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Abstract— In this paper, technique and criteria to realize
the high-speed image processing system, which could cap-
ture and process with more than video-rate; 30frame/sec,
and it’s applications are discussed. Then, as an example, an
observational system for the tele-micro-operation has been
proposed with a dynamic focusing system and a high-speed
image processing system using the “depth from focus” cri-
teria.

In our past work [14], we had proposed the system which
could obtain the “all-in-focus image” and the “depth” of
object, simultaneously, in 2sec with a vision chip. To real-
ize the real-time micro-operation, at least, 30frame/sec (60
times faster than the past) system should be required.

At first, this paper briefly summarizes the criteria and
problems to realize the high-speed vision systems. Then,
as an example for the high-speed vision, we propose a sys-
tem to observe the micro environments to achieve the all-
in-focus image and the 3D micro environments’ reconstruc-
tion, simultaneously. After discussing the problem in our
past system, a new video-rate system is proposed with the
high-speed video camera and FPGA hardware. To apply
this system in the real microscope, new criteria to integrate
the all-in-focus image is proposed. Finally, the micro obser-
vation shows the validity of this system.

I. INTRODUCTION

The high-speed image capturing system had been uti-
lized in several field to analyze the physical phenomena,
such as human motion, water flow, air flow, and etc. In
these analysis, the real-time processing is not necessary.
After recording the high-speed image sequence, you can ob-
serve and analyze it in off-line. Actually, high-speed video
camera, which is capable to capture the image more than
4,500 fps, is applied to analyze the cavitation in high-speed
water flow [1].

Recently, there seems to be several applications for the
high-speed vision system, which is capable to capture and
process the image to extract particular information at more
than video-rate, such as for the high-speed tracking sys-
tem, the intelligent transportation systems (ITS), and etc.
These applications could be categorized into two types;

o extract low data at high-speed,

e or integrate several images.

The first system needs only small data with high-speed,
such as position, comparing to the original image itself.
For example, human detecting system for ITS needs the
human’s position at each time. Secondly, several technique

to get more functional image from multiple images are pro-
posed [7], i.e. “integration”. To integrate multiple image
in real-time, high-speed vision system should be required.

To overcome the video-rate on vision, systems are pro-
posed by many researchers all over the world for particu-
lar applications. In these days, the C-MOS technology has
been developed, which could include the analog circuit into
the sensor; i.e. vision chip [2] [3] [4] [5].

In this paper, at first, importance on high-speed vision
is discussed, which includes the goodness and drawback on
vision chip. Then, for an example of the high-speed vision
application, micro observation system, which could give us
the all-in-focus image and depth map, simultaneously, is
proposed. Finally, the high-speed vision system with high-
speed camera and FPGA technology, which could capture
and process with 240fps, shows the validity in the micro-
operation usage.

II. WHAT WE NEEDS FOR HIGH-SPEED VISION?

Generally speaking, the video-rate is good enough for hu-
man vision, but, sometimes, not enough as a sensor system.
As the matter of fact, most of the robots are controlled with
the time interval; 1msec, beside the vision is based on the
video-rate; 33msec.

In the usual vision system, it obtains some particular
information from the environments on the sensor, sends the
information from the sensor to the processor, and processes
the informations. To increase or integrate the information
on vision system, we have to increase;

¢ dynamic range of sensor,

¢ data traffic from sensor to processor,

¢ and the performance of processor,
as shown in Fig.1.

Here in this paper, we would like to concentrate the data
traffic and the performance of processor, because the dy-
namic range of sensor was discussed in the electric society
to apply the particular usage. Fig. 2 shows the several
architectures for the vision system. Fig. 2(a) shows the
usual vision system, which include the single ADC to cap-
ture the image data into PC. Fig. 2(b) and (c) show the
column and pixel parallel architecture to capture and pro-
cess the multiple pixel image data at once. To construct



Environments

infinity
]
g8 Input Sensor Output
k]
€
Tt =
Robot
&
Dynamic Range aTrafic
cessing Performance
Human

Fig. 1. Data Traffic in Vision System.
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Fig. 2. Vision Chip Architectures.

these architecture, we should design and make special vi-
sion chip for particular purpose.

To increase the data traffic and processing performance
more than frame-rate, several vision chip were proposed
all over the world for particular use [3][56]. For example,
the high-speed image processing system was proposed by
Ishikawa for the robotics usage [2]. The device is con-
stricted as the vision chip, in which each pixel is including
the processor. Actually, the MAPP2200, which we used
in our past work, is one of the vision chip with the col-
umn parallel architecture. The goodness on the vision chip
might be

¢ low price as a device,

o high performance on particular process,

o and high data traffic rate from sensor to processor.
The biggest drawback might be the manufacturing cost,
more than one million dollars to develop the device. Then,
we should discuss a lot about the market.

III. HiGH-SPEED VISION SYSTEM FOR
MICRO-ENVIRONMENTS

In this section, we would like to discuss the motivation
to develop the high-speed vision system to realize the real-
time micro-operation in the micro environments.

In the process of micro-operation, the observational sen-
sor system in the micro environments to actuate objects in
the micro world is becoming necessary in many fields, such
as manufacturing and bio-medical usages. Somehow, the
“optical scale factors” on this micro observation, i.e. the
small depth of a focus on the microscope, could not allow
us to feel the micro environments, intuitively.

Fig.3 shows the two microscopic top views in the typical
micro-tele-operation, putting the second glass ball ¢4um
onto the first glass ball ¢p4um with a micro griper. Left

Fig. 3. Typical Microscopic Views in Micro Actuation.

figure (a) in Fig.3 shows the first glass ball in focused, but
the gripper is blurring at almost same position in the dif-
ferent depth. And right figure (b) shows the gripper in
focused. Therefore, the operator should be a professional
who can operate the microscope and the micro-actuator,
simultaneously.

As a results, two informations seem to be required in the
micro observation;

1. all-in-focus image,

2. and depth information of objects.

“All-in-focus image” gives in-focused information all over
the image, no blurring, but no depth information. And
“depth information of objects” is the geometric information
about objects, which could allow us to change the view
point to operate the micro three dimensional objects.

Generally speaking, for the vision system in the micro
environments, the “small depth of a focus” is one of the
drawback for the micro-operation with the microscope, but,
as the matter of fact, it is one of the benefits for the “shape
from focus” criteria in the 3D modeling technique with com-
puter viston [8]-[11]. There is another criteria;“depth from
defocus”, which could only obtain the depth information
of object.

To realize the real-time operation in micro environments
with the vision system, which could give us the all-in-focus
image and depth information of object with the “shape
from focus” criteria, the “integration” technique with high-
speed vision system is required.

Actually, this is our motivation on this work.

IV. SYSTEM WITH VISION CHIP

To realize a real-time micro VR camera with the depth
from focus criteria, the high-speed image capturing and
processing system should be required for the integration.
For example, if eight images are applied to integrate one
all-in-focus image with 30 frame/sec, 240 frame/sec image
sequence is necessary to capture and process.

In our past work[14], we had proposed and developed a
micro VR camera system shown in Fig.4 with the dynamic
focusing lens [12] and smart sensor; IVP C-MOS vision chip
(MAPP2200), which has the resolution of 256 * 256pizel,
a column parallel ADC architecture and column parallel
DSP processing [6].

A sample object in Fig.h, of which sample images at
four particular focal distances are shown in Fig.6, was con-
structed in four steps’ pyramid shape; first stage ¢p10mm
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Fig. 5. Sample Object 1.

Fig. 4. First System Overview.

height 10mm, second ¢7mm-10mm, third ¢gdmm-10mm,
and top ¢p3mm-bmm, with textured paper printed with
h0.8mm and w0.4mm fonts. In the case of real usage,
such as less than 1mm object size, the image quality mea-
surement(IQM) value could be calculated with the original
texture on the object without any artificial texture with
the equation;

x Ys L, L,
IQM=|%|EE S Y @y -I@+py+a)l],

e=z; y=y; \p=—L.g=-L,
(1)

where (—L.,—L,) — (L¢, L,) and (z;,%) — (z7,y;) are
the area for the evaluation of frequency and the smooth-
ing, respectively[13]. And D is the total pixel number to
make standard the image quality measure value with the
number of pixels in the area (—L.,—L,) — (L., L,) and
(zi,9:) — (z¢,y7)- The spatial resolution is depending on
the optical setting. For this demonstration, the view area is
almost 16mm square with 256 x 256pizel, then the spatial
resolution is 62.5um = 16mm/256. The depth resolution
is 1.67mm (21 frames with 35mm depth range, the each
3V input voltage from —30V to +30V to charge the PZT),
which directly depends on the number of input frames in
the range of variable focusing.

Fig. 7. A Sample of the All-in-Focus Image.

The all-in-focus image and the micro VR environments
from one image sequence shown in Fig.7 and 8, respec-
tively. The all-in-focus image is quite reasonable to ob-
serve. But the resolution of the depth without any interpo-
lation in Fig.8 seems not enough. To increase the resolution
of depth, any interpolation technique must be required.

The processing time with IVP chip is almost 2sec. for
one final VR output. This is caused by not enough
ADC and processing performance for the gray level inten-
sity on the vision chip MAPP2200. Actually, MAPP2200
has a good performance for the binary image more than
2000frame/3ec. Fig. 8. A Sample of the Micro VR Environments.

See more detail in [14].
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Fig. 9. A Sample of High Speed Video Configuration.

V. SYSTEM WITH HIGH-SPEED VIDEO (HSV)
A. HSV

The high-speed video (HSV) is widely used to observe
the high speed phenomena in fluidics and physical field at
more than 10,000,000frame/sec. To capture the image
in high-speed on HSV, column parallel image capture is
realized as shown in Fig.9. In this figure, the image 256%256
is divided into 16 of 256 * 16 column, and each column
captures each image data with 25M Hz, simultaneously.
With this architecture, 4,500 frame/sec for 256 * 256 full
frame, and 40,000 frame/sec for 16+ 16 was realized in the
FASTCAMby PHOTRON. To increase the video-rate, the
high S/N ratio with the large sensor area is also required.

For our system, almost the eight images are necessary
to use for each all-in-focus image at 30frame/sec output,
i.e. 512 * 512pizel 8bits 240 frame/sec image capture and
processing is finally required. To realize this, we decided to
use the HSV as the high-speed image capture system, and
construct the image processing system based on this HSV.

B. Processing Part

Recently, the large scale FPGA (Field Programmable
Gate Array) is drastically getting good performance, and
widely used because of the programmable capability.

Then, in the latest system shown in Fig.10, one FPGA
(APEX EP20K600F, ALTERA)and SDRAM in the image
processing test board (:LS-BEV800, INNOTECH Co.) are
applied to use to calculate the IQM value at each pixel all
over the image with 240Hz, which has the TMDS (Tran-
sition Minimized Display Signaling) architecture interface
to connect between the sensor part and processing part as
shown in Fig.11. Then, the image data 512 x 480 is cap-
tured with two parallel interface and realize the high-speed
data traffic 60 M byte/sec(512 x 480 * 240H z) from HSV to
the dual-port SDRAM. As the results, the performance of
the FPGA is good enough to calculate the IQM value with
240Hz, and the total execution performance is less than
20% of the performance of FPGA.

Up to now, the all-in-focus image and the depth image
are stored in each memory space, and could be observed
with VGA monitor through the analog RGB output, sep-
arately. The VR display might be realized in PC after
transmit the all-in-focus and depth image into the PC, di-

Fig. 10. Latest System Overview.

rectly.

C. Optics Part

An micro zoom lens (Asahi co. MZ-30, f=27.2-58.5mm,
F7.5) with the dynamic focusing lens [12] is attached on
the HSV. The dynamic focusing lens is controlled by FPGA
with ramp input through DAC and Amp. The relation be-
tween the input voltage to PZT and the objective distance
was evaluated to be linear in the range from 147mm to
180mm corresponding to the input voltage from —30V to
+30V in our past work[14]. And the resolution of the objec-
tive distance seems to increase with the number of frames.
Actually, we had eight images for each video-frame, but
the first image is not stable for the vibration of the vari-
able focusing lens. Finally, only seven images are applied
to integrate.

The spatial resolution in this system is 31.25um. The
depth resolution is 5.0mm (7 frames with 35mm depth),
which can be improved with the input frame number.

D. Ezperimental Results

Fig.12 shows the example results on the all-in-focus and
depth image with the latest system. The sample 1 is the
same object as in the past work shown in Fig.5-8, and the
sample 2 is the almost same size as the sample 1, but has
the cone slope. In the figure 12(d), you can see the slope
in the depth.

Actually, this output results is real-time movie on this
system. Even though, the operator put the gripper in the
sight, in-focus image could allow us to observe the object
and the gripper, simultaneously, which is located in the
different depth.

VI. MICRO APPLICATION

A. System

For the real micro applications, microscopic system is
developed with HSV and processing part mentioned before
as shown in Fig.13. Instead of using the variable focusing
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(b) Depth Image with Samplel
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Fig. 12. Sample Movies with All-in-Focus and Depth Image.

lens, which was used in the previous system, a PIFOC mi-
croscope objective nano positioners and scanners P-721.20,
PI-Polytec Co. is controlled by a high-speed nano automa-
tion controllers E-612.C0, PI-Polytec Co., which could be
controlled the object lens in the microscope, BX60, Olym-
pus Co.. The focus length is controlled 0 — 100pum max-
imum as the actuator input voltage 0 — 10V 30Hz ramp
input from the FPGA. And the real position could be ob-
served with the sensor output from the controller.

We apply to observe two glass fabrics ¢4um each located
in micro 3D environments with the object lens 50X in the
microscope. One fabric is located in near distance, and the
other is in far distance. Fig.14 show the usual focus images
scanning the focus length from Opum to 90um. Near fabric
is in focus in the figure 14(e), and far fabric is in figure
14(h).

The spatial resolution in this system is 0.195um,
100um/512pizel. The maximum depth resolution is
0.781pm, 100um/128bits.

Fig.15 shows the all-in-focus image in microscope. Com-
paring with the Fig.14, you can clearly see the both fabrics
in-focused in one sight.

B. Ghost Problem

In the detail analysis in Fig.15, several blurring edge
could be observed just around the objects in Fig.15. These

Object Lens

Fig. 13. Micro Scopic System.

blurring ghost is caused by the several out-of-focus im-
ages. In the microscope, the out-of-focus image could make
large blurring region around the real object as you can
see in Fig.14. This blurring region may cause the miss-
recognition of the all-in-focus area around the objects.

C. Ghost Filtering Technigue

To solve the ghost problem, the reliability of the IQM
value should be evaluated to eliminate the blurring area.
Then, the minimum IQM value;IQM,,;, is pre-defined,
which could hold the in-focus clearly in the particular im-
age sequences.

in — focus

IQM(m,y, f) Z IQMmin,

otherwise

(2)
background (3)
where IQM(z,y, f) is the image quality value at image
location;(z,y) with the focus length;f. Fig.16 shows the
validity with this ghost filtering technique.

VII. CONCLUSION

In this paper, there was several discussion on the high-
speed vision system. Then, a real-time micro VR sen-
sor system was developed to achieve the micro 3D model
and all-in-focus images at video-rate with the criteria of
“depth from focus”. This system is constructed with the
high-speed video and FPGA hardware, and realize the real
video-rate 30frame/sec. observation. And to apply this
system to the microscope, the ghost filtering technique is
proposed. Microscope system shows the validity in the mi-
croscopic application.
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