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Fig. 1. Wireless CCTV module.
The module is similar to a con-

®
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] 2H(D204NM, LG, Korea)9} F-A £A17|(TX50-15, Framel,
Korea), F4 4A17](RX-2400, Framel, Korea), DVR 7} =7}
Hxxl #H3Ee](Athlon 1,800+, 512 RAM)®} Visual C+ +
Aoz AkA] NEH AZERAE ol &3t FheleE
AE) YA Ak ol EAelE1E obzR Al
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(12 VY& Ax)stdch(Fig. D).
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oA Hadl 4L a5y ASE 3l X E8A HEY 5
A7IZ FA AL, $A7]19 AA4H RUEF Al2H
o2 dleJgr} AF

ventional block mount. (A) custom-
made wireless CCTV module, (B)
The module was attached onto
linac treatment head.

1

Linac

\t\ gantry | 4/

Ceoserd )

Control room

\I\ Receiver
‘

Fig. 2. A schematic of patient monitoring system with wireless
CCTV.
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e i, j: pixel coordinate (x, y)
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Fig. 3. Noises in CCTV image
can be resolved with shielding
and median filtering. (A) “Beam-
off” image, (B) “Beam-on” image,
(C) Wrapping the camera with
copper foil reduced the noises.
(D) Additional median filtering
further eliminated the noises.

e 7, g b: red, green, blue channel of image
® A;; 1, j th pixel value of beam-off image (0~255)

® B,; : i, j th pixel value of beam-on image (0~255)

e AP;; : root mean square of pixel difference
g8t 25 (noise pixel index) = 22N ; @
o N,;=0 if 4P, ;< threshold,
¢ N,;=1 if 4P ;; = threshold)
#&E& (noise ratio) = _ﬂ‘;%g:];%r_ x 100 3)
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Fig. 4. Stereo matching algorithm. Using two differently-directed
camera, depth can be calculated.
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o H: Depth from the cameras (center of the two cameras) to
a measurement point

o L : Distance between the two cameras
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Fig. 5. 3D surface reconstruction
with line laser scanning. (A) A
humanoid phantom was scanned
with line laser marker. (B) Re-
constructed surface of the phan-
tom.

Fig. 6. A custom-made stair-like phantom was used for ac-
curacy evaluation of point calculation.

o F : Focus length of the camera
T, : Pixel displacement vectors of the projected point

from the center of the image
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Fig. 7. The reproducibility of
patient setup can be quantified
in 3D with “landmark-triangles”
and parameter optimization.
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Fig. 8. The laser marker can be extracted in real-time with
binary image processing.
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Real-time breath pattern

0.5 sec

Reference breath pattern

Table 1. Noise Ratio Relating RF Interference in Camera
Attached onto the Gantry Head

Fig. 9. Side-view of real-time
breath pattern and arbitrarily-
referenced breath pattern during
the respiration of 10.5 secs.

Table 2. The Accuracy Evaluation of the Point Calculation
Using Stair-Like Phantom

Noise ratio

Total pixel _noise pivel number

Noise pixel

number (#) number (#) lotal pixel number

%100, %)
Beam off 76,800 1,337.1+5.1 1.74+0.01
Beam on 76,800  10,122.5+208.8 1321027
Beam on 76,800 1,781.7+73.4 2.32+0.10

(Cu foil sheilding)

Position ~ Point number (#) Error (mm) Error max (mm)
1 47 1.39+0.62 3.35
2 54 1.45+0.60 3.07
3 59 1.93+0.71 313
4 59 1.14+0.53 2.84
Total 219 1.50£0.70 335

M
X

2
o
> o

%ol chFig. 8). 5 9] Fhviltela F25
2l e AR ol Latol W B 3AAH 9
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g
By
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ol et AAZOE 2FH=
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(delay time)2 FQ.38F Q4olr) A8
A Aol Al 4947 % %—Zg
Al9) 42 HAe, A7 o
A% 4 sl

B g omn 2l X
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v
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- (real-time breath

g Al XA 7k

)2 ol AFE] Al
3, Al E oA Z
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EEEECUE

Flo] el

A X7} (delay time) =

77 & 7ol 10719 3ol e £ZE
A AQAZE Aldkekol ulwetsic

2 o

a

1. BPARM ZAL Al 2HY Sabo) 2t &F EIt

WA 2A Al sl A WA o2 QlE salt and
pepper FHgo] WhAlshs Aoz vebskeh WA 24 A
7 =24 Fo] F-&Emoise ratioyg wlas] 2 Az, 4z}

1.74£0.007%, 13.2+027% % vebyks, Wb =4 A 7t
dgts Lol T2 89S ulolls 232+0.10%2
S50 Zr4ele Ao & vJeElyktl(Table 1). Salt and pepper
$201 4 A A MAEE TS A AL I8
wAel S Aolekn AR ul, T2l £ At o2

DEAI= a7 988 & 4 Q)

2. AHYR HEQ 284 HIt

1) HZE HES 0I2% &Y TI)
]

sk £4o

i

HEALA %) E.OHH 2.0 mm o]} ANAAE s Aol
ial, S 284S JelllE Zzfolch(Table 2).

TA MZFE(landmark triangle)2 0|28 TS
g

= W stol gt 477 olmlA 2¥E] |
A3 % ;} 394 X% 27 98 W3k shelo)el &
Alkskel, AAZkD vl sekgich. o) EHskoll disiAE xZ,
yZ, 720l thall 27k 0.380.34 mm, 0.68+0.57 mm, 0.53+
039 mme] 9X2 Holw, sAusle] gL xZ 24
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Table 3. Accuracy of the Parameters Calculated from Landmark-Triangles

Translation error (mm)

Rotation error (degree)

Aty Aty Aty Ay Ay AOz
0.38+0.34 0.68+0.57 0.53+0.39 0.26£0.17 0.46+0.32 0.53+£0.34
(max : 1.51) (max : 2.36) (max : 1.85) (max : 0.69) (max : 1.23) (max : 1.18)

Table 4. Delay Time for Real-time Tracking with Wireless
CCTV

Processing time (sec) Image frames (#) Delay time (sec)

9 56 0.161
16 98 0.163
34 199 0.171
17 100 0.170
26 158 0.165
12 68 0.176
14 80 0.175
17 102 0.167
13 81 0.160
11 66 0.167

Average+standard deviation : 0.167+0.0053 (sec)

A y& FA A, 5 FA A6 el 74 026+
0.17 deg, 0.46+0.32 deg, 0.53+£0.34 deg®] AFE B c}t
(Table 3). o] AA| §ldol HEsl7]o SFEG ALEE
Vbl Aol

3. UAIZH EY FH

ALt AdzgGdA THEF S
woll wlFolZl A o] W g o]X3} A E
ol A A 25 5 Ik & Zajlg
§]._/,L_f~r_2_ 7].;(] Al /q 7} ode.A
Hale HAA, Koz 4T B4H st A7
o] 2 AT 4 gk £2ZE o] AollA 10719] 7]
g A4 gl dis) AQAE A% A, HE
0.167+0.00532 %2 v}e}bskch(Table 4).

ToF U HE
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— Abstract

Patient Setup Aid with Wireless CCTV System in Radiation Therapy

Yang Kyun Park, B.S.*, Sung Whan Ha, M.D." ¥, Sung Joon Ye, Ph.D.", Woong Cho, B.S.*,
Jong Min Park, B.S.*, Suk Won Park, M.D.* and Soon Nyung Huh, Ph.D.T'

*Department of Radiation Applying Life Science, Seoul National University Graduate School,
TDepartment of Radiation Oncology, Seoul National University College of Medicine,
TInstitute of Radiation Medicine, Medical Research Center, Seoul National University,

§Department of Radiation Oncology, Chung—Ang University College of Medicine,
"Department of Radiation Oncology, Seoul National University Hospital, Seoul, Korea

Purpose: To develop a wireless CCTV system in semi-beam’s eye view (BEV) to monitor daily patient setup
in radiation therapy.

Materials and Methods: In order 1o get patient images in semi-BEV, CCTV cameras are installed in a
custom—-made acrylic applicator below the treatment head of a linear accelerator. The images from the cameras
are transmitted via radio frequency signal (~2.4 GHz and 10 mW RF output). An expected problem with this
system is radio frequency interference, which is solved utilizing RF shielding with Cu foils and median filtering
software. The images are analyzed by our custom-made software. In the software, three anatomical landmarks
in the patient surface are indicated by a user, then automatically the 3 dimensional structures are obtained and
registered by utilizing a localization procedure consisting mainly of stereo matching algorithm and Gauss-—
Newton optimization. This algorithm is applied to phantom images to investigate the setup accuracy.
Respiratory gating system is also researched with real-time image processing. A line-taser marker projected on
a patient's surface is extracted by binary image processing and the breath pattern is calculated and displayed
in real-time.

Results: More than 80% of the camera noises from the linear accelerator are eliminated by wrapping the
camera with copper foils. The accuracy of the localization procedure is found to be on the order of 1.5+0.7
mm with a point phantom and sub-milimeters and degrees with a custom-made head/neck phantom. With
line-laser marker, real-time respiratory monitoring is possible in the delay time of ~0.17 sec.

Conclusion: The wireless CCTV camera system is the novel too!l which can monitor daily patient setups. The
feasibility of respiratory gating system with the wireless CCTV is hopeful.

Key Words: IGRT, Patient setup, Wireless CCTV, image processing, Stereo matching, Respiratory gating
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