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Abstract 1In this paper, the Zynq system-on-chip (SoC) platform is used to design an adaptive noise reduction and
edge-detection system using partial reconfiguration. Filters are implemented in a partially reconfigurable (PR) region to
provide high computational complexity in real-time, 1080p video processing. In addition, partial reconfiguration enables
better utilization of hardware resources in the embedded system from autonomous replacement of filters in the same
PR region. The proposed edge-detection system performs adaptive noise reduction if the noise density level in the
incoming video sequences exceeds a given threshold value. Results of implementation show that the proposed system
improves the accuracy of edge-detection results (14~20 times in Pratt's Figure of Merit) through self-reconfiguration of
filter bitstreams triggered by noise density level in the video sequences. In addition, the ZyCAP controller implemented
in this paper enables about 2.1 times faster reconfiguration when compared to a PCAP controller.
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2.1 Zyng SoC

2.1.1 Zynqg SoC Platform

dsol v ZRANE AYshs 719 FPGA o
= Y24 reconfigurable SoC platforms Ut ¥Es}h=
Zyng-7000 AP SoCE ARM ZZAlA9F  Xilinx



AR A&

A

7-Series 2] FPGA”} A3He hybrid FPGA platform ©]
TH3]. Fig. 1614l RoFa Ql= Zyng Wi T2 P

o} PLZ 4% o] Itk PSE UART, USB, CAN, SPI,
2C ¢ %2 Ut} built-in peripherals ¥ ARM
dual-core Cortex-A9 MP core, caches, DMA Controller
2 450 9 PLE Th 2 AUS /A n ok
: Configurable Logic Blocks (CLB), Digital Signal
Processing (DSP) Blocks, Analog-to-Digital converters,
serial transceivers.  Advanced Microcontroller Bus
(AMBA)=  PL¥ PS 18i IP
(Intellectual Property)®] ¥&3st A4S 9]sto] SoC A
Aloll A-¥ bus protocol ] TH4]. AMBA 2] thF %91
bus interfacex= TH57} 2t} : Advanced Peripheral Bus
(APB), Advanced High Performance Bus (AHB) and
Advanced eXtensible Interface (AXI). 53] AMBA 3.0
Spec ° 4320+ AXIE write response channel ©] &
7}Eo] 9131, read/write”7} 5/\] o 7Fsshe] SoCe| 1%
TS A9 B F57] AXI port7F PSS} PLE

Architecture

SAlel ot %%t e 32bit
General-Purpose (GP) master/slave interface,
32bit/64bit High-Performance interface, 64bit

Application Processor Unit interface. AMBA 7|%ke] w}
oAz AEEZYE duld oz AXIL AHBE A|2~d
w222 ARg3te] ARM CPUY DMA 55 dZste] AL
o EF A%olWA AY FAAH e BAL
9J3tel APBE AHE-3HH, AXIY AHBO| H.2]4|(Bridge)
£ Abgate] aas.

2.1.2 Partial Reconfiguration (PR)

Xilinx FPGAolA A ¢=& PR A FA o] 7hsd
sl=dlo] Ao Al 54 S Partially Reconfigurable
Region (PRR) 2= AA 9| 3to] wjg] HAE st=sof
HEAERS theR usto] AMEE F Q&g 2| dgtt.
thekel 759 MIEAERES 9% PRRY ”/\]Z_
2 AARRSte] stedo] AE aRAo R SEE
Aom olF Fi A P ug gAE
[5-9]. 719 full configuration®]
configuration overhead+= full bitstream H.t} &-3Fo] 2}
-2 partial bitstream< PRROY| The-2 = 30 224 2|54

£ 4
7] =

T

of Qa3 AI7HS ‘3}"‘/\]7] 4= o). sh=9o] Bitstream
< PL 9o ALs] A3 Zynq devicer T EFY

23

9] interfaceS A| Y3} : PL &~ 2
Internal Configuration Access Port (ICAP), PS |
A A4 8l Processor Configuration Access Port
(PCAP)[10]. ICAP} PCAPL 32-bits®] data widths
7HA 3 ol2d ez Hu 400MB/s®| reconfiguration
throughput S | Y3t} & =7 A= PCAPS AH&-3f
o] full bitstream3} partial bitstream 3}US PLZ A%
3 2 34S Fig. 2014 BoFa 9ok 93 vy
A2l SD Fh=olA & First Stage Boot Loader
(FSBL)< PSE boot A7) full bitstream= 214 PL
9] Static Logicoll th$-Z=3it} a2e]al SD 7h=o] u}
ojufe] Tt P o= A7 o] 9 partial bitstream->
PS7} A 7Fs% DDR Memory® 7% 3L PRo] %
=M a3k 7)Fol |3t partial bitstream©] PL
o AT 7hed YHOE TR RE Hr thERE 5
= 5 =9o]9 Static Logic> 52 HEFA ¥+

o11].

2 AR
3

2l
oj ol
S|

TS

External —
PS ——— SD card PS boot
} . !
DDR [ On-Chip
memory 1 BIT File RAM
i
PCAP
I 1
: I
PL | Y
v

Fig. 2. PR interface using PCAP

2.2 Mt ¢oe|E
1080p 31/ 65
ANeR FEE] N9 L
T3t Flg 2%

Hed
AT s o @.%‘ e AE flz,y)e
HellAe] A g outi12].



SH=AEE7| 48185 A Al18H AlLs, 2017
o [uplay) < Tyorplay) = T,
-1 -2 -1 -1 0 1 NOISE 4ot — 0, otherwise
0ofo]o 210 2 ]
1 2 1 -1 0 1 _ - e
AZEH noise A F 5 JA] AA sz
(a) (b) U gho] o]z oAk Z|ele] noise W7} ALk o
Fig. 3. Sobel Operator (a) Vertical Operator S, (k1) (b) N AT . /\/\ztﬂ . ;
(e} -
Horizontal Operator S, (k,l) %ol Salt-and-pepper noisell 23] =4+ FAM A
% Aol Wol fasHl wn, AN HE A i
11 = 7] 9314 noiseE A A3}= Median filterS 73

M NS (k) flatk y+1)

k=—11=—1

G (zy) = (M

1 1

3 N8, (k0) f otk y+1)

k=—1=—1

Gy(z,y) = @

4 (HTH)E (xy) ARAA] 54 A} 5
QabAfe] ARG VehR, 7147)9] A719) gake
ofglle] A3} zo] Lhehiic.

Salt-and-Pepper$} 22 0ise7} Gl &4 ds|A
H BAA AE FH 9 Adse] 2 AAs dck &
E=Eoll A= [13]01A Zﬂ?l'%] noise A&
F9om noise A% daEFS v 2o
plz,y) & (z,y) A3 DA gholw, 3x3 windowol
A Fdel 91X @tk B, H Pv A 33
windowoﬂ/ﬂgl ﬂ*”i’% 51] tztol™, threshold 34 &4

4

el
ol

zkol " ‘Y]_ gk = tea o] Fodr)
2P . —255,2P . > 255
T X e mln min
i {0 otherwise )
2‘Pmax7 2Pmax < 255
Thnax = {255,0therwise ©)
27 p(z,y) 7} noisedl] &Ja] £4E FAaelx] o}
WA e TEe AHsEr.

24

ol

3}tk Median filter= 4] (8)2] A <jel 2l

M(z,y) = Median{]%gyr 2y)e W(x,y)}

®)

window W¢te] HAE9] median e &8 FoE
AEETH14].
Salt-and-pepper noise®l| 2J3l] <=4 G4

JollA] ot
qe AAN AL

dE5S A A 2 =RelAe
Median filterS A2 #3407 AL25+] noiseS A
AlZ1 % Sobel filterE A3 (¢]$ol= Median+Sobel
filter= ¥%7])3}= self-reconfiguration ™S A2t

A HES E&4E oAt stk

BAN HAEY Hes B7ke] 93] AbE Pratt’s
Figure of Merit (FOM) < A}-8-3to] ZAM AZel %
3|7} == noise Y 7|EHS A= AHESH
t}. Noiseoll 93l BAM HE9 A7t das &
W, Fe o] ATA Ho] noiseS A ol A A
A HE dH7} oA A A @k Pratt’s FOMS o

=3 Zo] Aot
1
1& 1
= R —— 9
Iyiz11+ad’ ©
2 (9N Ly = MAX(L, I,) oW, I, & ZA A0
Zhal gojs= P F o, [, = AAR AEd
AN G & 5 olth aE 192 AW Frolw, d
= dEY AAA Fow BAA Abele A Felth

—

15].



DDR Memory

IN ry ouT
h 4 l Y

Noise
Frame density Filter Display
buffer level processing
detection
< g
CPU

Fig. 4. Video pipeline and noise detection task

Fig. 4%= video pipeline ¥} noise detection taskE 1.
o]Ft}. HDMI-INS.Z 1080p 3d=e] gAfo] Eole
™ DDR memory®l #7HT}l Noise density level
detection E5-°] Aol we} Median+Sobel filter7} -
I AT, B AT AL Psell o e
th. wkeF noise density’} SHAIHELE =A W
Median+Sobel bitstream®]
Region (PRR)°l| U2 = F|o] 7]&2] Sobel bitstream

WASA "k HEHS AR
controllerE %3] HDMI-OUT2o.2 &

A=)

Partially Reconfigurable

=

97d2  display
Hrh

Al
=

Zn}

3.

ot

Aol AFEEE AH]E XC7Z020 CLG484-1 AP

SoCE A3t 7C702 Evaluation board?} ADV7611/

ADV7511 7]¥ke] HDMI Input/Outputs A 95h=
FMC Module, ~18]3 1920X1080 A EE 2|5t

monitor”} $)th. UART Terminal Emulator& A3}
Board& Ao gti16].

Fig. 5% & =&l Atets A4 7Fsd A%
Al z=gle] A3 gHAolth Aol Algates B
st7] YA e 22 3UES SD 7h=d X%
Fc}. Software Development Kit (SDK) tools AH&-8}
o] A% FSBL, VivadoolA] A3k full bit file ~12]
3 U-boot’} A3} BOOT Hlo|Ug] otds AL
Y52 TIAAE B A3 F& d5E A o
wgk Aget17]. Blss 3 A~
< 2838171 918 uRamDisk$} PLE S-S A15-43317] ¢

al
cE
—=

=
=
g

2
\j
n
N
3
?F

v A9l ulmage €l

25

3} Partial bit fileS YAl 3HCE PCAP Q1E o] A5 53
PRS 53)3}7] 918} partial bit file =3+ SD cardoll #

A,

UART
Terminal
Emulator

Monitor 1080p

FMC-
Imageon

HDMI IN

Build Build Create
U-boot Linux kernel RamDisk
IJ-CCC'. ulmage URamdisk Booting &
ok Running
BOOT bin, Linux on
SDK SD card Target
S o Platf
Full bit file Partial bit file atorm
1
Vivado

Fig. 5. Experimental environment

Aol ARE-5l= Sobel DE9} Median+Sobel ZE =
High-Level Synthesis (HLS) toolS AH&-3le] A= th
[18][19]. HLSE C{lo] HEE= C++ 1oJE Register
Transfer Level (RTL)Z 7% Verilog %= VHDL ¢!
o2 WS} IP coreE AYA ST} T3 tool2] GUI <!
E¥o]2~E 53} pipeline 7]5S #5-3H} HLSE AF

4ato] AAE HEHEL ZH processing, AAA A3
processing, 12|31 H|t] 2. FA-o] & AoZ ¢

2 QI o]~ A 79 V5o E FAH At
core 4 ZA3, pipeline®] A4¥ AAL HE 75
HAL BE 75E A
2,059 clock cycle®]T}.
Vivado Integrated Design Environment (IDE)+
(ISE)$}
714t tool o™
=9 A9}

o ﬂhw

op o

latency = 9 clock cycle®] &%
3}7] 913 processing time
Xilinx Integrated Synthesis Environment
Xilinx Platform Studio (XPS)& X|93d}+=
HDL ©41& $Aa7AY daahe 7l



BAE &8 EEA) A8 ALE, 2017

Fig. 6 bitstream A2l A<l #A o]}, HLSO
oa] AAE A IP coredt AA| A 2=e¢] HDL t]z}el
o] FAETh o] HAelA AT 7Fsd ¥ S PRRY
St=glo] Zde] 90%olstE ARR-E EE A g

=70 W

Table 1. Comparison of PRR and PRMs resources

PRR PRMs
Resources
Available SOBEL M+S
LUT 7800 2871(36.8%) 3478(44.6%)
SLICE 1400 1054(75.3%) 1220(87.1%)
RAMBIS8 40 4(7.5%) 6(15.0%)
DSPs 40 0(0%) 0(0%)

Table 2. Bitstream configuration time

Full Bitstream Partial Bitstream
Bitstream Size 4,045,564 Byte 460,544 Byte
PCAP C(?nﬁgurauon $3ms 10ms
Time
ZyCAP
Configuration Time 4Tms
C code Static
— —2  Logic
IP cores E
Synthesis
HDL Design . PR
Description Modules

Fig. 6. The procedure of bitstream generation

Static Logic Block

Reconfig.
Block

Fig. 7%} 7%o] Median+Sobel2] PRM< 7]<52] Sobel
LA median ZEY] 7]%5°] 75 o] Sobel®] PRM
Bt} B2 3=go] 2SS ARSIl 9SS Table 191
A BolFa 9l

AlZ~¥9] Implementation} bitstream2] A4S v}
A HH AdHOoZ full bitstream U9} partial
bitstream T 77} AAECE PL G A5o= U
2T F& full bitstream static logic?} Sobel filterE
EFFetal vk HYQ dAellA dA R o]t
salt-pepper =o]=7} ¥AI3E 749 Median+Sobel filter
9] 71%5& 71X partial bitstream 3] PCAP SIE]¥]
o]~F F3to] PRRO| ThE == ®rh Wk A FAE
o} $r& salt-pepper =0]= WUER Fo]E 7% Sobel
filter2] 7]5S 433} partial bitstream &= 3}=9] o
7F A3 €Tk

PRY AM§-C2 QI3|A] bitstreame] W& &}
PCAP configuration®l] A&X.5¥& AIZF Bgh 7HAE Q1S
£ Table 2014 BolFaL vk AAF A4 &
Q3F B39l configuration time< full bitstream<]
configuration®] AF&%& Al7He] 12%5HES AR8-5)o

Full
—> Implementation | Bitstream
é{BItStri‘?m Partial [
eneration Bitstreams
% — ]

Median + SOBEL SOBEL i

pblock image filter 1

Fig. 7. Static logic and PR modules




(a) (b)

less

~— =L

T ,‘?f[‘:’";r‘—"‘vr;—'v-vﬁr\’—”:"(” 2|
o — S —

(g (h)

Fig. 8. Comparison of edge detection results for the noisy video sequences (a) Noisy video #1 (Salt-and-Pepper noise

density : 20%) (b) Noisy video #2 (Salt-and-Pepper noise density : 20%) (c) Output of Sobel filter - original
video #1 (d) Output of Sobel filter - original video #2 (e) Output of Sobel filter (noisy video #1) (f) Output
of Sobel filter (noisy video #2) (g) Output of Median+Sobel filter (noisy video #1) (h) Output of Median+Sobel
filter (noisy video #2)

27



S| Eerel=EA] Asd AL, 2017

0.2 T .
—©— 5% noise density
—HB— 10% noise density
(L] S E— S— S—— S—
=
Fo R T R R i,
o

- a
5 085 -rrerbenreneeanes S S i
o |
(V-] P S e B i
0.75 - fromrenes frmmemees f| —&— 5% noise density |7
; i| —B— 10% noise density
0.7 P P P L L
2 4 6 8 10
Frame
(©)

Fig. 9. PFOMs for Sobel and Median+Sobel filters (a) Sobel

02

—6— 5% noise density
—B— 10% noise density

= : :
(o] . Ho-o
[T
o H |
- P SESLLEty SREEFECRS! SEPRRRETS beeeo]
0 | H H H H
2 4 6 8 10
Frame
(b)
1 T r r
i | —&— 5% noise density
095 bommobom e —B— ﬂ.l% noise derjsﬂy I
R S :L ____________________________ -
z i
O 085t e SaSEEREEE S m
o |
07 L : L
2 4 6 8 10
Frame
(d)

filter with Video #1 (b) Sobel filter with Video #2 (c)

Mediant+Sobel filter with Video #1 (d) MediantSobel filter with Video #2

partial bitstream®] configuraiton®] —’F@BQ
stk 71 Xilinxoll A #|-83k= PR
wEA FE ATEE Fdee ZyCAP—: AMBA Bus
o] HP PortZ &2 0 & Algala 71& AFA W2l
A AZEY ool 93 overheadS H A3} 3lo] PRS
Pah= woln, QEAAR ATETH20]. A =
Foll A&l AT AIRFE S AF, 4.7ms 24
PCAPR} 210 w2 A g-& ;LoLs}gau}
Aol AR G/ 192010809 3% 7H=
T 59 Full HD "]t Q. %Jo|H Fig. 84 Video #1
2> Elephants dream ©]3l Video #2+% Soccer Game
Goal ©|t}. Fig. 8-(a) ¢} Fig. 8-(b) 7| Video #1 3}
#2 7} 20%9] salt-and-pepper =0]= Uizof 23] F¢=
" gelth AEHA @ VIE Dol dig Sobel
filter®] AAX A& A7} 73] Fig. 8-(c)9} Fig. 8-(d)
olty, AAA A& ARt wis- ARTFE & F Urk

L
[¢)
3l

W

N =a=1

28

ukAo| Fig. 8-(a) ¢} Fig. 8-(b)<] Sobel filtere] A¥} &
2l Fig. 8-(e) 9} Fig. 8-(H)= AN AE2] Asol nl
U5s PFOME 53 89 & 5 2
Fig. 8-(g)¢} Fig. 8-(h):= Median+Sobel filterS 7131

Az} 9ol Sobel filter TS AFEE AzbdA Bk
o= A A E“’Jé}ﬂ AR HE |
el & 4 9tk

Sobel filter 9} Median+Sobel filter®] 4AA A&
o] M7l Hlwe] 2| X224 PFOMS AHE-8he]
3 =7} Fig. 90tk 5%9F 10%2] 7HA
salt-and-pepper =o]=o] 2J&) @ BT Q. JAHel
Video #13} #25 =4 o2 d}al frame 3ol uw}
£ Sobel filter ¢} Median+Sobel filter®] A3} GAtol] w}
PFOM A& A3} tH21][22]. Median+Sobel
filter®] PFOM 42217} Sobel filter Bt} - =7 =4
=0} Fgoll 93l flH Gde] Ae Bl gHem

il

AF
o

X°B

=

L
qsE

Pk

KN
=

Flf r_,VL olr

=
==

=
.



AR HE AN2E

BAA A skelst 4+ Atk

Fig. 109] CPU AMH&-%S 19 Sobel UEIS] SW
3 A] CPUZ 100% AH&-at1L 9L.o1) Full HDH9] 94
Z o] AAl BrE diol LA, HW +& Al
CPU ZEE asleln] AA7E At AHelEe 4945
§Lo 6’]— oh;]_

S 5 gtﬂ—_o_

Filter CPU Usage

—e— Filter HW
=8~ Filter SIW
—— Filter off

Time domain
Fig. 10. CPU Usage
| T T T
Median+ ‘ ‘1_995
Sobel-PR
Non-PR ‘1-9?,5 |
I N S

195 1.96 197 1.98
Total on-chip power(WW)

| I static [ Sobsl ] Median+Sobel

1.99 2

Fig. 11. Comparison of power consumption

Xilinx Zynq SoC 3l=go] ZYE9] %
Vivado Design Suite®| 4] #|&3}= Power ReportE A}
g3l ZA31ITH23]. Fig. 11& 2 R= ¥ ARy E
Ageks F4% agjzelnt. st=soirt A4 A

Eﬂ/KUE]:_%

a et DTG

9] non-PR BE ¢ u] A& ARZFL A4 o] H 9
Ag 2wFEt Aok 22l Sobel WE
Median+Sobel 25 HU} U] A& 248 AMLE7] wj&
of AriHor AL RS ARAE & vk

29

A HAZEe| o3 AAx

[}
. %37l noise’} HEFH o]E A
7] 913 T2 sl=9]o] bitstream©] A5 A4
AAMC] aH o A&Y
U AE AHE HE

ERE]
L

2 BRIl 97 49
4 AT g EHYoR A9
zEgols] A% G B e
& 98g A Tastas s

References

[1] P. Greisen, M. Runo, P. Guillet, S. Heinzle, A. Smolic,
H. Kaeslin and M. Gross, “Evaluation and FPGE
Implementation of Sparse Linear Solvers for Video
Processing Applications”, Circuits and Systems for
Video Technology, IEEE, vol. 23, Issue: 8, pp.
1402-1407, Feb. 2013.

DOI: https://doi.org/10.1109/TCSVT.2013.2244797

UGI1165 (v2015.3), "Zyng-7000 All Programmable SoC:
Embedded Design Tutorial", Xilinx, Nov. 2015.

DS190(v1.8), “Zyng-7000 All
Overview”, Xilinx, May 2015.

UGS585(v1.10), “ Zyng-7000 All Programmable SoC
Technical Reference Manual”, Xilinx, Feb. 2015.

UG909(v2014.4), “Vivado Design Suite User Guide
Partial Reconfiguration”, Xilinx, Nov. 2014.

[2]

[3] Programmable SoC

[4]

B3]

[6] E, Stott, P. Sedcole, P. Y. K. Cheung, “Fault tolerant
methods for reliability in FPGAs”, International
Conference on Field Programmable Logic and

Applications, pp. 415-420, Sept. 2008.
DOI: https://doi.org/10.1109/fp1.2008.4629973

Naveed Imran, Ronald F. DeMara, Jooheung Lee, Jian
Huang, “Self-Adapting Resource Escalation for Resilient
Signal Processing Architectures”, Journal of Signal
Processing Systems, vol. 77, no. 3, pp. 257-280, Dec. 2014.
DOI: https://doi.org/10.1007/s11265-013-0811-x

(7]

[8] C. Insaurralde, “Reconfigurable computer architectures
for dynamically adaptable avionics systems”, IEEE
Aerospace and Electronic Systems Magazine, vol. 30,

pp. 46-53, Sept. 2015.



FFAE & =B A8 A1E, 2017

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

DOI: https://doi.org/10.1109/MAES.2015.140077

UG909(v2014.4), “Vivado Design Suite User Guide
Partial Reconfiguration”, Xilinx, Nov. 2014.

Kizheppatt Vipin and Suhaib A. Fahmy, “ZyCAP:
Efficient Partial Reconfiguration Management on the
Xilinx Zynq”, Embedded Systems Letters, IEEE, vol. 6,
Issue: 3, pp. 41-44, Sep. 2014.

DOL: https://doi.org/10.1109/LES.2014.2314390

XAPP1159(v1.0), Christian Kohn, “Partial
Reconfiguration of a Hardware Accelerator on Zyng-
7000 All Programmable SoC Devices”, Xilinx, Jan.
2013.

Soonjong Jin, Wonki Kim and Jechang Jeong, “Fine
Directional De-interlacing Algorithm Using Modified
Sobel operation”, Consumer Electronics, IEEE, vol.54,
Issue: 2, pp. 587-862, May. 2008.

DOI: http://dx.doi.org/10.1109/TCE.2008.4560171

Pei-Yin Chen, Chih-Yuan Lien, and Yi-Ming Lin, “A
Real-time Image Denoising Chip”, Circuits and Systems,
ISCAS IEEE International Symposium on, pp.
3390-3393, May. 2008.

DOI: http://dx.doi.org/10.1109/ISCAS.2008.4542186

Chenglong Chen, Jiangqun Ni and Jiwu Huang, “Blind
Detection of Median Filtering in Digital Images: A
Difference Domain based Approach”, Image Processing,
IEEE, vol. 22, Issue: 12, pp. 4699-4710, Aug. 2013.
DOL: https://doi.org/10.1109/T1P.2013.2277814

William K. Pratt, “Digital Image Processing”, PIKS
Inside, Third Edition, pp. 490-494, Aug. 2000.

XAPP1231 (vl.1),  Christian  Kohn,  “Partial
Reconfiguration of a Hardware Accelerator with Vivado
Design Suite for Zynq-7000 Ap SoC Processor”, Xilinx,
Mar. 2015.

UG821 (v12.0), "Zynq7000 All Programmable SoC
Software Developers Guide”, Xilinx, Sep. 2015.

XAPP890 (v1.0), Fernando Martinez Vallina, Christian
Kohn, and Pallav Joshi, “Zynq All Programmable SoC
Sobel Filter Implementation Using the Vivado HLS
Tool”, Xilinx, Sep. 2012.

UGY902 (v2015.4), “Vivado Design Suite User Guide :
High-Level Synthesis”, Xilinx, Nov. 2015.

Kizheppatt Vipin and Suhaib A. Fahmy, "ZyCAP:
Efficient Partial Reconfiguration Management on the
Xilinx Zynq", IEEE Embedded Systems Letters, vol. 6,
Issue : 3, Mar. 2014.

DOI: http://dx.doi.org/10.1109/LES.2014.2314390

Ikram E. Abdou and William K. Pratt, “Quantitative
design and evaluation of enhancement/thresholding edge
detectors”, Proceedings of the IEEE , vol. 67 , no. 5, pp.
753-763, May 1979.

DOI: https://doi.org/10.1109/PROC.1979.11325

J.-A. Jiang, C.-L. Chuang, Y.-L. Lu and C.-S. Fahn,
“Mathematical-morphology-based edge detectors for
detection of thin edges in low-contrast regions”, Image
Processing, IET, vol. 1, no.3 pp. 269-277, Sep. 2007.
DOL: https://doi.org/10.1049/iet-ipr:20060273

UG907(v2015.4), "Vivado Design Suite User Guide:
Power Analysis and Optimization", Xilinx, Nov. 2015.

30

ol

Z(1l-Jung Yoon)

2014 2¢
7188 &4

02014 3¥ ~ A : S
ARt AR AL
14

°20149 24¢

7158 &4
2014\ 34 ~ AA : Fstu
Anteehed AR At
74
<#AlEop
UMt = A]2H ToT
Z & Z(Seung-Jong Kim) ERER)
01994 29 : FFStal ikl
AR-EA g8 (F3AAD
02000 8¢ : ozt ojghel
AAEA 8T} (A
©20009 39 ~ 20009 8Y

(F)VI a4
020004 9¥ ~ AA| : oA
ghal HFEARY ue



21 ¥ M(Byong-Seok Min) [X3)9]

X
-2002@ 631 o) st o)
ATt 9 (et
01995 3¢ ~ A ;. FHYTw

AR ase

A, GHlti= Alzg

0| & E(Joo-Heung Lee) [Z=1g]

11 E
E —“—ialt} Auigta ALt
&St e
2011 99 ~ A4 : Tt
ARA 7| 287 Fag

31




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


