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Iris in the context of biometrics



Iris

Retina

Pupil

Cornea

What is iris?
¸ The iris of your eye is the circular, colored membranethat

surroundsthepupil.

¸ It controlslight levels insidethe eyesimilar to the apertureon a

camera.

¸ Highly protectedby corneabut externallyvisibleat adistance



Iris Recognition

Acquisition, processing, analysis and comparison

of iris patterns for personal identification

Who are you̙

Iris



Human iris is small in size but rich of 

texture in visual appearance 

Visible illumination Near infrared illumination

¸ The uniquenessof iris texture comes from the random and

complex structuressuch as furrows, ridges, crypts, rings, corona,

frecklesetc. which areformedduringgestation

¸Theepigeneticiris textureremainsstableafter1.5 yearsold or so



Uniqueness

phenotypic randomness, minute image 

features, rich information 

Stability

stable through lifetime

Non-intrusiveness

imaging without touch

Desirable characteristics of iris 

for personal authentication



A Story on Iris Recognition



Identification of Gula Using Iris Recognition



Comparison with other modalities

Biometrics Universality Uniqueness Stability Collectability Accuracy Acceptability Security

Face High Low Medium High Low High Low

Fingerprint Medium High High Medium High Medium High

Hand Medium Medium Medium High Medium Medium Medium

Vein Medium Medium Medium Medium Medium Medium High

Iris High High High Medium High Medium High

Retina High High Medium Low High Low High

Handwriting Low Low Low High Low High Low

Voice Medium Low Low Medium Low High Low

Thermogram High High Low High Medium High High

Odor High High High Low Low Medium Low

Gait Medium Low Low High Low High Medium

Ear Medium Medium High Medium Medium High Medium

DNA High High High Low High Low Low



Testing results of UK National Physics 

Laboratory show that iris recognition is the 

most accurate biometrics technology.



History of Iris Recognition

A.K. Jain, K. Nandakumarand A. Ross,50 Yearsof Biometric Research: Accomplishments,Challenges,and Opportunities.

PatternRecognitionLetters,2015



Global Market of Iris Recognition

The global market for Iris Biometrics is projected to reach

US$1.8 billion by 2020, driven by effervescent technology

advancements and growing use in access, surveillance and

identity applications.



Applications of iris recognition

Access control Airport Homeland security

Welfare distribution Missing children identification

ATM



ᴍ

http://www.uidai.gov.in/



UID



Progress of UID 

¸ 2010.9-2016.4  Enrollment of one billion subjects 

¸ Accuracy̔False reject rate (FPIR) = 0.057% 

False accept rate (FNIR) = 0.035%

¸ FTE: 0.14% 

¸ Usability̔ >99.5%

¸ EER̔99.73%



The iris decision alone turned the UID system into a roaring biometrics 

success and averted a potentially catastrophic failure.

NIST reports FPIR rate of ten-finger identification to be between 1.5 to 

3.5% on a gallery size of approximately one million. UIDAI reports FPIR 

rate of 0.057% over a gallery size of 100 million. This is a 50 times 

accuracy improvement despite a 100-times larger database.

UIDAI reports2.9% of peoplehavebiometricallypoorquality fingerprints

but only 0.23% havebiometrically poor quality fingerprintsand iris. A

third metricwould reinforcethispoint. It is not uncommonin theliterature

to see estimationsof 1 to 5% failure to enrol (FTE) fingerprint rate.

UIDAI reportsFTErateof 0.14%, another10X improvement.

Importance of Iris Biometrics in UID

Raj Mashruwală Chief Biometric Coordinator of UID



Iris Recognition for Border Control



Iris Recognition for Criminal Investigation



Iris Recognition for Coal Miner 

Identification

http://www.IrisKing.com



Iris Recognition for Secure Bank 
Transactions

Cairo Amman Bank
Egypt

Cooperative & Agricultural Credit Bank
Yemen 



Iris Recognition for  Prison Management



Iris Recognition for Refugees



Iris Recognition on Mobile Devices



Iris Recognition in Smart Watch



Iris Recognition of Dogs

EER=0.9%, FRR=7%@FAR=0.1%̆50fps

Special portable iris devices 

are developed to capture more 

than 40,000 images of 2,000 

dogs



Iris Recognition of Dogs



Iris Recognition of Dogs



Basic Modules of IR System

IR System

?

Eye Identity



Iris recognition procedure

Iris Image 
Acquisition

Iris Image 
Preprocessing

Iris Pattern 
Recognition



¸ Preamble

¸ Iris image acquisition

¸ Iris image preprocessing

¸ Iris pattern recognition

¸ Roadmap of iris recognition

¸ Resources and conclusions

Outline of Talk



Difficulties of iris image acquisition

x

y

Z

Small size (11mm)

Sufficient resolution (200 

pixels) 

Narrow depth of field

Must be optically on-axis

Stop and stare

Near infrared illumination

Specularreflections

Eyeglasses

How to capture clear iris images with 

low-cost, user-friendly cameras is still 

the most challenging problem in IR.



Difficulties of iris image acquisition



Basic Components of Iris Sensor



Optical characteristics of human iris

Visible



Iris images captured at different wavelength



Close-range iris devices



Long-range iris devices

Eagle-eyes



Limitations of current iris cameras



Iris image acquisition devices of CASIA



Main lens Microlens array Image sensor

Light -field Camera (Plenoptic Camera)

Extending depth of field Depth perception

4D light field data

Liveness detection

Light field imaging for iris recognition



Technology roadmap of light field imaging



Auto-refocusing to improve depth-of-field 

of iris cameras

Chi Zhang, GuangqiHou, ZhaoxiangZhang, ZhenanSun, TieniuTan, Efficient auto-refocusing for 

light field camera, Pattern Recognition, Volume 81, 2018, pp.176-189.



LFNet for light field image super-resolution
Modeling spatial correspondence between sub-aperture images 

using 4D recurrent convolutional neural networks 

Yunlong Wang, Fei Liu, Kunbo Zhang,GuangqiHou, ZhenanSun, Tieniu Tan, LFNet: A Novel Bidirectional Recurrent

ConvolutionalNeuralNetworkfor Light-Field ImageSuper-Resolution,IEEE Transactionson ImageProcessing,Vol. 27, No.

9, 2018, pp.4274-4286.



Depth Perception from Light Field Images

1. Fei Liu, ShuboZhou,YunlongWang,GuangqiHou, ZhenanSun,Tieniu Tan,BinocularLight-Field: ImagingTheoryand

Occlusion-RobustDepthPerceptionApplication, IEEE Transactionson ImageProcessing,2020.

2. Fei Liu, GuangqiHou, ZhenanSun, Tieniu Tan, High quality depthmap estimationof object surfacefrom light-field

images,Neurocomputing,Vol.252, 2017, pp.3-16.



Iris Liveness Detection Based on Light Field Imaging

Focus value variations of refocused image 

regions around human eyes

Genuine

Fake

Ping Song, Ling Huang, Yunlong Wang, Fei Liu, ZhenanSun, Iris Liveness Detection 

Based on Light Field Imaging, Acta AutomaticaSinica, vol.45, no.9, pp.1701-1712, 

2019.



All -in-Focus Iris Camera With a Great Capture Volume

Combining a two-axis beam

steeringmirror andfocus-tunable

lens integratedwith the inverted

telephotozoomlens

Kunbo Zhang, Zhenteng Shen, Yunlong Wang, Zhenan Sun, All-in-Focus Iris Camera With a Great Capture Volume, 

IEEE/IAPR International Joint Conference on Biometrics (IJCB), 2020. (IJCB 2020 Google Best Paper Award 
Runner -Up)



Spatiotemporal Multiplexing Imaging

Kunbo Zhang, Zhenteng Shen, Yunlong Wang, Zhenan Sun, All-in-Focus Iris Camera With a Great Capture Volume, 

IEEE/IAPR International Joint Conference on Biometrics (IJCB), 2020. (IJCB 2020 Google Best Paper Award 
Runner -Up)



LeyuanWang, et al., ñAn End-to-End Autofocus Camera for Iris on the Move,ò IEEE/IAPR International Joint 

Conference on Biometrics (IJCB ), 2021.

Deep Learning Assisted Iris Autofocus

Source Code:

https://github.com/Debatrix/AquulaCam

https://github.com/Debatrix/AquulaCam


CASIA 10m Prototype



All -in-Focus Iris CameraWith a Great Capture Volume


