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Abstract

Biometric recognition is dependent on the permanence

of the biometric characteristics over long periods of time.

However, there has been limited research in this area,

particularly in children during development. This paper

presents the start of a longitudinal study of irises in chil-

dren to understand when biometrics can be used reliably

and the effect aging has on the biometric modality as a child

grows. Data was collected and analyzed in children ages 4-

12 years over three visits, spaced approximately six months

apart. This is one of the few iris collections spanning this

broad age range in children. The results show that there is a

slight decrease in match scores between the resultant com-

parison of collection 1 to collection 3 (12 months difference)

and the resultant comparison of collection 1 to collection

2 (6 months difference); analysis shows this difference is

not statistically significant. Additionally, the data analyzed

resulted in very similar iris recognition performance when

examining a subset of subjects in fifth grade and a subset

of subjects in first grade. These results could indicate that

the iris biometric characteristic is stable over time, at least

as early as age 4, the youngest group tested in this work.

Additional longitudinal data is needed to support this hy-

pothesis.

1. Introduction

The study of biometric recognition has gained interest to

support various applications such as immigration, refugees,
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and distribution of benefits. There is a desire to also uti-

lize biometric recognition for children to support these ap-

plications. However, it is unclear whether biometric char-

acteristics change as a child ages. Research topics related

to this include the determination of the earliest age that a

biometric modality is viable, how a modality varies with

aging, and the development of models to account for vari-

ations of a modality over time. Furthermore, if there is an

effect of aging on biometric modalities, there could also be

potential indicators of age inherent to modalities, whereby

a biometric modality could be used to estimate age, creat-

ing a tool for a variety of applications. This paper focuses

on iris recognition in children between the ages of four to

twelve years. The goal of this research is to analyze the

variability of iris recognition in children over time. This

paper focuses on the three collections taken thus far and an-

alyzes iris recognition performance, comparing iris images

from the first collection to subsequent collections.

2. Background

Currently, the field of aging biometrics in children has

not been heavily researched. One of the first studies showed

how the effects of aging when regarding facial appearance

can be explained when utilizing a parameterized statistical

model [1]. Many geometric transformations have been pro-

posed to model craniofacial growth, including rigid rota-

tion, affine shear, and cardioidal strain [e.g., 6].

Other studies focusing on fingerprint in children have

looked at the stability of the line pattern’s structure of a fin-

gerprint [2]. Intensive pediatric research established that a

fingerprint’s pattern is developed and finalized at an esti-

mated age of 24 weeks [3]. A significant longitudinal study

assessed fingerprint recognition in 309 children from ages 0

to 5 over a one year period [4, 5].

It is known that a person can be identified through the



pattern in their iris, but the permanence of this measurement

is under study [9], [10]; however, this research focuses on

adults. One study looked at the viability of using commer-

cial sensors to capture images of children’s irises [7]. They

found that the recognition accuracy for the enrolled sub-

jects was very high, but did not investigate further due to

high failures in enrollment. To the best of our knowledge

there are no longitudinal studies of growth-related effects

on children’s irises.

3. Experiment

Researchers worked with a local elementary school to

identify participants for this study, while following an ap-

proved IRB protocol. The researchers were granted permis-

sion to utilize a room in the elementary school where collec-

tions could be held. There have been three collection events

thus far; each collection is separated by approximately 6

months. Six modalities were collected, including the sub-

ject’s iris. This paper will focus on the iris data taken from

these collections and will analyze the data to determine if

the pattern changes over time.

Table 1 shows the number of participants during each

collection. There were 171 participants in collection 1, 179

participants in collection 2 and 172 participants in collec-

tion 3.

Table 1. Number of subjects that participated per collection.

Collection Number Participants

1 171

2 179

3 172

Table 2 shows how many subjects have data from collec-

tion 1 and collection 2 as well as how many subjects have

data from collection 1, collection 2, and collection 3. A total

of 123 subjects have data from collection 1 and collection 2,

while only 114 subjects have data from all three collections.

This paper will only analyze the 114 subjects that were able

to successfully complete all three collections.

Table 2. Number of subjects that have data from multiple collec-

tions.
Collection Number Participants

1, 2 123

1, 2, 3 114

The difference in participants include a child being ab-

sent from school the week the collections are taking place at

the elementary school or that the child’s family has moved

out of the school district. Additionally, every new school

year the study will add on a group of children, typically,

around 4 years old. Finally, it should be noted that iris im-

age collection in the very young ages (4 or 5) was some-

times not possible due to attention issues, an inability to stay

still, or an unwillingness to have their data taken. While we

were not able to collect iris images in some children, this is

an issue of usability and is not the subject of this study.

3.1. Subject Enrollment

This research was conducted under an approved IRB

protocol. Parents are required to sign an informed consent

document and the child is required to give an age-tiered

assent ranging from verbal to signed consent. A unique

subject number is affixed to the consent form, and is used

throughout the study to identify the individual.

3.2. Dataset

The iris portion of the child biometric dataset used in this

paper was collected using an IG-AD100 Dual Iris Camera

manufactured by IrisGuard, a commercial iris sensor soft-

ware for capture of the irises. The flashing lights automati-

cally control pupil dilation, reducing noise in the collection.

The camera also utilizes auto-focus, but this is limited to

a window of distances. As such, the child is instructed to

remain still and the collector adjusted the camera distance

as needed. Additionally, a chin rest, similar to ones used in

eye examinations, was used to help keep the child stable and

aligned with the camera as shown in Figure 1. Additionally,

the blinds are closed in the collection room to create a con-

stant environment.

Figure 1. Demonstration of Iris collection using IrisGuard system

and chin rest for stability/alignment in children.

At the beginning of the collection process (collection 1)

only two images were taken of each eye. For the subse-

quent collection, it was decided that four images of each eye

should be taken in order to increase number of images and

support the data analysis (collections 2 and 3). This means



that there are four images of each eye taken per collection,

resulting in twenty four images taken in an ideal situation.

3.3. Example

Below is an example of a two subjects’ biometric data

from all three collections. The first collection was taken

on January 4, 2016. The second collection was taken on

October 26, 2016. The third collection was taken on April

25, 2017. These collections are approximately six months

apart. Figures 2 and 3 are examples of the data that are used

for data analysis.

Figure 2. An example the same subject’s irises. The top images are

from collection 1 (0 mos), the middle from collection 2 (6 mos),

and the bottom from collection 3 (12 mos).

Only one image from each collection is shown in Figures

2 and 3. The first image taken in collection 1 is used as

the enrollment image for all comparisons and is consistent

throughout all of the data analysis.

3.4. Verieye Matching Software

To analyze the change in a child’s iris over time the com-

mercial product Verieye was used. Templates were created

using Verieye software for each subject for collection 1, col-

lection 2, and collection 3. All analysis was performed on

left eye images. Right eye images have not been analyzed to

date. The selected image is compared to the entire database

and a score is outputted for each. The maximum score is

1557. This score will appear if an image is compared to it-

Figure 3. An example of the same subject’s irises. The top images

are from collection 1 (0 mos), the middle from collection 2 (6

mos), and the bottom from collection 3 (12 mos).

self. Verieye outputs a score of 0 when it rejects two irises

as a match.

4. Data Analysis

In the first round of analysis the first image of the left

eye in collection 1 was compared to the entire database of

templates. In an ideal situation, this template would match

with the subject’s other left eye images from collection 1,

the subject’s left eye images from collection 2, and the sub-

ject’s left eye images from collection 3. Collection 1 com-

pared to collection 1 should produce high scores since the

images were taken within milliseconds of each other with-

out a change in environment. When comparing collection 1

to a collection on a different day a lower match score is ex-

pected, as it is for most biometric modalities. Although the

environment stayed constant – same room, closed blinds,

same machine and process – it is expected that there will be

more variability between days which include such factors

as pupil dilation, lighting, and chin position.

This subject’s probe is also compared to the entire

database of all subjects to check for false accepts. It should

be noted that not all subjects were able to complete all three

collections. As mentioned, for collection 1 only two photos

were taken of the child’s left eye, while four photos were

taken for collections 2 and 3. This means for each probe,



Verieye should ideally come back with ten scores, two from

collection 1, four from collection 2, and four from collec-

tion 3 for left eyes only. Comparisons with itself are dis-

carded. All comparisons are with collection 1. This paper

will refer to the comparisons as 1-1, 1-2, and 1-3 where 1-2

has a six month gap between images and 1-3 has a twelve

month gap.

For 1-1 comparisons, the results were averaged per sub-

ject, excluding the 1557 score. The 1557 score was ex-

cluded because this score only represents the probe match-

ing to its own template, making it a check point that the

template is correct, but not a meaningful data point. For 1-

2 comparisons, all four scores were averaged, and all four

scores of 1-3 were averaged.

The first collection was completed in the spring of 2016,

collection 2 in the late fall of 2016, and collection 3 in April

of 2017. The graph below in Figure 4 shows only five sub-

jects out of 114 with complete data from all three collec-

tions. This graph is for visual reference.

Figure 4. An example of five randomly selected subjects and the

average Verieye match scores for each collection

Figure 5 shows the averages of the 1-1 comparisons, 1-

2 comparisons, and 1-3 comparisons by subject number. It

should be noted that in the beginning of the collection pro-

cess, it was difficult to capture more than one image of an

iris. Thus, some subjects only have a single left eye image

from collection 1. This image was used for 1-2 compar-

isons and 1-3 comparisons, but do not have a 1-1 compari-

son score. This results in fewer points than 114 for the 1-1

comparison graph.

Table 3 and Figure 6 provide the average of the 1-1 com-

parisons, 1-2 comparisons, and 1-3 comparisons, as well as

the standard deviations. The Table also shows the maximum

and minimum scores for each comparison. The average of

1-1 comparisons is 790.3, the average of 1-2 comparisons

Figure 5. Scatter plots showing all subjects with complete data sets

and their average Verieye Score comparisons for each collection.

The first graph is the averages of the 1-1 comparisons, the second

graph is the averages of the 1-2 comparisons, and the third graph

is the averages of the 1-3 comparisons.



is 380.6, and the average of 1-3 comparisons is 352.5. The

standard deviation of the 1-1 comparisons is 169.1, while

the standard deviation for the 1-2 comparison and the 1-3

comparison are approximately 111.

A statistical analysis of the difference between the two

averages of 29.1 has a t-difference of 1.976. This results in

a 95% confidence interval that there is no significant differ-

ence between the means of the two populations.

Table 3. The average, standard deviation, maximum, minimum

and percent difference for each comparison.

Comparison 1-1 1-2 1-3

Average 790.3 380.6 352.5

Standard Deviation 169.1 110.5 111.9

Maximum Score 1377 652 698

Minimum Score 310 50 124

As shown, the 1-1 comparison scores are much higher

than the 1-2 and 1-3 comparisons, as expected, due to highly

correlated nature of a single visit. Additionally, the 1-2

comparison scores are higher than 1-3 comparison scores.

To compare the percent difference, the 1-3 average was sub-

tracted from the 1-2 average and then divided by the 1-2

average and resulted in a percent difference of 7.38%.

It should be noted that Verieye had one false accept of

a score of 49 with a subject in collection 3 and zero false

rejects for this group of subjects.

Figure 6. The averages of each comparison as well as one standard

deviation away from that average for images from first collection

compared to second and third collections.

4.1. Age Analysis

The next analysis compares subsets of data based on age.

For this analysis two groups of subjects were used. In the

original consent process the subject’s birthday was asked

on a volunteer basis. Some consents forms did not pro-

vide this information. For this reason, the data analysis

will utilize the child’s grade. The first group are children

that were in fifth grade during collection 3 and the second

group are children that were in first grade during collection

3. Fifth graders will be around the age of 10 and 11, while

first graders will be around the age of 6 and 7. Figure 7 is

a graph that shows the subset of 5th graders averages per

comparison. There are 14 subjects in this subset.

Figure 7. The group of 5th graders with data from all three collec-

tions and their average Verieye Score for each comparison.

Table 4 shows each comparison’s average and standard

deviation. Again the 1-1 comparison was significantly

higher than the 1-2 and 1-3 comparisons, as expected. The

1-2 comparison was slightly higher than the 1-3 compari-

son. The 1-2 comparisons had an average of 428.5, and the

1-3 comparisons had an average of 360.4. All three com-

parisons had a standard deviation around 100. Finally, the

percent difference between the 1-2 and 1-3 comparison was

15.9%.

Table 4. The average and standard deviation for each comparison

for the subset of data including only subjects in fifth grade.

Comparison 1-1 1-2 1-3

Average 864 428.6 360.4

Standard Deviation 115.6 104.0 114.3

The second subset was the subjects that were in first

grade during collection 3. Figure 8 shows these subjects and

their average score per comparison. This subset includes 12



subjects. This graph looks very similar to all other graphs

made thus far, following the trend of a high 1-1 compari-

son and the 1-3 comparison being the lowest average of the

three.

Figure 8. Subjects in 1st grade with data from all three collections

and their average Verieye Score for each comparison.

Table 5 shows each comparison’s average and standard

deviation for the subset of 1st graders. Again the 1-1 com-

parison was significantly higher than the 1-2 and 1-3 com-

parisons and the 1-2 comparison was slightly higher than

the 1-3 comparison. The 1-1 comparisons had an average

of 718.4, the 1-2 comparisons had an average of 443.3, and

the 1-3 comparisons had an average of 369.9. The 1-1 com-

parisons had a high standard deviation of 229.9, while the

1-2 and 1-3 comparisons had standard deviations around 93.

Finally, the percent difference of the 1-3 comparison and the

1-2 comparison is 16.5%.

Table 5. The average and standard deviation for each comparison

for the subset of data including only subjects in fifth grade.

Comparison 1-1 1-2 1-3

Average 718.4 443.3 370.0

Standard Deviation 229.9 95.0 91.3

When comparing Table 4 to Table 5 it can be seen that

these tables have very similar values. The averages, stan-

dard deviations, and percent difference between the 1-2 and

1-3 comparisons are all similar for the subset of subjects in

5th grade and the subjects in 1st grade.

4.2. Conclusion

The results in children, grades pre-K to 5, show a slight

decrease in match scores, which is not statistically signifi-

cant, when comparing two irises which were collected with

a time difference of 6 months and 12 months. It should

be noted that the environment could affect the iris compar-

isons, such as a difference in the lighting. The study was

performed in the same room with the blinds closed in order

to minimize the impact of environment. However, it is diffi-

cult, if not, impossible to eliminate other factors which may

decrease performance.

Additionally, no false rejects were seen, showing no op-

erational impact between the comparisons of 6 month and

12 month time differences. This could indicate that this

modality may be viable as early as 4 years old. While rea-

sonable iris recognition performance has been observed to

date, with the span of 12 months and pool of only 114 sub-

jects, we are unable to make predictions of long-term large-

scale performance at this stage of the research.

Finally, a comparison of the subsets between the subjects

in first grade and the subjects in fifth grade show similar

trends and variability.

In conclusion, the analysis of this data set did not re-

sult in a statistically significant decrease between the match

score comparisons of two iris images with a six-month time

window compared to a twelve-month time window. This

study supports the conclusion that a child’s iris does not

change significantly in the span of one year. Additional re-

search should evaluate this with a larger subject pool and an

increase in the length of time of the study.
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