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Design and Implementation of Software Systems

for Analyzing Confocal Microscopy Images

Student: Ren-Shiuan Pan Advisor: Dr. Yu-Tai Ching

Institute of Computer Science

National Chiao Tung University

Abstract

When we research in medical science and biology, we usually have to obtain
some information important from specific image such as the shapes and locations of
neurons in fly brains. Now a lot of excellent algorithms for image analysis and
processing are available, however, some of such work still needs to be done manually
or interactively. Therefore, we propose a user-interface system for analyzing and
processing biological/medical images from confocal microscopy. The system is
cross-platform and implemented with Trolltech® Qt Library, based on C++

programming language.

Keyword: System Analysis, System Design, Design Patterns
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Trutial Curve

Final Curve

A traditional snake must
statt cloze to the boundary
and still cannot converge
to boundary concavities.

A GVF snale can start far
from the boundary and
will conwerge to boundary
concaviies.

A GVF snake can even
be mitialized across the
boundanes, a situation that
often confounds traditional
snakes and balloons.
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vacuoles » i #-74 i% <77 vacuoles £'£ RIff et B o & ¥ 4 7

F e s chvacuoles 4 R )~ 3R

11 % 1050 F 447 5§ 8% QRRE 26 J B {ATER

=\

77 ¢ % K Pt vacuoles 2 B EEFE o % 101158 F Rzt *

2

o

12 FHAFHETRL 0 R FRAFRAT PREBE S F LA

il
W e
e

Bl 2-1 2. ()2 (d) » = ¢ i fr 5 4% F| H vacuoles o

MR SR T AR T e %”i%“,f B4R Bl g
@Fﬁﬁﬁ%—ﬁﬁﬁo
A 321 &4 kA k2 ke 45 0 T B 5 Use Case Diagram

Load
Wolume

L

[==inlcudes ==
= =includes = =

Expont
Wacoules

Setup

2 2 includes = = Parameters

Irnpart
Vacoules

- Edit

= = jncludes = =
Contours

Actor

Exacute
Algorithmes

Matched
Filter

Exclude
Yacoules

Include
acoules

= =includes = =

Find
Contours

%] 3.1 Use Case Diagram of AlzheimerFly’s Ul
312 L pH Siligh T HI E —F A
A d 2 e R A BT R A SR o B S B EER - 5B A5

Z BT o R T AR B 3 o 3.2 BT 0 Bk

RIS

AHECREY T 2 e 2 DA HRBEE .



@3.2 %i&s ﬁd‘utgﬁ_kﬁ/] 4%;,

s ]%‘];: %igg""%}% f‘ ‘%‘4 2/%»‘%‘7 'J /?'/45\‘:; ¥ ELZd iz “‘ 3k 1Y ..L' ’f#l,? I
RAET FARE Y R RET AR S LA N Ak |
SUELERCE S ST T SRR S LR E PR R ¥ v Y S

2 £ GRREA S BB R EBLE S 2 BT RS

[
-

Lo Ft > GE P WS F ?—‘VP dofe b i et A SRS A A
z-sampling 247 B 7 Eenfiima T > v g & X pfend ik m St
£ o Tt s AP R BRI - Bl ¥ Jﬁ" i m #23% > @ ©¥ Neuron
Tracing =h1 {540 43 55d 12T ﬁs&%%& :

Step 1: ﬁi;—] B roq =Bk 0 4 — % Volume Data

Step 2: 3+ & p* Volume Data 2. 3D-GVF » ™ [6]*73k 2 ;& & i% -

Step3: == 2 {8 > i E 2 NG IEN TR TR

Step 4: H#-4fB2 12 edd (LA snake w5 % fie & 3D-GVF FAL#A 5

g TR B AP AT Renfed kG kR B § R

35 dUvolume shguf » i 10 s A Qv fo R B Tk
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10.

11.

T R R SENE T TR HE O R

v e

NS

el i dy R PR itz TaARE N X g B en VR ) ot E

o
|+

A BRITIEE 0 R F RS ERARTE M6 T o B
B R R AP0 S s g R (F RS L aBRTAR) -
AR 1 i Rar B R R TR LRl (R R A N

d »t i iE § 2 (Matched Filter 22 Contour Finding) ¥ it ¢ 7 & #. &
TR (L) aRFRF IR ERY HFERRFE
B#em > TREP I L R FERERA

=& GVF thit 8 2 15 > @ # F L BEE h R - B
neuron 0 initial path

FeEF % neuron FIMATF EH O [+ J’f v BL:E (X %, <0 neuron »

2 WA AR B 41T 0 neuron (BRI ATy SUEC RS ] )R

*?’fT

g

A E B o

FH ¢ - 1B neuron @ AE B & K i fg ¥ H 17 snake i B 2
(7 -2 2 E &+ gul)

snake ¥ M REGTIFEEF P 0T RELEH B o

3 B~ snake 4% % € & B Fxehvolume data %J ; 3% snake 1
i1 volume F 3t (width/height/nSlices) & 3% £2 jn volume #p fe o ]2t 3%
snake s % % P 3% L 7 7/ volume shF A (BiL) -
FHRFSEZRL O RY FRAFFTT ORFHE L LA
ERCREE S S o8 OV S L N R B I Fig R o R g e

RiTEE - HiEE

AP 322 84 8 A k2 ksA 5 0 T Bl 5 Use Case Diagram
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Load
Walume

L

|[==inlcudes ==
= =jncludes = =

Remaove
Yolume

Manage
Yolumes

Export
MHeurons

Setup
Patameters

= =includes = =

Import
Meurons <fMdncludes/= = Edit
Contours

== includes = =

Actor

= =jncludes = = Execute

Algarithims

dag == = = includes = =

AddiEdit
Meuron

Select
Meutan

= =includes = =

Shake
Meurons

313 #*E A A REH A

v

TRAAPHY B R FRATRF PR K6

¥

=
SLICE NUM
I HMOTSE POS
- X: 0
4] [»
dbbbl_Lhb
width = 256 FRAME #
Hei 56 D
nisli s}
nFr. =7
G| [ | O Show Comtonrs
not available
Function ————— rLoad Wolurme

O Load wviolurne

Status: READY Start Here
Progress: 0f100 slices
Ijl Imnage loaded.
Dimensian:
I Width = 256

Height = 256
nslices = 16
nFrames = 2
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B8] 3.4 User Interface Example

&% K rURAG I e 5 dpd ko2 —User Interface # iF & sLer g o
P RRBHE PR S AT B S B R RIS

11312 % % 3438 7 K5 6I( P~ = Volume Data & &t | T & & B )
it IR 3.4 % ¢ e 5 Atdpor LT 0 R 2 44T "Load Volume”
FH e TEENEETRR Y FER A o EB L b B34

P TRART §HAFANER o RSP I L AT 6 Mf AT
AP R AL X MRZB T LAPM T 2 BT ILART T

§UT7 B e — K BT € 7GR 4 PR H B L W

3.2 s%L¥r

bAE?  APRA SRR R ES B S BRY F R
FOo AR AR L rdp e AP A 321 A5 ks kR

321 AR Amd

’l‘i_jxl"_ L ’*\'falf\%}%\ﬁﬂb"’h’ ]v}(,’g’#_%z }@'&;ﬁ]‘\ _}l@w

BIEE LR) Ao AR A G T B ’i’é\é‘ﬁfﬁ‘}éﬁ.&’éﬁ-ﬂ.,l'l

™ 7 Package Diagram :
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User Interface [> Main Application [> Image Library [> File System

Level 1 Level 2 Level 3 Level 4
User Interface Level | Application Level i DataProcessing Level |  Operating System Level

i 3.5 Main Package Diagram
Level 1 & Level 3355 A L sven® (F3ip o AW 2 % - 2 % Z PRy

EALRTEAG S ot 2R TRAIEE FE NS 4B K B ipikh
f il P ;

- R H e K

AR SR AR BRERT F- BEAEAAG @ T F N
FREGER TR PR G o A% B9 User Interface Package ¥ * &
Felekp @» Fentfdp 4o BH R = hotg ¥ {218 -

%_@?% %mmli*{fﬂﬁgrﬁgmpp ’Tj&—‘*{' ‘ E\, ?#'_ﬁ_m’:ﬁ @

SN R 0 T
*EBGOR T PINBERT FRATFOLFFN G L o LR LG
Bl 3Ll g P BN T ABRY FTR AHE FIBIR2 EEREFULS Y
L hf Sam A TR EELE 3L o A K &g — < 2 —Main Application % 4%t

FRET FA (blded dta F2 - )0 Fd Tp* A4 fpll enfpR TP
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FEE_E M BT 4P M ens i - Main Application 5o 3 1T % = & — TR AT

s E i E X F Ry e

PIE R B R MR SAEBEA ML B AR AT Y TR S B §
- & ¥ %% Volume Data > & ¥_% & Volume Data 2. GVF e+ 8 %% - @
S s s LA L S T /M",f - % \olume Data ~ *»3# 1 % -
Volume Data ~ 3+ & i¢ * ¢ &1 \olume Data 2. GVF » ¢ £ & - 1 Wolume Data

for SR SniE- B Neuron (A2 580 ¥ -

Z T RILE B
ST R 3 S L) PENE S S
B B ERRG R A LS P AR e B2 e R

P2

& 1 Main Application =~ 24k (T2 * o 4 AR P ¥ P2 2Tz R* 3 R
AR W B T AR - kAl B2 g iFEst > £ 2 Image
Library = i o

# ¥ Image Library 4% & * % 35 3c 23k i* Image &2 Volume Data =% #2

S o By F File System(d 5 & 50)4% B8 G B~ 4 75 # 4t - Image Library

FRECIE 2 T RV R R et 3 ¥ R

el

% Image Library 3 ¢ »#5 3% 5 B gt B w3t B 2 7 82 anf iv
J& B 2 A e o )4 Brightness/Contrast ~ Morphological Filters ~ Edge
Detection ~ & p 7 #_%& ¢ Mask Convolution » £ % = 3+ & 1 Delaunay
Triangulation ~ Convex Hull ¥ Alpha Shape = ¥ 2 % & i % Z F4p b chF 17

)4 Matched Filter ~ GVF =t ¥_Snake ¥ -

7 > I‘E_-#:./, ‘fu 4
A BT A R A R AL TEIRG oA AT E kS A ¥ (b]4e Windows
& & Linux)- # ¢ File System P| &% OS #73& trerff & & 3o & & 3iep
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322 %3t eitagI fHN
i —%’#ij—f’ LRz BehI 8 4AeT B

User Interface

simple
user command

b - -

P

reply

T

|

|
.

user command

g

- -

show result

<

F- -

Main Applicartion

Image Library

File System

application command

request for process

simple/normal

user command

show result

<

- -

return result

<

update view

application command

kp R K endn 4o G E Tl e

2y

1.

% -+
LY ,?VL»

>

another
application command

notify on complete

<

¢ date vi
update view

L
1
1
1
|
|
|

process request

invoke image methods

return result

i8] 3.6 Top Level Sequence Diagram

)

‘\E;(

j ¥ 4y £ Simple User Command » &4 if & 45 T

ITEA LI

file 110

-

o R

2

F2 AT

Al & View Panel ' & § #7887 chd R o gt pFE 32 4 Ul shfe st

$OOTT AL S 0 £ FRAMIEY F AR AT

2. - it * & &4 User Command » b4 & View Panel iy # # i

T e 2

BIRGARE Y G

L
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i % ) T Main Application - % =& & £ z_ {8 P32 AR T BE T { AT
3. EPFR Tz ¥ ¥ & 4 Request for Process > i ¥ iz fpdp £ 1 F & ok
FURJEPER (424 5 f) e & £ fich 48 ) 0 )4 Matched Filter ~ Vacuoles
Finding[1] & ¥_.GVF &3+ & - j$ B 3.6 % ¥ » & * ﬁ 11 Request for Process
TE A LA - BRI R T Ro NLT R - B RIEEK
A Ul rashow result o 8_% X 3% EJ2 /2 B o
4 request for process % 2 z_{s » Ul ¥ Main Application i7 I} 4t fi e
application command(¥? & * Z F4p M ehép £ 5 b]4ot & Volume Data
GVF) > # % Main Application 5 1 p #i i¢ * @ & (g % ¥ & & TR
7 ) Volume Data » & %% Image Library % # a2 3% 2 2 oot & &
it iy 2 18 > 454 Image Library #-2* Volume Data # 4 1 4p $f s 2- Y
%R EARRS iy » TR (input data) T AR TR o RS Bk B
¥ Main Application -

=

#¥_request for process — E | show result ¥ i S5 i ) 1 #ics 82
Ao F]pt e actor T ouser 22 Ul 2 fF »° 7R 46 ~ 7 — i simple/normal user
command > I " h A E o 5 Rl Tk o ik ot i@ + AR F RIS
PR AT TR R E N L 28 dp & (GlAeBRE BT B RR
¢ eneuron & IR GEL L) 2 FREFIRIIER A 0 TE
U223 Fiehw g

M UBRSERALAN FAPLB AR ES ) AT - 9 5 AR

F_k

BAE R EmINR e R
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S
=
el
bas
—F:%
iy
\_.

3.2 & 0 AT A e R A G B F R TR TR
ARERBZLBAE BT B o | (L= N IR F R a3
2 AR APRAHA LAY LR AERELINR NG AEA S
41 ) & 41 & 48 T Ik oo Image Library 22 335 4.2 &R~ 5] 5 %

2 EEREFVLF AL pERIBNHE GEHS B3 FORY F A2 Main
Application = i B w4 5 5 ¥ “F User Interface ~ 2 #3057 £ F s SE T 4

=1
¢ :,F'_ 2 °

4.1 Image Library
411 A3k
AN R RIFERGFTRE & 2HP B A R FR AR S 2D
Image Library z_ 3% 3230 (> o p < 2 Image Library #p 3 it £33 & 12 T a5t 5y
1. 5%z #arlmage & £ = % 1 Volume 2. PR -
2. R TR 0B s { A7(read/write access) > & EF T H (o hE B

% (#g iz STL § ¢ eniterator #£4)

3. BEWFHAFTIRG PR foiF & 2 (77 image processing) e

4. AR kg AR RF G PR H(T 5 bmp, jpg & £ Volume

5. A4 - mirehio ehF (R ¥ d Eiciilfey ) dia 4 & LG

BE( 4ok B3 02 7F 5 Image & §_\Volume:— B 5% % > byte 2= )o
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4.1.2 Image Library # 5 % #

% Image Library 4 ¢ > ®ffentes\ 4 5 a 460 4 8 5 2 ehimage &2 = &

¢ Volume Data » & 2 4 R 5 <-2L L ] (uncompressed bitmap) #45¢ % % -
Foijpd GFod - B 47— BRIV EFET LRS- B B(dot) - 2

P 4 % & Image Library § @ > A &% § R ahdk 7 2 50

NE3
N =

S
=h

a. = i
- RBHALTE Image ¥ HeE EA o WY i i aEens SR
X FP B A A a8 B B % (Width and Height) - £ %2 wo
Shen® i BIE2 5 w*h iz (pixel) o - BifEd 13 4B byte £
(8 2 32hit) > BeBAR A &7 R RARF o FU R T b ine A e BHE W

*h* - itk ai o An a8l TR

image pointer pOINtErs to rows real image data
—
— = [
Sri{pointerFm — —
%@'jﬁ_"ﬂﬁ?é‘ﬁih]: _ height
= §5E {1740
Lcllig  BIER —
(SRR O
QT —
—
' width '
Bl 4.1 Image F R B4 4 w2
(@) image pointer  (b) pointers to rows  (C) real image data
B — 5k width * height 782 %> i 4-[®] 4.1 #tif > width = height

=8 & Bk s 8-bit(Flr 2RV 47 e 5 03 255) « Rl 369
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% 8*8=64 B & > b* 64 =~ o & Image Library § ¢ » %
Bl 4] L 8% =64 A E - A (At E B R A
unsigned char) &g 5 -

K/tﬂ"‘_if’]‘ ’

OO IR R eh ak (addressing) o et B b B

\
FTS

X
~=h
!
",ﬁ..

A=
3

8 (7~ height)=h— st 7] » H ¢ & B < % 3% % image
B¢ & B orow(F)) e i nt o AL 5 pointers to rows o 7t T > pointers to
rows § ® & K~ % &7 B % ks|adednizht - @ pointers to rows
$e i F ede e ik ehdn HR3s & image pointer o F]pt 0 3 PR R 1 7
% ¢ B ifF > ¥ 12 imagePointer[r][c] % T - 4r@ 4.1 -

AR LR ALC) RGPS A FRE R 6B F -
'"L7] - ¥ ¢k > imagePointer &_- i 4 155 #kc - 245 pointers to rows e
45 =kt 5 imagePointer[k] % 7= pointers to rows 7% k B~ % - TR P

.

5 K F|ehdsda it o ¥ k> - &

\\\

B i ? %’]‘#—m ﬂ%ﬁﬁ"_ﬂlzz‘ 4T 5 1
CH+iZiz B ¢
unsigned char* imageData = new unsigned char[height * width * bytesPerPixel];
unsigned char** imagePointers = new unsigned char* [height];
for (int row = 0; row < height; row++, imageData += width * bytesPerPixel)
imagePointers[row] = imageData;

Code Listing 4.1 Allocating an image object

- ez P if(volume data) > d %R P HIadpa = o F)pL ,,% 1 Image
TG g (width) g2 % (height) r2 #h > ¥ b~ 55 2 5 (Bt 32 5 depth)
Po- e s HRA A W h iz @R b R A
2d*w*h* - i oz~ e dc(bytesPerVoxel) - = &g fnifk e i

voxel » @ = Mg ig\ig\% Rl & pixel o F T E R A o -0 7T B
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row pointers

I -
P - - /j'-f,f
. . - -

pSlicez "
valume pointer __..«-"'::.;-'" —' i ~1
I_ _— T pRowd.—~FRo
slice pointers //
/slice 2 /
oy romy 1l row | row3 slice /
— - actual volume data
B 4.2 Volume %ﬁiﬁ%fﬁ% GES
B 42cht LB B Alipin R bz G gkt gd &6

~

- o unsigned char 3| i /2 unsigned char* (35 #) 2~ > = 5 iz i@ volume
B row(F))edednizhk o Flpb o ¥30 - e d dEFE W E h e horada

svolumedata @ = > &5 d*h & rows(3])£ s 3k slices -

-4
v

A

&t B¢ st volume data #-¢ 5 d * h i row pointers &2 s i slice

pointers - # # i7 volume data - *&* 5] » §_d * h i row pointers » £ h

fon

row pointers &>t % — 3k slice (slice 0)=iah % row sdeda=ht » % h+1

2h i row pointers B >t % = 3 slice » 12 b i -

@ & — 5k slice #1 -7h 1 row pointers- 323 — 1 slice pointer 45 = 3% row

pointers A= 4 i nk » F]pt slice pointer &% 5 d B > f£ % slice pointers o

iz slice pointers 4= 42 =4 B4 volume pointer 75 3x o
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PG FRags 8
FE B4 B % =5kslice(rslice2 ¥siiod 0B 4pt5) 5 ¢
FiE A R 2 row (T 2)eE 1 B fE (T 0) B

1. # % & B volume pointer ¥ slice pointers &2 45 = 4t

N

2. # % j¥_volumePointer[2] (7 &_slice pointers th% 3 i~ %) P73
slice = row pointers z_ 4= 4z = ak (#* Pt po = BP0 15)

3. &7 &k j_volumePointer[2][2](7r 2% slice 7 row pointers % 3 B ~ %)
P18 % = 05 row shde s i hk o

4. % i& 12 volumePointer[2][2][0]®~ ¥ volume § ¢ slice 2 >t row 2

pixel 0 s#ciE o

% = Volume Data &3 i§ 7 4

FRGFH S § lavolume data o b 4r— de 5 iSRG e (10 & BE BB AL
#— e volume data)sg & pF R e (L 525 > ¥ a0 E & 12 5 & volume data
edk 0 F]ptigdd volume data % 7 depth 2 ¢t > = % 7 F 5 #(nFrames
number of frames)fit o £ 3 - =& & #k i fo> 5 # 5 d <7 volume data >
Al f*d 3 slices: ]yt slice pointers + 5 f*d &~ % ; @ & volume data
# o7 5 f g frame pointers i &4 & frames 5 slice pointers 2. 42 4 =4t ©
Fp o F & 5B frame i, slice j, row r, column ¢ g F p % 0 Bl F Y

volumePointer[i][j][r][c] 5 B~z -

mrAg- ez AP RT R OA TR o 2 412 ¢ 5 AP R4 5 Image

Library % ® - Image/Volume Data 2. 3% 3+ > ;¢ o
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4.1.3 % k(Source)/p % (Content), /#f§ i &

j_"' r2 o > .
FEE T AR

izd - BEK

® % % (class) -

PR ORP TR A -

& 27 22

F1F Image > [

23
B

constructor § ¢ - image ¥ 5 dp T

width £ height {= bytesPerPixel » 14 # i
fRtEpe Boijdge kot 2 5 A
L Ral ik Eo Ak RE 2R

A

2G

-\

ISl Y

(dm

4\ ems
r'}\‘ R

£ (% = i constructor) -

% g2 ek 2Z BT 4 i get/setPixel
kP R GF R EE o £7 ad flips

clear ¥ rotate % method * 3%

subpixel ) » B @ %4 i chd

AL SRR

Fle Ak
FH GBS TS L =
Rl s BAL FiTd- ot RRams s =

Iéﬁb ’ T'ﬁpfi

library)rs i =8 4.1.1 #7it 2.

AP BB R P g (o

29

Tk 5 F3g - 2R ¥

RIS G R T T

s Image Library § ¢ o 2% v s e 4~ 7

bk ok

(Access)zk 3 #i-3t

Image

/I constructors

Image(int width, int height, int bytesPerPixel);
Image(char* fileName);

~Image();

/I methods

void flip();

void clear();

void rotate(int direction);

/I data access
void setPixel(int x, int y, int value);
unsigned char* getPixel(int x, int y);

/I data members

int _width

int _height

int _bytesPerPixel;

unsigned char* _plmageData;

ﬁzb"iv‘@gfﬁén]fo ENR Nzl =y

s 75 (FIT)EE s e
Aok g R A )~ FeTE (6]
EFTR G (b4 B

gk ik H

i i R

ifglg N

= B Jp = ergg w(class) - Image Library 735 3402 T [l e

AR T R e W] 3 58 B (class

NIBFTOEE T ORPE O A



creates
Source

Content

accesses

Access

B] 4.3 Source/Content/Access Pattern

+ B4 51 Image Library * %k &&F ~ 3 i® BRPGFRPLIRE > 25

= =% Content (p % )~ Source ( kik) £ Access (FALHET) e & BiF

v

w324 5 Image £ Volume: ¥ Content # = ImageContent ¥ VolumeContent»

Hogp gl gt o Image ¥2 Volume 4 %) A2 - e =

B2 BT T R R AR

a. Image/Volume Content:

Mo Bldet BAR 2 % <2 & B row s slices ¥ frames(is &

Pt N T R R BT 0 2 (methods) s B2 Rk e

(image bits) o & 34T

ARGFTH A F .

A e o TR AP RB R4 R

BhPE & RS HET AN
# * f volume)

gt

VolumeContent

ImageContent

int getwWidth();

int getHeight();

short getBytesPerPixel();

int getWidthBytes();

bool rowsUpsideDown();
unsigned char* getimageData();

ImageContent(ImageSource& imageSource);

ImageContent(ImageContent& imageContent);

~ImageContent();

int getWidth()

int getHeight()

int getDepth()

int getnFrames()

short getBytesPerVoxel()
int getWidthBytes()

bool rowsUpsideDown()
bool slicesUpsideDown()
bool framesUpsideDown()

unsigned char* getVolumeData()

VolumeContent(VolumeSource& volumeSource)
VolumeContent(VolumeContent& volumeContent)

i8] 4.4 Class ImageContent and Class VolumeContent
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Image/Volume Content & ¥ 3% i 2e45 8 (5 AL 22 Ap B BT 20 et iy o
7.% ImageContent @ = > E&b‘_ﬁf 7 width/height/bytesPerPixel rz #F » § ¢k 3% &
widthBytes # 7= & i row #7 ik * ez < e fo)z if Jlzt 5 2% > w2
rowsUpsideDown z_ true/false & » % 7+ 82 ifsmd row 2o 73 54 4z (p il
¢ g row 0 £33 row height - 1 7= &g B g8 i5] 2 5| (5] 4 Microsoft®«n
bitmap ¥ %t 3:') - » VolumeContent R % 7 B ¥ e 48 5 %4 > T depth,
nFrames 2 slices/framesUpsideDown: » % 7+ % frame & %_slices st 78 & o

Image/Volume Content i ﬁ"‘v SipgESH B - BRI
»+ Image/Volume Source e i+ » @ B2 ijde & ez 4= 55 A1 A @~
Source it A ¥ o

¥oeb—F2 VR 5 @~ ~ % Image/Volume Content 47 i > % 51 j& kiR

1 Image/Volume Content 48 %l - 1 4p I c8% g i o

b. Image/Volume Source: # i k & » & P * %k = B i F

=

(Image/Volume Content):i~ 2 o & Image Library 5 ¢ > #73 fr@ijuE = 3
B ede 20 FRAPIOR TR BRIA T o RSP R - B R P
bmp (Microsoft® Bitmap) ®] # <74~ i* f = MyBMPReader » I M-k 3t
ImageSource » 7R - > = & %gﬁ pl e 2 f B~ B bitmap fe 3 R A E T -

® ImageContent § ® > Bl ™ aifg ;8 F R TF A o

01 MyBMPReader reader(“image.bmp™);

02 ImageContent image (reader);
Code Listing 4.2
Constructing an Image Object from an Image File
A2t BP0 01 747 22 - B MyBMPReader s~ i # % reader 1 2 §
3k > £ 2 45 T image.bmp & H it 53 - image.bmp # A né;#iw tp Eih
ImageContent & ¢ o 3 B~eds (74 02 (7 % = o 02 7 it 49 f23f E\-%ﬁﬂ I

 reader & # — 1 gL image R ifd i+ o iz B reader 47 2 0 (FHR-€ o B~
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image.bmp #h % - TR F LA BB D image 4 2
A At 4 R R fﬁﬁﬁf Source £2 Content 513 & %4] o
# 17 Code Listing 4.2 en (74258 pF > 201l 74 P 22 - BREGKR AT L T

t R S (Bldodhd G40 B g A o PIELA 02 (7 ¢
02 ImageContent image (reader);

ImageContent * 7 5 B2 (f i chdedp impk oo o e F R BB TR
F1¢¢ ImageContent # & # (34 (7 constructor)shfz A& § ¢ > 7 & j 8 & o
ImageSource 4 i+ B~ {8 T i H e e 2 2. 905 T3 B T T LH 4.4

T AF R R 5l o AN iR T B 4358 = ImageCreateStruct

0 K ImageSource % & B (i 4h F & R OS) s = s w it g £
tp 3| ImageContent s A& R @ o T @ 4 & B o 2 Az o S

ImageContent =& 4 + (constructor) = + ImageSource & {42 & & 3|7~

TR

ImageContent

Constructor ImageSource Operating System

1. request image creation

1
1
1
1
1
1
1
1
1
2. begin makelmage 1
1
1

3. request for file 1/0 or MEM alloc

4. allocate memory or/and file 1/0

5. return resource

<

6. return imageCreateStruct

<

7. complete construction

———— e e =]
B T |

-——1

] 4.5 Sequence Diagram of Image Creation
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% ImageContent =~ constructor § ¥ > 4=4= %4> @ » &7 ImageSource i d
45 F et R(¥ ¢ producelmage 3 5%) - ImageSource ** & ik ¥ L dp T
5B (bldrkhk CHL) B A L F e N (blhe s BN R R 42 ¢
MyBMPReader #-jdy T iPR: dn kA - F A A 2 B T & 40 M B
= {¢ = @ ImageCreateStruct I ImageContent e .+ » &5 B Tl &
VX E S R AT R ES A

T B 5 ImageSource 3% 3+ ¢

ImageSource

Y o . virtual ~ImageSource()

kA 2 a3 N s d B S

ImageSource();

virtual ImageCreateStruct producelmage() = 0;

producelmage § B~ B F e h
Hoo F]PiE P Mkt ImageSource 0 i+ o & P 3R iR [B] ¢ producelmage sy
F 1T o dept 2 (7B 4.5 9% 2 B step BF > ImageSource 47 i g vF el g 2 e
producelmage > fe § 3% (> fr A 8k 3Nt 23 2 Gil4e 2 & & MyBMPReader
g1 producelmage &3¢ ¢ o

¥t > 2 ¢ VolumeSource #% 3-¥2 ImageSource 4p = » © E_#- Image

sz = Volume v o

c. Image/Volume Access: B2 F 4l 5 B~ > & P % & I LB 19 2
HF (Tehge % o ImageContent § @ > 4% B2 T chAsde i nk 0 iR R
A HE NV U FEE A X o & Image Library ¢ 0 A
P 3% % Image/Volume Access & f 3 hif (il 4 172 5% o 4o 4.1.2 B0
Fd % o % #rit > Image 7 row pointers ~ Volume s slice £ frame pointers 32 z_

# >+ Image/Volume Access 5 # © 3L T A g 2 Rt
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Image Access<PIXEL_TYPE> Volume Access<VOXEL_TYPE>
ImageAccess(ImageContent& imageContent); VolumeAccess(VolumeContent& volumeContent);
~ImageAccess(); ~VolumeAccess();
int getWidth() int getWidth()
int getHeight() int getHeight()
int getDepth() int getDepth()
int getnFrames() int getnFrames()
short getBytesPerVoxel() short getBytesPerVoxel()

PIXEL_TYPE* getimageData() VOXEL_TYPE* getVolumeData()
operator ImageContent&() operator VolumeContent&()
PIXEL_TYPE* operator [] (int i) VOXEL_TYPE*** operator [] (int i)

Image/Volume Access 1 template( =) 2] ;4 #% & * - Access 4= £ 35#
7 Image/Volume Content =14 (reference) - "$ 7 ¥ E # %% Image Content
s B BT AL L ok ¥ ek 0 — 1 operator [] 0 & 4302 5 A A eh

FUE BT T o 2 & 2 Access 3 T — 3E 33 eh ImageContent » R 12

01 MyBMPReader reader(*“image.bmp™);

02 ImageContent image(reader);

03 ImageAccess<unsigned char> myAccess(image) ;
04 myAccess[10][7] = 15;

05 unsigned char* p = myAccess[7];

Code Listing 4.3 Image/Volume Access

Fil? 03 7457 A2 - i Access 47 i » * kxR 12 image > ¥ 2 4y
Z_tf 2 (pixel) s3] 26 5 unsigned char(a C % ¢ » @ % 5 i+ % — B byte e
#4c) 5 04 17 Rldp LR P ehrow 10 2 ek 7 chdiciE ; 05 {7 R P~1F row 7 9

~

Acde =ik 3 dp iR g p o T 71 5 Volume Data ehi# * = b
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01 MyLSMReader reader(**volume.lsm™);

02 VolumeContent volume(reader);

03 VolumeAccess<unsigned char> myAccess(image);
04 myAccess[O][71[11[2] = 15;

05 unsigned char* pRow = myAccess[0][2]1[4]:

06 unsigned char** pSlice = myAccess[0][1];

07 unsigned char*** pFrame = myAccess[1];

04 {745 L i=** frame 0, slice 7, row 1, column 2 shij % 2 & i -
05 7 2~ 17 frame 0, slice 2, = row 4 787 i & 2_ 4= 4y = 4k (7 row pointer)
06 {72~ ¥ frame 0, slice 1 2 7 * row pointers 2_ 4= 45 i 4t (7 slice pointer)

07 {73~ 7 frame 0 2. 7 *< slice pointers 2. 4= 4 i+ #k( frame pointer)

v2 1+ 4 % Image Library § 7 cn@iifdr A FE LR Bl Bk o 42 %

PR A B R ehd BT R R & Bl Bt B 2 Main Application & #

1 User Interface 4 iv2_ % o

35



1

4.2 Main Application 2 g * F $ k& &~ 2 &3
kg P oo A4 2 Main Application &~ i ekt o AR R 0 3 A B

ZRAU G FBEIG2 R EREFULIEL &SI T HL R S B

&
w

b

AR A Rehg BiE T H P T 4250 ¢ 9T ¢ Volume Data 47 i > £
T RAR B R & (Dlde R W5 eh 3 F R 3 Vacuoles Fi) & B T ¥ iR O
FL()4e e HmiE e Neuron F i) o

o BB ET BNERY G R B a2 (T bldr ik ikig2 ¥ E AR
B354 45 ¢ o35 d 4 i Image Library- # i 7 Matched Filter ;i % i - 2 2 Vacuoles
FEAE A X P B %I I Bk SLP] 3k #3258 VolumeData 2. GVF » £ 4¢
» /¥ iR VolumeData 2 NeuronPathe 4 & ¢ > 421 4 5 &% § &

2L 5

2k e dhAe 2 FE 0 422828 A23 Rl WA S A R F oRehd A28 2 K3

“~

4.2.1 Main Application

% Main Application 5 » - H#*iZ e g 3 Ko A PR-A LAty gk
s \Volume Data 3% ¥ »t gt o 24 i dk - i 7 B (contatiner) sh AL S5 412 75 2

“~

2.0 &5 - Ak %4 - Volume Node % & ek 3540 ¢

Root Volume Node

Volume 1 Binary Volume 1
matched filter with rad = 5| binarize

Volume 2 Binary Volume 2
matched filter with rad = 6 binarize

Volume 3
matched filter with rad = 7

B8] 4.6 Example Tree Structure of Volume Node
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Bk RSB E A P BT E 3 (Fehi & Volume Data » 38 ¥ i
Pk AR Y P B G hE g KRR T PlAo Sk W PG o @ &2k &
T 4%t Volume Data 1% 7 j&Jd® 14 14 ehs % (&4 Matched Filter ) 2. Volume
Data> 2 & 7= ¥ $fiz 2t Volume Data £ 3 3+ % > » ¢ 4 ¥ J1 #757 Volume Data
P 2e 4% A 3% VolumeData =+ & 2L( |4 BinaryVolumel 2 2> §_i#-12 Matched
Filter 2+ & 1! 3 Volume Node ¥ Binary Threshold #&J2 12 14 &7 Volume Data )

T 4 % Main Application % class 2 3% 3+ -

Main Application

getActiveVolume()
getVolumeObjectList()

setActiveVolume(VolumeNode* pVolumeNode)
removeActiveVolume()

request for process(process parameters)
returns a SubThread

SubThread Yolumerlode

void getStatus(ThreadStatusé& status)
string getName()

void initialize()
void run()

void terminate()

string& gethamel)
wolumeContent& getvolumel)
list<%olumeNode*=& getChildren()

walurmenl ode® getP arent()

string getvolumeDesc()
LISpecficlnfo® getlIspecificinfol)

w0id setllSpecificinfo(U1S pecificinfo® pUlS pecificlnfo)
silk_uirt flagsi)

wolumenlode(canst string& name,
YolumeContent® const pvolume,
wolumenlode® pParent = MULLY,

i 4.7 Main Application Class Diagrams

T A S B 4T % ¢ Arifend B oclass ¢

Class VolumeNode

BRI 2 f#m \olume Data %

#* Main Application #-¢ &

z — 1# Root Volume Node> 3% Node =7 reference
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w345 o3 ks e Volume Data o ¥+- 1 Volume Node @ % > K,ért S

%1k

Volume Data A £ 12 ¢t > & & Name( & ££) - Children(=+ & 8 %)~ Parent( <
& 8L %+ )~ Description(zLp? ) ~ flags(zz 55 0 &]4r% 1 H ¢ & 7 &3 Volume Data
£_F 22 u)en \Volume Node £ 3 )~ 2 2 UlSpecificlnfo(2 i * Jﬁ Ao AR B PE
)% B o

H ¥ g 4w en®_UlSpecificinfo » £ 77 22 @ # Jﬁ Ao e eng o 35
i A BT oA kAL b BT User Interface & 2§ ¢ @& o
H+¢ & 73 2% VolumeNode p = & * Jﬁ;‘zﬂ%ﬁvg% 7w =% (index of slices)
& 8 7 &7 3% Volume Data 2= 82 i b enF 2 (61 4e f AlzheimerFly @ &

Contours 2 3 #_ NeuronTracing =7 Neurons ) -

Class MainApplication 2 i¥#* ¢ &3 Volume Node (Active Volume Node)
&MainApplication§ # » *2 7 2% & 5975 Volume Datars ¢+ > 7% & 3 7
e ¢ e\Volume Node - j¢ ifié * MS-DOS® it % % - 45 » — BRaifsp
Been> NITLHEE kR B % K Ak (FDOS2 pF ﬂi%] N SIE AR AR =R
* AN TP Ee(GlhedirR] 5 2 PP g g ) o R Ak
ki 2 & Volume Noded @ » & & 49 /€ User Interface % i B~27 3% (£ p
a0 £ % ¢ eVolume Node - 12 & % 52 5 ] » User Interface . 3.1.3 #% 1 ip T
ZATHREEFRDI e > Ul gt 'ﬁ%:ﬁé Volume Dataj~ i+ » 5d
F ¥ MainApplication § # =hsetActiveVolumeNode & ;% :x % p o i£#* ¢ »
Volume Node - # #_3% {7 removeActiveVolumeNode 12 #] l&f B iE* ¢ h
Volume Node » %% e sl ® 3 &g ¢ > 2 § 7 it fid # ASZARS G R
( ]4-Matched Filterst 2+ &5 GVF) - @ ¥t i¥%* ¢ \olume Node+c 12

¥ » ¥ A& zz\VolumeNodeChildrend @ 4c » 3+ 5 e % o
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Class SubThread
SubThread % 4 & i@ » &_Command Pattern[9][10]:— B 3K 37 & > -
AIMBoRLLE TE - BRYAENG P DR BAIEAER A LRP
24 i 422 Volume Data 4p B 0¥7% # it (&4 B~ Volume Data » & €3+ 8
GVF) 3% & i g ang 2§ ¢ o F)pt > 4 356 %Kt SubThread
1975 $ 2 K4k iF Image Library =~ i § ¢ B o IZ N G ch# i o User
Interface ¥ 12 j&_ Main Application ## IR 74/ 3 £ T AR AR
(Threading » ¥ i 4258 fx#>— B Thread » &8 (72 )2 AR FZm5 0 B4
FheT
1. P~i8 - B3R FAE g 2 (SubThread*)
2. H 75 % e k(7 Load Volume 5 &) » 3 » (Rl 5 BT
difhk L AE) o T 447324 & o establishParams 14 4= 45 1t -4
3. # {7 SubThread & initialize() S 3% » 1247 40 14 R AR F o 5 A = # H (7>
Al ¢ = @~ i C++ Exception (string 3] ;%)
4. #{ {7 SubThread srrun() » = :T‘."i»{_ll DR FEALR o
5. ¢ ig4ei? ¥TARR o P37 terminate() 0 e A £ 5 F Bk o @ (T
PR R € B Tk hd T D 2 o gt 84 L Two-Phase Thread
Termination Pattern[10] &2k 3+ ] o
6. & run()H 7= = > B 7 complete() 2 & 7 = 2 AL R 2. {8 e (T o

bldodzt B ik % 4~ 15 % ¢ g0 Volume Node i 5 F & 2k o

IR SubThread JL T rﬂjﬁit‘ s W% getStatus = 2 Haep 42 B rﬁftg{‘ =

/é
Sy

G (Tt B ULY > i@ 0 2 g B RER G ). @ SubThread

VS SRS T X

NOT READY:  fi™ 25
INVALID: ?j’?ﬁl Jiﬂl—ri‘ﬁjﬁ T "i_4 ‘}I";]Eljg\gr—‘\/ ikjﬁl:[lm F'?;;)T
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VAL1D: SHRERE L R

INITIALIZING: z—&iﬁgu"?mﬁl’“‘

READY: SR EIE T o B T
RUNNING: FE [ SH RS -

TERMINATING: A=l LR ot > 55 7 e p e o
TERMINATED: A=l plis -

ALMOSTDONE:  AH-= 5ty » [l A & F R LT [=-
COMPLETING:  AdH: k3 s (o

COMPLETED: A il sh it 5 56 7% -

MG ARk AR T AR R 2k AE 4 4% (State Diagram) & -

NOT READY

invalid parameters

INVALID

cannot initialize

establish parameters

VALID

initialize

TERMINATING INITIALIZING

terminate/exception

finish terminate

TERMINATED RUNNING COMPLETING

finish run finish complete

COMPLETED

i8] 4.8 State Transition Diagram of SubThread

complete

ALMOSTDONE
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_ B4 it SubThread % B 3 (7 3B A2 ik &3 35 o e 3 0% 2 & 57
% p ¢h28(7% B~ SubThread Jﬁ):x Nefed s @ HwoenE 2B % SubThread p &
S5V 5148 chE 2 o R B~1¥ SubThread 4~ i p% » % 3. NOT READY &3 i o
g 4p 52 18 0 R VALID > 2. {88 74741 i » INITIALIZING » &
2T Pl 5 INVALID - & 30 READY i i 2 18 % # /7 run @ & »

RUNNING » &4 7F J % oF ] :& » TERMINATING > 5@ = = 42 5 B & »

ALMOSTDONE it i& » COMPLETING 17 % & 42 B o

v A% Main Application ch3 & 5 2 0 2T ok ehd ) SRR Ip S BT F R

~p

B4 A R TG

422 B* F R RBrg2 X E AR 354 7 —AlzheimerFly

iR F dem X3tanclass 4 & 5 AlzheimerFlyApplication s 1 23

Flr

MainApplication - = B] = AlzheimerFlyApplication 7 class diagram:

Main Application

getActiveVolume()
getVolumeObjectList()

setActiveVolume(VolumeNode* pVolumeNode)
removeActiveVolume()

isa
SubThread
AlzheimerFlyApplication
MatchFilterThread* requestMatchFilterThread() \
LoadVolumeThread* requestLoadVolumeThread()
FindContourThread* requestFindContourThread()
MatchFilterThread LoadVolumeThread FindContourThread

] 4.9 AlzheimerFlyApplication Class Diagram

AlzheimerFlyApplication -k 7

Main Application > # ¥

7z B

PN
I

methods > &= B ’Fl KApE AP 02 0 328 & 4 Volume Data sad2 42 & eng R s

41



v

& 4] % Matched Filter » Volume Data z_ 3 B~ > &2 i¥% ¢ \olume Data =
Vacuoles ih& £5 - — i vacuole 4-[1] » & - B &g iuzka)enz iF S > Flpt 7
i 7 p¥cik slice § ¢ o @ - % slice ¥ i 5 & F - B vacuole g2 G o FE G
contour #= » & FindContour 425 § ¢ ¥ = & & i contour 2_ i % 112 =
% % vacuole -
RN S IR B RS R SR SN BAE LR S 3 S

FoA2 R == 1 e iFs € “77 e e b4 LoadVolume ¢ 7 MainApplication
¢ 4e » — ' VolumeNode > @ MatchedFilter ] ¢ % iF* ¢ 3 VolumeNode

F & 8L » 2 & 18 v \Volume Data - ™ B = = 1 SubThread #+& & » ek

LoadVolumeParams FindContourParams MatchedFilterParams

string fileName float alpha float minRadius
float maxRadius

B 4.10 AlzheimerFlyApplication % # i; rnﬁi%l NS J

VolumeNode

AlzVolumeNode

bool containContourVolumes()
list<ContourVolume*>& getContourVolumeReferences()
ContourVolume* getActiveContourVolume()

ContourVolume

void setActiveContourVolume(ContourVolume* pContourVolume)

] 4.11 VolumeNode Specialized for AlzheimerFlyApplication

A AlzheimerFlyApplication § ¢ - # * v VolumeNode “éf TE B
MainApplication § ¥ #7if e Fre ¢k > d 3t VolumeData it & * 7 &%
v % TRGFOR A B ek 5 v E & 5% Vacuoles nF L o F]pt S K,ért K

Fruzkt o AlzVolumeNode - #-H %>t \VolumeNode 24 » 4 4.5 — B
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AlzVolumeNode # #x— ‘% Vacuoles 73 3 o — = VolumeData ¥ it 473 3+ %
27 5 (slices) » & 5627 o 4o[1] %73k > BF i 3 F KB ZFOE > A - 5k
slice § » » - B3 F - B3P % :F35(closed polygon)ts it 2. » @ — B 3 FF
50 x B d BT S o e TREFEG X &y Pk F R
R 4 0 5 1B 7R B (contour vertex) # = - & vacuole ** & 5 Br F (T
contour) » % i vacuole(le & *» & )# = — @ slice + & - = vacuole 73 (%
= contour list) » % 3 slice *+ & #ncontour list 25 = — = 4 >"2% Volume Data
% vacuole T (3N ALz contour volume) > 4o Bl UTiE R s A RE TR

(composition) -

Contour ContourVertex

area() & float x

enclosingTest(float x, float y) float y
returns bool

ContourVolume

float volume()
ContourList& getContourList(int i)

ContourList

void refreshAlzheimerCells()
- bool testContourActive(Contour& contour)
enclosingTest(float x, float y) bool testContourDeselected(Contour& contour)
returns int (i.e. index) void locateActiveComponent

(silk_uint slice,

silk_uint x, silk_uint y)
void toggleActiveComponentState()

B 4.12 Composition Relationship of Vacuole Data Structure

r ik vacuole SRR S o d SR BTk p H i REhE >

ﬁm

Zl4rie * 5 A3 £ BET R @ contour 2 p o F]t#f - i contour( vacuole)

\

=

)

3
)
AtE

PR E- BA S ’ﬁﬁjz\ X 2y g4 > 34 B 3% contour pt BLE_F
mad o gt g WS enclosingTest = 2 o i@ % i BURARL ¥ § BRE ST
- %k 5 (Slice)} sh X B AR TR > m — 5% slice P|E ¥ BRI - &

ContourList » #]#* - i ContourList » # & 7 enclosingTest > = &_i# » gLiE e
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Btk T H0F 973 chcontourss 7 e H ¢ - B#EE N B @ w 2% contour
e1% 51 @ (index)> & B & w-1- & contour volume # © R #-3% contour 3%k T_5 "
e Ror Terk g0 ik UL g W is 4 contour shPF % > & 43 H4-2 H&5T e contour

"W engE ¢ F Ao

¥ *t ContourVolume # i volume 1% 0 2335 3% volume § ¥ #7

—=

vacuoles 88 4% s fr o 3t 8 07 2 -5 — B vacuole 1% — i contour
fi(area()> i )ap 4 (JRArfAk @ % FRE 0L Jo R Y FF RBEH Y -
# vacuole(% 1 contour) {5 » A7 8 F £ % 3% vacuole RE 4% et B o 3 % e
# T d Ul 42538 & i¥ ContourVolume 4 ¢ &ntoogleActiveComponentState
2T e g o B 5 A Bt “/f £ vacuole -

v b §_AlzheimerFlyApplication sz 24385 » T — ] §A P A 2L g $

5 a P A T iE BEk 3L A MainApplication § ¢ ekt o

423 B* F &L p d 5 amrga g gk 32 —NeuTrApplication
¥R Z KA % class 4 & 5 NeuTrApplication » i i >

MainApplication - = B] = NeuTrApplication £ class diagram:

Main Application

getActiveVolume()
getVolumeObjectList()

setActiveVolume(VolumeNode* pVolumeNode)

removeActiveVolume()
SubThread
ISa
NeuTrApplication
LoadVolumeThread* requestLoadVolumeThread()
GVF3DThread* requestGVF3DThread();
LoadVolumeThread GVF3DThread

i8] 4.13 NeuTrApplication Class Diagram
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NeuTrApplication #-i 7 Main Application » ¥ * % 7 = i methods » “éf

-

i LoadVolumeThread #2 4.2.2 #rif4p e 12 ¢+ » GVF3DThread ¥ _ A AR * Z

Fod P B AR EIELARS > ie 38 - 2 VolumeData 5 GVF #7& #* o

VolumeNode

NeuTrVolumeNode

bool containGVF3DData()

void getGVF3DData(float***& GVF_U, float***& GVF_V, float***& GVF_W)

string getVolumeDesc()
NeuronList& getNeuronList()

void setGVF3DData(float*** GVF_U, GVF_V, GVF_W)
void snakeActiveNeuron(SnakeParams& params)

NeuronList

] 4.14 VolumeNode Specialized for NeuTrApplication

% AlzheimerFlyApplication 3 # - i * = VolumeNode '*,45 7R
VolumeNode 7 #F > & 2 & 73 23c GVF m;h% ERopg ﬁ 1 % 18 5 Neuron
T3 oo 4ot B> - 2 VolumeData #-¢ 7 7 — ¥ NeuronList ™ 3% - =
Neuron - — = Neuron ¢ 3 i (0..*)Neuron #fHg = » &4 kit @ 5d @& %

SofEm % o — i Neuron ™2 % i 8:(3D)4; = chpolyline % 7 » & B 2¥EF X

y 2z gtk & % & 7 3% 2 VolumeData slice z, row y, hife® X o
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Neuron NeuronVertex

float length() P float x

float distance(float x, float y) ;:ggi 321

NeuronList

bool noNeuronActive()
Neuron& getActiveNeuron()

bool testNeuronActive(Neuron& neuron);
———®] void locateNeuron(float x, float y);

updateActiveNeuron(Neuron& neuron);
snakeActiveNeuron(SnakeParams, GVF3DData)
removeActiveNeuron();

addNeuron(Neuron& neuron);

B8] 4.15 Neuron Data Structure

r2 b A% Neuron shE el o d SR ek p i@ * ﬁ i BUERE 0 1Y
D% # —‘g BL:E ehix B F_F 4.173% Neuron(X) 5-7 pixel ©2p ) » Tt 44— B
neuron m 3 - # & distance = ;% (method) » @?] > X By 4k > 39 R 2% neuron
PEERE B A P e d 2t neuron & BRRE = fens o 1% POF(Orthogonal
Projection)® # % 1 s » TG eh AP DB X By BETT o ¥ A
NeuronList § ¢ - 2% ie 7= 3% & locateNeuron 3= /% » fo & & » JfF &K BLiE X
2y &R > g pF NeuronList B € _neuron 4 @ 45 J1 g7 8L chig 5 F 17 (0
X 49 #1175 5-7 pixel 2 ] ) “neuron 12 #% & User Interface »|%78_F 5 7%
¥ogneuron 02 A e gR g HRor o #3 1E* ¢ caNeurons 72 ¥ i * NeuronList

# & snakeActiveNeuron » 14 GVF 3 84 > 43 12 snake i# & 2 %75 >

% 1750 43 { 17 & Volume Data 2 4F iz =% o

¥ *b 3% & NeuronList » 2% 7 7= ¥ j§_getActiveNeuron 2~¥ p % =7 Neuron

F_*

Ul % @ S8 (4o & Neuron hk =5 4c » — & & 2L ) > & 1
updateActiveNeuron £ #7i¥* ¢ &7 Neuron 33t > & £ removeActiveNeuron

# K,% it#* ¢ g1Neurone 3 »* addNeuron B #_i% » — & Neuron 12 % NeuronList
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4v ~ — i Neuron o H ¢

> $12% Neuron fhte » 2 i3 2o 3 8 1% > 32d @ * 1

=z

R ERE SodE A & F]pt A 5 Neuron 12 Builder Pattern[9][10]:k3 7 - &

Efpfe s

NeuronBuilder — - #& Builder Pattern 7% i%

NeuronBuilder

NeuronVertex getFloatingVertex()
NeuronVertex getLastVertex()
Neuron getTempNeuron()

beginBuildNeuron(NeuronList& neuronList)
completeBuildNeuron()
cancelBuildNeuron()

moveFloatingVertex(float x, float y, float z)

creates
Neuron

addNeuronVertex(float x, float y, float z)

addFloatingVertex()
stepBack()
NeuronAdder NeuronModifier

%] 4.16 NeuronBuilder Class Diagram

v

NeuronBuilder = & 3% & Neuron #73%§ 22 12 :xenzd 5v - * & 5 % K AT

# - B Neuron =1 NeuronAdder 2 i :x i % ¥ e+ 1) er7)Neuron

£ NeuronModifier - NeuronBuilder 3% {7} f§ 4 77 4™

beginBuildNeuron

addFloatingVertex/stepBack

complete/cancel buildingNeuron

Building Neuron

moveFloatingVertex

%] 4.17 Building a Neuron

NeuronBuilder #2348 ¢ = ;4 4 3 Neuron hizE = 7 i3 22 o (7
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beginBuildNeuron = ;% ¥ & » p % {£* ¢ \olume Node = NeuronList 4 B 45

i

= £ 1% :T neuron s iz PFix 5 & * NeuronAdder > ¢ builder ¢ %5 %x- B % ¢

s

—-\

7 B Neuron» £ = tempNeuron; % = NeuronModifier> # tempNeuron
P 5 1% @ o NeuronList e p @ #7451 7% B Neuron £ reference »

“# 7 tempNeuron > - B Ok F T #-4e » e0 floatingVertex o &
Ul @ s * fRfRBe R x Bafk Y Eerigl thid
Neuron - R ¢ #-floatingVertex s xy £ z & B|3% 3 & * & eif B8R AR(x &
y)1E paiflfarr e R1(2)  FHE I 5 BREEEL (SR Y FOILE B
pLFs T

v~ > B #-floatingVertex 4 ~ tempNeuron § # o & * 4 & § € 4

A
T X % = % #& 2 {¢ NeuronBuilder #- tempNeuron “4c » g { 73

S

beginBuildNeuron B =1 i&# » 7 neuronList -

o+ 4 % MainApplication ek 3 > T A8 AR Y F R A 3
AlzheimerFlyApplication ¥2 NeuTrApplication- # ¢ AlzheimerFlyApplication # #
MatchedFilter =2+ & -~ Vacuoles 1% » ¥ 13 2%45 ) ch Vacuoles 2 ¢ H BiE
A F 5~ 3B 223t B % VolumeData § ¢ <1Vacuoles 4% # - @ NeuTrApplication
Al B0 4] Ul A28 %% % F smiE o Neuron e » /#7312 ¢ b
NeuronBuilder » & GVF =73+ ¥ 42 & r4 4 24 Neuron < Snake % 25#% & /2 ©

BT FP o APRARRT XA G AR DRE- B R iR
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IR R*PFNG 45

_3'"*\5
-l
s
1%
\:'A"\
38
o
o
1
**
—
bl
=y

% 3.2 &5 Main Package Diagram % ¥ - User Interface = it =3t & % 5Lv eh
BB T TERARERT F o hAFY o APRARALRE RY K 16D
é&?%fif}:\o“f&if’f APy S BT RO E-ERYFHFLET
5.1 erfe 4 5 ig F' e & Fead B A & H5N ¢ 2 Model/View/Controller
22 Qt e Library #73 & ensignal/slot 23058 - 5.2 P A 443 B3 e * 3
R F/ER*FHET o

5.1 Model/View/Controller ¥ Signal/Slot & 3+ $#-3%

iié’*'fﬁﬁ&ﬁ?é{?éf“ BE LA BT ﬂ“éfﬁﬁﬁa?ifiﬁ,ﬁ%ffu

(]

A&z M i 3 2 o 2 ¢ > Model/View/Controller[9]#- & sua & & 753 ~
AT BIVA o A - fF2 AR LHF WARE S0 A28 RGP A
5.1.1 & 4 25 ¥ ¢t = # 4% Signal/Slot > &_Trolltech 2 7 & & &2 - —4L§ &

FHAEQUE Y TR BRI > RE S R PR
E 2B 3 2 E AR B R T RGP D aE 2(signals) 0 B4 isd ¥k -

B 2% BB 47 27 A& T (Slot) d e T ad@Ap B cde £ 0 V-5 512 & 4
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A. AlzheimerFlyApplication

Bl 5.7 AlzheimerFlyApplication Demonstration
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