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“Standalone software as medical devices” and its effect to research and

development of computer aided surgery systems
Kiyoyuki Chinzei®
* Department 1 Human Technology Research Institute,

Abstract:  After November 2014, Japan will extend the medical device regulations to standalone software including
medical image processing, surgical navigation systems. And the regulation will be expected to affect the download delivery
of the software in research development. Japanese regulations to the investigational devices are different from that of the
USA. In the US, it is research users’ own responsibility to use the research software, while it’s not so in Japan. As the result,
the developers in Japan cannot provide research software without control, while the rest of developers in the world can allow
the users download the research software. This may pose a serious disadvantage to researchers in Japan, because freeware
distribution in research purpose is the very effective tool to distribute and compete new research results.

This talk will illustrate the regulations that may be applied to CAS research, and propose possible solutions with modest
restrictions for research developers and with the safety protections for research subjects. This also demands the research
developers be credible for the research subjects and clinical investigators. A guidance document, “Healthcare software —
general issues in software development™ from METI will be a good guidance for development of research purpose software.
Keywords:  Pharmaceuticals and medical devices law (ex Pharmaceuticals affairs law), investigational devices, software
as medical devices, clinical research, institutional review board (IRB).
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Abstract

This paper is about a design policy for operation-room (OR) friendly research system, software and a software toolkit
SCCToolKit for this purpose, and a few examples. Examples are image processor for endoscope, OR event detector, vision based
registration of ultrasound and endoscopic images, etc. We name the design policy as Small Computations for Clinicals (SCC). A

system is SCC savvy if it is 1) single purpose, 2) turn-key system without need of using mouse and keyboard, 3) small form
factor PC based, and 4) cost less than $1,000 USD. SCCToolKit is OpenCV extension that could minimize the number of buffer
copies from receiving image frames from operating system to render it to display buffer. It is open source under BSD license. We
measured the latency of image capture to display of the endoscope image processor was between 0.1 to 0.2 second for 1920x1080
size display with chroma-key image mixing. Considering of the acceptable latency of 0.2 second, the performance was as good as
commercially available, custom hardware processor that could cost over 10,000 USD, while our PC based system cost 773 USD.
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1 Introduction

There have been many research works of computer-integrated surgery (CIS) and computer-assisted
interventions (CAI), as well as their clinical applications. Many of these are PC based, software centered
systems. Useful software toolkits such as VTK/, OpenCV2 are distributed and widely used to build Slicer
3D?[1] and other research systems. All these software named here are open source software (OSS). OSS
in CIS/CAI research field is more than ‘free of charge’; this allowed quick delivery of the research
achievements from scientists to clinical researchers — ‘quick’ in comparison to the case the system obtains
regulation approval and the researcher obtains purchase approval and document works of the hospital.

We believe that there are yet many unpaved fields where research systems for OR, in particular
combination of PC based systems can improve clinical medicine with similar approach Slicer 3D and
other OSS projects have been successfully achieved. A requirement is that OR research systems need to
be OR friendly.

OR Friendliness

We consider the OR friendliness of research systems as the following. Needless to say, the systems
should be OR safe. We do not argue safety in this paper.

1) Easy setup and maintenance. OR staff may need to wire, turn on, use, turn off it and do maintenance
without developing engineers.

2) Simple user interface (UI). At best, full automatic, no need of manipulating UI or typing keyboard.
3) Simple function. Excessive functions confuse user what they can do.

4) Small size, small footprint. Active OR is often short of space.

These are based on our findings through our observation and experience in OR. Many PC based research
systems, mostly we researchers made, were not necessarily OR friendly. They often appeared that

1) We need to install it. OR staffs call us to come and take care of it when they want to change anything.
2) We need to manipulate the program. Sometimes we need to type additional commands or parameters.
3) We need to attend every operation because the system is complicated and delicate.

4) The PC is bulky. Quite often we need to choose such PC to install extension boards for image capture,
parallel interface, etc.

However, as technology progressed, PC and peripheral hardware became drastically smaller. We found
that we could build OR friendly research systems using these new PC and hardware. This paper first
describes “Small Computings for Clinicals”, our design policy to develop OR friendly research systems
and SCCToolKit, a software development kit.

! http://www.vtk.org/
. http://opencv.willowgarage.com/wiki/
3 http://www.na-mic.org

Latest version available at the Insight Journal link http://hdl.handle.net/10380/3422
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2 Small Computings for Clinicals

We defined the following attributes to be OR friendly, hereafter mentioned as ‘Small Computings for
Clinicals’ (SCC) criteria.
1) Small; as small as Apple’s Mac Mini* or Intel’s NUC® form factor PCs.

2) Single purpose; preferably a single function per single PC.
3) Turn-key system; program starts by turn on the power switch, preferably Ul-less.
4) Low introduction cost; preferably less than 1000 USD.

3 SCCToolKit — OpenCV and Qt extension for image capture and display

SCCToolkit is our extension to OpenCV and Qt widget with following features;

1) Capture classes to replace cv: : VideoCapture class in OpenCV. It supports USB2.0 cameras and
Decklink image capture devices (Blackmagic Design Pty. Ltd.%). Example of a Decklink device is in
Fig. 1(1). The new classes have the following features.

- Hot plug/unplug of cameras (OpenCV’s cv: :VideoCapture is not so).

- Cameras are recognized by hardware unique indices (OpenCV’s camera indices are dependent to
connection order etc., which are unpredictable and confusing).

- Sampling timer, either by camera’s frame rate or by software timer (OpenCV sample codes often
use for-loop).

2) OS X’s Corelmage framework (CIImage class) support.
3) Extension of Qt widget class that can accept OpenCV’s cv: :Mat and CIImage formats.
4) Multi-thread support.

Feature 1) is for better camera support, 1) to 3) are to minimize the number of buffer copies from capture
to display’, and 4) is to use multi-core CPU wisely. CIImage and the Qt widget class together work to
do image pipeline on the GPU as well as image processing provided by CIFilter classes.

Currently, SCCToolKit runs only on OS X 10.7 or later. This is due to the use of Corelmage and
libdispatch library and language extension of C/C++. We consider of adding DirectX support and other
concurrency programing technique to support Windows. Cmake is used to build SCCToolKit.

* http://www.apple.com/mac-mini/

3 http://www.intel.com/content/www/us/en/motherboards/desktop-motherboards/nuc.html

§ http://www.blackmagicdesign.com/

7 OpenCV’s HighGui module is platform independent. OS X version copies 4 times from capture to OpenGL
display, and Windows version copies 3 times. SCCToolKit has copies once. HDTV signal is usually in YUV color
space, but most of Decklink capture device has hardware YUV to RGB conversion which is significantly faster than
software conversion.

Latest version available at the Insight Journal link hitp://hdl.handle.net/10380/3422
Distributed under Creative Commons Attribution License




Here is a sample code to capture from a Decklink device to a Qt main window. In this sample, sampling
rate is defined by the hardware timer of the capture device. When a frame is captured, the callback
function myCaptureCenter: :imagesArrived () is called. It is not called while the device or a
camera is disconnected. Similarly, device initialization in CaptureCenter::addCapture ()
silently ignore when the device or camera is not connected.

#include <QtGui>

#include "opencv2/imgproc/imgproc.hpp"
#include "CaptureCenter.h"

#include "QCvGLWidget.h"

QCvGLWidget *pwidget; // Allocate it in global scope.

class myCaptureCenter : public Cap::CaptureCenter ({
void imagesArrived(Cap::Capture *capture) override;

}:

void myCaptureCenter: :imagesArrived (Cap::Capture *capture)
{

Cap::CapturePtrVec::iterator cap = captures.begin();

if (cap != captures.end()) {
cv::Mat frame = (*cap)->retrieve(0);
(*cap) ->lock() ;
pwidget->updateImage (frame) ; // Show image in the widget.

(*cap) ->unlock() ;

int main (int argc, char **argv)

QApplication app(argc,argv) ;

QMainWindow window;

pwidget = new QCvGLWidget;

window.resize (640, 480);

window.setCentralWidget (pwidget) ;

window.show () ;

pwidget.clear () ; // Wipe the window.

myCaptureCenter capcenter;
/* Attempt to open a Decklink capture device.
It is not an error when the device or a camera unconnected. */
if (capcenter.addCapture (Cap::kCaptureTypeDeckLink) == NULL)
std::cerr << “Initialization error.” << std::endl;
capcenter.start () ;
app.exec();
capcenter.stop();
return 0;

4 Examples of SCC Applications

1) Image processor for stereo endoscope. Its basic role is to convert input image from the endoscope to
the output stereoscopic image optimized for display device. The input image is in HDTV format, i.e.,

Latest version available at the Insight Journal link http://hdl.handle.net/10380/3422
Distributed under Creative Commons Afttribution License




1920 x 1080 pixel size. The image processor splits a single HDTV image so that left and right channel
images fit side by side with the appropriate distance. Optionally it can apply color correction. The
commercial products, built with dedicated signal processor, cost around $10,000 USD.

Our SCC version system was developed using SCCToolKit on OS X. The PC was Mac Mini (late 2011
version, 2.5GHz Core i5/4GB RAM, Apple Inc.) and HDTV image capture was UltraStudio Mini
Recorder (Blackmagic Design Pty. Ltd.) connected to the PC by a Thunderbolt cable. Video output by an
HDMI cable. We discuss its performance later.

2) Four USB-camera event detection and recorder. It was originally developed by Suzuki et. al [2]. The
original system could record up to 8 NSTC cameras as well as 8 microphones both installed in an OR.
Event was defined as busy-ness of the scene, and detected by observing the compression rate of the video.
Two tower size PCs were used to install 2 boards for image capture, 8 sound capture boards.

~ 1) Image processor for stereo endoscope. Small 2) Four USB-camera event detection and
gray box is UltraStudio Mini Recorder. recorder

M“;&L SSRe e

3) Ultrasound — endoscopic image overlay
system. A USB camera and a movie file were
used instead of endoscope and echo images.

4) VisualLog, device panel logging system.

Figure 1 Four examples of SCC Applications. Currently, only (1) uses SCCToolKit. We are rewriting

th t of 1 SCCT it.
 Test O e 0 e e Rt sight Journal Hink hitp://hdLhandle.net/10380/3422
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The SCC version system was developed without using SCCToolKit on Windows 7. The PC was Mac
Mini (late 2010 version, 2.0GHz Core 17/4GB RAM, Apple Inc.) and the cameras were four USB 2.0
cameras. We limited camera resolution to 640x480. The hard disk was replaced to solid state disk (SSD)
for recording performance. We tested it could record at least 12 hours.

3) Pattern tracking based ultrasound — endoscopic image overlay system. Originally developed by
Kobayashi et.al., this program was to overlay an ultrasound image in an endoscopic image by tracking a
chessboard pattern attached to the ultrasound probe. The hardware was same as the image processor for
endoscope, plus another capture device Intensity Shuttle for USB 3.0 (Blackmagic Design Pty. Ltd.) for
ultrasound image. The demo system uses a USB camera as alternative to the ultrasound image.

4) VisualLog, device panel logging system. It is to record the log of an OR device by image recognition
with a priori information of the device’s panel layout.

5) Endoscopic surgery training system originally developed by Yamashita [3]. It has two endoscopic
views, one for teacher and the other for student. The original system was built on Mac Pro with 2 NTSC
endoscope images plus up to 8 cameras to grab the posture of the teacher and the trainee. The SCC
version system simplified it to 2 endoscopes and optional overlay image with chroma-key effect. The PC
was Mac Mini (late 2011 version, 2.0GHz Core 17/4GB RAM, Apple Inc.), and the cameras were all USB
cameras including the endoscopes.

5 Experiments

Capture to display latency

Endoscopic view should be presented within 0.2 seconds, which is the human perceivable visual vs.
motor-sensory latency [4]. We measured the latency from capturing a frame to displaying it.

Materials and Methods

Three cameras were used, (1) HDTV camera, AG-HMR10 and AG-HCK10G (Panasonic Co.), which is
1920x1080x59.94 interlaced fps. (2) IEEE 1394 connected camera, CF-2000 (AME Co.). (3) USB2.0
conne cted camera, DLY300TA (Elecom Co. Ltd.). The PC was Mac Mini (late 2012 version, 2.6GHz
Core 17/8GB, Apple Inc.) and HDTV image capture was UltraStudio Mini Recorder (Blackmagic Design
Pty. Ltd.). Display was Foris 2333 (Eizo Co.). The resolution of these was 1920x1080 pixels, and
displayed frame size was adjusted to fit in 960x960 pixels.

Chromakey2 sample program in SCCToolKit, endoscopic surgery training system, was used. Frames
were displayed either (a) directly or (b) after chroma-key overlay process using Apple’s sample code®.
Image enlargement or shrinkage was done either in the OS layer or in the Qt library, which were not
coded by us. Latency was measured by capturing a digital stopwatch and taking 2-3 photos of the watch

8 https://developer.apple.com/library/mac/documentation/GraphicsImaging/Conceptual/Corelmaging/
ci_filer recipes/ci_filter recipes.html

Latest version available at the Insight Journal link http://hdl.handle.net/10380/3422
Distributed under Creative Commons Attribution License




together with the displayed image. We also observed the CPU load using “Activity Monitor.app” supplied
with the operating system.

Result

The latencies were between 0.1 and 0.13 seconds for (1) HDTV camera and (2) IEEE 1394 camera, and
0.16-0.2 seconds for (3) USB camera. The difference of image processing (either (a) directly displaying
or (b) displaying after the chroma-key process). The CPU load was between 40 — 80%. Note that the CPU
has four cores therefore the maximum load can be 400%.

6 Discussion and Conclusion

Performance

The latency of the capture to display was within 0.2 seconds. This latency was satisfactory small
comparing to the distinguishable visual to other sensory stimuli timing difference. This result indicated
that the current system and software are considered to have substantially equivalent performance
compared to commercially used endoscope image processors built with desiccated custom hardware. And
the CPU load was up to 80%. We have potential to do more tasks while performing fast capture and
display task.

Effect of Simplicity

We are currently planning to apply SCC systems to test in clinical environment; SCC does not have
clinical experience yet. We expect that being a turn-key system and eliminating the use of keyboard and
mouse will lead to several positive effects; 1) simple wiring and less mistake in wiring, 2) space occupied
by these interface devices freed, 3) greater freedom of PC placement, possibly away from PC operator, 4)
users cannot error to use the program, 5) user instruction and user support become simple, 6) forcing the
program design simpler, forcing programmers to build it so. Saying that, we are also aware of the
limitation of doing so; 1) Ul-less program has no user control after initial configuration, 2) turn-key
system tends to be stand-alone, it is not easy to design to cooperatively work with other computers. We
are currently working to add a functionality to remotely configure the program status. The current plan is
to use a smart phone as a UL

Use of small form-factor PCs forces us certain compromise; computations that demand machine power
cannot fit. The positive effect is that we can specify the ‘suggested’ hardware as small PCs widely
available in market are limited, and this also helps testing the possible hardware combinations. And
another positive effect is that we researchers need to carefully select what is the core function and what is
the most important to demo the idea.

Impact of SCC / Disruptive Low Cost

Packaging a system with a small PC brought a significant benefit to reduce the introductory cost. For
example, the endoscope image processor example was built of 1) a Mac Mini (599 USD), 2) an HDTV
capture device UltraStudio Mini Recorder (145 USD), and 3) a Thunderbolt cable (29 USD): total 773

Latest version available at the Insight Journal link http://hdl.handle.net/10380/3422
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