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Cpe~H rrpHnO~eHHM annpOKCHMaliMOHH~X MeTO~OB B ~H3HKe O~HHM H3 

aKTyanbHNX flB~fleTCfl 3a~a~a 06pa60TKH KanH6pOBO~Hb~ H3MepeHHM, npoao

~HM~ ~nfl onpe~eneHHfl TO~HOCTHb~ xapaKTepHCTHK aBTOMaTH~eCKHx H3Me

pHTenbH~ rrpH60pOB H YCTaHOBneHHR CBfl3H Me~y CHCTeMaMH Koop~HaT, 

B KOTOp~ Be~TCfl H3MepeHH~ H H3MepfleMoro oóoeKTa. 

npH KanH6pOBKe TaKHM 06oeKTOM flBnReTCfl 3TanOHHafl ~aCTHHa C 

HaHeceHH~ Ma HeM MHO~eCTBOM H3 N KpeCTOB. Koop~HHaT~ HX UeTpOB. 

(Xk,Y k=T;N, H3MepeH~e 3apaHee C BNCOKOn TO~HOCTbID, npHHHMaroTCfl
k), 

3a H~eanb~e. C HHMH ~O~N 6NTb cono~TaBneHN Koop~HHaTN (uk,v ,k) 
k=~ UeHTpOB Tex ~e KpeCTOB, BHqHcneHH~e no ~aHHNM aBTOMaT~eCKHX 

H3MepeHH~ (CKaHHPOBaHHR). 

3TH B~HcneHHfl COCTaBnflIDT nepB~M 3Tan o6pa60TKH KanK6pOBO~HO~ 

HH~pMaUHH, 3a KOTOpNM cne~yeT BTOpoA 3Tan Haxo~eHHfl KanH6pOBO~HNX 

rrpe06pa30BaHHA Me~ CHCTeMaMH Koop~HHaT ( X,Y ) H (u,v )/1/. 
AnnpOKCHMaI.J;5{OHHNe MeTO~ npHMeHfllOTcfl Ha 060HX 3THX 3Tanax. Ha nepBoM 

~nfl annpoKcHMauHH ~aHH~ cKaHHpoBaHHfl K~oro H3 oTpe3KoB, COCTaB

nfllO~X KpecT, T.K. B CHCTeMe Koop~HHaT rrpH60pa 3TH OTpe3KH MOryT 

OTnH~aTbCfl OT npfl~ nHHH~ nH60 H3-3a HerrHHe~HOCTe~ CHCTe~ (KaK 

3TO 6~eT B cnyqaíx cnHpanbHoro CKSHHPOBaHHry(2/ HnH npH 6HnOnRpHOA 

CHCTeMe Koop~HHaT 3/, nH60 H3-3a He~,eAH~ HCK~eHHA,BH3B8HHHX 
~HCTOpCHflMH npH60pa (CM., HanpHMep, 1 ), nH60 B cHny 060HX 3THX 

npH~H. Ha BTOpOM 3~ane annpoKcHMa~HoHHNe MeTO~~ He06xo~HMH ~fl 

YCTBHoaneHHfl npflMoro H 06paTHoro rrpe06pa30BaHHR (u,v)~(x,Y). 

PenepH~e KpeCT~ BCTpeqaroTcfl H Ha 06b~HNX H306p~eHHflX TpeKoaNX 

KaMep, r~e OHH flBnflIDTCfl o~HoA H3 CaMNX MaCCOBNX ~HPy'p'.H Heo6xO~HMH 

~nfl rrpHBH3KH CHCTeM Koop~HHaT KaMep~ H H306p~eHHfl/4!. 
B pa60Te/5/ orracaaa nporpasesa NOR'ICR ,np8;IU:laSHa'lleHHWI '~fl onpe

,IJ,eneHHfl Koop~HHaT ~eHTpOB KpeCTOB ( U ,V ) ,k=T;N no ~aHHI:lM napan
k k 

.~enbHoro CKaHHPOBSHHfl KanH6poBo~HO~ nnaCTHHN MeTO~OM annpOKCHMaUHH 

OTpe3KOB, COCTaBnflID~HX KpeCT (nne~), nOnHHOMaMH OT nepBoro ~o TpeTbe

ro nop~Ka C nocne~~HM pemeHHeM COBMeCTHNX ypaBHêHHA H B~HcneHHeM 

cpe~eKB~paTHqHHX norpemHOCTeA Ha~eHHHX BenH~HH. B pa60Te li 6sna 

BblCK83aHa H~eR o npHMeHHMOCTH nporpaMMhl NORTCR ~fl 06pa6oTKH H306
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p~eHH~ RpeCTOB rrpM CrrHpanbHOM CKaHHPOB8HHH~ ITpflMO B rrOnflpHHX KOOp~~
HaTax ITpH60pa "CrrHparrbHN~ H3MepHTenb" (CM)I I. TaKoe pa~KanbHoe ITpH
MeHeHHe rrOnHHOMHanbHHX rrpH6nH~eHH~ cynHT flBHHe ITpeH~eCTBa rro cpaB
HeHHID c rrpHHflTO~ MeTO~HKo~/6/, TaK KaK rr03BonfleT H36e~aTb rpOM03~KHX 
BHQHCneHH~ rro rrepeBO~ Bcex TOqeR KpeCTa B HOKBnbHym ~eKapTOBY CMC c 
TeMY Koop~MHaT, a Ta~e CBfl3aHHWX c 3THM H3MeHeHH~ MaTpH~ omH60K, I 
Be~HX R ycno~eHMID BuqMCHeHH~ Ha BTOpOM 3Tarre. ÔTO ~aeT OCHOBY ~nfl .. 
yrrpo~eHMR 06~e~ rrpOrpaMMN KBnM6pOBRH crrHpanbHoro H3MepHTenfl M rrepeHe r 
ceaaa ee aa MaJIyIO SBM, ynpasnmomyn pa6Q"TO~ CH, .IJ,JIfl BHrrOJIHeHHfl B 
OH-nanH peJltMMe. 
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Ha pHc.I,2 rrOKa38HH KanH6pOBOqHafl rrnaCTMHa C~ 

MepeHHfl KpeCTOB B rronflp~x Koop~HHaTax. H~o OTMeTHTb yrnoBoe c~eHHe 

xpecros c pa,n;HYCOM R , oTKy~a cne,n.yeT He06xo~HMOCTb annpoxcaaamra 
KpeCTOB KPHB~ BToporo H TpeTbero rrop~Ka. 

B pa60Te 4/ onHcaHa rrpoQe,n.ypa pacn03HaBaHHfl KpeCTa H B~eneHHfl 
OTpe3KOB nneq 6e3 cepe~HHH H KOHQOB,HCR~eH~ ITpH CKaHHpOBaHHH. 

B HaCTo~e~ pa60Te Hcnonb3yeTcfl orry6nHKoBaHHHA paHee anropHTM/ 5/ 
onpenenenas 1,eHTpOB RpeCTOB rryTeM rrOnHHOWfaJIbHOA arrrrpOKCHMaI.WIH nneu, 

PaCCMO~pHM KOpOTRO 3TOT anropHTM. 

rrpe~nonaraeTCfl, ~o npe~BapHTenbHoe pacn03HaBaHHe 06pa30B BNITOn
HeHO, TaR qTO rrOHy~eHH Koop~HHaTH TOqeK ~BYX rpyrrrr; nepBoro H BTOpO
ro rrneqa (M1 H M2 COOTBeTCTBeHHO). 

Ha OCHOBe BCTpa~~CH B rrpaKTHKe HenHHeAHOCTeA 
ypaBHeHHfl rrepBoro H BToporo nneqa 
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PHc.26. 

nonspsue R-e _Koop~MHaTH 

~~e CK8HHpOBaHHfl KanH6pOBOQHOn rrnaCTHHhI "CnHpanbHoro 
H3MepHTeJIR". 

€, H t aapaaee HeH3BeCTHb1 H ~OJIl\'CHbJ onpenenarsca anropHTMOM aaxoa
2 

~eHHfl Koop~HHaT ueHTp8 ( Xc'Yc ) HH~HBH,n.yanbHO H He38BMCMMO ~fl 

xaxnoeo H3 nnev. 
BhI60p reOMeTpHH: rme~H nepeceRaIOTCfl no~ onpe~eneHH~, HO HeH3

BeCTHHM (B 06~eM cnyqae) yrnOM. 
Bsõop BeCOB: Wi='/(L! X~+ Ayi) , r~e AXi H ~Yi omH(5KH B 

onpe~eneHHK" Koop~aT. 

MeTO~ paCqeTa Koop~HaT QeHTpa p~nepHoro KpeCTa: 
B ~eHTpe y~oBneTBopflDTCfl (1),(2) H 

(4)f, (x,y)f o
2(X,y) 

r~e KpeCT paCCM8TpHBaeTCfl KaK Bblpo~eHHafl KpHBafl.
 
EcnH npe~nono~HTb, qTO c" H3 (3) H3BeCTH~ H nOCTaBHTb HX B
 

)~ 

ypaBHeHHfl nneq, nonyqaeM nOCRe B~HTaHHfl ypaBHeH~~ APyr H3 ~yra 

2 3 
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i ITpHMeHeHHe anropHTMa AgR HaX0*AeHHR geHTpoB perrepOB crrHpanbHoro L cix o 

i=o (5) H3MepHTMR 

~)
 C
 i=C H-C2 i 

l = max ( t 
1

, t 
2

) 

(jf nHHe~oe, KBa~paTHoe HnH Ky6HqeCKOe ypaBHeHHe.
 

PaCCMaTpHBaroTCR cne~ro~He B03MO~H~e cnyqaH:
li
- Kor~a ypaBHeHHe (~ KB~aTHoe - OHO HMeeT ~Ba ~eACTBHTenbHMX 

KOpHR xc1 H xc 2 , npHBO~RIIlHX COOTBeTCTBeHHO K Koop.n,HHaTaM y c1 H Yc2 • 
M3 ~BYX nap Koop~HHaT ueHTpa HCTHHHO~ RBnReTCR Ta, KOTopaR npH rro~
CTaHOBKe B
 

111
 
'X2 

= I;Lf1 (X1i'Y1i) - f 1 (Xc'Yc)]2Wi +
 (6) 

&) +~[f2(X2"Y2') - ,y )]2w .
j=1 J J 

f 2(xc c . J 

2 
~aeT MeHbmee 3HaqeHHe X; 

- Kor~a yp8BHeHHe (4) Ky6H~oe, HMeIDTCR ~Be B03MO~HOCTH: 
" I) O.JJ.HH ~e~CTBHTenbH~~ H ~Ba KOMrrneKCHWX KOpHR - pemeHHe O)J,HO

3HaQHO; 

2) TpH ~e~cTBHTerrbHNX KopHR)rrpHBO~RIIlHX K TpeM Koop~HHaTH~ rra
paM, H3 KOTOp~ HCTHHHaR rro~6HpaeTcfl rro min BenHqHH~ X2• 

B nro6oM cnyqae rrepB~n ~enCTBHTerrbH~~ KopeHb x ypaBHeHHR (4) 

MO~HO HanTH rro ~OPMYnaM Kap~aHo, a 3aTeM CBeCTH K ~é~aTHOMY rryTeM 

~eneHHR Ha pa3HOCTb ( x ~ Xc ). ~ 3TO~ uenH C03~aHa rrporpaMMa 
~~. 1 

Hacne~CTBeHHNe OIDH6KH KOOPAHHaTHO~ napu (xc,Y ) HeTp'y)J,HOi- c 
B~HcnHTb, Hcrronb3YR CTaH~apTHyro rrpoue~y MeTo~a HaHMeHbIDHX KB~a-
TOB, TO eCTb rro ~HarOHanb~ 3neMeHTaM MaTpH~ ( JTWJ )-1 , r~e
 

J - MaTpH~a flK06H CHCTeMH (4), 3arrHCaHHOA ~o Bcex TOqKaX (I) H
 

(2). EcnH Heo6xo~HMO, yqHTNBaroTCR H He~HarOHanbHNe (Koppen~OHHWe)
 
3neMeHT~ MaTpHUN (JTWJ)-1. 

PeanH3agHR anrOpHTMa
 

rrpe~o~e~~ anropHTM 6Hn peanH30BaH Ha 0JHOBe rraKeTa O)J,HQMep

/7 HNX OpTOHOpMHpoBaHHNX nonHHOMOB, orrHcaHHNX B , K KOTO~M ~06aBne

H~ rnaBHaR nporpaMMa NCROSS " Ha60p BcnOMoraTenbHNX Mo~neA ORTCR , 

CARDAN , VERIFY , DEFECT , PLI , QUEQ • rrO~6HaR 6nOK-cxeM8 

anropHTMa H O~C~He nocne~OBaTenbHHX marOB rronyqeHHo~ nporpaMMN 
NORTCR , ~aH~ B 5 • 

~R 3TOH uenH.Hcrronb3yeTcR naKeT NORTCR H ~06aBneHa HOBaR 

J 
rnaBHaR nporp8MMa SPIR ~ 

06pa6aT~BanHcb 45 KpeCTOB KanH6pOBOqHOH rrnaCTHH~ .n,nR Haxo~eHHR 

Koop~HHaT QeHTpOB B no.nspaux xoopnaaarax R , e cne.n,yro~HM 06pa3QM: 
~ 

I) B ( R,e ) Koop~HHaT~ npH l.=3 : R , e ;
J Cx. CJ<,

2) Mo~enHpyeM cTap~~ crroco6 - rrocne pa3~eneHHR TOQeK Ha ~Be 

rpynrr~ no rrneqaM B ( R,e ) KOop.n.HHaT~ nepeBO~HM Bce TOqKH B nOKanb

Hyro ( x,y ) CHCTeMY H HaXO~HM ~eHTp~ c nOMo~bro TO~ ~e nporp~ 

N0RTCR npH lj=1 • ITepeCqHT~BaeM 3TH Koop~HHaT~ 06paTHO H nonyqa

eM R'c 6 e'c (HX CqHTaeM ~OCTaTOqHO TOqHb~H B cne~HanbHOM Hccne
~oBaHH~1 I). I(. 

Pasaana A R=Rc-R~ (r) COCTaBJI.l1eT peaynsrara, npHBe~eH~e B 

Ta6n.I. B rra6n.2 co~eIMaTCR t,e = (e -e') .10-5r a d (TonbKO ~nR 
c c 

KpeCToB OT O)J,Horo ~o .n,B~uaTH rrRTH). 
~ononHHTenbHO~ o6pa6oTRe 6~HH nO~BeprHYT~ KpeCT~ , 9,14,27,43, 

44,45. OCRoBHaR ueas - po6aCTHaRI 7I ~HnbTp'aUHR "rurOXHX" TOqeK, zoropse 
06~HO Haxo~HnHcb 6nH3Ko O~ QeHTpa (cM. / 47), B pe3ynbTaTe qero HOPMH

pOBaHHhTA aa crenexs cBo60~~ 1-~ rrpa annpOKCHM8IJ;HH cooTBeTcTBytOlI\HX 

nneq CTaHOBHTCR .n,orryCTHMO Man. 
B HTore Ha K~~OM H3 3THX KpeCTOB 6~o B~6pomeHo OT O~HOn ~o 

~BYX TOqeK, qTO npaaeno K yMeHbmeHHID X~oT.rtenbHoro nneua B xecxom.
KO pas (xanpauep , OT X2.:: ! B xpecr e JfJ 14 no ~=1.1 ) • 

Pe3ynbTaT~ B~cneHHR 

MHHHManbHaR A R=O,1ft - B ~B~uaTb ~eBRTOM H TpH~uaTb BOCbMOM 

xpscrax ,a MaKC~Ha.a ~ R=7,9 }t - B ce~bMOM xpec're , 
fbJIytreHHaR H3 Ta6n. I cpe,IJ,HeKBa,n.paTHqeCKaR ~R=3 ,4)1- • 

Cpe,IJ,HRR IR H3 Ta6n. I = -1,4)1- • ~ 

MHHHManbH8R H3 Ta6n. 2 !Je = 3· 10-0 
rad , a MaKCHManbHaR 

5..1 e = 43· ro- rad 

PHc. 3 nQKa3~BaeT KapTY: BeKTopOB Â Rk=R -it~ . He aauec
 
q8eTCR HanHqHe CT8THCTHqeCKHX OmH60K. k k
 

M3 Ta6n.1 H 2 BH,IJ,HO, qTO HOB~ MeTO~ nOKanbHoro orrpe~e~eHHR. 

ueHTpoB KpeCTOB nyTeM nonHHOMHanbHO~ annpoKcHM8UHH COBna~aeT c H3Be
CTH~/61 B rrpe~en8x cpe,IJ,HeKBa.n,paTwqecKoA OIDH6KH no BceMY noRro KanH6

POBOqHOA nrraCTHHN. _ 

!1 B Ta6n.3 co~epMaTcR rrap~ qHCen, COOTBeTCTByro~He nopR~Ky CTeneHH 

B~6p8HHbIX rronHHOMOB ~nR KaJK)J,oro xpec'ra ( k = 35t44).

r]
 MHHHMaJIbH8R H MaKC'HMaJIbHaJIl ~R H.1e ,cpe~HRR H cpe,D;HeRB8,Iij>a-·
 

THqeCKaR.1R HeÓunDillRe. ÔTO YKa3~aeT Ha TO, qTO HOB~n MeTO~ ~OCTa

TOqHO onpe~enHeT IJ;eH~pN ~eCTOB.
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PHc.3. 

OnMCaHHe HOBO~	 cxeMH B~HcneHHfl KanH6pOBK~ cnHpanbHoro 
H3MepHTenflJ 

I
 B ( ~,s )-Koop~aTe 6y~eM MCKaTb MMHMMYM ~KUHoHana B BH~e:
 

k k 2 k k k2I cp =D(ARU~".+B - 2R ug.) + (SU3H. -So - o<.R~N. -etlg) ] (7) 
J 
.~ k 6'~ Õ Sk

V 2 2' Yug- Yorne (xun. - xo) + (Yua. - Y ) , Sua. =.: arctg'RUQ. =	 o 
d 1 1 11 xU9. - x 

ex) <:;fI <:;fI N 
ex)<:;fIH H ... 

O'" 
c

"\ "' LO
"'I 

H H H 
H I I II 

~ 
e-

.. 
e-" H 

Cf) 

'" 
(5) <:;fI CO.. 

C") <:;fI 
<o I III I 

Cf)co so O(5)... .... 
LO LOHO ar-

H I II I 

Cf)co oHN.. .... .....e
<.Oo "'fLO<.Or-r I 

H 

coco.. (\J co N.. .. ..N o ooH I 6N I I 

co HH ....N., N.... .. 
e o oH<.ON I I I 

N 

co. Cf),. <:;fI co q.. 
No~ H~O I 

.. 

<.O 

H

o- Ó 
H H ....~ .... 

I 
~~ H 

<.O II
(V) 

ex)(5) LO
~ ..H.. 

<:;fI so c0HH 
H I I 
<:;fI I , 

q
TaxEM 06pasOM,BH6p8HHHR ~YHKUROHan ~eeH OTHOCRTarrDHO napaMeTpOB A, 
R, ao, a., IJapaMeTpbI YooueHHBarOTCH npe~BapHTeJIbHO, a nOTOMxo' 
YTOQHflDTCfl no ~opMYJIaM (8) sa )1.Be -TP" HTepa~HH. 

6 7 



... '" .... A 
X =XU6' - (A·RIl3H• +B)' cos (eUJH • -eo -Q{Rtl31fJo 

(8) 
~ ~ ~ ~ 

Yo=Yl.4~. - (-A·RIl3HTB)'sin(e IlUI. -eo-o<R"~H) 

3aKJI1O'tleHlie 
AnropliTM Haxo~~eHlifl pe/~p'Horo KpeCTa c yqeToM ~OKanbH~ He~li

HeHHOCT8H, paspaóOTaHH@~ B 5/, Mo~eT 6~Tb npKMeHeH ~~fl KanliópoBKli 
cnlipanbHoro lisMepliTenfl. TIpli 3TOM SHa~TenbHO ynpo~aeTCfl SaAa'tla Ha 
BTOpOM 3Tane KanliópoBKli, TaK KaK WyHKQ"OHa~ (7) nliHeeH OTHOCliTe~bHO 

napaMeTpoB. TIpflMoe licnOnbSOBaHlie nO~flpH~X Koop~liHaT, C~enaHHOe Bnep
B~e B HacTofl~e~ paóoTe,nosBo~fleT lisóemaTb B~lic~eHli~ no nepeBoAY 
Bcex TO'tleK KpecTa B nOKanbHy!o ~eKapToBY clicTeMY Koop~liHaT, a Ta~e 

CBflsaHH~ c 3TliM liSMeHeHli~ MaTpMQ~ omli6oK,Be~lix K ycnOMHeHlilO B~liC
~eHli~ Ha BTOpOM 3Tane, r~e yqliT~BaroTCR 3Tli omlióKli. B~aro~apR 3TOMY 
pa3paóoTaHH~ nporpaMMY SPIR MO~O licnO~bSOBaTb Ha Mano~ 38M, ynpaB
~HD~e~ paóoTo~ cnlipanbHoro MSMepliTenfl, ~fl BNnO~HeHliR B OH-~a~H
pe"'liMe • 
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PyROllHCh nOCTynRHa B R3~aTQXDCKRR OT~QH 
6 OKT.flÓpa 1987 rona. 
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0G -ogH0M,npHMeHeHHH a.lJropHT~a. nOJIHHOMHfW1bHOH 
annpoRcHMa~HHKaJIHGpoBOqHbIX xp ecTOB 

Plü-87-731 

OnHcaHo npHMéHeHHe aJIrOpHXMa nOJIHHOMHaJIbHOH annpoKçHMa
~l;JH nrres perrepnsrx xpec-ron .o;JIH oGpaGoTKH KaJIHÕPOBOqHbIX gaH
HbIX na CnHpaJIbHOM H3MepHa'ene o AnnpQKCHMa~HH geJI~eTCH npHM!J 
B 110JIHpHpIX xoopnanar-ax , qTO yrrpomae r BblqHCJIeHHe H noasnnae r 
HX 'TOqHOCTb na BTOpOM s r-ane KaJIHGpOBKH o Ilpaaerreasr pe3YJIbTa
,TbI cpaBHHTeJIbHOH oGpaGoTKH no CTapOMY H npennar-aenonv MeTO
gaMo 

PaGoTa BWnOJIHeHa B naGopaTopHH 
H aBTOMaT.H3a~HH OH~Ho 

BW~HCJIHTeJIbHOH TeXHHKH 
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Approximation for the Calibration 
Crosses ,Determination ,
)". t ,~ 

! 
AppliçatÍ.on of' algor'ithm of polynomial appioxim~tion 

lj for the determination of reference crosses ~f calibration 
~ 

àata for Spiral Reader .is describedo Tne approximation is 
clone in polar ~oordinate ~ystem that simplifies the calcu

<, latiQns anp incr~ases their precision on the second stage 
of data proce ss-í ng o, Resul ts of cómparat í.ve ca l cu l at i.cns 
acco 't.he l ar erd í.ng t o convent í ona and propo sed' methods gi
ven. 
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