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Line matching based on binary relations of geometric attributes

Hu Haixia', Li Gang’
1. Physical Science and Technology College of Yichun University, Yichun 336000, China;
2. Mathematics and Computational Science of Yichun University, Yichun 336000, China

Abstract: Objective A new method for line matching is presented in this paper. Method It utilizes binary relations of geometric attributes.
Four procedures are introduced in sequence as follows. First of all, it’s necessary to define a series of binary relations between two segments
and calculate the local similarity of two line segment pairs respectively from two images. The second step is to filter preliminarily out the local
similarity with threshold values and get the candidate segment sets by stepwise Cartesian product operation. Thirdly, the global similarities of
all of candidate segment sets need to be calculated. Finally, the final matched line segment sets can be obtained based on the local and glob-
al similarities. Result The method is insensitive to the changing of line segment’s endpoint position and length and the selection of two thresh-
old values. Also it’s robust and invariant to rotation, scaling and translation. In the meanwhile, it takes line segment’s directions into full
consideration, thus improving the matching accuracy. Conclusion Algorithmic analysis and experimental results have proved that the method
is reasonable, efficient and reliable.

Key words: line matching; binary relation; geometric attribute; cartesian product

IE%@FJTE&“'” o X EEIE I T HARHE R RIFY
R KR S R IE AL & T IR M K
BF A EE E%%El‘]@@ﬂéﬁf%/l\xﬁﬁ,,ﬁ\
TEEGARZFES , EARRHER T 3 dedgd . JEREAPRT R ML BUR U 2 14k B s R
FIGUR FIE R BCHE ST T SO B B g S5, #%%&Zlﬂﬂ’»ﬁﬁﬂﬁé%m&ﬁﬁﬁ%ﬂu

0 3

i1

s B #A:2013-12-30; 1% [5] H #9:2014-05-06

ESWE :HEK AR EETIH (61165011 ) s VLA RHLIRITH (20112BBG70092 ) 3 B A7 B i FARHIF S ( XT1315)

F—EEB N WG (1978—) %, YHI, 2009 £ TR B A KRGS 515 B AR BRI W2 A, FLEWFF I 8 i AL o S5 &1
KPR, E-mail ; xiaoyue_new@ 163. com

© [ K G BT AR AU A



$19%& /59 /2014598

EABEE, FW / JUTSH X RRVE LA

T 20 s TR R AR ILT A AE N E R VD B %
RUEE SR B R

A Y B LR DU I 7 i Ak B AT N
— BRG] A — R IE R B 2R R G
TR 2H A LA B g A et
TR VT 2 R R LA R (g K
FE BREESE) (HZM R st G B E T, AR T
R W 1AE 030 (E A T 0 144 T ) A
JUAAT 56 25, 8 B0 SR A A5, 1 43 S AR /. B 4R
ZH D I D) 2% 1 A 4 PN 38 T 4 2 I £ LA A 6 AR
Sy s JLART A A, Xk R LA AR b A R (R
WV 2R R R BOR T O B A S HiAt
FRAEDEAT, a0 SCHRk [ 15 ] 76 3 vk it P AR T 45
FHAE

SCHRT 1L 32 T — ol 5 T R A0 o) 5 14 1 R
DT 5k, DT T3 A5 A 3 B e TR 485 ) 4 %
Ty R ok, IT SRR ER K, B
WA IR A e i AT A5 e P FR S IR AR /N, BAT 2 4 i
e B SRS YE RN S . R kIt
T 3ok 5 v A R 05 A 5 25 5 37 B 06 3 8 T 2
M), et R, X A i S A5 7R AOK DT BC s 1) 3135
LRk e K

Bt TR DE T B A 2 S R R 2 E Ty i
FEAERY RIS, 32— AP S T LT e R
LAMLIVCIE T v 1) 5 X — R IR B —IE L &
2) MR 056 R S 4 B R UC il 4k B
XT ) SR R ARACLEE 53 ) 4 FH ISIAEL AT Je 3 AHABLBE W 20 1k
V& BRIG A3 R R LRSS B A0 1 i HE 1 5
VRSB R B 4 ) THA 1 0T A 10 e 2R B 4 11 4
JRABAE 35 ) 2558 2 T JR S ARMLLBE 1 4 JRy A L i 7%
B B & VE R R B

1 ZEREJLIHEEZITX &R

RPN P PRI R AFAE L M 4% 13X 26 R4y

fiE (2B H— A RS, I
S = s, syt 1 <SisM (1)

s, FoRE | SRABL

X RBIUMTRME e R LB TR
R M TR (ZRBO) PINE LAY K B2 6 R B A 2
K&
1.1 W&EZEREAMER

P45 2% BeZ [R)TE IR0 £ 2 73 1 RN 2 A PR

ﬁ”[g 1 FJ]"/j—_\‘ ,z}é& SAyiFH Scpéj\jnilljﬁja:ﬁgﬁ lABﬂ] ZCD
b BRI B by B ke, 2R

K1 B oo R

Fig. 1  Angle-based binary relations between

a pair of line segments

WA R BLZ IR A R/NBUE N LR L 5 Ly
WA, 0, (sapysep) R s IZRER BEZ TH] 1 2 £
RANBUE N BLER L B Loy AR, B ELER Ly AP ELER
SRR AR I BT R B HLR Loy A LB, L,
JITHERE I A BER, 6, (s y50p) BN

0, (sup8cp) =
m (%, —x,) (x, —x,) +
2 (=) (e =y.) =0 (2)

Hops

arctan( [V |)
0, (SapsScp) =
arctan(V,,) (%, —x,) (2, —x,) +
(v =v)(yy=y.) >0
T (v, —x,) (2, —x,) +
? (v, =y)(ys=y.) =0
(%, —x,) (%, —x,) +
(v, =v) (¥ —y.) <0

(3)

. — arCtan( Vlan>

2

. kep = kg
A Vo, = 1 +key Xk yp

=[(w %) (yag =) -
(2, =) (v, =y.) 1/ (e =) (2 =) + (= 7,)
(v =y) 1N HEK L5 Loy F SR IEYIE
1.2 ZBEAKEZTXHR
LB E IR R R, FR 4 FIUE 20N
RLI('SAB’SCD) = (E*'E)/d
R, (sy5,8cp) = BC + BD)/d
( ) (7 + 7) (4)
Ry, (supsScp) = (AC + BC)/d
Ry, (supsscp) = (E"'ﬁ)/d

itEP’RLL(SAB’SCD) (L = ] ’293’4>§§7~T_\‘% L ﬁgﬁﬁﬁ&

SBC74H] Spp A

© [ K G BT AR AU A

1339



1340

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No. 9, Sep. 2014

1.3 ZBHAEZTXRE
LEAEICRAM Ry FoR 4 FUE I
01 (SacSce) + 01 (Sap»Sps)
m

0, (sapssps) + 0, (5eqs84)

v

0, (Scassap) + 6, (sepyspp)

™

0, (scisspp) + 60, (54c,508)

1T
Ao 7RAL»(SAB7SCD) (i=1,2,3,4) FIRE i P B
JEZIRA
1.4 ZBRENFREENFRELERFES
BRG S M ALBENHEaBNE,, -,
Ey R BT A 2 B P i T B A B HE Rk, AT LA

RAl (SAB ’SCD) =

RAZ (Sag>Scp) =

(5)

RA3 (Sag+Scp)

R,44 (Sag>Scp) =

a1 k=MD e s i s/ st i
MBI A )
S’ = %s’l,...,s;{,...’s’K} (6)

K k=G-1)(M=-1)+j,(1<i,j<M);s, (k=
1, K)o Sy E; M E; BT i E & B, B
1.5 HRELAFEAHXER
i S A LR BOC A BV BUE 23 D A BE R A JEE
PR
D) REERFR Ry,
RMI,(S;) = EiEj/LSUM (7)
KF,k=(i-1)(M-1) +j,i?5j(1$i,jSM);EiEj
1

%‘:i/jf\‘ 9/£(3;;LE/>E‘JﬁrngwMjﬁﬁﬁqj)ﬁff%%Egﬁ}g
S

2)FERFR Ry RN

v
AP e K AR Em S, Ry, (57, s5) BPHUE L
K(K-1)1~,

RMA(S;’S;') = ’i’j = 1"“’K (8>

2 ETITHXARLSFFELE

AR SCURTC it S i et P4 o3 I Ry 225 TR
A DT FC 5, 1 W P 4 2 JBC ) £k BORRAE 4 U
LBUER BN S, 1S, o, HOtR (LB B
o390 MR N(M <N/2) 0
{SA = la,,,ay)
Sy = % bl ) abw}
BN By ) (B 8, AL S I, B FF DL T
FGRBORFAE AR — 2 B (B s g AL B) 73 3]
FH 5.4 RV s 2278 J8 T 1) R B2 P 2% AN ] £k B, BRI
b, (i<N/2) AT LRIRBL b, F1 b, o P 2K T5 1) FH Y
B P, S, HRYTCER B N TR UL KR L Bty
TEHE A
2.1 HERBHEMNE
N ELBN (a,,,a,) SEEBXT (b, ,b,) BIFEL
TR, [7) P AR T 2 5 i et 412 JBOAN YR Aff 0 530 125 A 20
M), 7 58 SRy PR AE AR EE M X e 8K S, (s a,,b,,0,)
W, TR 8 Fh oK AR LA

(9)

1
Sl‘(am’a",bs’bt> - ? Z [[1 + ‘R/‘,(am,a") _Rl‘r(bs’bt) J+ (1 - ‘R“lr(arn’arL) _RAr(bx’bl) ‘)
pn RLr ( am ’an )

(10)

m#nHlsmsM,Il<snsMs#tHl<s<N,JI<i<N,r=1,-,4

0 Hops

PR MR, S BIRARE r(r=1,2,3,4) Rk Bk
JE ZIOUR A MBS — IR R

S.(a,,a,, b, b)) BEECR, RIFLE (a,,
a,) SERBOS (b, 0,) AR B K. 5 S, (a,,
a,,b,,b,) K 1.0, WAL ER (a,,a,) GLBR
(b,,b,) SR
2.2 #HITHLE, £FRIRELREERES
2.2.1 MAZRHEFE FHZASI BE

%Bla, 5 b, ZIEMRIELEE, M a, 5 b, ZIEHH
FMPFEME C(m,s) RBER, HATHRS BT

BT, LUITA JR R ADLBE (B i, 1 % 2k B
a, 5 b, L — AR

¢ (1,1)
Cms: { E

c”H(M’]‘)

¢, (1,N)
€ (1,))
Cu (M N) S,
(11)
Ao, (i) =S, (apya, b, b)), 1<i<M,1<
J<N,
SRIa, K C (m xs) JEFE, Kot R KX N

© i [H IR I T AR T A



EABEE, FW / JUTSH X RRVE LA

$19%& /59 /2014598
(i) 1 ¢,(i,j) =Th=0 Th it i O 1
C,’m l’ = b y LYE\E‘ \Tf:t
/ {0 Hofn *

JEHR) o R O PR AT ) O E
i, A AEAE, W B, o, 5 b, AL, 75 DI AH
lo A T X —d R, RFK h— e o, 5
b, ZAARLL A IE FAE—AH M B C(m,s), Y
C(m,s) =Thitf, Wik a, 5 b, AL, AHRLE
C(m,s) A, WA C) 55 T HHEK o, 5
b, HIFHZS I (A, BP

C(m,s) =min[ max(c, (1,7)), ",

max (¢, (i,j) ), +,max(c, (M) ] (12)
L, 1<isM,I<j<N,
2.2.2 MHEMEARTFES

WERT A A EE C(m,s) 5,5 C(m,s)
{ELom BN s EAERIZ A P =04 (C(m,s) ,m,s) ,
PR IE A Y = e 4% C(m,s) T HES, O
HW—MEFES, AN ERFES

C - {(cc(k),i,j) cc(k) = C(m,s),
ec(k) =c.(k+1)
K, 1smsM,1<s<N;k=1,--- MN -1,k } C,
HIULEMNTF S, E LT ENE=1,52 10 EN
k=2, D,
2.2.3  EH EELEIT SEA LS

A SCUCEC Ty i BN WA A, 4 A0 o, A e,
(0 <ty<t, <1) 1, Fl o, JEWAE 3 HOE, IFA BHHZ
FAR L UEAR IR , WA 32 UL R | i F ok
AR A€

L) M\ C, it il 2 o, ST A TR, L
A RUEELE Y SHEE U, (1sm<M) ,B]

U, = {jl(c.(k),m,j) e C.,k < MNi, | (14)
AP I<j<N, U, PN ITTRIE ] #rnLB a,
HEB b, kL By

2)HHEICESE p, M p, , TR IR L BUAR
i 3o AN R AR A B R B AR /)

{Pl = ¢ (int(MNt, ) )
P> = cc(int(MNt,) )
K, e Cint (MNe ) BB A AP A C 95
int(MNt,)) ASJC % (=Jed) T ARYEE 1 A s
ce(int(MNt, ) ) FYIBUEZERL,
2.2.4 fEELBAES

A G e 2k B2 AR 5 I, 2R 4 X6 T A ek

KBFSHEG U, -, U, #TH R ILB R A

} (13)

(15)

E K s A LR B 2H B AR R B f
Ve BLARR , A SCRA Y B R LB R, 2485
UEAE UM e 2 BLd . BB R

U =D=D'®U, =D, L—’D,2=>

i g
D,QU, =D, =5 D\==
D, ®U, =D, ’“_,D;L::

ORI
Dfl/l—l® U, = DML—A#’DTW

D, D, (2<k<sM)N
D, =D, ,®U, =
{(ul"“’uk)‘(uls“'7uk—l> e D ,u e Uk}
(16)
}boan

(ul’”"u‘k) € Dk’

D;L = {(ulyn.’uk)
S/1<k9u19'“7u’k> = Th

1

J—:tEP’2$k$M7I¥|§&S4(k’uI 9'“’uk) = m X

> S(aia.b,.b,) . Th st

1<ij<k

R Th ik, BRI A S, (a,,a,,b,,b,) BFH
{EHRHUA/NT py, A3 3 B OLHE

D) BRI k(k =14 S, BFEMEN «, =S, (k,
ul,”"uk)BPIO

)R TR MM 1) -k(k-1)1H) S, {8
ANRETHEE, Ay st I TE AR I B, B e T2
SEAMAIAY, BB RIE N ©, = 1.0 >p) .

W MM -1)4 S, MFEEN =
k(k 1)x1+(ZEZ_i§ k(k-1))x, > . B
F o, =1.0 B3 S8 x, RT p,, WAL IENE
M FE RS E p, (=py) B 2 =p, .

HITEOL 1)3) AT 4% », BRIEAh

xl = SA<k9u17“"uk) 2
(1 =p,)M(M -1)
max(] - Kk = 1) ,Pl)
o (1-p)M(M=-1)
[t 4 Th-max(l e ,pl)aumo

2.2.5 MRELKBEES
K Dy P R O R AR A P R B G
[EGEdIStunsdse = Sey

SD = { %vl9“"vi’“'

91]/’“.71]31/1} 7”;’ # Uj} (18>

S 1 <i << M, i FHE T R MRS IS R B FUT 51
SR I P, R W IR 2 B9 7 T, B v, =

© i [H IR I T AR T A

1341



1342

PEERERF IR

JOURNAL OF IMAGE AND GRAPHICS

Vol.19,No. 9, Sep. 2014

<u1 ,"',LLL-,"',LLM) ED/,WO

u, u,<N/2
{ui -N/2 u,>N/2’
Sy W kA ITR (iR BeE) 1 S, (B) s, B

S,(k) = dvy, - omt vy, om! €S, (19)
O, A B 2 BEAE S, (k) B Ja AR ARLRE I B2 5
{0y s vy X5 LAY BT A A 16 28 BEZHL B9 Ry 38 A AL J3E
AR B B RABL S ax (M 0y, 0y 7R o
2.3 HITHREE,TEEBAMNE, EHRLHT
BBREER

HIT S, FRYEEA TR (IRIEL B ) BRI LR
SE AR BO Z 1) 1) Jay Es AL 32 B 40 11 34 21
ARETE U] S, FEIEA TR (I BAR ) ol 2
RATATR ML B . L, A SO R BL SR
A SRR A RS SO A E SCT A RrAa kN 32
BS, M R ELA LG SRR
S, (k) XML SRS A PG M S Rm A
{SL= tal, - ak]
Shi= 107, bk}
P, SREES S, 5 S, (k) Z [8] 4w AR RLI
EFAL A SRAE D S5 ST, 2 18] B 42 Jmy AR ABh I 2 £,
R3304 Ry kR AL B o KK
SC(SA’SD(k)) = S(I(S;’S;)k) =

, K=MM-1)72 (20)

1] !
9 KZ(I + ‘RML(a.Z> - R, (b)) J"‘
R, (b))

Ry, (a), ,a)) _) (21)
Ry, (b),,b)

e

K, K=M(M-1)/2,1<s<K,1sm<K,1<n<K,

B, R p, RS AR VL RC R Be R S
Sy = {vlk""iyil/lk‘SWA(SANSD(k)) 21’2% (22)
A, 8, (k) = {oy, o,

%vlka '”51}Mk% es,,

1 SA?MAX<M,Ulk"“91)Mk) +
Su(81.8,00) =g [,

3 BEAEXESHT

3.1 HiERBERESH

PATHA BN R B 0o AR AR I I D B fRL
(8], ASSCEL 2R DU HE 7 36 I I) 2 2% B £ 280 0 3
o

1) 53Ry ERAE AL B B B, b5 ) 52 A% FE
T,(M,N) = O(M(M -1) x
8+N(N-1) x8+M(M-1) x

N(N -1) x8) = O(M*N*) (23)
2)MVCEC B BRI S E S T o TR RS
B BT, —J& 1 5 A R 2 00 B AL 1 B ) &
ARE
T, =M(M-1) x N(N-1) (24)
TOERR) p, A p, WASUCECS B, T B TR
Di(2<isM) fHWE A 2 50 28] 3 84 . 4
= _ﬁ%g_”spl 0 = max (i) o L,
T DI AR C.(2<isM) RBAN
C,(N,t,,t,,]) =

1

{(Ntl)(Ntl xt,)™ = N i <)
(Nt,))(Nt, x6,)7™" x (Nt, xt,)'"7 < Ne™' i >
(25)

HJ A LAA B A R e ok 4k BEAE A 5 1 k] 2

s
P

T, = O(M(M -1) x N(N - 1)) +
0(C, +-++C,) <OMN) +

O(Nztl 4 oeee +NML?M’1) _
O(MZNZ =+ Nzt](l — NMf]t?M72> <26>
(1 =Ni}))

3) MFUCREC KT B, Az i VT Pe 2k Be S 4 5 iy ik ] &2

P
P

T, = 0(C, x (K -K)) <
O(M*N" " ")
A, K=M(M-1)/2,
3.2 ZWEHH

KA B EGMEL BB S —HE T, 2
J¥ 45K Fl Matlab 2011B 23, 5255 iy A 1158 P13
W EAE W R, B RS WA B Windows7
(64 i) ALK ; CPU A5k Tnter P54 121205 N AF
7510 16 GB,

Ry B UE AR SR 11 DG LA SR, S ok AR SO
PG SCERL I Bk AT A, SCHR[ 1T ] B9k S5 A
SCEVEFEAEAE VAT XA 1) A E HatE - Rk
RLEE” F A2 R AN AEARLEE ™ 52 ) Hij & 70 KL DS 15E B Be A
F LR BT ], O AL T AR DT e 2k BB R HOR A
SCREE ) 2 (RICH N/2) 3 3) 78 A B A R A5 AL 4

(27)
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$E19% /598 /2014 F98 HREE, =W/ U Z X RNESL T
B, FirE RO HA SRR (2R B AN & SR 7Y F
o bR =3 (m) puin EU—IL;__‘_L E‘UL}" -’_
321 1 AMER(128 x 128 () | =R =D
S5 1 R 2 (a) (b) BT . [ 2(a) 25 U=S0E | (U=ECE
b 4T T
FEE K 2(b) 2 F LR, B 2 (e) —(e) &R P p— "
HURSARIEFoR RSE IR B e ap e, 21 @7THE ORREER @R
o ) — IH LR 8 V| B
}i;;?lzu((‘) (e) " 3 AL RFAIE VT IC A9 25 AR AL EE ’ELE}__‘,‘_“} ,t“j—ll_l-_,—_j&
o Nk Nk
ook M =6, N = 160, BRI 2 4 3 =UEE| LR
. — —
Biat. %2423 90 T 90 | LSRR 45 U, M TWE N LT
£ — NANI=N 2 K S gL I\ k — S EL
Eﬁm?ﬁi&'“‘ﬁfuﬁﬁ%%%% H E/JZE%@E" (&) VLS 72 () DEHRZ 1143
] SR TR S 2 Fig.2  Synthetic matching test
F1 E2(c)—(e)Hh 3 HLAFMELEAAECE
Table 1 Similarities of three groups of line segments in Fig. 2(c)—(e)
VERCHYZRRRE K15 X7 JRIFRARBLE AR ARLEE D FCAH B3 AR LEE
B 2(0) VN 1. 000 000 1..000 000 1..000 000 —
¢ Sk 11] 1.000 000 — N 0. 000 000
B 2(d) A3 0.940 871 0.916 126 0.924 374 —
SCHER[11] 0.719 623 — — 0. 178 935
0.953 456 0.900 311 0.918 026 —
2(e) Zlijt
SCHk[11] 0. 669 663 — — 0.225 649

xr2

AXEFALEIEPHSHENTRYE

Table 2 Elements number of parts of data in our method procedure of matching crudely

B ¢, 51 # U (i=1,-+,6) Moo Ko KB SRS WOASNC NIUDIVE S &1 K U3 vin2 458 = S diiPTve 5 6y
0.20,0.06 47 +24 +15 +14 +38 +54 =192 486 077 760 163
0.16,0.06 42 +21 +14 +13 +28 +36 =154 161 808 192 114
0.12,0.06 37 +13+14+13 +17 +21 =115 31252494 81
0.08,0.06 25+7+12+10+12 +11 =77 2772 000 28
0.28,0.05 49 +25 +23 +22 +70 +80 =269 3471 160 000 198
0.24,0.05 47 +24 +22 +21 +53 +63 =230 1740 073 104 167
0.20,0.05 47 +24 +15 +14 +38 +54 =192 486 077 760 120
0.16,0.05 42 +21 +14 +13 +28 +36 =154 161 808 192 85
0.12,0.05 37 +13+14 +13 +17 +21 =115 31252494 64
0.08,0.05 25+7+12+10+12 +11 =77 2772 000 23
0.28,0.04 49 +25 +23 +22 +70 + 80 =269 3 471 160 000 151
0.24,0.04 47 +24 +22 +21 +53 +63 =230 1740 073 104 134
0.20,0.04 47 +24 +15 +14 +38 +54 =192 486 077 760 97
0.16,0.04 42 +21 +14 +13 +28 +36 =154 161 808 192 73
0.12,0.04 37+13+14 +13 +17 +21 =115 31252494 55
0.08,0.04 25+7+12+10412 +11 =77 2772 000 22
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®3 xE[N]EEELRIEPBIBEAITEYE

Table 3 Elements number of parts of data in the reference[ 11] mehod procedure of matching crudely

BIfE ¢, ,1, % U (i=1,-,6) BT R B b B HIEHRIILBUsRROTR R Rk BURE S iR B
0.60,— 2+1+5+1+1+43=13 30 30
0.55,— 3+1+10+1+3+7=25 630 621
0.50,— 1I5+42+18+1+6+9=51 29 160 25 401
0.45,— 31 +15+27 +3 +10 + 18 =104 6779 700 5420 883
0.40,— 49 +27 +34 +6 + 18 +29 =163 140 883 624 119 632 360

F4 AXEFELEIRRR SRR EHESREMLEER

Table 4 Used time, time complexity and experiment results of various matching stages using our method

FIrET [A]/ms
B 1, .1, B[] & 24 i /10° SEE 2k
JOERARIE OMLUCECRY B RSDCECRYEL sy ading

0.20,0.06 740 542 19 1301 765
0.16,0.06 722 343 17 1082 728
0.12,0.06 759 271 17 1047 716
0.08,0.06 741 216 19 976 709
0.28,0.05 722 1354 36 2112 903
0.24,0.05 741 758 36 1535 799
0.20,0.05 758 487 19 1264 752
0.16,0.05 759 343 19 1121 727 E2(c)
0.12,0.05 741 271 17 1029 715 (d) (e)
0.08,0.05 705 235 17 957 709
0.28,0.04 722 1102 36 1860 859
0.24,0.04 722 686 19 1427 782
0.20,0.04 722 433 19 1174 743
0.16,0.04 722 325 19 1066 725
0.12,0.04 722 252 19 993 715
0.08,0.04 741 216 19 976 709

SEA4ME 734 490 2 1246 754
HA /% 58.9 39.3 1.8 100.0

RS5 B[ 1] ER AL IR o & M BR PR A (8] B ) 2 kAN SRRR 45 R

Table 5 Used time, time complexity and experiment results of various matching stages using reference[ 11 ] method

: JITAE 6]/ ms
B ¢t : R 0B /10° SIRah A
FARRLE  HICRCRT B ASPRECET B LB
0.60,— 90 416 36 542 159
0.55,— 90 434 433 957 255
2 (c)
0.50,— 90 433 16 683 17 206 4287
0.45,— 90 1608 3542370 3 544 068 882 181
2(e¢
0.40,— 90 37483 79993 721 80 031 294 19465 451 [f—(]i) 8
€
T4y ME 90 8 075 16 710 649 16718 814 4,070 467
TN H% 0.0 0.0 100.0 100.0
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95 2 FSLEIRANE 3 (a) (b) Bii, B 3 (a) 22
FRG, B 3(b) IR, 18 3 (e ) (d) 23t Al 3

l

A
A

- e \
je A

Er |

o T

1

(b) FFULHC 4

EEY z:A'- -
: we

(e) VL E FE 51 () VL& R E 52

PREFOR R L RCSA TS B R E, 6 4l T
13 1 (e)—(h)4 HAKFIEDC FC ) A AR U DL o

/j

() ILFC g R 53

K3 ESCEIARIC RS A 5

Fig.3  Aerial matching test

*6 3(e)—(h) 4 ALAFAELEREME
Table 6 Similarities of four groups of line segments in Fig.3 (e)—(h)

VEC A R AiE B 15 Bk JRFR AL A= JRFIELEE VCTg A L A SRR HRLRE

A3 0.970 116 0.988 090 0.982 098 —

&l 3(e)
SCHR[ 11 ] 0.874 444 — — 0.010 426

B 30D FiN'e 0.970 082 0.939 477 0.939 586 —
SCHk[11] 0.838721 — — 0.011 868
A 0. 939 806 0.988 090 0.982 098 —

Kl 3(g) )
k[ 11] 0.802 119 — — 0.049 937
Vs 0.923 693 0.939 477 0.939 586 —

& 3(h) )
k[ 11] 0.766 396 — — 0.038219

LY, M =5,N =198, BIfEALEFEMZE T Fr
o T IN T I 2 HILRCE R P A U BT R
Bod S BB i R B R S A U R B . 3R 8
F OB TS 2 D EC I A% B B P RE I (] |
] 52 2% AN BR 2 2R
3.2.3  FRARIHT

1) B3R PIAS S0 B WA SCR 1 T 45 A
BAESLER . SLRARRAA SR LA R
TeHe AR TBCRIAF- R AR 1, 0 2R 1 i s R AR AL

AN, BAT B R

2) XFHAR 2 3% 3 (83 7) A SR A I AR
FILBUER e R0 I R B R A LR L
PR, AR, ALV OB BOR 22l i ik Is
Ja  RRIBD T e B R s 53 41, HUAER 3 (i3
6) PR RIS TEPRIE B I IC A R HTR T, A
SCHLE A HELVCTRC i BT ARG I 1] Bl 19 (B 5 AR A AR
XTI BEIIAS SCHLIC BE B BER ) 73 A0 1 g a2 53 07
TR P TR IERCRR B S IO
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x7 HACRIEFHIBEHTRYE

Table 7 Elements number of parts of data in the procedure of matching crudely

BIME ¢ .t % UG =1--6) Foo R B B8 HAEE FILBUSB AT R Bt s BURSE S TR 80
0.16,0.05 29 +51 +42 +10 +26 =158 16 150 680 113
0.12,0.05 23 +40 +31 +8 +17 =119 3878 720 59
0.08,0.05 18 +21 +25 +5+10=79 472 500 41
0.16,0.04 29 +51 +42 +10 +26 =158 16 150 680 90
* 0.12,0.04 23 +40+31 +8 +17 =119 3 878 720 53
b 0.08,0.04 18 +21 +25 +5+10 =79 472 500 39
% 0.28,0.03 46 +96 +73 +18 +44 =277 255315456 114
% 0.24,0.03 41 +79 +63 +16 +39 =238 127 331 568 104
0.20,0.03 35462 +52+14 +35 +198 55291 600 90
0.16,0.03 29 +51 +42 +10 +26 =158 16 150 680 73
0.12,0.03 23 +40 +31 +8 +17 =119 3878720 43
0.08,0.03 18 +21 +25+5+10=79 472 500 32
0.60,— 1+1+1+1+41=5 1 1
;?fi 0.55,— 24+42+1+3+1=9 12 12
[11] 0.50,— 545+4+3+1=18 300 288
i 0.45,— I1+13+11+6+3 =44 28 314 21359
{ 0.40,— 14 +39 +22 +10 +4 =89 480 480 367 754
#8 AXEALRIRAENRATERE. S RENRRER
Table 8 Used time, time complexity and experiment results of various matching stages using our method
i PR 1] {1/ ms
" : — : FIEARE/100 KR
1 JaFBARMLEE  HDCECEY B KEPRECHT B psesaing
0.16,0.05 705 378 19 1102 750
0.12,0.05 685 289 19 993 738
0.08,0.05 668 252 19 939 735
0.16,0.04 686 380 17 1083 750
0.12,0.04 686 271 19 976 738
0.08,0.04 686 252 19 957 735 B 3 () —(h)
0.28,0.03 686 1968 19 2673 950
0.24,0.03 686 1119 19 1824 838
0.20,0.03 685 650 19 1354 784
0.16,0.03 685 380 19 1084 750
0.12,0.03 668 289 19 976 738
0.08,0.03 668 252 19 939 735
SER 683 540 19 1242 770
Bt/ % 55.0 43.5 1.5 100.0
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Table 9 Used time, time complexity and experiment results of various matching stages using reference [ 11] method

Lz JITFERS] (] {E/ ms
t,t - L ZRE/10 SLuG kL
1202 JHERAMRE O HLVCECRY B RSULTRHEE Jsg=ainy
0.60,— 187 477 27 691 159
0.55,— 192 485 38 715 160 K 3(e)
0.50,— 181 485 269 935 184
0.45,— 185 487 13708 14 380 1989 3 (e)—(h)
0.40,— 181 542 231292 232 015 31 658
SEIME 185 495 49 067 49 747 6 830
B/ % 0.4 1.0 98.6 100.0

3) ERGVEEC B BE, 22 1 AP AR SCRE B R,
SR 2(d) IR ARUE /N T 2 (e ) 1SR AR 1)
JE (EAG VR FCiz 5 R A 20 A 1] 2 (d) A VR FEARMBUEE [
MR T 2(e) BIUCECARMLE , 3 AN PE BEA5 R R4 5
SCHRE T ]Sk 8 R — 2, U WA SO IC B 3800k 2 AT
ZATR A R 4 R S5 (HER 8 3R 9) i
NIRRT AR SCER N DR IE B B Jr 6 P ] W . 1 S
BRL 1L 0K/ Ul WS SRS IE FE SR8 30 380R 5

4) 7 B R 0T B0k 45 R 52 MR D T, 5 SRR
(I JREA R, 32 2 3R 3 (iR 7) AR Z
21 B {ELAR AT LA B B4y i DR PO 28 2R, HLA 0k B
ARAEAN TR, 6 IR L e AN BEURR, B AR SRR
3 VEAELAE D R R ) 205 4% S 1], AT e B 5 31 5 3 1Y
BIE, H153 BB I RS R

4 % #

ARSCHEH T —Fh T UTHRRE — R R H A
VCHCTs ¥k , il S pE— UL 1 %I A A R
ZITEAGE RT3 R BB K S, BA R
R TIEHe AR BRI RS AN AR, o B ) i i A A
AU, T HL 1 {2 0] DT BCES SRR /)N, HAT L
G EEYE. hTIZIRE R IR T HAIT R Y
J7 ey [, A DE RO MER R AT 2R o ooh, T
J 51 P40 g DG JC 191 A 908 P 0 ) ) L 2 e T
/N AR SO T T A LR R B AR AR DRI,
SEBIET I  ER 1 s s Al T A i s S T
BEhil o

AT ik EEIE R T R LIE S B
A IR T A B LR BEER , DR R R 2 7 e

VLR BURECR: , $2m 1 LRSS, B R BB AR EE 1T
SRR T o A DG JC R I B AT 5, AT A TL AT
FE T ICR R MR o R R R R R T
— A R R 1]
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