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Analysis of Goniophotometric Reflection Curves
| Isadore Nimsroff
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r distribution of the reflecte

light, but & summary of current goniophoto-

rmatrle techniques shows that egsantial patts of these fundamanial dats Eave been nagleotod.
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method of statistles is applied to the gmhlem of goniophotometric-curye
dats are re
e kurtoszis index §s shown o corrclate betler with saubdective estimates

ueed b dispersion, skewness, and

of the distinetness of the refleoted imagea than the conventional messure, §0° specular
glees,  The kurtosis indez is applied to une problem in the selecticon of optimutn glosemetar

ety g

1. Introduction [jj

In pursuit of & method for specifying glossiness,
or Iuater, of surfaces many theorizts, researchera, and
enginesrs, physical and paychophysical, have devoted
thought and time to theorizing and experimenting.
Technigues for messurement bhave been devised,

ing frotn observation wnth & single set to obser-
vations invelving meny sets of illuminating nnd
viewing conditiona. The former of these techniques
is an oversimplified solution to the problein; the
latter i too costly snd time consuming bto perform
for every surfece under comsideration. Such a
complete pel of data was published by Thaler [1] * for
a series of megnesiuin oxiﬁn surfaces, A compromiss
betweon these extremes ia required. Such & com-
promise involves obisining goniaphotometrie curves
near the angle of apecular reflecuon in lhe plane of
measurement for one unidirectional incldence wogle*

&

2. Goniophotometera

The esmliest known goniophotormeter is the one
devized by Bouguver [2] in attempting to corroborate
Lambert’s Jaw [3] by experimental evidence. Sinca
then many eﬁorﬁt’-lphotnmeters have been developed
and deseribed. The problem of how to analyze and
interpret the curves obtained on goniophotometers
still remaina, This paper proposes using an estab-
lished statisiieal method ie anslyze monoplanse
goniophotometric reflection eurves, yelding numerics
that correlate with =pecular gloss and estimates of
distingtness-ol-imaga gloss.

Many workers in the field of glossimetry have
realized that the only way to specify cum%]ct.c]y the
optical propertiez of reflacting surfaces is by nnaly=-
ing %'lonmp tometric curves of the refiected Heht.
In the interest of economy ones goniophotometrie
reflection eurve for one angle of incidence and one
plane of view may provide an sdequate mccount of
what happens to the flux reflected by a surface.
This flux distribetion can be me&surerf visnally or
photoslectrically, The most datailed deseription of
a vizual goniophotometer is given by MceNicholas 4],
His instrumant hod provision for diffuse and unidi-

1 Fimnres in hrackeis hdit:zehtbe Tiberabte paferenoes al the end of this papet.

* Photomedrie defindileng tenns bera are eoobsined lu o paper by
Hammoned snd M lwsyod [8]. }

rectional illumination and multiplane view. He
used his goniophotometer to obtain distribution
curves for diffusing medis.

Wetlnufer and Seott [5] deseribed a photoclectric
goniophatometer with rectangular source snd raceiver
apertures smmming to 50° by 5.5%, but the relative
sizes 0f these spertures wera nob given. They
obtained goniophatometric deta ncar the anglo of
specular reflection with 45° incidence for 13 materiala
exhibiting reflection mnging from nearly mmdpletaly
apeenlar to nearly completely diffuse, and drew
conclusions about the relative merits of larga and
small Wcidence angles in the meazurement of apecular
glees, Only one incidence angle was usad, and ng
analysis of the goniophetomeine data wos mede.

In a paper on 60° specular-gloss mensurement [6
Hammond and Nimeroff deacribed the optica of a
Ehﬂtun]ﬂctmnic moneplang goniophotometer having

igh resolution, 0.3% circular source, and 0.4° circular
receiver apertures.  With this instrument fractional
reflectance curves wore obtiained for & series of
specimens obwiously differing in appearance, ly'el;
having approximately the same 60° specuinr-gloss
readings accnrdmﬁ];n the ASTM Method [7]12 The
curves indicated t these specimens had radically
different fractional-reflectnnce distributions, If the
information contained in these curves could he
adequately expressed ss a sinde number, & better
index of ploss charactoristica would he obtamed than
is possible from the simple messurcment of specular

gloaa,
3. The Concept of Momenis

A method for the deseription of thess fractional-
reflectance curves may bs found in the field of sta-
tistics, where tho technique of characterizing various
iypes of frequency distributions ia of fundamental
importance, Instatistics the measures of dispersion,
skewnemse, and peakedness hove heen found te facili-
tate comparisons between distributions. Thesa
measures are computed by the wze of momenta, A
brief résumé of the concept of moments followa,

With ohserved frequencies, f, 1, . oy Ja, vor-
rasponding to varisbles, 27, ¥., . . ., Z., and with
the sum of the frequencies, £ +4-. . .+fy egual

1 Whecaver 4P cpecubar glost 13 peemblcned this methoed 8 implied,
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Lo E'.@‘}, we define the fth moment,
1

T o)
Zl:r:f-mf Elifii*f
ppu— = N !

bl

where N— i.f.. In other words, the kth moment is

the nrithmetie mean of tha kth pb?.-em aof the variate,
2,. When the axis of moments is taken about the
centroid of mean, %, or the variable 5 then,

é tf z—z)*
'l'x=‘-l—F"'— (2]

(1)

iz the kth monent about the centroid, or mean.
4. Curve Analysis

Hurrizon [8] suggests that polar-intensity distribu-
tion eurves should be analyzed to obtain the desired
information sbout surface sppearance. He suggests
also that these polar curves should not be eonmderad
ag composed of ellipsez, circles, and straight lines,
becausge the speoular componants (lines) cannot be

separated physically from the diffuse components
{eircles). Barkae [9] suggests a method for theoreti-
cally separati ezo two components for fairly

mette surfaces by substituting an eguivalent surface
for & phyvsical surface. The Barkas treatment has
not ¥et been apphed to samigloszy and glossy surfaces.

FPolrowski ﬁ[l] found that by summing the diffuse
reflection and the apecuiar-refleclion components ane
could chiain for a given angle of illumination the
diztribution of reflected flux for all directions. The
eomputation of these ecomponents s mede on the
assumption thet diffuee reflection obeya Lambert's
law and that the spacular reflection obevs Fresuel’s
law [11] for an equal distribution of mirror facets
criented at all poassible an%lea.. Chinmayanandam
[12] derived an exponeatial expression to account
theorctically for the reflaction from optically rough
serfaces by assuming that the angles befween the
reflecting elements and the grose plans are randomly
distrbuted ageording to the probability faw.

Typicel goniophotometric curvea obecrved lor
materials rapeing from matte to hirh gloss are shown
in fi 1. Clues sz to how to vze these data
are giffipult to ghtain from & poler greph. However,
if rectangular coordinetes are used for the data in
figure 1 and fractional reflectance, F, is plotited on a
logarithrnie ecele ns the ordinate againat anpulsr
departures from the specnlar angle, 4, on & lincar
aeala as abscizsa {(see fig. 2) their resemblance to nor-
mal frequency distributiona about the arithmetie
mean becomesz gpparent.

In the analysiz of frequency distributions, mathe-
matical siatistics {2ee, for exmmple, Eeitz [13] and
Croxton and Cowdan [14]) has shown that threc
indexes are imporkant. These thres indexes are
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dispersion index, ¢; skewness index, ay; and kurtosis

index, ey, For the purposes of this paper, they are
defined ag followa:
' o mm ()t (3}
.y .y
aEEI:_r-S};:n_: ':4]'
SLL
ry = {'I';:lz {T* f.ﬁ}

The first index, », gives an indication of the spread
of the distribution, the second, o, gives an indication
of the dissymmetry of the distribution about the
mesan, and the third, e, gives an indication of the
peskednees of the distribution, This last index is
of primary importance in gooiophetometric curve

ysig for, as will be shown later, its correlation
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with estimates of distinctoness-of-reflectad-image
glozs is almost perfect. ) .

A ‘method was devised by Pelton [15] in which he
abtaine a Beries of megsurements of photometric
brightness, By, by tilting a specimen about &o axis
in photometrie pleane. Thus he obtained a type
of geniophetomatrie distribution curve with simul-
teneously warying incidence and viewing angles.
This curve su ted to him an analogy to the fre-
quency distribution curve according to the law of
probability. He then computed the dispersion
index, o, (u=uslly called standard deviation) vsing

the relation, i
_ 2 B:0° @)
r= TEI 1

where © iz the angle of (it of the specimen. This
equation ie annlogous te tsking the squere root of
eq (1), for which £=2, As the standsrd devistion
has en inverse relation to the sharpness of his curves,
Polton took 1fr as & measura of what he cnlled
“peakiness."’

4.]. Computation Short Cuts

To shorten the computation we define deviates,
d,, from an assumed mean, '. Then momnenis

T
d’ E
) =12Lfl{ 1',} (T}
3 j\,,.'
about &’ arc related to = about the mesn by the

enerel expression obtained from the expansion of
%]m. binoinial in eq (2),

=2 (5} rine, ®)

(.ic)__ 3

t) Bk=nl

¢ belng &n integer having values, 0 i<k,

Tha frst five moments about the mean (x, =, =,
xy, and «) are in table 1. Dispersion, skewncss,
and kurtosis indexes may then be defined in terms
of these moments,

TssLE 1. Defnftfon of inderes

whera

t ] My
) o —— |
L1 1
1 i
2 rr—
3 e
i vy =ty Hirleg Y

To facilitate the computation of the three indexes
the data weore tekoen at the angle of apecular reflection
and at 1° intervals for 5° on cather side of the specular
angla, Toehow the esse of computation an example
is shown in tabla 2 for & plague of white ceramic tile
iHuminated at 60°, specular gloss of about 0. The

computation is further simplified, because we can
readily take
Jati=df a7, (&

where d, is the departure from the specular m;ila
(assumied mean), and ¥, is the goniophotometrically
obtained {fractional reflectance {distribution {re-

GQUeTEY).
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4. 2. Characteristics of the Indexes

If & distribution i= = ctrrcal, the skewness
index, a;, has a valus of zero. There is no upper
linni';dto the magnitude of a5, Methemstically
siated,

02 o] < =

Values for oy as great a8 +2 indicate marked skew-
ness, howaver,

The kurtosis index, o, hbas 8 velue of 3 for the
normul curve, y=a¢ ¥, For curves more peaked
than the normal curve, oy i greater then 3, whereas
for curves flatter than the normel curve, o, is less
than 3. There ia no upper limit for «. For a flai
curve, that is for £, constant, the value of oy, desig-
nated of, iv determined from the number of ohser-

vations on which computations are made. From
the definitions of o, oy, and =g we see that
A s T tt
oy "y
Ty $ I (10)
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where n=N{f.=number of angle settings. The
neral cese for 1° intervals is shown as follows:

e have
|

Sdi=2 ﬁxl

1 M ! {l l:I
2 =2 EJ.-‘_J
[ L

whore X, reprezents positive numbers ranging from
I to Af, since observations are made at positive snd
negative angles. Then, n=231+1 sinee # includes
d.~=0% The sums of the first two even powers of

the first A natural numbers may be computed from
the following equations.

(A Mg

nd
%TJYE=(3ME+53M— 1)(2ﬂ;—|—1)(M{3§'—[— 1))
Thus 2

2(2M+1}(3‘W+53M—1)(ﬂ§+1)(M(ﬂ;'+1})

g 3
5 SM{M+1y

TR G ()

The upper luniting value, L., of the kurtosis index
for o complete diffusor as A inereases without Bound

in
La;= 9;5 = 18
M

The lower limit vecurs when M =1, that iz when
observations are taken at the spreular angle and at
+1% I thiscase ap=—1.8—0.3=1.5. Thus wamay
stata, mathematically:

l5=ag=18.

Far the number of the intervals wsed m this
analysi=s that is five intervals on cither sitde of the
specular angle, n=11, A=>5. Thus for a completely
diffusing surface, that is, one heving eonstant §,

3

foe L —]
a,=1.80 T5(8) 1.75.

Should we wish to define a scale of peakedness for
which a perfect diffuser is assipned the value zero,
then we may subtrct of Trom oy, and eall the result-
ing difference the peakedness index, P

Thue
Pamo,—ay {13}
M the oidinates of one distributicn sre & constant
fuclor of the corresponding ordinates of anothor
dizstribution, then the indexes ¢, a3, snd o for one
distribiztion will equal the correspending mdexes [or
the other. To distinguish one curva feom the ather,
one pomtb on each curve needs to be specified. A
convenient point 1= the wvalue of the fractionsl
reflectance at the specular angle. o
The dispersion index, e, is at its lower limit for
ecompletely specular reflection, and jg large for com-
letely diffuse reflection. The lower limit is zero,
Emauae d,=0° at the specular angle. The value
for completely diffuse reflection ig determined az
Tollows.

For completely diffuse reflection, f;=constant,

o= ) L]
Mo\
(zzl:, X.)

Here slso n=234+1, and from eq 12
(M[M’+ 1_‘1)%
TN 3 )

But from eq 11

{14}

For the oumber of the intervals used in this anealysis,
M=5. Thus when f; iz constant, s=3.14.

The characteristics for the indexes, » and ~, lead

to conclusions about their piiity in describing sor-
face appearance. Consider the ranges of these two
indexes for the number of ohservations used in this
anelysis.  Maihematically stated, from flat o
peaked curves, the ranges are 1.78<o, <« pnd
3. 16=a20,
When a reflection curve is flat, oy, has a small value
i1 its range, while ¢ has a large value in ite range.
Conversely, when a curve deseribes & completely
specular reflaction, e, i# &t its upper limit, and ¢ is
at its lower limit. Thue o; may indicate plossiness
directly, and » may indicate gloseiness inversely,

5. Application to Glossimeiry

The practice of plossimetry 13 now quite well
catablished and generaliy wvields satisfactory dis-
crimipations, but must be recognized as an abridged

niophotometric technique. Just as in the prab-
ems of colorimetry, the standardization of abridged
methods of measyrement iz necessary to ebable one
to obiain on 2 common basis rapid comparisons
during production of a specific material. Tha gen-




eral method of analyzing goniophotometric distribu-
tign enrves described in this paper may be tha means
of nrrving &t some Instrumental mehry  and
recommended procedures {or making objective evalu-
ations of the surface appearance aliribute aseribable
to gloss,

Subjective observatlons on tha specular gloss of
specimens are usually made without use of angle-
measuring  devices, Thercfore, as the skowness
index is 8 measure of dissymmetry of a distribution,
no attempt is made to correlate thia index with the
surface-appearance attribute ascriballe to ploas,

The first problom confronting thiz analysiz is, do
the indexes o; and & corrclate with sorface appear-
ance, specular Elos& and distinetness-of-image ploss,
ns werll 82 or better than the cxisting glossitnetry
techniques? If the correlations prove satisiaetory,
the next problem is how to interpret this analyais ac
that instrument gectnctey for abridged methods may
Le sclected wisely, Three important geomairic vari-
ables of a plossmeter ara (1) angle of inecidence, (2}
receiver aperture size, (3) the rvatio of the angular
gize of the source Lo the receiver pperture.

8.1, Correlation with Distinciness of Beflected Images

Oue of the attributes of surfaco appearance is the
dietinetness with which images ave reflected. This
stlribute is influenced by at least bwo propertics of
specirnens.  Ome of the properties is the smoothnesa
of the surface, the other 18 the diffuse reflection of
the specimen. Lack of smoothness lends to distort
the reflected images, and diffuse reflection controls
the eontrast between highlight end shadow.

 Haretofore no satisfactory method has been de-
vised to measure ohjeclively distinctnese-of-image
gloss. Hunter [18] in 1936 described a photographic
technigue_for recording distinctness of reflected
images. However, ne quantitative analysis waa
indicated in his paper,

o, Fxparimental Conditions

Az there iz need for s quantitative index of dis-
tinctness of reflected images, the kurtosis index was
tested for correlation with distinctnees of i
estimater. For this experitnent estimates were tnade
by six observers, ranging in familiarity with the
problems from thoroughly experienced to completely
neive.

The 2% specimens used were of the following
materials: Polished black glass, sand-blasted black

lama, acid-etchad black glass, polished white Vitro-
ite, depolished white Vitrolite, and white ceramic
tile. These apecimens were placed on o black
cloth-coverad tabla. Tha table was placed near a
window 20 that the specimens were Uluminated by
porth-sky light. The estimales wade by the ob-
servers were on the distinctness of the images of
the crossbars of the windaw, Observers wers
permitted to turn, tilt, or raise the specimens
during the evalostions. The obzervers arranged the
sperimens in the order of estimated decreasing
distinctness of the reflected images. The resulting

dati are shown in table 3, together with the ranking
obinlned by the kurtopis index, dispersion index,
and 607 apeeularploss values of the specimens.

b, Rank Comrelatiom

Correlation indexes were computed on the basis
ol Spearmun’s rank correlation cocflicient, p.  This
correlation coefficient has been found guite useful

in correlatig ordered or ranked data. The equa-
tin for coroputing g is
61
n =1 —mr flﬁ}

wlore I7 g the rank difference, and N ie the number
of items.

Thiz cquation indicates by its sign whether the
eovrelation is dirset (+) or inverse {-—=). VWhen-
ever there is a tie in rank, the positions are split
ntnong the different items in the tic,

TLELE 3. Rowk order gecording fo dimmmcineas of iwmage
seifmater, peakednesg, 807 plogs, and dispergion
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£ (3, white eowvemmles ¥, white Yitrolito; B, black glaas, polished; &, htack glass
wpidh etelied; B, blaek glaan, eand-blested,

The date indicate that confusion exists among the
calimates where the specimens have naarl&r the same
distinctnesa of imare, but oue is bleck and the other
white. Therelore, computation of p was made
for the entire gronp and for the group of black and
the up of white specimens,

'l‘ﬁo correlation indexes obtained by the six
observers for the three correlation conditions are
shown in table 4. These results indicate that cor-
relation of image distinctoese with o is beiter thao
with ¢ and i3 far better then with 607 specular
gloss. When the specimens are separated into two
groups according to reflectance, then correlation
with &y in nearly perfect. Weo may conclude that
the diffusc reflectance of 4 specimoen s an important
factor in distinctness-of-imege estimntes,
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Tasce 4. Summary of correlatim coeffciente
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5.2, Correlation With 60° Specular Gloss

Onoe of the satisfactory plossimetry techniques i
the 60° spemilar gloss method, X the indexes ob-
tained b;!.r analyaie of goniophotometric curves cor-
relate with 60° ppecular gloss snd also yield more
mmformation, thon this anglysis iz an improrvement
over the abridged method. To see if correlatilon
exigts between kurtosis and 60° specular gloss, we
plot oy on & logarithmie zeale against 60° specular-
glosa readings for tha 22 apecimens lizted in table 3
and determine if a smooth corve will fit the resulti

peints, Figure 3 is a plot of the data showing divi-
sion mto two distinct groups, shown by =ohid lines,
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Figups 3. Kurlosds indetr, = (volid lines), ond peakedness |

indes, P (dashed lineg), plofled agoinsg aird a'panuf:r ploza. |

T st Lut Gsgga el [P byy s OoA0abant arnonm, 1,78, which, for the indazes above 10, 18 |
u.ulmdgurun.t,mthat. polnte or korcoals index sl Bre ahown shote 10, Nols
ki cllviglan of the Spesdmans Bt two gronDe; spedlimens fomming sharp
iy, ;. dpecimens Iorming no sharp imagea, O,

depending on the appearance of the reflected images.
Those ag cimens forming sherp images shaded by
vArying : full into one group. Those specimens
forming no sharp images, but heaving varying specu-
lar gloss, fall in the other group. This examinalion
for correlation imdicates not ooly that direet correla-
tion cxistzs, but also that separation into distinet
groups in Becord with visual appearance is accom-
plished by the ponophotemetric eurve anaelysis,
wherens the glosameter readiogs alone do not suggest
the exisience of these two groups,

Corpelation of dispersion, o, with B0® specular
gloss is shown m figure 4. This fisure shows the
division of the specimens into the same two groups.
Tha correlation for ¢ is inverse, that is, where « iz
large, ploss is low, and conversely.

mﬁrea must conclude from the sbove detn that this

analyeis not only correlates with axisting glossimetry
lecEnigues but vields additional infompmation about
surface appearance.

5.3. Belecton of Instrumeninl Geometry

This analysiz hes been shown to have advaniapes
over abridged methods in surface-appesrance ovaly-
ation. Abridged msthods of measvrement, using

DESBERSION IHOEX

o ]
& an
0" GPECULAR JLD3S

FraugEe 4, Dizpersion indez, o, plofled dpainsl 80% epecuwlar
glogs.

Aperimens forming sharp imagesy, @ 2pecicneng fomiog og sherp impges. T
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gloasmetere, are required to obtain information econo-
mically during the producilon of materials. Gloss-
metorz, 82 well &8 goniophotometers, should have
geometry to vield optimum discrimination hetwean
apecimens. Ls'ummg that the receiver 1s adequately
gensitive, tha resolution and the ineidence an.g(:ie may
be chosen to yield this optimurm discrimination,

To datermine the optimem geometric conditions
for gonjophotometry and gicossimetry a eerics of
goniophotometric curvea should be obtained with
verious materiala for incidence angles ranging from
perpendicular to prazing. Then the information
from the goniophotometric curves needs to be cor-
related with visnal estimates of gloss. The data for
two specimens, A {(acid-etched block glass) and S
{sand-blasted black glaas), having 60° specular-zloss
values of about 80, will zerve to illusirate the pro-
cedure for finding optimum geometry {see fig. 5).

l[milllll

& ‘ 3
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a. Chojcw of Incidunce Angls

Lat us eonsider first how the nese index, P,
may be used in the problem of choice of incidence

test discrimination between specimens is in-
dicated whera the difference between penkedness in-
dexea is greatest. In the fllusiration, for 20° inci-
dence, the difference between Py {index for specimen
&) and P, {index for gpecimon A) is Py— P,=153—
1.6=1561.4. For &° incidence this difference is
Py—P,=370—28=376.2. Thus for greater dis-
crimination between 5 and 4, 60° incidenes is super-
ior te 20° incidence for gonicphotometric measure-
manfs.

This reasnnlngrhmajr be applied to glossmeter
neagurements. e regeiver sperture of & gloss-
meter includes flux reflectad near the specular angle.
Thus for optimum discrimination between speci-
mens S and A, glosemeter measurements should be

208TT—h2—o

made at 60° rather than at 20° incidence, provided
that the Hux mccepted for measurement iz suffi-
ciontly elose to the specular =, To anawer the
guestion, what is meant by “safficiently close’, wa
must consider the problam of choice of receiver
aperture aize.

b. Cholos of Recwiver Aperture Size

Let ua pow consider how the gonisphotometiic
eurves may be used in the problemn of choice of re-
geiver aperture size,

. The goniophotometric curves provide sufficicnt
information for the choice of receiver apertura size
needed for diseriminations. For goniophotometrie
measurernents the receiver aperture nesds to be
sufficiently amall to trace adequately the goometric
distribution of the fractional reflegtancea, Gloss-
meters, en the other hand, integrate the flux enter-
ing the receiver entrance window at the specular
ﬁle. The glossmeter must distinguich betwesn

ifferent epecimene by integrating between the limits
of the receiver entranec window the areas under the
respective goniophotometric eurves. The limits of
integration may be evaluated from either of the fol-
lowing relationalips:

Jo Fsd— [ Pad=K, (163

J° Fud=K[" Fad, (17)

where ¢ iz the limit of integration, F, and #; are
fractional reflectances of two specimens, d is the
departure from the epeculsr angle, and K is nn ex-
perimentally determined conetant. Equation (16)
stetes that the diffcrence betwesn the integrated
areas iz copstont. Eguaticn (17) states that the
ratio of the integrated sreas is constant, Tha con-
stant & should be evaluated for specimens of similar
mpteripla from wisnsl estimates of either ploss dif-
ferences or gloss ratios. No attempt should be made
to evaluate K for radically diesimilar specimen bypes.
6. Conclusions

Bince the surface appearance attribute ascribahle
to gloss may be eveluated moat advaniﬁously by
monoplans goniophotometric curves, & nique for
analyziny these curves nesds to be sdopted. The
variables of clessical statiztics, dizpersion, skewness,
and Kurtosis, have been studied in this connection,
and it is found that the kurtosis index in particular
summarizes in a meaningful way the icformation
iven by the goniophotometnc curve, Correlation
twean 60° speculsr gloss and kurtesia index e
{girly good, and indicgies that the two measare
similar properties of surfaces such as those studied,
Furthermore, correlation between distinctness of
image and kurtosis index i8 & decided improvement
over correlation between distinctness of image and
ﬁﬂ;?jpeeuIar plose.  Eurtoeis index ia therefore pro-
posed for adoption as & standard technique for re-
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ducing %niuphﬂmmetric data to meaningfal num-
hera. This index has been applied succesalully for
choozing instrumentsl geometry for abridged potio-
photometry, that is, glossimetry,
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