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< SUMMARY >

| Z=EW3E ] D-02
® Development of digital quantitative measurement device of beef quality and
wireless input / output system
Purpose& ® Development and construction of distribution history management system based on
networking of beef RFID / barcode and weight information
Contents ® Establishment of Livestock Distribution Information Collection System
® Establishment of web / mobile based tracking system for livestock distribution
service
® Analysis of quality factors Beef quality measuring device function selection,
supplementation, rescue
® Development of measuring device, primary performance evaluation and quality
factor measurement / correction algorithm development
® Integrated operation and supplementation of automatic measurement system of]
Hanwoo conductor
® Development of automated parts for slaughterhouse RFID tracking system
Results ® Developed network electronic balance for distribution RFID / barcode output and
inquiry
® Development and trial operation / complementation of distribution tracking system
by network electronic scales
® Distributed database platform construction and analysis and design of ICT based
management service
® Development and stabilization of complementary and integrated ICT convergence
management service
® Dissemination of integrated ICT convergence and ICT-based management model
® Prototype of ICT convergence management service and test operation
® [CT Convergence Korean beef Management Mobile Service
® Developed system operation and development of linkage module with system
® Establishment of logistics tracking system from production of livestock product to
final consumption stage by ICT convergence business model development
® Safety of livestock products and quality improvement of beef meat quality
through quality control from the growing process
® Possible to exploit export market through related technology and patent of Biz
Model
® Promotion of ICT-linked livestock industry development due to commercialization
Expected of ICT fusion product distribution link commercialization product
p‘ . ® Objectivity, transparency and credibility secured in the government's livestock
Contribution policy will increase the acceptability of the livestock industry to the government's
livestock policy and will greatly enhance consumer awareness.
® The introduction of ICT-based quality assurance system and distribution history
tracking system is expected to increase the consumption of domestic livestock
products by improving the reliability of quality certification and distribution
process.
® Improvement of professionalism of national administrative organization related to
animal husbandry and systematic management of animal husbandry distribution
. ICT based Information
Automatic ) ]
beef quality Beef quality Korean beef oriented Network based
Keywords . o o
measuring grading distribution advanced beef | weighing scale
system . e
network service distribution
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Choi, H. hwang, "Development of Feature Extration Algorithm from Lean Tissue” The

Korean Society of the Agricultureal machinery, vol. 9, no. 1, pp. 230-235, 2004))
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4. F8AY daTF ol

7}. Perspective Projection
Perspective Projection ©] gk o}gle] $1% o|n|X & QEZF o|uA Ay W3 Al7|= AS
stth, A4S AdAQ] sfaoR B = Aol oy oln| A7t FYPE = WS ¥WE 5

Zott.

<P EAGAH(A2)3} Perspective Projection &
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<Backward mapping>

(3) Forward warping with interpolation
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6. Texture analysis&
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E. Woods, Digital Image Processing, 3rd ed. : Pearson Prentice Hall, 2008.)
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71 Imaging source AFe] W AIH] A 72} DMK 72BUC02 R 9o] 7 -$-o = 2592x1944 9]
A Y= E 2t SMegaw ZhHlEl oA ¥k AAe] A7)7F 1/25 inch ¢ #AIZ L s/ =0l

HISl| mo]=7F We & G749 o] =4 FUth =3 7= Aol B M= Aol Fio] &
a3k 7| B4 it WulEe JAdo] Bol AHUET) Yol = EAI7F A ST o
ol MA =7]7F 1 inch, 1:1 ¥]&9  2048x20489] 3| =5 Zt= 4Megaw 9 Toshiba Teli

AHg S

<ZAlmp de] gpeek>

Model BU406M
Imager CMOS image sensor
Pixel 4M 2048(H) x 2048(V)
Frame rate 90fps
Scanning area 11.26mm x 11.26mm (1/1 type)
Pixel size 55um x 5.5um
Glass / Filter -
Scan method Progressive
Electronic shutter method Global shutter
Aspect ratio 1:1
Gain x1 to x8 (factory setting: x1)
Gamma vy=1.0 to 0.45 (factory setting y=1.0)
Standard sensitivity 35001x F11, 1/90s
Minimum sensitivity F1.4, Gain x8, Video level 50% / 4Ix
Image output format Mono 8bit
Interface USB3.0 (Only SuperSpeed is supported)
Power supply DC5V
Power consumption 2.7W (Maximum)
Lens mount C-mount
External dimension 29(W)mm x 29 (H)mm x 16(D)mm
Mass approx. 32g

<LCD AEEZY HE ALY>

ROoo @ N N g ®

A1 Z |1 A= v E

A AACNAM BoJH o] AEe] £AlE Qe 7}1111&}4 % A=7F g er 710Xl
Zol A Fds I5 stolokste ZAlAol AT, I Akl Jheete] F9 7o
T7F AZIE ZH o]l & kgl Aol ST ]iolé}oq g5d 39 w4 ¥
A= wAZE AL ol 5 A syl fls Fhleke] olw A AlA e RS EH
oM WL DE F JE ABYIE AL o 2 AER HEA % o
£ 2HS gobuth obd) aRelA miE Az o] Wl AE WFOE (T10% HF o
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2 Qe b & wF A

s

® A=
1 914 A Apol=

oA Hi= Ay & Apko|t}

il

C-mount EFYJ¢] #d@l= o]

T8 Aoy
Focal Length 6mm
Focal Length Sort Order 006

Lens Type

Image Size
Iris Range (F-Stop)
Angle of View 1”

Minimum Object Focus
Distance (1”)
Mount
Temperature Range
Storage Temperature Range

Fixed Focal Length
1”7 (12.8 x 9.6 x 16mm)
F1.8 - 16
96.8 x 79.4 x 108.3°

2674 x 196.3 x 334.1mm

C-mount
-10°C ~ +50°C
-20°C ~ +60°C

<HC Series A}%>

A& LCD ¥ LCD AEE RE
o Alo]& LCD

=
=
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Frequency
Lamp Type
Singnal Interface
Input Voltage

@ LCD AE=E HE
10.1 inch LCD #{2-& Alolsl7] Y& LCD
3l HDMI ¢8 YEZHE wo

_g]

now
B A HArt olg] ¥ LCD AEE BE

T2 A}
Panel Brand AUO
Panel Model B101UANO2.1
Panel Type a-Si1 TFT-LCD
Panel Size 10.1 inch
Resolution 1920x1200, WUXGA
Brightness 400 cd/m™2
Contrast Ratio 800:1
Display Colors 16.7M(8-bit)
60Hz

5 strings WLED
LVDS (2CH, 8-hit),

<10.linch LCD Spec>

3.3V
7 HE+= 4 AdS
GAe LVDS BAS
=3

TP

o
U o
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73 A}
=x

oL H VGA(1) , AV(1), HDMI(1)
%% LVDS =9 1ch 6 bit, 1ch 8 bit
WZlol E %3t LED Back Light Circket
At 5V~ 24V

<LCD Controller Board Spec>

800x480°] =S zH= HDMI 92 whash 5V 942 v

il
A
rr
v

€ wiE

A G 37V AdE 7HAH $FA 42V AS ZHE 3000mAhSFE ZtE EE e
5 1271 AFE s 37V A N E HER AdZEste 148V dAYew FA s g5
16.8Ve] Ats ztetholddt 449 HHEE 3728 HETAS ] 285 =0T 97
o 12V 5A % 5V 3AEH S zZe= dEdolHE AFste] Ags I8 vtEAT. =
e g AW o] ded 2XE wAskda de 17kA] LED7F 233ste] ON/OFF <l
7Ve stk §Hel & 12Vel 5V S 2 &9 XERE A St B3 dY HE 2
o 168V 94 T4 TES F& stk ofdl 292 wiH g FARe S3% iy e o

/ol
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12V, 5A &8

5V, 3A &8

=]
-

Aol F4l
1) intel compute stick
Zhd el F7de] dolH

Compute Unite]t}. 18 XX+ AF83 Compute

44 9 HDMI 94 %% 7271 RS-232 548 918 A4
Unit o] ggolar ofe) Ei AL

Quad-core Intel” Arom™
x5 processor

Onboard storage
LISB 2.0 port

Onboard memary

Intel® Dual Band
Wireless-AC 7265

Bluetooth* 4.0
HDMI" extension cable

Power adapter
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YEE g#s7] 98 USB3.0 HUBEZ 97 3tlew HDMI
LCD$F 912 &9vh. 849 USB3.0 HUBES %3 £3o]
w7) 918 USB TO RS-232 9145 3l =94 LCD & 3

£ HUBel 4 3sl¥th. g5 HDMIE LCDAlY] RE<F dA43ste] HFH o2 101 inch
LCD g E& 2HOog ALS & F A=s 74 HAUTh

>3 AL}

Processor Number Atom x5-Z8300 processor
CPU Speed 1, 44 GHz
Cores/Threads 4
Memory 2048 MB
Wi-Fi standards 802.11ac
(ON] Windows 10

<Intel Compute Unit A}&>
8. 2z A&7 A" FAHE
7bh A2" FAE
obeff L& Aol FRF- HAAA] d2 AA
QR ol EAE7] 93] Wi-fi2 LTER ¥ AZds a1 o

o

s
-

¢

USB2.0 TO HDMI

"

b
(1.
ol
32
T
o
N
O
2
[y
=1
(@]
c
=]
—t
=
O,
o
f

Abgo] 753ty 18] Toshiba Teli 7HHE}E USB3.0 XE¢ 42 391 UX}% USB
[e]
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AW ool M HZ TR Aol FURLE 1A T F JEE A sgen 12V, 5V ¢

g dAE e ddS T wevh okl 2" AFkE F e AWk A X e e &
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wolth $-39 F7 »
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0. 2-23 AR AEd TAE
oAz FHE

12 Z2E ElollA Ao & FRo g Hxet AZAy FAZE FHGgE Aol A7 HS
. o] & dl43sl7] 918l Compute Unite] &S 8o] oA wrEo] AdEE AA 715 3

)=
A 3k 71 By {99 &9 A4 LCDE Compute Unit¥} 53 dlo]
Z%8 HDMIS &A419F Sold USB2.0 PORT 7I4= USB2.0 TO HDMI &% % USB2.0
HUBS AA & 4 ATk ofell 282 Ao} fuli-o AAHR =4 ks

2 & g
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g, Aol 4

Compute Unit HF o2 Fhdg} Aol ~9x Ao =% AEE 5 7|9 Intel Compute
1 A

Unit tiH] o] USB Port 7I5¢ HDMI &€
e obdl g 2 Age obdl s} 2ok

A a

n—
"
o-
-
L]
.
-

2] 31 5inch LCD7F E4 ol &9 BF

HDMI

- e il @
HEADSET UsB USB WAN DC-5V
- ==
l - o g —1

MICRO USB USB3.0
Uss MICRO SD CARD

T2 A
Processor Number Atom x5-78300 processor
CPU Speed 1.84GHz
Cores/Threads 4
Memory 4096 MB
Wi-Fi standards 802.11ac
(ON] Windows 10

<Compute Unit :

GOLE1l A}%F>
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t}. Compute Unit € LCD Ao BE=

ob#] 28e Compute Unit ¥ LCD Alo] H=o|t} Compute Unit S Ho] FHaHs o
%98 LCD Alo] = Aol A2 A7 &4t

[ —

2t Wi E g
71 WiEE AME BOXE wAgGo 2 Wykmer B Vee & Az
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4. DBO| XZ(Web Server) \

o

£1| O|H XMz
(LTE EI*)

HO|Ef A<
(LTE “*)

Al 7|8 S 24 8
\X{El *1|=H Ubun u)
3 A3 zkS DBAHE AF st
4. Web Server % DB XP‘P AWM R 24 AR H %1] 74];‘ Eﬂ ]E1 AEE A

4. 9% A7) dolH 35 385=

=M 3

G4 205 J7lele A= sEe T AR 74 Stk shbe B A guleA LCD
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Deep learning Semantic Image Segmentation

RGB Image Segmentation

Super pixel Segmentation Segmentation
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§E& M= HIoIE B2
s Ay -
TaEEN SHTY

£ e

M2 SE{ SEHCH | SeLich

12. 2317 54 99 &4

7 "H3de A

Hod 7S delHite vE e Foll 7E A= ANH AIFEG. 7S 9EA
7 olH| Ao A trE AA ko] Ho] HE QIito] FEAIY S WEI 1 qrFed o
A e AlEs A ddete EFE etk old EF Al2de FAHS dukAQl g
oA Fd] e s BT S 7 7] vl o ke o A Adeo] F4 R}
th= @do] dlt ol FARAES sAstna VA 2227 B2 HolHES I A
WA b Bold& Frol g BHILES = 7] A8t (Machine Learning)©] 574 3ith
71 AE 2] 3 FEofolal 7]& % 5] & (Technological singularity)g I A 4237 @& 7]
=2 #AH9 Neural networksS T4 3= Hidden layer 2] 47} 2017 ¢ 49 Network”}
7] Wil Zo4xl o]F o= ojn Al A= B2 AW e Ed Fofolt

® 1958 Rosenblatt proposed perceptrons

¢ 1980 Neocognitron (Fukushima, 1980)

¢ 1982 Hopfield network, SOM (Kohonen, 1982), Neural PCA (Oja, 1982)

¢ 1985 Boltzmann machines (Ackley et al., 1985)

e 1986 Multilayer perceptrons and backpropagation (Rumelhart et al., 1986) 1988 RBF
networks (Broomhead&Lowe, 1988)

® 1989 Autoencoders (Baldi&Hornik, 1989), Convolutional network (LeCun, 1989) 1992
Sigmoid belief network (Neal, 1992)

® 1993 Sparse coding (Field, 1993)

9 A A3E BY UEYAY S5 JAAHE Tl AEFA X dHolHE Networks vtk
7} 2 (Weight)E 78218l backpropagation &il#] &S olw] 1986\ /Hdtw glom, FAFA]
2] Eofoll Al AF&3F= CNN(convolutional network) Al 19891 el W 7]olt). XA RE
Qe &L 20104€ dolAok FEgEE 1 ol Thew 2.

_71_




e LearningS %53k Overfitting(#2] 3h) o] AlsA doytey,
o XorwAlE 2T glth

o Yl A F& Agdr A= HFEHIE AU

ki ¥ i
] ] ]
[} ] ]
] ap ¥ [ .
LN (L. L s~ 0 L "
s " ats L - ¥ '
a® » (] ]
> > >
X X
Underfitting Just right! overfitting

<Overfitting | A]>

7HE 2 ZolH e dAT}= thE A overfittingS A 3 5 YdE TS A7) @ol Yo A
Atk AHS 2007, 200839 53T unsupervised pre—training method, 20108 % 1}2 7]
Al 2F8E regularization methods (dropout, ReLU &). Z18]31 GPU parallelization®] t]3gh o]
AET ZolA Al HHA o = vk T ¢ 1S JEE W2 computation powerE Al
&3 ¢ AA @ Aol

. "HE5ds §F 94 94

(1). Convolution neural network - %4 &

Convolution neural network(®]8} Cnn) 19391 d A<t Hejd ot

E3] computer visiono] E3}H o] UEYAE 27t A|AIA FZE BWEte] ¢l7to] o]
A ARE AYste A FUW EFolth. CNN2 overfitting ©ol75 249 S S oo
3} 3t AV|E ZFole Aoz ATt CNNL2 convolution layer2} pooling layerzh= F

Mel A Fx2E 7HA d=d, ©f FEE°] model parameter FE E&HO® FoF
of ARHow AA B HgAel Aaste ENE AEs YEJASZ AARLK
Simonyan, A. Zisserman Very Deep Convolutional Networks for Large-Scale Image

Recognition arXiv technical report, 2014)

(7h). Convolution Layer
Convolution®] & signal processing EoFoll A o}F Eo] AL-&3}
ERIR=N

rlr
ok
i
lo
f
i
o
B
)
o
=5

5(t) = (z = w)(t) = fm{a}w{t — a)da.

<Covolution =2} >

Convolution & Folzl dolg xo] g wE AFLE HolgE g & o A&HTh
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<Convolution o A]>

Convolution = 9]¢ 193} o] 5A ojnAo|A HAg 5AHS FE5Tw A ggstA AHE
g e ol

Hedd Wiz 7E oux] ZRAY 7Ee AMEE dEE A" 5 oA E
Convolution a1 A A3l feature maps AolWl o] Fo 1A S
machine learning framework® inputo® Yol A&t 1#E7] wfjFo] o] feature
engineering®] A A| performanced] & FIFE VA& A7 Btk o AdHE A9 A
o, drl} B FAHE 1E ZAA 5o 99L& feature engineering® G olal, o] =%
ol g0l oly7r] Wl machine learning ®oFlA= 2 #HNS F& ®oke oYUtk
dolge & AeHAdvtal 7HAstar 1 tolHE AR oW & g ss MEst=y
7F 2 EF MAlY Y frameworkE 9] = ofolt o]ttt CNN9| 314 ofojr]o]=
preprocessing©] Al performanceol] =LA FIFS WA 7] Wi 7HF FL feature maps

WS T AHE AFEIL 222 RER S glo] F ojoldeletn & & At

o

Output layer

Input layer

= [

| ™

L] N
Input image \\h\\

C-Laverl  S-Layerl C-LaverN  S-LaverN

<Convolution layer =2 >

(1}). Pooling layer

Ak Ko7 CNN layers 3 o] Feature mapE subsamplingsle= ¥4 S pooling
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Single depth slice

wol 7+ 8ol

=

3T .

R

b
% AN 2 | 4
max pool with 2x2 filters
5 6|7 |8 and stride 2 6 | 8
3 | 2 [NINEO 3|4
1| 2 |3 T4
y
<Pooling layer>
Pooling layeri= ©]¥ 33 Feature Mapoll A 714 & EATS HEdt= FA|o o]n] %9
A7E Fo] AAES Fo]al Overfittings WA= B4 o072 AREFH U
(2). Sematic Segmentation - G4 &
olulx] GAfo| A A=l LabelE AW AL EA49] 9AE 9o}lsl= Detectiond E e
Semantic Segmantation< Object®] 992 #3313l LabelE #F/Fole B ojnA &2

A4 W o)t} Semantic Segmantatione & 7H4]
t} Labels 213 oF 322 Detection®} H]ul3}o]
71 ol"t}. (Hyonwoo Noh, 2015 Learning Deconvolution Network for
Segmentation. POSTECH)

J# 22 Training Data Set®] % &9 Deeplearning®] d5S 571 Al7]
Set& ¢l& Aoz AA 7Y Deeplearning® WEYAE HH s} AlA
= WS AT Fa o old Wiy

LR

sl

< semi unsupervised learning

2

£ unsupervised learning ©] 2} 3t}

<Object Detection using Rcnn>

Befshof shma olue] =}

I 2 3k Training Data Set2 wh

Semantic
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—
o m
A= A= sk (supervised learning)S AF&38te] 8t<5(Training) & <

217 223 Training Image Seto] & 2 3}t},

sh 995 At AF dods 28,725k Data Sets e

<4

N

] 54 99 Training Data Set>

Training data set®] A&A3} e doJEo F= Fd ovnx & A&

2 5 Ak

A uk &<5oll " Q3 Training data set-S Aldo] A Hgldhs=
st Abghuith thE 7]ES F3 Data setE WHE A4 23]

4 b

>
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Z 4 Qe ol A vk webA B Ao A= SuperPixel(Unsupervised learning)

R

¥} Semantic Segmentation(Supervised learning)S Z3%3}e] Training Image Sete] +&5 =
A i g9 8 dss 7 5k

(1). SuperPixel and Segmentation

Superpixel> X WHO T FAIR(Z2AHE) ¢ AZ(HGE JR)E 7oz onX o
AS F gojg]l®E $Fo] Segmentationdtt}. Superpixel A7)l T4 o] HIsA E
Falo] B3 o 5= Qlvk A vk Al#o] A A Training Data SetZ WHEA] a1 #|3H2 ¢l A
Tow &
= dF
<1000 Block Superpixel #} 300 Block Superpixel>
(2). Semantic Segmentation using Deeplearning (SegNet)

Segmentatoin ¢ A% # %+ IOU (intersection over union)< AF&3tt}h A dlo]E ¢} 3t
FH 2SS Ea dojx MEZ ojujA| zho] Overlapped arealS HAE(%)E o] Ab=3hc},
<Intersection over union>

s Ak AA A9l 99 (ground truth - AR 9)

kA A} Segmentaton 2 ¥}

kAl H A overlapped area

B o Lo A= University of Cambridgeo] A 3} Semantic Segmentation
Framework(SegNet)S 7|20 & 3dlo] H x| ~®o utA A3} 3t

DeeplearningS &-8-3F Object Detectione AFHE2] 9% 2} Object?] LabelWHs ¥ 3}7] o
ol AstAo] =& Holt}l, A9 Semantic Segmentatoine Objecte] AA, 9GS 24,

B3 sjof shmz gaygel e wyol vk
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GA FE7E T8 dojd Aa7] 233%e] AME o|u] A F 1338 Training Data Set® gt
oA 1002 A7) o]u A S Deployment(2 3))3k A3} Hit 054 A= WA dX&
= A= o

<Deeplearning(Segnet) &ty A3} >

Intersection over Union

Segmentation

I0U 2 olu]xg& 24 A% 217 54 % e 10092 Sample olv| A F&
7&1% qu TN\E]’

iy =] npg

o] O
=

ol x| o] 4=}

[e) 3::_
o] JAIR 7} & o] =+ Training Data

o
i&"jz
m&

] 3
Training Data set®] 74 3HA, ]H]X
set®] o]t}
IukA o0 2 segmentatoin(SegNet) ©] 35000]4F¢] o]H] A& AF&3te] 69.1%2] Mean 10U
A3E Al (Badrinarayanan, Vijay, Alex Kendall, and Roberto Cipolla. "SegNet: A

Deep Convolutional Encoder-Decoder Architecture for Image Segmentation.” arXiv
preprint arXiv:1511.00561 (2015).

2}, SuperPixel & Deeplearning(Segnet) S &
Deeplearning(Segnet) S 53 54 949 F& AIAS 7l

r
off
o
off
o 18




A 3500 o]/de] A7) o]u] A

)
2)
I FHA A y|Fo = 23] Data Sete] ¥
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(44) Jang Hyun Kim and Hyunseok Yang, “Image compensation using wavelet

transform for tilt servo control in holographic data storage system”, Japanese Journal of
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IF S1is Ayi, S2is Aai, S3is Asi, S4is Agi, S5is Asi, S6 is Agi,
S7 is A7i, S8 is Agi, S9 is Agi, S10is Ayoi, S11is Ajyi,
S12is Ajai, S13is Ayaj, S14is Ayyi, S15is Aysi, S16is Aysi
THEN
Ori = aoi + a1iS1 + a2iS2 + a3iS3 + a4iS4 + as;iS5 + a6 S6 + a7 ST
+ agiS8 + a9;S9 + a10;S10 + a11;S11 + a12;S12 4 a13;S13 (7)
+ a14iS14 + a15;S15 + a16iS16,
6 = boi + b1iS1 + b2iS2 + b3:S3 + baiS4 + bsiS5 + b S6
+ b7iS7 + bgiS8 + b9iS9 + b10iS10 + b11;S11 + b12;S12 + b13;S13
+ b14iS14 + by5;S15 + b16;S16

Figure 21 shows experiment results of radial and tangen-
tial tilt servo control by fuzzy system using DNA coding
method. Input-output data were obtained by experiments in
260 times. Figure 18 shows good performance output result
for radial and tangential tilt servo control.

Figure 18 shows experiment results of radial and tangen-
tial tilt servo control by fuzzy system using DNA coding
method. In this paper, we obtain fuzzy system for tilt servo
control in HDSS and we obtain suitable fuzzy rule number
that is 14.

Figure 19a shows reconstruction data with radial and
tangential tilt disturbances in HDSS and Fig. 19b shows
reconstruction data without radial and tangential tilt distur-
bances by fuzzy rules. Figure 19a has that —0.1° radial tilt
angle and +0.4° tangential tilt angle. Therefore, we should
rotate 4-0.1° of the prism and —0.4° of the Galvano mirror
(Fig. 20). Therefore, prism is rotated 4+0.1° and Galvano
mirror is rotated —0.4° as shown in Fig. 19b. This result
describe to control tilt servo in HDSS actually. Figure 21
shows performance comparison for compare to output data
by optimized fuzzy rules using genetic algorithm, output
data by optimized fuzzy rules using DNA coding method.

5 Conclusions

A HDSS has two servo control research. One is track-
ing servo control and the other is tilt servo control. In this
paper, tilt servo control is study by intelligence control that
is fuzzy system in HDSS. Tilt servo control problems are
radial tilt servo control and tangential tilt servo control. Tilt
servo control issue is more important on account of finding
position on media exactly in HDSS. We have proposed a
new idea for designing tilt servo control model in our HDSS
and using intelligence control system that is fuzzy system
by DNA coding method. It is possible to realize generated
fuzzy rules by DNA coding method for the HDSS. Disk tilt
error compensation, tilt servo control using fuzzy rules are
very special algorithm in HDSS. To solve increasing radial
and tangential tilt servo error, a HDSS is realized on the
basis of two ideas. The first idea is disk tilt error reduction

using fuzzy rules. The second idea is the real-time tilt radial
and tangential servo control using intelligent algorithm by
CMOS camera. Fuzzy rules are generated from the input-
output data by DNA coding method. After generating the
fuzzy rules using DNA coding method, 14 fuzzy rules are
obtained for the radial and tangential tilt servo control. The
fuzzy systems with a small number of fuzzy rules success-
fully realize overall tilt servo control in HDSS.
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Original output data of tilt servo angles in HDSS
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Fig. 20. (Color online) Comparison between output of manual operation

and output by fuzzy rules for radial and tangential tilt servo control in
holographic data storage system: (a) output by manual operation system of
radial and tangential tilt control in holographic data storage system,

(b) output by fuzzy subtractive algorithm in holographic data storage system,
and (c) output by fuzzy subtractive algorithm with optimizing data wavelet
transform method in holographic data storage system.

data. After the data is subjected to subtractive clustering
algorithm, 16 fuzzy rules are obtained for the radial and

fuzzy control systems are non feedback system. A non
feedback control system is a controller that computes its input
into a system using only current input data. Therefore, these
systems are much fast than other types of the feedback
system. In future work, we will study a real-time servo
control system in HDSS and obtain good performance in
terms of overall servo control results.
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