Nathaniel Group

Engineered. Assembled. Delivered.

WHITE PAPER:

HYPERION 200™ LIGHT SOURCE WITH INTEGRATED AWAIBA PROCESSOR

NATHANIELGROUP, INC:

Joel Melnick, CEO and founder

jmelnick@nathaniel.com

01 (802) 877-2182

101 Panton Road, Vergennes, VT 05491 e telephone: 01 (802) 877-2182 « www.nathaniel.com




Hyperion Light Source with Integrated Awaiba Processor

Introduction

Nathaniel Group brings together the low cost and small size of the Awaiba image
sensor with the advanced capabilities of the Hyperion 200™. We have recently
engineered an integrated unit that combines our leading-edge illumination system and
a specialized video processor with an Awaiba sensor. This combination has allowed us
to introduce clearcut advantages in system integration as well as a powerful

processor design.

Advantages of Integrating Video and Illumination in a Single System

Combining video and illumination within one enclosure offers a number of efficiencies
in cost, size, power, communications, and regulatory compliance. Additionally, the way
in which our video and lighting work together paves the way for many future features

and expansion capabilities.

The video processor occupies a small area within the light source enclosure. The
interface between the video and light source sections of the unit is a much simpler and
shorter connection than the cabling that would be required between two separate
console products. The video processor adds only about 12 percent to the volume of the
light engine. This conserves space in rack-mounted systems and contributes to efficient

use of space in operating room environments.

The main power supply in the light source provides power to both the light engine and
the video processor. This offers real economy of scale, as the required power supply
capacity for the combined unit is only about 20 percent larger than the capacity
required for the light engine. Some critical components can be shared due to the
architecture for electromagnetic control (EMC), including electrostatic discharge (ESD)
and electro- magnetic emissions and susceptibility. For example, only a single

filtering and protection system is needed for the AC Mains input power.

The cost of the combined unit is much less than the cost of two separate systems for

video and illumination. The chassis and power supply, as well as many electrical
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components, cooling systems and rear connectors are shared. As a result, the cost of the
light engine with integrated video is generally 12 percent less than the combined cost of

a light source and a video processing console.

Usually a medical product such as this is customized for each OEM'’s application.
System controls, features, performance, or other physical characteristics may be tuned
to the particular implementation. These products require a regulatory test and certifica-
tion for each custom version. By combining the video and illumination functions, only

one test is required rather than two, reducing the overall cost of testing.

Videoscope Size Advantages

The Awaiba image sensor, with its outer dimensions of Imm by 1mm, is one of the
smallest sensors available. The Hyperion light source is made to output high levels of
light using only a small sub-millimeter fiber bundle. By comparison, when couple to a
sub-millimeter fiber bundle, the Hyperion 200 outputs a minimum of 6 times the light
that an LED or Xenon light source can. In our current video scope model we are using
twelve 70 micron fibers. As can be observed in Figure 1, the size of the fibers and the
fact that there are only 12 of them allows for a very compact video scope. In this
design the entire image sensor and illumination componentry fit within a 1.85 mm

diameter fiber. Figure 1:
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Video Scope Resolution

Normally a fiber optic image bundle is used for a flexible endoscope that needs to be
less than 2mm in diameter. These bundles are limited in how many fibers they contain.
In many cases 10,000 fibers are used and in essence this is the resolution or the effective
number of pixels. The Awaiba sensor by contrast has 250 by 250 pixels or 62,500 pixels.
This is more than 6 times the number of pixels and therefore produces a much crisper
image. The combination of the Awaiba sensor and the Hyperion allow the video scope
to have higher resolution than the imaging fiber flexible endoscope and still maintain its

small size.

Advantages of Creating a Custom Awaiba Video Processor

Currently, Awaiba has a demo-level, PC-based video processor available. While useful
for evaluating the performance of products such as the Awaiba NanEye sensor, it is not
intended to be used as a final, engineered and delivered end product. For example, it
does not stand alone, but requires connection to a PC and relies on that computer’s

operating system.

We designed a video processor that extracts the full performance of the Awaiba sensor.
We have included adjustments for filtering, sharpening, exposure, color, and brightness.
The user can select screen resolution and display the video on a DVI or NTSC monitor,
or stream video via a USB computer interface. All of the video features are accessible
and selectable through a compact and easy-to-use on-screen menu. The menu was
intentionally designed to have the look and feel of typical flat-screen TV or computer
monitor controls. It will be easy for the operator to navigate the menu and select the

desired adjustments and features.

The images shown below were captured during use. These images display the capabil-
ity of the combined unit as well as the effectiveness of the new processor. Its overall
output (Figure 2) is balanced and detailed. The remaining images show how the proces-
sor displays areas of varied brightness (Figure 3) and compensates for challenges such
as highly saturated (Figure 4) and dark (Figure 5) regions, maintaining a high degree of

image quality in all other visualized areas.
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Figure 2: Abalanced image with fine detail and visualization.

Note the surface texture on the sidewalls.

Figure 3: An image with a mixture of dark, optimal and bright regions.
The video processing algorithm automatically compensates for a best-

fit solution.

Figure 4: An example of the video processing algorithm compensat-
ing for a saturated area (on the left). The detail in the rest of the

image is preserved.

Figure 5: An example of the video processing algorithm compensating
for a dark region (on the lower right). The detail in the rest of the image

is preserved.
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This integrated platform is also highly customizable for new applications. For example,
the auto-exposure function can be tailored for a different speed of response or different
target brightness levels. Functions can be added that interact directly with the image or

use colors in a scene as a basis for making adjustments.

Video Processor Technical Attributes

A System on Module (SOM) approach is used to provide the very powerful video

processing engine. Our design is based on the Freescale 1. MX 6 graphics processing unit.

HIGHLIGHTS
. Quad-core ARM Cortex-A9 processor at 1GHz

2. Processor designated as a Freescale Energy Efficient Solution

3. 1GB of 64-bit wide DDR3 memory @ 532 MHz

. 10/100/1G Ethernet availability

4
5. CAN bus —12C/SPl interface
6

. JTAG interface

7. VertexAcceleration Engine for superior user interface and graphics processing

8. Linux open source operating system (internal)

9. Software can be updated in the field via the USB port on the rear panel




White Paper: Hyperion 200 ™ Light Source with Integrated Awaiba Processor - Nathaniel Group, Inc.

Interface to Awaiba Sensor

We use an electrically isolated analog-to-digital signal conditioner to input video data.

Control data also may be output to the Awaiba sensor. A Field Programmable Gate

Array (FPGA) is used to translate the video data to a standard format that is communi-

cated to the SOM, which contains the quad-core ARM processor. This FPGA provides

the ability to perform error checking and synchronization at the high frame rates of the

Awaiba sensor. The built-in robust interface accommodates variations in the image sen-

sor from unit to unit. Additionally, highly specialized and proprietary algorithms and

circuitry optimize the
image sensor power,
which is critical for a

quality image.
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available. Factory calibration of the sensors will permit the video processor to perform

this correction if needed.

Summary

Nathaniel Group has successfully combined video processing and illumination
functions within a single product. The resulting system is smaller, easier to use, and
lower cost than a non-integrated solution. Its very high processing power will allow a
host of new features to be integrated over time. Even more possibilities may arise with
new sensors and further development of the synergy between the light source and

video functions.

N





