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1 Introduction

Microbeads of various size with complex core —shell structures are
widely used in many applications such as drug delivery. During
synthesis, it is important to characterize the beads’ size such that
uniform properties can be obtained from uniform size. The core—
shell structures can be imaged with SEM (scanning electron
microscope) or TEM (transmission electron microscope) but there
are no available methods to quantitatively analyze the size and
distribution automatically. In this paper, we propose two
automated core—shell detection methods using Hough transform
(HT) and general Hough transform (GHT). We show the
capabilities of these methods using OpenCV and compare the
relative advantages and limitations.

2 Methods

2.1 Hough transform

We first used Hough transform to perform the characterization.
Hough transform is a feature extraction technique used in image
analysis, computer vision, and digital image processing [5].

Step 1) Image input: Any type of image canbe used, B/W orcolor.
If a color image with 3 channels (red, green, blue) are available, it
is transformed into 1channel mode.

Step 20 Smoothing: Noise present in the images can be removed
by repeated smoothing to improve the signal to noise (S/N) ration.

Step 3) Edge detection: Canny edge detection was performed
using the matrix in Figure 1.

afl1|2 of-1|2 2|90 210

PR

Figure 1. The matrix for approximation of change rate

-2 L] z 0 L] 2 L] 2

Step 4) Thresholding: Figure 2 shows the SEM micrograph of
polumer core—shell structures. Each image has a characteristic
value such as bead radius. When performing Hough transform, the
number of core—shells in image depends on radius, R. Thus this
step can be usedto automatically determine the thresholding value

for each image.

Figure 3. Image showing center of the circles as red dots
determined after edge detection of the spheres. Higher intensity of
red dots mean that they have higher frequency of overlapping
circles determined from edge detection.

Step 5) Hough Transform: Each sphere has slightly different value
of R. Center of each circle is determined after performing edge
detection by thresholding. The total number of the circles is
determined using this method. Figure 4 shows the image after
performing Hough Transform. Red dots with higher intensity
indicate point of intersection for higher number of circles.

Step 6) Hough circle transform — For sphere detection, same
procedure for line detection using Hough transform that was used
to find the circles in 2D, but with an additional variable to account
for the increase dimensionality in the search space. Three
dimensional parameter space (xo, v, 1) is usedwhere xo and v, are
the center coordinates of the circle and r is the radius of the circle
in the following equation

(Xx=x)2+y —yf =1

—>
The parameter vectorisp= (xo v 1)

Yy

Yo

k (. y)

Xg
Figure 4. Definition of Hough Transform

X

Foreach edge point (xo, yo)
For (% = Xo_min ; Xo< Xo_max x¢"*)

For(yo= yo_min ; yo<= yo_max . y5*)
R=sqrt((x—xo)"2 + (y— yo)"2);
Accumulator[r][xo][ yo**; /Noting
Find local maxima in accumulator [f] [xo] [yl

that higher than threshold

Step 7) Selecting the correct peak: The red peaks or points indicate
high frequency of matches for circles. These points are the center
of the core—shells and therefore the number of red points are
equal to the number of core—shells. Using this approach, we can
also reduce the total number and remove some spurious noise
while keeping the bright spots. If the core—shell’ s size is increased,
the edge’ s size will increase as well and there will be many points
clustered around the real point. Therefore, it is important to
obtain correct threshold values by removing the noise around the
real center point. Next task is to determine the count of real
center point by determining the number of overlapping edges. In
some cases, only half of the edge might show up due to
overlapping images. In addition, as the core—shell size increases,
the number of pixels that are at the edge of the core—shells will
increase as well.

2.2 General Hough Transform

As shown in Figure 2, because of the high density of core—shells
in the image, there are many overlapping cores, showing only
those that are in foreground. Those in the back appear as partial
spheres as they are shadowed. In order to account for those that
are partially blocked, we will need to implement a method to
count them even if they do not show complete outline. In such
cases, a template is needed to count incomplete crescent—shaped
objects using general Hough transform.

Tangent to X, = (xy)

ﬁ parallel to X, = (xy)

V X= ()

5. Target shell modeling for non—symmetric shaped shells

Figure 5 shows an example of non—symmetric shaped object.
After detecting the edge, following algorithm can be performed to

generate an R—Table.
The pseudo code for making R—Table is as follows.

Pick a reference point : X7=(xe,y:)
Foreach edge point, Xi = (x, v)
Calculate tangential angle £i
Calculate Vi=X"—X; and find nom r;
Direction angle a; of v;

Storer;, a;in R—Table with an index of
¥, quantized value of @;

End for

2.2.1 Recognition processing
In this part, pixels of edge, @, should be calculated. The
algorithm of recognition processing pseudo code

Clear accumulator array : Acc[ ][] =0
For each edge point : E; =(x,, ;)
Calculate tangential angle @;

Forevery item in R—Table indexed by ¥m
Quantized value of @;

Find X8, =Ei+ V., where Vin=ry, Za&n
X, i=Ei+Vm= (¥m,, ¥m,i)
Accly m,il [¥m,il<— Acc [Ym,i] DEm,i]+1
End For

End For

Find local maximum in Accl ] [ ], which is candidate reference X®
for a given model. Referencing R—Table with index, ¥ ., vector is
calculated, and the vector+pixel coordinates(x; , v;) of current
edge, and candidate standard point ,  is calculated. Finally local
maximum will be found in accumulator array

3 Experiments

i

6. Test performed with simple shaped core—shell structures

without overlapping core —shells.

7. Test performed with high density number of core—shells.

When the data show no—overlapping images of core—shell with
low density of particles, it is relatively simple to determine the
number of core—shells using straight forward methods. This is
shown in Figure 8, where each particle can be accurately
detected and the number of core—shells can be counted with high
accuracy.

4 Conclusion

We have developed a robust method for accurately analyze the
total number and size of core—shell structures synthesized by
polumer chemists. Using appropriate edge detection protocol
together with General Hough Transform, we have successfully
analyzed the images. Improvements to accuracy may result from
better edge detection methods using the frequency domain as
GHT based on pixel domain was used in this work. Because
General Hough Transform references R—table, we should generate
templates automatically by using another algorithm and reference
R—tables of template foreach cases.



St

-

2ICHE
20134 38 6% +2% 9573

12

(2ot 12

20054 54, Qi st = ‘AM429] ouf Zste B
22 Qfsked FEFS ME A old Hrt

SEAL 7 AT Boll BAX ERE o B 2t o]
Folok AT, TP = A1 2RI IS 5

UCE.ThE & 118, dstEs dd: QiEs
&3 Qi Eed SE 11 O E Aot A
423 qriEste’ 3k A 223 Quisted’ 9 Al
=S A438 et ‘AM23s8 2 +E 5 Fal A&t
cdrEHITLES St A2 A v o 4
T2 NA I g2 B, 128 ZaloA = ‘Al 42]
QtiEshY 3t A 228] QuisteEd olgks Al =0
O E it SEAE )IAE Bl s E A
2007 3do] OAl AEE 86K E2 Hl428
Qth E5H 3 A 229] Qi Sted AE EE 34
7h Wzkth. 20054 “AMl423] Qi £5H4 1t Al 225]
Qth etz oAl B Uo7 € ARFE SHEAL =
9] d= MEOIR=A EEALLE, QT 2843 9
et 9 B2 A7 A EH T

2] 31 540] Au 20124 7k of@ Al ‘Al18] ¢
tf skethd’ & A3 5710l OIER. ‘A 18] oItk
S=tid’ 2 2005d ol SdE ot 28t ¢
Heted s SAe & ot A 54 T E A
AT Hol A =22 E2E 9nlaid, 19 9
mloll A “A13] Qlth Skathd ol Bl 6hr] ol 2
3ttt

ol Stk=thdolA = AZ, Al A1, 38t & &
OF =21 44, AFH 4£ZEdo 5 B8 &
99 AEe SEaRT. ol fl gl e d 2
T el 2op7t o skethd SE 2ololl Z8H Y]

E= sb7] flgtoltt. SE2E A& S0l thel W ¢l
Y27 7 24 A9 dARIg & fIS6] dALE
JHBIACH AE, AR, A1, S8 5 ska =2 &
AR A= SRS =22 USSR & =7
7t ok 2t B8 2Ok HrAla w4 1H 0] & B &
= CEOE HolE &4gls e S8t dT =2
A7} Eh= 71228 BUte Eftal @F =Rt
WHIZ, 28 A& JARIEAE SRd AEC
ZE USH=E & =717 7 okt g 2oF 12
QO & UE ZECE SA g% Jkse +EUX

AN Bihs REE T

T aE —3
He 220 M U RE A2 e 20E A

8% X7 : LB
FSH £

Zm 712t 9 1Q(QRE ~
9% 0AG7H]

FR : R (A Ropl 4 B)

2 2ot

o

74

1r

— Z . uhE A4 A4 15T O] A

- =2 AAEX] 200 i S

- AFE =208 Yol =Y Aol
Ay oiet

SAMXFHEE D 9013d 2817

3
2 Qs A1H

o

HH
od

— Ol : hufspress@hanmail.net
S 401
QIS A} 130791

Tt

SEASEEA SHET Ol 107

29| Akgt: 02-2173-2504

EADE R

AtSHEA of2 A A ARl AN 20 E EEd =+ Q)
U= HolQlth. 2= olE I8l 2ot &&g10]

3
= = 22 28 AF0 o V' 2de
HEske As 53E QT SE E0k= TG
oh EE Ske =22 ol ot €2 2 S ZE ot
gitt.

(1) = =20l AA9 g FH E= tis &Y
718 7IAAE olg] £F R E 2otk 2 FA
ETFOAM = & EnH

g =22 WS A H0 L AR A
CHF O{OF §iTt.

gk =20l xZedE B4, 858 =
T A ¢ 3 gl 27t QojAE & Eh
g =2 ZgE HE &4,
== FA 9 = ECE 5 SEFHo
oFgitt.

I
Il
i

7t &28] 2o AL, ol ATt

g UE MZ 27 FA Tiof Sith.
6 &= =2d ZgE o BE iR = =B F

T
Aol thst Hi 8 dolAL =% FA oF A&
Quts =9ol7] Hoke 7RI A AT FAlol o
STE Sxt=EY A A 7Hd el Aol £

g =Ede TE =Y A I
M TFE A & /7K’ o] S0l Uojof &t

2]

® ISIN;
ZtAFstold A9 Zr de A8t &l

Aut A EAE AAlGloloF sh, AATE A/
A SAE 7IEE TUE AIRY dFE A&dks
20| ol A A4 R 8B5S SA AR
OF it
(10 A= 19 =3 /718 0] 2= 0128 AJAFE,
T2 s tist HE Y 848 714, 4850
28 714 52 =8 S0 HE5HA ZFAA
=9| diot Sitt.
Stz =22 ojHol %1, ol5157] 412 Aol
(=0l /B0l 2 g Fojot GhH, ‘Shk=R] &Y A&

Bl o] Bi= A1ES 558 286of Sitt

ham e |

(11

(12 B3], =2 2% s &8 Fl e 2 10% &
1= =550 SYo, HEd 550 58
o= T8 2 oit: B Q0] BE Sl A8
ofof Sttt

MFE7I 2 FalE 2:50] SA S8 kst &

ol ¢ ofg 9] 2A & 2| oF §it.

(1) 2R ol SXtollA dotal Ae "EE s A/
AIRT" 7} Qlof oF it
(2) 2H& 9 ZRI MAIRIE A3} Atglol tiet 8&

Jolel E MstAl7I =8l =S F ok it

=~

QEEY 74 94 F A FAMANE 4
She Hol 2 E20] 9 H 250] Yol HE o
B

b AU ALl mel, BES ZE 74 Q
47} REO| ZA AN E BT R 74 Hlok
Bl

Rbe NEQ BE, N, AL 3, 48 5 2
5 BEQ BAY Q4 NASHA PASE
7%l SEdio} i

6 &719) N4 S SR R 2718 ALt

= 7ol Zo.

@

(7) B =x17t 26l gnE 7HE UE qud
Ofof it

U= oYY 7IES 58 HRY JAEE TS
of MARIE S AISSIATH ot 20k MANeId
SZERH s e stle R gAEE |2
ATH LT =ES A T AR YAl 2
OESolZtE & = HIxE #48 mi 1, lH =Et
TEY =2E2 BoU EdE Etolal HixE
Y& 2ol o= 2ok T ol = &6kl 2
T Ske =20l £8 AFo] 2R ol 389 2d
= dA S CE a7l hZoltt. A4 HALE

o}

=04

W SiEUEAA AT AAIES
20134 0139 o) &t EES
301 SIS WE A glol HEl@ &
310} ZE2 4l 30F 8 Hol Tk
Zoz By Bl S Asoirt 2Y s
dol AZE 1089 5 5 JaRoR dEEYE
EE @ Ho| BHE BRE0 35 4%l A A
EUCE0l B9l 32, FNEY B=o| E3E o)
= Aol =2 S B IS N2 B2, M)
B2 ZTEY B0 ¥ EES BE 20| 3
AF B0l 9 Hol HSEN T 4% A Lot B
Ao B EA 8 THIE EBle ol fut,
B2 42 J1dE M E0IBH B EHY 2
A OB, THIQ) R0 SHHA KB 4

9 MAIE S Hot=sas E2dol E Aol 7,
AR SHA Al
I

Ze =% HEE o & Aot 58], =2 A
At IFE ol A 28 24 = di'g 2ok EE 7101 AA
g WrEA gd s == vEE Hol SEA &t
ol A o =& E&al FH, A § H=s}
ol glastal AU, &= orf Sketidd A=
A& = S8 E2 HEAl Fddlor & Zolth o]
&9 HAFS o e JEkAel 43 o] ‘A18] QT
Skatid’ g YA e FESH HolFal, ke

= =] - = - = A =1 (=) =] T = h=— = =
HEGo sitt= Edle 88 Q02X ASZECE Z 9 sk=tido] 2ok = S Sl A Qe
= H S s A % =
RS BEAIA Ltotgt AR 2 Hol = 2 A& ol 7| E Higtth.
Hx # yjum ® @ Q @ ®
= e 5| ofLct| oplmo|ct | 2E(ZEH) | W=Ho|ct | SHAlS|XTt
. |01 =S Tl o et St o Aol I8 N ofR AFHE
o
=2 =S 2 FA S 2D YU
3]
N 2 |0l =22 j2 A0TSRl FH & CiEa USLIT
, |ofee0 e 28, 58 8 120 =R FA9 B g2 390t
Q&L
s
, |o1=20 288 0 25 B8 =8 280 £2 F42 ERHe2 2
Yshi| iZElo] USLIN?
5 |ol =20l ‘olH 25 2% 7} S55| ZaE0l YaLIR
o |01 =S FHE Ol £ ol EMEIR U8 B BHs MEL o7 5
A 2 2L
ol
'; S [0l =20l O 281 2l £ = FH0H tiet Wi S0P =2 FA
- A oF BEE A =0l
g |01 EE OEH AR A 67 FH0l OfE Ci XISl A
1 ALl
9 |0l =22 Ol im0l it =2l T S HHsH EESIT USLIN
o |o1ESOIE CIE sxise 2t Fun s ci2 RAfele] £/
o SoiaLI?
4|0 20 EUE HRelel UK & WK} €38 ol Binel £
a0 2 HuEshil 32/a2sm AsLIP
that MAH= KpAl] ZEH/7IMS UBSH= 7Lt ASS7| S8 (Efgst o2
fst p | TS 38/1uE YBss 21 4EBY 82 (HE A as() | e |oane )| ane) | s
=7 oh 2 7 M= FAlGHD YBLI7P
implica (3 |FAPERIIO) R3S Bt dol NH 2oLt NI (TR A
~tions 2ol P17 0I5l 452 Hol) WAL AAZ ESH 57| K=SULMN
HRHS RO FE71A0] 2 OJ2R AN, CIEEA) o3t BEE o
14 |8 7isH, A8E0l 22 7154 S implicationsdl T3t =0l =2 2o
Hist ZEARSLIN
15 |0 =22 offol 2, ofshat7| 42 AOIZ0H/Bo)R HAEIASLIY
:'ff 16 |of =22 S| X AHY of U= HUSH 22 TaET YSLITY
24
on g |0 8 22 50l s Hasse 100% Z12H S20] ST, M2
25 220| SHSIS 2HS SiLtE BRI 22 50| LT UL
* Ci2 Holxlol XAl 23 27} of YaLict
ASt==3 MAIE

2ICHEE

www.oedaehagbo.com

Z ZH1955W 48 1Y

ol ot

Bl 7 F7 HB

muY 2US & ¥ 27¥

Kb & BZEA ADIX| OfRhA
0|2y 0|2z Uxte

Z EOEF HEIY

A aegEslE o M EYUs

Sh7|xH (M2) 02)2173-2504 / (224H) 031)330-4112
MEAl StHEF 0IZ2 107
F7|= 2UA| M2IF ZHH iz 81

2TerE I M) U UEHOlE BT

B TAAES MG 25 A
- H2old 222 2488 718 = gle
A _?EEE_S%_ ;\'] {\119] % S z%] ;93—%%13 E2|E] @hufspressi955
- A 01F BEE IS AR a4 Y
20| FAEH, HE A 28 BAL
Kol Al Q=
- ZHA QEL gH Q0 ugt HEE
A= TN GENS)TH (RIRMEYS FHlstn QUBLICE FYg

L 1A EF

StM

o =
= =o=

2
=

QB ROz =HFUC HHU= ¢
(http://www facebook com/newhufspressAIECE 01 AESHFMIR, Of2i=

e SMESS ofsE HoAE
50| olzi2 £ ALt



=

=

2ICHE
2013 38 6% 29 9575

PICN terview 13

=

TRUS0| HES St 0] B L2kt

AMEAE e 514

dig down dig down, raise vour shovels high
A& A& Y7 2 Eof

dig down dig down andclear the snow below
Z0]glof o] EofBl g =

thereis no end to this accursed snow

A& A& 24 Yol

dig down, vou still have two service vearsto go
orEoll A ez #H7=E
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