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1. Introduction

Biometrics is a developing field that uses a person’s actual features to identify him or her rather than a key or card they possess, or a password they know. A few of the features used as biometrics include fingerprints, DNA, face and hand geometries, and the patterns in the retina and iris. Biometrics have the advantage over non biometric forms of identification because they can not be lost or stolen like keys or identification cards, or forgotten or shared like passwords. Identification with iris patterns holds exceptional promise as a biometric because of the huge variability of irises allowing massive databases [1] and the non invasive nature of photographing the iris.
2. Problems and Techniques 
Although the non invasive nature and high variability of irises make them a promising biometric, high quality photographs with high resolution and good contrast are needed for today’s iris identifying algorithms to perform well. This is not a problem if the iris photographed at very close range with a cooperative subject, but if the subject is farther away and possibly even walking, photographing the iris for identification becomes more challenging. The standards set for high quality iris images require there be at least 200 pixels across the iris with 2 or more line pairs per mm (lppmm) resolution at 60% contrast. [2]. The lab is attempting to meet or exceed these standards for subjects that are up to 30 feet away as well as walking subjects.
To achieve these specifications as the camera and subject are farther apart the whole system taking the images needs to be taken into account, includes the camera, lens, filter and lighting.

2.1. Range and Field of View
All else held constant, when the subject is moved farter from the camera they become smaller in the camera’s field of view and the number of pixels spread across the iris decreases. It becomes harder to maintain the standard 200 pixels per iris diameter as the range increases. To solve this problem, lenses with longer focal lengths are needed to maintain high pixel density and a small field of view.
The first step to choosing a focal length is finding the maximum field of view. The width of the field of view (FOV) can be calculated by dividing the number pixels across the sensor (n) by the desired pixel density (d), as in equation 1. 
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The lab has a Dalsa 4M30 camera on order with a 2352 pixel wide sensor, so a 12 cm wide field of view will give a sufficient pixel density of 196 pixels/cm considering an iris is slightly over a centimeter in diameter. By knowing the minimum field of view and selecting a focal length, the range can be determined using equation 2, the thin lens equation, as an ideal approximation for the lens.

Figure 1 shows how equation 3 for the range of a camera and lens system can be derived using equation 2 and similar triangles. 
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Fig. 1: The relation of range (S1), focal length (f), field of view (FOV) and sensor size (w), using the thin lens equation.
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The lab decided to purchase a zoom lens with a maximum focal length of 800 mm, so with the 12 cm field of view and the Dalsa 4M30’s 17.4 mm wide sensor, the range will be 6.3 m.

Another consideration is the minimum focusing range of the lens. To focus on things closer to the lens camera system, the optical elements have to be moved farther away from the camera sensor and there is a mechanical limit to how far the elements can go, causing a minimum focusing range. This issue can be solved by buying extender tubes that move the lens farther from the sensor and let the lens focus closer.
2.1. Resolution and Depth of Field
Once the width of the field of view has been found, the pixel density and consequently the number of pixels across the iris is guaranteed. However, the overall resolution also depends on the on the quality of the lens and how well the iris is in focus.  Overall resolution is measured by the number of pairs of black and white lines per millimeter that can be imaged while maintaining a certain level of contrast between the black and white lines in the image (lppmm) and the standard for high quality iris images is 2 lppmm with 60% contrast [2].
Every camera and lens system can only focus perfectly on objects in a plane that is at a certain range from the system. As objects move away from this plane of perfect focus, they are more blurry and out of focus. Close to the plane the blur is unnoticeable, but farter from the plane the blur becomes a problem and limits the depth of field.

The quantitative description of focus and depth of field uses the concept of a circle of confusion on the sensor. A perfectly in focus point on the iris will produce a point image on the sensor, but points at different ranges are out of focus and produce blurs on the sensor the shape of the aperture. The maximum allowable size of this blur on the sensor is the circle of confusion and is caused by points on the edge of the depth of field.

[image: image5]
Fig. 2: The relation of depth of field (DOF), range (S1), focal length (f), entrance pupil (A), f-number (N), and circle of confusion (c).
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(5)
In the ideal case the circle of confusion would be the width of one pixel on the sensor and the lens would produce a perfect blur free image.  In reality lenses are not perfect and specifying the circle of confusion as small as a single pixel results in a depth of field to narrow to work with.

By using the results from [3] where the depth of field was measured by the ability to match the images depending on how far out of focus the subject was, and cross referencing to the formula for depth of field in equation 5, a reasonable circle of confusion was found to be approximately 5 pixels across on the sensor.

Another way to determine the maximum allowable circle of confusion is calculating it from the overall resolution needed.  If the worst resolution tolerable is 2 lppmm all that needs to be found is the separation of the single lines in the image on the sensor. If the diameter of the circle of confusion is less than the line separations it will prevent neighboring lines from overlapping, preserving the contrast.  Equation 6 gives the needed relation to get the separation of the lines on the sensor (s) from the field of view (FOV), width of the sensor (w) and resolution (R).
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The Lab’s Dalsa 4M30 has a sensor that is 17.4 mm wide and needs a field of view less than 12 cm wide to get an acceptable pixel density, so to get a resolution of 2 lppmm the separation of lines on the sensor is .073 mm.  This requires the diameter of the circle of confusion be smaller than .073 mm, corresponding to about 10 pixels across on the Dalsa 4M30’s sensor.
Assuming the maximum circle of confusion is 5 pixels or .037 mm across for the Dalsa 4M30 camera, the 800 mm focal length f/5.6 lens being ordered will have a depth of field of about 3.7 cm when the aperture is opened all the way to f/5.6 and the subject is at the maximum range of 6.3 m. This depth of field is very narrow, especially if the subject is moving through it at a walking pace and the lab will have to deicide if it is actually usable when the equipment arrives. 
A simple way to increase the depth of field is closing the aperture tighter by increasing the f-number. Although increasing the f-number sacrifices contrast by letting in less light, it might be necessary with such a small depth of field.
In addition to the focus and depth of field the quality of the lens also affects the overall resolution. With the super telephoto lenses used the quality is usually high enough the loss of resolution from the lens can be neglected, but equation 7 gives a formula for the overall resolution (R0) in terms of the resolution of different components in a system (R1, R2, …). 
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The lens the lab is ordering has a resolution of over 30 lppmm at 60% contrast and the pixel density gives 20 lppmm compared to the 2 lppmm resolution given by the focus, resulting in an overall resolution slightly under 2 lppmm.
2.3 Contrast

To use images of irises for identification, it is necessary to be able to clearly see the unique patterns in each iris and this means the images must have good contrast between the light and dark areas.

It has been found that the patterns in irises reflect light much better in the near infrared part of the spectrum so iris images are taken in that part of the spectrum to have better contrast. Another way to improve the contrast is through increasing the amount of light that gets to the sensor rather than influencing its spectrum.  Giving the sensor more light only works up until the point where the pixels become saturated and the image is washed out. 
Both factors that influence the images’ contrast, the intensity and spectrum of the light collected by the sensor, are influenced by parts of the system including the ambient lighting, auxiliary lighting, filter and sensor, while the intensity of light also depends on the f-number of the lens.

Of the entire system the spectral responsivity of the sensor does the most to influence contrast because it determines the base maximum sensitivity in any region of the spectrum.

The spectral responsivity of Dalsa 4M30 is given in figure 3. Although it peaks in the visible part of the spectrum before the lower cutoff of the near infrared spectrum at around 700nm, there is still substantial sensitivity in the near infrared for wavelengths above 700nm.

[image: image10.emf]
Fig. 3: Spectral responsivity of the sensor in the Dalsa 4M30 camera.
To prevent the sensors sensitivity in the visible part of the spectrum from overpowering the near infrared, filters are needed to influence the proportions of light from each part of the spectrum that reach the sensor.
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Fig. 4: Spectral transmission of B&W infrared filters.

Figure 4 shows how five different filters produced by B&W transmit different portions of the spectrum to the sensor.  The lab uses the B&W 092 filter characterized by the forth curve from the left.
Using the B&W 092 filter allows the sensor to almost exclusively be exposed to 

wavelengths over 700 nm, but to insure good contrast there still needs to be enough near infrared light to expose the sensor to once the visible light is filtered out.
Since the ambient lighting in the lab is fluorescent and emits little near infrared light, auxiliary lights will be needed.  Because there will be a filter on the lens to stop visible light the lighting does not have to be exclusively infrared, but can emit light over a broad spectrum with a significant portion in the near infrared range such as normal incandescent lights do.
3. Conclusion and Future Work

All these predictions and theoretical work, summarized in table 1, are based on literature and the lab’s previous experience.  It is just the preliminary step to actually acquiring the equipment to set up a system to acquire the iris images.  The equipment chosen so far includes a Dalsa 4M30 4 mega pixel camera and a Sigma 800-300 mm focal length minimum f/5.6 zoom lens. Once the equipment arrives the predictions and calculations can be validated and the system can be optimized.
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Longer focal length�
zooms in on the subject, improving resolution.�
decreases the depth of field.


decreases the field of view.�
�
Increasing the f-number�
increases the depth of field�
lets in less light, decreasing contrast�
�
Bigger sensor size�
collects more light, increasing contrast


gives a wider field of view�
needs longer focal lengths to zoom in compared to smaller sensors


decreases depth of field�
�
Stronger, more selective filter�
more selectively lets in only infrared light, decreasing glare from visible light and improving contrast�
cuts out more visible light, decreasing contrast if the sensor is not sensitive enough in the infrared range�
�
Table 1: Benefits and costs of tradeoffs in an imaging system for irises.
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