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Abstract: According to the problem that the exiSting\reughness desctiptors are mostly dependent on the average grey
value, which is easy to cause the loss of image informationy | a new goughress descriptor based on Gaussian scale space was
presented for pollen image classification and recoghition/ With this methdd, the Gaussian pyramid algorithm was used to divide
the image into several different levels of scale gpace/\and then ‘the Jtoughness texture feature was extracted from the different
level scale space. The statistical distributien™of roughnessNrequency was calculated to build the Scale-Space Roughness
Histogram Descriptor ( SSRHD). At\last, the Euclidean distanice was used to measure the similarity between images. The
simulation results on Confocal and Polleanionitof image/database demonstrate that, compared with Discrete Hidden Markov
Model Descriptors { DHMMD), the Correct Recogaition Rate ( CRR) performed by the SSRHD increases by 2. 32% on
Confocal and 1. 2% on Pollenmonitor, ‘afid the False Recognition Rate ( FRR) decreases by 0. 1% on Confocal. The
experimental results show that the SSRHD feature can effectively describe the pollen image texture and it also has good
robustness to pollen rotation and pose variation.

Key words: Gaussian pyramid; roughness; pollen recognition; texture feature; scale space

F B
ELJLAES AL T — SRR AR B T I R A I SR U 3
40 : Reisert 251 SR 1 T — PR T ERENE B IR AIMS BE

0 3=
EBYBIREY ST SRR TR TR 5 T 2

TEANR A B, RS I B B 5 F F LURAE
L BUE YOGS . (B H ATTERS A 70 2SR - 20— 4K
FEALEZMBET AT, SMERNEE T EEREEER
FFEEREMESEMIRM—E RN LRER, BRH %
RGNS Z EMEBE W, ERRE BN, TEAR
HYHEMTESTER I, BAREME THEREGEEF
BT H I R EE TLMEEAF A, B
B A AR GRS IS R 2, S 5 A AL AT TR
BrERE B 3o FEUAIE ARG S TE K S A I — R 3L

s B A :2015-01-19; (& [E H 4 :2015-03-15,

LR REN, WA, EEHF T A B RAL 5
Ab I

BEFHNARERATER ARFF (Group Integration Invariant
Descriptors based on Gradient Operators and Spherical Harmonic
Expansion, GSGID) FIF =40 IR 1 4338 IR BI 3k 2 T
93.2% ; Travieso %" $2 tH T — i3 T T /R W] RAR BY A 40 B
45 1E #5 iR F ( Discrete Hidden Markov Model Descriptor,
DHMMD) , k8 T 93% 7275 KL B % ; Cernadas % °' $2 11 —
MEF R ET M 5 R R T ( Texture-based and Shape-
based Descriptor, TSD), iR 5 Z& W] L) 3% 3] 89% ; Rodriguez-
Damian %' T —FETFREME RO HE R T

E&mE : B AR SR I HE (61375030) ,
EERA AR (1976 - ) 3 TTHEIT A, S8, B+, CCF &5, FEHI T i MRRH ETHAENEGREE;
FEICHE(1990 - ) , 2 VIHE WA, B LB, EEBI5 7 AW E R

B E (1991 - ),



2040 H AR A

%35 %

( Brightness-based and Shape-based Descriptors, BSD) , JL 5%
TE 90% 7efi o MRS RRE , GSCID XK AR B ik T4%
TEEAR AT AE ROl R 5 R £ 204 , 37 B E Bk B 3 &
MR PR A A (B, BEIWARE R BB RS
HHEERENITTRELS, M THERNEZE. DHMMD X
REER TR T BAR AT LUK B R AR 1) B W 4E B, 1H
REBRGHES TS BE AR ERERYE, H15 )55
HIHEARRT AR AR E , WA T A L BE [T BE FVERR B2, TSD #1I
BSD XM 451 5 SUEARSS & ARHMER A TN B R B E 2|
How AR BRI ESR 2 R A B 280 A A R T 7= AR B R
B2 5, AFIF L BRI R A

FT UL EJRE AR SCER M T — i T s 37 R = 6] o
B BEA R TR HERAE N BB ARE , %07 ¥ R AR e B B 8 A
ARie&FERESBRARRENRESHTER, AR
TEA [F) R 5[] _E X T80 BTG B B 7 R T HARIE
R T ETTE R, 3 E AR H R AR AL
M, SO A B T 2 FIE# B E MR AR T .
1 EFTREREMHEEEZERT
1.1 SHREZHE

REHIRESBRVSFILEE ZRHKER, —E8ER
PMERARE 75 ZAE X 9 RSB B RESR B Ok, (R, AR 3
T ER R EUEMR R IE Z 7, BB A BB R E S RS
Tk, HEA R Y R R R E B A AR A S K — A
MARENSE, Bl E S B RESEORBZ REMHIR
B RIRRFF , SR 5 WX L7 5 A7 B MR LA $R H

B AE N SE B RS A e B v — R KT N RN
SR AR FIRR I AL M 45 8 2 AR, SRE R AT A ETROE
23 (A% R BUITAS B 9 RUBE == (R O v i OB 8 [l HL SR 2
WRERBRS mH R T EREE , Edd iz 8m
AL, R FRA R R ER EGRFF] REYBR G (2,
y) WZEBRIREZER L(x,y,0) KR :

L(x,y,0) = 6(x,y,0) *I(gy) (1)
Hipo RARER T, /5 « EREREBEHE,C(x,y,0) =

1 -242)202

o

B14HMT EnER SR ES

2mo”
S ERERE,

1 R EBRRE=RRER

1.2 HEEEEFERT

HUBERED " S — AR R SRR AE , £E I (G Ak B
RAHTR P BE T ZHM A Kb X1 d T
Tamura 32 HH (g — RN A G TR IR O35, HREE R
B TR A 2F x 2" BRSPS RRR I, RS
THRAAR R 2 BT FE B 7 ) B3 ORI RSF3R E 22,
R EXAEERBRAN b, IR ZB R AR, &5

R ER k(0P RSB S  E RO RELRE B B P, =
o 2 2y Sven D) R F, VBB RAGHLRR B m A1
n FREBRERT S, ) BRBEMG, J) HREEOR
o

IGER 1B SHHLBERElid U — M, BRI T —
R P P 4 O RLRE TR LB (R B — BT R i, 3%
Rt BB, % B R R HEETE 5 SR R
SRR 156K B EHRAS B TR T B RS e, A3
S T — PR T R e AR BRI R
7 RUBEZ5 ) 1 B AHLE B 7 B PR el R e
B BB IRINT

1) AT 2" x 2 MRFE HEIPRE T
B 1A B

lrl k-1_

A(x,y) = Z Z g(x,y)/22" (2)
Hrb g (xa3) %/TLH:(x y) R EMREEE e [0,5],

2GR R AN BB K 1 FEE H oy b
HAREBRNE O NN REE B, (x,y) ME, (x,5),
Hlh

E (x,y) DA, (x+2"",y) —A(x -2F",3) | (3)

B Gy) = A4, (x,y +2°7) A (x,y =27 | (4)

e MER R Ek,h,(xsy) EjEk,w(xJ) ERRK
W AW R R S BAER OR T, B S, (x,y) = 25,
S Sy, (x,y) FRZER SRR EME

4) HEEERGH AR XIBHNFTE S.. FEITTHRER
Spe HIBLAIRESR 53, B 2

pi = /(2 xy) (5)
Hf i, FIR Sy = 25 BRI A p, Xob L RUR B0 B AR
Fix x y MFRRE UK IRABR KBS W S, BR
MBSy FORTNL—MEER p, , BIXF R RBE 25 (8] 948
RHITEGET 6,
1.3 e E A EERR T

KT ST R AR B EUR AAERE LR B, TEAR IR H
BEEMR TP, FEREEERESRNERBEG DA
S X BLHIBUE , M Sy 5 e BIFEERRD S, XL FRIAL
B, BEETAERFER —NHER & VH, VH = {S,p,,
Sp25 ,Sipif JHoS, Rox b = i RBRAERHE, p, XL

EET%'FHJ?!IAIEH%!%BXTT“HJF/I\ WRE=H, 528
$ir RUBE S ) AL Il A %o oL — AL 1) B VL, 531 ] D
S ETR B Mz R R RUEE BE R AR 1) & Bk B R R T R E
23 [ RO L, W08 E R A RS BE R R 7l R — 1
i xL B4 ——SSRHD (BT 17 R BE 25 [6] B HLBE BE 4 iR
F, Scale-Space Roughness Histogram Descriptor) , Bl 4

SSRHD = {VH,,VH,,-- ,VH,} (6)

)5 R R BB SSRHD i 7] LRI TR
MERFR «



EE WAREF T MRS W AR R R T e e B s L5 2041
SuPu  SuPu Supy; FENZW, HEXN TREBRGT LR EMS, I Alnus
sskup - | Spn Sapn v Sups (py Pl BRI AT LR 05% DL R IR A )
- : : : FEHIAE 3% LAR , WX T8 B R T A KA Corylus 158
Sups Supm - Sups IR 90% LI_E ML, R4 A VU TEN 1 LR i T

AR PIViTE L, 2. 8 GHz CPU FI18 GBI,
FIPARIA A BARE" . b HdESE 1 & Confocal
ek BB SRS, JLA 380 NMEMRL, 4A5k B 26 MRIFEIM
KB, BB EE NN ERE TR, Iz A AR
HEHART TICR I — BRI = B, i a it
H BB AE R R ERAEREE G BiEE 2 2
Pollenmonitor #£ 37 BSR4, 22750 ek, 5k B
33 ANAEIRIZREE, BT A BEER 2 B BRI 55 — 1 Pollenmonitor
JRELE SR MEA AL KA. Pollenmonitor ${35 4R #F AR 43
B THER AR P RS B AR AL R A T B 3L
HARTE s Je T B K o 4 SOR FBR PRBE Bk TR EAH
LBE . B —2EE R e I P i 20% 1R A VI gk, ) F 4k
FFTHAEA,

O ER e B OB BE R, SR 2F x
2P MEE RS S E O PR R HGRE M, Tk RBUE,
TR MR A A/ R IR & 38 IR, 7R STHT R Y B 188 i
K/NEE 99 x 99 B 200 x 200 2 [B] , 17 1f SL 46560 UE - X4 &R
TE 150 x 150 L) bRt B B4 FhBeE3E s 78 150 x 150 BAE B 4% B
3 WECAE o IXRETE THE B BOMLRE I T A R R U L
BB ARTFERRZARRGR

SLE AR 43 1 2R A I 58 15 31 32 ( Corvéet ReeognitionRatey
CRR) .45 1% i} B 2 ( False Recognition Rate,” FRR) ", R =
(Reject Rate, RR) A Sz iR 5 i [E] ( Recognition, Time ,NR) X 52
I PEREFATIRE
2.1 Confocal L EREILIRER

B2 %MT 6 FpHEANKIER Confocal FEH; EIRAY 532
Z5R, NEBERAUFSY , EBCREE SRR ER ~, %
oy FORL 5 B B S 300 IS ety SR PR 5 4, T 4B R
POEBHIRA RS2,

IEBh AR

HER AN IEREEE

Alnus

Betula
(Birke)

Fraxinus
(Esche) |

Poaceae |

Quercus}
(Eiche) [

Corylus
(Hasel)

2 Confocal JEXF G N LIRSS R

x1GHT 6 EARENIEREGRIELRE R N
GRAUF G RE RS 2R FREERER

BABEGEMRE SRR TR &R SKRERRY, A
38 Hh AR R 30 RBE 2 [ )RR JE i 3 7~ ( SSRHD ) X 78
Fr R == B LA A R BA TR A A

%1 Confocal EHERITE L FE %

iz gl CRR RR FRR
Alnus 96.95 3.0 0
Betula ( Birke) 97.96 1.2 0

Corylus (Hasel) 91.70 5.2 5.6

Fraxinus ( Esche) 95.00 278 2.9

Quercus ( Eiche) 91.84 4.6 5.8

Poaceas 95.30 20 3.6

2.2 Pollenmonitor £} El{&H) LM £ R

B3 4T 6 P {R3R 1EIY Pollenmonitor TEX5 B8 i 5&
K55 B MNER T LUES] B W —Fh 28 e B T AR
SRS Tk T EANE SM L RIEE 1, BR R B AR K
F5 (R BRSOy 1 , KR 4 A AR 25028 (A e 4%
IR B R BB B E R 28, R 2 4 T3 6 AR R
WAL WEER AP TT LUE B, 788 0 R e RE Rl R =2 B 7E
¥ B BB i 2 M, (HR 24 IE A U B AT SR RE S 35 B 85%
o, R IR BRI R R R 5% M 6% £ P,
XANT 6 S0 B B B B Fraxinus 22K BB, R T &S
93.3% WIERRIR A 2R, AR IR 28 1 IAE Corylus fE Ky 14
b ERFHRBUXDT 83.3% ., IFIRFRBHERTER
HTHRTERESBPRET ZEREZIN T HE, SHE
U5 B AR, TR L RE B R T i B i

Alnus
Betula
(Birke)
Fraxinus
(Esche)
Poaceae
Quercus
(Eiche)
Corylus
(Hasel)
ollenmonitor L
& 2 Pollenmonitor £ ¥} E R ICE 45 R %
TR CRR RR FRR
Alnus 88.00 1.3 5.60
Betula ( Birke) 90. 63 3.5 4.30
Corylus ( Hasel ) 83.33 6.3 10.90
Fraxinus ( Esche) 93.75 2.8 4.25
Quercus ( Eiche) 89.09 6.7 4.30
Poaceas 92.00 10.6 7.20




2042 H AR A #35%

2.3 EEI ST

N T BAEA SO AR, A SO LSS R 5 GSGID
R TSD #3R 71 DHMMD #iR 75 LI & BSD iR
TR RIATT B, %3 AN TERIEHEE FA
EPFEAM 4 FE R FIRGIRN RS R, NTEE
LA L Y, A5 S0 FFAR A0 SSRED ik TR X R BI R £ 75
FHAh 4 FE B, X F Confocal FE¥y HHE 4 , SSRHD [ F-1
EHGIR AT LIAT] 96. 12% , HE A 3 - ¥ 25 1 6% , AR
NI SE R B R R IR S A HITE 1. 2% F1 2. 5% ;54
F Pollenmonitor 7L ¥ ¥4 , R EEHE G R ELFEHKZE,H
#& SSRHD 3R RIZIERXE] T 91.33% , Lb A B 1L F
YIE 6. 5% ,AH R YT Y5 R RS A X iR At RE o
AERAES. 7% F1 7. 5% R ERFZH F SSRHD E& T
BRI . BT EA TR A A AR v S i
L E TR AE SR BT AR b AT 8 40 th AR M Uk R A e
BRI AT TLM AR HAR R KR, fRIE T #iR FHRHE 1
S HEE, SLIIERA, A SR B T TR R A E AR
A IBE R LA,

R3 AXFEEHMAEIIRESR %
#HiRT &S CRR RR FRR
Confocal 90.70 4.6 4.7
GSGID
Pollenmonitor 83.30 13.2 9.5
Confocal 89.00 3.6 3.1
TSD
Pollenmonitor 84.00 9.5 8.7
Confocal 93.80 4.8 2.6
DHMMD
Pollenmonitor 90.13 7.2 58
Confocal 90.00 2.7 4.6
BSD
Pollenmonitor 82.00 8.3 12.1
Confocal 96.12 1.2 2.5
SSRHD
Pollenmonitor 91.33 3.7 78

Wehb, T BriEA SR B B THE R, A S AT P
TP & B X SSRHD S FIH At 4 P0G T 05 b, (38
GSGID B3k TSD & = DHMMD & £ DIV BSD B, R
R ATHB R RRCR T HAlpd FhBEE, 40, 5 GSGID
B, A SR ) SSRHD BYRE S MG fE Rk F v 2
FEFEAL T 80% , 31 B 7E ConfocaldF™Pollenmonitor T Ff 5 IE &
LRI E A 4. 8 K] 69 s, XTI ZE R BN, A
CE BT BRI A AR, T SRR, EAT
SEBRHIAER S BRI AR

K4 BWEEREINLL

I RT/s
B GSGID TSD DHMMD BSD  SSRHD
Confocal 15.3 10.2 8.5 8.2 4.8

Pollenmonitor 20.9 17.3 13.7 12.6 6.9

3 4%

ARSI T — BTN 2 TR S [ AR AL R
BT EGFFIE L BL, 3¢ AT AEMHR A . A REA LT IL
FHERSE . RARE R, s 2w M R, o AR
T MRS (el FBORFALE , T L R 0T RUE = (8] B A e e A A s L
KR SR AE——HURE B AR OM A PR IR, SRR s B

BRI, BRI T RE T =R R EE, IR SOR RIR £

8 iR R RUBEZS (RO B — SO AR AR AT 45 6, MY

PAIE T FHERR B S, A ZE T ERREZWEBER, ER

AU, 5 RE T BA L R AR

Sk

[1] REISERT M, BURKHARDT H. Invariant features for 3D-data
based on group integration using directional information and spheri-
cal harmonic expansion [ C]// ICPR 2006: Proceedings of the 18th
International Conference on Pattern Recognition. Piscataway: IEEE,
2006: 206 —209.

[2] TIANH, CUI'W, WANT, et al. A computational approagh for rec-
ognition of electronic microscope plant pollen images| &7/ CISP
2008: Proceedings of the 2008 Congress on Image and Signal Pro-
cessing. Piscataway: IEEE, 2008: 259 -263.

[3] WANG Q, RONNEBERGER O, BURKHARDT, H. Rotational in-
variance based on Fourier analysis in pdlariand spherical coordinates
[J]. IEEE Transactions on Paitem® Ahdlysis and Machine Intelli-
gence, 2009, 31(9): 1715-1722.

[4] TRAVIESO C M, BRICENOYJ €, TICAY-RIVAS J R, et al. Pollen
classification based on conour features [ C]// INES 2011: Proceed-
ings of the *15th Intematignal Conference on Intelligent Engineering
Syétems.” Piscatawayy TKEE, 2011: 17 -21.

[5\ RODRIGUEZ-DAMIAN M, CERNADAS E, FORMELLA A, et al.
Automatic detection and classification of grains of pollen based on
shage and texture [ J]. IEEE Transactions on Systems, Man, and
Cybernetics, Part C: Applications and Reviews, 2006, 36(4): 531
=542,

[¢] “RODRIGUEZ-DAMIAN M, CERNADAS E, FORMELLA A, et al.
Pollen classification using brightness-based and shape-based descrip-
tors [ C]// ICPR 2004: Proceedings of the 17th International Con-
ference on Pattern Recognition. Piscataway: IEEE, 2004: 212 -
215.

[7] WANG S. SIFT based image maiching algorithm research [D].
Xi’an: Xidian University, 2013: 37 —38. (VE#A. £:F SIFT R EHR
VERETTAIFSR D] - VE%: VHZ2r TR RS, 2013: 37 -38.)

[8] PAN Z. Research on matching based on SIFT algorithm [ D].
Xi’an: Xidian University, 2013: 19 -24, (& F 5. T SIFT ¥
A MR ICEC AT SEL DI V4% PE% i TR R %, 2013: 19 -24.)

[9] CHAMORRO-MARTINEZ J, MARTINEZ-JIMENEZ P. A compara-
tive study of texture coarseness measures [ C]// ICIP 2009: Pro-
ceedings of the 2009 IEEE International Conference on Image Pro-
cessing. Piscataway: IEEE, 2009: 1337 - 1340.

[10] XU G, HUIW, ZHAO H, et al. A new metric algorithm of image
textural coarseness [ C]// ICCASM 2010: Proceedings of the 2010
International Conference on Computer Application and System Mod-
eling. Piscataway: IEEE, 2010: 544 -548.

[11] LI B. Intelligent image processing technology [ M]. Beijing: Pub-
lishing House of Electronics Industry, 2004: 219 —223, (252,
BREERAL BREE AR [ M] . b B ol AR AL, 2004: 219 -
223.)

[12] RONNEBERGER O, SCHULTZ E, BURKHARDT H. Automated
pollen recognition using 3D volume images from fluorescence mi-
croscopy [ J]. Aerobiologia, 2002, 18(2): 107 —115.

[13] RANZATO M, TAYLOR P E, HOUSE J M, et al. Automatic rec-
ognition of biological particles in microscopic images [ J]. Pattern

Recognition Letters, 2007, 28(1): 31 -39.



