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A drive systemJor a microprocessor based ernbroicley 
machine has been developed Jor dornestic appliccttion. 
The system controls two stepper motors to produce the 
embroidery patlems. The system is designed for ease 
of handling by the user as well as jlexibilily in choosing 
the pattern. Therefore. it is interj~ced to a keypcid cutd 
an LCD. A software has been developed lo creute the 
pattemJor the alphabet "L" and " V .  An experinwnt wcis 
also camed out to determine the resolution o f  the pat- 
tern. 

1. INTRODUCTION 

Creating a well designed, uniform and beautif~illy 
finished embroidery pattern has traditionally been the 
exclusive job of a slullf~il person. The normal sewing 
machine, even one specially designed for embroidery, 
simulates the movement in one direction only. The 
user has to move the frame on which the cloth is fas- 
tened, or a special knob dn the latter models, to get 
the required pattern. Apart from the skill required. the 
process also requires a lot of time especially in produ- 
cing complicaled patterns. To overcome these set- 
backs, automated embroidery machines have been in 
use for some time for commercial purposes, but lar- 
getted mainly for mass production of embroiderecl pro- 
ducts. These machiries are mostly too expensive Tor 
the domestic users. Therefore, a low-cost machine ha- 
ving similar features should be a handy and useful to- 
ol for the non-commercial users. 

The objective of the s t~ idy  is to accomplish the re- 
quired embroidery pattern using a low-cost micropro- 
cessor based control unit. The embroidery machine is 
interfaced lo a CPU, an  Intel 8088 microprocessor, its 
supporting devices and input/output devices all built 
on a programmable motherboard. It incorporates 8 pa- 

irs of driver for the two stepper motors attached lo the 
x-p table. 'She clesign of a rigid, precise and vibration- 
less s -y  table w i lho~~ t  the high price lag a s  in the mar- 
liel.. is also incl uclecl in this slucly which im~olves per- 
so~inels Ssonl both the elecirical ancl ~l~ec:hanical engi- 
neering depnsl~nenls of the Un~versily of Malaya. 

Figure 1 .Overall Layout of lhc Systcrn 

Sekil 1.  Sistcrnin gcncl cliziligi 

2. IIARDWARE SETUP 
Figure 1 shows the overall layout of the syslem. 

'She Inlel 8088, chosen for its versatility, conlrols all- 
the read or write opera(io11 and can operate either in 
nlinim~up or m~~uimuni mocle. 'Sherefore the system 
can always be espnnclecl to include more than one pro- 
cessor when ~ L I L  in maximum niocle, The system soft- 
ware ns well a s  the pattern programs a!-e held in the 
32K EPROM. 'Iho prograrnmal~le peripheral inlerface 
(PI'I) lCs, 8255, are ~isecl in the psoject. PPI#l is used 
to send and receive clala li-om Lhe LCD whilst IJI)I#2 is 
used to control the movemen1 of the motors. A 8279 
IC is used lo interface a 4x4 matrix lceyboard a s  il can 
perform the three taslis needed Tor controlling a key- 
board. I11 orcler lo view instructions to be followed a s  
well a s  the pattern to be embroiderecl on the cloth, a 
high conlrasi. lasge viewing angle LCD module with 
I~uilt-in MOS clriver ancl controller is used. The conl- 
roller is equipped with an internal character generator 
KOM and a RAM for data display. All display f~~nct ions  
can be controlled by the CPU. 

The slepper motors ~ ~ s e c l  are the Sanyo-Denlri 
Step-Syn 103-775-6 nloclel with step angle of 1.8" per 
slep and it is a unique type of nlotor usefd for moving 
things in slnall incremenls. The Lwo motors, with four 
phases per motor, require eighl pairs of d r i~~e r .  Each 
driver, shown in Figure 2, consists of the C945 Lran- 
sislor which acts a s  the switching transistor. It suppli- 
es base current to the 'SIP120 transistor which is a 
darlingtori pair responsible for increasing the current 
level fed lo Lhe molor. Figure 3 shows the circuit cliag- 
ram of the compleled hardware setup. 
3. SOFWARE DEVELOPMENT AND PATTERN 

GENERATION 

'fie soflware of the system was developed using 
the Intel 8086/8088 assembly language. Initially the 



llemci lu Bir Na 
inasnun Gel 

Ceviren: Ziya OZEK 
Y. Doc. Dr. 

Uludag ~ n . ,  Miih.  Fak. 

Bir r?miIcroi$cmici labait11 i~cllc~$' rnnki- 
nasl i ~ i n  bir siiriicii sislem gdi~lir-il- 
mi~lir. Sislern naicl$ c l ~ s e r ~ l e r ~ ~ t i  c.lcle 
elrncic i ~ i n  ilci step nmoton ulu Icontrol 
edm. Bu sistent k~illanrcryci i$erw 
Icolny lrgl sciglcin~ctk Icadar ckseir se- 
~inzindeki esi~ekligi d e  cirlorncik iqin 
tmurlart nu$ u-. Bu ncdei-rle bir cirrcih- 
la r l~  krin~ar~dci lctblos~ina ve LCD 
yoslrriciye arcibirirn iinileleriyle bay- 
laninqttr. A!fabeddci "L" ve " V  
ha@r-iw Icarg~ gelen desenleri ~irc-  
ten bir ycudrm yeligiirilnri$ir. Ayrr- 
ca. de.senii-2 qkiiniirliigiinii Ixlirle- 
mek i ~ i r i  hir cleney d e  yapdrnqtrr. 

fyi tasarlanm~g, le1cI)i~imli. cliiz- 
giin ve gi~zelce iglenmig nakq mo- 
tifleri geleneksel olaralc yetenekli 
ki~ilere 8zgi1 seckin bir ig olarak 
si~regelmigtir. Normal diliig maki- 
nasl, hatla dzeililcle nakq igin ya- 
pllmig bir makina bile harekeLi yal- 
n m a  bir yande verir. Kullanlci is- 
tenilen cleseni elde etmek iqin ku- 
maain bagland@ ~ergeveyi (ya da 
kasnagi) ya cla daha geligmig mo- 
dellercle ozel bir diigmeyi hareket 
ettirmek zorundad~r. Gerekli bece- 
rinin yanlsira bu  iglem, ozellikle 
karmayk desenlerin iglenmesinde, 
qok fazla zamana cia gereksinme 
duyrnakLacllr. Bu elisiklikleri gide- 
ren ticari amaqll nahg  inakinalar~ 
belli bir siireclir kullan~lmaktad~r, 
fakat bunlar genelde nahg ve bro- 
de iglemeli iiriinlerin bC1yiilr parti 
iiretimleri iqni amaqlaninlglard~r. 
Bu n~akinalar evlerde yerlegik yerel 
kullan~cllara qogu lez  ~ o k  pahall 
gelir. Bu yiizden, benzer ozelliklere 
sahip, ditguk maliyetli bir makina 
ticaret dlgi kullanic~lar i ~ i n  ~ o k  
pralilc ve yararll bir ale1 olacakhr. 

Bu ~allglnan~ii amacl ist.enilen 
nak~g nmtilini cli~qiik mnliyelli, 
mikroiglemci t a l~an l~  konlrol nnite- 
sini kullanarak gerqelcleql inneklir. 
Nalus malcinas~, Intel 8088 milcro- 
i~lemci, yarcl~mc~ clonan~mlas ve gi- 
rig/qhg (1/0) i~nitelerinclen oluqan 
ve ttimii progmmlanabilen bir ana 
pano i~zerine l i u r ~ ~ l u  merkezi iylem 
birimine (CPU) arabirin~ lmrtiyla 
baglanm~gl~r. Sistein s-y lahlasma 
I~affll iki slep 111oLoru iqin 8 qift sit- 
riici~yii de icerir. Kiyit, hassas ve 
titresimsiz hir s-y lablosim~~n piya- 
sadalu yiilcselc bedeli necleniyle ta- 
s a n m  da bu q a l ~ ~ m a  kapsamma 
allnm~y ve iiniversite'nin Elektrik 
ve Makina Mi~hendisligi Btjliimleri 
elemanlannm i~birligiyle yiiriitiil- 
miigti~r. 

2. DONANIM D~~ZENLEMES~ 

Sistemin gene1 cli~zeni Sekil. 
l 'de goriilinelcledir. Esnekligi ve 
LICLIZ~LI@I icin seqilen Intel 8088 
mikroi~lemcisi tiim okuma ve yaz- 
ma i~lemlerini kontrol eder ve mi- 
nimum ya da maximum mocllar- 
clan birincle ~a l i~abi l i r .  BLI nedenle 
sistem, maksiinum modda c;aliyr- 
ken birclen fazla ialenlciyi kapsaya- 
cak bi~imde her zaman geni~letile- 
bilir. Sistenl yaz~hinlar~yla birlilcte 
desen prograinlan bir 32 I t  EPROM 
azerinde yer alu-. Iki lane program- 
lanabilen qevre ilnitesi arabirim 
kart1 (PPI), IC 8255, de bu projede 
k ~ d l a n ~ l m ~ s  tir. 

IJPI # 1 LCD gbstericisine veri 
gonderme ve alma iqin Ic~tllan~hr- 
ken. IT1 # 2 inolorlann hareketini 
lconlrol icin. kullan~lmy t ~ r .  Aynca 
bir IC 8279 arabirim kart1 cla ldav- 
yenin kontrolu iqin gerekli iiq iglevi 
yapabilrnesi nedeniyle, 4ir 4x4 

matrisli kun~ancla tal~losu ile ieligi- 
mi snfflamada kullanllm~gllr. 

Uyulacak lcomutlarm ve kumag 
i~zerine islenecek clesenin izlenebil- 
tnesi arnac't~rla yiilrsek karg~thkta, 
genis gb r i i~  aq111 ve yaptsmda yerle- 
~ i l r  MOS siiriicii ile kontrol i~nitesi 
bi~lunan bir LCD modiilii kullani- 
In.. I<ontrol iinitesi bir dahili karak- 
ter lcocllay~c~ ROM ve veri bdintiile- 
me i ~ i n  bir RAM ile donatllmigtir. 
T i m  gtjriinlii fonlcsiyonlan CPU ta- 
rafmdan kontrol eclilebilir. 

Kullantlan step nlotorlar~ San- 
yo-Denki Step-Syn 103-775-6 mo- 
deli olup adlm aqlsl her bir adlm 
iqin 1.8"'dir ve kiiqiik art~glarla ci- 
simlere harekel verebilen yararll 
bzelligiyle kenchne azga bir motor 
lipidir. fki motor, her biri iqin 4 faz 
olmak itzere, toplam 8 qitf silriicti- 
ye gerek cluyar. Her siirijctde. $e- 
kil. 2'cle goriilclii~ii gibi, a g p  kapa- 
ma tranzistorii olarak qaligan c945 
tranzistdr yer ahr. Bu tranzisttir, 
nlotora beslenen aklm diueyini ve 
yiiksellmekle yiikitmlii Darlington 
Kuwetlendiricisi olan TIP 120 
tranzistiiriine baz a l i i m ~ n ~  saglar. 
'Mm donanlm diizeninin diyagram 
Sekil. 3'de verilmistir. 

3. YAZILIM G E L ~ ~ T ~ R M E  VE 
DESEN WT~& 
Sistemin yaa l lm~ Intel 8086/ 

8088 makina dilini kullanarak ge- 
ligtirilmiqtir. Baglanglqta yazlhm, 
sistemde yer alan tom aygitlann 
adreslerini belirler ve slf~rlarna ya- 
parak baglama konumuna getirir. 
Bu i~leini x-ve y- motorlarma spe- 
sifilc deseni yaratacak sinyal dizisi- 
nin (pulse sequence=atlm dizisi) . 
ionderimini saglayan program ko- 
mu tlan ve prosediirleri/arA iglem- 
leri izler. 
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'ill 
program declares the aclclresses of all the devices in- 
volvecl and inilialise them. 'rllis is followecl by the 
program instructions and the p r o c e d ~ ~ r e s / s ~ ~ l x o ~ ~ t i n e s  
w11ic.h are ~tsecl to send pulse sec1uences to the x and y 
motors to create specific patterns. 

The cloth move~nent is performed along carlesian 
x-y coordinates a s  the motors are placed perpenclicu- 
lar to each other. To create diagonal lines, movements 
have to be clone in steps. 

The most part of sofiware development of t h ~ s  
study is centered around produclng eml~roiclery pat- 
terns for alphabets. When the system expancls, other 
patterns will be included a s  well a s  control programs 
to coordinate sewing operations such as cloth move- 
ment, sewing needle speed and detection of Ix-oken 
needle with fetching of patterns. The two alphabets 
chosen are the "I," letter, to represent perpendicular li- 
nes, and the letter " V  to represent slanting lines a s  
most alphabets have these characteristics. Therelore, 
the procedures meant for these two letters can be 
used for all the possible alphabets except lor those 
with curves such a s  '0' and "2'. However, even such 
alphabets can make use of the same proced~u-es a s  
they can be displayed in the similar way a s  they are 
produced on the 7-segment display. 

The patterns, (or alphabels a t  this stage of study), 
that are to be sewn on the cloth can be divided into 
some basic movements. These lines include lines up 
and down, lines left and right as well a s  slanting lines. 
The pattern going up and down is controlled by the y 
motor, so the required pulse sequences are sent to 
this motor. First a 1100 pulse is sent to Port B of 
PPI#2 after which the program goes through a delay. 
This pulse will create holding torque on motor-y. Alter 
this the ROI, instruction rotates the MSB to the left 
and the next sequence is sent to the motor, causing it 
to step forward. To make the movement continuous, 
the process is repeated as needed. A movement in the 
opposite direction is achieved by the ROR instruction 
which reverses the sequence of pulses. By sending a 
40 .step sequence continuosly, a straight line which 
averages about 1.5 cm is obtained. A procedure na- 
med "YILJP" and "YI,DOWN" are used to achieve the 
movements in the y direction. 

Left or right movement is effected by sending simi- 
lar pulse sequences to the x-motor. 'She "XLEFS" pro- 
cedure draws a line along the x-axis to the left. while 
the "XRIGHT" procedure does the opposite direction. 

In order to draw a slanting line, both motors m ~ t s t  
be controlled simulianeously. Since only one motor is 
controlled for this project a t  any instant, an  angled li- 
ne is obtained by drawing in steps. This is shown in 
Figure 4, which is accomplished by the "PAITERN" 
procedure. Similar line in the opposite direction can 
also be drawn by another procedure called "PAT- 
TERNI". Both these procedures are used in alphabets 

that have perpenclicular or horizontal lines only, such 
a s  the letters 'I,' or 'r'. 

Another form of anglecl lines are reqc~irecl in alpha- 
1x1s such as the letters 'V' or 'W' and this is shown in 
F ~ ~ L I I - e  5. It is o l ~ ~ e ~ v e c l  hew Ihal the clisplacement 
along the x-axis is less than the clisplacement along 
the y-asis. 'l'his (!riteria enables slanting lines to be 
procl~~cecl and its is achie\recl by the "PA'I?'EKN2" pro- 
cedure. 

The motor movemeul for pattern 'I,' is shown in Fi- 
gure 6, where it can be seen that. the letter can 11e 1x0- 
ken into s~naller blocks which repeats itself 5 times in 
the vertical direction and 2 tirnes in the horizontal di- 
rection. Figure 7 shows the corresponding movement 
for the alphabet 'V', which in turn can be broken into 
two slanting lines. 

4. RESOLUTION 

An experiment was cassiecl oul to find the resoluli- 
on of Lhe steps. For a given number of steps to the 
motor, the length of the line clrawn was obtained from 
the x-y k l ~ l e .  The seaclings obtained are shown in Tab- 
le I .  The length, 1, of the line sllo\Gn in the table is an 
average of 5 readings. 

Table 1 ,  r/leasurcmcnl.s of line 1engl.h for given number of 
skps 

Tablo 1.  13clirli aclm say~lan iyin yizgi uzunlugu 611,!iirnleri 

Figure 8 shows a graph of 1 vs the number of steps, 
n. The gradient of the graph gives the resolution of the 
x-y table. 

From the graph; 

A1 = 2.02 cm 

An = 55 steps 
l'herefore. the resolution is fo~lncl to be 0.0367 cm. 

A theoretical calculation of the resolc~tion of a n  icle- 
a1 x-y table is 0.0345 cm. Therefore, the resolution of 
the designed table is rather good even though it is not 
rigicl enough lo produce sharply defined edges. 

5. CONCLUSIONS 

The hardware and software for a microprocessor- 
based automatic embriodery machine has been cleve- 
loped s~~ccess f~~ l ly .  Application in the domestic and 
snail-scale textile manufacturing incl~~stry is feasible 
a s  the system is low-cost and flexible a s  the pattern 

Number of s t eps ,  n 
(Adlm saylsi, n) 

20 

30 

40 

50 

GO 

Length of l ine ,  I (cm) 
(qizgi uzun l~@u,  1) 

0.75 

1.10 

1.50 

1.80 

2.20 



Figure 2.  The circuit of clriver unit 
gekil  2. Siiriicii iir~itc cIcvresi 

Molorlar birbirlerine dik olarak 
yerle~tirilclilrlerinclen lrumag hare- 
keti x-y karteqen koorclinatlarl 
do~rullusunda gerteklegir. Kogege- 
nel gizgiler elcle edebiln~elr icin ha- 
rekellerin adllnlar biqimincle yap~l- 
mas1 gereltir. 

BLI gal~gmadalii yaz111m geligtir- 
menin biiyiik kmnl alral~eye kar51 
gelennakq clesenleri iiret~nek Clze- 
rine yoffunla~rnlgllr. Sislem genig- 
lelilcligi zaman; l r u m a ~  hareketi, 
dikis iffnesi hm,  k~n l r  ignelerin 
saplanmasl ve desenin tamamlan- 
mas1 gibi d i k i ~  ve nalug iglernleri- 
nin koordinasyonun~l saglayacak 
konlrol prograrnlarl ile cliger clesen- 
ler cle clahil eclileceklir. Alfabedeki 
"I," harfi ve "V" harli s~raslyla, dijier 
harflerin qogunu cla karaklerize 
eden, dik ~izgileri ve esik qizgileri 
vermeleri nedeniyle segihniglerclir. 
Dolaylslyla IILI harfler icin geligtiri- 
len prosediirler, alfabenin egrileri 
i~e ren  "0" ve "C" gibi harfleri dwn-  
da kalan cliger liim harfleri igin 
kullanllabilir. Ancak bu harfler, sa- 
ylsal gosterim lekniginde elde edil- 
melerine benzer $ekilcle, aym pro- 
sedr~rlerin kc~llan~~nlpla cla yarallla- 
bilirler. Kumasa dilugle iglenecek 
desenler (yn da cal~grnanln bu aSa- 
nlaslnda harfler) ban  basit hare- 
kellere bbliinebilir. BLI hareketler, 
yukan-aaa@ ve saga-sola uzanan 
cizgilerin yanislra egik cizgileri de 
i~er i r .  Agagl ya cla yukar~  dogru 
uzanan clesenler ~-1nolor~1 larafm- 
dan konlrol edilir, bu  nedenle de 
gerekli at1111 (pulse) dizisi bu moto- 

CLOCK 
GENERATOR 

INTERRUPT 
CONTROLLER 

EHq I=; 
M A T R I X  .,-.,lOARD 

KEY BOARD ;:;: 

PPI#1  

MOTOR 

MOTOR 
Y 

Figure 3. 'I'hc circuit cliagram of ihc wholc I1archvarc scliip. 
gekil  3. 'l'iim cionanlm liot~ligulns~~on~.~nun dcvre diyaglanu 

ra gonclerilir. ilk olaralr 1'1'1 # 2'nin 
B porluna bir 1100 allm dizisi gon- 
clerilir ve bunun arcllnclan program 
IIir gecikmeye ~u@-ar. BLI aim y- 
~nolor~lncla bir ~ L I ~ L I  5tork) yarallr 
ve bunu izleyerelr ROT, l c o ~ n ~ ~ l u  
BSBYi sola dondiirC~r ve bir sonra- 
Iri a l m  clizisi motora g~nclerilerelc 
ileriye cloffru adumlamaslna neclen 
olur. Harelielleri scu-elrli Ir~l~nalr 
igin siirec; gerek c l ~ ~ y ~ ~ l c l u & ~  clenli 
yinelenir. 211 ydnde bir hareket, 
atm clizisini lersine cIoni'1~1iiren 
ROK lromutuyla hagarhr. Kesinti- 
siz 40 adnnl~k bir atim dizisi gon- 
derilerek, orlalama 1,5 cm uzunlu- 
ffuncla bir diiz qizgi elcle eclilir. 
"Y1,UP" ve "YT,DO\VN" isimli prose- 
cliirler y yoni'~ncle harelieti ger~ek-  
legtirmek igin kullanll~rlar. 

Saga ve sola doffnl harelreller s- 
lnotoruna benzer aim dizileri g6n- 
derilerek saglanu-. "?(I,EF'Y prose- 
clC1rCl x-ekseni boy~mca sola dogru 
bir ~izgi  qizerken, ",WIGHT' prose- 
dC1rii de z ~ l  yoncle bir cizg~ O~LIS~LI -  
rur. 

Ecik bir qizgi elcle elmek i ~ i n  her 
ilii motorun cla aynl ancla lrontrol 
edihnesi gereklidir. Bu projede her- 
hangi bir anda yalnlzca bir motor 
lrontrol edilebildijiinden, egik bir 
qizgi ancak basamaklar halincle qi- 
zilerek elcle eclilebilir. "PAITERN" 
proseclii~~iiyle gergeklegtirilen bu 
harekel Sekil. 4'de gbrtilmelrledir. 
lZar~11 yoncle benzer hir ~ i zg i  de 
"I'A'ITEKN 1 " aclh cliger bir prosedii- 
I-CI k~lllanalak qizilebilir. BLI prose- 
cltirlerin her ikisi de " L  ve "T" gibi 
yalnrzca dik ve yalay cizgileri olan 
allabe karakterleri i ~ i n  kullanll~r. 

Alfahedeki "V" ve "W" gibi harfler 
i ~ i n  clegigik bi~i lnde e@k ~izgiler ge- 
reliir Iri bu Sekil. 5'de gori~lmekte- 
dir. Buracla x-elrseni boyunca yer- 
degigirn y-elrseni boyunca olan yer-. 
clegigiminden claha az olclugu gbz- 
lenmekledir. BLI kriler, egik cizgile- 
rin o l~~g t~~ru lmas ln l  saglar ve bu 
"I3A'1TERN2" prosecliir~~yle ger~ek-  
leglirilir. 

"L" motifi i ~ i n  motor hareketi 
Sekil 6'cla verilmigtir. BLI harfin mo- 
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Ngure 4.  Attainment of a slanting line in steps 
Sekil 4. Egik bir ~izginin basamaklar Iialincle clclc ccliligi 

Figure 5 .  Drawing of an angled line 
F k i l  5. Egik bir ~izginin @zilmesi 
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Figure 6. Motor movcrnent for pattern 'I; 
qekil 6 .  "1," motifi win motor liarckcti 

canbe changed through software. It is also portable a s  
the whole CPU, its supporting chips and the motor 
drivers are all on a single mother board and easy lo 
operate a s  the user needs only Lo input Lhe pattern re- 
quil-ed through the keypad after turning on the 
system. Further developnlent will include a floppy 
disk drive hlerfacecl Lo Lhe system so thal more comp- 
licated patterns could he produced. 
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Figure 7. Motor movcment for 
patkrn "V" 

Sekii 7. "v" mot.ili iqin motor harcketi 

figreare 8. Variation ol' line lcngth 
wiLh nun~ber o l  steps 

Sekil 8. Cizgi uz~.~nlugunun acl~m 
say~s~yla clcgigimni 

lili +eliilcle cle gdr~tlcliigii gibi, cILI- 
qey ySncle 5 klz \re yalay y6ncle 2 
kez yineleyen daha kCi~iik birimle- 
re I~tilC~nebilir. Sekil 7'cle "V" harfi 
i ~ i n  kar~111li gelen motor hareketi 
gbrC~lmeklecIir ve b ~ t  cia gerekirse 
ilii ecili ~izgi  olarali aynlabilir. 

4. COZUMLEME (Resolution) 

Molor acl~rnlarinln ~oz~kmleme 
yetenezini bulmak amaclyla bir cle- 
ney yapllmlgtlr. Molor~~n yo1 aldigl 
belirli bir savldaki acllmlara kargi- 
Ilk qizilen ~izginin ~~zun lugu  X-y 
tablos~~nclan elcle ecliln~i+lir. Bulu- 
nan degerler Tablo I 'cle sunulmug- 
lur. Tablocla gosterilen "1" cizgi 
~tzunluffu clegerleri 5 degisik oku- 
ma clejierinin ortalamasldlr. 

Sekil 8'cle "1" clefferine kargll~k 
gelen "n" a d ~ m  saym clegerleri gra- 
filc olarak verilmi~lir. Grafikteki 
qizginin egimi x-y tab los~~nun ~ 8 -  
ziimleme degerini vel ir. 

Grakliklen, 
A1 = 2.02 cni 

An = 55 aclm 
BLI durumda c;6zC~mlen~e 

0,0367 c.m olarak bulunur. 

fcleal bir s-y Lablost~n~un Coziirn- 
leme clegeri, leorik hesaplama so- 

nucu 0.0345 cm olarak bulunmug- 
lur. Dolaylslyla tasarlanan tabla- 
nln ~ozc~mlemesi, keskin tan~mlan- 
mls kenarlal-I olusl~~rmacla yeterin- 
ce rijicl olniamasma karSln, olcluk- 
Ca iyiclir. 

Bir mikroi~lemiri tabanli oto- 
malik nakq inakinasl i ~ i n  dona- 
nun ve yaz~llrn sistemleri baganyla 
geligtirilrni~tir. Sislemin dilgtim 
maliyeti ve desenlerin yazilim ara- 
cll~g~yla degi~tirilebilmesi esnekli@ 
nedeniyle ev kullannnl ve kLWik 81- 
c;ekli lekslil h-etiniinde ~lygulana- 
lxlirligi vardlr. Yardlmci yongalari 
ve motor sL~r~~ciileri ile tilrn CPU 
teli bir m a  pano iizerine yerlegtiril- 
cli~inclen taynabilir olan sistemin. 
kul lan~c~nln is tenilen deseni (sis- 
tem aqlldlklan sonra) yalnzca ku- 
manda hblosu araclll~lyla girdi 
yapmasmln gerekmesi nedeniyle 
cle iqletimi oldukqa kolaydlr. 

Gelecekleki bir geligLne, sisteme 
bag11 bir floppy disk siifllcii biri- 
min eldenmesi olacak ve boylece 
~ 6 1 ~  daha karma+lk clesenler 01~9- 
tur~~labilecektir. 




