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Abstract: Radon transform is a useful mathematical tool for shape analysis. It is a lossless transform and makes the extraction of
structural shape features become very easy. However it cannot be directly applied to shape recognition due to its sensitivity to translation,
scaling and rotation of the shape. The existing Radon transform based methods have had many attempts to remove the information of size,
position and orientation of the shape from the Radon transform. However in these methods, the invariant features are achieved at the

expense of useful shape features. To address this issue, a novel mathematical tool termed A-transform is proposed for shape description.
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The A-transform utilizes the relative position information between the parallel lines (encoded in a variable r€[0,1]) and their integrals
over the shape to construct a 2D function of the variable r and the direction angle &of the line for shape description. This study
theoretically proves that A-transform is invariant to the translation and scaling and a rotation only makes it shift along the @ direction. It
also theoretically concludes that A-transform can effectively preserve the useful information of Radon transform. These desirable
characteristic make A-transform outperform the other Radon based methods for shape recognition. Tests on the proposed A-transform are
carried out on several commonly used shape image datasets, and the experimental results indicate it achieves better performance over
other Radon based shape descriptors.
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Fig.1 A graphical illustration of the Radon transform of a shape image

1 —/MEARE5 4 Radon 28 i) 7 & 18]

Radon ZZ3 SN T7 [ 3B 5 H AR TR, 1 %) B AR TR B I8k 1) BLZR A0, 8 RO hER T B R TR R T A2
R AE AN 45 #0455 H Radon A8 4 xt B ARTEAR QP85 « 4 O T 4 A5 w7 UK, 24 TR G R B flxe ) AT 4%,
A5 R g, )=fox—x0,y=yo) I (X B, (x0,v0) & F 4 S 40), M5 2 (11 Radon A5 e (BRI g B RN

2P, 0= B (A-xcos 8y,sinb,6) )
Y foey) RAEGTILAE R g(x,y)=R ax,ap)if (X B, >0 2 R S50, i3 1) Radon A8 #e fAOFN o PRYLFR Ny
g (4,0) =1 £®(22,0) @
(04

N o) KA, H g(x,y)=f(xcos Gy+ysin Gy, —xsin Gy+ycos Gy) I GX HL, 6, & e #5240, # i) Radon A8
SRR gPMSE RN

g(2,0="(2,6-6)) ©)

BT A AT LG B2 B AR R4 TR, 7E Radon B (AR RN T PS40, B bk A 46 10,

1 7% B FAR 3 IR IR AR P IO\ T 483 501024 B AR R 2L e I 45 0% TPk N T 56 240 Rk, % Radon 25 4

I T T AR BEAG FR A3h RTR 0l ) — AN SRR AS - Qrfe] ¥ B A8 e rp (R R AR TG DG A7 2 RN A5 5, T FL AR



FRA-T e —H R TR AR F TR 3295

AR TARAE .

ANTL (T2 BT 3R T PR O A2 (T R B TR TR R AR BT (5 T Radon A2 #k
(K759, K 2 A IR T T R A g8 1, AR 2 A L I A 3 5%, DL B Radon 22 6 189 AZE PR T4 357 K TR IR 07 B2 0K
/ME K Radon 22442y I — A F AR B o) — 4k o 20 AT B 5 SR 9 AR DL B AT 55 (R AR 0 — pa A vt
B2 4% T KSR AT T TARAS B A9 3K 2805 iR I AN [R) B 52 AR SR HE (9 AR 2 — > 2 s B AE SRS AN (K]
PRI 1) ) B, AN AT O AR 55 T Radon AR #AE 4 AN T il IR BT A 045 6, 10 FLAR R4 17 [0 7 i L (K A0S o7
A S TATT LS RIS T AR B 546 28 S 30 BRI T i A2 4 (K A Ak

1 tHXIE

LIARTOAR S A2 I S Aok 38 I & A S T Radon AR #R B AR 7007 75 9, e — 28056 I T B Radon
ARG () 77 1)+ A BRI ME L LA ROl T H AR IR 45 Tabbone %5 ALKt Radon A& 4t 15 7 b6 4 W A4E
AR A5 81— A Lhody A AR B — 4E R SO PR O R-Z24 AZE (R R0 B AR B 1 F RS AR (A A S, 71
JH - e L v e 30 3 < 0 2R B PR ARG A SR R X 2R PR P2 L A0 D AR e e 3k — 2B S BR R AR 4 077 1) AR
/M5 B Hoang 25 NUHR H T —FZ AL ) R A8 e K 5K X Radon A8 1) 2 YR b IO 38 R R A & 36
ZACRAANAE B T 5 RS AL TE R AL L 5 [ A KM SR T H A T8) ™ St 1 AR AE 254N 1) B AR
R, 1207 3 TS 1 A TRAT A R >80 Chen 25 AT XURS 52 /N A8 5t 8 22 43 0 7= A P A8 AN AR AE
FIDAE R L A 3t 5 il JBCE 2 AN AR AE KR ZE TR Radon A8 sl OS2 1R TR R AIE A% T VA AT
SR80 e, 0 LA R e PR VRN B2 A K, — 28 T A Sk P A A 80 M e B I3 6 F) 241 &, K9 Bk Radon 22 46
R E 7 AR M L Wang 55 AU S0 kAR 454 T Radon A, My 38ty — AN e A4 IS A2
(17 2 oy 50 (CFL P A 1 A 931 DAy e L I 23 0 A Rl PR 8 ) I 3l A ), R i 1 1% R B R E L B v 22 A
RIRFER T K 4815325 Hoang 45 AU VKe 8 HL i A Ak A 6 5% B T Radon A4 i A%k, LARS B AR e rh (1) F 4% 5
BORIRUBE PR, 7 e LA e B o2 e, DA I e 2 25 80, BT 77 7 K0 AN A ) T DR A 5 T L5 s vt ) T S 4 AN AR TR 1)
A7) Xiao 55 NPOUI7E Radon A8, I O 8 LM MRS e SRIUSOR . P RS L et A5 IO A2 1 4tk 1

EIR T VAN A R 52 X Radon AR, M HE— 25 N 2% AR K A AT AR IE 1 1 53— LE0FST
T AR T 2 N Radon 28 45358 4 OB IR AE . Chen 258 AP Radon 28 4 taldih 45 AN J [0 () W AR 3750
BR BN A T AR A R R AIE P L A J AN AR (R T AR A3 1 A2 7 VR AN O 7 5 1) 5 R SRR R A v (R U
R 1 2% 38 B R i U0 FLAT 52 2% PO 45440 1 X 480 MR Nacereddine 55 A P2HRE A2 TEAR A I B Radon 48 A8
PEAT AT AR BE, 110 A5 TR VG BE B BEAE P9 AN AR (19 P4 3l 3 AT Radon B2 el o — AN TEARARDR T+ 55 — A EAR
MIALE . KNATT R S HUR G FX LS HOR Z R K Radon AR JH— 51 55 — AN AR 28 1L IX A AR X U — 1)
Radon 224 55 5 — JEAR K] Radon 24t (¥ 4 6f 22 2 R AF S S AT 1A B 8 F6E k327 R A A8 e AR 46 T Radon A2 #k
(K3 LR B MU T Radon 22 86 (189 T A7 45 5, DR 6 U0 (RORG J5€ e AR 5 AR EAT T AR DG I IR 7 28 T 56 1 4
ANFULECTEAR Y Radon A2 e AT AR ALY A2 #e 2 H i A v, A RE 58 1O R 1K) 22 e P8 B2, DAT TR R ) UG s 28 %<

2 AT
1 5E AN (1) TEAR 8 3R AR AT 55 AR S8 T — P A=A 48 1) T AR A8 3R 592,
21 & X
—NTEAR NG AT R IR A AE R AL fx,y), € SLh
L if (x,y)e D 4
Jxy)= 0, otherwise @)

XD AR A P (1,0) K%K Radon 284 I Radon 28 e [ 1 A [ 748 5 4, 01 52 SUIX [H] 43



3296 Journal of Software #4% 33k Vol.28, No.12, December 2017

Il A (o0, +00) A1 [0, 77), 24 75 A5 J 181 F) R H0K 3, FRAT 0T L REAT 2 48 -

R 1®(,0), 0 <[0,m)
f )(i’g):{ P26 -7), eln,27) )
FRATRR bk 5w SUITER R £ (A,0) K ¥ 1) Radon 75 4.
i Radon A8 # £ 5 11 A0 %65 R 1k R, )= (A, 0£210) f RO, 0= (= A, 6m) B T He o et P45 JURs
(AR)~A R (3)), 7T LIS 46 B 11 Radon A8 #: 5 5 Radon 28 #e—RE, B AT AH R T8« e A0 4 ks
¥ B 1] Radon A8 #e, AT TAL & W ™ A~ —4E R 2L

As1(0) = argmin{f®(1,0) > 0} (6)
A
Ar2(0) = argmax{f(m(ﬂﬁ) > 0} 7

Horp, B A2 & 0e[0,2m). X PIA™ B8 K U ART R SO B e AT T 2 1 2 500 (A11(6),0),(A42(6), 6), P LA i 45 67 17),
K TEAR AL 0] (R 4 AT LG, 2 45 1 T IX P 4 R IM R = .

AY

fCx, y)

Fig.2 An example of illustrating two parallel lines (marked by dotted line) in € direction
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Fig.3 A-Transform image and Radon transform image for a shape undergoing translation, scaling and rotation
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Fig.5 All the images included by the Kimia-216 shape dataset™!
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Fig.6  Precision/Recall curves derived from the proposed A-Transform, the other two Radon transform based
methods: RCF?! and R-RST??, and the classical Zernike moments on the Kimia-99 shape dataset!®*!
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Fig.7 Precision/Recall curves derived from the proposed A-Transform, the other two Radon transform based
methods: REM!"* and RCF?!), and the classical Zernike moments on the Kimia-216 shape dataset!®’!
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Fig.10 Precision/Recall curves derived from the proposed A-Transform, the other two Radon transform based
methods: RFM!® and RCF?!), and the classical Zernike moments on the complex shape dataset®!)
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by salt and pepper noises of different intensities: 0.2, 0.4, 0.6 and 0.8 (the four figures on the right)
11 BCE Kimia-99PH AR GE ity — AN TR A (die 26 D) AR M 7 AN [F] 45 12 11
BCER e 5 () TR A AR (3 4 (1, 5 i BE 43l 24 10.2,0.4,0.6 FT 0.8)

100, ®

©
®
T

96

941

Precision (%)

92

—&-Intensity=0.0

=7Intensity=0.2

90F|—*Intensity=0.4

——Intensity=0.6

—6-Intensity=0.8
T

T L
880 10 20 30

Ri?cal flo - 60 70 80 90
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