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A Study on Fabrication of Defect Inspection System
for Nuclear Fuel Assembly

La-Kyoung, Weon

Department of Computer Engineering
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Abstract

The nuclear fuel assembly for nuclear power generators is tested regularly
as a requirement in nuclear material safeguards of International Atomic
Energy Agencies. In addition, the test is one of the most important

maintenance processes to prevent accidents such as radiation leakage.

This study examines how to detect and analyze the debris on the surface
and sagging and torsion of nuclear fuel assembly through video image.
Higher accuracy and higher efficiency methods are pursued by outline
detection, compared to other researches on nuclear radiation leakage detection.
A minjature system was built for this experiment in the half size of the
actual fuel rod. It is made as 17 X17 in the center, and we set up 4 cameras
around the rod. All of the cameras are enclosed in each housing and each
camera is remote controled to move vertically using motor drives. Four
cameras move up and down simultaneously to video record the surface of
the nuclear fuel. The video is analyzed to find out the contour and
coordinates of the defects on the rods are calculated through detection
algorithm. The coordinates are shown on the monitoring screen. The images

are viewed in 2D and 3D, and its coordinate data of the defects can be

_ix_



identified. By the aid of wireless module on the experiment system, it can be
managed remotely by transmitting data wirelessly. Although the experiment
system is not as good as those of professional manufacturers’, it enables
research experiments in all kinds environments of examinations with or
without the nuclear fuel rod, and the video images can be recorded, detected

and analyzed.

For more effective inspection on fuel rod foreign substances, a parallel
processing method was used for the color-image foreign substance detection
algorithm and black-and-white-image foreign substance detection algorithm.

The color-image foreign substance detection algorithm utilizes the fact that
the light of a line laser is scattered or focused when the fuel rod has foreign
substances or is damaged.

The black-and-white-image foreign substance detection algorithm was used
to raise probability of foreign substance detection. In order to detect foreign
substances through black-and-white images, pre-processing was first conducted
by applying the technique combining DoG edge detection and threshold
processing. The foreign substance detection parallel processing algorithm helps
draw more reliable results by comparing and analyzing the color-image
foreign substance detection algorithm and the black-and-white-image foreign
substance detection algorithm.

As a result of applying the parallel processing algorithm to the result
obtained from the color-image foreign substance detection algorithm and the
black-and-white-image foreign substance detection algorithm, as high as 85%
foreign substance detection ability could be gained.

With the results above, this study suggested a basic image processing
algorithm for inspecting domestic nuclear fuel, and researches on algorithms

with higher reliability need to be conducted in the future.
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Fig. 2.1 The structure of PWR
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Fig. 2.2 The structure of the fuel rod



AN

A7

1718, ol flste] mE sAme] WA A

g o] Ef ] o] 27}

ol
~

ER

24}

sy,

20

3 4%

of o

N
NJo

AI71Al EH

FAHAY, 229 AL HAF HAAPE AdE .

o

Ar= oo},

g

K

1
T

el

22!

e
o

|
~

Fig. 23014 YJERT Qo).

Zh e} ZAul el o=

ANE A

roY

Eddy Current Inspection Method)<=

gen

w

~
o)

_&_l

i
oy

ﬁo

—~
file)

V2]
Z_l

]
=
i



Fig. 2.3 An example of visual inspection camera

(excerpted from [15])

Fig. 24 An example of ECT
(excerpted from [15])
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Fig. 2.8 The nuclear fuel inspection system using ultrasonic wave
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Fig. 211 An example of a spacer grid (1)
(excerpted from [13])

Fig. 212 An example of a spacer grid (2)

(excerpted from [13])
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Fig. 3.2 The block diagram of the fuel assembly inspection system
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Fig. 3.4 The miniature of the fuel assembly
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Fig. 3.5 The fuel assembly inspection system
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Table 3.1 7}Wg} & A3 oW, Table 3.2% A &3 A4F Al ~H o)
X @ PCe] Ab%koltt.

Table 3.1 The specification of cameras

+ Image Sensor : HD Color

+ Y/S(S-Video) Video out : Y/1 Vp-p, 752, C/0.3 Vp-p, 752, unbalanced
+ Sigal to noise ratio : 50dB ©]/¢

* Minimum illumination : 10 lux, f-1.8(Y/0.75 Vp-p)

* Focal Length : 5-50mm(without close-up lens)

* Minimum object-to-lens distance : 40mm

* Maximum relative aperture : f-1.6

+ Zoom ratio : x10 optical, x10 digital (x100 with digital zoom)

Table 3.2 The specification of a PC

+ 17912 LEDEYE HDF 94

+ CPU : Intel Core(TM) 17-2670 QM©ol4 A&
+ Ram : 16G Ram ©°|4 A%

«HDD : 1 TB o] A%

+ Graphic Card : Radeon 6970(2G) °1’4 45
+USB 2.0 ¥ USB 3.0 &%

+DVD 9E =glolB (87, 227] 71%)
cFEdRy e iR

«7Het / 2HACl 2EEY (H W)
<106 71R= B o)A w2

« &9 AA : Window 7(64bit)

+ USB ™| =] (16G) : 27} (Hlo]E °]%&&)
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e Ae BT AARR olF FF W J1FL HAR YA
ERANAY F, BY, 4F @ 2ol IS AR, ah; 2 W
gol Qe ad=9 9Ng BEshe A BHo2 Ik Fg 368 2

e X Rz 5o Jde zZdd o] osia Fde] F
o < MPEG(Moving Picture Experts Group) TS 2 S}5E]
AEHSE AP £ HE 298 A4 xHes AR
2, 2304 agl= Al A 24 @Ak

Sog TRAC AEET AE AHE ALEA UAE o2 2D, 3D 1
= xad

BEE I Age 7IEe PCIuEe] Aol zEIYA A Jhed
RGB o|m| A& 4t A ggict. Zhrlgtell A 23 whe doly Ag=
il etell Z2=e] 9= CCD(Charge Coupled Device) = CMOS
(Complementary Metal-Oxide Semiconductor) AlA FEeje] 4 &LAE
AHE-Ete] FARA 9] oA E YA taL ©]E ISP(Image Signal Processor)
of oJaf 4 7lsd HAY Ee ofd21 FH Y TlojHE wHIITh
Fhel el AA FAd A A AV)E 656x492 BT} F4E Hoh X
gt S s F Utk Y THS AANTE SEE F s 2HYe=

F X9, NTSC/PAL(National Television System Committee/Phase

kH

Alternate Line), CCIR656 (International Radio Consultative Committee)
So] itk 53| NTSCH 942 71202 & olft @Al 9NN A}

§HE 9B A} obg R W o AW Bl
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Fig. 3.6 The flow chart of the crud detection
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Fig. 3.7 The inside block diagram of a CMOS sensor
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Fig. 3.8 The data processing of realtime video image
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Fig. 3.9 The data processing of recorded video image

_47_



34 Fiv gt Ao BE
1) 7= 2EEY

driver)&= AC 2:H|3 Z=gto|H MD5-
HE(module board)®t= XE AEE
Rt ZHe et s&es e AL
=25 BAEReH, vlo]g2
HEE o]&ste] At HFH= @7‘33}9&3, Dip SWE O]%S}Oq 7} RH
o] IDE FA3Htt. 294 Aloje B2~ Z Ao} (PWM : Pulse Width
Modulation)= ©]-&3} 16@AZ ZA AT

W & &
ofs
o
£
II
_VE
ﬂ]
>
=
to
ol
o
£

7t e} 81-9-AS Fig. 3103 Fig. 3.11004 BFUth ZE ZESe |
= AAME HIA Az EOIL 23 StESOE AXsta, FdHF

1 7telet/ 2 Aol FEEHE WA AHE HFEe AEE dx
Y-S AAs AFsta, stEdole deS AT T2 7|F, 3
A mdy wHE g 334 A 55 estE, A

4 Ao A H o= dASAT

e 2 2y TEBUE g WIHE T2 A, A
2o FA2 Y ofolel, wah Ag/YA % st 43 ol5S =
2o AGlE B8 U WAL Ao e

_48_



Fig. 3.10 The camera housing (1)

Fig. 3.11 The camera housing (2)
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(L :2ldo], D : A, q : 4E)

Table 33914 21 dol4 Zmst A 549 E ehyck

Table 3.3 The specification of a line laser

219l Zol(Im Az ol A)
715 Zap
Ik Zo](mm) 45° 71 9S ™ (mm)

1D 15° 250 500
3D 30° 500 1200
4D 45° 830 2000
6D 60° 1160 3500
9D 90° 2000 5000
12D 120° 3400 8000
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(1) X L¥](Zigbee) F+d A%

A 1¥E IEEE 802154 XS 7wk z vhE A= ArzpZo A
FRBA e w4 FEFolch IEEE 802154 %F° EAZTH wAHZA
J(MAC : Medium Access Control) A5 $o 1 ALAITOoE HES]
3 AlZ, S8&AY(APS : Application Support Sublayer) AlZ ¥ HF
& A AT A Y EYAISS gk FEolm wi A A o
TS AHLHE HAsT F JA=eE AFHJH FARGE AaH=
AA, 474 EYUE P Agsta 74F AFsto] &EsiA o] &5
o

Rl

IEEE 802.15.4 3T 2% 9] ISM(Industrial, Scientific, Medical) ©) -2
868~870MHzS 17] Ad= 9] F371 9 do|m, 902~928MHz2] 107}
A 915MHz "= 7317 99 19 ~ 109 2d)o]H, 2.400~2.4835GHz
167 Ade A AA 737k 99 119 ~261 AL)elh FH AE SxE
868~870MHz<] 73-%- 20Kbps, 902~928MHz-o 40Kbps, 2.400~2.4835GHz:
250Kbpselth. £ 38 % HE AZYs 1mW (0dBm)ollA A 30m,
A9 100m HFES 7[EOE AR A1H] By AxFAvT HAF
Agle ©vZ2o. ZtulolEe  #BeE/A=duto]xet FAS 3§,
ZH9-E, Zodloly A= fulo]x EE k=& yulo]xet HoHE
AEshA Ao

A 2H MEAZL A= 4" FX2E Fig 313004 RoFEoh A
A Al2E T w R BEoL AFEWHA @A AREA QB H o]0 % 1)
olf A7t 7hsdtH, vl RERRE Z+F HolHE AaH F4 BE

ot At T #A AHAN FLT AMEA A HO AR B

o
=
E 43S #2d0 dolHg $4T + 98 BAFT

HEjutio] AR FFAo] 7H53EE MPEG4 CODECS ©o]&38fo
Hd QVGA (Quarter Video Graphic Array)w 34 EE A H3ES 314
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o, Hdl 30 FPS(Frame Per Second)®] /¢ HlolH & HFo] 7t&
SI=E 3Fth 308k 3149 VGA(Video Graphics Array)w CMOS 4lA
£ AMEsl e, 35912 TFT LCD A 9(320%240)3t =% 3} th. RF IC
= IEEE 802154 &% 3 | 2Mbps®| 1& AFS 1%6&} A A
T A5 JFA et G4 FLsHA NTSC TV =8-S A3t

Q.
[e)
Aqom, H/W 71%5S 53 Hu 640x480 =S AL =2 #2814
o). Flulebel Al $4% BE tolo] 1L Fig 3.140) ey, P
9} USB(universal serial bus) X714 =gl 415 E5 tho]o]13& Fig.
3159 YERATH
Vision Zigbee Zigbee
Inspection - l\]/g)l\;li(ii Wireless = — Wilreless
System TX RX
User User (,:I(\);lv?;l
Interface Interface |

Fig. 3.13 The structure of the zigbee remote control network
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Memory I/F
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4 SDRA | Video BMP Stream
v ¥ M Buffer Buffer Buffer
Zigbee Modem
TX Ring buffer

Fig. 3.14 The block diagram of cameras & zigbee transmitters

Zighee USB USB
Modem Driver
RX Ring buffer T
P soirce | Mperg—4 Smart Tee Video w .

Filter 7| decode *|  Filter ~| renderer Monitor
Filter Filter )

Video Video

Buffer image
Parser

Fig. 3.15 The block diagram
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() ¥19 X E=(mimic board)

Az QY@A @A} Alzde] v HES Fig 3167 Fig 3170 e}
Aok vg] R=e} PCWE] Ul(User Interface)= A5 E WA UAZoA 3
B AAE FAsH dds JEA R FAE AFEE A e

ik

BE o gH A G4 2EE ARTH AEd AeE olv HAHsE
we wE 2%, 2 =gow T ZE 750 AF x™o| o]Fojh
e Aan BES g@Aste] 440 HolHE HEgit

Fig. 3.16 The mimic board and the rack monitor

Fig. 3.17 The front of the mimic board
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Table 4.1 The performance
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Fig. 4.1 The structure of user interface modules
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Fig. 4.4 The flow chart of the crud detection algorithm
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Fig. 4.5 The foreign material of fuel rods
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Fig. 4.6 The flowchart of the spacer grid detection algorithm
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Fig. 4.8 The flowchart of the cap detection algorithm
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Table 5.1 The comparison with FPS and camera movement

@ i] 2000mm 2000mm 2000mm 4000mm 4000mm 4000mm
Lt | 40mm/sec | 80mm/sec | 40mm/sec | 40mm/sec | 80mm/sec | 40mm/sec
Bk 30FPS 30FPS 15FPS 30FPS 30FPS 15FPS
270 - - - N - -
27 50=%= 25z 50= 100x= 50=%= 100=
23
Gz 15007 7507 7507 3000 | 1500 | 15007
CRpE
H g 1.333mm | 2.666mm | 2.666mm | 1.333mm | 2.666mm | 2.666mm
0N S
(2 A2v 74 =g 49 25

Table 5.2 3} Table

A 2 Zigbee 4 BES Fig. 51404 Jepdh
532 RF 285 ZA317] 93 2730tk A" T84 RF 288 =74
3 ¥ttt %ﬂ o] RF Cable AY<£4S  2440Mhzol A 2.7dBm,
4000MHzol A& 2.8dBmo|tt. ~HEZ oldg}o]|#x HAA e = Table 54
o} Zt},
Table 5.2 The general item
Remarks

Items Specifications

Communication Form Half Duplex -

Carrier Frequency Range 2405~2480MHz -

Channel Spacing 5MHz -

Number of Channel 16CH(11th~26th) -

Transmit / Receive

RF In/Output Impedance 50€2/50%2
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Table 5.3 The test conditions

Items Remarks
Staé:ia;i‘ii:ne“ IEEE 802.154, ZigBee specification
PO“\’/e;ti‘;Eply DC 9.0V Input.

Module Mode ZigBee: RF tesfc mode(RF Evaluation
Firmware)
Table 5.4 Spectrum Analyzer Setup
Items Value Request
Ref. Level 30dBm
Center freq. 2405MHz, 2440MHz, 2480MHz
SPAN 100MHz
RBW/VBW Auto(1IMHz)
Sweep time Auto(4ms)
Sweep Mode Continue
Marker

3| DA Max Peak

Marker table On

A HAuEy, TAxwEs, dAY
Z=o]t}. 2405MHz, 2440MHz, 2480MHz
N Z=HARE Fig. 522 YeRIG
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Select Marker
1 2 3 A

Normal
Farker | | | | | | | [~ dihly
Z.QBEEEIIEEIBH GHz | . | | | T
1859 dBm T r 1 T T Start Stop

Span Pair

Span Center
Off

More
1of 2

Fig. 5.2 The power measurement at 2406MHz, 2440MHz, 2480MHz
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Aaml Bgol =83 Ald SAS sEHATE SH M RF Cable 44

2440 Mhzoll A 2.7dBm, 4000 MHzol| A+ 2.8dBmeo|t}. DUT+ &

o l‘lO
N
WY
A<
oift
e
QE
A
AN
o
my,

7Z Fig. 5.3, Fig. 54, Fig. 552 YEH
974l = Table 559 2T}

Table 5.5 Spectrum Analyzer Setup of Spurious power measurement

Items Value/Request
Start Freq. 30MHz
Stop Freq. 6.7GHz
RBW Auto(BMKHz)
VBW Auto(3MHz)
Detector mode

Max Peak at spurious frequency

Trace Max hold
Sweep time Auto(16.7ms)
2R3l 103] o]

Mark table On
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Fig. 5.4 The spurious power measurement
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Fig. 5.5 The spurious power measurement
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Fig. 5.6 The result of data transmission measurement (1)
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Fig. 5.7 The result of data transmission measurement (2)
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Fig. 516 The result of fuel rod deformation (2)
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