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WE AAGGHOXFINRATHAKIME R RAF HEB 4543 AR (D) Bl o Seis iR
ERGOHNEL Q) HEARFOY AR R LSO IL A E LA TR RERHAEE TRATRAR
M3 (3) MBI A BT HA PR L EHNATES HLRET —HEFH PR AEEELT
WHE AT ETA—KARRA —FERG AR RBRTEEF QO LA, LB ST HEBNE 8L LRE R
RS PEBRERS AR, EFRNREST LA Bk,

FRIT A AFL BN HTR BERE. FHLA

hEESAES TP391

BHTE AN EEAE LIREHREARYEM. I THEHAR TERSRERAMF A SES SR BB LR,
HARBUAEREAFNXBEAFENEENE. BAEERETHEEARELFE " HAFTHE
BAETEEHFEI AL T REFPFPOAEDEHFEEREABR HERRXFENREHR. —ETFER
EASHNTEEEAINE AR BEELNSBRREA. MR T KRFAMCAFF LNARERTE &Y
ARBENT MR, NELBEANSELA TR T4 HEE KA NAHELAMEERF B MR BRERFR
B CEBE T EERBANEERM N TEAMEA S S - TERMMANAER AR RTHATER
BEHAMLEEN. FHEFE LY REmE i EEE. B, Kerl Tombre™ Mt BF & B ko3
“None of these methods works”. fbi#f — R B X M &M & 3 . “Actually, the methods do work, but none of
them is perfect”™ E iy, AIEEMEF A T HFHE KRBT ER.

FRXBREME TR FEMESBEXREFE (global line vectorization, I HF GLV) MR & F R TiX 3
AT, CLV B I RFH FEFRHGHFLBEREMNEE R . AR . RAEEEFEF AL FR.BHEER
N ERZEMERK ANBRTHRLEEASNABEEA Aot s TIREEWHTEMNEERSFAE
F EEANHEEEBEFENEIEFANERAE A AR GBS,

1 RAERKXBRUTEHRER GLY Bt B4R
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. WEAFENAOEATERKAKBAEYSHRHAN, HELH, CAD. ERE, 1975 F4 ML &, T EMRAED T
PR A B E R A RIS, X FIRACAD. LA, 19 8 KB AR T EH ARSI EOLE R ¥ .CAD, A
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HEAR#DRT AEEEd AR CHENEARRR (ERBERNSE. B X RN EBRARERTHR
BEEMTELHME KEEHMEANARMERRSHFEXR T L OEERES.

EFemar: cRREANRE AERBERNREY . EREYZEATUHUSHERARY S L
B AP EBRATUEFERCA . Ah FEHE MELATERAREN SREER - FERNGEE
Bk,

EFMEBMA A Z. BEE L0 AHTTESRE (run length encoding) R EFMITEHERSHEAH S
REZW OB dHEREENTREF SIS MAEANERELSEESHN FRRE B AT A ELE
HEEEPH T SEEMASHL . BEERSN IETREEN. 68 ZSAFERLUAALFAL PR RHE
B, E X R B i xR A AT (I A BB D3RR W A, 03 O ok AT R AR R N R
REEFBEHRESELNAREE,

BRBEES . BAHCAREEWH LR R EERESH (NEE TREEE NS E MEE&#T
BRERRE XEFELERGAEEE, SRR EERE SRS LRTAILRHS R Bl TRA N
RERBHBEAHAMFNAR LRI ERFRETA FUNRSEESER B4 FE M FERREK
FREAFMAHMEE . MRELAHENMEL.

BEABFERRAARBAMEZAERGEEN A LEHES BEINHERUT 4 M4 BEERREMA—
FELMNTE: (1) BAKXREHNPOREE: () BPOoASHESRER ) BEXBHERKEE: (O T
CZESNESRBHILER PO E FRXBAAN T AERERE AT FEEBENEERR.

1.2 GLV ¥igitas

CLVHEABRER ML TFHARAEEEARERIGREZN AKX ERE SR TaETERR
B.EREPELAEFE, AMETUERAFRE LOETHEMERS NTUERTESTAMNEE. X
R EETOAHERNELN T AN RNMER B ERT R AR RS

FEIHEARFAMEME. MEN-FL4EFAMNER L SEAHEMN, ZXRGE TEEH TRAORE AT
ERREER P RE ELNHE. A FES LR TR GEDTAE.

WME Ll BEABCDAHERNFENENF. KAFENGCH H, d.0K O

2 PROJAGEERPHETRAB ARIFRIHERESE WRII RPHBHERE.

HES VUONER I WEBEEEE SREEENMETHFE ENEERSER.

EX L TRERALZWER I HERERFAAAEEYN
—ANE. ERAEHELUTFTAARKAHEEEER (AL
BR) .

D WABCD)<e., K c WA K FEHE, BUEEE N
PABCDOXICEE B ERAB I BRRBREH, B #H
PCABCD) /8, A L JH % £ 38 /E 2 505

(2) | BCABEF) — B(CDFE) | <6 A | BLAGOF) —
BUHDFO) <6 A |B(GBEQ) — B(CHOE) | <8,6 8.0 X 55
W, T /25

(DY NSUsT|EF | =V(EF,)|AD|+ 8.8 AT E BT
18 LAHEBR B & 1 T 1.

(4) |AB|=K X |[AD| K B2—1TZBEHE . FL D, WA Fig. 1 Definition of seed segment
FRiIEF TERAEEFANBLERZ. NI RHBPTENITELX, Bl HE&RTBRMENL
FEHBUBRIIBEAHNM TE. R1FILUTHEFAAN K GINHTEREARECIREN — £ HRFFH
ERMTREGARE22FINTHREOANFHIRIBREY PHTFENTHERREKE/(ADD. BFR K=
4, BUAT 7 4R Ry ZOR S 5 4R i 3 3 2 o LR T 4.
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Table 1 Experimental result of detecting a seed segment with various K
1 EFRKEIFRHFRNERER
K 2 3 4 5 6 8 10 12 16 20
Validity® 53 %4 1.1 1.1 Lo Lo 10 10 10 L0
Cost? 2.8 37 48 6.9 10.2 14.3 20.6 36.4 61.5 137.7

OF K. QFH.
MTBRMRMITAMEMRESBRETHHERSTONAR. HTRAARBMAF T LK L—%
REMER. WATHNTOCERE HTRAOEKRTIRER EAAXHEENES. VB AEZRATE
WA 50 204 0 RO L 7E VB ek — Ak B R R MRS T B B S M MR A T R B o TR B WS 4k AR
R S RATREGLV R BE—FELD MR (D BERTE; (D) BRTEEKI—FES; (D) #
BREEROUE SHAEHFTEREARTATFEHEATLCARUGRRFIER TR0 EL I LFEK
TR —REFE,HWT L ERAE FEHTE.

2 GLV D HiEkxm

2.1 BERMTFR

M—TBEER AL EEXIEHTRENEELEWNTUNE 2 Fim).

: HE 4. r AEBRH K scope S BAIRF T, 148 4 B 45 4 4
STHERRE. MR R=r.

Step 1. DBBER c AR LE—THEN IXRYENEH
O, ERRFG, BN FaRFOLARALAKERERART
: FeESERRERYBRE. ‘
Fig. 2 Seed segment detection Step 2. EHFRLHEMABRER(KEN L) UF K pfEH WM

Bz @R FEMNSR BERIFRATER.EXALEHNBRER, W R<scope, ] R=R+r,
FHBELE Step 1:#F Riscope, 8 B F 48, iE Bl & W7 3.

Step 3. M p L BpBEWMFM(E. F.ERE)LU r FELIEXFA LW BRERBEE  KEEE
BT LA AR BT R B, T Y R R B E O ik R R A0 N B B M e Oy i G WU AR AR AE B B
BEMET R AR MBENE N ¢ IR axXr=K XL, MFH A Step 4; F M, 0B m X r>scope B |¢p | >>scope, W5
WFPL,B W Step 2. 2 LA AMMB R ELHEARMERS A p CD o HETHR,EHETRURLIE
B B MR L R AR B AN

Step 4. MEMTREURE po ZRHNBREEAREEER. UREB . MARKIR . EBLHFEE; &
M, B Step 3 2E4E 3. )

EHETNEGEF TR 2R FE. FRUERELAEAGFEVERSREN MBS B HL KN
FER RAMNHTEMRMETOTENZELROHRTE . SR EETAESRENWHE
2.2 MFENEK

T EEM £ £ & B T Bresenham 5 # S 30 2k 9 F i BR BE 5 AR 3 5 FL. Bresenham B THELBER
FRRESEE LNANFET. BEREARFENEUAR . BEEWO TR H G maE . L2
ETEAEANRE.FTERITLAR.

FE1 BEREEEEABNKENTEENENEH;

2 RMERELEGBRSB IR SAANEREBEEE AN EERKER IR L THTFEAR.

FAF 1 DR IEREE AR B SR A BB S. A R EEHMEEAEZER T RERIA
PR, FEESI AT W EER. AP - TR EEENEEM R T (mE 3 FR).

WES BERFEILZRE L EENBOBNER. EHTHAFAWEE TR MBS LHWRE
BERFRAMNEREREANREEANHERAERAT - NEE TR,
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Step 1. /H Bresenham ¥ 5 4 B R 7 BY K B 05 1 B9
ERFEBE Voli]li=0,...vn). BB AL O
FEMFLEIFA-=3XWW RERHFEHNEE). W
Wi LR KO

Step 2. HFF B4R % 7 H Bresenham W & &
BERMOTBHBERE SER—-TA,. BEES
HHMERABRENR A MAR, M3 A Sep 3,50,
HE A Step 4.

Step 3. RHEZEREMEE. MR EEXTHREH
B E-OEMEENEEICARERELE REXE
SHWRER PHAMEXERKE XM.P AAWHESR
FHBE Vs ALEFER TMAMMK Vo FHEHB Fig.3 Direction guided tracking of line
B, Vplil=Volil+effset(i=0,... ,n,offset=P—O). B3 ZRREES
MR Vpln/2]1FEAMTERREVy FORBEERE . IDRH ST W, IE BN E 3 Rz
LAMRELERWEBARTLE RFHEMER . REFHFTERNFASERELEFAFERE FEEHT
AESEFRE. #TEREHNSHERRH TEREMHECAEMBSGAEE XF L. AOERERREEHNE
— R AR AT R W, R L Al — AT B R ) R RN T E R ST R .

Step 4. RINBZAAWEE MRARKEXTEIRE B -BBEMNFEINKECAREESR. MR
BB KT BB 4% 1R) BE Y 0% B, 0 45 TR S R O T b i BB

BIrREESIBUNTFENFNIZH BAPREMAEE SR BEMTES MM ESABEFHFA LR
BhH. B HHBREI RS AU HEENBBRERPIEABRNTIRARTAR. — BRI ERE. 5 —
FHEMBERL . FERITEAMNE | RESHA—TBERE. SN TFREMFAITTHREBSREF BREEXRPE
RTEMENBEA—RIAZ-HOVFHE OBRKE NRAEE--TRE WERE &KL, TN .84
FB HBZHREEFESRRE LU HE RTUEAN BN KT RS Y - FERETEHRA
BlE, R ARTLUHEMHEEANUT W REZTRRENTEETRED.

2.3 WMBRSIRAEZMNER
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DOFFB.CRERE ©EXER.

WF—FIZHE LB, A RIREMEBRE
HESTR EYELSHEMEBRITFHEM, X
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Hi4 BBRERNERNTEE
—MEHREEX P OR, A —RALR O BESITA.

AL EWGLVERT - ETHESS M
BT B 4 T B TR RO O DL 2 (D 1B 4 B RO,

Step 1. WHANBENXBELXE M ELHE
BEKE VBB IEXABNEXABR. XA
BESRET 2B AT R B AL F% A Step 2.

Step 2. # ¥I3Z 5 b B2k B WP 022 7 (0 ) 43 ST
RERH SRR

Step 3. FH AWM A3, AWM HESIHT
WM R A AN, T

BROCANELVEAR,. TREMTHELBRST — X5, AWM R T 5 8L KRB
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s R BMEBEEHINEAMRA TR ERS T A LM HR HFLE - £XRND A ALUEER MR
WHAEH ORISR MMM EEZR TREOSR. EE T EARERSR.

3 HEMIESXBER

HARBAFEARBIEFOAUTACYEEAR.- ARSBWRANBE. SEFAERYEHENTH
HARE. £ 2 WE® B3 CLV S8 E H B RS T 557 03 L.

Table 2 Performance comparison between GLV and existing vectorization methods

F2 GLV SAFEAREETENERY T

Methed™

. . R ®
ltemn® GLV Existing vectorization methods

High, because it detects line width and Thinning-based methods lose line width. Precision is

Precision of . L . )
adjust midline according to the entire  degraded by other wethods because parameters are

line parameters™

line® averaged from each segment®
. Thinning-based and contour-base methods are
Impact of Independent, hecause process lines of

adaptive to line orientation. Other methods are

line orientation™ any otientation in & same way®

inconvenient to process slant lines?

. . Low, beeause it is based on Bresenham High. because line fitiing uses a lot of distance
Computational ] ) . . o . .
L algorithm which mostly uses addition, calculation, and combining collinear lines reed a
complexity™® ) ) o i . e
sthtraction and shift operations®™ lot of list searching and angle calculation

CF OH A H GAHEERBAF L DEESHOHIHEE CRARMBEH ALK, B
BHLE HEEH OETALYFEZLELARN HATERKESRA SR RRESF LN S
W AGHER DS N0 AKNENE.@SFHEX, MERTHAKNLRTER2HBR, @
HETREAETREAFEN FAMEEESE HA bt BE8R M B T EHRARE
£, OHEERE QK FBHET Bresenham B, EERN A CHE CF, BHEEER
BHENKEEESHE, IRNAEEAANRETERREATRFEAAEIH.

MU L T EHS S .GLYV LAFNEARBAFERABINEA. GLVBLMTRRBERY
FEAEERE AEEEMBE - REHNERFEL ABE LB T RAN GBS HN RN AREBY .
P TS BB R AE L RIAL T R B LT . S 1 ER BR HEBR T RS I 30 SUXS U B 8 8, 3 i AL R L 0N L T
EHBIERMAMYFEEREEEESH L MR B R THIE MTH T REM. AL, AERRRE
REEMHENELLEETRAERNBENRR.

FAYRHEOETFHFEMNEL X BETECAVCH 16 0 A PCH LRI, HBL THEARKRTBELENT
WA EAENERBRAE 200 FLAHACEREPEARMTHMAMNRELRE 1 S8 CPU KN
PII233, P78 4 128MD, lEE THE TR SMM ERBL VBN EERGT — T HER. HAMRIRE 90U
B HGOERE T RENMAEMEE. THERM THARRD BRI AR THEAREN LT HARE
EEHERKXREEZELER.

Table 3 Experimental results of line vectorization by GLV

#31 ~HELMANEREBRLIRHSE

Drawing™ Size® (pixelZ, Mhytes) Line Pmcess.. Miss® Falseﬂ Reco}gnition
number® time (s)% alarm® rate® (%)
Stairs 3358 (3478,1. 427 377 9.1 9 17 92,8
Ds34 T200x4692,4. 124 a4 14. 5 18 36 90, 3
Details 16215 11856,23. 487 1670 53.8 29 93 02,5
Framing 16128 % 11806,23. 23" 1238 40, 6 20 7% 92.0

DREE,OR T, GHES K CLBHE B, CREE ORRKE.DHL,
4 HFEIF

AEXRE T —AEFUSAHBNEEERAE TS ESEAM FRAE MBREER,GLV #8 -0 R
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MEAER(QERR) . EERT AR X THEL EX UM N TEFE SRR RBEN EY SR,
BEANNIRARTERN TR R AR AR UMEEANELRE R AR ABENER.
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A Seed Segment Based Orientation Independent Line Vectorization Method
SONG Ji-giang SU Feng CHEN Ji-bing CAI Shi-jie

(Srate Key Laboratory for Novel Seftware Technology Nanjing University Nanjing  210093)
(Departmant of Computer Svience and Technology Nanjing University Nanjmg 210093}

Abstract Accurate and efficient vectorization are the foundation of engineering drawing understanding, The
existing vectorization methods have three main shortages: (1) A line segment is fitred using a chain of medisl
.8xis points so that the computational complexity is high; {(2) A lot of time—consuming searching and judging op-
erations are needed to combine the separated segments caused by noise or intersections; (3} The capsbility of
processing silant lines is much lower than that of processing vertical or horizontal lines. In this paper, the au-
thurs propase a seed segment based global line vectorization method, which vectorizes an entire line in one step
so that the combining step is avoided. Furthermore, it processes the lines of any orientation in the same way.
Both the perfermance evaluztion and experimental resules show that the performance of line vectorization is sig-
nificantly improved using the proposed method.

Key words ILine vectorization. engineering drawing recognition , seed segment s image tracking , orientation in-

dependent,
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