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Development of an Ultrahigh Speed Camera 
with Multichannel Imaging

It is sometimes necessary to observe phenomena that are 
changing very fast in conducting research in various fields from 
basic physics to industrial applications. On such occasions, 
we need an ultrahigh speed camera. A Japanese company, Nac 
Image Technology, Inc., Tokyo, which is engaged in the devel-
opment of such cameras, has recently developed an ultrahigh 
speed camera that can take images at a speed of 109 frames per 
second.

Figure 1 lists a variety of high-speed phenomena and their 
associated scientific or industrial events with framing rate re-
quired for each phenomenon. In early days, in order to observe 
fast changing events, a mechanical streak camera, which used 
either a mirror rotating at a very high speed or a slit system 
moving similarly speedily, was necessary. Its time resolution 

was limited by the maximum rotating speed of the mirror or 
moving speed of the slit.

In contrast to this classical high-speed camera, optoelec-
tronic types are relatively new. Until mid-1990’s, a combina-
tion of a photocathode that emits electrons when hit by photons, 
an electron accelerator, and a fluorescent plate that converts an 
electronic image into a visible image, was used as shown in 
Figure 2. Such an ultrahigh-speed camera is called an image 
converter camera. Figure 3 shows a physical appearance of a 
typical image converter camera, Ultra Nac, made in 1990 by a 
British company, Imco, which was a 100% subsidiary of Nac 
Imaging Technology.

Figure 4 shows a typical imaging result taken in 1991 by 
the camera shown in Figure 3. We can trace clearly temporal 
changes of a shock wave induced by an explosion of silver 
azide, as pointed by the arrows. The framing rate was 2 × 105  
frames per second with an exposure time of 300 ns for Figure 4.
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Figure 3. External appearance of a typical image converter cam-
era, Ultra Nac, made in 1990 by a British company, Imco, which 
was a 100% subsidiary of Nac Imaging Technology.

Figure 1. High-speed phenomena and scientific or industrial 
events and necessary numbers of frames in a second to observe 
their images.

Figure 2. Ultrahigh speed camera of an optoelectronic type.
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In the mid-1990’s, a digital framing camera came out on the 
market. The digital camera uses a combination of an array of 
charge-coupled devices (CCDs) and an image intensifier, which 
is called an intensified CCD (ICCD) system. The camera has 
multiple sets of ICCD systems and a beam splitter. The image 

taken by the camera was first split by the beam splitter, and then 
each separated image was intensified by an individual image 
intensifier and recorded on a CCD array. By this process, the 
same image would appear on all the CCDs. Here, if we change 
the time at which the shutter of each image intensifier is open, 
sequential time-dependent behavior of the image can be ac-
quired. The first camera of this multichannel type that appeared 
on the market was Imacon 468, sold by Hadland Photonics in 
the United Kingdom. The Imacon 468 had eight channels with 
a CCD array with 576 (horizontal) times 385 (vertical) pixels, 
and its attainable maximum framing speed was 108 frames per 
second and its shortest exposure time was 10 ns.

The above-mentioned multichannel camera has several 
drawbacks. First, since it needs multiple image intensifiers, it 
must be large in size and high in price. Secondly, if the light am-
plification is different among the intensifiers, the resultant time-

Figure 4. Typical imaging result taken in 1991 by the camera 
shown in Figure 3. Temporal changes of a shock wave induced 
by an explosion of silver azide can be traced, as pointed by the 
arrows. The imaging rate was 2×105 frames per second with an 
exposure time of 300 ns.

Figure 5. External appearance of an ultrahigh speed camera with 
a single image intensifier, Ultranac NEO.

Figure 6. Inside configurations of the ultrahigh speed camera shown in Figure 5. GigE: Gbit Ethernet, 
PSU: Power supply unit, CCD: Charge-coupled device.
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resolved image would be affected. In this regard, Nac Image 
Technology developed an ultrahigh speed camera using only a 
single image intensifier. For pursuing and realizing this technol-
ogy, the company designed a special segmental image intensi-
fier. Figures 5 and 6 show a physical appearance and the inside 
configurations of this camera, Ultranac Neo, respectively. 

The developed image intensifier has 12 segmented areas as 
shown in Figure 7, and each area can work as an individual 
image intensifier. The image that passed through the objective 
lens is divided into 15 subimages, all of which will then reach 
the segmented areas. Therefore, by changing the gate timing of 
each segmented area, we can have 12 time-sequential images. 
Further, in 2017, the Ultranac Tau shown in Figure 8, which is 
capable of recording up to 109 frames per second, was released 
from Nac Image Technology and it contributes to a variety of 
research fields.

In the field of electrical insulation, there are many phenom-
ena, to which ultrafast observation is desirable. Figure 9 shows 
the progress of an electrical discharge in water and the resultant 
growth of a cavitation induced by the discharge. While the up-
per 12 images were taken at a speed of 108 frames per second 

with an exposure time of 5 ns, the lower 12 images were taken 
at a speed of 105 frames per second with an exposure time of 
100 ns. 

This article was completed with the help of Mr. Hiroyasu 
Sasaki of Nac Image Technology, Inc.

Figure 7. Twelve segmented areas of the image intensifier.

Figure 8. External appearance of the newest ultrahigh speed 
camera, Ultranac Tau, capable of taking images up to 109 fps.

Figure 9. Progress of an electrical discharge in water and growth 
of a cavitation induced by the discharge. Upper 12 images: taken 
at a speed of 108 frames per second with an exposure time of 5 
ns, lower 12 images: taken at a speed of 105 frames per second 
with an exposure time of 100 ns.


