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1571 ABSTRACT 
Apparatus is providcd which greatly reduces the intm- 
sity of bright portions of an image while only moder- 
ately reducing the brightness of dimmer portions of the 
imagc, to thereby compress the range of light intensitm 
to facilitate ducctum . of the image. The apparatus in- 
cludeJ a light dctector device formed by a chip of 
photorefhctiw matcrinl. A two-dimmsional array of 
light beams from an object to be detected, passes 
through a beam splitter to form two arrays of light 
beams. The two arrays of light beams are directed at 
different angles against a s u r h e  of the chip of photore- 
fractive material, the two arrays of light beams forming 
coincident images on the surface. One of the t w d i -  
mensiod arrays of bcams emerging from an opposite 
surface of the chip has a lower range of intensities, to 
f e t e  detection of the object despite very bright 
spots 011 its image. The other array of light beams energ- 
ing from the chip has a greater range of intensities than 
the unprocessed image of the object. 
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image of the object, and can be useful for special appli- 

The two arrays of light beams can each represent the 
image of the object to be detected by splitting an origi- 

5 nal array of light beams from the object and directing 
the two resulting components of the array at different 

DYNAMIC RANGE COMPRESSIONEXPANSION cations. 
OF LIGHT BEAMS BY PHOTOREFRACTIVE 

CRYSTALS 

ORIGIN O F  THE INVENTION 
The invention described herein was made in the per- angles to a surface of the light transfer device, with the 

ject to the provisions of Public L~~ 96517 (35 usc coincident on the surface of the light transfer device. 
202) in which the Contractor has elected not to retain 10 The light transfer device can include an electric field 

extending parallel to the surface of the device, to en- title. hance the nonlinearity of amplification of light. 
The novel features of the invention are set forth with 

particularity in the appended claims. The invention will 
be best understood from the following description when 
read in conjunction with the accompanying drawings. 

formance of work under a NASA contract, and is s u b  images formed by the two arrays of light beams being 

BACKGROUND O F  THE INVENTION 
men two portions of a coherent light beam are di- 

at different angles against a surface of a chip of 
bhotorefractive material. linht from one of the beams is 
kanferred to the other be&. Thus, one of the beams BRIEF DESCRIPTION O F  THE DRAWINGS 
passing through the chip and emerging from an oppo- 
site surface of the chip has a reduced intensity, while the 20 
other beam that has passed through the chip and 
emerged has an increased intensity. 

A two-dimensional array of beams representing the 
image of an object, can include beams of such a large 
range of intensities that sensors cannot detect the corn- 25 
plete intensity range. One example is the detection of 
objects in a landscape by directing an intense beam at 
the landscape and forming an image of the landscape 
onto a video camera sensor surface. If there is a mirror- 
like reflecting surface in the landscape, light from such 30 

FIG. 1 is a perspective view of apparatus for nonlin- 
early amplifying light, constructed in accordance with 
one embodiment of the present invention. 

FIG. 2 is a perspective view of a portion of the appa- 
ratus of FIG. 1. 

FIG. 3 is a graph showing the variation in output 
light intensity with input light intensity, for different 
light transfer devices of the apparatus of FIG. 1. 

FIG. 4 is a view of apparatus constructed in accor- 
dance with another embodiment of the invention. 

DESCRIPTION O F  THE PREFERRED - -  
a reflecting surface may be so intense or bright com- EMBODIMENTS 
pared to the rest of the landscape, that the camera sen- FIG. 1 illustrates a system 10 for detecting light rep- 
sor is overwhelmed and “blooming” ~ C U r S  which de- resenting the image of an object 12. In this example. the Brads the portion Of the image around bright spot- object 12 is a transparency and has three areas including 
Even if only the bright region is affected by the sensor, 35 an arrowhead 14 which is about 100% transparent, an 
this is deleterious becaUSC the sensor d m  not indicate arrow &aft 16 which is about 10% transparent, and a 
differences in brightness between extremely bright and background area 18 which is about 1% transparent. 
VeW bright areas. An apparatus which could compress Coherent light from a laser 20 is collimated by a lens 22 
the range Of intensities Of the rays Of light representing 4o and passes through the object 12. The light emerging 
an image. as by amplifying (possibly by less than 1-0) from the object 12 can be considered to comprise a 
VeW bright mrS by tmch less than dim rays, would group of light beams 24, including intense light beams 
facilitate image detection by available sensors. 26 representing the arrowhead, moderate intensity light 

beams 28 representing the arrow shaft, and dim light 
45 beams 30 representing the background. The group of 

SUMMARY O F  THE INVENTION 

In accordance with one embodiment of the present light beams 3 can represent an image of the object. The 
invention, an apparatus is provided for the amplification group of light beams p s  through a beam splitter 32 
Of light at different portions Of an image, as a nonlinear which divide it into second and third groups of light 
function of the intensity of the light at those image beams 34, 36 which each represent the image of the 
portions to produce compression or expansion of the 50 object 12, but which are each of less intensity than the 
range of intensities. The apparatus includes a light trans- first group of light beams 24. A pair of mirrors 40, 42 
fer device formed Of a photorefractive material. A two- direct the second and third groups of light beams onto 
dimensional array of light beams representing an image a light transfer device 44. 
Of an object, or of light to be detected, is directed in a TWO groups of light beams 46, 48 emerge from the 
first direction at a Surface of the light transfer device, to 55 light transfer device, the first emerging group 46 being 
form an image on that surface. A second group of light lcss intense than the other group 48. The brightest 
beam is directed at a different angle against the surface beams 2& of the first emerging group, represent the 
Of the light transfer device on which the image of the head of the arrow and are brighter than the dimmest 
first array of light beams has been formed. The light emerging beams that represent the background. 
transfer device transfers light from one array of beams 60 However, the ratio of brightness of the beams 26e. 30e 
to the other, in an amount dependent upon the intensity is much l a  than in the original group of beams 24. For 
of the light beams. One of the array of light beams example, the ratio of brightnesses of the beams 26e. 30e 
emerging from an opposite surface of the light transfer may be 10: 1, as compared to the ratio of brightnesses of 
device has a lower range of light intensities, which the original beams 26, 30 of 100:l. The emerging group 
facilitates detection of the image of an object that in- 65 of beam 46 is focused by a lens 56 onto a detector 54 
cludes a wide range of light intensities. The other array which may be the detector of a video camera. The 
of light beams emerging from the light transfer device detector only has to detect light over a limited range of 
has a greater dynamic range than exists in the original intensities, SO that very bright lights will not cause 
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has experienced expansion of the range of light intensi- 
ties. 

Although particular embodiments of the invention 
have been described and illustrated herein, it is recog- 
nized that modifications and variations may readily 5 
occur to those skilled in the art and consequently it is 
intended to cover such modifications and equivalents. 

face is normal to one of said direction_s which is 
chosen from the set consisting of the 01 1 and 01 1 
directions. 

6. The apparatus described in claim 1 wherein: 
said light transfer device comprises a chip of gallium 

arsenide having a resistivity of about lo7 to IO8 
ohmcentimeters and a defect density of about 10l6 
to 1018 per cubic centimeter. 

7. Apparatus for compressing the range of intensities 

a chip of a photorefractive crystal material which has 
first and second opposite surfaces; 

means for receiving a two-dimensional array of light 
beams representing an image having a r e s  of differ- 
ent light intensities, and splitting the array of light 
beams into first and second two-dimensional arrays 
of light beams that each represent said image; 

means for directing said first and second arrays onto 
said first surface of said chip, along directions that 
are angled from each other, with the images repre- 
sented by said first and second arrays being coinci- 
dent substantially within said chip; 

means for detecting the less intense of the arrays of 
light beams emerging from said second surface of 

What is claimed is: 
1. Apparatus for the amplification of light as a nonlin- 

ear function of the intensity of light from a source com- 10 of light, comprising: 
prisig: 

a light transfer device which is formed of a photore- 
fractive material and which has a surface; 

means for directing a first group of light beams from 
said source at said surface of said light transfer 15 
device at a known angle from said surface to create 
a two-dimensional pattern of said beams near said 
surface wherein some locations of said pattern 
contain light of a higher intensity than other loca- 
tions thereon; 

means for directing a second group of light beams at 
said surface of said light transfer device, at a second 
angle that is different from said known angle, 
wherein said first and second groups of light beams 
are each substantially coherent; 25 said chip. 

means for sensing one of said groups of light beams 
after it has passed through said light transfer de- 
vice. 

20 

8. The apparatus described in claim 7 including: 
means for illuminating an object with coherent light. 

and said means for receiving is positioned to re- 
ceive said coherent light after it has interacted with 
said object. 

9. A method for the amplification of each of the 
beams of a two-dimensional array of light beams repre- 
senting an image, as a nonlinear function of the intensity 
of the light of each beam, comprising: 

directing at least a portion of the intensity of each of 
the beams of said array of light beams at a first 
surface of a chip of photorefractive material which 
also has an opposite second surface, including 
forming said image substantially at said first sur- 
face; 

directing a second two-dimensional array of light 
beams at an area of said first surface of said chip 
where said image is formed; 

detecting a two-dimensional array of light beams 
emerging from said second surface of said chip. 

2. The apparatus described in claim 1 wherein: 
said means for directing a first group and said means 30 

for directing a second group comprises means for 
splitting a two-dimensional array of light beams 
emanating from an object to obtain said first and 
second groups of beams. 

3. The apparatus described in claim 1 including: 
means for applying an electric field to said photore- 

fractive material in a direction substantially in the 
plane of said surface. 

35 

4. The apparatus described in claim 1 wherein: 
said photorefractive material is semi-insulating and 40 

doped in an amount that results in deep impurity 
levels. 

5. The apparatus described in claim 1 wherein: 
said photorefractive material is su_bstantially in the 

form of a parallelopiped with 011, 011, and 100 45 
directions that are mutually normal, and said sur- . * * * a  
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