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Abstract 

This paper describes a kind of active camouflage system 

named Optical Camouflage. Optical Camouflage uses the 

Retro-reflective Projection Technology, a projection-based 

augmented–reality system composed of a projector with a 

small iris and a retro reflective screen. The object that needs to 

be made transparent is Painted or covered with retro reflective 

material. Then a projector projects the background image on it 

making the masking object virtually transparent. 

Keyword: Retro-reflection, augmented reality. 

 

1. Introduction 

 
Various methods have been proposed to integrate the 
visual space. In the field of Mixed Reality, one of the 
most popular topics is about displaying a virtual object 
into real world. Although optical is a term that 
technically refers to all forms of light, most proposed 
forms of optical camouflage would only provide 
invisibility in the visible portion of the spectrum here, 
one wears a fabric which has an image of the scene 
directly behind the wearer projected onto it, so that the 
wearer appears invisible. 
 
 
However making objects virtually transparent, like in 
HG. Wells’ “Invisible Man” can also be seen as dream 
of human being. In this paper, we describe what could 

be called a camouflage technique named Optical 
Camouflage. 
 

2. What is optical camouflage? 

 
Optical camouflage is a technology which allows an 

object to blend into the surroundings using various 

technologies and has the potential to achieve perfect 

concealment from visual detection. 

 

Optical camouflage is a hypothetical type of active 

camouflage currently only in a very primitive stage of 

development. The idea is relatively straightforward: to 

create the illusion of invisibility by covering an object  

 

 

with something that projects the scene directly behind 

that object. It is a kind of active camouflage which 

completely envelopes the wearer. It displays an image 

of the scene on the side opposite the viewer on it, so 

that the viewer can "see through" the wearer, rendering 

the wearer invisible. 

 

Although optical is a term that technically refers to all 

forms of light, most proposed forms of optical 

camouflage would only provide invisibility in the 

visible portion of the spectrum. Prototype examples and 

proposed designs of optical camouflage devices range 

back to the late eighties at least, and the concept began 

to appear in fiction in the late nineties. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.1.An example of optical camouflage 

 
3. What is active camouflage? 

 

Optical camouflage is the part of the active camouflage 

which is group of camouflage technologies which 

would allows an object to blend into its surrounding by 

use of panels or coating capable of changing color or 

luminosity. 
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Active camouflage can be seen having the potential to 

become for visual detection. Active camouflage is not 

human invention. Many animals can change their color 

but the ability is used primarily to communicate. 
 

Active camouflage provides concealment in two ways: 

 

• By making an object not merely generally 

similar  

 

to its surroundings, but effectively invisible 

through accurate mimicry, and 

 

• By changing the appearance of the object as 

changes occur in its background.  

 

Active camouflage has its origins in the diffused 

lighting camouflage first tested on Canadian Navy 

corvettes including HMCS Rimouski during World 

War II, and later in the armed forces of the United 

States of America in the  Yehudi lights project, and of 

the United Kingdom. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.2.example         fig.3.example 

 
4. Retro-reflective Projection Technology 
(RPT) 
 

Optical Camouflage is a type of active camouflage that 

uses technology named "Retro-reflective Projection 

Technology (RPT) / X'tal Vision," [2], which use 

optical projection. Before describing the Optical 

Camouflage, we will first illustrate R P T . When 

using a See - Through Head-mounted Display 

(STHMD) to merge virtual and real environments, the 

operator may see the image of a virtual object that is 

meant to be located . 

 

The three key techniques of RPT are the followings: 

 

1. To use an object covered by retro-reflective material 

as a screen;  

2. To place a projector into a position optically 

conjugated with the observer's eye by using a half-

mirror;  

 

3. To make the projector's iris as small as possible.  

 

Each of these points provides the following advantages, 

respectively: 

 
Fig. 1 shows the principles of RPT. The image of a 

virtual object is projected through a pinhole. The 

projected image is reflected by the half-mirror on a 

right angle a n d then retro-reflected by the retro-

reflective screen. 
 
 

Projector   

Retroreflector 
 

Small Iris 
 

 
 

  
 

 
 
 
 
 
 

Operator 
 

Fig.4.RTP 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5.X’Tal vision 

 
5. Secret of Invisibility Cloak 

 
If you're a fan of Harry Potter, then you're quite familiar 

with the concept of an invisibility cloak With optical-

camouflage technology developed by scientists at the 

University of Tokyo, the invisibility cloak is already a 

reality.The cloak that enables optical camouflage to 
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work is made from a special material known as retro-

reflective material. A retro-reflective material is 

covered with thousands and thousands of small beads. 
 
When light strikesone these beads, the light rays bounce 

exactly in the same direction from which they came. The 

surface of Retro- reflective Material is covered with very 

small beads. If the light strikes the material, the light 

reflects only in the same direction as it has come. So, the 

image is reflected clearly even in brightness. 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

 
 

Fig.6.invisibility cloak 

 

 

 

 

 

 

 

 

 

 

 
Fig.7.invisibility cloak 

 

6. Properties of Retro-Reflective        
    Material - Light Surface Reflectivity 

 
To understand why this is unique, look at how light 

reflects off of other types of surfaces. A rough surface 

creates a diffused reflection because the incident 

(incoming) light rays get scattered in many different 

directions. 

 
 
A perfectly smooth surface, like that of a mirror, creates 

what is known as a specular reflection -- a reflection in 

which incident light rays and reflected light rays form 

the exact same angle with the mirror surface. 
 
In retro-reflection, the glass beads act like prisms, 

bending the light rays by a process known as refraction. 

This causes the reflected light rays to travel back along 

the same path as the incident light rays. 
 
The result: An observer situated at the light 

sourreceives  

 

7. How does it work? 

 
Optical camouflage doesn't work by way of magic. It 
works by taking advantage of something called 
augmented-reality technology Augmented-reality 
systems add computer-generated information to a user's 
sensory perceptions. 
  
First, putting the video camera behind the person in the 

cloak, and capturing his background. Then, projecting 

the captured image onto the cloak from the projector 

(fig.11). Because the image is projected by the 

technology called Retro-reflective Projection 

Technology 
 
You  can  see t h e reflection only on the cloak and clea 
rly even in brightness. 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Fig.11.working 
 
8. Components required for invisibility 
 

Here's everything needed to make a person appear 

invisible:  
1. A garment made from retro-reflective material   
2. A video camera   
3. A computer   
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4. A projector   
5. A special, half-silvered mirror called a 

combiner.  

 

The Video Camera: 
 
Capturing the background image requires a video 

camera, which sits behind the person wearing the cloak. 

The video from the camera must be in a digital format so 

it can be sent to a computer for processing.  
 

The Computer: 
 
All augmented-reality systems rely on powerful 

computers to synthesize graphics and then superimpose 

them on a real-world image. For optical camouflage to 

work, the hardware/software combo must take the 

captured image from the video camera, calculate the 

appropriate perspective to stimulate reality and transform 

the captured image into the image that will be projected 

onto the retro-reflective material  
 

The Projector: 

 

The modified image produced by the computer must be 

shone onto the garment, which acts like a movie screen. 

A projector accomplishes this task by shining a light 

beam through an opening controlled by a device called 

an iris diaphragm. An iris diaphragm is made of thin, 

opaque plates, and turning a ring changes the diameter of 

the central opening. For optical camouflage to work 

properly, this opening must be the size of a pinhole. 

Why? This ensures a larger depth of field so that the 

screen (in this case the cloak) can be located any distance  

from the projector. 

 

The Combiner: 
 
The system requires a special mirror to both reflect the 

projected image toward the cloak and to let light rays 

bouncing off the cloak return to the user's eye. This 

special mirror is called a beam splitter, or a combiner -- a 

half-silvered mirror that both reflects light (the silvered 

half) and transmits light (the transparent half). If 

properly positioned in front of the user's eye, the 

combiner allows the user to perceive both the image 

enhanced by the computer and light from the 

surrounding world. This is critical because the computer-

generated image and the real-world scene must be fully 

integrated for the illusion of invisibility to seem realistic. 

The user has to look through a peephole in this mirror to 

see the augmented reality. 

9. The Complete System 
 
Now let's put all of these components together to see 

how the invisibility cloak appears to make a person 

transparent.  

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

A digital video camera captures the scene behind the 

person wearing the cloak.   
1. The computer processes the captured image and 

makes the calculations necessary to adjust the still 
image or video so it will look realistic when it is 
projected.  

 
2. The projector receives the enhanced image from 

the computer and shines the image through a 
pinhole-sized opening onto the combiner.   

3. The silvered half of the mirror, which is completely 
reflective, bounces the projected image toward the 
person wearing the cloak.   

4. The cloak acts like a movie screen, reflecting light 
directly back to the source, which in this case is the 
mirror.  

 
5. Light rays bouncing off of the cloak pass through 

the transparent part of the mirror and fall on user's 

eyes.  
 

10. Real world application 
 
While an invisibility cloak is an interesting application 
of optical camouflage, it's probably not the most useful 
one. Here are some practical ways the technology might 
be applied: 
  

1. Pilots landing a plane could use this technology 
to make cockpit floors transparent. This would 
enable them to see the runway and the landing 
gear simply by glancing down.  

 
2. Doctors performing surgery could use optical 

camouflage to see through their hands and 
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instruments to the underlying tissue. See  Tachi 
Lab:  Optical Camouflage: oc-phantom.mpg to 
watch a video of how this might work.  

  
3. Providing a view of the outside in windowless 

rooms is one of the more fanciful applications 
of the technology, but one that might improve 
the psychological well-being of people in such 
environments.  
  

4. Drivers backing up cars could benefit one day 
from optical camouflage. A quick glance 
backward through a transparent rear hatch or 
tailgate would make it easy to know when to 
stop.  

 
5. One of the most promising applications of this 

technology, however, has less to do with 
making objects invisible and more about 
making them visible. The concept is called 
mutual telexistence: working and perceiving 
with the feeling that you are in several places at 
once.  

 

 

11. Conclusion 
 
We have developed an Optical Camouflage system. 
Optical Camouflage can be used on surgical globes or 
Equipments so they don’t block surgeon’s view 
during Delicate operations. In aviation, cockpit floors 
could Become 'invisible' to assist pilots during 
landing. The weak point of this technique is that the 
observer Needs to look through a half-mirror. The 
current system needs a half-mirror and projectors, 
which were fixed on the ground.In the next step of our 
research, an observer would be able to observe the 
background image from various viewpoint with 
H.M.P. (Head-Mounted Projector). 

 
References 

 
 
[1]R. Azuma and J. Rolland, a Survey of 
AugmentedReality,Presence:Teleoperators and 
VirtualEnvironments, 1997 
 

 
 [2] Forbes, Peter. Dazzled and Deceived: Mimicry and    
 Camouflage. Yale, 2009. 

  
[3] Kent W. McKee and David W. Tack (2007). Active 
Camouflage for Infantry Headwear Applications.  

   
[4] "Nature's Palette". Nature's Palette: How animals, 
including humans, produce colours. Bioscience-
explained.org. http://www.bioscienceexplained.org, 
November 17, 2011.  

  
[5] "BBC News Technology". Tanks test infrared 

invisibility cloak. BBC. 5 September 2011. 

http://www.bbc.co.uk/news/technology-14788009. 

Retrieved March 27, 2012.  

 

 


