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i&IEHT&

ifrr* tfr ltfrffi E ( tU ffi t m x[ B 4\ fr\ rfrrfrit {fi f E tU

tE ziqF! *ft . )31ft lg [E xfl B E H!,fnEg1/-fri

fr T nfi^ !frft fr\ G E, tfiYR *ffi fr\ frfr|fr fr Ft * $fr 4 fr
lgElg{zmg lN,, rttr 2-5 FF-. B +frfr.7+thffirt
@, *i, llUJET + * ffi te@,f-tt- " fril= + *,t rr\ t9lli,frfr.

fia\+.fi, mlurE7+*\tJilrb+fixE.fj't fri), r(tr +
El L). E U, tUffi # m H xj 8te7frrJrr*trtL.trr&+*fr8F^,

friH bj Etrfirt*Mtert fi\*ft frE[ 4 0' .
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( Efi + A?8X64+) 
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 'f n E 4*,t 7 ;t F 1U$ t tr fr\ {nlEnfi^ltl ffi t,')413

E )x t+ iA 6 f,! ftI H E ;Ill tr *,Bfir) 46tRLt ffi t "

2.2.4 Efii{&firffi[E
l[,'ft+]+ig6 + fr\nfr.h Lt tr.Ig-fiq X E filt'f lfi ( tr

'Efi illu,t€l*?E " -i5 ) fnifi llEruf+.

\fi ̂Bffin*.Ei'EtZX+H!€EtrEt€Hfr ifi^IAfr\9.1N,fr jg.|t
fr\tn*."ieFG jxf +r[,*.fri)fr fr\frfr ̂ hit*l(,Efr.-,ry.Mfrfr a
itEAfE)fE, .fEEFIAIE,EH 

"

H'JH!EHTSftEJT-=T*,fii+H X. Y trI Z =I4E
tr E. H! +fi . tHlu6i{,1€B :"€ x1fl.4fi fl tH}u,f=B, E tL,lF

# Ne2rb\4xF*atfr\*y+tr8ffi rr H F :S +, -H- 4U iq6 E]

L)tiEU t'?c st,}i!.i*E!EG:.€ + filirt+E.

*y,+rfi.hi+tr+Hxnru 2 f B 4u.i€B #, ffi*Efia
XHfllH!ff]E" *ll^iilffi+-fiQF.tr 10 - 13 trfitH
itry}E, *!lTH! 3 - 6,&)qHHy.

=.:*,nTJsit)IllefLlH!4{+,Elr[I4)/fi**+E!*f],E, Ep 2,3 rEg
i rr 15 ldIEl L.,e H! +E 6E E Ft . E cE tE fl E fl E 

=fii#rft.+fr 
fr

:_:=t{trHEti,tEtrH!tUjElb{fi+EE, i[82-6FF-" Freescale AAfi! FXN/S3110 E-f+,tft/diA=
+fr hfr. lF B # " )tl, I | trH 4R ?e \4 rfr. lt ffi # f E,r I E tr'1€ B ?S

E! LSN/303 ffiH, Roatruit Adl3Hfr-E'!#F1,7
+Fliffitfift, inE 2-7 Ffi,r\"|'

-illf
:.: '-, fr

. -:7-Lt
= ::I:JT

=.=.fr1l
= --.-*Ifi.

.E+
::-a
-: 

Er

3 2-6 H f " i fti" +A *nt n rt't 5 t&,1s.)L,tLa!1 *k ^

2.2.3 t*Wimhi+
,f E + 

=tr 
E;TET, H]E E+F+6fi tr8tr-58;I

t4rrIjE tLH! fiWA " +trF., 9i1L,fr\\fr,tfrfr,+E=t-h+P
+E)ft " Ef.lrE* E6i{,r itfi! r,ff lHrE. iEEISlt Eitr

ltJ hfr.'f++n ff . rft+t -&B fifi^ h it 6 4 r){ to il t) tr ft\fi ,tfr " (E

tr 2-7 LSM303 € STMicroelectronics uo\ ;l 6i 4+ A E il. fi ,

Adafruit ua\A 4f rr.4+;S h * h-i E f 6t +,tJ'"}E}+.

xTlrriEIgl€EEE H! /HtEtrA+^# 1 0 E.
lnvenSense A-d H! N/lPU-9250 E-*mEfE,q

I N/ U ffi ,+, I A = +fr lrE {H1!. = +fr ii{,t€ E E-€ f[ = +fi 
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?"4 *U{i]{fiJ:]iU

Erg.l€E#.

N,l p U -9250 n! 
^ 

BEft rE?SEl rt IE Elxtrfi! +€+ft I
,?8q8, +l+HtrE l':C il SPI ,H4iilEt l Mtz H!

E+4ft H EUH 1frt96. mHil,+tlr,l!t 3cm

x+ [E{H1!.l€H?"e H! /triErJA +' ff e € .

2.4 T[ftilEHE
xtTirl+ H! = +fi *.+M,r i+*iH,, &H ftrfitru

EE :?.it E L){ H }& iE E l'zC }* tr i* ry H ;I!l E il ffi , .{tI] i[
HMC5BB3L. ,fFffi Arduino +e/r}ffi+"

ffiHJHTRA HT HMCsBB3L H!I4EIET*"

-flq4Hl*+#E€ 2.5v {fiJE)J.H, trtLrl-EFE LIHIEffi
sVDC Ei,H,f+E.

EftH;HL)T'I., tEIA,'].ffiP+EH SCL( HGEJI+ffi  )
fr sDA ( Hll4qlEf6^ / +fiH ) ffitREtEil4iEp4iEij
t'zc t}iy-5,l-FiE{=" 1H{Bf;uEeE LtiEu t,c 98,,,*i*
ryffi{rr itH! HE#*\iE " HEAEH& fi 

rJ+N!+, ftrEf;UEE

i5 q L){ )lg JH lA E F ?S li{ }E +t tfr m,nm.h i+ x +H . r ffi fr
Z +frfr\trfi^Ih lE ( t+^Hfi }v ), WL-Z _LH lTee Efi ffillfr;E
+x{+q,HiEffi"

M p u -9250 H!ffi ;*_52+,fU, REEefIEFli5f
lEF. sc fr e, " [E rE -L tr ++ tr- il Et H! I M U,ft fig E,{+ ft H .
Sparkfun AA xiZ+ft H! M P U -9 1 50 tEl*lE.fA,itEq

Siel>*{f>ffif:i*

++, )t ffi tr ft,*J 1F.*1fwlE7-lF "

2.5 #TEFIE

2"S" I ffiS*tu

\tth t+ -il4' ffihfrJh Ft nfr l?x, H rJ H! ir f llt tr- ffi f + .

igti{Tili,E}E\fr ^hrtFfi tretf.&AHfr\ifr ̂ 'l++nffi #*
H!+],r " iq6 

^ 
BI]Hltr{ t++nffi-fr9atrEH!, tr rltxllu

H!-i. ['fX r'fF +!- t i6 + .

tri + ti E+A tu$rrt^Ifi fr\* lL,tDhfr.h i+ H iEfr\q frfr.

lLtl++ffiXH!_F+/r"

H Wfr\+ rfr^+l,rE Err tE, frk *,Hnt+f' +fr*^
Lfi , ]Jt+rit^1tr^++h1frffinfri i+=ffi EltHp-Efll. u,\
4gt-EtrE!EHfrnli 

"

:.5.2 *#ry&
rfrh *ff h -:BES {,8 -t H! 

=#'fnE 
G tr- i# n . HfrE

t/FtfilqlrE"€.,ts8:8, EH'fffi €/E. 4ft €;t=*AIl+
F + E t] +ffi ffi tr i+ illl E E\nfr^In " - fr**llErfrhi+ffi ,+

TA7QtE+*\frE ffir&.
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E[ & ilU.{t E E-e, €' fl {   |i1fr,{i Z&EE H,{€ t* ?$ .

6 *' I+ EE B'{€ E 3S E y X El L},[l] E E +r' EE E B!.f€ B EE, # 1g H ifrG:ffi 5 4fi ,H " +Z.fl\ & ifll
€ E €-€,fn {x & nll rF E ru ffi I ft6 H w |FGE, WkD} 9t # zr }E,fA H.{&,f 

= 
H .

AH)13xlrtf zafi+en5llfr^+Z,{atoil|J,{€E;Efi!++,tt. astaEF;8{€BEs,ltfEtr.{€BEE"
=-4. ??EW. €B. Ei . FfiSEr*+U{6f,iilll'i€E?SZ.EAfi/}AEtrE.

iE ij t0 ;IIl trEt ii*-$frft+n{a T?Tr H!,f€ B ps{fi x E9{,i€ H :_€, 6 F- * 
^ 

LA " ( E ffi X )lHf r X
€ *:-eH! ?s,{+E il.{ x{B1rt.{€rilEE. )

6 H t4 6 i5elfi #i6rt1€B?S, Effi ,f€ HEe{r=X& H! iEffi *EIfl +2 1 EE, X rr.l X#X "

t$\tJ+hWffirhfl{+891H fr\rltft*fr\ilfff,tit&i$t]:9f?Ehltffiif-, rH&3 PtR, tr-Eit,r€+jfi
Rrydtft mZE. XriX{+,t€BEsH!f;riREASffi 4 € 

"

XEt = fffi Htr[ X EI : t& H * frft EW l6ItE EE E H!,tt E H 7r, i+ mH 2 1 ]Ftaffi 22 E.ti ft ft
s?sH[,;.

HflgffiX7trEE{+
. EEH,I€,*EE (trtr5H)
- r&iir1.4..iltal*EE ( trH 4 H )

3.1 EBt:Ilfrt+A
r.[6 &)!ll.f€ E :-€ E] r). EiFE ;E tr I +U Hfi E E H +n ff

= 1TA?&i\J+n.ffi filfEffi &EtEWih.EE " ?&toilll

' r,0)If 'l€E EE iE Hffi *K E A 
"h4N,.4!fr,ff! 

I4FIt

-, rl,f€tsffi t6)qtr-bI gff|Aff , ii,altrittlt
-. '='Ait+l"

='. =1i.41ft,1frffi+nffft 
ffi:-€*[Ei#, 

= 
tr /\EA

: - =:1.'f€E;.€,?.ir&HlEgF . +n1^4€M#[qL).
- -r .EEAXt-, li,ElFJt[R1vffX,1H,ffi, [Rffit]

EErtjlH!I1f 8tr"

3.1 .0 lHrEtrf+E

ElHiEtr +, )i+W|^|tE:E Elff EE + i"lffi )E)H

ffi*ffiieH! LED fifl)tff=t&E, l[tr 3-1Et.FfiZ-."
)E;Rffi**z\Ltttei'#E1"

H al fr,')4 )i-89. - WE fr\tr+ +ffi ,Etr: t&E'ft ffi , ln
B3-24-LFfijr-"

ifi ,l€B?s H!ffi -E-58fi il&4€E#ffi E, !r tr 3- 1

I /1 HrTI< "
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Hl4i+tfr7t tAffi f+ H trtoil))fr *, xtTtfr,.

sffi > &;{lJ > {fi {s&t!!t,f€ffi *&

3.3
ffiHt#.!i4#,$?*frtrfi!*ffiil'{€ts88, ffi -iltiBi

illlfU#fi8EliEBfi9-|L, l[tr 3-3 FFz\.
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ffffi{€BEEm++ 

"

cr,fatoi,u,{tHi #E

7c M'

iEq*4 €Hfx

:ta +#/L1a

YET*
hH&.hf
& t&,]lIJ

E)l
xv +i{ii

Hz+#[

TI lHf I lHhl
Eqfru

Efii{ru

i'I9+fl hafr.et
& {si,ru

&&a

xyt&fl

a4&4

L+,1+t

B 3-2 A+le 4-e1 *h 4{}tr i\l 4+ & #'+ tu h\ +A " + tu 4 l? tL hh

4+45+&A,4 d.

". +Jrrlf.+t,ii,l.1i-l* i;fi T t;l ltlrl z'*

i!tr3 3+ffi 2fiEtrFfiz., rrF*N3,ipBi:Sr!)6
l- ll:EHrlm+#E-t H tgE!ffi rffi , Fl,W tni fll^l#

,51, x.E'fvEqfi 7+,lFh!8, +E tEAtEriqrIT e-
t E H " fi R\4 EBIEB'r:' fr ! }i qq Blsfi *ffiE-d - + rlfr
+, [ufffi! tffi E* " -H-r,fFtrrEA rlTmf+,

t+it1)+n ff h E )i+n ff ('{rt] iE'f€ts ffi j H! I,Q ia-ft# 7
fi E ee7 ), \l+i\t)+'/) 1Ar+U4€B:-e& H H!)E

REt, +l3*HtrE1tr 1€tsEEi*qq*Il'::', E1+illl
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*e4f EF *i*&qE
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6&iIll

lgtHr[XHHtE]g, ![tr 3-3 +H!ff 3 rfE-trFfiZ\.

x&Et:Ex.lH*HtrEtrqifiE, 
= 

?+irlt +nff\4Jt
r?8ffitsf 81, 1*q!?Sl+t0il))TilXtt, t[E 3-3
+H!ffi 4 flEtrFfiz\"

E 3-4 E Vrshay  e ft ffi fi! TCZT8020 4tr
- x1€E:8, af+ X1€H :-€ tsE{EEAfn }i qq*l],n'Ef
., . HtO;rill E t, 468+EE 5mm x 3mm" 1Fffi Et']*

- r! Egi:Ez iEl H!,?EE{r{'t +*z'El . &fi :SH*E
- r_r\t* LED, m++ qIEe[U E-.E.XEI=t&€ ( X

. :5! = f&HE!1=,8-rJA+qH 22 E ) "

&q{ E-e frn }* ilt:E H! Em E B rEAEE svDC " XEF.
.i H E! ffi frfrr;r )l +lffi 4fi H. F Eieffi t E;n ),
'rA, 'lt.HEt,L,tfrHEt 100o tl-lE!_LlvE[8. ),F

=n46ZfrEE 60mA,,f*ffi Etffi P ffi H*atrH! [Rin
-=-

xTF €fe+f84fi H n!ffi Xf! iF rJA +- [1i+;BA,

= A 4 F,T_"

-

+lt!tq+Hw44\81tr^tr-E€++fr H . r;: 
= 
.- -,

ttfirX6,lE1l)t81t 1,ffi E.

tr3-SEEverlishtAAHffiH! TR96,- - .

H:8, EE-t+tt+r,ffi44fi\)t#X ( trnZtr,E -
rnterrupter" ) , 8E-T+ 5V+fi,\, R€&;r;E=
,:H H!iq6 " .fe,ffi Et&El?s LED rffi ffi erf l* ffi HrB:-=

4fi # v'# ffi Prf ,*tln E E. ft'f€E:s& rFH-tl F H H r.

B 3-5 -4t4,(r\.-|6itjit1+A#, tu-ihh *,Jl*. E f tt
,l'li{+8iiA-'l<i tmm" 1?BFf wMa\fr.lyh smm,,

RffiA +n 16rcifll] E p X ffi zr?t th LE D Bi gt E€ fE
ttrlrtl* qq:-€ e E H!'f€ E:-e f'F". l1t)l! Vrshay A
El H! TSSP77038't€ B :-€, e frrJHt'!'Ill E,1F B H tr
5 0 c m, E t0,[!] EU +2'f4\ 81, ]* q& :"€ F € tfi ,trl.4fi H 1ffi E
+.'lFffi Elz"rt')4891 tfrji*frfrF:;E,#=U 38 k H z.

tr 3-6 E Polulo Robotics and Electronics
A A H T TSSP77O3B H! 4ft ET A IH JA Hff H, 8 A
TSSP7703B 8,fr. t_rrtrt LED f[ 555 EEf ?S+-
:-€'f+. HtrHl*rE 

= 
f.-f rlBiil1€ BEE "

Polulo Robotics and Electronics A
#TRJT,

.,h-
:uEd

l

-;.)F.hl
-- + 

: <E4l]7tr

,- +14{E

-= ].:(4

--n/\LA't=))1 tlL

-. r LEt-
 AL+I /lja

":l 1t:

-i;EftE+
irEElX

E{+il!l
+E:+

l
J

- - f. ,l' f4 18611 R-f -l: I r-nnr ,,

omron AA H! EE-SX agt]rc m"*AnEEf++tH
.tr;r}EB,i€ts?StEl* " H)tiHhttrF LED, +*qq:E

_ r6Et=D&H.

omron Fffifi!.lX€ffitrlEHE, #6 SVDC fU

-VDC H)lF, ffiHtsE{:-€ LED 4ffiPrl-}*ER)iiE[E.

-iZh)t 50mA - 100mA" 2r@+Ait-Wts)i*^lt
. 

= 
t0 ;If f lJ H tH + H +h 16 " H trb 

-E_,[A 4 E E! :-e,f + E 40 ill]
h.14+A
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=:=EtEE'1nr 

fj , fi7lRrtEE:Ef HI,lE,

= 
-- ". nXRffi ,,4,ffi )Ei)6*EA*6( = L&^H "

E )t frffi u+n1AtO)Ill E-€ fi!-t+, xlfi 4to;ft1 38ffi H
Hfr\AI;P, HlfrHyJAffiE+E

&q{4*,f€B9.8.
+ " fr + affix.?, 

^|llilrF-tr€F]lfrXtgt1t 
A2+g

Hfl]Bt+Ee1+"

;/t gB'n'xi qi f, W ffre;[!'1€ B # H!,< i AE E
5mnr x 5mm fll '10mm x 10mm zial, ffi.trIL+#EE
tH+il=-e,f+, ru*rH LED frnx6!=tfr,'€rtrfr,, +ffft-flq

-FfrttE)"

= 
+ff H v'ffi -tln€[Ery'Eetr ffi , 46 U E]= 5'+nft\Ea

affi,F.ta " e /,ftt4fr H €lE, d,tt*?fi )r!+zrEEEE,

k K*+€+*4#!, [L]6lnTArt,

V=kx(,1lct)

[f *m[4,++i#L/rf , xlq{41€H7s6tr H}m+i*
4*,ffitr8++, iiltr 3-7 F,T-. ET+4\41€E:-€E!ffit
e*ETH)[LlE,tEEtrHTtEU smm, -fiiR6Effi +
1+ ;rll+tu ff |nEtE i.l tr E H! + P lt L 

"

7 tr f .i Rodan ^;l4+i Rr-s30 6tt+tA ,1,8.+h1+-

465. 4ir!€,rEBiF+F ArE. +i +tr F n,n+Xat;tLtrh

tr 3-B E Optek A-.lf!-T4zlt4xl9i41€EE"e, H
h OP86064. H-==EF4,E{EHIDKt 1mm.

tr 3-9 E Vishay AEI+FH! TCRT5000 4x{
ts:-e, H++,+E&ff ,ffi r! +E'l&iffi AEffi €-Hf iEfH.

gl 3*8 optek A fl L F h\ opB606A 4 ,trt 4+ a 9"1 ,s(

4+'l'n&fib*.i lmm"
A"fr

-: ' vishayzl};J4-/-fi fcRT5000 4ill,ti+,,&#, ir"frl4'f
,1,niitt)1)L+.t Imm.

1 t3fr,+rkffifr. H+ffiEf;H!5,tr Sharp  .lHffi
E!trufiqi1t ffi#F91), lrt)rn GP2Y0DB05Z0F ( )I!

eEFEt 5nrm - 5cm), OpZvOo810Z0f ( )I!E
,TEBt 2cm - '1Ocm ) , GP2YODB15Z0F ('IUEIE

Eir5mm - 15cm) . tr3-l0EPolulo Robotics
and Electronrcs A-d H ffi H!BT GP2YODB'1020F

E!t+1*, GP2Y0DB 1 aZ)F'l€E:SABH! E I lI! ialEFF

6 1.Smm, ffit+1*n!,RTt Snrm x 20mm, trtfU1
+S-WAH&1H,HIHl*EI EiE.

BTrCE,f+*H+ffr ( {€tsAEffi )

*[s] > &iI|J > M&Sffi ifln{€ffi fiE
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Polulo Rol:oticsturd Electrrnrcs 

^;l:qJ- 
rl E-l CP2Y0D8I0Z0F

:.,r.irij;.1* Jlli )l rf 461ii111 Intlusiries ?,i1*

S h a r p   d H E +q rE +frB l-rft,-')3+z 1afo'It 1€l*

'. t "Distance lleasuring Sensor Unit" (,TE

.+1€E?S+- ),'ltr++t 1R?? l€ ffi#r+THE;ILiE

= . H+fi HtrHtB1ft €+, 
=1+)-[! 

afr,frrn+nl7r.li,
- - BffiHE+9.k1ft8+" EfS Sharp AAfrt'z

i'i?'f==E-" E!4fr trEE6-hRE Ef;!4fr H, iEtA
= -= H trt++{ +€}4 # H! E + *{ ? 1€ E # )E )6 .

rEi*6)iH ae A trlErU E! S h a rp +2,14t0)ILl 4€B
',+ 5 FJEiIJE! Sharp fiEE1€H#. ,TFE1€B:8tr
r,lF+I,/(, ElL).4fr H 5t+i\l+tnl trEEfi E trn!E+[

=.

fi ffi -LH |R??tr ffi f E R,H H \ FFinW^|t,&:"€ + ru . E
,ifi tfi tr, Er.l " Efr.lF ffi#",,1Eixf+:-e,f+Ttr TtF.txH4-
:?S'f+, trtbtBH 7A+X)iHlEffi . a,lbHFI?S,{+ru

H H#X,tr T hrtl1iht+ *.. H ru *l] ffi ffi H'rfi i+C,tr

=.,t'1Efi ,'IHtr H ffi IEIEHIJ#. #- hfi\WNf.* Ffrrfr
-QlL, 

=rffEtr'Hf+fltrh#^LfiEt, 
€,+FX,lf 6U," tr

.11 Effi,+FXfilH(,+.

ffi T H EE ffi ,+ INMiBtr, 1*Z /] 6 Ffr ffi P E! frfi^Tfr.Etr
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