USD. These items are consumer products and widely available through online shopping. The equivalent
commercially used endoscope image processor costs over 10,000 USD.

The other examples, such as the endoscopic surgery training system had the similar tendency. The
research systems from research laboratory were expensive, had number of functions that were
customizable but required the inventing researcher’s attendance to use.

Impact of SCC / Lowering the Barrier to Clinical Persons Try New Technology

We believe that these characteristics of SCC, 1) small, 2) single-purpose, 3) Ul-less turn-key system 4) in
lower cost will work positively to lower the barrier to try new technology by clinical persons at clinical
environment. Because these characteristics will ease certain barriers that often prevent new ideas proceed
to clinical research before discussing safety and effectiveness. Trying is crucially important for a new idea
to be understood and SCC will contribute to demonstrate the new idea in clinical environment by clinical
persons.

Future Extension Plans

We are currently working on the following extensions: 1) remote UI by smartphone or tablet, 2) Windows
and Linux support, 3) wiki site for developer and user information and organizing a developer — clinical
user community.
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Development of Ultra high sensitivity CMOS
HD camera for endoscopic surgery

Hisae Aoki, MD, Toshiyuki Mori, MD, PhD, Hiromasa Yamashita, PhD, Toshio Chiba, MD, PhD

NHO Murayama Medical Center, Kyorin University, National Center for Child Health and
Development

Objective of the device

Laparoscopic surgery has been spread rapidly with development of equipment. Laparoscopic
surgery is performed while watching the image that is projected on the monitor out, and that is
required high quality image. So in the field of the camera, development has been progressed
remarkable such as high-definition camera and 3D camera. In a high-quality surgical endoscope
system is now obtained by the 3CCD system. However it is difficult to watch operating area
under low-light. The endoscope light source currently being commonly used 6 lux. In the scope
of the small diameter, the amount of light (6 Lux) will not be enough light to see. Also there is
another problem. It’s possible to happen complications such as burn caused the light source. We
developed new camera that use CMOS image sensor and could be made more sensitivity. Using
those camera can be made comfortable to watch and operate and doesn’t need powerful light
source.

Description

As a feature, it is an ultra-sensitive and high-definition. It has a wide range of spectral
sensitivity characteristics. Unlike the CCD, this camera is not required the cooling system.
Miniaturization is possible. And less power consumption could be possible. It’s used a 2/3 inches
format color CMOS image sensor as the imaging device. The number of output pixels 1.47
million pixels. Minimum illumination is 0.01LUX. The camera head is 5omm (W) x 5o0mm (H)

x somm (D). Head weight is 170g. It can be connected to all the rigid endoscope.

Preliminary results

Using ultra high sensitivity CMOS HD camera, images were taken dark field to the bright field.
In general illuminance of the meeting room is 300-800 lux and under the street light is 1-5 lux.
The illuminance under moonlight is 0.01- 0.1lux. The quality of images taken with a 300 lux
and images taken with 1 lux illumination was comparable.

Conclusions/Future directions

Ultra high sensitivity CMOS HD camera could be advanced development in laparoscopic
surgical field. It can be expected to spread in the field of laparoscopic surgery as well as for fetal
surgery area, the field of ophthalmology. Moreover, further miniaturization is possible in the
near future and it would be cost savings. We have now developed a greatly improved version
with CMOS image sensor. This camera is a powerful tool for watching surgical area at low-light
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conditions. In future we will need to experiment for practical use.

Session: Poster Presentation

Program Number: ETPo12

- =
= E (http://www.sages.org/wp-content/uploads/posters/2013/50541.jpg?
5de44c)

« Return to SAGES 2013 abstract archive (http://www.sages.org/meetings/annual-
meeting/abstracts-archive/?meeting=2013)

http:/Aww.sages.org/meeting s/annual-meeting/abstracts-archive/devel opment-of-ultra-hig h-sensitivity- cmos-hd-camera-for-endoscopic-surgery/



The 9th Asian Conference on Computer Aided Surgery (ACCAS 2013)

S4-04

Ultrasensitive Endoscope using CMOS HD Camera
for “Surgery in the Dark”
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Abstract: Recently needs of more sensitive imaging device becomes higher in laparoscopic surgery. In this paper we propose a new
endoscope using CMOS HD camera for ultrasensitive color imaging. For feasibility study, at first we compared visible imaging with our
camera using a single LED light and a conventional 3CCD camera using 300W xenon light source. Next we compared fluorescence
imaging of indocyanine green with our camera and previously developed EM-CCD camera. Our camera can detect color image of target
object under only 17100 illumination intensity condition using a single LED light. About fluorescence imaging, our camera can display
brighter ICG light than EM-CCD camera. In conclusion, our new ultrasensitive endoscope using CMOS HD camera performed clear
visible imaging under weak light using only a single LED light. and bright fluorescence imaging of ICG. For future works, we will

cvaluate the camera in vivo experiments.

1. Introduction

In laparoscopic surgery conventional endoscopes
require strong light source of a few dozen to hundred watt
with strong light and heat, which involves occasional
intraoperative thermal burn. And smaller endoscopes for
minimal invasive surgery require stronger light source
because of a small number of light fibers for illumination.
On the other hand for endoscopic imaging of involvement
of lymph nodes, some devices to detect faint fluorescence
are necessity. For these issues, needs of more sensitive
imaging device becomes higher.

We have already developed high sensitive endoscopic
camera using a high-gain avalanche rushing amorphous
photoconductor (HARP) [1] and fluorescence endoscope
with high sensitive CCD camera [2, 3]. In this paper we
propose a new endoscope using CMOS HD camera for
ultrasensitive color imaging.

2. Method

Our new CMOS HD camera with 10mm endoscope is
shown in Fig. 1, and its specifications are in Table 1. The
camera head is connectable to current standard rigid
endoscope. The CMOS image pickup device performs
more sensitive imaging than conventional endoscopic
camera by specific integral elongation treatment of
maximum 64 times. In addition the camera has broad
spectral sensitivity characteristic to detect near-infrared
light.

For feasibility study, at first we compared visible
imaging with the new CMOS HD camera using a single
LED light driven by 4.5 volt button battery and a
conventional 3CCD camera (specifications are in Table 2)
using 300W xenon light source. Next, we compared
fluorescence imaging of indocyanine green (1CG) with the
new CMOS HD camera and previously developed
EM-CCD camera (specifications are in Table 3). We used

300W xenon light source to excite ICG, which is excited
by around 800 nm light and emits 845 nm near-infrared
light. In these comparisons, we used a 10-mm endoscope
(SK-2D10SK, Shinko Optical Co. Ltd).

Fig. 1. New CMOS HD camera with 10mm endoscope.

Table 1 Specifications of the new CMOS HD camera.

2/3 inches CMOS

1.47 million

Image sensor

Output pixel

Camera head 45(W) x 45(H) x 50(D) mm

dimensions
Weight of camera 170 ¢
Cooling system Unnecessary

Table 2 Specifications of the conventional 3CCD
endoscopic camera.

1/3 inches CCD

0.33 million

Image sensor

Output pixel

Camera head 38(W) x 48(11) x 35(D) mm

dimensions
Weight of camera 100 g
Cooling system Unnecessary




The 9th Asian Conference on Computer Aided Surgery (ACCAS 2013)

Table 3 Specifications of the previously developed
EM-CCD fluorescence endoscopic camera.

EMCCD

0.33 million

Image sensor 2/3 inche

Output pixel

Camera head

S{WY v 650 v ’
dimensions O5(W) x 63(H) x 65(D) mm

Weight of camera 218 ¢
Cooling system Necessary
3. Result

3.1 Visible imaging comparison
Results of comparison are shown in Fig. 2. To measure
illumination intensity of endoscope, we used a light meter
(DT-1308, CEM). Hlumination intensity conditions in the
comparison are shown in Table 4.

100 mm

50 mm

Fig. 2 Visible imaging with the new CMOS HD camera
using a single LED light (A) and a conventional 3CCD
camera using 300W xenon light source (B). Distances
from an object to distal end of the endoscope are 100 mm
and 50 mm,

Table 4 Hlumination intensity conditions in the
comparison of visible imaging.
Distance from target 100 mm 50 mm
Single LED light 100 1x 200 Ix
Xenon light source 10,000 Ix 20,000 Ix
3.2 Fluorescence imaging comparison
Results of comparison are shown in Fig. 3. We used

xenon light source with fluorescence filter, of which
illumination intensity conditions were same as 3.1. Target
object was 1CG solution (2.5 x 107 mg of ICG + 5%
albumin) in a microtube. Distances from an object to distal
end of the endoscope are 100 mm and 50 mm,

4. Discussion
We developed ultrasensitive endoscopic camera using
CMOS HD imaging pickup device. Our camera can detect
color image of target object under only 1/100 illumination
intensity condition using a single LED light, contributing
to electric power saving “Surgery in the Dark”.

100 mm

50 mm

3 Fluorescence imaging of indocyanine green (1CG)
ig 300W xenon light source with the new CMOS HD
camera (A) and a EM-CCD camera (B).

f ig.
sir

Furthermore our camera can give bright 3D endoscopic
view through a couple of extremely small lenses in small
3D endoscope (e.g. HD-5.48, Shinko Optical Co. Ltd).

About fluorescence imaging, our camera can display
brighter 1CG light with hboring region than EM-CCD
camera because of its broad spectral sensitivity
characteristic. For next step, we will examine imaging of
ICG in blood vessels of animals.

5. Conclusion

Our new ultrasensitive endoscope using CMOS HD
camera performed clear visible imaging under weak light
using only a single LED light, and bright fluorescence
imaging of ICG. For future works, we will evaluate the
camera in vivo experiments.

A part of this work was supported by Health and
Labour Sciences Research Grants (H24-Area-Norm-007).
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Small Computing: CAS apps running on a cheap, compact PC
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Abstract:  We propose a system architecture with single purpose, tum-key software on cheap (< $1000), small (as a
lunchbox) hardware. As examples we are building 1) pattern tracking based registration of ultrasound image to endoscopic
image, 2) simplified surgical headquarters system, 3) device panel reading (VisuallLog) and 4) image processing of stereo
endoscope. Purpose is to provide opportunity to clinical researchers so that they can experience new technology with limited
resources in human, finance, time and space. Past research software often demands large and expensive computers that may
be even troublesome to find a place to install. Our system was built on Mac Mini (197x197x36mm, ca. $600-1000). Once
network setting and software installation completed, it runs by turning on the power button (without mouse and keyboard
operation). We are testing the usability of these systems.

Key words:  free open source software (FOSS), OpenCV, multicore CPU, fast image processing.
FL®HIC Wi EE#T S, LT IAER PC) TR
S a—YAREMESSTL, Efpfy MATIRZIERRTS.
WELZATH Y 7 b U =T 2RI, Y — AT

FEBRICAMT 5 free open source software 2. DATLEH

(FOSS)YD M L3 % < e ST WS [, 2]. AR LT, ERORRBEIZESWT, &
FOSS TR %5~ &%, ﬁﬁifﬁéf&;é Loy, OFEERSYTZ PY=2Ta2RLETHYAT

JAEQ’EV%L%?%‘
/7\7”1—\@{[“@’?’}3;1?}4“’3"67‘\_39’)0) T L
VAT A KB ATLRLHMEL.

TEHEFEENa— N2 8 &, o BEFESE
BERL, BT3RS T o TV A 7 VNI
FOaIa2=T 4 R2BIEDZEIZHD. EREH

7eE, BEFICE TR, Y7 by 7 R EN BRLULTHMBEZELONEEHOART 5 —
TR CcaERE, BaA N TRFOWIEMREE U AEF LM, BE 10 THET.
MT LR TEARLMFEFTES. INEEL OEANTHELBEF T 4.
UL l, HAAETIEASEO FOSS =3 2= EEHEFEEVERICELA VL., RIHET
FAEAPIRE LR, BATOZ I =T HMKERPCIHERERTHS.
A THEAOMEFIZHE D BbAV. WEAY v 7T TRETE S,
O A AR E N CERE LT, B < FOSS THERL ENB. A v A F— A A8,
DEER o — FETFREREITO AMEZ REET I ON P T <CHAs. F—F— &

BV WAREREZLNSN, KB LTI £
CTFELEM LAY v 7 b HFREASL— 2L
RTRWEEEIFEIZE o T, FOSS #FE > ®
BB TRV TEHFNRY 7 by =T Y,
REnEFAEREpTERNIIHE>OREL
<, HHERRAZ Z20VWHIZHENERH ATV

OEERENZ T TELRD
ﬁ&@&%aL«ész»%ﬁﬁbn.&%
BE#% 1L, Mac Mini B % MCS815J/A (Core iS5 (2 7
#2)/2GB RAM)& % W 3 B8 & MC9361/A (Core 17
(:z 7 # 4)/4GB RAM) % JH W72 . B & 1149 47,000
M, #FEH 80,000 TAFELE. WTFh bt




1197 %197 %X 36mm TH S, IEC60601-1 =i
S L7y, 7035, HDD I 160GB @ SSD (§9 2
My TR LU, E, Wl bl
© 7 F U OpenCV Z i L 7.

Small Computing

'OR Friendly Research Device

Fig. 1: Small computing; requirements for active
¢linical research.

3 HEVAT LA

31 BEE-WMBAGERERAT LA

Joung G 1E, WH#EE G OB EE Yo —7
IDHEAE U 7 N H — o BB LT O
WaE L, BMEdEmssr g s AT L%
L7=03). o haBilL AT A2 L. g
FHLUSB A AT CANT A, #%ikd 5 HD %
Fy T F B AEEI L TED.

3.2 FMAYRIL =R AT L

BARBIE, 8 F v R D H AT e R,
MNP LORFOTHRBIE L ZFONEEZEL
THA YV 2 A NFEEZFAGRET DH VAT L% H
FLZM]., “hixd4dFvrxLD USB A AT
WLEBRLYATLERELE. E AT
FRAGJE 1L 640X 480 T T, 12 W LL E ol
BN AEE T H D .

Fig. 2: Pattern tracking based ultrasound image -
endoscopic image overlay system (left) and simplified
surgical headquarters system (right).

33 EREB/ARILFERYS AT L VisualLog

WE O, EFEBROARVEFEGOLEL
TH#ET 5 25 A VisualLog % B % L 72[5].
BloAF AR ELEZVEEOASAXAVED LA
TOUPREOREHFREFMIR/RFL TR E,
INE VAT ARBMEICHAL, SHRVEICH
U BHH~— D2 RH L THEHRY T5.

JISCAS vol. 14 n0.3 2012 /191 @

3.4 SIHERBESES IOty

WY, YENEHESESN D HIRE O M
WAz, “hAEEAECUYBLTHATS
VAT LEBEBEGCHLH, NEE,L O &IT
1 Aoy HD W e di oM 230 A T 5. 2
oA HD @i % v 7 F v — % (Intensity
Express, BlackMagicDesign #1, #9 22,000 972 &)
TWGA L, WA IS LT, EA0ME, R
B EAT W,

PC O HDMI #7619 5.

Fig. 3: Device panel reading system (left) and image
processor of stereo endoscope (right).
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