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Introduction 
Range estimation is required for many applications such as: military, robotics, safety equipment, etc'.

Current range estimation techniques require use of an active device such as a laser or radar.
The main drawbacks of an active approach are:
· Expensive
· Use in military scenarios can compromise the measurer's position.
· Requires dedicated hardware

For many applications a passive approach would be much better suited, one idea for such an approach is to use stereo photos.
Approach and Method

Our approach uses stereo photos in order to estimate the distance.

We divide the algorithm into several phases:

1. Identifying the selected object's location in the image2:

a. In order to identify the object's location we use cross-correlation between the selected region (in the image1) and the image2.

b. The cross correlation gives us a matrix corresponding to the image size that represents the degrees of similarity between the image and the mask (the selected object) for the region centered at each point.

c. We retrieve the point with the highest degree of similarity and regard it as the centre of the selected object in image2. 

d. We use these coordinates as the input for phase 2.


2. Estimating the distance:

a. First we'll define several terms:
i. Angle of view – The angle of view is simply the angle from which light rays can pass through the lens to form an image on the film.

ii. Length of frame – size of camera's sensor.
iii. Focal Length – distance between lens and focal point.
iv. 
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 - the angle between camera i and the center of the object on the horizontal plane.
v. 
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 - half angle of view of camera i.

b. 
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c. We'll define some symbols that will be used in development of the formulas:

i. Pi – the pixel location of the object's center in imagei. Since we're measuring distance along the horizontal plane we'll use only the width value.
ii. D – the distance between the lenses.

iii. D' – the Distance between the Left lens and R.

iv. sizei – imagei's width in pixels. 
* The rest are defined on the following diagram.

d. We divide the problem into 3 main cases:
i. Object is between the 2 lenses.
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The following 4 equations are derived from the above diagram :
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2. 
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3. 
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By substituting R from eq' 3 in eq'4 we get:
5. 
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By Derving D' from 5: 
6. 
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By substituting D' from eq'6 in eq'3:
7. 
[image: image11.wmf]12

12

tantan

22

tantan

22

D

R

pp

aa

pp

aa

æöæö

-´-

ç÷ç÷

èøèø

=´

æöæö

-+-

ç÷ç÷

èøèø


R is the distance between the camera plane and the object.
In the next two cases the development of the equations is similar and we'll supply only the final equations:
ii. The Object is to the right or left of both lenses:
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2. 
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· 
If the object is located to the left of the lenses: 
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· If the object is located to the right of the lenses: 
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iii. The object is in front of one of the lenses:
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2. 
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· If the object is aligned with the left lens: 
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· If the object is aligned with the right lens: 
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Implementation
We implemented our system using Matlab 6.5.

The system requires the user to enter the camera's specifications (as highlighted in the figure):

[image: image22]
The next step is supplying two image files, left and right and entering calculate. 

The system shows the left image and waits for the users to select an object.

We used matlabs built-in function normxcorr2 which performs a normalized crossover correlation to identify the object's location in the right image.
Note: the selected object is transposed over the right image in the location it found. The original right image is shown in grayscale, while the object is in color. This is for user revision of the location.
The objects' centers are sent in addition to the cameras' specifications to the distance estimation function.

The result is returned to the main GUI screen
Results
Equipment:
1. Canon A-95 digital camera. 

a. Focal length – 7.8-23.4 (all experiments were with 7.8)
b. CCD width (Length of frame) – 7.1.

        2.  Measuring tape 3m
        3.  1 Labrador male 3 year old – named Sub (measuree).

The experiments were conducted in the following fashion:
a. We placed an object at a known distance from the measuring point.

b. We took 2 photographs from the left and right of the object with different distances between the camera's locations.

c. We scaled down the images (to 25%) after an unsuccessful attempt on a full sized image set resulted in crashing the computer (several times).

d. We then ran our implementation on the images.

e. The following table shows the results returned from our program compared to real world distance.

	Distance  between cameras
	Real
	Estimated
	delta

	80
	180
	177.972
	2.028

	110
	900
	721.765
	178.235

	116
	290
	271.641
	18.359

	220
	365
	355.944
	9.056

	270
	800
	797.55
	2.45

	270
	669
	667.394
	1.606


Conclusion

1. Supplying accurate data regarding the camera's parameters is crucial for the algorithm's success.
2. Our project dealt only with horizontal distance between the cameras and the object, and mainly with the first case described above in which the object is located between the lenses.

3. As seen in the above table, increasing the distance between the cameras has a significant impact on the accuracy of the estimation.
4. We conducted many experiments, and the results shown above are a representative subset.
5. There is more research to be done in this field.
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