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PaboTa mocBsiieHa pa3paboTKe METOMUKHM KOHTPOJSI KauecTBa IEYaTHBIX IUIAT HA OCHOBE
ABTOMATHYECKOTO CKpPHUIITA. AKXTYaJIbHOCTh HCCIIeI0OBAHUI MTOJTBEPKAACTCS
HEOOXOJIMMOCTBIO  CO3JIAaHUSI CHCTEM KOHTPOJNS, KOTOpble OyaeT [enecoodpa3Ho
HCTIONB30BaTh B YCJIOBHSAX MEIKOCEPUHHOrO MPOU3BOJACTBA, a TaKkke paspaboTKu
ABTOMATHUYECKUX CKPHIITOB B IEIAX COKPALIEHHs 3aTpaT BPEMEHH IS KOHTPOJIS.
IpemnoxxeHnass cucreMa OO0JaJaeT BBHICOKUMH IIOKAa3aTEIIMH MOMEXOYCTOWYHUBOCTH, a
METOIMKA KOHTPOJIS MX KaYECTBA YCKOPSET MPOIECC MPOBEPKH.

KuawueBble cjioBa: TnieyaTHas Ij1aTta, pericpHbIC 3HAKW, IpOorpaMMHas CUCTEMaA,
aBTOMATHYECKUI CKpHIIT.

BBenenune

B Hacrosmmee  Bpemst — TpeOOBaHWSI — TPAaKTHKH  TPOM3BOJCTBA  W3JEIUH
MUKPOJIEKTPOHUKH, HAIpUMeEp, MEYaTHBIX IUIAT, JCTAl0T aKTYaIbHOH 3ajady pa3paOoTKH
CHCTEM KOHTPOJII MX KauyecTBa, MCIOJB3YIOMIMX HEJ0POroe o0opymoBaHHE. DTO CBS3aHO C
BO3pAcCTalONIeld CTOMMOCTBIO KOHTPOJIS, BBIMOJHIEMOTO HAa OCHOBE CYHIECTBYIOIIHUX
MIPOTPAaMMHBIX KOMITJIEKCOB, IPIMEHEHHE KOTOPBIX 000OCHOBAHO B CIIy4ae KPYITHOCEPUHHOTO
MPOU3BOJICTBA W TOTPEOHOCTHIO TPOM3BOJCTBA MEIKUX M CPEIHUX MApTUH W3ICIUil.
CHMWKEHHE CTOMMOCTH TaKMX KOMIUIEKCOB BO3MOYKHO 32 CYET yMEHBIIECHUS TpeOOBaHHN K
TEXHUYECKAM TlapaMeTpaM ammaparypbl, KOTOpas WCIOJIb3yeTcs s KoHTpons [1].
CymiecTBylomme  KOMIUIEKCHI  KOHTPOJSL — BKJIIOYAIOT — TOJCHCTEMBI  (hopMUpOBaHWUS,
perucTpanu W pacro3HaBaHus u300paxxeHuid. CHIDKEHHE TPeOOBAaHUN K TEXHHUYECKUM
napaMeTpaM anmaparypbl KOMIUIEKCOB TPUBOJIUT K TIOSBJICHHIO TOMEX MpH 00paboTke
n3o0paxeHuil  KoHTpojupyemoro  wu3genus. lIlostomy mpemioxkeHo — pa3paboTarb
MPOTPAaMMHYIO CHCTEMY, OOJIAJaloNIyl0 BBICOKAM YPOBHEM IIOMEXOYCTOHYHMBOCTH H
MO3BOJISIONIYIO BBITIOJHATE KOHTPOJIb KadyecTBa MEUYaTHBIX IUIAT B YCIOBHSX IOMEX C
BBICOKHM YPOBHEM JIOCTOBEpHOCTH. B CBOIO odepenb, NMpOBEACHUE HKCIIEPHMEHTOB Ha
00X 00beMax MaHHBIX JJIS MOATBEPKICHUS BBICOKOH MTOMEXOYCTOHYNBOCTH CHCTEMBI H
JOCTOBEPHOCTH KOHTPOJISI KadeCcTBa MEYATHBIX IJIAT PYYHBIM CIIOCOOOM IMPHBOIMT K POCTY
BPEMEHHBIX 3aTpaT Ha 3Ty nmpoueaypy. TpeOoBaHHS MPAKTUKU Pa3paOOTKU CUCTEM KOHTPOJIS
Ka4yecTBa U3/l MUKPOIJIEKTPOHUKH, KOTOPBIE 00JIAat0T BRICOKOH IIOMEX0YCTOHYNBOCTHIO
1 HE00XOAMMOCTBIO aBTOMAaTH3allMH MIPOliecca X MPOBEPKU Ha 0aze pa3pabOTaHHBIX CUCTEM
JIeNIal0T aKTyaJIbHOM JaHHYIO padoTy.
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He.]'lb CTaTbH U IMOCTAHOBKA 3a/1a4M

L]envio paboThl siBIsSETCS pa3paboTKa METOIUMKHA KOHTPOJIS KauecTBa MEeYaTHBIX IUIAaT Ha
0a3e MpenIoKEeHHOM MPOrpaMMHOM CHUCTEMBI Ui COKpalleHUsl 3aTpaT BPEMEHU Ha 3Ty
npouenypy. OZHUM U3 METOJIOB KOHTPOJIS KauecTBa MEYaTHBIX IUIAaT, KOTOPBINA peain3yeTcs B
CYLIECTBYIOIIUX KOMIUIEKCaX KOHTPOJIS U MO3BOJISIET BBIJCIATh UX A€(PEKTHI, SBISETCS METO]T
MO3ULIMOHUPOBAHUS ITAJOHHOTO M KOHTPOJUPYEMOr0 M300pakKeHHUH IO pEernepHbIM 3HaKaM
(cenManbHO HAHOCUMBIM Ha MOBEPXHOCTD IJIAThl 00BEKTOB U3BECTHOU (DOPMBI).

OcHoBHAA YacTh

[Ipn aHanu3e MNpOIECCOB, KOTOPbIE PEANIMU3YIOTCSI B CYHIECTBYIOIIHMX KOMILIEKCAX
KOHTPOJISl TOKa3aHO, YTO OCHOBHBIMU MPOLEAYpPaMH, OIPEACISIOIINMHI JIO0CTOBEPHOCTD
KOHTPOJISI B YCIIOBUSIX TIOMEX, SIBJISIFOTCS JIOKAIM3aLMsI U KIacCCU(PUKALUS PETEPHBIX 3HAKOB.
CymiecTByroIue METObl JIOKATU3aNK U KiIacCUPUKAIMU H300pakeHU HE 00EeCTICUnBAIOT
JOCTaTOYHYIO JOCTOBEPHOCTh KOHTpoJsi B ychnoBusix mnomex [2]. Ilpu paspabotke
COOTBETCTBYIOILIMX METOJOB JIOKANU3alluMd U KiIaccupukauum K oOpadaTbiBaeMOMY
M300paXeHUI0 OBLIIO pUMEHEHO runepbonandeckoe BeiBieT-nmpeodpazoanue (I'BIT) [3, 4].
[IpeumymectBo npumenenus ['BII, o cpaBHEHMIO C TpaJUEHTHBIMU METOIAMH, 3AKIH0YACTCS
B TOM, YTO OHO:

"  [PEeOCTaBISET BO3MOXHOCThH BEIOOpA MaciiTada BeUBIIEeT-peoOpa3oBaHusl (JJTHHBI
HOCHUTENS) S, YTO TO3BOJISET BBLACIATH OOBEKThl HYXHBIX DPa3MEpPOB M oOOecreduBacT
HEOOXOMMYIO Ui pEelIeHMs] 3aJayd KOHTpPOJsl KadecTBa II€YaTHBIX IUIAT TOYHOCTh U
IMOMEX0YCTOMYUBOCTD;

"  [OBBILIAET IOMEXO0YCTONYMBOCTh C YBEIMUEHUEM MacilTaba BeiBIIeTa;

®  KOHUEHTPUPYET IHEPrUI0 N300paKeHUs B 00JIaCTH MepernagoB HHTEHCUBHOCTH, UTO
MOBBIIIAET TOYHOCTh MPU MOUCKE 0OBEKTA.

Tak, nampumep, npumenHenue I'BII npu nokanuzanuum 0oOBEKTOB IMO3BOJSET IYTEM
yBeJIMUYEHUsl Maciitada rnpeoOpa3oBaHusi § (JAJIUHBI HOCUTENS TUNEpOOJIMYECKOro BEWBIIET-
¢uibTpa) paclIupUTh MPOCTPAHCTBEHHYIO JIOKaNU3aluio o0bekToB. [Ipu 3TOM HM3MeEHsIOTCS
3HAYEHUs aMIUTUTYAbl curHaia B mpoctpaHcTBe ['BII, koTopble cOOTBETCTBYIOT Iepernajiam
MHTEHCUBHOCTH  HMCXOAHOro  u3o0paxeHus. OObekTaM  MeEHbIIEH  MNPOTSKEHHOCTU
cooTBeTcTBYIOT MeHblne 3HaueHus ['BII. Kpome Toro, 3a cuer cpoiictB I'BII obnanaer
BBICOKMMH TI0Ka3aTelsIMU TOMEXOYCTOMYMBOCTU — CYLIECTBYIOIIME METOJbl 00paboTKU
n300pakKeHUH, OCHOBAHHBIC HA JIAHHOM BHJIE TNpeoOpa3oBaHusi PaObOTOCIOCOOHBI TMpHU
OTHOIICHUSIX CUTHAJI/IIyM HE MeHee 5 (110 MOIIHOCTH).

I'BII ompeneneno kak HEMpephIBHOE BEUBIIET-TIpeoOpa3oBanue ¢ GyHKIueH [5]:

Qo(w:ﬁar), (1)

rIe 7 — He3aBHCHMasl IIepeMEHHas;
G(-7)=G(r) —anantupyromas GyHkuus, G(r)=1(r —&)-1(r —y);
1(r) — enunnuHas QyHkus XeBucaiiaa,
o >0 — MaciITaOHbIN MHOXKUTEIb JUIS [TOJIy4eHUs! 0a3UCHBIX BEHBIETHBIX (DYHKIIHIA;
£,y — TapameTphl aIanTHPYIONIeH (YHKIIHH.
3neck 0<¢g <<y, nodromMy Takoil BbIOOp €2,(T) HM30aBUT MAaTEPHHCKUI BEWBIET OT

1 y
CUHTYJISIpHOCTH (PyHKIMM — B TO4yke 7 =0, COXpaHMB €€ CBOWCTBA IIPU CKOJb YrOJHO
nT

MaioM & >0, a BpIOOp ¥y oOecneuuT IOCTATOUHYIO JIOKaiu3auuio. JlokazaHo, 4To mpu
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UCIIOJIb30BAHMM B KadecTBe OasucHOM, GyHkmus € (r) (MaTepUHCKHHA BEHBIIET)

YIOBJICTBOPSET BCEM  CBOWCTBAM, MPEIBSABISIEMBIX IPU  [OCTPOCHHUH  BEHBJIET-
npeoOpazoBanms [6]. B [7] nmpemnokeHo BHIMOMHUTH 3aMeHy GyHknmn G(7), Ha (YHKIHIO

G, (7). Ha ocHOBe 3TOr0 mpH MOCTpOCHUH 0a3uCHO# (GyHKIMH ISl 0OeCIeueH s BHICOKON

MMOMEXOYCTOMYMBOCTH W TOYHOCTH B COOTBETCTBHUHU CO CHEIU(UKON perraeMoi 3anadu, B
paboTe BeIOpaHa Takas agantupyromas Qyakius [4]:

2

| > ¢

G/(r)=1%" )
Z, |‘L’|S€.
E

I7ie T — He3aBUcUMas iepeMeHHas. OMnupuuecku onpeaenesl (a =0.8; € =0.1)

B nanHoll paboTe mnpennokeHa MporpaMMHasi CUCTEMa KOHTPOJIS KauecTBa I€YaTHBIX
mwiar, KoTopas 3a CuYeT NPUMEHEHUs pa3pabOTaHHBIX METOJOB JIOKAJIM3ALUH U
knaccudukanuu Ha 0aze ['BII mins pa3paObOTKH COOTBETCTBYIOIIUX IPOIETYP, MO3BOJIHIIA
noJry4ath MH(GOpPMANHWI0 O BBIACIEHHBIX aedekrax. PaccmMorpum 1Ba sTama pabOTHI 3TOM
CUCTEMBI: PSKHM OOyJICHHsI M pabounii pexkuM. B pexxume o0ydeHus Ha BXojae GopMUPYETCS
MCXOJHOE TIOJYTOHOBOE M300pakeHue 3tanoHa. s ¢opMupoBanusi oOydaromeil BHIOOpKH
MIPOBOJUTCS JIOKAJIMU3ALMs, IOMCK, BBIJEIIEHUE M IPOCIEKHUBAHHE KOHTYPOB pENEPHBIX
3HakoB. [Ipom3BoanTcsi MACHTU(UKAIUS HA OCHOBE WH(GOpPMAIMK O XapaKTEPHBIX TOUYKAX
(XT) m paccuMTaHHBIX TeoMeTpuYeckux MoMmeHTOoB-ipm3HakoB (I'MII). Mudopmarms
coxpansiercs B 0a3y 3Hanuii (b3). Beimonusercs o0ydeHne MHOTOCIOMHOTO MEPCENnTPOHa Ha
OCHOBE C(hOPMHUPOBAHHOH 00yJaromeil BEIOOPKH ¢ TIOMOIIbIO MeTo1a Ha ocHoBe [ BIT.

B pabouem pexnMe Ha BXOJ CHCTEMBI TOJAETCS M300pakeHUE KOHTPOIUPYEMOI
MeYaTHOW TIJIaThl, TIOJy4€HHOE C ToMOIIb0 BHaeokamepsl (puc. 1). IIpousBomutcs
npeABapuTeNibHas  00pa0OTKa BXOJHOTO  HM300pakeHus. Peanmusyrorcs  mporemypbl
JOKaM3alui ¥ UIACHTU(QUKAIIMN PETIEPHBIX 3HAKOB. BBIMOMHSAETCS MX paclio3HaBaHWE Ha
OCHOBE OOydYeHHOW HEHpOHHOW ceTH. Peanm3yercs NO3WIMOHMPOBAHUE H300paKECHUN
ATaJOHHOW M KOHTPOJHUPYEMOW TNeyaTHOM Iuiatel. Ha BhIXOJE mMoJydaeM pe3ysbTaT
BBIJICTICHUST JIePEKTOB W HMX XapPaKTEPUCTHKH (KOOPAWHATHI MECTOIOJIOKEHHSI Ha
N300paKeHUM IeYaTHOU TUIaThl) (puc. 2).

iSensorTM

GS@9039 REV:B

Puc. 1. U300paxeHne KOHTPOIUPYSMOM MTEYATHOH TUIATHI
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B umensx omeHku pabOTOCIIOCOOHOCTH CHUCTEMBl U IOJIyYEHHUS OLIGHOK ee
MMOMEXOYCTOMYMBOCTH, HCIOJIb30BaHA 0a3a NaHHBIX, coctosmas u3 100 wu3o0paxkeHuit
MEYaTHBIX IUIaT, OTJIMYAIOUIMXCS Pa3MEpOM, YIJIOM HakKJIOHA, YPOBHSIMH OCBELIEHHOCTH. B
CBSI3M CO 3HAUMUTEIbHBIM POCTOM BPEMEHHBIX 3aTpaT Ha 3arpy3Ky H300pakKeHWi, a Takxke
BBITIOJTHEHUE BCEX TMPOIEAYyp HUX 00paboTku, OBUIO TPHUHATO pEIICHHE pa3padoTaTh
ABTOMATUYECKUN CKPUIT.

Pa3paboTka aBTOMAaTUYECKUX CKPUIITOB — 3TO HOBAasi COBOKYITHOCTbh 3HaHUN U HABBIKOB,
KOTOpbIE HEOOXOAUMBI JJIsl TOTO, YTOOBI, UCHOJIb3Ys] HHCTPYMEHTAIbHbIE CPEJICTBA, CO3/1aBaTh
TECTOBBIE TIPOLIETYPHI TIOCJIE TOTO, KaK OHHM OBLIA CIIPOEKTUPOBAHBI M CINIAHUPOBAHHI [§].

C4 C3

i
Gl

. ™
iSensor Q
GS@9039 REVB =

Message;

Template PCE Img # LD: 25:521
Template PCB Img # RL: 564:19
Template PCE Imq # RD: 585:521

[Sidefectsdetected ]
H#1-%0:99 Yol04 Rmaw: 2 Square: 11

H2-¥ocdBd o120 Rmax 8 Square: 98

H3 - X479 Yo118 Rmax 6 Square: B3

H4 - X266 o334 Rmax 11 Sguare: 83

HE - X284 Y337 Rmax 2 Square: 11

Puc. 2. Pesynbrar BoiaeneHus 1eeKTOB U UX XapaKTEPUCTHKH

OpnuM u3 HauOoJjiee NOMYNISPHBIX, BOCTPEOOBAHHBIX M BECOMBIX IPOTrPaMMHBIX
KOMILJIEKCOB JJIsi aBTOMaTH3al[Ml TECTUPOBAHUS MPUIIOKEHUH HAa JaHHBIM MOMEHT SIBIISIETCA
nporpamMmmubIi kKomruteke QuickTest Professional (QTP). B mamno#i pabote mpemiokeHa
METO/IMKa KOHTPOJI KauecTBa IEYAaTHBIX IUIaT HAa OCHOBE pa3pabOTKHM aBTOMATHYECKOI'O
ckpunrta. st ero co3maHus Hcmosb3yeTcs TexHosorus Data Table, xoTopas mo3Bosiser
napaMeTpU3UpOBaTh JJaHHBIE, a TAKXKE CPEJICTBO MPOBEPKH PE3YJIbTATOB MPOXOXKIECHUS TECTA.

MeTtoiuka KOHTpOJISI KayecTBa MEYaTHbIX IJIaT Ha OCHOBE aBTOMATHYECKOTO CKpHUIITa
BKJIIOUYAET CJICAYIOLUE IIaru:

1.  Vkazars B HacTpoiikax QTP myTs k mpuioxxeHuro.

2. Co3nath HOBBIN TECT M J00ABUTH COOTBETCTBYIONIYIO aKIIUIO JJISI €0 Pean3aliiu.

3. Cosznate xpanumuiie o0sekToB — Object Repository uist maHHOW TpOrpaMMHOM
CUCTEMBI.

4.  BpImoaHUTE 00y4eHHE CUCTEMBI JUTsl paclio3HaBaHUsI 0ObEKTOB M MX CBOMCTB.
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5. [IpoBectn accomuanuio CO3JAHHOW aKIUU C JO0OABJICHHBIM XPaHUJIUIIEM
00BEKTOB.

6.  JlobGaButh TOukM mpoBepku: check points — B Te wacTu Tecta, B KOTOPHIX €CTh
HEOOXOMMOCTh TPOBEPKH COOTBETCTBHSA (DAaKTHYECKUX PE3yIbTATOB MPOXOXKICHHS TEcTa
0KUJJaEMBbIM.

7.  3amycTUTh TECT Ui OJHOM UTEpali U MPOAHATU3UPOBATH PE3YIIbTATHI.

8.  IlapamerpusupoBarh JaHHEIE.

B pesynbrate peanuzanuy CKpUNTa MHOJY4YEHbI TaKM€ OLIEHKH MOMEXOYCTOWYMBOCTU
CUCTEMbl KOHTPOJISI KaueCTBAa MEYaTHBIX IUIAT: IPU OTHOIIEHWH CUTHAJ IIYM JOCTOBEPHOCTH
KOHTPOJISL B YCJIOBHUSX TIOMEX B JIMAIa30HE OTHOMICHUs cUrHaN/myMm 8...10 (M0 MOIIHOCTH)
cocrasuiia 94 %.

PaspaboranHeiii ckpunt wHcmoib3yeT o0bekr DataTable, koTopbrii sBisieTCs
nepepadboranHoit Excel Tabmureit, kotopas mapamMeTpuU3WpyeT BXOJHBIC 3HAUCHUS IS
OpraHM3alMi WTEPATHBHOIO Ipoliecca BBOJA PA3IUYHBIX HAOOPOB BXOJHBIX HaHHBIX. B
KadecTBE IapaMeTpa BBICTYMAaeT HCXOAHOE oOpadaThiBaeMOe W300paKE€HHE IUIATHI, YTO
MO3BOJIIET ABTOMATUYECKU MOATPYXaTh N300pakeHune u3 umeromercs 6a3pl. QTP coxgepxut
WHCTPYMEHT MPOCMOTpa, aHalu3a u 00padOTKK pe3ylbTaToB TecThpoBaHUs — Run Results
Viewer. OH TO03BOJIAET TOCJE 3alycka TecTa MOJYYHTh HHGPOPMAIUI0 00 YCHEIHO
MIPOMJICHHBIX WJIM HE MPOMIEHHBIX uTepauusax. Mcxoas u3 noiaydeHHbIX pe3ynbTaToB, MOKHO
CeNaTh BBIBOJI 00 YCTIEIIHO MPOMJICHHBIX UTEpALUsIX TecTa (puc. 3).

Step Name: PCB Quality Inspect

Step Passed

Object Details Result Time

PCB Quality Inspect SwiWWindow Passed 25.04.2014 - 15:08:39

Result Details | Screen Recorder| System Monitor

Captured Data

r ) |
@ PCB Quality Inspect =HEC!

File » Actions - Tools ~ History ~ Zoom - | L

|| € Video Previe £3 Work Image Preview|

—
| PCE Quality Inspect §

»

Image Binanzation

Invert Color

Convert to GrayScale

aumden) oaps,

Binarization (Manual) -

Binarization (Auto- HWT) 2|

B

»

Image Outiines

®16100
! 5102086
Get Outlines (Meorphological)

Get Outlines (HWT) = Lo
|5 (4

=
. Bissacol g afiluu|_\I v

. EmEN
ClEm ™
iSensor
GS09039 REV:B

Image Filtration S

Median -

——
e
njg abew

Closing (Morphological)

Puc. 3. Pe3ynbTat npoiIeHHBIX UTEpAIIUN TEeCTa

BrIBOAbI

DKCIEepUMEHTHI TIOKa3alli, 4TO B Pe3yJIbTaTe MPUMEHEHHUS THIIEPOOINIECKOT0 BEHBIICT-
npeoOpa3oBaHus U peaM3alid MPOIEeNyp JIOKAIM3AIUA M KIACCU(PHUKAIMHA pPENePHBIX
3HAKOB, YJOCh BBIIENATH Ae(PEKThl Ha N300paKEHHIX TMEUaTHBIX IUIAT B YCIOBUSAX MTOMEX.
MeTtoiuka KOHTpPOJISI KayecTBa IEYaTHBIX IUIaT, OCHOBAHHAs HAa COBPEMEHHBIX CPEICTBaxX
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pa3pa60TKH ABTOMATHUYCCKUX CKPUIITOB, IMO3BOJIMIIA COKPATHUTH 3aTPAaThl BPEMCHU B CPCAHEM
10 35% 10 CPaBHEHUIO C PYUYHBIM METOJIOM.
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JpiOHOCEPIHHOr0 BHUPOOHUIITBA BUPOOIB, a TAKOXK PO3POOKH aBTOMATHYHUX CKpPHUITIB B
LIAX CKOPOYEHHS BUTpAT Yacy JUIsi KOHTPONIIO. 3alpoIlOHOBaHA CHUCTEMa Ma€ BHCOKI
MOKa3HUKH 3aBaJIOCTIHKOCTI, & METOAWKAa KOHTPOJIO iX SKOCTI MPUCKOPIOE IIPOILEC
TepeBipKy.

KirouoBi ciioBa: npykoBaHa Iniata, periepHi 3HAKH, MPOrpaMHa CUCTEMa, aBTOMATUIHUHN
CKpUIIT.
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The paper is related to the development of the methodology for quality control of printed
circuit cards based on automatic script. The development of both quality control systems
appropriate for small-batch production and automatic scripts providing for reduction of
time required for quality control is a burning issue. The quality control system and
methodology proposed offer robust and less time-consuming quality control process,
respectively.
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