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Preprost PIC 16F88 USB programator

Z razvojem osebnih racunalnikov so iz perifernih enot,
predvsem prenosnih ra¢unalnikov, zaéenjali izginjati COM
priklju¢ki. Ce smo si $e nekaj let nazaj lahko sami, enostavno
in zelo poceni, izdelali preprost PIC programator s
priklopom na serijska vrata, smo danes Zal primorani
uporabiti USB povezavo. Tu nastopijo problemi. USB-COM
pretvorniki s prilagajanjem napetostnih nivojev ali z
manjsim posegom v nas programator sicer delujejo, a na
tem mestu odpove obstoje¢a programska oprema, ki se ji
na pocasne USB paketke enostavno ne da ¢akati. Vsi strojni 1 JDM programator

triki odpovejo, napaka je v programu. Zanimivo pri tem je,

da se sekvenca vpisovanja podatkov v PIC izvaja pravilno, le ko podatke preverjamo naletimo na navidezne
napake v spominu mikrokrmilnika. Teh napak seveda v vecini primerov ni, nas racunalniski program se je
navelic¢al cakanja na USB paketek in si tako napako 'izmislil'.

Resitev problema je v nakupu ali izdelavi USB programatorja. Za domaco
delavnico je v nastajanju tega ¢lanka s strani proizvajalca priporocen in
podprt programator PICkit3. Za roéno izdelavo je njegovo vezje Zal zelo
komplicirano, za kar bi potrebovali dvoslojno vezje s kar nekaj vijami.
Sledi nakup Ze izdelanega programatorja. Tega (klon, ki deluje enako
dobro) dobimo s Kitajske za dobrih 10€, lahko pa kupimo tudi
originalnega, ki stane nekoliko vec.

Ce smo %e vedno zagrizeni izdelovalci lastnih tiskanin, je najbolja izbira generacijo starejsi, a e vedno
uporaben in podprti programator PICkit2. Njegovo vezje je manj komplicirano in ga lahko izdelamo na
enoslojni tiskanini. V svojem osréju za komunikacijo z racunalnikom in za programiranje nasega Cipa
uporablja PIC18f2550. Nato se soocimo s problemom kokos-jajce. V PIC18f2550, ki ga kupimo v trgovini,
moramo nekako zapeci programsko kodo. Torej, gradimo programator, za katerega potrebujemo
programator. Morda dodam samo, da bo stroSek komponent vedji, kot ¢e bi narocili kopijo s Kitajske.

Ce smo $krti do konca, lahko izdelamo tudi USB programator, ki je P
predstavljen v tem sestavku. Njegova arhitektura temelji na USB-COM ////
vmesniku, napake pa so odpravljene z novo programsko opremo za ‘
osebni ra¢unalnik. Cena takSnega programatorja znasa dobra 2€, lahko
pa uporabimo Ze kak obstoje¢ USB-COM vmesnik, ki ga prilagodimo
nasim potrebam. Vendar pozor! Programator je bil izdelan za potrebe
ucenja delovanja PIC mikrokrmilnikov, njegov PC program pa podpira
samo en PIC mikrokrmilnik in sicer PIC16F88.
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2 Shema preprostega USB PIC programatorja

Kot glavni IC je uporabljen USB-Serial CH340G, ki je cenejsi Kitajski nadomestek standardnega FTDI Cipa.
Na tem mestu lahko uporabimo poljuben USB-Serial vmesnik, le da ima ta na svojem izhodu tudi
kontrolne linije, ter da njihovo uporabo podpira tudi gonilnik v PC-ju (prevzeti Windows gonilnik tega ne
omogocal). Za programiranje uporabljamo linije Tx, RTS#, DTR#, CTS# (# - izhodi so negirani). Upor R1
preprecuje kratek stik, ko PIC preklopi iz sprejemanja v oddajanje. Vse povezave so speljane na
standardno 5-pinsko ICSP vti¢nico (6.-pina za nizkonapetostni rezim ne uporabljamo). Napetost za
programiranje vklapljamo z NPN tranzistorjem, generiramo pa jo s stikalnim regulatorjem. Napetost naj
znasa priblizno 12V, lahko jo pripeljemo tudi od zunaj, vendar naj bo stabilna.

Izdelava tiskanine

Tiskanino izdelamo na enostranskem laminatu FR4 debeline vsaj 1.2mm, da preprec¢imo lomljenje.
Ploscica naj bo velika vsaj 2.4 x 4.2 cm. Debelina vseh lukenj je 0,8mm z izjemo lukenj konektorja USB,
kjer uporabimo vsaj 1,8mm debel sveder. Najprej prispajkamo oba Cipa, nato nadaljujemo s tuljavo in
schottky diodo, ter preostaimi SMD elementi. Neoznaceni elementi velikosti 1206 so 0 Ohm upori, ki jih
uporabimo kot mosticke. Upor R? je bazni upor, ki v nasem primeru ni potreben, sa uporabljen tranzistor
Ze vsebuje ustrezni bazni upor v svojem ohisju, tako na njegovo mesto ravno tako namestimo OR 1206
mostic. Pri kondenzatorju C3 bodimo posebno previdni, saj pod njim poteka povezava, element velikosti
0805 pa spajkamo na podnoZje velikosti 1206. Pri LED diodi pazimo na polariteto. Nato prispajkamo
kristal ter zati¢no letev, na koncu Se USB konektor. Razporeditev elementov ter njihov seznam, je
priloZzen na naslednjem listu.



Pin1

4 Pogled na tiskanino od ZGORAJ 3 Pogled na tiskanino od SPODAJ

* neoznaceni 1206 elementi so 0 Ohm mosticki

ID | Vrednost Ohisje Komentar
Cl 100n 0805
C2 10n 0805
C3 22p 0805
c4 22p 0805
C5 | 100n 0805

C6  10u 16V X5R 0805
C7  10u 16V X5R | 0805

D1 | SK24A SMA

IC1  CH340G SOIC 16

IC2 = MIC2288YD5 SOT 23-5

L1 10uH 4012 TYS4012100M
LED | zelena 0805

R1 | 2.7k 0805

R2 | 2k (2,2k) 0805

R3 | 24k 0805

R4 | 2.7k 0805

R5 | 220R 0805

R? | R? 1206 0 Ohm pri PDTC124tt

T1  PDTC124TT | SOT 23



Nas mikrokrmilnik lahko preko vti¢nice ICSP programiramo tudi v vezju. Tedaj pazimo le, da za nas
programator na nogici PGD ne uporabljamo bremen, ki bi vplivale na branje podatkov iz PIC-a (torej brez
pull-up, pull-down uporov, brez visokosvetlecih LED diod...). Nogica PGC je s tega vidika manj
problematicna.

Programska oprema

Trenutna razlic¢ica programske opreme podpira samo okolje Windows. Gonilniki za ¢ip CH340g se
naloZijo samodejno, ¢e uporabljamo Windows razliCice 8.0 +, drugace ga namestimo ro¢no. Program za
delovanje potrebuje okolje .NET 3.5, ki je na operacijskem sistemu names$cen samodejno ¢e
uporabljamo Windows 7 ali vec, na sistemu Windows XP in Vista pa le, ¢e imamo omogocene
posodobitve sistema. Drugace ga namestimo rocno z uradne spletne strani podjetja Microsoft.

*Program trenutno omogoca programiranje samo PIC16F88 Cipa.

# PIC16F88 USB-COM simple programmerv1.0 - & |
iF'Iease select hex file to program PIC16F28 device | i Search |
Programming settings COM port seftings

Wiite Program memery || Wiite Data memony COM port: | COM3 =
Write Configuration bits [ | Wiite ID locations

|E|ase device before programming W i Program

5 Program za vpis podatkov v PIC16F88



DODATEK 1 - .gbr datoteka spodnjega sloja bakra:

YFSLAX34Y34*% Gs4D11* Gg4D20% X602850Y443312D01* Do3z* X709828Y526756D01*
%MOMM*% Do3* Do3* X571894Y443312D01* X696153Y629447D02* X709437Y526365D01*
YLNSILK_TOP*% X668731Y435425D02% X607938Y507181D02* X552844Y462362D01* Gg4D14* Gs4D27*

Gy1* Gs4D12% Gg4D20% X552844Y495700D01* Do3z* X687249Y526365D02%
Go1* Do3* Do3* X558400Y501256D01* X696116Y596903D02* X688043Y534332D01*
%ADD10R, X541731Y435425D02% Gg4D19* X558400Y506812D01% Gg4D14* X697703Y538959D01*
0.80X2.40%% G54D13* X576656Y508400D02% X554431Y510781D01% Do3z* G54D27%

%ADD11C, 1.60%% Do3* X576656Y4,98875D01% X542525Y510781Do1* X716716Y596903D02*% X686455Y526365D02*
%ADD12C, 4.00%% G36* X567131Y489350D01* X524269Y529038Do1* G54D14* X686852Y532745D01%
%ADD13C, 3.50%% X605854Y589167D02* X567131Y470300D01* X524269Y610794D01% Do3z* X677859Y541738Do1*
%ADD14R, X616854Y589167D0o1* X576656Y 4,60775D01% X531809Y618334D01* X716753Y658419D02* G54D27%
1.10X1.40%% X616854Y575167D01* X589356Y460775D01% X531809Y755653D01%* G54D14* X636188Y537769D02*
%ADD15C, 2.00%% X605854Y575167D01* X592531Y463950D01* X521888Y765575D01% Do3z* X643331Y537769Do1*
%ADD16C, 2.00*%% X605854Y589167D01* X519081Y581100D02*% X521888Y796531D01* X696153Y658419D02* X648491Y542928Do1*
%ADD17R, G37* Gs4D20% X533794Y789784Do1* G54D14* X661984Y542928Do1*
1.10X1.10*% X631954Y582167D02% Do3* X537564Y797920D01% Do3z* X663175Y541738Do1*
%ADD18R, G54D14* X551581Y581000D02* X514347Y798119D01* G54D19* G54D27%
1.40X1.10%% Do3* Gs4D20% X513950Y409181Do1* X592531Y479825D02% X671485Y592029D02%
%ADD19C, 0.50%% X611354Y553592D02% Do3* X617138Y409181Do1* X592531Y518322D01* X671485Y575520D01%
%ADD20R, Gs54Da4* X519081Y533475D02% X617931Y413150D01* X581816Y529038Do1* X670012Y574046Do1*
1.30X1.80%% Do3* Gs4D20% X617931Y460825D01* X581816Y601269D01* Gs4D22%

%ADD21R, X631954Y553592D02*% Do3* X617931Y458394Do1* X570306Y612778D0o1* X631954Y586533D02*
1.80X1.30%% Gs54D14* X551581Y533375D02% X612375Y452838Do1* X570306Y636988Do1* X631954Y578198Do1*
%ADD22C, 0.80*% Do3* Gs4D20% X612375Y457600D01% X570703Y637384Do1* Gs4D1g*

%ADD23C, 1.00%% X560781Y581425D02% Do3* G37* Gs54D1g9* X695322Y596903D02*
%ADD24R, Gs4Dag* X636088Y505269D02* Gs54D1g* X583403Y643338D02* X695322Y594522D01%
0.70X1.00%% Do3* Gg4D21% X612375Y457600D02% X583403Y612778Do1* X710006Y579838Do1*
%ADD25R, X560781Y533025D02% Do3* X612375Y452838Do1* X591341Y604841Do1* X710006Y570573D01%
4.00X1.70%% Gs4D15* X636188Y537769D02* X602850Y443312D01* X591341Y532609D01* X709828Y570394D01*
%ADD26R, Do3* Gg4D21% X571894Y443312D01* X608803Y515147D01* Gs4D19*
1.70X2.00%% X606591Y613520D02* Do3* X552844Y462362D01* X608803Y510384D01* X715959Y628653D02*
%ADD27C, 0.70*% Gs4D14* Gg4D19* X552844Y495700D01* X608731Y506784Do1* X715959Y596941Do1*
%LPD*% Do3* X617931Y479825D02* X558400Y501256D01* Gs4D19* X715922Y596903D01*
X634206Y692150D02%* X627191Y613520D02% X617931Y486175D01* X558400Y506812D01% X595706Y642941D02* X715922Y588606D01*
Gg4D10* Gs4D14* X633806Y502050D01* X554431Y510781D01% X595706Y618731Do1* X719134Y585394Do1*
Do3* Do3* X652756Y689419D02* X542525Y510781D0o1* X600866Y613572D01* X719134Y570588Do1*
X621506Y692150D02* X575862Y778275D02% Gg4D21% X524269Y529038D0o1* X605231Y613572D01* X719328Y570394Do1*
Gg4D10* Gs54D16% Do3* X524269Y610794D01* X605628Y613175D01* Gs4D27*

Do3* Do3* X652856Y721919D02* X531809Y618334D01* Gg4D22% X710006Y558406D02*
X608806Y692150D02* X601262Y778275D02* Gg4D21% X531809Y755653D01%* X634203Y642147D02* X727072Y558406D01%
Gg4D10* Gs54D16% Do3* X521888Y765575D01% X634203Y619128D01* X727072Y558803D01%
Do3* Do3* Gg4D19* X521888Y796531D01* X627853Y612778Do1* X731834Y563566D01*
X596106Y692150D02* X626662Y778275D02% X621506Y642150D02* X533794Y789784Do1* Gg4D22% Gs54D27*

Gg4D10%* G54D16% X621506Y664375D01% X537564Y797920D01% X627059Y613175D02% X689264Y674817D02*
Do3* Do3* X624281Y667150D01% X514347Y798119D01* X627059Y604841D01* X695980Y668100D01*
X583406Y692150D02*% X652062Y778275D02* X643331Y667150D01* X513950Y409181D01* X618328Y596109D01* X695980Y628759D01*
Gs4D10% G54D16% X652856Y676675D01* X617138Y409181D01* X615550Y596109D01* G54D23*

Do3* Do3* X652856Y688525D01* X617931Y413150D01* X611184Y590553D01* X658412Y483397D02*
X570706Y692150D02* X677462Y778275D02% X652756Y688625D01* X617931Y460825D01* X611354Y554386Do1* X658412Y468316D01*
Gs4D10* G54D16* Gs54D22% X617931Y458394Do1* Gg4D22% X650475Y460378Do1*
Do3* Do3* X671906Y674294D02* X612375Y452838Do1* X671906Y674294D02* X618378Y460378Do1*
X558006Y692150D02*% G36* X671906Y698900D01* X612375Y457600D01% X648094Y650481Do1* X617931Y460825D01*
Gs4D10* X636662Y788275D02* X665556Y705250D01* X719328Y546594D02% X648094Y602276D01* G54D22%

Do3* X636662Y768275D01* X636981Y705250D01* G54D24* X631954Y586533D01* X658412Y483397D02*
X545306Y692150D02* X616662Y768275D01* X633806Y702075D01% Do3* Gs54D22* X658412Y517131D01%
Gs4D10* X616662Y788275D01* X633806Y692550D01% X700328Y546594D02*% X610957Y555180D02% X654444Y521100D01%
Do3* X636662Y788275D01* X634206Y692150D01* G54D24* X610957Y532440D01* G54D22%
X545306Y642150D02% G37* Gs4D23* Do3* X622297Y521100D01* X617931Y479825D02*
Gs4D10% X570869Y720610D02% X668731Y435425D02* X719328Y570394D02* X654444Y521100D01% X638866Y479825D01*
Do3* G54Da4* X541731Y435425D01% Gs54D24* Gs54D22* X642114Y483072D01*
X558006Y642150D02% Do3* Gs54D23* Do3* X632351Y555576D02% X642114Y499243D01%
Gs4D10% X591469Y720610D02* X617931Y460825D02* X700328Y570394D02* X632351Y543987D01* X636088Y505269D01*
Do3* G54Da4* X617931Y435375D01% Gs54D24* X636188Y537769D01* X636088Y496791D01*
X570706Y642150D02* Do3* Gs54D23* Do3* Gs54D22* X623884Y484588Do1*
Gs4D10* X670788Y721350D02* X519081Y581100D02* X709828Y570394D02* X632351Y577405D02% X632616Y484588Do1*
Do3z* Gs54D17% X519081Y499300D01* G54D24% X632351Y555576Do1* X634600Y486572D01*
X583406Y642150D02% Do3* X541731Y476650D01* Do3* X633541Y554386D01% X634600Y495303D01*
Gg4D10* X670788Y740350D02% X541731Y435425D01% X670012Y574046D02* G54D27% X636088Y496791Do1*
Do3z* G54D17% X561547Y742231D02% G54D25* X700328Y570394D02% Gs54D19*
X596106Y642150D02% Do3* Gs4D20% Do3* X700328Y575625D01% X545306Y692150D02%
Gg4D10* X692988Y730850D02* Do3z* G36* X698894Y577059D01* X545306Y714381D01%
Do3z* G54D17% X594047Y742131D02% X650012Y551546D02* X654047Y577059D01* X551653Y720728D01*
X608806Y642150D02% Do3* Gs4D20% X690012Y551546D01* X654047Y570312D01% X570750Y720728D01%
Gg4D10* X689264Y695417D02* Do3z* X690012Y534546Do1* X700013Y570709D01* X570869Y720610D01%
Do3z* G54D18% X700779Y761649D02* X650012Y534546D01* X700328Y570394D01* Gs54D19*
X621506Y642150D02% Do3* Gg4D21% X650012Y551546D01% G54D27% X596106Y692150D02*
Gg4D10* X689264Y674817D02* Do3z* G37* X700328Y546594D02* X596106Y715972D01*
Do3z* G54D18% X700879Y794149D02% X671088Y599967D02* X652950Y546594Do1* X591469Y720610D01*
X634206Y642150D02* Do3* Gg4D21% G54D26% X652459Y546103D01* Gs54D19*

Gg4D10* G54D19% Do3z* Do3* X652459Y540150D01* X570869Y720610D02*
Do3z* X557606Y641750D02% Gs4D19* X671088Y638967D02* X653253Y539356D01% X570869Y722481D01*
X617931Y460825D02% X557606Y584600D01* X652856Y721125D02% G54D26% X698100Y539356D01* X577450Y729062D01%
Gg4D11% X560781Y581425D01% X670564Y721125D01% Do3* X700481Y541738Do1* X577450Y753272D01*
Do3z* G54D19% X670788Y721350D01% X707849Y526365D02% X700481Y546441D01% X595706Y771528D01*
X592531Y460825D02* X544906Y641750D02% Gg4D23* G54D14* X700328Y546594Do1* X595706Y772719D01*
Gg4D11* X544906Y610000D01% X692988Y730850D02* Do3* X695019Y546594D01* X601262Y778275D01*
Do3* X535381Y600475D01* X692988Y699141D01* X687249Y526365D02* X690559Y542134Do1* Gs4Da1g*
X617931Y479825D02*% X535381Y543325D01% X689264Y695417D01* Gs54D14* X695322Y542134Do1* X575862Y778275D02*
Gs54D11* X544906Y533800D01* G36* Do3* X698100Y539356D01% X575862Y769544D01*
Do3* X560781Y533800D01* X612375Y457600D02% X716753Y629447D02*% Gs4D27* X561575Y755256D01%

X592531Y479825D02* X575438Y507281D02*% X612375Y452838D01% Gs54D14* X709828Y570394D02* X561575Y742259D01*



X561547Y742231Do1*
Gs4D1g9*
X594047Y742131D02%
X601659Y742159D01*
X608806Y734516D0o1*
X608806Y692150D01*
Gg4D22%
X634206Y692150D02*
X634206Y747719D01*
X651666Y765178D0o1*
X651666Y777878D0o1*
X652062Y778275D01%
Gs4D27*
X677462Y778275D02*
X713578Y778275D01*
X717547Y774306D01*
X717547Y740175D01*
X708816Y731444Do1*
X693583Y731444D01*
X692988Y730850D01*
G36*
X707228Y762003D02*%
X707228Y746128Do1*
X704053Y742953D01*
X681431Y742953D01%
X675875Y737397D01*
X648888Y737397D01*
X646506Y739778Do1*
X646506Y741366D01*
X665556Y760416D01*
X706038Y760416Do1*
X706831Y759622D01*
X706831Y754462D01*
X707228Y762003D01*
G37*

Gs4D19*
X707228Y762003D02%
X707228Y746128Do1*
X704053Y742953D01*
X681431Y742953D01%
X675875Y737397D01*
X648888Y737397D01*
X646506Y739778Do1*
X646506Y741366D01*
X665556Y760416D01*
X706038Y760416Do1*
X706831Y759622D01*
X706831Y754462D01*
X707228Y762003D01*
G36*
X634203Y777084D02*
X634203Y764781D01*
X623884Y754462D01*
X623884Y714378Do1*
X621900Y712394Do1*
X618328Y712394D01*
X616741Y713981D01*
X616741Y739381D01*
X607612Y748509D01*
X607612Y753272D01*
X603247Y757638Do1*
X603247Y760019D01*
X604834Y761606D01*
X613566Y761606D01*
X619122Y767162D01*
X633806Y767162D01*%
X634203Y767559D01*
X634203Y777084Do1*
G37*

Gs4D19*
X634203Y777084D02*
X634203Y764781Do1*
X623884Y754462D01*
X623884Y714378Do1*
X621900Y712394Do1*
X618328Y712394D01*
X616741Y713981Do1*
X616741Y739381Do1*
X607612Y748509D01*
X607612Y753272D01*
X603247Y757638D0o1*
X603247Y760019D01*
X604834Y761606D01*
X613566Y761606Do1*
X619122Y767162D01*
X633806Y767162D01*
X634203Y767559D01%
X634203Y777084D01*
Gs4D23*
X633806Y798516D02*
X705244Y798516D01*
X706038Y797722D01*
Gs4D23*
X565147Y798516D02*
X636981Y798516D01*
Gs4D23*

X626662Y778672D02*
X626662Y785022D01*
X639362Y797722D01*
Gs54D23*
X625869Y779069D02*
X625869Y785816Do1*
X613962Y797722D01*
X621900Y797722D01*
X627456Y792166D01*
G36*
X565147Y798516D02*
X517125Y798516Do1*
X516728Y798119D01*
X516728Y730253D01%
X529825Y717156D01*
X529825Y717553D01%
X544906Y732634D01*
X544906Y759225D01%*
X556812Y771131D01%
X556812Y792959D01%
X561972Y798119Do1*
X565147Y798516Do1*
G37*

G54D23%
X565147Y798516D02*
X517125Y798516Do1*
X516728Y798119D01*
X516728Y730253D01*
X529825Y717156D01*
X529825Y717553D01%
X544906Y732634D01*
X544906Y759225D01%
X556812Y771131D01*
X556812Y792959D01*
X561972Y798119D01*
X565147Y798516Do1*
G36*
X704450Y798516D02*
X729850Y798516Do1*
X729850Y785022D01*
X727866Y783038Do1*
X718341Y792562D01*
X699291Y792562D01*
X695719Y795738Do1*
X721912Y795738Do1*
X725484Y792166Do1*
X704450Y798516Do1*
G37*

Gs54D23*
X704450Y798516D02*
X729850Y798516D01*
X729850Y785022D01*
X727866Y783038Do1*
X718341Y792562D01*
X699291Y792562D01*
X695719Y795738D01*
X721912Y795738Do1*
X725484Y792166D01*
X704450Y798516Do1*
Gs4D27*
X730247Y773512D02*
X730247Y778672D01*
X725484Y783434Do1*
Gs4D27*
X686591Y526259D02*
X686591Y513162D01*
X689766Y509988D01*
X718341Y509988Do1*
X721516Y513162D01*
X721516Y537769Do1*
X719134Y540150D01%*
X719134Y547691Do1*
Gs54D27*
X726278Y558406D02*
X731834Y552850D01%
X731834Y525069D01*
X731834Y561184Do1*
Gs54D27*
X731834Y525862D02%
X731834Y506416Do1*
X725088Y499669D01*
X707625Y485022D02*
G54D18%

Do3*
X707625Y505622D02%
G54D18%

Do3*
X669544Y486590D02%
Gs54D14*

Do3*
X690144Y486590D02%
G54D14*

Do3*

Gs4D27*
X690956Y486175D02*%
X695719Y486175D01%

X696909Y484984Do1*
X708022Y484984Do1*
G36*
X615550Y409181D02*
X732628Y409181D01*
X733422Y409975D01*
X733422Y473078Do1*
X727469Y479031Do1*
X721516Y479031Do1*
X720722Y478238Do1*
X720722Y475459Do1%
X717547Y472284Do1*
X676669Y472284Do1*
X672700Y476253D01*
X672700Y479031Do1*
X671509Y480222D01%
X660794Y480222D01%
X659603Y479031Do1*
X659603Y468712D01*
X651269Y460378Do1*
X619916Y460378Do1*
X618328Y458791Do1*
X618328Y411562D01%
X620709Y409181D01*
X615550Y409181D01*
G37*

Gs4D1g*
X615550Y409181D02*
X732628Y409181Do1*
X733422Y409975D01*
X733422Y473078Do1*
X727469Y479031Do1*
X721516Y479031Do1*
X720722Y478238Do1*
X720722Y475459D01*
X717547Y472284Do1*
X676669Y472284Do1*
X672700Y476253D01*
X672700Y479031Do1*
X671509Y480222D01*
X660794Y480222D01*
X659603Y479031Do1*
X659603Y468712D01*
X651269Y460378D0o1*
X619916Y460378Do1*
X618328Y458791Do1*
X618328Y411562D01%*
X620709Y409181D01*
X615550Y409181Do1*
Gs4D27*
X723500Y477047D02*
X723500Y498081Do1*
X725088Y499669D01*
Gs4D27*
X685797Y578647D02*%
X685797Y581028D01*
X677462Y589362D01*
X677462Y598888Do1*
X663969Y598888Do1*
X663969Y591347D01*
X653650Y581028D01*
X660794Y581028D01*
X667938Y588172D01*
X672303Y588172D01%
X677462Y583012D01%
X664762Y583012D01*
Gs54D22%
X654444Y538959D02*
X654444Y536975D01%
X657222Y534197Do1*
X660397Y534197D01*
X671112Y523481Do1*
X684209Y523481Do1*
X684606Y523878Do1*
X684606Y528641Do1*
X678653Y534594Do1*
X678653Y530625D01%*
X676272Y528244D01*
X676272Y528641Do1*
X672303Y532609D01*
X669128Y532609D01*
X667541Y534197D01%
Gg4D22%
X641347Y537769D02*
X654047Y537769Do1*
X657619Y534197D01*
Gg4D22%
X641744Y539753D02*
X645316Y539753D01*
X652856Y547294D01*
Gg4D23*
X729850Y784228D02*
X729850Y737397D01*
Gs4D23*
X667541Y644528D02%
X667541Y646909D01*

X671112Y650481Do1*
X677066Y650481D01*
X684606Y642941D01*
X692544Y642941Do1*
X694131Y641353D01%
X694131Y629050D01*
X692941Y627859D0o1*
X669525Y627859D01*
X667541Y629844Do1*
X667541Y644925D01*
X667938Y645322D01*
X676272Y645322D01%
X686591Y635003D01*
X675081Y635003D01%
X673891Y636194Do1*
Gs4D27*
X731834Y560391D02*%
X731834Y649291Do1*
X722706Y658419D01*
X717547Y658419D01*
X716753Y657625D01%
Gs4D23*
X729850Y737397D02*
X729850Y733428Do1*
X714769Y718347D01*
X708419Y718347D01*
X707228Y717156D01*
X707228Y677072D01*
X716356Y667944D01*
X716356Y658022D01%
X716753Y657625D01%
X716753Y671516Do1*
X729850Y684612D01*
X729850Y733825D01*
Gs54D23*
X723500Y719934D02*
X714372Y710806D01*
X714372Y678659D01*
X721912Y686200D01*
X721912Y713584Do1*
Mo2*



