needed for this subsystem is

explained here, the software implementation is described in Chapter 5.

This subsystem is full automatic where the user provides an image to be carved, and

then the subsystem will analyze it using a group of algorithms - described in chapter

5-.After analyzing the image it will generate 7 control signals through the parallel

port lines D0-D6 for controlling the motors as shown in table 3 .3.
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3.4.5 Monitoring subsystem 

Responsible for monitoring the whole operation of the machine, showing

carving progress on the computer screen, reporting and notifying the user about any

errors encountered, and providing a hardwired protection mechanism in the

machine.

The monitoring system is a hybrid of software and hardware, its software part shows

the carving operation on the computer by drawing the image pixel by pixel and

shading the completed areas of the image, another part of this subsystem is the

notification of errors, more details about the software implementation of the

monitoring system are described in chapter 5.

The hardware part of the monitoring subsystem consists of a circuit for reporting

errors to the software part, a hardware solution used to stop the machine if an error

exists, and a LED's panel that indicates which line is active during the carving

process. Figure 3.4 shows the circuit used in this subsystem.

Another part of the monitoring subsystem is responsible for sending feedback

information from the three servo motors notifying the software program that the

motors has reached the destination point, these signals are considered as

acknowledgments.
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Figure 3.4: Monitoring System Circuit

As shown the state of the machine is signaled to the monitoring system through 4

input lines, sent to the computer through the parallel port input lines (S3 - S6).

However the number of inputs from the machine is 10 but the parallel port has only 5

input lines, so an encoding circuit is used to encode the 10 different lines to 4 bits of

data sent to the computer. Using 4 bits give the opportunity to up to 16 distinct inputs

that are enough for 10 input lines.
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Table 3.4: Encoded signals

Input Encoded 
name value Description 

EXI 0111 If the Carving head exceeded the maximum allowable X direction 
!"5and0otherwise. +sf° 

If the Carving head exceeded he minimum allowable x direction 
it will be 5v and O otherwise. l Di''""""""wt%%° °If the Carving head exceeded the maximum allowable Y direction 
it will be 5v and O otherwise.tit""wt%st"" If the Carving head exceeded the maximum allowable Y direction 
it will be 5v and O otherwise. __,____ · l 

EX2 0110

EYI 0101

EY2 0100

EZl 0011
If the Carving head exceeded the maximum allowable Z direction 
it will be 5v and O otherwise.
If the Carving head exceeded the maximum allowable Z direction 
it will be Sv and O otherwise.

NW 0001 
... 

x-ack · 1110 
··- 

y-ack 1101

z-ack 1100

4or3Ju 

--::.X::._m_.,;-_o::.to-:.r::.a~c-:.kn-:..._o__w,;;;l_.=-e....d.....:g~e::m::;.e~n-t_~h~·n~e~~"---- ....._...-..__-== .. =... .,.-..-.....;;:=;:=-_--.:::::;;.-~ ·-:--·=-·~ 
Y motor acknowledgement line 1 I

.. 

Z motor acknowledgement line

A group of LED's are used as indicators for the user; they will notify the user about

the values sent during the carving operation these LED's are specified as follows:

I

• Ll: X servo motor indicator; it will be on when the carving head is moving in

the X direction. And tum off otherwise.

• L2: Y servo motor indicator; it will be on when the carving head is moving in

the Y direction. And tum off otherwise.

• L3: Z servo motor indicator; it will be on when the carving head is down (i.e.

in carving process), and turn offwhen the head is not carving.

• L4: Drill Motor indicator; it will be on when the drill of the machine is

rotating, and offwhen it's stopped.



• L5: no piece of wood indicator; it will tum on when there is no piece of wood

mounted on the machine.

• L6: direction of the X motor.

• L7: direction of the Y motor.

• L8: direction of the Z motor.

• L9: X direction error indicator; it will tum on to notify the user that the

carving head is outside the allowed X position.

• LI 0: Y direction error indicator; it will tum on to notify the user that the

carving head is outside the allowed Y position.

• LI I: Z direction error indicator; it will tum on to notify the user that the

carving head has exceeded the allowable depth.

• Ll2: X acknowledgment.

• Ll3: Y acknowledgment.

• L14: Z acknowledgment.

• L15: power on.

• LI 6: operation mode, notifies whether the control is from the computer or

from the keypad.
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3.4.6 Drawing subsystem 

A utility program that allows the user to open, edit, and draw images to be

carved later on the computer, this subsystem will be tailored for creating images and

decorations to be carved on wood.

No hardware is used in this subsystem, so it will be described in more detail in

chapter 5.

3.5 Interfacing Circuit 

The interfacing circuit interfaces and connects the different subsystems, it can

be considered as an interpreter between the software part of the system and the

hardware part; it will read signals from the sensors of the carving machine and send

them to the computer, and output control signals from the computer, adjust them to

the needed voltage value, and send them to the motors.

The interfacing circuit depends mainly on the PC parallel port (printer port) for all

the Input/Output operations, this decreases the needed hardware components in the 
circuit minimizing the total cost and simplifying the control operation. The circuit in

figure 3.5 shows the whole interfacing circuit.
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Figure 3.5: Interfacing circuit block diagram

The interfacing circuit contains hardware parts of the subsystems which are the

manual control, monitoring system, image analyzer, and half automatic. So the

circuit parts related to these subsystems are not described in this section.

Control signals passed to the motors are generated using the PIC in the machine

manual control mode and carried on lines PAO - PA3, PB6 PB7, or by the PC

parallel port and carried on the lines DO- D6 in the half automatic and automatic

modes. But it's not allowed that the control signals are generated by both parts at the

same time - PIC and parallel port-. So the circuit must be able to determine if the

motor control signals are on (PAO- P A2, PB6, PB7) or (DO- D6) lines, and then

pass them to amplification stage. This is done using a multiplexer with--,MCE 
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line for its selection when MCE is low (O-volts) it will pass (PAO- P A2, PB6, PB7)

values, and pass (DO- D6) values when M CE is high (5-volts).

Since motors operate on 24 volts an amplifier IC is used to amplify the 5-volts

control signals to 24-volts and sending them to the motors, after the generation of the

24-volts control signals the data will propagate in other circuits that are implemented

by the other team.

The tri-state buffer IC (74LS368A) is used in the interfacing circuit as a hardware

protection circuit when errors are encountered, when there are no errors control

signals will pass through it normally. If an error is encountered the EO line of the first

encoder will be high which will be ANDed with the HPE line- which is high in

common-- and so disable the tri-state buffer preventing the control signals to reach

the motors, and so stopping the operation of the machine.

Note that the HPE line is connected controlled by line D7 of the parallel port, ifD7 is

high the hardware protection circuit is enabled, but if D7 is low the hardware

protection circuit is disabled, allowing control signals to be sent to the machine even

if there are errors. This is important to allow the machine to recover from errors, and

receive new control signals to position the carving head to the starting point.

As scenario suppose that while the machine is in a carving process, the carving head

had exceeded the maximum allowable x distance, at this point the hardware

protection enable circuit will buffer the control signals, and prevent them from

reaching the carving machine, at the same time the user will be notified about that

certain error. At this point the user has to reinitialize the machine, but to send signals

he has to disable the HPE line and then send the initialization signals.
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3.6 How the system works 

In chapter one - introduction- we have described how the system should

work at a high level of abstraction where an image is provided for the driving

program on the computer side, and then control signals are sent to the motors to

carve this image on the piece of wood after analyzing the image. 

In more details to carve the image into the piece of wood the system should pass

through the following steps:

• Get the image that the user desires to carve on the piece of wood.

• Specify the Dimensions of the piece of wood we wish to carve the image on

it.

• Scale the image by a factor where each pixel in the image will correspond to

a hole carved in the wood by the drill of the machine. for example if the

image is of size 400 * 300 pixels and the piece of wood is 80 * 60 cm and the

drill diameter is 3mm. then the image should be scaled by a factor of 2/3 so

that each pixel in the image will correspond to a circle of 3mm diameter on

the piece ofwood. Figure 3.6 shows this operation.
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Figure 3.6: Scaling an image to device coordinates

• Analyze the scaled image, first it will analyze the outline of the shape and

carve it, then it will dissect the interior of the shape it into a group of

horizontal and vertical lines and store them in a data structure. The machine

will first carve the horizontal lines and then carve the vertical lines. Note that

horizontal lines would be enough and complete but adding vertical lines will

result with a better carving quality.

• Carving the lines should be done in a systematic way, with a big concern for

the order in which lines are to be carved; in order to decrease the total time

needed to accomplish the carving process. So after carving one line· the head

will move to the nearest line to its current location and saving time by doing

so. And then store the sequence oflines to be carved in a file.

• Translate the sequence from the file to three ON/OFF on the parameters of

the line segments, each signal will be used to control the motion of the X, Y,

z servo motors, and store them in a file. Figure 3. 7 shows an example for

these signals.
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Figure 3. 7: X, Y, and Z motors control signals

• Initialize the machine to start a new job moving the carving head to location

(0, 0), and tum on the DC motor which will rotate the carving drill.

• Read the needed control signals generated in point 6 and output them on the

parallel port data lines D0-D6.

• Amplify the 5v signals generated by the computer to 24v using an appropriate

amplifier circuit and send the values to the motors.

• The motors will then start their operation and carve the image on the piece of

wood.

• While the carving process is working, the progress of the operation is stored

in a file so that if electricity turns off, the user will be able to continue the

operation from the point where the machine had stopped.

From the points mentioned above it can be noticed that the machine will not start the

carving operation, unless the translation and conversion of the image is finished, and

the needed control signals for the motors are known and stored in a file. After

finishing this stage the computer starts sending the control signals to the interfacing

circuit by simply reading from the stored file. There are two reasons for doing this,

first because the control signals must be very accurate -of microsecond precision-
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and sharing this process with the image translation process which is a time

consuming process that requires a lot of CPU time may result in inaccurate timing

signals; which will lead to inaccurate carving. Second exceptions or errors could be

encountered during the image processing stage; so if the machine was carving

concurrently while processing the image the piece of wood will be ruined, in other

words carving will not start unless the image is processed and no errors are

encountered.

The main functions sent to the carving machine can be thought as the following

commands:

I) Move to location (x, y). 

2) Carve to location (x, y). 
3) Move the carving head down by a depth value of d" mm where d" is a

certain number.

4) Move the carving head up by a value of d" mm. 
5) Initialize the machine.

6) Rotate the carving drill.

7) Stop the rotation of the carving drill.

A data flow diagram describing the software application stages of the machine driver

is shown in Figure 3.8

lines Sort lines image./ cnAseano a \,scale image 1"" 98°s'°/ws5 sesgmeiiato, /if\ "?" » 
woog ' dimensions 

Lines traverse 
s uence 

F. 3.8: Machine operation data flow diagram.1gure . . 
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Another important part of the machine driving program is the monitoring system

which will monitor the progress of the carving operation with an appealing GUI 
interface showing the current location of the carving head, how much carving did it

finished, how much time does it still need to complete the carving, which parts of the

machine are currently moving, depth level, and the signals outputted to the machine.

An error controller process will be running on the computer while the carving

operation is in progress. Its main function is to detect and report errors that are

encountered during the carve operation and receive feedback information from the

machine, these errors are fired when the head exceeds the allowed locations in both

X, Y, and Z directions, or when there is no piece of wood mounted on the machine.

The monitoring controller will report any encountered errors and notify the user

about them and abort the carving operation if needed. Feedback information consists

of three acknowledgment signals sent back to the computer when the motor reaches 

the destination location.

Figure 4.2 describes the hardware architectural model showing the operation of each

component of the interfacing circuit and how control signals propagates to the

motors and how errors are reported from the machine sensors.
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Figure 3.9: Architectural model of the interfacing circuit
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CHAPTER FOUR 

DETAILED HARDWARE DESIGN 

4.1 Interfacing circuit 
4.2 Input/ Output lines

4.3 Generation of motors control signals

4.4 Adjustment of Control Signals

4.5 Hardware Protection Circuit

4.6 LED's Panel

4.7 Microcontroller connection and manual control
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In Chapter 3 the system was modeled as a group of subsystems, these subsystems

where classified depending on their functionality with no distinction between
software and hardware components.

All the hardware components in the system are found in the interfacing circuit and

the carving machine. In this chapter we will consider the interfacing circuit, and

describe its functionality in more details, showing schematic diagrams of the circuits

and how it operates and specifying each IC number. While detailed information

about the carving machine could be found in the documentation of the other team.

4.1 Interfacing Circuit 

The interfacing circuit shown in Figure 4.1, consists of a group of

components, these components are used to generate and control different functions in

the machine.
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The following sections will describe each component · th · t ·f · ·t ·m e m er acmg circm m
more details specifying how it works, its inputs and outputs.

4.2 Input / Output Lines 

As stated before the interfacing circuit stands between the computer and the

carving machine, so it is used to send control signals to the machine, and send data

and information about the machine to the computer. The main output lines in the

interfacing circuit are Xe, Xd, Yc, Yd, Zc, Zd, DC, and HPE, while the input lines

are NW, EXl, EX2, EYl, EY2, EZl, EZ2, X-ack, Y-ack, Z-ack. Table 4.1 describes

each of these lines and the type of information they carry.

Table 4.1: Interfacing circuit signals

Signal name Input/ Output Description 

X motor control signal, used to control the servo 
Output motor responsible for moving the carving head in the 
" (direction. -----A%% 

X motor dfrection control signal, if O then 'the motor
will rotate CW (X position will increase) else it will
rotate CCW (X position will decrease).= 

=..:Et;yy,,,%r control signal, used to control the servo 
motor responsible for moving the carving head in the 

Y direction. =--="..... 
--~~;~~~; direction -tontrol signal, if O then the moto~

will rotate CW (Y position will increase) else it will
rotate CCW (Y position will decrease). _

.,--_·_- ~- ~- - __ -_ -.,,... ---, ... -_,,-'_, - ..... -_ --,.-,_:-_-_ ...... -_---_-_-·.-.:~ Z motor control signal, used to control the servo 
motor responsible for moving the carving head in the Output· zdirectif1%2 

5pjj;ii.ss 4oor direction control signal, if 0 then the motor 
will rotate CW (Z position will mcrease) else it will 
rotate CCW (Z position will decrease). ° 

-~_--·------··:.-:..-=-.-:..-.,..--"'--.-----'···· .. ·--·-·~ ··-_An--onl~ff signal which is used to control the DC 
DC Output motor used to spin the drill. 1 

---·-----~---- ·-··-- -·--· ...............

Xe

I Xd Output 

Ye Output
t 

Output

, Zd Output
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Hardware Protection Enable, an active low signal I 
used to notify the interfacing circuit whethj

.....-...-------~--.............__~--:--- p.ardware pro~2!L<;!n i~ enabled or not.
No wood, an input signal hat notifies he computer 
when there is no . piece of wood mounted on the
machine.

x el st a as sa saso sad a,%; 
carving head exceeds the maximum allowable X l 
X Position Error, it will be high (5-volts) when the 
carving head exceeds the minimum allowable X · j 

EYI . Input Y Position Error, it will be high (5;.volts) wlienthe ·7 
4Mt®®ff\-Pg head exceeds the maximum allowable Y ] 
EY2 In . -- ? ...__... 

J

I __ ·-·----- _put y Position Erro~fi"willbe high (5-volts) when the 7,.1; 
__--_-__,..,.-::::==::::.-----'-----'~~~~~~g head exceeds the minimum allowable Y ~ 
i EZl -~-·-Inpur--· Z Position Error, it will be high (5-volts)°when the q 
!'- -~~ .... ---~-~~--c~arving heagexceeds the maximum allowable Z · ~_j
EZ2 Iput Z Position Error, it will be high (5-volts) whenthe'"''=l
1." @F"Ing head exceeds the minimum allowable Z j 

HPE Output/Status 

NW 
i 
!

EX I Input

EX2

Input 

Input

X-ack . Feedback information from the X servo motor, 
considered as acknowledgment sent back to the 
computer notifying that the servo has reached the
destination point.

f Y-ack 7

~·. ·,--"'."'"'"fn.p~---·· Same as Xack but its used for the Y motor.
.________:___;;....2~,e...........a.------~~ :::=:::::::;::;=::::;:;:: 
Z-ask Input same as xact but its used for the Ymoor=al 

4.3 Generation of Motors Control Signals 

The control signals Xe, Xd, Yc, Yd, Zc, Zd, DC are generated from two

different parts; from the PC parallel port when operating in the half or full automatic

modes or from the PIC microcontroller when operating in the manual mode.

The control signals generated from the PC parallel port are carried through its data

lines DO- D6 for Xe, Xd, yc, yd, Zc, Zd, DC respectively, while the control signals

in the manual mode are carried through the microcontroller lines AO- A3 B6 B7 for
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Xc, Xd, Y c, Yd, Zc, Zd, respectively and the keypad button R-Control for the DC
motor.

These two sources of- motors control signals- are multiplexed and only one source

is used to control the motors at the same time. The decision is based on the machine

operation mode (manual, half-automatic, automatic) which is signaled using the

status line ,MCE. And here comes the reason of using the multiplexers - see

Figure 4.1- which consists of two quad 2-lines to I-line multiplexer with a common

selection line connected to ,MCE. The inputs of the multiplexers are shown in

Table 4.2 where each two signals with the same function are the inputs for each

Multiplexer (i.e. D3 and R-Control, DI and PAO). The schematic diagram of the

74157 multiplexers is shown in Figure 4.2.

U1 
PAO 2 1A 
DO 3 1-Y 4 Xe 

1EB 
PA2 5 2A 
D1 6 2Y 7 Ye 28 
PB6 11 3A Zc D2 10 3B 3Y 9 

R-Control 14 4A 
R-Control D3 13 4D 4Y 12 

is STROBEG 
1 sELEcrA 

-=- 
74LS157 

u2 
pAT 2 1A Xd 3 4 D4 1 E . 1-Y
PA3 5 2A 

6 7 Yd 
D5 28 . 2Y 
PB7 11 3.A. Zd 10 yx_ 9 
D6 3B . DO 

14 4A 
13 . 4Y 12 4 

15 -
STROBEG ce 1 SELECTAE 

74LS157 

. 4.2; 74157 Multiplexer schematicFigure ·.. 
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Multiplexer number Input line 

Table 4.2: Multiplexer input lines

!® · D3 from parallel port
R-Rotate from keypad

f M~x# ···--2··· ·-·•••·-·,--------•--D----0-_fr_o_~_p_ar_a_ll~el_,p~o'-rt----.---·· . - -- . J 

eeE=""®"""-=== ! DI from parallel port l
Mux s { ! . p...... ~. ~-.::. ::=.:::.- ..• - __ -_- .. "--------;;;.-,:.,-:,.:.:,_A2~~-~ ~e microcontroller __.....___..........i 

~llX #4 . D2 from parallel pOrt- ··--:·---.,.,...--- ' "l

=- """es.. Mux #S D4from parallel port · - · -1
L...-. PAlfrom the microcontroller 

f 
· · -· 05 fron{''parallel port - -~---~_-,...l

Mux #6 :> ' P A3 from the microcontroller 

Max #7 t -...~-______,_ 
D6 from parallel port
PB7 from the microcontroller

,\Nall.es.ll • ls sill3llllll 

I 
J

The 74157 quad 2-lines to 1-line will be used for the multiplexing operation; it 

contains four multiplexers of two input lines each and a common selection line. The

data sheet for this IC is found in the appendix. A schematic diagram with input lines

connected to the 74157 IC is shown Figure 4.2. The output lines generated from the

multiplexer are Xe, Xd, Yc, Yd, Zo, Zd, and DC.

4.4 Adjustment of Control Signals 

The control signals outputted from the 74157 multiplexer IC are of 5 volts

value, which is insufficient for controlling the motors since they need 24 volts

signals to operate.
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An amplification circuit is construct d .. . c e to amplify the 5-volts signals to 24-volts 
signals and then pass new amplified si al . . .. gn s to the motors; the circuit consists of 4
transistors configured to work as switch A . i c es. schematic of the circuit is shown in
Figure 4.3. 

.+24v.

Dc 

x 

pc 

Figure 4.3: Amplification circuit schematic

Each line of 5-volts value is connected to the base of the transistor. When the value

on the base of the transistor is of 5-volts the 24-volts value is passed to the

corresponding output line, when the base has a 0-volts value the output value will be

ofO volts.
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Figure 4.4: Transistor as switch connection

When the transistor is configured to work as a switch as shown in Figure 4.4 the

following equations are applied.

Vee(eutoff) = Vee 

Vee - Vee( saturation) 
Jc(saturation) =-----'----­

Re 

Jb(min) = Jc(saturation) 
Bdc 
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4,5 Hardware Protection Circuit 

During the operation ofthe machine, mistakes in positioning the carving head
could happen, in this situation the carving operation is forced to stop, and the

monitoring subsystem is notified about this error occurrence. Another possible error
is the missing ofthe piece ofwood.

To stop the carving process when an error is encountered a tri-state buffer is used in

the interfacing circuit, its purpose is to pass the 4 motors control signals only when

there are no errors, except in some situations when the hardware protection is

disabled - HPE signal is low -. The schematic of the hardware protection circuit is

shown in Figure 4.5.

U1 U2 
i=X1 in IND AD ~ ·1 ·, OE 1 
Ex2 11 19 OE2INT 2 18 EYi 12 7 Xe AD . YO IN2 Al 17 FY2 13 Ye 3 Al . Y1 . oJIN3 4 16 c EZi 1 6 Ze !!<2 . Y2 . :c IN4 A2 De 5 A3 y3 15 uEZ2 2 U3A . "'IN5 6 14 z NV/ 3 14 ~ c Xd AA Y4 13 IN6 · GS 7 0 4 Yd A5 vs . I-IN7 · 15 7d B A6 y6 12 5 E EO 9 11A7 Y7 _ 74ls148 74ls541 

Hp 

Figure 4.5: Hardware protection circuit

. . tat buffers the seven possible errors are connectedIn this circuit there are seven tn-s e • 
. d ith the HPE line and then connected

to an encoder (74148) with its EO line ANDe w 
to the enable line of the tri-state buffer.

. . hi h bles the hardware protection circuit,
li; 1s high, w C ena

As default the HPE line . in the x position is
high signalmg that an errorsupposing that line EXI goes 
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encountered the output of the EO encoder line will be high, and since HPE is high too 
the output of the AND gate will be high and so TSBI will be disabled and all of its

output lines will be high impedance preventing the control signals to propagate to the
motors and so stopping the carving operation.

At the same time this error is encoded by the encoder to an error of number O 111 and

sent to the software program using the parallel port status lines S3-S6, in this case the

program will reset HPE to logic zero and so the output of the AND gate will be zero

and so disabling the protection circuit, then it will send control signals to position the

carving head to the start point (0, 0), after the machine is reset to the start location

HPE signal will go high enabling the hardware protection circuit again.

In the implementation of the interfacing circuit we will use the 74LS541B1 IC which

is an 8 tri-state buffer with an active low enable line its connection with the

interfacing circuit is.

4.6 LED's Panel 

The LED, s panel is used to allow the user to know what is the current data

· · · · t f 16 LED's for indicating the state of the sevensent to the machine, it consists o1. 
. y Yd Z Zd, DC and the seven possible error lines NW,control signals Xc, Xd, C, 4 C, 4 

· 1 MCE and HPE.EXI, EX2, EYI, EY2, EZI, EZ2 and the status s1gnats > 

The LED's are connected to all the mentioned lines as shown in Figure 4.6.
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DC B L1 · 

x ., L2 

Y B L3 

z '\ L4 

WI: '\ LS· 

XPE B 
LB· 

YPE B 
L7 

-=- 
ZPE ., La· 

MCE '\ LS 

HPE r L10 

Figure 4.6: LED's panel connection

4. 7 Microcontroller Connection and Manual Control 

The microcontroller is used to generate the motors control signals when the

machine is operating in the manual mode, it is connected to a keypad which consists

of 7 buttons and it will generate control signals depending on the pressed buttons on

the keypad. The operation needed by the microcontroller is quite simple; capability

of input, output, an internal timer, and enough memory to store the needed program

inside it, after analyzing these requirements the PIC 16F84 is enough for this circuit.

Only few components are needed to get the microcontroller up and running- see 

Figure 4.8-. Primarily a pull-up resistor on Pin 4 (MCLR), a 4 MHz crystal with two

22-pF capacitors, and a 5-V power supply.
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+5v 

. . ~<.. .
Rt 5f7k 

PIC 16C84 
1 RA2 . . . . R,A.1 18.
2 RA3 . . . . R,A.O 17
llsarc&,8 S©®9=«uTG 

~----~~ MCLR- OS(?2/~LK~ur.-=--5--t---o--i 
,-------'~ Vss · V cicli-1 _4 __ µ c::::::::J 

~ RBD11NT RB713 
RB1 . RBs 12 

B RB2· . RBs 11 
9 RB3 . RB410 

C1 
22p 

c2 
22p_ C3 · · 1 u 

Figure 4.7: Basic 16C84 PIC connection

After connecting the microcontroller the buttons of the keypad must be connected to

its ports as shown in Figure 4. 8. The outputs generated from the microcontroller are

sent on lines PAO - P A3, PB6, PB7. The functions of the buttons are shown in Table

3.2.
. . . PIC 16C84. . . 

. 1 RA2 . . . . RA118 
2 o RAO ·J7
3 R,..,3 · ·osc-1 {CLKIN 16 

RA4/T,0O<1 · · · 5A[ca. 9sc2rcL.oU 
5],, vaall4 ss . . . . 13 

,------=16
7

RB01ll'-lT . · RB? 1? 
..------'-l R81 . . RBS - geass]] 

,---.....,9 REJ3 . . R84i.:.:::..----'

+XM 
~ 

-XM 
+YM 
-YM 
+ZM 
-ZM 

F
. 4 8: Microcontroller connection with the keypad1gure ..

71



p

The button used to spin the carving head generates an output signal (R-Control) 
which is simply an ON/OFF signal and it's not connected to the microcontroller. The

rest of the buttons (Push Buttons) are connected to PortB so that when a button is 
pressed the needed timing signal to control the corresponding servo motor is

generated by the microcontroller. These buttons have contacts that are closed when

the buttons are pressed (normally opened switches) and are connected so as to be

active low. This means that reading the status of a button will result in a 1" being 
read when the button is not pressed, and a O" being read when the button is pressed.

Figure 4.9 shows an illustration.

+5V +5V

Connection to
Micro controller 
(+5V)

Pull-up 
Resistor Connection to

Micro controller 
(OV)

Pull-up 
Resistor

~ Normallyl p Opened Button

av
F. 4.9 Push buttons used in manual control1gure· · 

11 on-figured as follows:The ports of the microcontro er are c

• PBO- PB5: input lines.

• PAO- PA2, PB6, PB7: output lines.

Button Being
Pressed

ov

cted to the multiplexer describedFinally AO- A3 PB6 PB7 and R-Control are conne 

in section 4.3.
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Before the microcontroller is mounted in its socket in the interfacing circuit, it will

be programmed using a specialized programming kit; where the program which will

run on the microcontroller will be assembled and then loaded into the PIC memory.
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CHAPTER FIVE 

IMPLEMENTATION

5.1 Image Analyzer

5.2 Drawing Subsystem

5.3 Operations on Layers

5.4 Saving an Image 
5.5 Generating the control signals

5.6 Monitoring Subsystem
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In the previous chapter a complete hardware design was considered, focusing on the

interfacing circuit design, in addition to schematics of the various parts of the
hardware components of the machine.

While chapter 4 talked about hardware components, in this chapter we will introduce

the software implementation of the Wood Carve System, the software mainly 
consists of three parts; Image analyzer, Monitoring program, and the Drawing

program, detailed explanation of each subsystem will be provided in this chapter.

5.1 Image Analyzer 

One of the main goals of the project is to be able to process a pre-drawn

image, analyze it, and generate suitable control signals sent to the machine hardware

to carve it. To achieve this goal an image analyzing subsystem will be developed and

implemented.

5.1.1 Image Analyzer Objectives 

· : bi ctives: Image Analyzer should achieve the following obje » 

. • · (WCS) or bitmap image (BMP) to a• Analyze a wood carving system 1magc 
Where each image contains only one color thatlist of colored images,

represents a certain carving depth. 
. arating the shape fill and outline, and then• Process the--one color-- images sep 

save each one in a separate file (image). 
1. of the shape outline.• Find the coordinates of the mes •
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• Break shapes fill into an array f h .0 onzontal lines, and another array of
vertical lines.

• Produce a control s · 1 fil 1gnals le that can be handled by the motors signal 
generator.

5.1.2 Image Analyzer Classes 

Image Analyzer subsystem consists of multiple classes. The Unified Modeling

Language (UML) of these classes and the rest of the classes used in the whole system

are shown in the appendix.

An overview of the functionality of this subsystem is listed as follows:

1) Image import: responsible for reading a user specified image, this class will

mainly deal with WCS format images, which are images drawn using the

associated Drawing subsystem. When a WCS image is opened it will be

displayed on the drawing program. This class is also responsible for reading

.bmp images, which will trigger a dedicated wizard for carving .bmp images.

2) Image processing and analyzing: this class is the core of the application

where most of the work is done, the image processor work will be mainly

affected by the type of the image, whether .wcs or .bmp, and here is the

processing stages for each of them:

A) WCS format:

In th d
· was in wcs format the image analyzer will firstcase e rea image · ° 

look for its information (i.e. width, height, colors, and shapes list), the
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image will then be sent to a carve,, . · veOperation object where each shape is 
flattened to approximate its curve ·.,,_ : es mto Imes dependmg on a specified
flatness parameter, which ifi .. s 1ct specilies the maximum distance that any point 
on the unflattened curv d e can teviate from the returned flattened path
segments figure 5. I clarifies the flatt .ening process. 

Original shape

a)

Figure 5.1: Flattening a Shape. a) Flatness =8 b) Flatness =0.5

After flattening the image is analyzed to edges (path of the shape outline),

and fill lines, then a control signals file containing the data of the lines is

generated, this file is written in plain text with a .csf extension, which

stands for (Control Signals File), figure 5.2 shows a small part of the

contents of the . CSF file.

R 
0 82 43
+5
1 82 94
1 83 92 
+7
1 236 46 
1 239 46 
1 241 47 
s 

Figure 5.2: Part of the Signals file (CSF file)
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B) BMP format:

In case the read image was in .bmp format, it will pass through multiple

stages before its carved, first the image enters the imageColorCounter 
which counts the number of colors in the image and store them in a colors

array. Next the image is sent to a extractColoredlmages object where the 
original image is split into a group of images with one color each.

Later MatLab package is used to find the edges and fills of each shape in

the image using Laplacian of Gaussian algorithm (see section 5.1.4 for

details), when MatLab job is done, two (threaded) algorithms are fired in

parallel to analyze the images into edges and fills, using the edgesToLines 

class for edge detection, and horizonta!LinesAnalyzer, 

vertical Lines Analyzer classes for finding the fills.

At this point the .bmp image is dealt exactly as .wcs images, where the

previous edges and fills are sent to a signalsFile Generator object which

writes the suitable signals· file, which is the same as the file shown in

figure 5.2.

5.1.3 How BMP Image Analyzing Works 

d fi d . should have certain standards so that the programThe user predefine 1mag© 
d h t carve it The main constraints on the

will understand what it should carve an 1OW O • 

. . d th determination method.image are the image type and carving I©pP 

initiates a specific wizard for the
When a .bmp image is opened the program

· . . d contains three cascaded screens, as
Preparation of the carving process, this wizar 

following: 
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B) BMP format:

In case the read image was in .bmp format, it will pass through multiple
stages before its carved first th · h ·, e image enters t e imageColorCounter 
which counts the number of colors in the image and store them in a colors

array. Next the image is sent to a extractColoredlmages object where the

original image is split into a group of images with one color each.

Later MatLab package is used to find the edges and fills of each shape in

the image using Laplacian of Gaussian algorithm (see section 5.1.4 for

details), when MatLab job is done, two (threaded) algorithms are fired in 
parallel to analyze the images into edges and fills, using the edgesToLines 

class for edge detection, and horizontalLinesAnalyzer, 

vertical Lines Analyzer classes for finding the fills.

At this point the .bmp image is dealt exactly as .wcs images, where the

previous edges and fills are sent to a signalsFile Generator object which

writes the suitable signals· file, which is the same as the file shown in

figure 5.2.

5.1.3 How BMP Image Analyzing Works 

d fi d . should have certain standards so that the programThe user predefine image 
d h t carve it The main constraints on the

will understand what it should carve an ow O • 

. . d th determination method.image are the image type and carving I©p 

initiates a specific wizard for the
When a .bmp image is opened the program

· . . d contains three cascaded screens, as
Preparation of the carving process, this w1zar 

following: 
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a) First screen of the wizard (Im . age info), where the
width, height, and find th program shows the filename,

e number of colors . th In ie image as shown in figure 5.3, 

Image info 
Name: test 
Colors: 6

Image type: bmp 

Dimensions: 378 x 284 

0 I < Previous I I Next> ] ] Finish 

Figure 5.3: Wizard screen 1 (Image info)

b) Second screen of the wizard (Colored images), where the image is split into

multiple images, each image contains only one color, that represents a specific

carving depth, figure 5.4 shows this screen.
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Depth Selection 
Specify the depths in the below bo d 
Not 

, , be 3» an uncheck the d th e. you cant get ack after specify· th de Jept is not to be carved ing e fepths to carve 

[7] Carve horizontal fills [V] Carve vertical fills 

0 I < Previous ]] Next> ] I Finish 

Figure 5.4: Wizard screen 2 (Colored images)

from figure 5.4 its clear that each color could be assigned to a specific depth between

1-30 mm- multiple colors can have same depth values- also the user is able to

select whether the specific color will be carved or not, and if the machine will carve

horizontal or vertical fills or both.

c) Third screen: which is image analyze screen, figure 5.5 shows this screen, here

edges of each image are detected, and then its fill lines, as seen in the figure two

progress bars are used, the first shows the progress of finding the edges and

filling lines for the current image, and the second shows the overall progress for
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all the images, analyzing the images in this part may require several minutes
depending on many factors:

• Image dimension: width and height

• Image complexity: number of colors (different depths)

• Image inner shapes: filled orjust strokes, and size of the shape

Image Analyze 
Analyzing image to lines, and generating signals file 
Please be patient... 

Current image analyze progress: 

Image: 1 / 6 Edge detect 

=== 44% 

overall progress: 

[=: 16%

Image being analyzed: 

0 
< Previous Next > ][ Finish 

F. 5.5: Wizard screen 3 (Image Analyzer)1gure. . 
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5.1.4 Image Analyzer Algorithms 

Multiple algorithms have been used thr h houg t e software program of the
Wood Carving System, only one of these algorithms is an outsider, which is from 
MatLab package specifically, while the rest of algorithm d • dis are our own lesign an 
implementation.

5.1.4.1 Laplacian of Gaussian (LoG) Algorithm 

Laplacian of Gaussian is an algorithm used in finding the edges in images;

this algorithm is part of the Image ToolBox in MatLab package, LoG algorithm work

by convolving the image using a specific (7 x 7) kernel, and a user specified

threshold which is (0.1) in this case, LoG take a binary image as input which

contains only black and white colors, where black is represented as a (0), and white

represented as (1), then store this data in an appropriate matrix.

The algorithm searches the previous matrix to find the areas that where transition

between (0 to 1) or (1 to 0) occurs, arid then stores these areas as new (1 's) which

will become the new edges.

LoG algorithm has been preferred over more than 7 edge detection algorithms, for

many reasons which are:

1- Find edges around filled areas with no errors

2- Leave lines as they were in the original image
1 ithms don't find all the edges 

3- Find the edges exactly, where some a gon
. : ·hi:h is easily produced by the lmageAnalyze 

4- Works on binary images, wnic 

subsystem.
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5- Very fast edge detection, less than 1 ms to find the edges in an image of size
(20001000 pixels). 

A comparison between many algorithms have been made, like Roberts-Cross, Canny,

Rothwell, Sobel, Zero-Crossing and others, using MatLabs Image Toolbox module.

In the result neither of the preyious algorithms found the edges properly where each

of them had its own defects.

Figure 5.6 shows an image before and after LoG algorithm is applied, its clear in that 
LoG algorithm is very useful in finding edges around filled areas, while leaving the

stroked areas unaffected.

a)
Figure 5.6 LoG algorithm in action, a) before LoG b) after LoG

b)
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5.1.4.2 Line fitting algorithm (edges to lines) 

In order to generate an appropriate. control signals file, an array of lines

should be generated first, where this array contains the lines coordinates and if these
' 

coordinates are stored as MOVE_TO, LINE_TO commands, see section ***** for
more details about these commands.

Using MatLab in finding the edges is very useful, and the Laplacian of Gaussian

algorithm gives the expected results, but after finding the edges the image is still a

binary image, and the lines coordinates are unknown too, so a new algorithm has

been designed, known as edgesToLines algorithm, figure 5.7 shows the main idea of

this new algorithm.

MOVE_TO 54, 40 
LINE_TO 147,40 
LINE_TO 150,42 
LINE_TO 153,46 
LINE_TO 153,82 

LINE_TO 53,+1 '. 
a) Input image b) Output array

Figure 5.7: edgesToLines Algorithm

From the figure it's clear that the algorithm takes an image as input and Produces an

array of drawing commands.

. . . . oint the starting point is the first pointThe idea of the algorithm is to find a starting p 
. . at is not BLACK (background color), thenfrom the upper left corner in the image th

. 1 k . the 8 surrounding points, based on a
starting from this point the algorithm 1ools m . . f h

surrounding points and the pnonty o eac
specific priority, figure 5.8 shows the 8 . th t th

: ± 5tis. From the figure notice at 1e 
point, where lower points mean higher pr1or1t1eS. ;4¢ d bottom points 

. where the right poin analgorithm works on a clock wise manner 

have the highest priorities.

84



> 

Figure 5.8: 8 Areas Around the Point

When finding an adjacent point the algorithm looks at the previous stored point, if

both points are at the same horizontal, vertical or diagonal lines then look for the

next point without storing the current point, else if the next point found is not on the

same line, then store the current point as the end of the line, and the next point as the

starting point of a new line, figure 5.9 shows the pseudo-code.

edgesT□Lines (input as Image) 
start 

urrentPoint= findFirs tPoint 
a I IPo int:s =countA I IP□ int:s 
Loop 

Loop while (areal is white) 
else endPaint=urrentPaint 

Loop while (area2 is white) 
else endPaint=urrentPaint 

Loop while (area3 is white) . 
else endPoint=urrentPaint 

a I IPo int:s =a IIPo ints-1 
if allPints equa I D then done 

end 

Figure 5.9: edges ToLines algorithm Pseudo-code

. thm is the same input image, but this time
The result of applying this algon

. . h" h is understandable for the signa/Generator represented as an array of lines, wm1c 
algorithm.
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5,1.4.3 Fills finding algorithms (horizontalLi: sA tnes Analyzer + verticalLinesAnalyzer) 

Finding the edges around the shar . pe is not enough, since some of the shapes
could be filled, in order to find the filledareas a small process must be done figure
5.10 shows how to find the filled areas after findi> the r n mgt e edges.

Original image Edges image 

Figure 5.10: Finding filled Areas

Subtract result 

The previous figure show the small operation for finding the image filled areas, the

idea is simply to subtract the (edges image) from the (original image), which will

result in a new image that contains the filled areas.

Finding the filled areas image is just the beginning for processing filled images, as

mentioned in edge detection algorithm the result is still an image, where the

signal Genarator algorithm needs lines array to generate the signals.

The algorithm starts from the upper left comer looking for the first WHITE pixel

(white pixels mean foreground points), then search horizontally until a BLACK point

is found which means the current line is done, if the image boundaries are reached

before a BLACK point is found then the last point of the line will be the same as

image width, next just increment the Y coordinate by one and search again, but this

time from right, and that's to simplify the work on the machine motors. 
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5.2 Drawing Subsystem 

A utility program that allows the user to open, draw edit d .
carved later on the wood, this -; '> ana save images to be 

• program is tailored for drawin» 
carved based on the user requ · g images that will be

1rements and specifications. 

5.2.1 Drawing Subsystem Objectives 

In the design and implementation of the d .. . . rawmg program the following points where
taken in consideration: 

• Simple, user familiar, consistent Graphical User Interface (GUI).

• User manual that describes how different operations could be done using the

program.

• Enable the user to do the following:

► Create simple and complex two dimensional shapes.

► Open/save images in a special format.

► Painting image areas, specifying the depth of each area.

► Customizing the GUI to the meet the user preferences.

► An easy method for choosing the color depth.

• Use the new drawing technologies, such as layers where the image consists of

multiple layers with different Z values.
• Abilities to apply transformations on shapes, rotation, translation, scaling ...

etc.
• Apply combinations on shapes, such as adding two shapes, subtracting them,

intersection and exclusive or
• Placing shapes and sizing them accurately, this is done by supplying rulers

and indicators that notify the user the current mouse location.
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5,2.2 Drawing Program Implementation 

5.2.2.1 Layers Technology 

In the drawing program each shape is drawn on 1 · a separate ayer, and the final image
is the result of combining all the layers togethe Th'r. is approach enables the user to do 
the following:

• Work with each layer individually, where all layers are independent and

changes on one layer don't affect other layers.

• Change the layers Z index simply, by doing this it is easy to specify the

order of the shapes.

• The user will be able to create new layers from existing layers, for

example the user can create a new shape by applying a (subtraction

operation) from two layers, or creating a new layer from an existing one

(layer via copy).

• With layers the user will be able to draw images and work with them

easier since he can hide and show the layers he wants. For example if

there is a layer above another layer - so that the back layer can't be see­ 
the user can hide the top layer and then edit the back layer.

From all of the above it's obvious that dealing with shapes as layers in the drawing

program will facilitate image manipulation, and thus accomplish one of the main user

requirements which are ease of use. 

Figure 5.11 shows how the layers technology works. You can notice that there is a

different sha ·r chla, and that the complete image is created by combining all 
n s ape m eac ayer,
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the layers. Another important note is th t h .

ult
diff t a clanging the Z-index of the layers will

resi in u1 .erent images. 

e - - 
Figure 5.11: How Layers Technology Work

J Final image 

In the first design each layer was implemented as an Image - Bufferedlmage in Java

terminology - where each pixel of the image had four attributes Red, Green, Blue

and art Alpha value. The size of the layer was set the same as the size of the image.

For example if the user had created a new image and specified that its size is (800 

600) pixels then each layer had a size equal to (800 600) pixels.

Using this approach dealing with layers was easy but it leaded to a memory leakage

problem as the number of layers increased. The reason behind this is that even if we

draw a square of 101 O pixels size we still have to allocate memory for a

Bufferedlmage of size (800600) pixels. In other words if the image had 40 layers

and its size is (800 600) pixels it would demand:

Pixel consists of: Red (1 byte)

Green (1 bye)

Blue (1 byte)

Alpha (1 byte)
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So each pixel requires 4 bytes then the tot 1 11 .tat allocated size for the 20 layers is: 
Layers Count layers width lay h . ·ers eight pixel size 
40 800 * 600 4 = 76,800,000 byt ' ' es = 73.242 Mb

Doing the same calculations for an image of size 1024 768: 
Layers Count layers width layers he" ht * . 1 .1gt pixel size 
40 1024 * 768 4 =125,829,120 bytes = 120 Mb

From the above examples it's noticeable that dealing with l: ·· thi ayers in t s way wastes a
lot of memory. So a new approach was used to store layers but this time instead of

representing layers as a Bufferedlmage of a same size equal to the image size, the

actual shape will be dealt· with so that we store the information of the shape itself

instead of a two dimensional array ofpixels (Raster).

5.2.2.2 Representing Layers as Shapes 

As mentioned in the previous section representing layers as Bufferedlmages had

crucial memory drawbacks, a solution to this problem is representing each layer as a

shape, where the shape is recognized by groups of commands that describes its

outline- border- and fill. Using this approach it has the following advantages:

• Memory leakage problem is resolved; since each layer is stored by its

mathematical representation named GeneralPath described in the next

section- as a substitute of storing all of its pixels.
• Sha ited in mathematical representation instead of raster of apes are represen e

pixels, this will first save space and second it will be easier to analyze

images in this way, for a reason mentioned later.
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• Transformations (rotation, scaling, and translation) can be applied easier and

faster to shapes than Bufferedlmages; because the top left point of the shape

is know in the shape, while in the Bufferedlmage the top left point is

unknown, as shown in figure 5.12, so before applying a transformation on a
buffered image its top left point must be found which will require additional
processing time, increasing the transformation needed time.

(0,0) .-----------, 
Buffered Image Shape(JQ)p; 

Figure 5 .12: Top Left Point in Shapes and in Bufferedlmages

. f th. thod is that it's more difficult to implement,The only disadvantage of uis met! 
because the shape bounds may change (i.e. when rotating the shape its bounds will

change). So after applying transformations on shapes its new bounds must be

updated as shown in figure 5.13. 
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Rotating shape

Shape Information
top left point (135,127) 
bounds (158, 66) 

459 rotated shape Information
top left point (134,80) 
bounds (160, 160) 

Figure 5.13: Updating Shape Bounds After a Rotation

5.2.2.3 General Path 

Each shape is represented by an object of type General Path. The general path has a

Pathlterator object used to describe the border of the shape, the border is represented

using a collection of segments (instructions), and each segment can be one of the

segments shown in table 5 .1.

Table 5.1 Pathlterator Segments

MOVE TO 

LINETO

QUAD TO

QUBICTO

This segment type is used to update the location of the path without
drawing anything. 
This segment type is a straight line, drawn from the last point in the

path.
This segment type is a curved line that is_ represented by a quadratic
(second-order) equation. The segment is fully described by two 
endpoints and a control point, which determines the curve s tangents

at its endpoints. . .
; mt type represents a Bezier cubic curve. Basically a 

This segment Lw' : : the F thi , ith an additional control point; is mathematics this 
quadratic curve "1
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is described by a third-order e ·u ; · . . . _ .
ndpoints and two control p5,,,," 4nd can be specif,cd with two 

--:::.::.::::::;;. .......-- This t e -· ·· · ·: .. ·•'-••-·· - --. -
ypc ofsegment draws a line back tc ks{\731yy; TO c O e en of the last MOVE ····-----•~-.........------ .... ------. __ __,__ ........... _~-~...--....:,.~-~-~---- --.-. .. -.~-.~---.l 

For example you can represent the outline of a square using the following set of

segments

1. Move To 0, 0 

2. Line To 72 ,0 

3. Line To 72, 72 

4. Line To 0, 72 

5. Close

The Pathlterator will be very helpful in analyzing the image since its segments will

be used to describe how the carving motors should move in order to carve the shape.

In other words if we want to carve the square defined above we will follow the

segments of its Pathlterator and move the carving head accordingly.

5.2.2.4 Layer Representation 

Each layer used in the drawing program is represented by a class named

layer; this class contains the members shown in table 5.2.

Table 5.2: Members of layer Class

ft . t f the shape with respect to the complete I 

v {"".,, String name far sane, used to identify the layer and give meaningful 
names for each laY,er. .....----------- . ----· f~~::=::::::.:::··==---=-;;,;_:-.·-:-··-- used for ordering the layer on top o1 
The z index of the layer, ------ j
each others.:...------- -------------- -· ··-

lll]NI»Nau&u.eye® .el 
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in our case only bgl is repainted while the user is dragging and bg2 which contains

the 20 layers remains the same, and so saving a lot of processing time. Note that only

the final shape will be drawn on bg2 which occurs when the user releases the mouse
button. 

For more explanation about how the two backgrounds works, the next section

describes a step by step approach of how the rectangle tool operates, starting from a

mouse click and ending when the user releases the mouse button.
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3. While the mouse is dragged the releaseP · t d h .
on, an t e pressPoint are used to

draw the rectangle on bgl where the rectangle can be drawn in four different

methods. This is done by sending both points to the method

setShapeParameters() which will return an instance of the a rectangle shape.

4. After obtaining the rectangle the program should know whether to draw only

the outline of the rectangle or to fill the rectangle. This is done by checking a
Boolean variable named drawOptions. 

5. The final shape of the rectangle is obtained only when the user releases the

mouse button - drag operation is terminated - which will create a new

instance of the layer class with the following information

a. Selected shape: which is the rectangle drawn by the user.

b. Shape Location: a rectangle specifying the upper left point of the

rectangle.
c. The z index ofthe shape which is used also as a counter for the shape.

d. Shape name: a temporary name for the shape which could be used to

identify the shape later. The user can change the name after the shape

is drawn.
ify the type of the shape whether it's a rectangle, e. Type: used to spec1 e

ellipse, general path...etc. 
jfvi> whether it's an outlined or a filled f. Fill: a Boolean value spec1 ymg

shape.
g. Paint: the color of the shape. .

d t the shape outlme.h. Stroke: information relate o

l it is drawn on bg2, and stored 1 h e of the rectang e, I
6. After obtaining the fina s ap . inted figure 5.15 shows

: d the whole panel is repat 3, 
in the shapes linked list, an 
the flow chart of this process.
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No 

Yes 

1

Y ""mlaase:~in;y J◄

-r 
1, 

No 

le (Ks. Ys, width, height)on Bg2' ] 
ect le shape on it and added it to the layers linked list 

Repaint the whole panel - _J 

i End 
...._ - _./

Figure 5.15: Draw Rectangle Flow Chart

From the above steps it's noticeable that bg2 was updated only when the final

rectangle shape was obtained, and all the visual simulation was done on bgl, again

this was done for saving time and not repainting all layers during the whole dragging

operation.
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Start 

Mouse Pressed 
press Point = mouseL.ocatior 

lei----- ----
releaseLocati: = ion - mouseLocalion 

-- --1-- - -

I 
Yes 

. Xs = releasePoirn-t.x--:-:::------___::z_ll~ _::-=-------_JI _ _J ] Ys=raloas·Pointy < 

width = abs (pressPoint.x -- releasePoint.x) 
height= abs (pressPoint.y - release Point.y) 
Draw rectangle (Xs, Ys, width, height) on Bg1 

• yes < button '> "° Released < 
Draw rectangle (Xs, Vs, width, height) on Bg? 

Create new layer with the rectangle shape on it and added it to the layers linked list 
Repaint the whole panel 

Y 
{ End ~ 
~----./ 

Figure 5.15: Draw Rectangle Flow Chart

From the above steps it's noticeable that bg2 was updated only when the final

rectangle shape was obtained, and all the visual simulation was done on bgl, again

this was done for saving time and not repainting all layers during the whole dragging

operation.
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Most of the drawing tools operate the same as of ther sf, 
e rectang e tool, by pressmg the

mouse button then dragging and finally releasing the mouse button, so we will not
include how the other tools where implemented.

5.3 Operations on Layers 

Layers can be manipulated in different methods; such as deleting a layer, creating a

layer via copy, changing the z index of a layer or hiding/showing a layer.

Deleting a layer is done simply by deleting its corresponding object from the layers

link list and then updating the Z index of the remaining layers. Figure 5.16 shows the

flow chart for deleting a layer.
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( Start )
l - ' ...

Get selected 
Layers 

Sort selected Layers on Z­ 
index decreasingly ◄ No 

I 
Selected layers LinkedL.it I IS 

' <"ayers numtsr =o? 
~~ .___ __: 

Yes » 

remove first element in linked list (biggest Z-index) 
from the layers linked list 

4 t
Update Z indexes of remaining layers 

Notify user that he must 
select a shape first 

I 
No 

Repaint Bg2 L y ~~~r .... - es---<.:_~O? >----- 

'-------- : 
C End ) 

Figure 5 .16: Deleting a Layer Flow Chart

When deleting multiple layers at the same time, the selected layers are first sorted

depending on their Z index decreasingly, then a loop is used to delete each layer and

updating the z-index after the layer is deleted.

When a new layer is created a layer object is initialized with all of its parameters,

then it is added to the layers linked list, finally Bg2 is repainted, the same thing is

done when a new layer is created from an existing layer where a new layer object is

created with its parameters equal to the selected layer and then added to the layers

linked list.
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Layers can be manipulated. in more co
transformations on each lay the 9plex methods yer these tra sf>s such as applying 

% Fi Tansformations 
rotation. 'igure 5.17 shows th fl s are translation, cal e ow chart dia ' s mg, and

gram for transformin hgs apes.

( Sw > 
No 

Show Transformation toolbar 

V 

Draw transformation Holdi : Ing points 

Y 
Get transformation type 

Rotation y Scale 

Translation 

// Rotation angle 

/

/ Get new top- // 
_ left point 

Y 

-► Rotate selected Shape and 
update its top left point 

Move shape to new location 

-- -~

I 

Update Holding points r 
..,

Repaint Bg1 + Bg2 

y 

Notify user He must select a I 
shape I 

Get new / 
width-height ! percentage 

Scale shape and update Its 
bounds 

End 

Figure 5.17: Transformations Flow Chart

At the beginning the program identifies which layer is selected, and retrieves the

shape then applies the desired transformation on its General Path, then the bounds of

the layer (i.e. the top left point and size) are updated depending on the transformation

to fit the new shape, :finally the old Genera/Path is replaced by the new transformed
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one and bg2 is repainted. Figure 5 18 h. shiows how a rotation : . 
on a rectangle and how the top left poi t5 transformation is applied 

lil is updated if needed.

Rotating shape

r' '' <i 

i 

a ' ,4, ,i 

Shape Information
top left point (135,127) 
bounds (158, 66) 

459 rotated shape Information
cop left point (134,80)
bounds (160, 160) 

The transformations mentioned above are applied on a single layer. The user can also

combine two or more layers using different rules or operations. The drawing program

supports four different operations for combining layers as shown in table 5.3. 

Addition (union)

Intersection

Subtraction

Exclusive or 

Figure 5 .18: Rotating a Rectangle Shape

Table 5.3 Layer Operations

The addition of nm layers is the area covered by one or both of
the layers.
The intersection of two layers is the area that is covered by both 
lavers simultaneously. · 
The result of subtracting one layer from another is the area 
covered by one that is not covered by the other.
The exclusive or operator is the inverse 

. • rul are applied on two shapes
Figure 5.19 shows how the four combmatJ.on es
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Union

,,--0-- .-----, , ' 
I \ 

' \
I I ' Intersection 
I I 
\ ,' ,s 

\

\
\
\

' \

' Subtraction ' I 
, # 

: Exclusive-or (XOR)

Figure 5.19: Composition Rules

5.4 Saving an Image 

Another important requirement is the ability to save images, but in our case

the program shall be able to save an image in such a way, that when it is opened it

will know how the image is organized, (i.e. it must identify the layers), in addition to

the environment which is the depth of each color in the image.

For example if the user had specified that the RED color represents a Imm depth,

and saved the image. When reopening the image the program must still recognize

that the RED color is bound to the depth of Imm for saving an image the following

points must be considered:

• The program must remember all the layers and their order.

• The program must remember the state of the layers, whether they are visible

or not.
• The program must remember the user color depth mapping configuration, so 

. . . t will still remember the depths and their 
that when re-opemng the unage 1

103 



corresponding colors. This is important b h
ecause t e depth colors are not fixed

and can be modified by the user.

[mages are saved with the .wcs extension with the following format: 

1. Image width, the width of the image in pixels (i.e. 640).

2. Image height, the height of the image in pixels (i.e. 480).

3. Number of colors used in the image, maximum 30 colors.

4. In each line each color represented by its RGB value and its

corresponding depth in mm's (i.e. 255 0 0 1), which represents-the R

= 255, G = 0, B = 0, and a depth of 1mm. note that if the number of

colors used is 30 then there must be 30 lines defining the colors and

their depths.

5. Layer definition, where each layer is stored in a separate line. Where.

each line consists of all the layer members shown in table 5.2.

5.4.1 Saving Layer Members 

. . . . related to the layer class mentionedStoring a layer needs stonng all the information 
. e line separated by comas m thein table 5.2; all these members are stored m on

following order.

1. Top left point x value.

2. Top left point y value.

3. Z index of the layer. itlined only 
h and false=out ' 4. Fill member where true = filled shape, 

5. Name of the layer. )
h h pe (R value •6. Red value of the Color oft es a
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7., Green value of the Color of the shape (G value), 

g8. Blue value of the Color of the shape (B value). 

After these attributes we need to store the information related to the stroke of the

shape (the BasicStroke member) which is represented by the following information:

1. Border width.

2. Type of the end cap of the stroke. There are three different styles for the end

cap of the line (Butt, Round, and Square) as shown in image 5.20. 

CAP_SQUARE •.. ~ -·- : .. 1

CAP_ROUND \3 

Figure 5.20: End Styles (Butt, Round, and Square)

. h Id be joined There are three different styles for3. Type of how the Imes s ou e ·
. d Round) as shown in figure 5.21.joining the shape lines (Bevel, Miter, an

JOIN_BEVEL 

\

N< A 
' 

JOI}_MITER JOIN_RUND 

. . . 1 Miter and Round)
F. 5.21 Join Styles (Bevel, 1gure . • 

th f the dashes in thethe lengt 0 
1. then we store4. If the stroke is a dashed me

. . ' dashed outline.stroke or zero if it's nota 
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5. The distance between dash . f hes 1 t e outline is d houtline. @s ed or O if it's not a dashed

After storing the stroke of the layer w' e store the GeneralPath 
on its Pathlterator that describes its outlir ·of 

th
e layer depending

me. Infonnation is stor d b . .
all the segments and storing the segment t . eu y iteratmg through

· n ype and its ne d d ·
table5.4. © e mformation as shown in

Table 5.4: Segment Needed Infonnation

5.5 Generating the Control Signals 

After analyzing the image and generating the control signals file (.csf) its

time for generating control signals and sending them through the parallel port to the

interfacing circuit to which will send them to the carving machine. The process of

reading the .csf file and generating the appropriate control signals is done under the

behalf of the motors Controller object. 
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5 1 Motors Controller Overview 5.» 

The motorsController class is responsible for di 
. . r rea mg .csf files and generating

the needed control signals. This process runs in a separate thr d f . .
ea o; execution in 

the responsiveness of the GUI program hil . h
w e processmg t erder to increase0 

carving operation.

The motorsController process demands a lot of processing time; since the control

signals must be send at. high frequencies, so if it doesn't run in a separate thread all

the program will be blocked, and stop responding to user interaction. But by running

it in its own thread a user can for example edit other images while a carving

operation is being processed.

Figure 5.22 shows the flow chart for this thread execution, it starts by reading the

first command from the .csf file which is one of the commands shown in table 5.5,

decodes it, executes it, and then reads the next command from the file and so on until

the end of file is reached.
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\ Star ) 

I Read next command 

Y 
Analyze command 

~ - =-, 
Godown _j --~ .,.__

Spin off 

Generate signals Move to 
to move 2-motor 

down 

y
A 

Spin on 
Line to

V

Generate signals 
to turnoff AC 

motor 
Generate signals 
tomoveX,Y­ 

motors 

l
V 

Generate signals 
to move X,Y­ 

motors to point 
and Z-motor down 

b> -g 

A < Enoorme '--:, reached > 
\> 

Generate signals 
to spin AC motor 

( 
' 

Yes .,.
rad ) 

Figure 5.22: motorsController Flow Chart Diagram

Table 5.5: Control Signal File Commands and Their Execution.

Move to depth 

Move To 

Carve To 
Tum On Head Motor
Tum offHead Motor

+depth

Ox y 

I xy 
R
s

Move the Z motor to the corresponding depth
value.
Initialize the Z motor. and then move to the
specified location by (x. y) 
Move to the specified location by (x. y) 

Rotate the caning head
Stop the Rotation of the carving head 

The execution of the +depth command is quiet simple; it will calculate the current

location of the z motor which is stored in a variable and then move (depth- Z 
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1 cation) steps. If the subtraction is negative it .11o · wi move upward and downward if
it's positive. 

To spin on and off the carving head the program will • 1 simply send a 0 or a one to the 
p3 Line of the parallel port.

The most important command is the "Carve To" operation; this command consists of

two parameters (x, y) that define the destination point. The carving head must move

from its current location to the new location (x, y) of course the motion is done in a

straight line between the two points. Before starting the execution of the command

the motorsController will first calculate all the points it needs to pass through

reaching the destination point and store them in an array, and then start the

generation of the control signals, the next section will describe the whole operation.

The "Move To" operation is similar to Carve To", the only difference is that the

carving head must be raised up completely - so that the machine will not carve- and 

then move it to the destination point. This command is used to move from one point

to another without carving.

5.5.2 Controlling the Carving Head Motion 

. head position is controlled by three
As mentioned in chapter three the carving . . 

hine is Imm - the minimum 
servo motors, and the minimum resolution of the mac . d 1

;., .:. ample moving the carving head mm 
displacement possible in the machine for ex p d • r as shown in
. t to the X servo motor nve
in the X direction requires ten pulses sen

figure 5.23. 
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10 Pulses = 1 nun disp, _ _ ·laement 

Figure 5.23 Signals for Moving 1 mm Displacem t · x n· · en m irection

As mentioned in the previous section the control signals file contains commands and

instructions for moving the carving head in straight lines-Move To and Carve To-. 
For example if the current command is (1 255 141) and the carving head is at

location (0, 0). The carving head will have to carve from the point (0, 0) to the point

(255, 141). 

For moving the head through two points (xl, yl) and (x2, y2) we need to find the

equation of the line passing through both points.

y-yl =m ( x - xl) where mis the slope (Lix / Ay) 

Using the line equation we will find the path between the two points and store all the

points in an array. While moving through the line and supposing that the slope is
::. . aft roximation can be one of the following: positive and x1 < x2, the next point a er app

• (x1,y1+1) 

• (x1+1,y1) 

• (x1+1,y1+ 1) 

~ f th x y motors are as follows:
From those points the possible movements O e '

h sitive direction.• Move y motor one step to t e po

h sitive direction.
• Move x motor one step to t e po

he ositive direction. 
• Move x, y motors one step to t P
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So the software will record the previous point and compare it with the new point, and

find which coordinate has changed and move the corresponding motors. The same is

done in the case we need to move the motors to the negative direction. Figure 5.24

shows the flow chart used for moving the motors through a line.

i Start '\
\.. ) 

+ l Analyze line to points array 

~ 
I Array of points 

V
II Get next point 

I y I Dx=currentX-previousX 

I Dy=currentY-previousY 

' 
J­ y , Z;Ag z,,g Sae /ea\ s@rs ggr <;Ee >s &7#wg"¢® $3>67> y=1' \=1 \9® > so Y y, '----- / ',/ 'T y Yes Yes 

7 Yes Yes y v 
Yes 

Yes Yes Yes y y Movo X-motor Movo X-motor 
I Move X-motor Move X-motor ONE step ,, . I v I ONE step ONE step 

I 
X t Move X-motor ONE step Y negative &Y- negative & Y- '1 Move .-motor , positive & y. positive & - motors ONE 

ONE step I ONE step motors ONE motors ONE 
itire negative motors ONE IUve step poslllve slep negallve pos1 iv I step negative step pos I 
l ., •• l :_ 

Ed of points'> No­ 

F" Yes s 

,,
Move Y-motor I 

1 ONE step 
! positive I 

Move ~-motor I 
ONE step 
negative 

VY 

Carve To Operation
F. 5.24: Flow Chart For Executing a 1gure . • 
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5.5.3 Feedback Signals 

As mentioned in chapter 4. The machin ds . . e sends back to the computer a group
of signals notifying the current state of the machi dme an reports errors encountered
during its carving operation.

The error signals and acknowledgments are encoded using an encoder and sent to the

input lines of the parallel port. The motorsController thread checks the state of these

lines before and after outputting any data to the interfacing circuit. This is done in

order to be sure that there are no problems in the machine.

If an error is encountered the process will be corrupted, and a new window will show

and notify the user about the type of error, to recover from the error the user have to

disable the HPE and initialize the machine to the zero state (x =O, y=O and z = 0).

Sending position control signals-to the servo motors is done using acknowledgments,

this means that after sending a command to a servo motor, it will start rotating and

when it stops the driver will set its ServoOn line to high notifying that the servo

motor has terminated the execution of the command.

These signals are sent as a feedback to the computer. After a group of signals are sent

to the servo the motorsController will suspend its execution and wait for an

acknowledgment notifying it that the servo had executed the command.

d . ution for a limited time, and if
Of course the motorsController will suspenc its exec 

. hi: ti» e it will notify the user that an
lo acknowledgments are received during ttIs LIT» 

external error occurred. 

112 



►

5,5.4 Increasing Performance 

Since control signals are sent from the computer to th : hi it e carvmg mac me a
high frequencies, performance of the algorithms used in analyzing the commands

must be considered and efficiency must be increased as much as possible.

Finding the path of the line is the most time consuming operation, an increase in

performance could be achieved using Bresenham's line algorithm instead of using

the direct line algorithm. The algorithm flow chart is shown in figure 5.25, table 5.6

shows a comparison between the time needed to calculate the path points of arbitrary

lines ofmaximum length of2000 pixels using Bresenham's and the direct method.
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Start ) 

Y 
Initialize Variabl - 

X=X1 los 
Dx = abs (X2 · Y = Y1 -X1),Dy = ab Sx= Sigum(> _?'(2- Y1) 

sy= siniva '{]' \ 

Yes 

y 
T=Dx 
Dx=Dy 

Steps= Dy 
Dy=T 
Flag= 1

No 

v 
Steps = Dx 

Flag= O

Pk = 2Dy- Dx 
setPixel (X, Y) 

I= 1 

No •\ Y=Y+Sy 

'f 
Pk= Pk-2Dx I 

Pk•Pk+2Dy 
setPixel (X, Y) 

I= I+ 1 

No 

Yes 
v 

End ) 

Figure 5.25: Flow Chart ofBresenham's Line Algorithm
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Table 5.6: Bresenham's Versus Di- : s hrect Line Method
DITA"ISRSTITT'STID E,TESS ASTA[TIASOLOISTS RS 

000 · · 292 .....-...... ~11»i§hiFihdii11ii•,iH.- 
1 . .. . ··· :. · . -~5 · . 17 .98 4 
2000 ------ 886.23 •· . - - · · -- ..;;:;:-:::-~~---'t" 32.96 =; 

83.9·2·-· ' -~-]sled\Nell\Nol ~~-- 169.3. 3 

From the results obtained in table 5.5 the time needed for finding the complete path

for one line of maximum length 2000 pixels is about 0.016909 ms. While in the

direct method is around 0.4944798 ms. which means that the Bresenham's algorithm

is 29.2436 times faster than the direct method, this big difference in performance will

increase the performance of the whole system by allowing the computer to generate

control signals at higher speeds.

5.6 Monitoring Subsystem 

As mentioned in Chapter 3 the monitoring subsystem is a hybrid of software

and hardware the hardware part was explained in chapters 3 and 4 in this subsection

the software part will be considered.

The monitoring subsystem enables the user to:

1. Watch the carving process progress. : ti 
t d during the carving opera ion,

2. Alert the user if any errors are encoun ere

showing type and position of the error. h . the X y and Z
ing head s owmg , ,

3. Track the current location of the carvit > 

coordinates.
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4 Display the control signals outp tted · . . .· ut to the interfacing circuit through the 
parallel port.

5. Indicate the current carving depth and its corresponding color.

6. Grant the user control over the carving process, by starting, pausing, and
stopping the carving process.

7. Save the carving progress so that if any errors are encountered the process
could be resumed from the moment the interrupt happen.

The monitoring subsystem works along with the motorsController thread - explained 

in section 5.4.1- reflecting every change in the state of the machine to the user. For

example when the motorsController thread outputs signals to move the carving head

by one step in the X direction, this will change the x value in the monitoring

subsystem, and move the carving head in the simulation too.

5.6.1 Carving Process Progress 

The carving process progress is used to indicate the whole carving progress,

which gives the user an idea of the estimated remaining progress using a percentage

progress bar as shown in figure 5.26. 

Carving progress: 27 % 

Figure 5.26: Carving Process Progress Bar

. fil /hich stores all the information about
ed : ecial format e w

The progress is sav ma sp uld h ·r in case of sudden
. e that an interrupt wot appen, 

the state of the program in cas used from outside the
. . h rt e or computer error - ca

interrupts like electricity shortag@ 4[]¢ sed to reset the status of the 
. the progress file WI e us

carving software environment . process could continue from
:. t, and so the carving 

machine to the same before interrupl, 

the interruption point.
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The progress is estimated by countin thg e number of instructi : 
so setting the progress bar max valu t h c IOns m the .csf file and

e o t at value, then afte h .
instruction the progress bar value is updated. r t e execution of each

BufferedReader n=new Bu.fferedR d • String s; (eader(new FileReader(f)); 

int line Count=O; 

while( (s =n.readLine())!=null) 
lineCount++; 

progressBarMax=lineCount· 
mainFrame.carvingProgres;.setMaximum(lineCount); 

The update to the progress bar values is done using the following code

carvingProgress.setValue((int) (lineCount+ + % progressBarMax)); 
carvzngProgress.setString("Carving progress:" + (int)((lineCount*l.0) / 

progressBarMax 100) +" %"); 

5.6.2 Error Alerts 

As errors may be encountered during the carving operation, the monitoring

system should be able to report these errors, alert the user about them, specifying the

error type, and its location in the machine if possible, all possible errors reported

from the machine are listed in table 5.7

Table 5.7: Hardware Machine Reported Errors.

Error ID 

• 
Triggered when the X-motor exceeds the 

EX1 maximum allowed position onitsal6..­ 
"" peered when the X-motor exceeds the 

EX2 miniiumallowedposition0nits®== 
ll.el\oak,he wall\llief® 

Error name 
Error description 

1 
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2 EYI 

3

4

Triggered when the Y-motorexceeds} 
maximum allowed position onits axis + 

Triggered when the Y-inotor exceeds1iie7
minimum allowed position on its axis..' 
Triggered wea he z-motor ecceds a 
maximum height allowed on its axis
Triggered when the Z-motor exceeds the 

» minimum height allowed onits axis ] 
Triggered when there is llopiece ofWOOJ l 

on the machine board

EY2 

EZI 

EZ2

6 NW 

As seen in the previous table, errors are mainly classified into two categories, the

motors position errors, and the wood missing error, in case of motors position error,

the following procedure will be executed:

1- Indicate the error type, and position.

2- Disable the hardware protection enable (HPE=O).

3- Initialize the machine; reset all motors to zero position.

4- Enable the hardware protection circuit by setting (HPE=1 ).

Figure 5.27 shows an example of the window shown on the computer when the EXl

error is encountered.
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Error in X position 

Figure 5.27: EXI Error Reported on Monitoring Program

5.6.3 Carving Head Tracking 

One of the main functionalities of the monitoring subsystem is to show the

carving head position on the three axes all the time, knowing the head position

depends on two parameters:
• Signals going out to the machine through the parallel port

• Acknowledgments received from the motors.

Indicating the carving head position is done by two different representations, figure

5.28 show both methods
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K Information Viewer 
Information 

X-Location: 666 mm Y-Location: 198 mm
Z-Location: 15 mm R-State: ON 
lJJJOJJJA 

(a) 
(b)

Figure 5.28: Indicating Carving Head Location, a) Graphically b) Textually

As the figure shows, the first method is the graphical representation, where the

carving head (red circle) indicates the position over the wood piece area. The second

method is the textual representation where X, and Y locations are measured from the

top left comer (the origin point), and Z is measured from the original head position

which is Z=O mm.

In addition to the X, Y and Z location the monitoring subsystem will indicate the R­

motor state, whether it's rotating or not.

5.6.4 Displaying Control Signals 

Controlling the motors is achieved after a long and complicated process,
. . i als on the parallel port, as kind of

which ends by outputtmg the appropriate s gn . .

k th nitoring subsystem displays all the signals gomg
check on the system wor , e mo

. e each in is connected to one motor, figure
out on each ofthe parallel port pins, wher p

5.29 shows these signals
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X Signal Viewer 
Signal Viewer 

Figure 5.29: Graphical Control Signals

5.6.5 Depth Indicator 

As user requirements specify, multiple carving depths should be possible in

the system, then indicating these different depths must be done in the monitoring

subsystem, where a depth indicator is used to visualize the current depth of the Z­ 
motor, figure 5.30 shows the depth indicator, the indicator will map each color to its

corresponding depth, highlighting the currently used depth.

4 

Figure 5.30: Depth Indicator
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CHAPTER SIX 

SUBSYSTEM TESTING AND SIMULATION

6.1 Parallel Port Testing

6.2 Signals Generation and Timing Test

6.3 Manual Mode Test

6.4 Half Automatic Mode Test

6.5 Full Automatic Mode Test

6.6 Error Encoding and Feedback Test
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Before constructing the machine physically and co trolli it b 
n o mg i y computer we

ill simulate the operation of the driving program and the · t ...c-. • • •t •
wt1 interfacing circuit using a 
group of simple circuits. By this simulation we will be sure of the operation of each

subsystem and help in detecting possible errors and modifying them.

The simulation process will start by constructing simple circuits and programs for

each subsystem if needed, for example a simple program for controlling the parallel

port data lines with an associated circuit of a group of LED's and switches. Then

after being sure that each separate subsystem is working properly they will be

combined together and tested all together. The following subsystems will be tested:

• Parallel port testing module.

• Signal generation and timing testing module.

• Manual mode.

• Half automatic mode.

• Full automatic mode.

• Error encoding and feedback data.

. . described in more details in the followingEach testing module of the above will be

sub sections.

6.1 Parallel Port Testing 

. . functionality of the parallel port,
. d to test the mam .

This testing module is usec ,, 5arallel port, where a simple 
. t operations in the pin other words the input and output 

:. and output operations. 
program will be implemented for input 
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The program will be able to do th ~ . e following: 
• Output specific values (O . or 5 volts) to each .

These pins will be connected t pm of the parallel data lines
0 a group ofLED' ·

• Read the value on each of th s to test the output.
. . e parallel port in t li 

switch will be used to send a0 Pu! lines (status lines). A DIP 
or 5 volts value to the input lines.

Figure 6.1 shows the program us d tse o control the operation of the parallel port:

4 pParallel Port Controller... 
ha t6 (a] [a]''= 

D1 D2 D3 

I 11

D4 Ds D6 

1 1 II I I 1 0 11 Iv[a ] 0 

I l I output set 11 Reset l 

D7 

o I 

Status line Viewer 

s3 54 55 

I I 
56 57

ON ON [I ON 11 11ON ON 

I input I 
Figure 6.1: Parallel Port Testing Module

6.2 Signals Generation and Timing Test 

The aim of this module is to test the accuracy of the timing signals generated by the

parallel port. The program will output an ON-OFF signal on the parallel port line DO

with a user predefined delay (in Microseconds). To test this signal accuracy the

output will be connected to an oscilloscope.

Accuracy in the generated timing signals is very important in servo motors motion

control operation, where precision in positioning the carving head requires accurate

timing signals. Figure 6.3 shows the program used to generate the signal5. 
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frequency (Microseconds) 
100200 ] 

r------.. ;==.-=-.-=..-=.._----l 
] output ] [ Stop ] 

Figure 6.2: Timing Generation Testing Module.

Figure 6.4 shows the signal displayed on the oscilloscope screen for a signal

generated with a frequency of 100 Microseconds. The oscilloscope is connected to
the parallel port line DO.

d S. al Viewed on an OscilloscopeFigure 6.3: Generate i1gn 
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6.3 Manual Mode Testing 

The manual mode consists of a group of buttons connected to a 16F84

microcontroller, and can be located on the interfacing circuit as shown in figure 6.4

while figure 6.5 shows the output signals generated when the+X and -X buttons are

pressed, where the first signal is the Xe signal and the second signal is the Xdl signal

which is high when moving in the forward direction.

d The Interfacing CircuitFigure 6.4 Manual Mo eon
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Xc Signal 
«» « e een 

r Pre; 

XDJ Signal 

Figure 6.5 Output Signals From The Interfacing Circuit.

6.4 Half Automatic Mode Testing 

The manual control subsystem is used to control the machine manually, using

it the user can send the basic instructions to the machine such as moving from current

location to another location, increasing the X direction and so on.

Figure 6.6 shows the main panel of the half automatic control, while figure 6.7 shows

the generated signals on the oscilloscope when Carve To 100, 200 command is

executed.
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x Hef Altornatic Machine Controller 
Machine Controller 

X-Motor a)po [[irit x Location l 
El 0 [ !nit V Location I V-Motor 

] c) [ Init z Location I Z-Motor 

co R-Motor 
- - -- - - -- -- - -

Carveto Ix I IY j ~ 
wuj5is 
Movez Ix j 

I Initiaize Machine J [ HPE 

Figure 6.6 Half Automatic Control

Xc Signal 
b 

. 6 7· Outputs From ComputerFigure . . 
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6.5 Full Automatic Mode Test 

The full automatic mode is the most difficult sub t . .
sys em to test; this is because of the

followings points: 

1. The :frequency used in the full automatic mode is very high.

2. Even if the signals are seen on the oscilloscope you can't understand whether
they are the correct signals or not.

3. Toe user should look at IO output signals at the same time which are three for

each servo motor, and the on/off signal of the AC motor.

Because of the previously mentioned difficulties in testing the full automatic mode,

simulation software was designed and integrated in the monitoring subsystem, this

software was used to translate the signals outputted through the parallel port to

drawings drawn on the computer as shown if figure 6.8 

. 6.8: Simulated MonitoringFigure .v- 
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To be sure that the full automatic mode was kir 

· wor}ing properly, an image was drawn
using the drawmg program and then carvi . 

:. ang signals where sent through the 
computer, when the carving process was terminated 

. e we compared the original image
and the image drawn on the monitoring subsystem and th h . .

ey w ere identical and so
insuring that the outputted signals where correct.

6.6 Error Encoding and Feedback Test 

Errors returned to the computer are encoded in a 4-bit value inputted by the

parallel port lines $3- S6; the 4-bit encoding is generated using an encoder circuit.

To test the correct operation of this module we connected the output of the encoder

circuit to the parallel port S3- S6 and signaled an error of type EXI and then we

read the input data on the computer using the simple parallel program and got the

value of (0111) which is the corresponding code for the EXI error as shown if figure

6.9

Ci it 
Figure 6.9 Error Encoding Test rrcw

"bl errors and feedback data and
r the rest of the poss1 eAll operations were repeated for 

got the right 4-bit codes.
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CHAPTER SEVEN 

CONCLUSION AND FUTURE WORK

7.1 Conclusions 

7.2 Suggestions and Future Work
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7 j Conclusions 

puring the design and implementation of the wood .
· carving system, which consisted 

of the development of the mterfacing circuit and th . 1 .
' e imp ementation of the software

driving program we have concluded the following:

General Conclusions: 

• If more than one team with different backgrounds work on a common project,

coordination and synchronization between all teams is the main key for whole

project successfulness.

• New enchantments could be achieved in industrial machines if their operation

is computerized, where computers allow adding new features that are difficult

or even impossible to implement in hardware.

• Good knowledge of industrial machine hardware and user requirements is

compulsory for software engineers in order to computerize that industrial

system.

Software Implementation Conclusions: 

be based on system requirements,
• Choosing a programming language must 

. . . f the programming language and
with a big concern on the capabilities O 

system direct needs. b • ocess
. . ams, organizing the debugging pr 

• When dealing with big software progr 

must be based on a systematic way. . . the hierarchy of the
. . . . lifies the organization 

° Object oriented programming simp! ;, 4+fferent packages. 
classified in litter 

software, where different classes are
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• It's easier to split code implementati . 
1on on various de ] 

object oriented programming · velopers when using
, smce each develo .

and then all code is merged. 9Per implements his own code, 

• Code reusability decreases the needed d 1 .evelopment time. 
• Drawing programs face many memory leak

. age problems, and well organized
algonthms must be used to save memory s d . .pace an execution time. 

• Multithreading increases programs respon · .s1veness, especially when the 
system needs to execute time consuming proces h • .ses sue as image processmg,
and at the same time still accept user interactions.

• GUI programs must be implemented in such a way, where the user can

configure them as he prefers; by giving him the ability to show and hide

panels, change configurations, and colors ... etc.

• When optimizing code performance, loops and repetitive code blocks must be

considered, in addition to object allocation and deallocation.

• Secondary storage devices can be beneficial when huge amounts of data need

to be manipulated during program execution, while performance is not a big

concern. This is done by encoding data in special formats that could be

retrieved later.

• Software developers should develop fast and less memory consuming code,

even if it would lead to more difficult and bigger code implementation.
. : ld ive memory for example in some• Using appropriate data types coul sa , 

situations byte and short integer types could be used instead of integer types.
. . t d of Arrays - leads to less• Dynamic data structures - Linked lists instead ­ 

Where
the data structure allocates memory only if

memory consumption,

needed.
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Hardware Design Conclusions: 

• In hardware design process, availability of hardware art d
e p s an components

must be taken in consideration. For example if a microcontroller is needed the
availability of its programmer should be considered.

• If more than one hardware component is used in the system, synchronization

and timing between these parts is vital. Where fast components must wait for
slower ones.

• Simulation and full study of circuits should be done before building the final

system, since even small requirements may cause significant changes in the

hardware design.

• When some hardware components are not available, it's possible to assemble

these components from smaller components, for example a 16-4 encoder

could be implemented by two 8-3 encoders.

7.2 Suggestions and Future Work 

. m a number of ideas were thought of,During the planning of the wood carvmg syster , 
. h s where not because of time leakage.some of them where implemented, while ot er

. . le image where big heads. h ds when carvmg a smg '
• Use ofmultiple carving 1ea . sensitive parts.

11 ones are used when carving 
are used in big areas and smaller' ,, is entered using a 

:. s:; where an image ° Capability of carving scanned images; . 
tract its information.

scanner, then processed to ex instead of drawing 2D 
• :. 1onitoring subsystem . • 

• Draw 3D simulation in the m . d of a third coordinate. 
ified by a color instea 

shapes, where the Z depth is speci e

134 



►

• Use of artificial intelligence in the system .
1

.
:. .±. especially in the drawing program, 

for example: showing guide lines shape s .
> snapping . • • etc. or in the motors

controller where the carving head could move at d;Fr 
at tferent speeds. 

• Encode the file formats using Extendable markup language (XML) instead of
using plain text.

• Add a zoom tool in the drawing program, where images can be zoomed in
and out.

• Output the. control signals using the USB port instead of the printer parallel

port, since its faster and new computers come with no parallel port plug-in.

• Control the operation of the machine using internet; this would be useful in

order to monitor its progress using remote computers. For example the

machine would be working in a factory and the user could control and

monitor its progress from any where using internet.

• Develop a plug-in program that can be embedded in large drawing

applications, like Adobe Photoshop, CorelDraw, or Autodesk AutoCAD.

• Enhance the drawing program capabilities, by adding new tools to the

toolbox.
. . h th user can create new shapes• Add a shapes and decorations library; w ere e

from existing shapes.

135 



►

REFERENCES 

ovine, J. 2000
pIC Micro controller Project Book Tabb k st · · • 00ls, 1 Edition 

Magill, R. 2003 
Motor Learning: concepts and Application M O .s, c raw-Hill, 7 Edition

Millman, J. 1982
Integrated Electronics: Analog and Digital Ci •t · M .rcuits, Mcgraw-Hill, 1 Edition 

Ian, D. 2001
Java Cookbook, O'Reilly, 1st Edition

Knudsen, J. 1999
Java 2d Graphics, O'Reilly, 2nd Edition

Garcia, A. 1999
Programmer's Guide to the Java 2D API, Sun Microsystems, 2"° Edition 

Vincent J. Hardy, 1999
Java 2D API Graphics, Prentice Hall, 2 Edition 

Sommerville, Ian, 2001
Software Engineering, Addison- Wisley. 6" Edition 

Ramesh S. Goankar, 2000
Microprocessor Architecture Programming with 8085, Prentice Hall, 5 Edition 

Walter A.Triebel, 2003 th •• 
The 8088 and 8086 Microprocessors, Prentice Hall, 4 Edition

Russel Stuart, 2003 · nd ·· 
Artificial Intelligence A Modern Approach, Prentice Hall, 2 Edition

Scott Oaks, 2004
Java Threads, O'Reilly, 2nd Edition

Leen Ammeraal, 2006 r, 1Edition 
Computer Graphics for Java Programmers, Wiley, 

Y. Daniel Liang, 2006 ntice Hall, 1" Edition 
Computer Graphics Using Java 2D and 3D, Pre 

JDK' so h . • . Documentation
.Jtp,//1ava.sun.com/j2se/1.5.0/docs/ 

136 



►

Toggle an LED using interrupts on a Microchip PIC 16F84ttp://www.electronic-eng.com/pie/picporg003.html 
goo 

pIC microcontroller 
http://en.wikipedia.org/wiki/P[C _micro controller -
The Basics of Programming and Using a PIC Microcontroller 
http://oak.cats.ohiou.edu/-db2831 01/pichowto.html -
What's a Servo
http://www.seattlerobotics.org/guide/servos.html 

Microchip PIC 16F84 Microcontroller
http://www.mstracey.btinternet.eo.uk/pictutorial/picmain.htm 

The SV203 RC Servo Motor Controller
http://www.pontech.com/prducts/sv200/index.htm 

Computer Numerical Control
http://en.wikipedia.org/wiki/CNC 

G-code programming language
http://en.wikipedia.org/wiki/G-code 

137 



p

APPENDIX A: UML DIAGRAMS 

1. Image Analyzer package 
2. Carve Process package

3. Parallel Port package

4. Machine Simulation package

5. Shared Classes package



Image Analyzer package UML diagram 

lmagtAnalyzeFram, 
( Fromlmag9/;/i;t,'l'l) 

lmageColorCounter 
{ From lmag;Annly?a l 

nay core±sergS"" 
PIViil• Hash!abl0 colorsHa,hhbl•

tli Cgoater: 
[u± I irL fa0±-C5rut=H Sr g Im 13-D Tt3] 
Dul¢ ·rt _m qPColyt9IM Bu±red11g@ It2g=Data} 
Duhl1c Colir{0.1 g•!CoJm.lrra.f} 
Pll'iilB \Old fillC?!?rV.rr;m } 
LITA tS\2J1 6krEBt it;2 

ColorD,pthMappar 
( From lmageAnatr.9) 

p1tvale IJ)1e depth 
pnvala b\1e Index 
pn·1ale Color color 

public ColorDeplhlAapper( ) 
public ColorOeplhUapper( h)li deplll, l•yte lnder, Color color) 
public ColorDepthMapper( Siring depth, String Index, Sblng red, Siring gree~ Sl1lng blu.) 
public '/Old selOepU1( byt, deplh) 
public void se~nde,( h)to tnder) 
putilic void setcotor( Color color I
public lrte getDepthi ) 
public b)1a ge~ndex( ) 
pulilic Color getcoto1[ J 

Qoorahon: 

brtunhamLln, 
( From tmag3.Anaty,..9) 

private Int x 
private tnty 
pnvate tntd 
p1ivatelntd 
Prlvate lnts 
pmatetmsv 
Plivll9 Point poln\l-1ra110 .. ·1

Op e:at;ta 
pul>llc hl"ls,nh~mllna[lnt,t. tnty1, Im '2. lrt•/2 J
public Polnqo .. 1 ge!Polnts( 1 

Image Reader/riter 
{ From tmageAna~~'- ) 

Ag3? 
pyh!fc Sttog fil4Prlih: .. 

(l,,.,f.~•, 
pybllc lffidg•Cont:;iini.r g;ttmagQ( FIJe me l 
Mw121rt to1ttlME11'rsmo• oaro• 101wmn 1mn•1am1 
[III'± g4 I3d.'C5lm11-] FIA fl± } 
ptag Ima;4C ;nt2lat pa1Rs1llm3±(Fe gs 
mlYiJt.:i- l!iJ.1 OFtC2J2r!ort~.,, Color "2121,ro 1 Int color 1 
puhlic V?jd •;11::lmaqaAsf §!ring p:itn l 
pu! lit l4 55-slma43' 
put lic hole an 5Fil#Sp.yd 
pure tAl±an 3FIS3349 ] 

arrcl'f()tco1ors o .. • 

lmageContalner 
{ From lmageAnatr.e) 

pullllt jnt READY: 0
P\lbll> lot NOT READY: 1
nuhur.101 INVALID FORMAT= 2 
private tntwld!h 
p1lvate Int helghl 
prll'al, Bufferadlmage Image 
private Siring filePath 
p1lvate StrlnofileName 
private Int lmagestate 
pr~·at,i Int nLlmberOfColors 

public lmaoecontatne~ ) 
public lmagecontatner( Int numberOfColors, coto1Depthl,tapp;r wayorcotors10 .. •1, tntwlrllh, tnl Might, autte1idlmage 1mg, Stttng filePath, s1r1ng n1eName) 

public void selA11aJOfColors( Colo1D,plhMappe1 an.101Colorsl0 .. 1 I 
public VOid se!Mldlh( lnl'l.idlh) 
public void setHetght( Int h!lght) 
public void setlmage( Bufferedlmaoe 1mg) 
public void sP.IFllePath( StJtng fll,PJth) 
public void selFlleName( String flleHame ) 
public void $@tlmageStal~( Int lmageSlat9) 
public void setl1umberOIColOIS( Int numbMlfCOIOIS) 
puhllc CoJorDepthlAappeqo .. 1 9,1P1ta\01Colo~( ) 
pulilic Int oe~'lldth( ) 
p11Mtc Int gct-lelghl( ) 
public String getFit.P a1h( ) 
pullllc Siring getFll,Mame( l 
public Int gclmag,St~tf.{ ) 
public Int g;fiumberOfColors( ) 
pul11ic String g,tlmJgeFut1PaU1( ) 
puhllr. su11.iadtmage gcUmaga( ) 
p1lvate tnl ge4f'i,,1Color! int~ Jnl'() 



Carve Process package UML diagram

verticalLlnesAnalyzer 
{ From carveProcess } 

Atlrlbut-,: 
package Double ua,sArrro 1 
package lot nnes1ngexReached = o 
Ps~ks1ae Qoul:!le £Y1teo~□al:ai□11!.ioes10 ::J 
package Buferedjmaqge lines\maqe 

Oporation a 
pul:!llc Doyble[0 .. 1 verllnesAnal~e( sha11e s, Int width Int height) 
llUbllc QQyf1JelQ ~ veri.lae~~□alru! eun:eredltmrne image l 
o[lvate Doubtero 'I 1maaeT0Unes( 1 
lltlvate Qoy!Jle!O ~ oggLl□esElngefYer( lot 1magelndex In! 11□e§IQde~ l!l!xl 
P[IYsle C!QY~lelQ ·1 eyen!.l□esElagejyll[{ la! IID1HJ9l[!dP.X In! 11oes1ngex lotx l 
Ptlvate lot lloe~QoyntefYer{ l

carveOperatlon 
{ From carveProcess} 

package Thread t 
Attrlbut,~ 

package LlnkedUst shapes 
package Int width: 0 
package int height: 0 
package Double horunesArr[0 .. 1
package Double verUnesArr10 .. •1 
private boolean ca1VeV.,rtlcal = false 
prlvalg Int IQ1ageTru_ 
prate Int ACS [EGE = O 
private Int BMP IMAGE: 1 

Operation: 
public carveOperation( Linked Lists, int width, int height, boolean carveVertlcal) 
public carveOperauon( 1rnageContalner Image, boolean carveVertlcal) 
public void run( ) 
public void carvewcs1mage( ) 
public void carveBl,\Plmage( ) 
private boolean getHoNerllnes( shape s) 

slgnalFlleGenerator 
{ From ca1veProcess ) 

Atlrlbute: 
package FIie slgnalsFlle 
package String newline= System.getProperfyC'llne.separator") 
package BufferedWrller out 
package boolean wrilerOpened = false 

Ope,aHona 
public signalFileGenerator{ ) 
public slgnalFlleGenerator( String mePath l 
public void appendToFlle( int depth, b!Polnt polntsArrj0 .. '1, Double hLlnes[O .. 'I, Double vlines[O .. "]) 
public void appendToFlie( Int depth, Double hllnes10 .. 1, Double vUnes[O .. 'I l 
public void appendToFlle( Int depth, btPolnt polntsArr(O .. j)
private String getPointData( btPoint polnt, int depth l 
private String getUneData( Doub!~ line, int depth ) 
public void flushBufferedWriter( ) 

horlzontalLlnesAnalyzer 
( From carveProms} 

Attributes 
pack-402 Doutla Jin# 5Ar'0.] 

package Int llneslndexReached = O 
package Dout]a current#natzinqL.in=s[0.] 
package Bufferedlmage llneslmag~ 

Op,ratron: 
puhli: Doub}=[0. ] horl/n=sAnal.get shape s, in!sdh, int height} 

public Doub/=\0, .'] horL/in=sAnalg=( Buff=re dint& [mag2 ] 

p[jva1a poyble(O .•1 lmageTolines{ 1 
p[JyaJe Qoy~le[Q .:i QddJ.laesFJmJe[l:jQ[[IOJ lm;wtadex ID! 11□aslnd~x lt!Hl 
miva!a pouhja(O .. ~ evenLi□~iFioder!::Jor( l!]t imwlnd,1 io! lineslad•!, jnJ ~ l 
PtivaJ?. l□t 11□ascouo1etl:f2t! l 

shapeFlattening 
( From carveProcess J 

A:rrlbuta: 
package double MINIMUM CARVE RES =0,05 

package LInkedList shapaPolnts 

Qoe,aHor.: 
public shape fatShape( shape s) 
public Pont0, ] et?Po/ntsArpa( ) 

extractColoredlmages 
{ From carveProcess} 

Attribute 

uuate Butere dimage imaces ra/9.] 

prJvate lotw 
prjvate lo! h 
prJya!e Int white 
private Bufferedlmage original 

PtlvatP. eu"erndlmaae image 
pac~age Int lmageFormat 

prjvate int getPl•elDepthl jnt co 0 



d' m Parallel Port package UML iagra 

...... ., , .. imm mmnn n 1 !.o. H!_ I[?_· l_._ ·!.-, l_J__-.1.. _·1.1m_.,_, ~;;1 l~ lo li l.J !! i m I , !flit! }t,;i~~;;;,:f!itt!l!i!ll!!i!!iill. • .,.- -•,,. , , ,- f , ,_ •

1·i_g1~= P...,~_-Hhn~,,,,,f.li~~il:e8!:!!~~,... ~~w;;I-P,'!1i!;i ,. H,!n-,,,, 1!n,1.' l' 
., -.... . .. - ' ,. "'•· ,,,, ,,,,,_•1n11 '"">aqp .... • ,,1----- 1Hh Ht~ =:::--i I"'·" •....... 11; ,._ ••.. - ~ u l u1 l 

1
-
1

! i ~

111,,- -. !!;~1~ 1_ _

413# # ti q i . -n



Machine Simulation package UML Diagram

lllainFrameTest 
{ From machine simulation } 

Attribute s 

CQperation s 
public mainFrameTest( ) 
public void run( ) 
private void lnltCornponents( ) 
public volcl main( String arqs(0 .. "1)

drawingSimulator 
{ From machineSimulatlon} 

Attributes 
package Thread t 

Operations 
public drawingSimulator( ) 
public void run( ) 

\ I 

simulationPanel 
{ From machineSimulation } 

Attribute s 
private Color depth Color 
private Butreredlmage image1 
private Butreredlmage image2 
private Grapl1ics2D g2dlmage1 
private Graphlcs2D g2cllmage2 
private Color headColor 
private int headSize 
private Point currentPoint 
private Color WHITE COLOR= new Color(255 255 255) 
private boolean onlyCarvlngHeacl 

Operations 
public slmulationPanel( Int wiclth, int height) 
private void initComponents( ) 
public void update( ) 
public void paint( Graphics g ) 
public void drawPoint Point p, boolean only©arvingHead ) 
public void setDepthColor( Color c) 



Shared Classes package UML Diagram 
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APPENDIX B: DATASHEETS 

PICI6F84 Datasheet 1.

z. 74LS157 IC- Quad 2-line to 1-line data selectors - multiplexers datasheet
74LS125A IC- Quad 3 state buffers datasheet3. 

74LS148 IC 8 to 3 lines Priority Inverting Encoder4.
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~ICROCHIP p IC 16 F 84A 
18-pin Enhanced FLASH/EEPROM 8- Bit M; 

- 1 1crocontroller - High Performance RISC CPU Features: 
, Only 35 single word instructions to learn 
, All instructions single-cycle except for program 
branches which are two-cycle 

, Operating speed: DC- 20 MHz clock input 
DC- 200 ns instruction cycle 

4024 words of program memory 
, 68 bytes of Data RAM 
, 64 bytes of Data EEPROM 
, 14-bit wide instruction words 
• 8-bit wide data bytes 
, 15 Special Function Hardware registers 
, Eight-level deep hardware stack 
, Direct, indirect and relative addressing modes 
• Four interrupt sources: 

- External RBO/INT pin 
• TMRO timer overflow 
. PORTB<7:4> interrupt-on-change 
- Data EEPROM write complete 

Peripheral Features: 
• 13 1/0 pins with individual direction control 
• High current sink/source for direct LED drive 

- 25 mA sink max. per pin 
-25 mA source max. per' pin 

• TMRO: 8-bit timer/counter with 8-bit 
programmable prescaler 

Special Microcontroller Features: 

' 10,000 erase/write cycles Enhanced FLASH 
Program memory typical 

' 10,000,000 typical erase/write cycles EEPROM 
Data memory typical 
'EEPROM Data Retention > 40 years 
' In-Circuit Serial Programming™ (!CSP™)- via 
two pins 

' Power-on Reset (POR), Power-up Timer (PWRT), 
Oscillator Start-up Timer (OST) 

' Watchdog Timer (WDT) with its own On-Chip RC 
Oscillator for reliable operation 

• Code protection 
' Power saving SLEEP mode 
' Selectable oscillator options 

Pin Diagrams 
PDIP, SOIC I RA2 •1 RA{ 

RA3 2 es RAO 
RA4/T0CKI--.. 3 " - OSC1/CLKIN I

Mel:R- 4 s OSC2/CLKOUT I....
\/sS o 5 en -voe I RB0/INT- 6 3 RB? 
Rf - ­ 7 $ RB6 
RB2 8 11 • RB5 
RB3 9 RB4 ! 

I

SSOP 

RA2-- •1 -RA1 
RA3 2 +-=RAO 

RA4/TOCKI - 3 J + OSC1/CLKIN 
MCLR - 4 0 - OSC2/CLKOUT ....

Vss- s ~ -voe
VSS- 6 co -voe~ 

RB0/INT - 7 Y - RB? 
RB1 s] 8 + sRB6 

RB2 ' 9 % s RB5 
Res ··4° } <>RB4 

CMOS Enhanced FLASH/EEPROM 
Technology: 
, Low power, high speed technology 
, Fully static design 
• Wide operating voltage range: 

• Commercial: 2.0V to 5.5V 
• Industrial: 2.0V to 5.5V 

• Low power consumption: 
• <2 mA typical @5V, 4 MHz 
.15 A typical @ 2V, 32 kHz 
<0.5 A typical standby current @ 2V 

0 2001 ; icrochip Technology Inc. 
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TO OUR VALUED CUSTOMERS 

Ills our intention to provide our valued customers with the be5tdocumentation possible to ensure successful use of your Microchip 
products. To this end, we will continue to improve our publications to better suit your needs. Our publications will be refined and 
enhanced as new volumes and updates are introduced. 
lf you have any questions or comments regarding this publication, please contact the Marketing Communications Department via 
E-mail at docerrors@mail.microchip.com or fax the Reader Response Form in the back of this data sheet to (480) 792-4150. 
We welcome your feedback. · ·· · · 

Most Current Data Sheet 
To obtain the most up-to-date version of this data sheet, please register at our Worldwide Web site at: 

http://www.microchip;com · · · · · · . 
You can determine the version of a data sheet by examining its literature number found on the bottom outside corner of any page. 
The last character of the literature number is the version number, (e.g., DS30000A ,s version A of document DS30000). 
Errata . · . . ·. . . . . . . . . · ·. . . . . . 
An . · · · · · · . • · t d commended workarounds, may exist for current 
, {®fata sheet, describing minor operational differences from the data she©' °"°Zata sheet. The errata will specify the revision 
0@VIC8s, Ag device/documentation issues become known to us, we w,11.pu ,s an · 
of silicon and revision of document to which it applies..,,, 
'Ji d t · ·· • 1 h ck with one of the following. 0 etermine if an errata sheet exists for a particular dev,ce, P ease c e 
'Microchip's Worldwide Web site; http://www.microchip.com 
' Your local Microchip sales office (see last page) 
' The Microchip Corporate Literature Center; U.S. FAX: (480) 792-7277 . ion of silicon and data sheet (include liter- Whe · ecify which device, rev,s 
8

n contacting a sales office or the literature center, please sp 
lure number) you are using. 
Customer Notification System, stton on all of our products. Reg· . th most current mforma ,o 1ster on our web site at www.mlcrochip.com/cn to receive e 
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- PIC16F84A 
1.0 DEVICE OVERVIEW 
Th' document contains device specific information for 
h 

15 
operation of the PIC16F84A device. Additional 

,,,,,nation may be found in the PICmicro" Mid­ 
~ 

0 
ge Reference Manual, (DS33023), which may be 

,,,,ssasd tram the Microchip website. The Refer­ 
o e Manual should be considered a complementary 

~nc ument to this data sheet, and is highly recom­ 
ocnded reading for a better understanding of the 
;:vice architecture and operation of the peripheral 
modules. 

The PIC16F84A belongs to the mid-range family of the 
PICmicro®? micro controller devices. A block diagram of 
the device is shown in Figure 1-1. 

FIGURE 1-1: PIC16F84A BLOCK DIAGRAM 

The program memory contains 1 K words which trans­ 
lates to 1024 instructions, since each 14-bit program 
Tnemory word is the same width as each device instruc­ 
tion. The data memory (RAM) contains 68 bytes. Data 
EEPROM is 64 bytes. 

There are also 13 I/O pins that are user-configured on 
a pm-to-pin basis. Some pins are multiplexed with other 
device functions. These functions include: 
• External interrupt 
• Change on PORTS interrupt 
• Timer0 clock input 
Table 1-1 details the pinout of the device with descrip­ 
tions and details for each pin. 

FLASH 
Program 
Memory 

1K X 14 

13 .--------, Data Bus a==z] Program Counter p ,7 

8 Level Stack 
(13-bit) 

EEPROM Data Memory 

Program 
Bus 

RAM 
File Registers 

68x 8 

EEDATA 
EEPROM 

Data Memory 
64 x8 

14 7 RAM Addr 

Instruction Register 

5 Direct Addr 

EEADR 

TMRO 

FSR reg 

STATUS reg 
8 

Instruction 
Decode & 
Control 

Power-up 
Timer 

Oscillator 
Start-up Timer 

Power-on 
Reset 

Timing 
Generation 

Watchdog 
Timer 

8 

RA4/TOCKI 

RA3:RAO 

RB7:RB1 

l-4I-[X] Reonv 

OSC2/CLKOUT 
OSC1/CLKIN 

MCLR Vo, Vss 

I 
I 
I 
I
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pIC16F84A 

TABLE 1-1: PIC16F84A PINOUT DESCRIPTION - PDIP SOIC SSOP I/O/P Buffer Pin Name No. No. No. Type Type Description 
[oscIcKIN 16 16 18 I ST/CMOS(®) Oscillator crystal input/external clock source input. [osc2cLKour 15 15 19 0 

Oscillator crystal output. Connects to crystal or 
resonator in Crystal Oscillator mode. In RC mode, 
OSC2 pin outputs CLKOUT, which has 1/4 the 
frequency of OSCT and denotes the instruction 
cycle rate. 

MCLR 4 4 4 1/P ST Master Clear (Reset) input/programming voltage 
input. This pin is an active low RESET to the device. 

17 17 
PORTA is a bi-directional 1/0 port. 

RAO 19 1/0 TTL 

RAT 18 18 20 1/0 TTL 

RA2 1 1 1 1/0 TTL 

RA3 2 2 2 1/0 TTL 

RA4/TOCKI 3 3 3 1/0 ST Can also be selected to be the clock input to the 
TMRO timer/counter. Output is open drain type. 

PORTB is a bi-directional 1/0 port. PORTB can be 
software programmed for internal weak pull-up on 
all inputs. 

RB0/INT 6 6 7 1/0 TTL/ST() RBO/INT can also be selected as an external 
interrupt pin. 

RB1 7 7 8 1/0 TTL 

RB2 8 8 9 1/0 TTL 

RB3 9 9 10 1/0 TTL 

RB4 10 10 11 1/0 TTL Interrupt-on-change pin. 

RBS 11 11 12 1/0 TTL Interrupt-on-change pin. 

RB6 12 12 13 1/0 TTusT?©) Interrupt-on-change pin. 
Serial programming clock. 

RB7 13 13 14 1/0 TTL/ST) Interrupt-on-change pin. 
Serial programming data. 

Vss 5 5 5,6 p Ground reference for logic and 1/0 pins. 

VoD 14 14 15,16 p Positive supply for logic and I/O pins. 
p = Power 

I I 
I
I 
I 
i 

Legend: 'l=input O'=Output iiO=Input/Outpu! gr = Schmitt Trigger input 
=N t sed TTL = TTLinpu! - . - - o u . fiqured as the external interrupt. 

Note 1: This buffer is a Schmitt Trigger input when co" -,al Programming mode. 
2: This buffer is a Schmitt Trigger input when used I],',, pc oscillator mode and a CMOS input otherwise. 
3: This buffer is a Schmitt Trigger input when configure in 

© 2001 Microchip Technology Inc. 
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PICT6F84A 
2.0 MEMORY ORGANIZATION 
There are two memory blocks in the PIC16F84A, 
These are the program memory and the data memory. 
Each block has its own bus, so that access to each 
block can occur during the same oscillator cycle. 
The data memory can further be broken down into the 
general purpose RAM and the Special Function 
Registers (SFRs). The operation of the SFRs that 
control the "core" are described here. The SFRs used 
to control the peripheral modules are described in the 
section discussing each individual peripheral module. 
The data memory area also contains the data 
EEPROM memory. This memory is not directly mapped 
into the data memory, but is indirectly mapped. That is, 
an indirect address pointer specifies the address of the 
data EEPROM memory to read/write. The 64 bytes of 
data EEPROM memory have the address range 
0h-3Fh. More details on the EEPROM memory can be 
found in Section 3.0. 
Additional information on device memory may be found 
in the PICmicro'' Mid-Range Reference Manual, 
(Ds33023). 

2.1 Program Memory Organization 
The PIC16FXX has a 13-bit program counter capable 
of addressing an 8K x 14 program memory space. For 
the PIC16F84A, the first 1K x 14 (0000h-03FFh) are 
physically implemented (Figure 2-1). Accessing a loca­ 
tion above the physically implemented address will 
cause a wraparound. For example, for locations 20h, 
420h, 820h, C20h, 1020h, 1420h, 1820h, and 1C20h, 
the instruction will be the same. 
The RESET vector is at 0000h and the interrupt vector 
is at 0004h. 

FIGURE 2-1: PROGRAM MEMORY MAP 
AND STACK- PIC16F84A 

CALL, 
RETFIE 

I PC<12.0> I 
RETURN fr 13, 
' RETLW > ,,

Stack Level 1 

Stack level 8 

RESET Vector 0000h

Peripheral Interrupt Vector 0004h

= 

3FFh

-11FFFh.__ _ 

I I 
I
I 

- DS35007B-page 5 
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pIC16F84A 
2.2 Data Memory Organization 

The data memory is partitioned into two areas. The fi t 
a] Fg 5ti Re % nirs s the Special Function Registers (SFR) area, while the 

second is the General Purpose Registers (GPR) are 
re SFRs control the operation of the device. a. 

portions of data memory are banked. This is for both 
the SFR area and the GPR area. The GPR area is 
banked to allow greater than 116 bytes of general 
purpose RAM. The banked areas of the SFR are for the 
registers that control the peripheral functions. Banking 
requires the use of control bits for bank selection. 
These control bits are located in the STATUS Register. 
Figure 2-2 shows the data memory map organization. 

Instructions MOVWF and MOVF can move values from 
the W register to any location in the register file ("F"), 
and vice-versa. 

The entire data memory can be accessed either 
directly using the absolute address of each register file 
or indirectly through the File Select Register (FSR) 
(Section 2.5). Indirect addressing uses the present 
value of the RPO bit for access into the banked areas of 
dala memory. 

Data memory is partitioned into two banks which 
contain the general purpose registers and the special 
function registers. Bank O is selected by clearing the 
RP0bit(STATUS<5>). Setting the RPO bit selects Bank 
1. Each Bank extends up to 7Fh ( 128 bytes). The first 
twelve locations of each Bank are reserved for the 
Special Function Registers. The remainder are Gen­ 
eral Purpose Registers, implemented as static RAM. 

2.2.1 GENERAL PURPOSE REGISTER 
FILE 

Each General Purpose Register (GPR) is 8-bits wide 
and is accessed either directly or indirectly through the 
FSR (Section 2.5). 

The GPR addresses in Bank 1 are mapped to 
addresses in Bank 0. As an example, addressing loca­ 
tion 0Ch or 8Ch will access the same GPR. 

FIGURE 2-2: REGISTER FILE MAP ­ 
PIC16F84A 

File Address 

00h 

01h 
02h 

03h 

04h 

05h 

06h 

07h 
08h 

09h 

0Ah 

0Bh 

OCh 

4Fh 
50h 

Indirect addr. (1) 
Fil 

Indirect addr. (1) 

TMRO OPTION REG 
PCL PCL 

STATUS STATUS 

FSR FSR 

PORTA TRISA 

PORTS TRISB 
- -

EEDATA EECON1 
EEADR EECON2) 
PCLATH PCLATH 

INTCON INTCON 

68 
General Mapped 
Purpose (accesses) 
Regs!es in Bank 0 
(SAM) 

% "" tBank O 

e Address 
80h 

81h 

82h z 
83h 

84h I 85h 

86h 

87h 
88h 

~ 
~ 

89h I 8Ah 

8Bh I 8Ch 

CFh 
D0h 

~ FFh 
Bank 1 

[] Unimplemented data memory location, read as 'O'. 
Note 1: Not a physical register. 

© 2001 Microchip Technology Inc. 
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PIC16F84A 
2.3 Special Function Registers 
The Special Function Registers (Figure 2-2 and 
Table 2-1) are used by the CPU and Peripheral 
functions to control the device operation. These 
registers are static RAM. 

The special function registers can be classified into two 
sets, core and peripheral. Those associated with the 
core functions are described in this section. Those 
related to the operation of the peripheral features are 
described in the section for that specific feature. 

TABLE 2-1: SPECIAL FUNCTION REGISTER FILE SUMMARY 

Name Bit 7 Bit 6 Bit 5 Bit4 Value on 
Details Addr Bit3 Bit2 Bit 1 Bit 0 Power-on 

RESET on page 
Bank 0 
00h INDF Uses contents of FSR to address Data Memory (not a physical register) ---- ---- 11 
01h TMRO 8-bit Real-Time Clock/Counter xxxx xxxx 20 
02h PCL Low Order 8 bits of the Program Counter (PC) 0000 0000 11 
03h STATUS?) IRP pRP1 RPO TO PD z DC C 0001 lxxx 8 
04h FSR Indirect Data Memory Address Pointer O xxxx xxxx 11 
05h PORTA®) Ao s o, RA4/TOCKI RA3 RA2 RA1 RAO ---x xxxx 16 
06h PORTB(©) RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO/INT xxxx xxxx 18 
07h - Unimplemented location, read as 'O' e 

08h EEDATA EEPROM Data Register xxxx xxxx 13,14 

09h EEADR EEPROM Address Register xxxx xxxx 13,14 

[Write Buffer for upper 5 bits of the PC\) ---0 0000 11 OAh PCLATH - - oo 

EEIE TOIE I INTE I RBIE I TOIF I INTF I RBIF 0000 000x 10 OBh INTCON GIE 
Bank 1 

11 Uses Contents of FSR to address Data Memory (not a physical register) - - - - - - - - 80h INDF 
9 TOCS I TOSE I PSA I PS2 [Psi I PSO 1111 1111 81h OPTION REG RBPU INTEDG 

Low order 8 bits of Program Counter (PC) 0000 0000 11 
82h PCL 

I I I C 8 
RPO I TO I PD z DC 0001 lxxx 

83h STATUS ) IRP RP1 
xxxx xxxx 11 

84h FSR Indirect data memory address pointer O 
---] 1111 16 

85h TRISA [PORTA Data Direction Register 
1111 1111 18 

86h TRISB PORTS Data Direction Register 

87h Unimplemented location, read as 'O' 
[WRERR [ WREN I WR I RD »--Q x000 13 

88l EECON1 I EEIF 14 
. · ih • I register) - - - - -- - - 

89h EECON2 EEPROM Control Register 2 (not a P ys,ca (11 »--0 0000 11 
0Ah PCLATH 

I Write buffer for upper 5 bits of the PC 
0000 000x 10 . I INTE I RBIE I TOIF I INTF I RBIF 

0Bh INTCON GIE EEIE TOIE d ends on condition 
mented, read as 'O', q value ep e ister for PC<12:8>. The contents 

I 
# 

I 
I 

Le id: ikr = hanged.-=unimplet -,j, PCLATH is a slave reg egena: x=unknown, u=unct 2. % ot directly accessible. +te ts of PC<12:8> are never trans­ 
Note 1: The upper byte of the program counter is n b te of the program counter, but the con en 

of PCLATH can be transferred to the upper Y _ 
TH. ad by a MCLR Reset. ferred to PCLAT 1.,,, 3TATUS register are not affecte€z;' ,3 4he Watchdog Timer Reset. 

2: The TO and PD status bits in the ST s] RESET through MCLR an ETS iclude: externa 3: Other (non power-up) RES ,n · nfigured as inputs. 
4: On any device RESET, these pins are co I ut latch. 
5: This is the value that will be in the port outp 

DS35007B-page 7 
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• can be the 
·us reg·s1e, is 

2•.ecls the Z:. DC 
. :; . ' ee b:rs is disabled. 
ccording to device logic. 
j bits are not writable. 
s uC :J'l \ -:tn :lie STATUS 

s STATUS clear the upper three 
,·s leaves the STATUS register 

---
seu to aler he STATUS register (Table 7-2), 
ese istuct'cns do 0l affect any status bit. 

0 
"' 1: The> !RP and RP1 bits (STATUS<7:6>, I 

are not used by the PIC16F84A and 
should be programmed as c,eared. Use of 
these bits as general purpose R/W bits 's
NOT recomMended. since ;his rnav aFeci 
upward compatibili,y with 'Ulure p~~cucts. 

2: The C and DC bits operate as a bo-ro:: 
and digit borrow ou! bit. respect.:·,e:y ., 
subtraction. See the SUEL and SCEE 
ins\ructiors for examples. 

3: When the STATUS reg's:er 
destinat:c11 for an instn.;ct:cn :c:a'. s.":e'.;:s 
tr;e Z. DC or C bits, then the write to iese 
tr.ree bits is cisac!ac. l"e scec'f;,d :':'s

I

will be updated according to device 
nsM-c::cns 

G STER 2-i: STATUS REGISTER (ADDRESS 03h, 83h) 

R. '.'✓-0 R-'1 R-1 RN✓-x p,J/,'-x 

RPO 0 FD z cc C 

r .', - - -:;--e __ -.-J- em 

::L 

-



pIC16F84A 

23.1 
The STATUS register contains the arithmetic status of 
the ALU, the RESET status and the bank select bit for 
data memory. 
s with any register, the STATUS register can be the 
destination for any instruction. If the STATUS register is 
the destination for an instruction that affects the z, DC 
or C bits, then the write to these three bits is disabled. 
These bits are set or cleared according to device logic. 
Furthermore, the TO and PD bits are not writable. 
Therefore, the result of an instruction with the STATUS 
register as destination may be different than intended. 

For example, CLRF STATUS will clear the upper three 
bits and set the Z bit. This leaves the STATUS register 
as 000u uluu (where u = unchanged). 
Only the BCF, BSF, SWAPF and MOVWF instructions 
should be used to alter the STATUS register (Table 7-2), 
because these instructions do not affect any status bit. 

STATUS REGISTER 
Note 1: The IRP and RP1 bits (STATUS<7:6>) 

are not used by the PIC16F84A and 
should be programmed as cleared. Use of 
these bits as general purpose RN/ bits is 
NOT recommended, since this may affect 
upward compatibility with future products. 

2: The C and DC bits operate as a borrow· 
and digit borrow out bit, respectively, in 
subtraction. See the SUBLW and SUBWF
instructions for examples. 

3: When the STATUS register is the 
destination for an instruction that affects 
the Z, DC or C bits, then the write to these 
three bits is disabled. The specified bit(s) 
will be updated according to device logic 

REGISTER 2-1: STATUS REGISTER (ADDRESS 03h, 83h) 

I 
# 

I 
t 

I 
R/W-O R/W-0 R/W-0 R-1 R-1 R/W-x RV-x RNJ-x 
IRP RP1 RPO TO PD z DC C 

bit 7 bit 0

bit 7-6 
bit 5 

bit 4 

bit 3 

bit 2 

bit 1 

bit 0 

Unimplemented: Maintain as 'o' 
RPO: Register Bank Select bits (used for direct addressing) 
01= Bank 1 (80h- FFh) 
oo = Bank 0 (00h - 7Fh) 
TO: Time-out bit . . 
1 = After power-up, CLRWDT instruction, or SLEEP instruction 
o = A WOT time-out occurred 

PD: Power-down bit . 
1 = After power-up or by the CLRWDT instruction 
o = By execution of the SLEEP instruction 

Z: Zero bit . . . 
1- ms resat aran ambers or sate gg"]",;;5",,, 
o = The result of an arithmetic or logic ope F instructions) (tor b5orow, the polarity 
- , ( F, ADDLW SUBLW, SUBW DC: Digit carry/borrow bit [ADDW', 

is reversed) d bit of the result occurred 
1 = A carry-out from the 4th low or er ,bit of the result, . 
o = No carry-out from the 4th low order . structions) (for borrow, the polarity is 

LW SUBLW SUBWF In c: caryibsorow bit (ADDWF, ADD ' ,

reversed) ·jficant bit of the result occurred 
1 = A carry-out from the uost Sg', bit of the result occurred 
o = No carry-out from the Most S1gni ,can . 's complement of the second operand. 

A subtraction ts executed by ad0g],,'.ca win ener the high or low order 
Note: t t (RRF RLF) instructions, 

Forro a e ' 
bit of the source register. 

Legend: 
R = Readable bit 
- n - Value at POR 

W = Writable bit 

''= Bit is set 

J = Unimplemented bit, read as 'O' 
x = Bil is unknown ·' = Bit is cleared 

vv,,,uocoip Technology 'G. 
9835007B-page 8 



~National Semiconductor 

54157/DM54 157 /DM7 4157 
Quad 2-Line to 1-Line Data Selectors/Multiplexers 
General Description 
Thuse data selectors/multiplexers contain inverters and 
±,,rs to supply full on-chip data selection to the four out­ 
;:ates. A separate strobe input is provided. A 4-bit word 

fs selected from one of two sources and is routed to the four 
outputs. 

Applications 
1 Expand any data input point 
1 Multiplex dual data buses 
u Generate four functions of two variables (one variable 

is common) 
1 Source programmable counters 

June 1989 

Features 
■ Buffered inputs and outputs 
■ Typical propagation time 9 ns 
■ Typical power dissipation 150 mW 
■ Alternate Military/Aerospace device (54157) is avail­ 

able. Contact a National Semiconductor Sales Office/ 
Distributor for specifications. 

connection Diagram 
Dual-In-Una Package 
INPUTS 

OUTPUT 
INPUTS 

OUTPUT STROBE 
Vcc G A4 B4 Y4 A3 B3 Y3 

[e 15 14 13 12 11 10 9 

7 [s 
B1 Y1 A2 B2 Y2 GND S At oUiur -- oUiPUT 

SELECT INPUTS INPUTS TUF/6550-1

57FMQB, DM54157J, DM54157W or DM74157N 
Order Number54157DMQB,541± ,9, ·J16A,N16E or WI6A 

See NS Package Numler ' 

2 3 4 5 6 

Function Table 
Inputs Output Y 

Select A B Strobe 
L X X 

H X 
X L 

L L L X H
L H

L L 
X L H HL 
X H 

L H 
el. X = Don't Care H = High Level, L == Low Lev ' 

il 

I 
I 

RD-830M105/Printed in U. S. A 

€1995 Nona) Som±conductor Corporation TL/FI6550 



Absolute Maximum Ratings (Note) 
tary/Aerospace specified devices are required, Note: The "Absolute Maxi . ., If II contact the National Semiconductor Sales beyond which the safaty ~U::: Rati~gs are thosa valuas please offtce/Olstributors for availability and specifications. teed. The cf, • o a device cannot be guaran­ 

supply Voltage 7V kill£I,"" :;'tr «pp"@es ie no 
inputVoltage 5.5V table are not guarant: d ; :e 'Electrical Characteristics" 

The "Aecom e a . e absolute maximum ratings. 
operating Free Air Temperature Range 

-55C to + 125C 
the conditi m~nded Operating Conditions" tabla will define 

pM54 and 54 ons or actual device operation. 

DM74 oC to + 70C 
Storage Temperature Range -65C to + 150C 

Recommended Operating Conditions 
,- DM54157 

symbol Parameter DM74157 
Min Norn Max Min Units 

Norn Max 
Ver, Supply Voltage 4.5 5 5.5 4.75 5 5.25 V - High Level Input Voltage 2 2 ViH V - Low Level Input Voltage 0.8 Vi 0.8 V 

oH 
High Level Output Current -0.8 -0.8 mA ,- Low Level Output Current 16 16 mA lo 

T Free Air Operating Temperature -55 125 0 70 ·C 

Electrical Characteristics over recommended operating free air temperature range (unless otherwise noted) 

Symbol Parameter Conditions Min Typ Max Units (Note 1) 

V Input Clamp Voltage Vee= Min, 11 = -12 mA -1.5 V 

Vo High Level Output Vee = Min, lOH = Max 2.4 3.4 V 
Voltage Vj = Max, Vy = Min 

Vo Low Level Output Vee = Min, loL == Max 0.4 V 
Voltage Vy = Min, Vn; = Max 

l Input Current @ Max Vee = Max, V1 = 5.5V 1 mA 
Input Voltage 

hi High Level Input Current Vee Max, V; 2.4V 40 A 
Max, V, 0.4V 1.6 mA 

le Low Level Input Current Vee 
Vee= Max I DM54 -20 55 mA los Short Circuit 

Output Current (Note 2) I DM74 18 -55 
30 48 mA 

'cc Supply Current Vcc Max (Note 3) 

Note t: Al typicals are at Vgc = 5V, T, = 25C. 
Note 2: Not more than one output should be shorted at a time. 

Nott 3: Ice is measured with 4.5V applied to all inputs and all outputs open. 

I I 
I 
I 

2 



switching Characteristics at Vcc = 5V and T, = 25'C (See Section 1 forTestWaveformsandOutput Load) 

From (Input) RL = 40on, CL = 15 pF 
To (Output) 

Symbol Parameter 

Units 
Propagation Delay Time Data 

14
lpLH 

Low to High Level Output toY ns 
Propagation Delay Time Data 

14 ns 
tpHL 

High to Low Level Output to Y 
Propagation Delay Time Strobe 

20 ns 

I 
lpLH 

Low to High Level Output to Y 
Propagation Delay Time Strobe 

21 ns 
tpHL 

High to Low Level Output to Y 
Propagation Delay Time Select 

23 ns 
tpLH 

Low to High Level Output toY 

£; 
Propagation Delay Time Select 

27 ns I
lpPHL 

High to Low Level Output to Y 

ILogic Diagram 
157 I -+ ®) 

I s+ @ 

A2 (S) 

82 <5> 

(11) A3 

(10) B3 

A4 (14) 

ea 13) 

TL/FI6550-2 

Min Max 

3 



Physical Dimensions inches (millimeters) 

1--- 0.785I~ A A [19.94]11AX --~,

•: : : : : }Sfm 
ii'iWy' ; L} g.gs-o.029 

(0.13-0.51] TYP 

0.005
[0.13]--j

t IIIH TYP I 
0.200
(5.08] 

MAX TYP 

0.037± 0.005 , 
(0.94 :I: 0. 13] yp 

q955±g.gs +% 
1.40 :I: 0.13)

0.290-0.320[7.37-8.13) _,. _.J 

0.020-0.060
(0.51-1.52) TYP 

Jl-1811. IIAX[4.57J

HEE 
} -? ? 

BOTH EHDS JJ
0.100:1:0.010 TYP 
(2.54:1:0.25)

J). lSQ. MIN TYP 
[3.81]

JL. 't'~90T~~ 40 

0.018 :I: 0.003
[0.46 :I: 0.08) TYP 

16-Lead Ceramic Dual-In-Line Package (J) 
Order Number 54157W or DM541S7J 

NS Package Number J16A 

0.740- 0.780
(18.80-19.81) 0.090

1 15 (2.286)

0.250t0.0IO
(6.350±0.254) 

OPTION 01 
0.130:t0.005i (3.302:t0.127)

0.145-0.200 ~tr-c:::i- --i:::r-=--.-:: ,......, --,- ....-, ,...... .....--, ..il
(3.683-5.080) J_j__, 

4.J1 
(0.508) +--~0.125-0.150 L 

(3.175-3.810)
0.014 -0.023 
(0.356-0.584) 

TYP

j' 95•:1:5• '
/TYP 

0.3 I 0-0.41 O 
(7.87-10.41) L 

PIN NO. 1_pp4pp== 
IDENT

GLASS SEALANT 

o.o 10 :I: 0.002
[0.25 i 0.05) TYP 

J1U(RCVL) 

0.065

I 0.300 - 0.320 I--- ( 1.651)
(7.620- 8.128)I 

----r
o.ooe-0.016
'' [YP I- 0.280 -I (0.203-0.406)

(7.112)
MIN I. (1.270 t 0.254)

TYP
16-Lead Molded Dual-In-Line Package (N) 

Order Number DM74157N 
NS Package Number N16E 

I- 0.030t0.015
, (0.762t0.381)
I 0.,100±0.010 
t- (2.540 t 0.254)

lYP

«vs!g$% 
(8 755+1.016)

· -0.381

Hl6E {ltV f)

I 
¥ 

I 
I 
I 

5 



physical Dimensions inches (millim t . e ers) (Continued) 

o.oso-o.oao ~ I
11.2711-2.032) I 

0.004-0.006 TYP- i...~ 
(6.102-- 0.152) 

0.026-0.040 TY._. I 
(0.660-1.016) P- }- 

0.007-- 0.018 

L, 9an1-0.3so 
(9.423- 9.sos)" 

(0.178- 0.457) 
TYP \fist 

7 7DMINTYP 

0.250-0.370 
(6.350 - 9.398) 

I 
j rt±.el}H!l!!Ill]_ Y 
A [16151413121110s] E 

0.300
(7.620) ~ 0.245-0.275

MAX .LASS (6.223-6.985)
--, 2 3 4 5 6 7 a + 

pr1LA s'I!]' 
P1N NO. + IDENT 0.250 -0.370

(6,350 -9.398)

E' (0.381-- 0.482) 
TYP WI6A (REV H) 

16-Lead Ceramic Flat Package (W)
Order Number 54157FMQB or DM54157W 

NS Package Number W16A 

! 0.008--0.012 (0.203-0.305)

DETAIL A 

LIFE SUPPORT POLICY 
~ATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
S EVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONAL 
EMICONDUCTOR CORPORATION. As used herein: 

1· Life support devices or systems are devices or 
systems which, (a) are intended for surgical implant t0 the body, or (b) support or sustain life, and whose 
ailure to perform, when properly used in accordance 
with instructions for use provided in the labeling, can 
be reasonably expected to result in a significant injury 
to the user. ,_ 

~ {":!Z;'®" 
1111 West Batdln Road ±st2A,7er 
et 'T (800 ) 27U959 

Fax 1(800) 737-7018 

2. A critical component is any component of a life 
support device or system whose failure to perform can 
be reasonably expected to cause the failure of 1he life 
support device or system, or to affect its safety or 
effectiveness. 

National Semiconductor 
Europe Fac (+49) 0-180-530 85 86

Email: cnjwge @tevm2.nsc.oOfT 
Deutsch Tok (+4) 0-160-5630 85 85
English Tel (+ 4sj 0-160-532 78 32 
F~Tet (+49) 0-180-632 93 58
ltaianO Tat (+49) 0-180-634 16 80

Na110f101 sen,1<:onductor
Hong Kong Uc!.
19th Aoo<, Streight Blod<. 
Ocean Centre, S C8n1Dn Rd. 
Tsimshatsui, Kowloon 
Hong Kong 
rot (8s2) 2737-1600 
Fae (ss2) 2736-9960 

National Semiconductor 
Japan Ltd. 
Tat 8t-04s-299-2309 
Fae 81-043-299-2408 

I, .

I 
I 
I 
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QUAD 3-STATE BUFFERS 

Vee E D 
14 l3

.:n

D 

12
n -E D 

I 

(r?J 1/7
uJ .8-.'. ~ ::I l2J Will

D ­ .:n 'nliiD 
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..-, --, "a! ' :5 ~ 1. co m ., ' !., » 
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SNS4/7 4LS125A 
SN54/74L$126A 

C!.UAD~-S1J\TE BUFFERS 

.LOWJ10'N:ER SCHOTCKY 

11

.J BIF-EX 
CIBill'/Ui l, :C

CASE ES=IE 

Nmrnrnm 
ELASTIC 

crns:E:.a:~~U63 

D S.UFr:Jt 

CREERING NFCRIM/AT7CN 

SN5-LSXXXU Ceramic 
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~·~ = =:::-i . :.a::· 
=-gr .means= f 

-



(k8) mrorooL.A 

SN54/7 4LS125A 
QUAD 3-STATE BUFFERS SN54/74L.S126A 

»» -
Vcc E D 0 E D 0
14 

QUAD 3-STATE BUFFERS 
LOW POWER SCHOTTKY i 1 4

~ gs» Jo 

E D 0 E D 0 GND 
LS125A - J SUFFIX CERAMIC - 

CASE 632-08 Vcc E D 0 E D 0 1
14

TR N SUFFIX 
PLASTIC 

CASE 646-06 

E D 0 E D GND .4t D SUFFIX 
LS126A SOIC 

CASE 751A-02 

TRUTH TABLES 
LS125A LS126A 

INPUTS 

E D OUTPUT 

L L L 
L H H 
H X (Z) 

INPUTS 

E D OUTPUT 

H L L 

H H H 

L X (Z) 

ORDERING INFORMATION 

SN54LSXXXJ Ceramic 
SN74LSXXXN Plastic 
SN74LSXXXD SOIC 

L.= LOW Voltage Level 
H = HIGH Voltage Level 
X = Don't Care 
(Z) = High Impedance (off) 

fNARANTEED OPERATING RANGES Max Unit 
Min Typ 

5.5 V Symbol Parameter 4.5 5.0 
5.25 

pa 
54 5.0 co Supply Voltage 74 4.75 

·C 125 55 25 
70 --- 54 

0 25 TA Operating Ambient Temperature Range 74 1.0 mA 
["a, 54 2.6 -'o Output Current High 74 12 mA --- 54 24 -'o Output Current Low 74 

-

-eribLsTT DATA 
5-1 



SN54/74LS125A • SN54/74LS126A 

CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE ( 1 oC un ess otherwise specified) 
Limits 

symbol 
Parameter Min Typ Max Unit Test Conditions 

VH 
Input HIGH Voltage 2.0 V Guaranteed Input HIGH Voltage for 

All Inputs 
54 0.7 

ViL 
Input LOW Voltage 

74 V Guaranteed Input LOW Voltage for 
0.8 All Inputs 

V Input Clamp Diode Voltage -0.65 -1.5 V Vee= MIN, IN = -18 mA I 54 2.4 V Veg = MIN, lg-+ = MAX, VIN = VI Output HIGH Voltage 
VoH 74 2.4 V or VIL per Truth Table 

54, 74 0.25 0.4 V loL = 12 mA Vee= Vee MIN, 5 
VoL 

Output LOW Voltage 
74 

Vjy = VIL or VI 
0.35 0.5 V IQL =24 mA per Truth Table 

loZH Output Off Current HIGH 20 µA Vee= MAX, VouT = 2.4 v 

loZL Output Off Current LOW -20 µA Vee= MAX, VOUT = o.4 v 
20 µA Vee= MAX, VIN = 2.7 V 

lIH 
Input HIGH Current 0.1 mA Vee= MAX, VIN = 7.0 V 

\ Input LOW Current -0.4 mA Vgg =MAX, VIy = 0.4 V 

los Short Circuit Current (Note 1) -40 -225 mA Vcc=MAX 

LS125A 20 Vjy = 0 V, VE =4.5 V 
mA Vcc=MAX 

Ice Power Supply Current 
LS126A 22 Vjy= 0 V, V= = 0 V 

Note 1: Not more than one output should be shorted at a time, nor for more than 1 second· 

AC CHARACTERISTICS (TA 25c) 
Limits 

Typ Max Unit Test Conditions 
Symbol Parameter Min 

'PLH LS125A 9.0 15 

\PL LS126A 9.0 15 Figure 2 
Propagation Delay, ns 

18 
P Data to Output LS125A 7.0 Vgc =5.0 V 

LS126A 8.0 18 CL = 45 pF 
pPHL R;_ = 667 2 

LS125A 12 20 Figures 4, 5 
Output Enable Time 

ns 
\Pz to HIGH Level LS126A 16 25 

15 25 Figures 3, 5 
LS125A ns 

z Output Enable Time 21 35 
to LOW Level LS126A 

20 Figures 4, 5 vcc=5.0V 
LS125A ns 

'PHz 
Output Disable Time 25 CL_=5.0 pF 
from HIGH Level LS126A R_= 667 2 ~ 20 Figures 3, 5 

LS125A ns 

'z Output Disable Time 25 
from LOW Level LS126A -

gsos?om 
5-2 



SN54/74LS125A • SN54/74LS126A 

1.3V 

tpL 

Vour 
VoUT 

IPHL

1.3V 

Figure 1 Figure 2 

VE 

1.3 V 

tPLz 

= 1.3 V 1.3 V 

Figure 4 Figure 3 

Vee 

j 
SW1 

TO OUTPUT 
UNDER TEST 

5 kn

: sm{ 

i 
B 

I 
I 

Figure 5 

SWITCH POSITIONS 

SW1 SYMBOL 
Open 

[el [ Gee 7., Closed tpZL 

tpLZ 

SW2 

Closed

tpHZ 

--------- FAST AND LS TTL DATA 
5-3



sN74LS147 SN74LS148 

g-Line-to-4-Line 
and 8-Line-to-3-Line 
priority Encoders 

The SN74LS147 and the SN74LS148 are Priority Encoders. Th
d. fth · eyrovide priority deco mg o e mputs to ensure that only the highest

~rder data line is encoded. Both devices have data inputs and outputs
which are active at the low logic level.
Te LS147 encodes nine data lines to four-line (8-4-2-1) BCD. The

implied decimal zero condition does not require an input condition
because zero is encoded when all nine data lines are at a high logic
level.
The LS148 encodes eight data lines to three-line (4-2-1) binary 

(octal). By providing cascading circuitry (Enable Input EI and Enable
Output EO) octal expansion is allowed without needing external 
circuitry.

ON Semiconductor 
Formerly a wisiaw1 af Mo!u!a 

http:1/onsemi.com 
llNNlN NINA 

LOW 
POWER 

SCHOTTKY 
I
I 

GUARANTEED OPERATING RANGES 

Symbol Parameter Min Typ Max Unit 

Vcc Supply Voltage 4.75 5.0 5.25 V 

T Operating Ambient 0 25 70 ·C 
Temperature Range 

lo Output Current - High -0.4 mA 

lo Output Current - Low 8.0 mA 

PLASTIC 
N SUFFIX 
CASE 648 

SOIC 
D SUFFIX 
CASE 751B 

ORDERING INFORMATION 

Device Package Shipping 

SN74LS147N 16 Pin DIP 2000 Units/Box 

SN74LS147D 16 Pin 2500/Tape & Reel 

SN74LS148N 16 Pin DIP 2000 Units/Box 

SN74LS148D 16 Pin 
2500/Tape & Reel 

so 

Publication Order Number: 

~--= ,._,,.,.,.=,.,,=--==-"""'-----·-= 1 
Decernb ductor Components Industries, LLC, 1999 

er, 1999 - Rev. 6 

SNT4LS147/D 



SN74LS147 SN74LS148 

OUTPUT 

NC D 
15

SN74LS147 
(TOP VIEW) 

INPUTS OUTPUT 

3 2 9

4 A 
8 C B 

4 

INPUTS 

SN74LS148 
(TOP VIEW) 

INPUTS OUTPUT 

INPUTS 



\. " ' X X ' \ ' \.' X s 
X \. ' 

'\ :-,... \. .,.,
\

X ' 1i..X ' ·, 
).. ' '\ -' 

\
\

>­ 
X 

X 
\ X X - 
x X 
X - 

~ 
1-- Iii·ti 15 ourPuTs -I\ \I I ,, 

'j 4 ~ r I l,'i. A1 AO GS EO 'n \ \ X. X ~ X ;f i{ II II 11 H H I \\ II II II II II II II II II IT H L l \ X. X. X. X X X I I L L L H l \ X. X. X. X. X L II L L II L H l \ X. X. X. X. L II II L 11 L L H l \ X. X. X. l II II II I H H L H le X. X. x l, II 1-1 11 II 11 L L L H l. X. X. L ll ll II t-1 t-1 II L H L H 
L X. L lt II II II II 11 rt H L L H 
l l } II H 1-1 H rt H H H H L H 

1j1/41 414 
IIC1fol tiff: 

5 

6 

7 (4) 

(10) 
I!) 

7 

El 
(5) 

.,,_._ __ (_15)EO 

SN74LS148 

SN74LS147 

-
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SN74LS147 SN74LS148 
SN74LS147 

FUNCTION TABLE 

INPUTS OUTPUTS 

4 5 6 7 8 9 D C B A 
1 2 

H H H H H H H H H H 
H 

H 
X X X X X L L H H L 

X X 
X X X X L H L H H H 

X X 
X X X L H H H L L L 

X X X L H H H H L L H X 
X X 

X L H H H H H L H L 
X X 

H H H H H H L H H L 
X X 

H H H H H H H L L L H 
X X 

H H H H H H H L H H H 
X L 

H H H H H H L H H H H H 
L . L I L = LOW Logic Level, X = Irrelevant y± HIGH Logic .evet, 

SN74LS148 
FUNCTION TABLE 

INPUTS OUTPUTS 
El 0 1 2 3 4 5 6 7 A2 AT AO GS EO 
H X X X X X X X X H H H H H L H H H H H H H H H H H H L L X X X X X X X L L L L L H L X X X X X X L H L L H L H L X X X X X L H H L H L L H 
L X X X X L H H H L H H L H 
L X X X L H H H H H L L L H 
L X X L H H H H H H L H L H 
L X L H H H H H H H H L L H 
L L H H H H H H H H H H L H 

FUNCTIONAL BLOCK DIAGRAMS 

,3, }.tl ll llI 

(10) 
0 

(1) 
4 

(2) 
5 

(3) 
6 

(4) 
7 

(5) 
El 

SN74LS148 
SN74LS147 

w. (®, 



SN74LS147 SN74LS148 
DC CHARACTERISTICS OVER OPERATING TEMPERATURE RANGE (unless oth 

erwise specified r 
Limits 

symbol Parameter 
Min Ty p Max Unit 

Test Conditions ' Input HIGH Voltage 2.0 
Guaranteed Input HIGH Voltage for 

V 
V 

All Inputs ,--
Input LOW Voltage 0.8 

Guaranteed Input LOW Voltage for 
Vi 

V 
All Inputs 'V Input Clamp Diode Voltage -0.65 -1.5 V Vee= MIN, Iy =--18 mA [o» Output HIGH Voltage 2.7 3.5 V Vcc = MIN, Ioy = MAX, Vi, = V 
or V1L per Truth Table 3]J]]]] 

0.25 0.4 V lo = 4.0 mA Vee= Vee MIN, Output LOW Voltage 
Vy = Vig or V 

Vo 
0.35 0.5 V loL = 8.0 mA per Truth Table Input HIGH Current 

All Others 
20 µA Vee= MAX, Vy = 2.7 V Inputs 1--7 (LS148) 
40 hi 

All Others 0.1 
mA Vee= MAX, Vy = 7.0 V Inputs 1--7 (LS148) 0.2 

' Input LOW Current 
All Others -0.4 mA Vee= MAX, Vy = 0.4 V 

li 
Inputs 1--7 (LS148) -0.8 

Short Circuit Current (Note 1) 20 100 mA Vee=MAX los 

Power Supply Current Output HIGH 17 mA Vcc = MAX, All Inputs = 4.5 V lccH 

Vee= MAX, Inputs 7 & E1 = GND 20 mA lccL Output LOW 
All Other Inputs = 4.5 V 

time nor for more than 1 second. 

'fi ) 

Note 1: Not more than one output should be shorted at a 

I 
I ; 

=- -=== - ,t:/lonsemi.com 
4 



SN74LS147 SN74LS148 
HARACTERISTICS (Vee= 5.0 V, T% = 25c) AC C 

N74LS147 5 

limits 

,------
From To 

symbol (Input) (Output) Waveform Min Typ Max Unit Test Conditions 
i---

In-phase 12 18 
tpLH Any Any 

output 
ns 

i-------

12 18 
C; = 15 pF, 

tpHL 

21 33 RL = 2.0 kn

,-----
Out-of-phase lpLH Any Any 

output ns 
i---

15 23 
lpHL 

-
SN74LS14 

limits 

p 

From To 
(Input) (Output) Waveform Min Typ Max Unit Test Conditions 

Symbol 

14 18 

,------ 

AO, A1, orA2 In-phase 
ns 

lpLH 
1 thru 7 

output 
15 25 

-
[pPHL 

20 36 

-
AO, A1, or A2 Out-of-phase 

ns 

lpLH 
1 thru 7 

output 
16 29 

lpHL 

7.0 18 Out-of-phase 
ns 

[LH 
0 thru 7 EO 

output 
25 40 pPHL 

CL =15 pF, 35 55 
R, = 2.0 kQ 

' 
In-phase 

ns 
lLH 

0 thru 7 GS 
output 

9.0 21 [pHL 

16 25 In-phase 
ns 

lPLH 
El AO, A1, or A2 

output 12 25 [pH 

12 17 In-phase 
ns 

lLH 
El GS output 14 36 lpHL 

12 21 lpLH 
In-phase 

28 40 ns 
(LS148) 

El EO output 
30 45 

[pHL 

8 I ; 

=



SN74LS147 SN74LS14g 

PACKAGE DIMENSIONS 

N SUFFIX 
PLASTIC PACKAGE 

CASE 648-08 
ISSUER ; ; 

{LI1 JU''''.] [, 
16 [ 

B 
8 __l Yrr;,-mmuu-o- 

fl, -c 

rps­ 
5/ % n 
[o]as oiao[]a ] 

NOTES: 
1. DIMENSIONING AND TOLERANCI PER ANSI 

Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 
3. DIMENSION L TO CENTER OF LEADS WHEN 

FORMED PARALLEL 
4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 
5. ROUNDED CORNERS OPTIONAL 

INCHES MILLIMETERS DIM MIN MAX MIN MAX A 0.740 0.770 18.80 19.55 B 0.250 0.270 6.35 6.85 C 0.145 0.175 3.69 4.44 D 0.015 0.021 0.39 0.53 
F 0.040 0.70 1.02 1.77 G 0.100BSC 2.54 BSC 
H 0.050BSC 1.27BSC 
J 0.008 0.015 0.21 0.38 K 0.110 0.130 2.80 3.30 
L 0.295 0.305 7.50 7.74 
M Q 9 10 ° Q ° 10 ° s 0.020 0.040 0.51 1.01 

s 
I



SN74LS147 SN74LS145 

PACKAGE DIMENSIONS 

D SUFFIX 
PLASTIC SOIC PACKAGE 

CASE 751B-05 
ISSUE J 

=ad#, : s:] @. PLANE 

0 16PL 

NOTES: 
1. DIMENSIONING AND TOLERANCING PER ANSI 

Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 
3. DIMENSIONS A ANO B OO·NOT INCLUDE 

MOLD PROTRUSION. 
4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 

PER SIDE. 
5. DIMENSION D DOES NOT INCLUDE DAMBAR 

PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION: 

[@6[6.zs@oio@[r[s ©]A©] 

MILLIMETERS INCHES 
DIM MIN MAX MIN MAX A 9.80 10.00 0.386 0.393 B 3.80 4.00 0.150 0.157 
C 1.35 1.75 0.054 0.068 
D 0.35 0.49 0.014 0.019 
F 0.40 1.25 0.016 0.049 
G 1.27 BSC 0.050 BSC 
J 0.19 0.25 0.008 0.009 
K 0.10 0.25 0.004 0.009 
M o• 7 9 o• 7 o 
p 5.B0 6.20 0.229 0.244 
R 0.25 0.50 0.010 0.019 



APPENDIX C· M. ICROCONTROLLER P 
ROGRAM CODE 

LIST C=80 N=60 TITLE "wcsS . 3,,316F84,R=DEc 
RPO EQU 5 
RO EQU H'C' 
R1 EQU H'D' 
R2 EQU H'E' 
COUNT1 EQU 50
COUNT2 EQU 15
STATUS EQU 3
PORTB EQU 6 
TRISB EQU 6 
PORTA EQU 5
TRISA EQU 5
RJPO EQU 5
AO EQU 0 
Al EQU 1
A2 EQU 2 
A3 EQU 3 
BO EQU O 
Bl EQU 1 
B2 EQU 2 
B3 EQU 3
B4 EQU 4 
B5 EQU 5
B6 EQU 6 
B7 EQU 7

LOOP: 

ORG 0 
BSF STATUS, RPO 
MOVLW B'11000000' 
MOVWF TRISB 
MOVLW B'llllllll' 
MOVWF TRISA 
BCF STATUS, RPO 

SET_ZERO1: 

SET_ONE1: 
AFTER1: 

CHECKA1: 

SET_ZERO2 : 

SET_ONE2 • 
AFTER2:' 

BTFSC PORTA, AO 
GOTO CHECKAl 
BTFSC PORTB, BO 
GOTO SET_ZEROl 
GOTO SET_ONEl 
BCF PORTB, BO 
GOTO AFTERl 
BSF PORTB, BO 
BCF PORTB,Bl 

BTFSC PORTA, Al 
GOTO CHECKA2 
BTFSC PORTB, BO 
GOTO SET ZER02 
GOTO SET_ONE? 
BCF PORTB, BO 
GOTO AFTER2 
BSF PORTB, BO 
BSF PORTB, Bl 

;CHECK IF AO IS PRESSED OR NOT ..... 
;SKIP NEXT INSTRUCTION IF AO IS PRESSED 
;SET THE VALUE OF BO= 0 
;COMPLEMENT THE VALUE OF BO 

I 

·SET Bl= 0 FOR POSITIVE DIERCTION 
' 

·CHECK IF Al IS PRESSED OR NOT _ 
' ·SKIP NEXT INSTURCTION IF Al IS PRESSED 

'.SET BO= 0 BUTTON IS NOT PRESSED 
: COMPLEMENT THE VALUE OF BO 
' 

·FOR MOVING NEGATIVE DIRECTION 
' 
·CHECK IF A2 IS PRESSED OR NOT 
' 



CHECKA2: BTFSC PORTA, A2 
GOTO CHECKA3 

BTFSC PORTB, B2 
GOTO SET_ZERO3 
GOTO SET_ONE3 

SET_ZERO3: BCF PORTB, B2 
GOTO AFTER3 

SET_ONE3 : BSF PORTB, B2 
AFTER3: BCF PORTB, B3 

CHECKA3 : BTFSC PORTA, A3 
GOTO CHECKB6 

BTFSC PORTB, B2 
GOTO SET_ZERO4 
GOTO SET_ONE4 

SET_ZER04: BCF PORTB, B2 
GOTO AFTER4 

SELONE4: BSF PORTB,· 82 
AFTER4: BSF PORTB, B3 

CHECKB6: BTFSC PORTB, B 6 
GOTO CHECKB7 

BTFSC PO RTB , B4 
GOTO SET_ZEROS 
GOTO SET_ONES 

SET_ZEROS: BCF PORTB, B4 
GOTO AFTERS 

SET_ONES: BSF PORTB, B4 
AFTERS: BCF PORTB, BS 

CHECKB7: BTFSC PORTB, B7 
GOTO NEXT 

BTFSC PORTB, B4 
GOTO SET_ZER06 
GOTO SET_ONE6 

SET_ZERO6: BCF PORTB, B4 
GOTO AFTER6 

SET_ONE6: BSF PORTB, B4 
AFTER6: BSF PORTB, BS 

; SKIP NEXT INS ;SET B2 = "RUCTION 1F A2 IS PRESSED 
= IF THE A2 IS NOT PRESSED 

; COMPLEMENT B2 

; MOVING TN THE POSITIVE DIRECTION 

;CHECK IF A3 IS PRESSED OR NOT 
,SKIP NEXT INSTRUCTO: = 
;GOTO TO SET B2 4'®N IF A3 IS PRESSED 

- IF A3 IS NOT PRESSED 
; COMPLEMENT B2 

;CHECK IF B6 IS PRESSED OR NOT 
;SKIP NEXT INSTRUCITON IF 86 IS PRESSED 
;CLEAR B4 IF THE BUTTON IS NOT PRESSED 

;COMPLEMENT THE VALUE OF B4 

; FOR MOVING IN THE NEGATIVE DIRECTION 

;CHECK IF 87 rs PRESSED OR NOT 
;SKIP NEXT INSTRUCTION IF B7 IS PRESSED 
;CLEAR B4 IF B7 IS NOT PRESSED 

;COMPLEMENT B4 

, 

·THE NEGATIVE DIRECTION ,
NEXT: CALL DELAY 

GOTO LOOP 

DELAY: 
DELAY1: 

DELAY2 : 

DELAY3 : 

MOVWF RO 
MOVLW COUNTl 
MOVWF Rl 
MOVLW COUNT2 
MOVWF R2 
GOTO DELAY3 
DECFSZ Rl 
GOTO DELAY2 
DECFSZ RO 
GOTO DELAYl 
RETURN 
END 
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