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Abstract: Iris recognition is a powerful biometrics for personal identification, but it is difficult to acquire good-quality iris images in real time.
For making iris recognition more convenient to use, we design an iris recognition system at a distance about 3 meters. There are many key issues
to design such a system, including iris image acquisition, human-machine-interface and image processing. In this paper, we respectively introduce
how we deal with these problems and accomplish the engineering design. Experiments show that our system is convenient to use at the distance of
3 meters and the recognition rate is not worse than the state-of-the-art close-range systems.
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1. INTRODUCTION

Iris recognition (IR) is an excellent biometrics method with
high accuracy [1] and favored in large-population security ap-
plications, such as custom clearance, airport boarding, con-
gregation entrance and so on. Many practical iris products
have been developed such as LG’s IrisAccess, OKI’s IrisPass-
WG, Panasonic’s BM-ET300, Irisguard’s IG-H100, IrisKing’s
IKEMB-100 and so on. However, one drawback of iris recog-
nition system is that iris image acquisition is difficult, which
requires users to actively cooperate with the machine and takes
long time to capture a clear image for recognition. It has be-
come a bottleneck for iris recognition system.

For making IR systems more convenient to use, we expect
that IR systems can automatically work at longer distance.
Many people have turned their sight to design such IR systems
and some prototypes of IR systems at a distance have been de-
veloped. J. Matey et al. in Sarnoff has developed an iris-on-
the-move (IOM) system [2], which can be used at 3 meters and
recognize people when they pass a gate. It is a well-designed
IR system, but there are two common criticisms on it, one is
its over-safety illuminations and the other is the low recognition
rate (reported 78%) due to poor quality of iris images. G. Guo
et al.[3], S. Yoon et al.[4] and W. Dong et al.[5] also developed
long-distance IR systems. They use the pan-tilt-zoom unit to
actively cooperate with people and extend the depth of camera,
but such mechanical devices are some heavy and slow, which
are far from practical requirements. Rainmaker’s H-box[6] set
the camera up the head, so people only need look up when they
pass the gate. However, because people have different heights,
the system is not fit for every people. In a word, there is no
perfect long-distance IR system at a distance till now.

It is a challenging work to design a long-distance iris recog-
nition system, because there are more difficulties at a distance
than in the close-range, such as image acquisition, human-
machine-interface and images processing. It is not only related
to iris recognition algorithms, but also involves many engineer-

ing problems. In this paper, we will introduce how we design
a working long-distance IR system and deal with the following
problems.

1)Iris image acquisition: The human iris is very small and
the required resolution for iris recognition is large, so it is diffi-
cult to design the optical path for iris imaging at a distance. We
carefully calculate the parameters of cameras, lens and illumi-
nation intensity and elaborately select their types to set up the
optical system.

2)Human-machine-interface: Because users are of differ-
ent height, it is impossible for a single camera to cover so large
range or for users to cooperate with the camera at a distance.
We design a self-adaptive machine to automatically adapt to
different people. Moreover, we use screens and audio signals
to direct users to stand on the right position and give them mul-
timedia feedback. All these devices are installed into a cabinet
and they made up of the hardware platform.

3)Image processing and iris recognition: In this process,
computers acquire real-time image sequence from the image
grabber, then detect and find good-quality eye images, and fi-
nally segment iris images for iris recognition. Among them, the
iris recognition algorithm is the most important one, but the eye
detection, image quality assessment also determine the perfor-
mance of the system.

The rest of the paper is organized as follows. Section 2, Sec-
tion 3, and Section 4 respectively introduce our solutions of im-
age acquisition, human-machine-interface and image process-
ing. Section 5 shows experimental results of our system and
Section 6 concludes this paper.

2. IMAGE ACQUISITION

The optical system design is crucial for iris imaging at a dis-
tance. We calculate the required parameters of camera, and lens
based on the geometry optics. Denote the lens focus as f , the



digital sensor’s (CCD or CMOS) width as wp and height as hp,
sensor pixel size as σ and object-image ratio as λ (cm/pixel).
The object distance u can be computed as Equation 1.

u = f
λ

σ
(1)

And the capturing volume W × H and the depth of field D
can be calculated as the following Equations 2. The derivation
details could be found in our paper [7].

W = λ · wp

H = λ · hp

D ≈ 2F (λ+σ)2

σ

(2)

According the above geometry optics, we finally select the
following camera and lens: (1) A camera with 4-mega pixels
and frame rate of 30 frames per second. Its capturing range
covers a face size with with high-resolution(the diameter of the
iris area is more than 150 pixels). (2) A lens with the focus
length of 300 mm and its aperture size F is set to 15 (when the
exposure time of camera is 10 ms), so the optical system can
work at 3 meters away with the depth of field of near 6 cm.

The infrared illumination is another important factor. The
light intensity must be strong enough (more than 2mw/cm2)
to present the iris texture at 3 meters, and on the other hand it
should be not harmful to human eyes (less than 10mw/cm2)
according to the international safety standard IEC-60852-1. At
the same time, we elaborately regulate the angle of the illumi-
nator and design an auto-controlled switches which can turn off
the light when people stand too close.

3. HUMAN MACHINE INTERFACE
The hardware is the basic platform for system running, which

involves many engineering works such as mechanical structure
design, electronic circuit design, and appearance packaging.
The hardware framework is shown in Fig.1. A computer severs
for the control center and image processing center. It acquires
and processes images from the iris camera via the image acqui-
sition card, and also controls the infrared illuminator and the
pan-tilt-zoom (PTZ) unit through the motion control card and
the embedded circuit. Moreover, a screen and USB cameras are
installed in the front of the cabinet. The screen is used to give
multimedia feedback to users and the USB camera is used as
the face detector and the height sensor.

Besides the engineering work, it also includes many intel-
ligent components such as self-adaptive and auto-focus func-
tions, which are very important to improve the use interface of
the IR system at a distance.

3.1. Self-adaptive to different heights

We set the iris camera on the pan-tilt unit (PTU) and use an-
other wide-angle USB camera to detect human’s face. Once the

Fig. 1: The hardware platform

Fig. 2: The cooperation of the iris camera and the face camera

face camera detects the human face in the video, the computer
automatically predict the eye’s position and control the PTU to
move towards eye region, as shown in Fig.2.

The two cameras are setup together, so their visions have
some corresponding relation. Let us denote the eye position
in the view of wide-angle camera is (xw, yw) and the eye posi-
tion in the view of the iris camera is (xn, yn). Suppose that the
two cameras are installed in the same vertical line and the user
distance is an fixed value, there will be an approximately linear
relationship between yw and yn as Equation 3.

yw = αyn + β (3)

We get many pairs of yw and yn through lots of experiments
and are able to calculate α and β by the least-square method.
The detail could be found on the literature [3] or [5].

Moreover, there is the relation between the angle of the step
motor and the camera position. With the above information,we
finally get a look-up-table that records the corresponding rela-
tion of the step number and object position. With this table, we
can control the iris-camera moving fast to its destination. This



is an easy but practical method without any precise camera cal-
ibration or complex control algorithms.

3.2. Alternative auto-focus function

The depth of field of our IR system is not more than 10 cen-
timeters due to the limitation of optical system.[7] Although
some users can easily finish the recognition after much prac-
tice, there are still others not able to adroitly use this machine.
An alternative auto-focus function is necessary.

As common auto-focus strategies, our auto-focus strategy in-
cludes the following steps: (1) Compute the focus value of ev-
ery image. (2) Calculate the change of the focus value and de-
termine the position of objects. (3) Move the lens to the right
position with fast or slow speed. There are many technical de-
tails about these work and we will not extend the description.

There are both advantage and disadvantage of auto-focus
function. The merit is that the capturing range is extended and
users are much free to move, and the drawback is that the motor
movement is too slow to adapt to the change of human posi-
tions. In some instances such as user enrollment, we can use
the auto-focus function to help acquire good-quality images for
the newcomers. In other instances such as the daily attendance,
we can fix the focus since all users are able to use it very ex-
pertly. We can choose auto-focus function or not according to
actual situations.

4. IMAGE PROCESSING
In the long-distance IR system, we use the high-resolution

cameras. The image of such camera has more pixels and more
complex content than the general 640 × 480 cameras, so the
image processing in high-pixel images is quite difference with
the traditional ones.[8] It includes four steps: image acquisition,
eye detection, good-quality image selection and iris recognition.
The flowchart is shown in Fig.3.

At first, we must transfer the video sequence of 4 mega pixels
with the speed of 30 frames per second, which means to transfer
120M bytes per second. For reducing the time of image acquisi-
tion, we do not sample the whole image from the image grabber,
but sample the data every several pixels. In the down-sampled
image, eye images are detected and re-acquired from the origi-
nal images. Among hundreds of eye images, we discard out-of-
focus or motion-blur images and only select good-quality ones
and send them for further processing and iris recognition.

In this procedure, there are two key points to study: one is
how to detect and track eyes in the video sequence and the other
is how to accurately select the best image from the sequence.

4.1. Eye detection and tracking

The state-of-the-art eye detection methods achieve high ac-
curacy and robustness, but they are all based on the face infor-
mation. In our system, we often can not capture the whole face

Fig. 3: The flowchart of image processing

images, if we still use such eye classifiers, there will be many
false reports on eyebrows or mouths according to our experi-
ence.

We trained a new eye classifier based on a new method. The
basic strategy is still based on the cascade of haar-like features
trained by Ada-boosting [9]. The difference is that the posi-
tive training samples do not contain only the eye region, but
the eye and the eyebrow together, so the trained classifier can
effectively avoids false reports about eyebrows and mouths.

As another measure, when we detect eyes in one frame, we
save the eye position and pre-estimate that the eye in the next
frame is also near the previous position. Only when no eyes
are detected in the next 3 frames, we consider that it is lost and
should be detected again.

The above-mentioned measures are both little tricks, but they
are very useful in the practical use and greatly improve the sys-
tem performance.

4.2. Good-quality image selection

In the video sequence with thousands of image frames, we
need to get rid of poor-quality images and select out good-
quality ones for iris recognition. There are two steps for image
selections, the first one is to calculate the focus value for coarse
image selection and auto-focus, and the other is to assess the
image quality specially in iris region.

(1) For the former, we apply TenenGrad method to calculate
edge sharpness as the focus value. As shown in Equation 1,
Gx(i, j) and Gy(i, j) are respectively the two directions’ Sobel
energy of the point (i,j) of the image. The total focus value is
the sum of edge energyof all points in the image as Equation 4.

FTenenGrad = Σ(Gx(i, j)2 + Gy(i, j)2) (4)

For reducing the computational cost, the focus value could not
be calculated pixel by pixel, but by averaging the values form
many randomly-selected image blocks in the original image.



(2) For iris image assessment, there are many measures, such
as Daugman’s 8 × 8 operator [8], Chen et al.’s wavelet [10]
and Du et al.’s informational measure [11]. Here, we use our
own method. After the iris localization, we first calculate the
focus value F1 based on the Daugman’s operator, and then re-
scale the image to half size and calculate the focus value F2. F1

and F2 respectively represents the high-frequency and medium-
frequency components of image, and F1/F2 represents their ra-
tio. Then we define the quality measure M as Equation 5.

M = (αF1 + βF2 + γ
F1

F2
) · 100% (5)

where α, β and γ are parameters for weighting and normaliza-
tion, obtained by learning.

Since there is no obvious boundary between the good-quality
and poor-quality, the threshold of M is crucial for iris recogni-
tion. The lower M leads to increase of false rejected rate but
may make more images pass the iris recognition.

4.3. Iris recognition algorithms

We use the iris localization method based on the pulling and
pushing method by Z.He et al. [12] and extract iris texture fea-
ture using ordinal measures by Z. Sun et al. [13] Since this
procedure is not different with the close-range IR system, we
will not introduce its details further.

The only difference in iris recognition algorithm is that the
position of two irises in one image can provide the accurate
information of eyes’ rotated angle, which is useful to reduce
the matching time during the iris matching.

5. SYSTEM PERFORMANCES
Generally speaking, users concern two kinds of performance

of an IR system. One is whether the iris recognition is accurate
and robust, and the other is whether it is convenient to use. The
former is related to image quality and software algorithms, and
the later involves the hardware and human-machine-interface.

5.1. The image quality and recognition rate

At first, we establish an iris database with images captured
by our system. This database contains 142 subjects, who are
mainly students and faculties. Every subject is captured for sev-
eral times with and without glasses. Then we manually select
clear images from these moving sequences and finally select
about 30-50 images from every subject, which made up of a
database of high-resolution iris-face images. An image example
is shown in Fig.3, and we can see clear textures in iris regions,
which is good enough for iris recognition.

We define the recognition rate as the accept rate when the
system FAR = 10−5 (1 false accept in 105 comparisons). Then
we use the recognition rate of this database to evaluate our sys-
tem. Since the recognition rate is related to the image quality,

we divided our images into three subsets according to the im-
age quality. The recognition rate in these three data sets is quite
different. In the subset with best quality, the recognition rate is
more than 94% and in the second and third subset, the recogni-
tion rate is still 84% and 76%.

For comparison, we also use the same iris algorithm to test
other iris databases. CASI-irisV3-Lamp iris database [14] is
just a good example, which contains 822 subjects captured by
close-range cameras and its images are close to ones captured in
practical circumstance. Through experiments, the recognition
rate in this database is nearly 96%, which is only 2% larger
than our database’s 94%. It explains that the recognition rate of
the long-distance IR systems is not worse than the close-range
systems. Compared with other long-distance IR systems, such
as the IOM system, the recognition rate of our system is much
better than them (only 78%).

5.2. The usability of the system

It is difficult to say whether a system is easy to use or not,
because it depends on human’s subjective feelings. However,
we still can find some objective evaluation standard such as the
capture volume and average recognition time.

We compare the performance of our system with other state-
of-the-art commercial IR systems as shown in Table 1. Some
data of this table are measured manually and some are from
reports or in literatures [2].

From the table 1, we can see that the long-distance IR system
such as (5)(6) has many advantages compared with other close-
range systems such as (1)(2)(3)(4). The longer standoff distance
and larger capture volume is benefit from the advanced cameras
and lens used in the long-distance IR system.

The capture volume of our system is smaller than the IOM
system, because our system uses only one camera, but they
use the multi-cameras array. However, our system has the self-
adaptive function, so it can actively cooperate with the different
heights and therefore the capture volume is actually much larger
than as shown in table 1. IRISPASS-WG system and devices in
[3][4] and [5] also use the pan-tilt unit, but our system obviously
moves much faster.

As a conclusion, our IR system is equivalent to the best long-
distance IR systems in the world. The recognition rate and us-
ability are both good enough to make the real product. The Fig.
4 show the real scene when our system is running.

6 CONCLUSION

In this paper, we introduce how we design an iris recogni-
tion system at a distance. We resolve many problems in im-
age acquisition, human-machine-interface and image process-
ing and finally make a working system. Experiments show that
our system can work well at the distance of 3 meters with satis-
fied recognition rate and good user interface. Its performance is



Table 1: the performance of our system and other commercial IR systems

Manufacture System type Capture volume(W × H × D)(cm) Standoff distance (m) Average recognition time (second)
(1)LG LG-3000 2 × 2 × 10 0.10 2
(2)OKI IrisPass-WG 18 × 55 × 30 0.45 7

(3)Panasonic BM-ET300 10 × 5 × 10 0.35 4
(4)IrisGuard IG-H100 5 × 5 × 15 0.4 2
(5)Sarnoff IOM system 20 × 40 × 10 3.0 3
(6)CASIA Our system 20 × 15 × 10 3.0 3

Fig. 4: The long-distance IR system is running

equivalent to other commercial IR systems and it is promising
to become the real product in the future.
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