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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

For the inspection of ID documents, i.e. MRTDs (Machine Readable Travel Documents) according to
ISO/IEC 7501 (all parts)/ICAO Doc 9303 (all parts) and driving licences according to ISO/IEC 18013
(all parts), a reliable and ergonomic document inspection technology is essential. Considering RFID
interoperability, strong improvement has been reached introducing mechanisms for interoperability
evaluation and testing of MRTDs and reader devices. Similar standards for optical reading would
improve the reliability of OCR. This is especially important because OCR of the document’s MRZ (Machine
Readable Zone) is essential for accessing BAC (Basic Access Control) and/or SAC (Supplementary Access
Control) protected passports.

other gpplications, more predictable. Furthermore, the evaluation of document reader prpducts can be
done much easier. This standardization project defines test methods to evaluate OER-docliment quality.
Furthdrmore, it defines requirements ensuring the compliance to the applicable, OCR standards. The
project applies experiences from other domains such as bar code reading and possibly other test
methofds for OCR. Where conflicts in the specification work between MRTDS)and driving licenses may
arise, gatisfying the definitions for MRTDs is given preference.

Thus, feliable OCR makes the performance of automated border control systems, as w“jrll as of many

© ISO/IEC 2016 - All rights reserved v
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Information technology — Automatic identification and
data capture techniques — Optical Character Recognition
(OCR) quality testing

1 Scope

This dpecument
— splecifies the methodology for the measurement of specific attributes of OCR-B charagter strings,

— ddfinesamethod for evaluating these measurements and deriving an overall assessment of character
stfing quality,

— ddfines a reference decode algorithm for OCR-B, and

— giyes information on possible causes of deviation from optimuim'grades to assist upers in taking
appropriate corrective action.

This dpcument applies to OCR-B as defined in ISO 1073-2, butits methodology can be applied partially
or whqlly to other OCR fonts.
2 Normative references

There pre no normative references in this docunyent.

3 Terms and definitions
For the¢ purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminol6gical databases for use in standardization at the following addresses:

— IE[ Electropedia: available at http://www.electropedia.org/

— ISP Online browsing platform: available at http://www.iso.org/obp

3.1
binarized image
binary] (black/white) image created by applying the global threshold to the pixel (3.5)|values in the
reference grey-scale image

3.2

document reference edge

physical (i.e. mechanical) end of the surface with the MRZ whose position is determined by putting a
black background under the surface with the MRZ and sliding the document up against a physical stop

3.3
inspection area
rectangular area which contains the entire symbol (3.11) to be tested inclusive of its quiet zones

3.4
character outline limits
outlines of an ideal printed image of a character

Note 1 to entry: This is a qualitative evaluation utilized in ISO 1831 that is replaced in this document with SWT.

© ISO/IEC 2016 - All rights reserved 1
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3.5
pixel

individual light-sensitive element in a light-sensitive array

Note 1 to entry: Examples of light-sensitive array are CCD (charge coupled device) or CMOS (complementary
metal oxide semiconductor) device.

3.6
raw image

matrix of the reflectance values in x and y coordinates across a two-dimensional image, derived from
the discrete reflectance values of each pixel (3.5) of the light-sensitive array

3.7
reference gr
raw image (3.

3.8

scan grade
result of the 4
for any measy

3.9
stroke width
nominal dime

3.10
stroke width
inner and ou

e
character centLreline coordinates defined in Annex A

3.11

symbol
group of OCR
(MRZ) as sps
reference edgé

Note 1 to entn
whereas the sg

ID-1, ID-2 and ID-3.

3.12
X-tolerance
0,08 mm for S

Note 1 to ent
[SO 1831:1980

by-scale image
b) convolved with a synthesized circular aperture

ssessment of a single scan of an OCR symbol, derived by taking the lowest grade ac
red parameter of the reference grey-scale and binarized images (3.1)

nsion perpendicular to the direction of the line makingfupran OCR character

template
r character boundaries defined by circles whose centres follow the line created

characters comprising the entiretnachine-readable entity (e.g. Machine Readabl
cified in ICAO 9303, sizes ID-1,nID-2 and ID-3) including quiet zones and the do
(3.2)

y: Document sizes are defined in ISO/IEC 7501 (all parts) (ICAO 9303) as TD1, TD2 ary
me sizes are defined in-ISO/IEC 7810 as ID-1, ID-1 and ID-3. In this document, we use th

ize | with@mominal stroke width (3.9) of 0,35 mm

y: 0;08 mm for Size I with a nominal stroke width of 0,35 mm was originally def
Table2.

hieved

by the

P Zone
"ument

d TDZ2,
e terms

ned in

3.13
Y-tolerance
0,15 mm for S

ize I with a nominal stroke width (3.9) of 0,35 mm

Note 1 to entry: 0,15 mm for Size I with a nominal stroke width of 0,35 mm was originally defined in

[SO 1831:1980,

Table 2.
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4 Abbreviated terms

COL
CEV
MRZ
SWT

character outline limits
character evaluation value
machine readable zone

stroke width template

5 Quality grading

Qualit
recom
grade

6

6.1

The b
methodology is also intended to correlate with conditions egountered in OCR scanningj
method starts by obtaining the raw image, which is a high-resolution grey-scale image
capturjed under controlled illumination and viewing cenditions.

6.2

6.2.1

A test
situatipn for that symbol, but with substantially higher resolution (see 6.3.3), uniform illy
at best
may b
refere

Ambiept light levels shallybe controlled in order not to influence the measurement resu
ible, measuremehts shall be made on the symbol in its final configuration, i.e. the

Two

nomine

Measurement methodology for OCR-B

bf the symbol.

Overview of methodology

isis of the measurement methodology is the evaluatien\of reflectance from the

Obtaining the test image

Measurement conditions

image of the symbol shall be obtained in a configuration that mimics the typ

focus. The reference opticalarrangement is defined in 6.3.4. Alternative optical
e used provided that themeasurements obtained with them can be correlated with
ice optical arrangement:

y grades for best-fit, PCS, position and background noise are determined as one 0|f three levels:
mended, needs attention and not recommended. The parameter with the-Jewest

grade is the

symbol. This
systems. The
pf the symbol

ical scanning
mination and
hrrangements
the use of the

ts. Whenever
configuration
hples shall be

ity features and

gcale shall be

bk adequate to

produce con51stent readmgs Wthh generally requlres that the character stroke w1dths span at least
10 image pixels.

6.2.2 Raw image

The raw image is a matrix of the actual reflectance values for each pixel of the light-sensitive array,
from which are derived the reference grey-scale image and the binarized image which are evaluated for
the assessment of symbol quality.

6.2.3

Reference grey-scale image

The reference grey-scale image is obtained from the raw image by processing the individual pixel
reflectance values through a synthetic circular aperture equal to 0,2 mm.

© ISO/IEC 2016 - All rights reserved
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6.2.4 Binarized image

The binarized image is obtained from the reference grey-scale image by applying the algorithm defined
in Annex B.

6.3 Reference reflectivity measurements

6.3.1 General requirements

Equipment for assessing the quality of symbols in accordance with this subclause shall comprise a
means of measuring and analysing the variations in the reflectivity of a symbol on its substrate over an
inspection ar i i T

The measured reflectance values shall be expressed in percentage terms by means of calibratipn and
reference to recognized national standards laboratories, where 100 per cent should correspond to the
reflectance offa barium sulphate or magnesium oxide reference sample.

It should be ehsured that all materials visible to the camera or close to the optical\path are refl¢ction-
free, at least [in IR illumination. In particular, the background the symbol is(attached to shall be IR
absorbing. Thle environment temperature shall be between 20°C and 25°C.

6.3.2 Light{sources

Measurements shall be made using light emitting diode (LED) light sources at 890 nm and 940 nm
wavelengths.

All illuminatipn elements shall have a diameter of 25 mm orless and may be shaped as circles, sfuares
or similar.

6.3.3 Effective resolution

The effective [resolution of an instrument that-implements this document shall be sufficient to gnsure
thatthe parameter grading results are consistent irrespective of the rotation of the symbol. The effective
resolution is the product of the resolutign-of the light-sensitive array and of the magnification| of the
associated opltical system and effected\by distortions introduced by the optical system. The reference
optical arrangement requires an effective resolution of not less than 10 pixels per stroke width.

6.3.4 Optidal geometry
A reference optical geometty is defined for reflectivity measurements and consists of

— flood incldent ilumination, uniform across the inspection area, from a set of four light spurces
arranged|at 90-degree intervals around a circle concentric with the inspection area and in 4 plane

parallel tp thatof the inspection area, at a height which will allow incident light to fall on the|centre
ofthe insbectionareaatan anala of ACO +0 1+ nlapna o d

CCTroTrarca ot oI o gt o 10— CO Tt ProtIcottr

— alight collection device, the optical axis of which is perpendicular to the inspection area and passes
through its centre, and which focuses an image of the test symbol on a light-sensitive array.

The light reflected from the inspection area shall be collected and focused on the light-sensitive array.

Implementations may use alternative optical geometries and components, provided that their
performance can be correlated with that of the reference optical arrangement defined in this subclause.
Figure 1 and Figure 2 illustrate the principle of the optical arrangement, but are not intended to
represent actual devices; in particular, the magnification of the device is likely to differ from 1:1. For
example, it is possible to use a 10 MP industrial camera without IR cut filter with a sensor size of %2”. The
image could be captured from a distance of approximately 350 mm and the lens chosen appropriately.
The resulting magnification then would be 1:21.

4 © ISO/IEC 2016 - All rights reserved
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Key

1 light-sensing element

2 lenys providing 1:1 magnification (measurement A = measurement B)
3 ingpection area

4  light sources

9 anpgle of incidence of light relative to plane of'symbol = 45°

Figure 1 — Reference optical arrangement — Side view
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Key

[¢)

1 light sourg
2 symbol

Figure 2 —Reference optical arrangement — Top view
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MRZ small side

200

200

A
\

200

Figure 5 — Reference optical arrangement — Angles and tolerances

When setting up a reference optical arrangement, the following considerations shall be made. The
symbol (e.g. the MRZ of an ID-3 MRTD) has a size of approximately 24 mm x 125 mm (marked as a
bar in the bottom of Figure 3). For other document sizes (ID-1, ID-2), the same size of the object to be
captured shall be used. All areas not covered by the travel document but visible to the camera shall be
made of IR-absorbing material. The small rectangles at the left and right border of Figure 3 represent
the illumination elements.

The nominal illumination angle shall be 45° as given in Figure 1. This angle is measured in the middle
axis of the MRZ zone. An angle of 45° directly determines that the horizontal and vertical distance of
the illumination from the centre of the symbol is identical. This distance should be 200 mm as depicted

in Figure 3.

© ISO/IEC 2016 - All rights reserved 7
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For the small side of the symbol (24 mm), the minimal and maximal illumination angles at the symbol
borders are 43,3° and 46,8°, as shown in Table 1.

The difference between the nominal angle (in the centre) and the angles at the borders is much higher
for the long side of the symbol; 37,3° and 55,5°.

Table 1 — Dark pixel portion for threshold of 4.5

Angle Short side (24 mm) Long side (125 mm)

o 45° 45°

o 46,8° 55,5°

o 43,3° 37,3°
|
|
|

\\ Y ‘\\ \ / //’ //'
\ \ / /

\\ \\\ N Y, // //
\\ AN \ / // / //
\ \ / /

AN NN \ / DA i
S \ N N\ / > / v

\\ \\ \\ //l\\ // / //
/
AN )N i

\\\\ ///I\\\ ///

/ | \ /
AN / AN /
| N2 | N\ L
P 200 |

Figure 4 — Referernce optical arrangement — Reflection considerations

Figure 4 shows the positiolr where the direct reflection of the illumination at the symbol (i.e. caused by
plain laminatjon) will'not be visible to the camera. The distance between the camera and the yymbol
should be approximately 350 mm.

6.3.5 Inspection area

The inspection area within which all measurements shall be a rectangular area framing the complete
symbol. The centre of the inspection area shall be as close as practicable to the centre of the field of
view. For example, the MRZ in a passport shall be placed accordingly.

6.4 Basis of symbol grading

OCR symbol quality assessment shall be based on the measurement and grading of parameters of the
reference grey-scale image, the binarized image derived from it and the application of the reference
decode algorithm to these. Quality grading of these parameters shall be used to provide a relative
measure of symbol quality under the measurement conditions used.

8 © ISO/IEC 2016 - All rights reserved
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6.5 Capture the raw image

Centre the symbol in the field of view and align the average bottom edge of the characters with the
sensor as precisely as possible, but always with less than +/-5° deviation.

Find and replace the brightest and darkest 0,005 % pixels in the overall image with the median of the
9 pixels consisting of itself and its 8 immediate neighbours.

Apply the aperture defined in 6.2.3 to the raw image to create a reference grey-scale image.

6.6 Image assessment parameters and grading

6.6.1

The ap

6.6.2

These
gaugeq
locatig

Using 1
points
width,
best-fi

Key
1 ve
2 ho

Determining the document horizontal axis

plication shall define the MRZ region in relation to the document reference edge.
Character best-fit algorithm
steps should be followed in order to find the best-fit position of the character outlin

n of the characters.

he binarized image, determine four corner positions that bound the character imag

These four points define the range over which the'SWT gauges will be moved in or
[ position. An example is shown in Figure 5.

“\?U . -

tical range
rizontal fange

Figure 5 — Sample corner positions

e limit (SWT)

on a character image captured from a machine-readable character string in order to find the

e. From these

establish four more points that are further away from the character by the npminal stroke

ler to find the

Create the SWT for each defined character in Annex A by moving a circle of radius of the appropriate
tolerance value around the centreline of the character and saving the outermost points (note that this is
equivalent to finding the points perpendicular to the centre line at a distance equal to the radius of the
circle). An example of this process is in Figure 6. Figure 7 illustrates the tolerances of the SWT boxes as
derived from ISO 1831.
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Figure 6 — SWT creation example \\Q/
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a) X-tolerance. Radius 6,75 “sq” inside 10,75

“sq” outside

b) Y-tolerance. Radius 5 “sq” inside 12,5 “sq”

outside

NOTE1 These are the tolerances from ISO 1831:1980, Table 2.
NOTE 2  “Sq” is the count of squares from the original drawings (see Annex A) where each square equals
1/50 mm.
Figure 7 — SWT tolerance gauges
10
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Overlay the original captured image with the SWT Y-tolerance gauges such that the horizontal axis of
the gauges is parallel with the document reference edge. Starting with the four extreme positions, move
the SWT Y-tolerance gauges right and left and up and down relative to the document reference edge to
each test position.

At each test position, sum up the reflectance values of each SWT Y-tolerance gauge resolution pixel
within the region defined by the minimum gauge. The test position with the lowest sum is used to
determine the position of the character. If there is more than one test position with the same lowest
sum (e.g. the inside of the minimum gauge is all black), then for each equivalent test position, sum up
the reflectance values of each gauge resolution pixel outside the maximum gauge. The equivalent test
position with the highest sum is used to determine the position of the character. If there is more than
one test position with the same highest sum, then compute the average of these position

s and use it to

detern

6.6.3

Using

hine the position of the character.

Position of a character

the test position determined in 6.6.2, the location of a character is the'erigin of th

the origin is defined as (0,0) for every character in Annex A.

aracter with the lowest grade determines the position grade:-

Character evaluation value (CEV) in the best-fit location

is outside or inside a border if more than 50 % of-the pixel area is outside or insi
tively.

Ch tolerance template on every character, use'the optimal position of the template p
red character in the image. The following lists the variables to be used to calculate th

V_X_Inside — number of white pixelsiinside the X-tolerance inner boundary;
V_X_Outside — number of black pixels outside the X-tolerance outer boundary;
V_Y_Inside — number of white pixels inside the Y-tolerance inner boundary;
V_Y_Outside — umber ofblack pixels outside the Y-tolerance outer boundary;

Boundary_Area —<\total number of image pixels of any color inside the Y-to
undary;

Inside_Total'=- total number of image pixels of any color inside the Y-tolerance inng

aractercRegion_Total — total number of image pixels in the rectangular arg
e Y-folerance outer template of the chosen character plus a one-stroke width b
atdeter Region Total is computed as the product of the width of the Y-tolerance oy

e SWT, where

sition of every character is determined and graded accordingdo an application specific profile.

He the border,

aced over the
e CEV grades:

erance outer

r boundary;

a defined by
oundary. The
ter boundary

The pq
The ch
6.6.4
A pixe
resped
For ea
binari
a) CH
b) CH
c) CH
d) CH
e Y|

ba
f) Y|
g) Ch

th

CH

pl

Uus two times tne nomindl stroke width rounded to the nedrest numper ol pIxels an

the height of

the Y-tolerance outer boundary plus the two times the nominal stroke width rounded to the nearest
number of pixels.

From these measurements, compute the following graded parameters:

a) Character_Inside_Fit = CEV_Y_Inside / Y_Inside_Total

b) Character_Outside_Fit = CEV_Y_Outside / (Character_Region_Total - Y_Boundary_Area)

Grade

the total results as follows.

a) Character_Inside_Fit > 10 % need attention

b) Character_Inside_Fit > 20 % not recommended

©150/1

EC 2016 - All rights reserved
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c) Character_Outside_Fit> 1 % need attention

d) Character_Outside_Fit > 2 % not recommended

The character with the lowest grade determines the character evaluation value (CEV) Grade of the

entire MRZ.

NOTE

CEV_X_Inside and CEV_X_Outside are useful for process control.

See Annex C for the OCR reference decode algorithm. See Annex D for an example calculation of

character eva

luation value (CEV).

6.6.5 Back
Find the back

Measure the
height and w
in the MRZ st
reflectance m
[(Rmax - Rm
of the MRZ. Fj

Itisrecomme
15 9% and 259

6.6.6 Conty

For all charac

;l uuud llUiDC
bround noise, N.

maximum and minimum reflectance levels inside a rectangular aged equal

dth of a character (1,4 mm x 2,4 mm) centred vertically between the.two lines

arting at the left end of the MRZ. Calculate N (noise) as the differenee of the maj
inus the minimum reflectance all divided by the maximum reflectance within t
n) / Rmax] and save. Move the box a half character width and {epeat. Continue to
nd the largest N.

nded that the background non-uniformity is less than 15 %.'Won-uniformity values bg

ast PCS of the characters

ers, determine Rmax by listing all the Rmaxvalues from the background noise calcy

Rmax is equ

| to list value that is 80 % of the largest\Rmax. To determine Rmin, centre an ap

o need attention. It is not recommended that the non-ufiformity value is above 25 %.

to the
of text
Kimum
he box
he end

tween

lation.
erture

of 0,2 mm onf the best-fit centreline and move the.aperture along the entire centreline in 20 micron

steps. Form

list of all reflectance values. Rmincis*equal to the list value that is 20 % of the s

reflectance vdlue. Contrast PCS for the character'is (Rmax — Rmin) / Rmax. Perform the calculaf
all characters| The character with the lowest'PCS determines the Contrast PCS of the entire MRZ

It is recommejnded that the PCS is greaterthan 0,6. PCS values between 0,5 and 0,6 need attenti
not recommenpded that the PCS value'isless than 0,5.

7 Reporti
The grades af
For images at

a) Charactel

g the grade
e reported-asfollows.
890 nm:

- Inside_Fit =

nallest
ion on

n. Itis

b) Character_Outside_Fit =

c) Character PCS =

d) Position =

e) Background Noise =

For images at

940 nm:

a) Character_Inside_Fit =

b) Character_Outside_Fit =

c) Character PCS =

12
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d) Position =

e) Background Noise =

The CEV Grade is the lowest of all the grades.
The CEV Grade =

ISO/IEC 30116:2016(E)
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Annex A
(normative)

OCR-B character centreline coordinates

The following coordinates were determined by inspection of high-resolution image scans of the original
ISO 1073-2 OCR-B Size I centreline drawings of the ICAO 9303 subset currently in archival storage in

the Stonybro

k ”ni\mrcify Qpprinl Collections 1 ihrnry Eor r'pfm"pnr‘p’ the ICAQ 9303 subsetisasfollows.

0123456789
ABCDEFGHI
JKLMNOP@QR
STUVWXYZ<

The scale of
“the centreli
120 squares ¢

The units in
100 squares 4

Format: The

the horizontd
delimiter. Dis
indicated by 4

Coordinates

;(0,6.5)
24,11.5)
31.9,29)
34.75,53)
34,89)
30,111)
18,124.6)
2,126.5)
20,123.9)
30,111) (
33.7,92)
35,59) (-

(2,
(2
(3

(

(33.

(
(

(29|.

bs that
xactly

/ 2,4).

point

he drawings is 50 squares per mm according to ISO 1073:2:1976, 3.6 which stat
e height for the Type I character “8” = 2,40 mm”. Going te .the drawing, there are ¢
n the centreline of the character “8”; therefore, the scalgis 50 squares per mm (120

the coordinates section are “number of squarés’) e.g. a value of (0,100) is thed

p from the origin on an original centreline drawing.

wn “n

brdered pairs utilize a period (full stop) “.”.as a decimal mark and a comma “,” to separate
1 and vertical coordinate values. Centreline coordinates begin with a semicalon )
continuous lines are separated with another semicolon (;) delimiter. The end of th¢ list is
nother semicolon (;) delimiter. Of note, the K and X centrelines do not touch.

for Numeral "O0O"

6.5) (5,6.6) (8,6.8) (XLXp7) (14,7.3)
5.3,13) (26.8,15) (28,1Y) (28.9,19
2 .3,31) (32.7,33) (33,35) (33.4,38
34.9,56) (35,59) .(85,71) (34.95,74
[7,92) (33.4,95)(383,98) (32.5,101)
3,113) (28.541¥5) (27.4,117) (26.1,119) (24,121.3) (22,122.9) (20,123.9
16,125.2) (¥3,¥25.8) (10,126.1) (7,126.3) (4,126.4) (2,126.5) (0,126.5)
-4,126.4) ~69,126.3) (-10,126.1) (-13,125.8) (-16,125.2) (-18,124.6)
(-22,122-9)" (-24,121.3) (-26.1,119) (-27.4,117) (-28.5,115) (-29.3,113)
30.6, 1Q9) 31.2,107) (-31.7,105) (-32.1,103) (-32.5,101) (-33,98) (-33.1
-34,89) 4.2,86) (-34.4,83) (-34.65,80) (-34.8,77) (-34.95,74) (-35,71
4 .9,56 4.75,53) (-34.5,50) (-34.3,47) (-34.1,44) (-33.8,41) (-33.4,3

(16,7.7
(29.7,21
(33.8,41

18,8.2)
30.3,23)
34.1,44)

(34.8,77 34.65,80)
(32.1,103 31.7,105)

(20,9) (22,10)
(30.9,25) (31.4,]
(34.3,47) (34.5,
(34.4,83) (34.2
(31.2,107) (30.

)
) )
) )
) )
)

r95)

)

33,35) (-

PN\ 33 2.3,31) (-31.9,29) (-31.4,27) (-30.9,25) (-30.3,23) (-29.7,21

(
(
(
(
(
(
(=
(=
( —
(= (
(- 3
(- 3
(-28.9,19) (
(-14,7.3)

(_

Coordinates

;(-29.5,98.8

Coordinates
;(=32,117.6)
13,125.3)
9,125.3) (1
25.3,115) ¢
30.1,94) (2

(
(
(
(
(16,72.3) (1

14

)
)
) 7.7)

( -20,9)

(-
(-3
(-3
(-3 (-3 (
=28, I7) (=26.8,15) (-25.3,13) (24, II.5) (22,100 1 =18,8.2) (=16,
11,7) (-8,6.8) (-5,6.6) (-2,6.5) (0,6.5);

for the "1"

) (2,126) (7.5,126) (5.5,7);

for the "2"

(-31,118.2)
(-10,125.8)

(-29,119.6) (-25,121.7) (
(-7,126.15) (-4,126.3) (-2,126.3)
1,124.8) (13,124) (15,123.2) (17,122.1) (19,121)
26.7,113) (28.2,110) (29.3,107) (30,104) (30.4,101) (30.5,99) (30.4,97)
9.6,91) (29,89) (28.3,87) (27.3,85) (26,82.8) (24,80) (22,77.8) (19,74.9)

3,70.1) (10,68) (7,66) (4,64.2) (1,62.2) (-2,60.3) (-5,58.3) (-8,56.2)

-22,122.9) (-19,123.9) (-16,124.7)
(0,126.3) (3,126.15) (6,125.9)
(21.6,119) (23.8,117)
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(-12.2,53) (-14.6,51) (-16.9,49) (-18.9,47) (-20.6,45) (-22.2,43) (-23.7,41) (-25,39)
(-26,37) (-26.9,35) (-27.6,33) (-28.1,31) (-28.8,28) (-29.2,25) (-29.6,22) (-30,17)
(-30,9) (31.5,9);

Coordinates for the "3"

;(-34.5,124) (29,124) (29,118) (-11,76) (-8,76) (-5,75.8) (-2,75.4) (1,75) (4,74.3)
(6,73.9) (8,73.2) (10,72.6) (12,71.8) (14,70.9) (16,69.9) (18,68.8) (20,67.4) (23.1,65)
(25.2,63) (27,61) (28.4,59) (29.7,57) (30.7,55) (31.5,53) (32.4,50) (33,47) (33.4,44)
(33.5,41) (33.2,38) (32.9,35) (32.3,32) (31.7,30) (31,28) (30.1,26) (29,24) (27.6,22)
(26.2,20) (24,17.8) (22,15.9) (20,14.4) (18,13.1) (16,12) (14,10.9) (12,10.1) (9,9)
(6,8.2) (3,7.5) (0,7) (-3,6.7) (-6,6.5) (-9,6.5) (-13,6.8) (-16,7) (-19,7.3) (-21,7.7)
(-23,8) (-25,8.5) (-27,9) (-29,9.7) (-32,10.8) (-35,12);

Coordinates for the "4"

;(3,146) (-35,45) (-35,37.5) (35,37.5); (17,66.5) (17,7);

Coordinates for the "5"

;(27,124) (-24.4,124) (-27,80.2) (-24,80.6) (-21,80.9) (-18,81) "(-14,81) (-11,B0.9)
(-9,84.8) (-6,80.5) (-3,80) (0,79.6) (3,79) (6,78.1) (8,77.4\\110,76.6) (12,75]5)
(14,74.4) (16,73) (18.5,71) (20.4,69) (22,67) (23.4,65) (24.)6,63) (25.5,61) (2f.6,58)
(27.4,055) (27.9,52) (28,49) (28,46) (27.9,43) (27.5,40)426.9,37) (26,34) (25.[,32)
(24.2)30) (23,28) (21.7,26) (20,24) (18.2,22) (16,20) %14,18.3) (12,16.9) (10,[5.7)

(8,14)5) (6,13.4) (4,12.5) (2,11.8) (0,11) (-2,10.2) *4,9.7) (-7,8.9) (-10,8.p) (-13,7.8)
(-16,7.4) (-19,7.1) (-22,6.9) (-25,6.8) (-28,6.7),%30.6,6.7);

Coordinates for the "o6"

(13,196) (10.2,123) (7.3,120) (4.6,117) (AS8,114) (0,112) (-3.5,108) (-6,105) [(-8.6,102)
(-10.9,99) (-13.1,96) (-15.3,93) (-17.5,90) (-19.5,87) (-21.5,84) (-23.4,81) (}25,78)
(=26.7,75) (=27.7,73) (-28.6,71) (-29-3769) (-30.4,67) (-31.1,65) (-31.8,63) (}32.5,61)
(-33,99) (-33.6,57) (-34,55) (-34.3,99) (-34.6,51) (-34.9,49) (-35,47) (-35,45) (-35,39)
(-34.9,36) (-34.2,33) (-33.8,31) (-33.2,29) (-32.6,27) (-31.7,25) (-30.8,23) (}29.5,21)
(-28,19) (-26,17) (-24,14.9) (-22,»13.1) (-20,11.8) (-18,10.6) (-16,9.6) (-14,8}9)
(-12,4.1) (-10,7.6) (-8,7.1) (&§6,6.9) (-4,6.7) (-2,6.55) (0,6.5) (2,6.55) (4,6[8) (6,7)
(8,7.94) (10,7.7) (12,8.2) (3¥4,9) (16,9.7) (18,10.6) (20,11.8) (22,13.1) (24,14}8)

(26,14.8) (28,19) (29.4,21) x30.6,23) (31.6,25) (32.4,27) (33,29) (33.6,31) (3f.1,33)
(34.6,36) (34.9,39) (35,42) (34.9,45) (34.5,48) (34,51) (33.5,53) (33,55) (32.p,57)
(31.3,459) (30.2,61) (28,63) (27.4,65) (26,66.7) (24,68.6) (22,70.2) (20,71.7) [(18,72.8)
(16,73.7) (14,74.5) (127;75.1) (9,75.9) (6,76.2) (3,76.4) (0,76.5) (-3,76.4) (-p,76.2)

(-9,79.8) (-12,75.1) y(-14,74.5) (-16,73.7) (-18,72.8) (-20,71.6) (-22,70.2) (-p4,68.6)
(-25.4,67) (-27.5%65) (-29,63) (-30.2,61) (-31.4,59) (-32.2,57) (-32.9,55) (-3B.5,53)
(=34,91) (-34.2950) (-34.6,48) (-34.9,46) (-35,41);

Coordinatés,Nfor the "7"

;(-35,0124) (35,124) (35,122) (34.9,120) (34.7,118) (34.4,116) (34.1,114) (33.5}112)
(32.8,110) (31.8,108) (30.5,106) (29,103.9) (27,101.2) (24,97.8) (21,94.3) (18,91)
(15,87.4) (12,83.8) (9,79.9) (6.9,77) (4.8,74) (2.8,71) (0.8,68) (-1,65) (-2.7,62)
(-4.2,59) (-5.6,56) (-6.9,53) (-8,50) (-8.9,47) (-9.7,44) (-10.5,41) (-11.1,38) (-11.7,35)
(-12.1,32) (-12.4,29) (-12.8,26) (-12.9,23) (-13,20) (-13,7);

Coordinates for the "8"

;(0,126.5) (2,126.45) (5,126.3) (8,125.8) (11,125.1) (14,124.1) (16,123.3) (18,122.2)
(20,121) (22,119.4) (23.5,118) (25.1,116) (26.3,114) (27.3,112) (28.1,110) (28.7,108)
(28.9,106) (29,104) (28.9,102) (28.6,100) (28.1,98) (27.5,96) (26.5,94) (25.3,92) (24,90)
(22.2,88) (20,86) (17,83.5) (14,81.3) (11,79.5) (8,77.8) (5,76.2) (0,73.7) (5,71.1)
(8,69.5) (11,67.8) (14,66.1) (17,64.2) (20,62.2) (22,60.7) (24,59) (26.2,57) (28,55)
(29.6,53) (30.9,51) (32,49) (32.9,47) (33.6,45) (34.2,43) (34.6,41) (34.9,39) (35,37)
(35,35) (34.9,33) (34.6,31) (34.2,29) (33.8,27) (33.1,25) (32.3,23) (31.3,21) (30,19)
(29,17.5) (27,15.3) (25,13.6) (23,12.1) (21,10.9) (19,10) (17,9.1) (14,8.2) (11,7.5) (8,7)
(5,6.7) (2,6.55) (0,6.5) (-2,6.55) (-5,6.7) (-8,7) (-11,7.5) (-14,8.2) (-17,9.1) (-19,10)
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(-
(-
(-
(-26.2.57) (-24,59)
(-5,71.1) (0,73.7)
(-22.2,88) (-24,90)
(-29,104) (-
(-23.5,118) (
(-8,125.8) (

Coordinates for the

13,7) (-10,10.1)

7

(-23,12.1) (
(-33.8,27) (
(-34.2,43) (

28.9,100) (
-22,119.4) (
-5,126.3) (

ngn

(=7,13.2)

-25,13.
-34.2,29)
-33.6,45)
(-22,60.7)
-5,76.2)
(-25.3,92)
-28.7,108) (
-20,121) (-
-2,126.

6)
7.8)

(
(_81
(

45)

(-4,16.4)

(-27,15.3)
(-34.6,
(-32.9,
-20,62.2) (-
J

2

(
31) «
47) |
17,64.

(-11,79.5)
-26.5,94) (
-28.1,110) (
18,122.2) (-
(0,126.5);

(-1.6,19)

-29,17.5) (
-34.9,33) (
-32,49) (

-27.5,96) (
-27.3,112)
16,123.3)

2) |

(-14,81.3)
-28.1,98) (
-26.3,114)
(_

-30,19
-35,35
-30.9,51
-14,66.1

(

) (3.6,25)

14,124.1)

(-31.3,21) (
(=35,37) (

(-29.6,53) (
(-11,67.8) (
(-17,83.5)
-28.6,100) (

(6.2,28)

(-20,86)

-32.3,23)
-34.9,39)
-28,55)
-8,69.5)

(-25.1,116)
(-11,125.1)

(8.6,

31)

(172537
(219.1,63)
93)

(=
(10.9,34)
(27.6,60)
(35,87) (35,
(

(8,125.8) (5126.2)
(-13,124.4) |(-
(-29.5,112) [
(=34.9,95) (35,92)
(=31.4,74) (
(-16,59.3) (
(11,57.7) (1§4,58.7)
( 3

31.4,74) (3R.2,76)

Coordinates [for the

;(=34,7) (-¢,116)

Coordinates |for the
; (=35,114)
19,110.4)
31.2,97)
30.7,79)

-3,114)

(

(

3L.8,95)
219.8,77)
113, 64.8)
1], 63.35)
28.8,54)
36)
8,18.5)
0. 4)

(

( (
( (
( (
(9,63.06) (1
(27,55.8) (
( (35,
( (2
( 7

10,9.8) (

Coordinates |for the
;(27,101)
14,115.1) (
14.9,107) |(-

(2
10,116)

5 8.3) (-1 NT)

(34.
28.7,113) (R7.1,115)

16,123.3) (-
-30.6,110) (

-30.3,72) (
-13,58.2) (-

(6,116)

D1,109.4)

(34.

(4,

6.5,103)
17°1y104) (-

(2,6.7)

(IT5-37207
(30.3,66)
8,96)

(3,126.4)
(-35,89)

(17,59.9)
(33,78)

nan

"B"
(0,113.9)

(32.1,93)
(28.5,75)
(11,64.4)
(13, 63)

(30.2,52)
9,34)
(26,16.8)
9.1)

el

625.8,105)
(5.5,116.5)
19.5,100) (

(-25,42)

(34.
(25,117.

19,121.8) (
-31.7,108) (

-29,70) (
10,57.

(33.6,80)

(34,

(23,108)

(15,62.5)
(34.

(0, 99NN

(5.5,6.5)

(T7 -5, 237
(31.5,69)
3,99)
2)
(1,126.5)

(-34.7,86)

4) |
(20,61.4)

7))

(3,113.8)

(32.3,91)
(27,73)
(9,64.1)

(31.6x90)
6,32)

(24,15.1)
-35,9)

(0,116)

(-23.2,33)

(33.
(23,119)

-22,119.8) (
-32.5,106) (

-27.5,68) (
-7,56.

(34,82)

(24.5,

(25,106.5)
(25790.8)
(17,61.9)

(34.

(25,106.
-21.6,95) (

(9,6.7)

o6, 267
(32.5,72)
7,102)

(20,121.
(-1,126.4)

(-34.2,83)
-26,66.
8) (-4,56.
(23,63.5)

(34.

43.5) (

(6,113.6)

(32%5,89)
/,64.05)
(32.6,48)
2,30)

(22,13.9)
(-35,114);

5)
-3.5,115)

(=21.3,27)

(32

(263%4,105)

(33.

(24,108)

(12,7.

(1,2
(2T 97
(33.3,75)
.8,105)
2)

2
S
3
0

2)
4)
(25,65.2)
4,84)

-24.5,43).%9) ;

(9,113.2)

(32.4,87)

(23,69.3)
(3,64) (
(19,61.1)

(33.4,46)
6,28)
(20,12.8)

(-19,22)
1)

(34.8, 86)

(28.1,103)

(21,68)
-35,64)
(21,60.2)

(32.8,26)

(22.3,110)
(-6.3,114)
-23.8,88) (

(16,8.5)

(£o0.4,94])

(34,78)

(31.6,108)
(17,122.8)
(-4,126.2) (
-24,118.3)
-33.2,104)
(-33.5,80) (
-24,64.3) (
-2,56.3)

(-26,116.4) (

(-34,101)

(27, 67\3)

(34.5,81)

(24,547

(31.1,109)

(14,124.1)
-7,125.9) (

-33,78)
-22,02%.7) (
(2,564 3)

(34.9,88)

(12,112.8)

(32.2,85)

(34,44)

(18,12)

-25.4,80)

(-16,17)
(19,10)

(29.4,101)

(19,66.9)
(3, 64)
(23,59)
(34.6,42)
(30.

(13,10

(31.9,24)
(16,11.3)

(20,112)
(-9.6,112) (-

(
(

(—34,.5,98)

(532.2,76)

-19,
(5,56.7)

(29.1,70)

(35,

(15,112)

(31.9,83)

(17,
(5,63.9)
(25,

(21.5,12)

(34.8;

(11¢125.1
-10m125.2)
-28%114)

(30.4,99)

(34.9,1

(17,113.
12,110)
-26,73) (
-12.4,13)

-26.5

(206~

€39,

60.8

(8,
(30.
90) ;

(17,
(31.
66)
(7,
57.6

9,22

9)

(-8.

(23 .1

(
(=
(-26.5,60) (F206,57)
(=
(2

»16.2) (26,18)

Coordinates for the
i (-26,114) (
(11,101) (14,98)
(30.5,58) (30,52)
(10,17.4) (6,14.8)

Coordinates for the

;(-26.5,114) (
Coordinates for the

16

(26.6,20)

-20,114)
(17.5,94)
(29,46)
(1,12.5) (

-26.5,

npn

(-13,113.
(20.6,90
(27.

ngEn

9);

ngn

-3.2,11)

-26.5,114)

(27,22);

1) (=7.7,

) (2
8,41) (26
(

1

3.

;3
7

(31,

12) «
2,86)
7) (23.3,

114); |

-4,110.8) (
(26.1,80)

.5,10) (-

-26.5,64)

32)
13,9.3)

-0.5,109)
(27.7,76)
(20.8,28)

(=20,9) (

(24.4,64);

(

(3,107)
(29.2,70)
(17.4,24)
-26,9) (

-26.5,9)

(13.3,

(7.4,104)
(30,64)

20)

-26,114);

(33,9);

-28.9,102)

¢+ 57)
4)
11)

11.3)
»81)

3.8)

66)
,10)
r14)
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;(30,114) (-18,114) (-18,7); (-18,64) (22,64);

Coordinates for the "G"

;(30.5,104.5) (29,106.8) (27,109) (25,110.7) (23,112) (20,113.6) (17,114.9) (14,115.6)
(11,116) (8,116.4) (5,116.5) (3,116.4) (0,116) (-3,115.6) (-6,114.9) (-9,113.8) (-11,113)
(-13,111.9) (-15,110.6) (-17,109) (-19,107.3) (-21,105.2) (-23,102.6) (-24.8,100)
(-26.5,97) (-27.9,94) (-29,91) (-30.2,87) (-31.2,83) (-31.9,79) (-32.4,75) (-32.8,71)
(-33,65) (-32.9,58) (-32.7,53) (-32.4,49) (-32,44.6) (-31.1,40) (-30.2,36) (-29,32)
(=27.9,29) (-26.5,26) (-25,23) (-23.2,20) (-21.8,18) (-20,16) (-18,14) (-15.5,12)
(-12.2,10) (-9,8.6) (-6,7.7) (-3,7) (0,6.6) (3,6.5) (7,6.5) (7,6.6) (12,6.9) (16,7.3)
(19,8) (22,8.8) (25,9.8) (28,11) (32,13) (32,57.5) (3.5,57.5);

Coordinates for the "H"

; (=30,116) (-30,7); (-30,63) (30,63); (30,116) (30,7);

Coordinates for the "I"

;(-2145,114) (21.5,114); (0,114) (0,9); (-25,9) (25,9);

Coordinates for the "J"
;(13.9,116) (13.5,36) (13.45,33) (13.3,30) (13,26) A1246,23) (12,20.7) (11,18)] (9.4,15)
(6.9,12) (5,10.5) (2,8.6) (-2,7.2) (-6,6.5) (-9,6#4N (-12,6.6) (-16,7.2) (-20,B.8)

(=23,10.6) (-25,12.3) (-27.4,15) (-29.1,18) (=-30np20.4) (-30.7,22) (-31.1,26) (}F31.4,30)
(-31.4,33.5);

Coordinates for the "K"

;(=3245,116) (-32.5,7); (31,116) (-20,84) (35,7);

Coordinates for the "L"

7 (=30,116) (=30,9) (35,9);

Coordinates for the "M

; (=35,116) (-35,7) ((935,116) (-21.5,116) (0,45) (21.5,116) (35,116) (35,7);

Coordinates fiox\the "N"

;(=3245,7y ~32.5,116) (-26,116) (27,7) (32.5,7) (32.5,116);

Coordinates for Letter "O"

;(0,6.5) (2,6.6) (4,6.8) (6,7.1) (8,7.6) (10,8.2) (12,9.2) (14,10.5) (1l6,12) (18,13.8)
(20.1,16) (21.8,18) (23.05,20) (24.3,22) (25.5,24) (26.6,26) (27.6,28) (28.5,30) (29.2,32)
(30,34) (30.7,36) (31.2,38) (31.8,40) (32.2,42) (32.7,44) (33.3,47) (33.7,50) (34.1,54)
(34.35,57) (34.47,60) (34.5,62) (34.4,65) (34.25,68) (33.85,72) (33.5,75) (33,78)
(32.3,81) (31.6,84) (31.1,86) (30.5,88) (29.5,91) (28.7,93) (27.9,95) (26.9,97) (26,99)
(24.9,101) (23.7,103) (22.3,105) (21,106.8) (19,109.1) (17,111) (15,112.6) (13,114)
(11,115.1) (9,115.9) (7,116.6) (4,117.2) (2,117.4) (0,117.5) (-2,117.4) (-4,117.2)
(-7,116.6) (-9,115.9) (-11,115.1) (-13,114) (-15,112.6) (-17,111) (-19,109.1) (-21,106.8)
(-22.3,105) (-23.7,103) (-24.9,101) (-26,99) (-26.9,97) (-27.9,95) (-28.7,93) (-29.5,91)

(-30.5,88) (-31.1,86) (-31.6,84) (-32.3,81) (-33,78) (-33.5,75) (-33.85,72) (-34.25,68)
(-34.4,65) (-34.5,62) (-34.47,60) (-34.35,57) (-34.1,54) (-33.7,50) (-33.3,47) (-32.7,44)
(-32.2,42) (-31.8,40) (-31.2,38) (-30.7,36) (-30,34) (-29.2,32) (-28.5,30) (-27.6,28)
(-26.6,26) (-25.5,24) (-24.3,22) (-23.05,20) (-21.8,18) (-20.1,16) (-18,13.8) (-16,12)
(-14,10.5) (-12,9.2) (-10,8.2) (-8,7.6) (-6,7.1) (-4,6.8) (-2,6.6) (0,6.5);
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Coordinates for the "P"

;(-30,114) (4,114) (7,113.9) (11,113.4) (14,112.9) (17,112) (20,110.9) (22,110) (24,108.8)
(26,107) (28,105.1) (30,102.7) (31.8,100) (33,97) (34,94) (34.6,91) (35,88) (35,85)
(34.6,82) (34,78.8) (33.2,76) (32,73.5) (30,70) (28,67.6) (26,65.7) (24,64) (22,62.9)
(20,62) (17,60.8) (14,60) (11,59.5) (7,59.1) (4,59) (-30,59); (-30,114) (-30,7);

Coordinates for the "Q"

;(-2.5,116.5) (1,116.2) (5,115.5) (9,114) (13,111.5) (17,108) (20.3,104) (24,98) (26.4,92)
28.2,85) (29.3,78) (30,70) (30,60) (29.3,52) (28,45) (26,38) (23.2,32) (21,28) (18,24)
14,20.2) (11,18.1) (7,16.1) (2.8,15) (-2.5,14.5) (-7.6,15) (-12,16.2) (-15.7,18)

(
(
(=19,20.2) (F23 24—t 26, 28 28 5, 3353833453450 =350 35,707
(-
(=

34.4,78) (F33.3,85) (-31.5,92) (-29,98) (-25.5,104) (-22.1,108) (-18,111.5) (-14WD13.9)
10,115.5) |(-6,116.2) (-2.5,116.5); (-1.5,54) (35,7);

Coordinates [for the "R"

;(-28,114) (-4,114) (0,113.9) (3,113.8) (6,113.5) (9,113) (12,112.3) (1¥9yr11.7) (16,110.7)
(18,109.6) (R0,108.3) (22,106.7) (23.6,105) (25.2,103) (26.5,101) (27.5,99) (28.2,97
(29.2,94) (2.8,91) (30,89) (30,85) (29.9,83) (29.3,80) (28.5,77) (&71,7,75) (26.8,73
(25.6,71) (24,69) (22,66.8) (20,65.2) (18,63.8) (16,62.7) (14,61,8)~(11,60.7) (9,60.
(6,59.5) (3,p9.1) (0,59) (-4,59) (-28,59); (-28,114) (-28,7); (=28,59); (1,59) (31,7

~.

Coordinates [for the "S"

,6.6) (-8,7) (-11,7.6) (-14,8.8)% (-17,9.8) (-20.7,12) (-24,15) (-26,18)
-28.4,24) (-28.8,26) (-29,28)7

;(27.4,99) (p6.8,101) (25.4,104) (23.4,107) (20.6,110)HM8,111.9) (15,113.6) (12,114/8)
(9,115.6) (6|, 116.1) (3,116.4) (0,116.5) (-3,116.3) (~6,116) (-9,115.3) (-12,114.3)
(-15,113) (-f18,111.1) (-21,108.8) (-23.7,106) (-25.64103) (-26.9,100) (-27.7,97) (-2¢,94)
(-27.9,90) (27.3,87) (-26.3,84) (-24.8,81) (-22.7,98) (-20,75.2) (-17,73) (-14,71)
(-10,68.8) (|-6,66.9) (-1,64.6) (4,62.1) (9,59.70~&13,57.2) (17,54.5) (20,52) (23,49)
(25.2,46) (2/6.9,43) (28,40) (28.9,36) (29,33), 128.9,30) (28.5,27) (27.6,24) (26.4,21
(24.6,18) (2p,15) (18.3,11.8) (16,10.5) (13,9M) (10,8.05) (7,7.4) (4,6.9) (1,6.6)

(- -5

( (

Coordinates [for the "T"

;(=35,114) (B5,114) (0,114) (Q,7);

Coordinates [for the "U"

;(32.5,116) |(32.5,40)1H(82.4,37) (32.2,34) (31.9,31) (31.4,28) (30.5,25) (29.4,22)
27.9,19) (25.5,16)(23,13.6) (20,11.6) (17,10) (14,8.6) (11,7.8) (8,7.1) (5,6.8) (246.6)
0, ) (=2,f6.6) [(x576.8) (-8,7.1) (-11,7.8) (-14,8.6) (-17,10) (-20,11.6) (-23,13.6
16) (F27¢9,19) (-29.4,22) (-30.5,25) (-31.4,28) (-31.9,31) (-32.2,34) (-32.4,3%7)
40) (

(
(0,6.5
(-25.5,
(-32.5, -32.5,116) ;

Coordinates for the "V"

7 (=35,116) (-6,7) (6,7) (35,116);

Coordinates for the "W"

;(-35,116) (-34.5,102) (-33.5,83) (-32.5,68) (-31.5,57) (-29.9,41) (-28.8,33) (-27.5,25)
(-26.4,19) (-25.5,14) (-24.06,10) (-24,7) (-19,7) (-1.5,67.5) (1.5,67.5) (19,7) (24,7)
(24.6,10) (25.5,14) (26.4,19) (27.5,25) (28.8,33) (29.9,41) (31.5,57) (32.5,68) (33.5,83)
(34.5,102) (35,116);

Coordinates for the "X"

;(-30.5,116) (-1,63) (-31.5,7); (30.5,116) (1,63) (31.5,7);

18 © ISO/IEC 2016 - All rights reserved


https://iecnorm.com/api/?name=7276e0263a98bc199e0642b9e2742ab2

ISO/IEC 30116:2016(E)

Coordinates for the "Y"

;(-31,116) (0,57.5) (0,7); (0,57.5) (31,116);

Coordinates for the "zZ"

;(-29.5,114) (24,114) (-30,9) (30,9);

Coordinates for the "<"

;5 (35, IT3r—=35,66-5(35,200
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Annex B
(normative)

Threshold determination method

B.1 Algorithm description

Start by crea
follows.

a)
b)

c)

B.2 Example

For simplicity]
of the examp

Initialize

For every
value (0 t

fing a histogram of the defined grey-scale values in the defined region and prog

Q

the variable minVariance to a very large number and initialize Tmin and T‘@ toz

grey-scale value, “t”, starting from the lowest grey-scale value to g)@;h\ghest gre
p 255 for an 8-bit image sensor),

1) com

ute the mean and variance of pixels below t and call it MeanDQ&énd VarianceDark

2) compute the mean and variance of pixels above or equal .@ and call it MeanLig
VarignceLight

3) com
4) if Vani
5) if Vani

NOTE
and Tmax

Optimal t

ute Variance = VarianceLight + VarianceDark. QQ
iance < minVariance, save Variance in manar@ge and save tin Tmin, and
iance = minVariance save tin Tmax. %

s the largest grey-level where the vari\@ e is the same minimum.

hreshold, T = (Tmin + Tmax) /\I')
S
an image with o 0 pixels (a 10 x 10 image) will be used. Additionally, for the p
e, the image i posed of 4-bit pixels (16 grey levels). The sample image is sh

Figure B.1, where each pi& magnified so that individual pixels can be discerned.

eed as

PI'O.

U-scale

ht and

Step 5 is used to break ties. Tmin is th ’r}fallest grey-level where the variance is the minimum

irpose
bwn in

Figure B.1 — Image used in this example

We begin by counting how many pixels are contained in the image with each of the 16 grey levels. The
result of this count is shown in Table B.1 and is plotted as a histogram in Figure B.2.

20
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Table B.1 — Count of grey level occurrences

Grey level Number of pixels with grey level
0 0
1 0
2 6
3 7
4 3
5 0
6 0
7 2
8 5
9 10
10 44
11 23
12 0
13 0
14 0
15 0
0 15
Figure B.2 — Histogram of the data from Table B.1

For each possible threshold, we separate the histogram into two portions — one for the dark elements
and one for the light elements. The first possible threshold is between 0 and 1, the next is between 1
and 2 and so on. For each possible threshold, compute the variance of both portions of the histogram.

For example, for the possible threshold between 4 and 5, the dark element histogram contains the grey
levels 0, 1, 2, 3 and 4 as shown in Table B.2.
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Table B.2 — Dark pixel portion for threshold of 4.5

Grey level Number of pixels with grey level
0 0
1 0
2 6
3 7
4 3

The variance of this distribution is calculated as follows.

The mean is ||
Table B.2.

The variance
{[(2,81-2)2 x §
Similarly, the

In likewise fa
be computed.

1+1[(2,81-3)2 x7] + [(2,81-4)2 x 3]} + 16 = 0,53.

Table B.3 — List of variances for all possible‘thresholds

(2 x 6) + (3 x7)+ (4 x3)] + 16 = 2,81, which can be described as the weighted aye

s the average of the square of each element’s deviation from the mean.

variance of the light elements (those whose pixel value is 5 or greater) is: 0,84.

age of

bhion, the variances of the dark and light portions of the histogram for each thresh¢ld can
The results are shown in Table B.3.

Threshold Variance of dark elements Variance‘f light elements Sum of variapces
0,5 0,00 7,67 7,67
1,5 0,00 7,67 7,67
2,5 0,00 5,00 5,00
3,5 0,25 2,00 2,25
4,5 0,53 0,84 1,37
55 0,53 0,84 1,37
6,5 0,53 0,84 1,37
7,5 2,20 0,65 2,85
8,5 5:52 0,40 592
9,5 8,50 0,23 8,73
10,5 8,11 0,00 8,11
11,5 7,67 0,00 7,67
12,5 7,67 0,00 7,67
13,5 7,67 0,00 7,67
14,5 767 8,66 767
15,5 7,67 0,00 7,67

An optimum threshold is chosen such that the sum of variances of both portions of the histogram is
minimized. As can be seen from Table B.3, the minimum of the sum of variances is 1,37 which occurs at
thresholds 4,5, 5,5 and 6,5.

There is a range of thresholds that all give this minimum variance. In this case, take the average of the
lowest and highest threshold which gives this minimum which is 5,5 in this example.

Note that the threshold obtained by this averaging will not necessarily have the same minimum sum
of variances as it does in this example. If there is a single threshold which gives the minimum sum of
variances, then take that threshold. This chosen threshold is considered the “optimum” threshold as

22
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