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FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization.com
national electrotechnical committees (IEC National Committees). The object of IEC is to promote“intern
operation on all questions concerning standardization in the electrical and electronic fields>To this e
hddition to other activities, IEC publishes International Standards, Technical SpecificationsyTechnical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEG"\Publication(s)”).
paration is entrusted to technical committees; any IEC National Committee interested-in the subject de
y participate in this preparatory work. International, governmental and non-governmental organizations |
h the IEC also participate in this preparation. IEC collaborates closely with thé_International Organizat
ndardization (ISO) in accordance with conditions determined by agreemeni-between the two organizat

b formal decisions or agreements of IEC on technical matters express, as nearly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fr
brested IEC National Committees.

[ Publications have the form of recommendations for internatiohal use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are made to ensure that the technical content
blications is accurate, IEC cannot be held responsible for )the way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC National’ Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their national and regional publications. Any divergence bé
IEC Publication and the corresponding national orregional publication shall be clearly indicated in the

L itself does not provide any attestation of conformity. Independent certification bodies provide con
essment services and, in some areas, access to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certification bodies.

users should ensure that they have thelatest edition of this publication.

mbers of its technical committées’and IEC National Committees for any personal injury, property dam|
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out of the. publication, use of, or reliance upon, this IEC Publication or any oth
blications.

ention is drawn to_the ]Normative references cited in this publication. Use of the referenced publicat
ispensable for thelcarrect application of this publication.

L draws attention® to the possibility that the implementation of this document may involve the use
ent(s). IEC 4akes no position concerning the evidence, validity or applicability of any claimed patent ri
pect thereof) As of the date of publication of this document, IEC had not received notice of (a) patent(s)
y be reguired to implement this document. However, implementers are cautioned that this may not req
latest information, which may be obtained from the patent database available at https://patents.iec.g
1| not. be held responsible for identifying any or all such patent rights.
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IEC 62908-22-10 has been prepared by IEC technical committee 110: Electronic displays. It is
an International Standard.

The text of this International Standard is based on the following documents:

Draft Report on voting

110/1692/FDIS 110/1713/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62908 series, published under the general title Touch and interactive
displays, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e rgconfirmed,
e wijthdrawn, or

e rdvised.

IMPORTANT - The "colour inside" logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanging
of its contents. Users should therefore print this document.using a colour printer.
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TOUCH AND INTERACTIVE DISPLAYS -
Part 22-10: Measurement methods of fingerprint recognition
performance — Under-display optical imaging fingerprint sensing

1 Scope
This part of IEC 62908 specifies the standard measuring conditions and measurement methods
for determining the performance of fingerprint recognition systems with under-display, optical
imaging fingerprint sensing. This document is applicable to use displays as illumination sojrces
of optical imaging fingerprint sensing.
2 Normative references
The fpllowing documents are referred to in the text in such a way that‘'some or all of their cdntent
consfitutes requirements of this document. For dated references,-only the edition cited applies.
For tindated references, the latest edition of the referemced document (including any
amerjdments) applies.
IEC §1747-30-5, Liquid crystal display devices — Part,30-5: Optical measuring methods of
transmissive transparent LCD modules
IEC §2341-6-1, Organic light emitting diode (OLED) displays — Part 6-1: Measuring methqds of
optical and electro-optical parameters
IEC §2341-6-4, Organic light emitting diede (OLED) displays — Part 6-4: Measuring methqds of
transparent properties
3 Terms, definitions, and-abbreviated terms
3.1 Terms and definitions
For the purposes of(this document, the following terms and definitions apply.
ISO and IEC-maintain terminology databases for use in standardization at the follpwing
addresses:

e |IH

C<Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp

3.1.1
optic

al imaging fingerprint recognition

<under-display optical imaging fingerprint sensing> recognition method of fingerprint by optical
image sensor located beneath the display

3.1.2
finge

rprint recognition system resolution

<under-display optical imaging fingerprint sensing> degree of resolution of a fingerprint image
acquired by an under-display optical fingerprint recognition system, which is calculated using
the contrast transfer function (CTF)


https://www.electropedia.org/
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3.1.3

contrast transfer function

CTF

<under-display optical imaging fingerprint sensing> ratio of the final to the initial signal
amplitude as a function of the spatial frequency of the initial signal

3.1.4

fingerprint ridge
convex part on the skin of the fingers, which makes contact with an incident surface under

norm

Note 1

3.1.5

al touch

to entry: On the fingers, the unique patterns formed by the ridges make up fingerprints.

fingerprint valley

area
norm

3.1.6

between two fingerprint ridges that does not make contact with an incident surface
bl touch

signgl-to-noise ratio

SNR
<und
imag

3.1.7
false
FRR

propq

3.1.8
false
FAR

propq

3.2

CTF
FAR
FRR
LMD
PPI

SNR

4 N

4.1

b to the noise grey level

reject rate

rtion of verification transaction with wrongful'claims of identity that are incorrectly d

accept rate

rtion of verification transaction with truthful claims of identity that are incorrectly conf

Abbreviated terms
contrast transfer function
false accepfirate
false rejectrate
light.measuring device
pixel per inch

signal-to-noise ratio

inder

er-display optical imaging fingerprint sensing> ratio of the réquired grey level of fingerprint

enied

rmed

leasuring conditions

Standard measuring environmental conditions

All tests and measurements shall be carried out under standard atmospheric conditions for

testin

- te

g, unless otherwise specified:

mperature: 25 °C 3 °C,

— relative humidity: 25 % RH to 85 % RH, where appropriate,

— ai

r pressure: 86 kPa to 106 kPa (860 mbar to 1 060 mbar).

When different environmental conditions are used, they shall be noted in the report.
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4.2 Starting conditions of measurements
As specified in IEC 62341-6-1, measurements shall be started after the display and the
measuring instruments achieve stability. Turn on the display, then it shall be kept operating for

30 min at least (with a loop of colour patterns rendered on the screen). Sufficient warm-up time
shall be taken until the measured luminance variation falls within +3 %.

5 Measuring system

5.1 Under-display optical fingerprint recognition system

The lnder-display optical fingerprint recognition system consists of a display andioptical
imaging sensor located beneath the display as shown in Figure 1. The system uses thqg light
emisgion of the display for lighting up the fingerprint. The sensor then captures the“reflected
light from it. Finally, the comparison between the sample fingerprint image withthe target one
shall|be done to complete the recognition and identification. In the process of acqiring
fingerprint images, the light produced by the display will pass through the display several tjmes.
So thie luminance, extinction ratio, light leakage ratio and transmittancecof the display without
sensir have significant influence on the recognition process. The measurement of these jtems
is specified in Annex A.

NOTE| Displays are used as illumination sources of optical imaging fingerprint sensing.

Finger

Display

407 oelmaans

_____________________________________________________

Figure 1 — Structure diagram of under-display optical
imaging fingerprint recognition system

5.2 | Standard equipment and setup

A flow chart of the measuring system is shown in Figure 2. The measuring system consists of
the Winder-display\‘optical fingerprint recognition system and the fingerprint recogpition
grey-level equipfment.

As shown.in Figure 3, the fingerprint recognition grey-level equipment shall access and process
mea5|urement data from the optical imaging sensor to define performance measure% with
respect to the target. This equipment shall access and process data with a specific tormat at

8 bits per pixel (8 bpp or 256 grey-levels) [1]1. For the false accept rate (FAR) and false reject
rate (FRR), the measurement data processing unit is used to match the correct data of
fingerprints.

T Numbers in square brackets refer to the Bibliography.
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Under-display optical fingerprint
recognition system

> Fingerprint recognition grey-level equipment

Test target, replica of real or

E [ Acquire fingerprint image
E real fingerprint i

_________________________________________

6 Neasurement method of fingerprint recognition performance

6.1
6.1.1

It is (
from
finge

The f
(CTF
black

6.1.2
The f]

a) A

IEC
Figure 2 — Flow chart of measuring system
Under-display optical Fingerprint recognition grey-level
fingerprint recognition equipment
system . Performance
Data output unit measuM
| o calculation
mage Transform
sensor unit . .
processing unit
IEC

Figure 3 — Concept of performance measurement

Fingerprint recognition system resolution
Purpose

lifficult to recognize fingerprint ridges* from fingerprint valleys and isolating detail g
low resolution fingerprint image.\The purpose of the measurement is to determin
print recognition system.

ngerprint recognition system is measured based on a threshold contrast transfer fun
associated with the test target. Resolution is defined here as the number of alte
and white lines that.can be captured with a minimum CTF modulation.

Measuring(conditions
bllowing mieasuring conditions apply:

Dparatus:

driving signal equipment;

oints
e the

ction
rnate

driving power source.

b) Test target:

The test target consists of repeating pairs of black and white stripes, which can be fabricated
on additional substrates, such as chrome-on-glass. An example test target is shown in
Figure 4. The spatial frequency of the test target in this document is expressed using
cycles/mm.

NOTE Based on the definition of pixel per inch (PPI), the vertical and horizontal stripe patterns are widely used.
Refer to [3]. Figure 4 is widely used for fingerprint recognition related tests.
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6.1.3
The 1

a) S
fol(
b) C
at

thle display luminance achieves,stability.

c) S
i
d) S

e) C

mgerprint recognition region). Acquire the image and read the grey-levels data.

steps b) and c).

-10 - IEC 62908-22-10:2024 © |EC 2024

Dimensions in millimeters

Figure 4 — Example of test target

Measurement method
neasurement method shall be as follows:

bt the fingerprint recognition system Uhder the standard measuring environm
nditions.

the desired colour Q at the highest luminance level. Measurement shall be started

et the 1 cycle/mm test targefras the reference frequency at position Py (the centre

bt the other frequency test target at the centre of the fingerprint recognition region. R
hlculate the modulation contrast C; and the value of CTF using the following formula

C = Emax, i ~ Emin, i
&max, i + &min, i

e

w

Core(i)=—-
cTr (i) G,

here

ental

reate a window pattern in the fingerprintrecognition region as shown in Figure 5. Set the window
after

bf the

bpeat

(1)

(2)

Zmax,; 1S the maximum grey-levels of the i cycles/mm test bar black and white stripe

measured;

Zmin,; 1S the minimum grey-levels of the i cycles/mm test bar black and white stripe
measured;

i is the number of pairs of the black and white stripes of a test target within 1 mm;

C; is the modulation contrast of the i cycles/mm test bar black and white stripe

measured;

C, is the modulation contrast of the 1 cycles/mm test bar black and white stripe measured.
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NOTE

According to the definition of CTF, calculation of CTF using g ., , and g, is referred to as MTF in
IEC 61747-30-5. In general, g ., is the maximum grey-levels of black stripes in the test area, and g . . is the
minimum grey-levels of white stripes in the test area.

Other usage scenarios (such as wet and dry hands, at high and low temperature, and with a
protect film) can be used when agreed on by the interested parties but shall be stated in the

report.
Fingerprintrecegnition The position o put the test
region target centre (P)
IEC
Figure 5 — Test pattern for resolution méasurement
6.1.4 Reporting
The CTF for each frequency and threshold shall be reported. The horizontal and ve

resol
refled

6.2
6.2.1

The d
to reg

6.2.2
The 1

a) S
C(
b) C
w

ition shall be reported with a description of.the measuring conditions and test targef
tion characteristics of the test target should ‘also be reported.

SNR
Purpose

urpose of the measurementis to determine the ability of the fingerprint recognition sy

Measurement method
neasurement, method shall be as follows:

bt the fingerprint recognition system under the standard measuring environm
nditions.

reate_a window pattern in the fingerprint recognition region as shown in Figure 5. S
ndow at the desired colour Q at the highest luminance level. Allow the display lumin

rtical
. The

stem

ognise some special points in the fingerprint, such as sweat pore and incipient ridges.

ental

bt the
ance

to

stabilize.

c) Set the replica of a real fingerprint in the centre of the fingerprint recognition region.

d) Acquire the image and read the grey-levels data of an n x n pixels block (» = 5, for example)
in the valley region and record the average value of ¢ blocks (¢ = 10, for example) as g, as
shown in Figure 6 a). The pixels block is usually selected from the centre of the valley
region.

e) Acquire the image and read the grey-levels data of an n x n pixels block (n = 5, for example)
in the ridge region that is near the valley region in step d) and record the average value of
t blocks (¢ = 10, for example) as g,,, as shown in Figure 6 b). The pixels block is usually

selected from the centre of the ridge region.
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f) Calculate the SNR RSN using Formula (3):

Rgy = 20 % |09(MJ
8ba

2024

3)

g) Repeat the steps from c) to f) to measure and calculate the SNR of pixels blocks in other

te

st points and other replicas. Calculate the SNR using Formula (3).

a)

6.2.3

The
repor|

6.3
6.3.1

The {
finge

6.3.2
The 1

a) S
cq

ion
IEC

ne block
5 blocks
-
5 x 5 pixels block in the valley region b) . 5.%/5 pixels block in the ridge reg
Figure 6 — Example of n x n pixels block in;the valley and ridge region [1]
Reporting
alues n, t, Ly,, Lpg, Rgn, NUmber ofireplicas N, and replicas specification shall be
ted with a description of the measurifig conditions.
FAR and FRR
Purpose

urpose of the measurement is to utilize FAR and FRR to evaluate the performance
print recognition system.

Measurement method
heasurement method shall be as follows:

bt the ™ fingerprint recognition system under the standard measuring environm
nditions.

pf the

ental

b) Create a window pattern in the fingerprint recognition region as shown in Figure 5. Set the
window at the desired colour Q at the highest luminance level. Allow the display luminance
to stabilize.

c) Use real fingerprints for this test.

d) Match the correct fingerprint with the target fingerprint &, times and record the times of false
rejection as R. Calculate the FRR Rgrg using Formula (4).

e) Match the incorrect fingerprints with the target fingerprint N, times and record the times of

fa

Ise acceptation as 4. Calculate the FAR Rgpr using Formula (5).

Rerm =§1x100%

(4)
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Reag = - x100% (5)
Ny

f) Measure the FAR and FRR according to steps b) and c) in different usage scenarios (such
as wet and dry hands, at high and low temperature, and with protect film).

6.3.3 Reporting

The values N4, N,, R. A, FRR and FAR shall be reported with a description of usage scenarios

and measuring conditions, including the information about the fingerprints which are ustd for
this test.
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Annex A
(normative)

Measurement method for optical parameters

General

2024

In the process of acquiring fingerprint images, the light produced by the display will pass through
the display several times. So the luminance, extinction ratio, light leakage ratio and

trans
Thes

mittance of the displav without sensor have significant influence onthe recognition process
Lol J J J Ll -

b items are particularly important for the communication between supply chain comppgnies

in the industry, including display module factories, optical imaging sensor factories and terminal

facto
perfo

ies. For example, when a terminal vendor designs and verifies the fingerprint recog

nition

rmance, the terminal vendor will require the panel vendor to submit optical performance

reports of the display panel. Based on the reports, the terminal vendor willsjudge the optical

perfo
vend
impa

measlurements of these items for the display without sensor are specified in Annex A.

A.2

A.21

The |
the t

rmance of the display panel and put forward improvement requirements to the
br. The matching design of the display module and optical imagingysensor has a
tt on optical performance. To ensure the consistency of supply chain data accumul

Standard lighting conditions

Darkroom conditions

iminance contribution from the background illumination reflected off or transmitted th
st display, or both, shall be less than 0,01¢cd/m?2 or 1/20 of the display's black

banel
great
ation,

ough
state

luminfance, whichever is lower. If these conditiofts are not satisfied, then background subtraction
is required, and it shall be noted in the report. In addition, if the sensitivity of the LMD is

inadgquate to measure at these low levelsithen the lower limit of the LMD shall be noted

mea

A.2.2

The 4

A.2.3

The 4

A3

A.3.1

urement report.

Ambient illumination conditions

mbient illumination conditions shall be consistent with those specified in IEC 62341

Ambient illumination spectra

mbient illumination spectra shall be consistent with that specified in IEC 62341-6-4.

Standard setup conditions

Starting conditions of measurements

n the

[6-4.

As specified in IEC 62341-6-1, measurements shall be started after the display and the
measuring instruments achieve stability. It is recommended that, when the display is first turned
on, it be operated for at least 30 min with a loop of colour patterns rendered on the screen.
Sufficient warm-up time has been achieved when the luminance of the test feature to be

meas

ured varies by less than +3 % over the entire measurement.
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A.3.2 Conditions of measuring equipment
The general conditions of this measurement shall be as follows.

a) The standard measurement setup is shown in Figure A.1. The LMD shall be a luminance
meter, colourimeter, or a spectroradiometer capable of measuring spectral radiance over at
least the 380 nm to 780 nm wavelength range, with a maximum bandwidth of 10 nm for
smooth broadband spectra. The sensitivity and dynamic shall meet the requirement of the
test task.

b) The light measuring device shall be aligned perpendicularly to the region to be measured
on the image generating surface of the display.

c) The relative uncertainty and repeatability of all the measuring devices shall be maintpined
by following the instrument supplier's recommended calibration schedule.

Angular field Angular
of view aperture

[1‘ Field of view

Measurement field
Acceptance area

-

\ Measurement
field angle

Figure A.1 — Layout diagram of measurement setup

A.4 | Luminance

A.4.1 Purpose

The pgurpose of this measurement is to determine the luminance in the display active areg.

A.4.2 Measuring equipment

The gpparatus shall be as follows:

- LMD

— driving signal equipment;

— driving power source.
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3 Measurement method

measurement method shall be as follows:

a) Set the display and the LMD under the standard measuring environmental conditions.

b) Set up the measurement following the layout diagram shown in Figure A.1.

2024

c) Create a window pattern in the fingerprint recognition region as shown in Figure 5. Set the
window at the desired colour Q at the highest luminance level. Allow the display luminance
to stabilize.

d) Measure the display luminance Lqq for colour Q at position Py,.

e) REpeat for other display colours as needed.

A.4.

The

4 Reporting

lisplay luminance Lo for colour Q shall be reported with a description, of meas

conditions.

A.5

A.5.

The

A.5.

The

Extinction ratio

1 Purpose

purpose of this measurement is to evaluate the display*'s.ability to transmit light.

2 Measuring equipment

dpparatus shall be as follows:

- LMD;
— driving signal equipment;

— driving power source;

— polarization analyzer;

— display mount that can rotate-the display about the fingerprint recognition region by 36

A.5.

The

a)

3 Measurement method
measurement method shall be as follows:

et the displayland the LMD under the standard measuring environmental conditions.

S
b) Set up theymeasurement following the layout diagram shown in Figure A.2. Attac
a

nalyser-to the fingerprint recognition region and ensure the whole region is covered.

c) Cleate-a window pattern in the fingerprint recognition region as shown in Figure A.2

t
I

d)

uring

h the

. Set

he window at the desired colour Q at the highest luminance level Allow the di

splay

uminance to stabilize.

Rotate the display around Py by 360°. Measure the luminous power every 5°.
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e) The extinction ratio ¢ is calculated by Formula (A.1):

A.5.4 Reporting

The maximum and mijhimum luminous power values P, and P, extinction ratio ¢, an
type of polarization analyzer shall be reported with a description of measuring conditions

A.6 | Lightleakage ratio

A.6.1 Purpose

Display

N\

Luminance
measuring Front side
position (Pg) /

Analyzer

LMD

Ve

d
7
B

=

Fingerprint recognition region

IEC

Figure A.2 — Measuring configuration for extinction’ratio measurement

P
5 =10 x |gax.
Xgp

min

where
Pliax is the maximum luminous power value;
Plin is the minimum_luminous power value.

(A1)

d the

The purpose of this measurement is to determine the ability of the display to eliminate the stray
light.

A.6.2 Measuring equipment

The apparatus shall be as follows:

LMD;

driving signal equipment;
driving power source;
higher reflector.
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