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The Effects of Photographic Noise 
on Pointing Precision, Detection, 
and Recognition 

As optical magnification is increased the signal-to-noise ratio will 
decrease and, therefore, noise will have a greater effect on the 
pointing precision of observations. 

INTRODUC.I.ION 

T H E  EFFECTS of image quality ilnd noise on the 
ability of observers to perform visual tasks on 

displayed images are currently being researched 
in more detail, as image data of varying qualities 
derived from such sources as satellite and raster 
scan systems, side looking radar, and small scale 
photography become available. Visual perfor- 
mance is strongly dependent on the particular task 
presented to an observer. I t  is, therefore, neces- 
saiy that it be studied under a range of variables 

figure of merit is required which is more specific 
to the needs of remote sensing. The development 
of a new image quality parameter,  however,  
should be avoided because adequate parameters 
are available, provided suitable research is carried 
out to relate these parameters to appropriate visual 
tasks. 

In this paper the effects of noise on lnonocular 
photogrammetric pointing observations and the 
detection and recognition ofdisplayed images will 
b e  studied. While the  visual tasks studied are 

ABSTRACT: Methods of fornzulating photographic grunulurity are summarized 
and u review is given on recent research into graininess, the szil>jective impres- 
sion o,f granularity. It is ded.uced that the signal-to-noise ratio ( s h l ~ )  should be 
formulated by the ratio of density difference of tlze ol9ject being viewed and tlze 
root mean square grunularity measured with a scanning aperture equivalent to 
48 pm ut 12x  optical magnification. Precisions of pointing to circular targets 
subject to noise ure expressed in terms of this S N R .  The effects on pointing 
observations of varying tlze optical .magnification are also considered. Detection 
und recognition of geoinetric objects in tlze presence of noise vary directly with 
s N R  and indirectly with the target size. Angular objects are more easily detected 
and recognized than circular objects. 

which are relevant to particular photogrammetric 
and remote sensing tasks, for example, pointing 
observations to photogrammetric targets, or the 
identification of photographic features for topo- 
graphic or thematic mapping. Image quality pa- 
rameters such as ,resolution and  modtilation 
transfer functions (MTF) have not always provided 
users of displayed image data with suficient in- 
formation to directly relate image quality to the 
efficiency of given visual tasks. I t  has been 
claimed that, for remote sensing purposes, a new 
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photogrammetric, the approach adopted in this re- 
search should be applicable to other tasks such as 
those associated with remote sensing. The meth- 
ods of describing photographic granularity are 
summarized, expressions for the signal-to-noise 
ratio of targets are discussed, and results of obser- 
vations to targets subject to different levels of 
image noise are presented. Finally, the most ap- 
propriate parameters of the target for relating re- 
sults for each visual task to the signal-to-noise ratio 
are discussed. 



1564 PHOTOGRAMMETRIC ENGINEERING & REMOTE SENSING, 1982 

PHOTOGRAPHIC GRANULARITY A N D  GRAININESS cause the eye  scans the sample with a circular 

Trinder (1980) studied the granularity of aerial 
photographic emulsions using parameters shown 
in Figure 1: RMS grrrnularity (wD, the root-mean- 
square variation in density readings); and  the  
Wiener Spectrum @(u)  (or @(u,v) in two dimen- 
sions) which is the Fourier transform of the cor- 
relogram 4( t )  (and 4(t,r)),  being the correlation 
between n density readings D(xi) and D(xi + t )  of 
points sevarated by a small distance t ,  Equation 1. 

where is the mean density of the sample. I n  
these espressions of film granularity, n o  estimate 
was made of the observer's subjective impression 
of the  grain, commonly known as graininess. 
Studies by Stultz and Zweig (1959) compared 
samples subject to different levels of granularity to 
determine an optimum scanning aperture of the 
visual system for viewing grainy images. Zwick 
(1965) observed that graininess was most objec- 
tionable for diffuse densities of 0.64 for black- 
and-white photography, while for color photogra- 
phy the critical density was 0.9. Such densities are 
common  in aer ia l  photography.  Zwick and  
Brothers (1975) found that the just noticeable dif- 
ference (JND) in granularity depended on the type 
of scene viewed. For a uniform scene, the JND in 
granularity was 6 percent of the average density, 
while for "busy" scenes it rose to as high as 30 
percent. 

Relating these results to photogrammetric tasks 
is difficult because in most cases the tasks studied 
by these researchers are dissimilar to those as- 
sociated with photogrammetry and remote sens- 
ing. Aerial photography would b e  described as 
"busy," but a conclusion that granularity has little 
or no  influence on photogrammetry and remote 
sensing tasks would be  premature without ade- 
quate analysis of its effects on particular visual 
tasks at different optical magnifications. 

To  pursue this study, it is necessary to deter- 
mine a mathematical expression for the signal-to- 
noise ratio (SNR)  in the photographic image. 

R A T 1 0  OF DENSITY OF T A R G E T  A N D  

R M S  G R A N U L A R I T Y  

As demonstrated in Figure 1, the RMS granular- 
ity and correlogram are dependent  on the aperture 
used to scan the photographic sample, either cir- 
cular or narrow rectangular apertures being nor- 
mal. For a complete estimate of the Wiener spec- 
trum of granularity, a narrow slit should be used 
while, if the granularity is to be determined for 
reference to visual observations, a circular aper- 
ture of appropriate size must be  employed be- 

aperture. 
T h e  Kodak s t anda rd  m e a s u r e m e n t  of  R M S  

granularity uses a 48-pm diameter circular scan- 
ning aperture which is claimed to be  equivalent to 
the  scanning aperture of the eye  for observation a t  
1 2 ~  optical magnification. T h e  48-pm diameter 
aperture (equal to 9.5 p m  on the retina) was de- 
rived in the tests of Stultz and Zweig (1959) be- 
cause the variation in comparative judgements of 
the samples was smallest for this aperture. Stultz 
and Zweig also proved that there is an inverse 
linear relationship between optical magnification 
and the  diameter of the scanning aperture of an  
observer's eye  projected onto the image; that is, as 
the magnification increases the effective scanning 
aperture diameter of the eye  decreases propor- 
tionally. Scanning apertures used by Zwick and 
Brothers (1975) for optical magnifications of 3 x  to 
12x, rangecl from 200 p m  to 48  p m  in diameter, 
respectively, while Charman and Olin (1965), 
Hufnagel (1965), Scott (1968), and Hempenius 
(1964) adopted scanning apertures of 24 p m  in di- 
ameter for their studies. Hempenius, who studied 
the  modulation sensitivity of the eye  for repetitive 
sine-wave targets, stated that the scanning aper- 
ture may vary according to t he  particular task 
presented to the observer. 

T h e  work of Stultz and Zweig provides the best 
estimate of the scanning aperture used by the eye, 
if indeed a constant size of aperture does exist. For 
this study granularity measurements have been 
derived using an aperture equivalent to 48 p m  in 
diameter at  1 2 ~  magnification (i.e., 96 p m  at  6 x  
magnificat ion).  T h e  formulat ion for t h e  S N R  
adopted is, therefore, 

SNR = AD/RMs,B ., (2) 

where AD is the  density difference of the  
sample  above the  background, 
and 

RMS,, ., is the root-mean-square variation 
in density measured with a scan- 
ning aperture equivalent to 48 p m  
at 12X magnification. 

Typical SNR'S derived for hrgets  on aerial photog- 
raphy viewed at  different magnifications are given 
later in this paper. 

S N R  I N  FREQUENCY D O M A I N  

A S N R  expressed in terms of density or  lumi- 
nance levels has the advantage of simplicity but 
lacks the additional infonnation that is available 
through the use of the signal power and Wiener 
spectrum of noise, both of which are expressed in 
the  spatial frequency domain as a function of 
Lineslmm. Barnarcl (1972) used the ratio of signal 
and noise power (Wiener spectrum) to relate vi- 
sual observations of detection and recognition of 
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D i s t a n c e  ( j ~ m )  Frequency lines/mm 

FIG. 1. The measurement of RMS granularity by recording density variations across a sample using a 
circular aperture. Typical correlogram for aerial film derived by Equation 1, and the Wiener Spectrum of 
the noise derived for different aperture diameters are shown. 

geometric objects to the  quality of the  image. H e  
presen ted  a hypothesis  that  t h e  e y e  performs 
as  a "perfect matched filter" whereby the SNR is 
maximized when  detecting orthogonal signals in 
noise. Barnard defines an orthogonal signal as  one  
for which t h e  signals required for detection have 
n o  common area. Hufnagel (1965) presented sev- 
eral formulas to relate t h e  subjective ranking of 
photographic prints to parameters of image qual- 
ity, each formula be ing  composed of e lements  of 
the  signal and noise power.  T h e  effect o f t h e  visual 
system was described by its MTF adjusted for the  
preferred optical magnification of the  observation. 
Halmshaw (1971), studying x-ray films, used  a 
similar mathematical formulation for a film quality 
index whi le  James (1977). summarizing t h e  work 
of a number  of researchers, proposed a complex 
formula for S N R  also based on similar components. 
Such multi-component formulas for SNR have not 
b e e n  completely tested, bu t  appear  to  agree with 
experimental data on visual tasks. A highly ana- 
lytical approach such as this is not justified for ap- 

plications to photogram~netr ic  measurements, bu t  
reference is made  to the frequency domain in this 
paper  in  an attempt to  understand the  visual pro- 
cesses in more detail. 

T h e  R M S  granularity and the  Wiener  spectrum 
for the  two-dimensional case are  mathematically 
related through the  Fourier transform of tbe  cor- 
relogram (4(t,r), Equation 1) as  follows: 

Wiener Spectrum @(u,o) = Fourier transform of 
b(t,r) ,  in units of (linear dimension)= . ( d e n ~ i t y ) ~ ;  
Since @(u,v) and +(t ,r )  are transform pairs, the 
maximum ordinate of 4(t,r) equals the volume 
under @(u,o); 
That is, +(0,0) = (FIMS)~ =jzj: @(u,v)du du. (3) 

By definition, b(0,O) is equa l  to  the  ( R M ~ ) ~  in 
units of ( D e n ~ i t y ) ~ ,  which also equa ls  t h e  total 
noise power. T h e  ratio in Equat ion 2 therefore in- 
cludes the component  of  (total noise power)"*. 

Targets observed in this s tudy a re  circular sharp 
targets of low and medium contrast, def ined by the  
approximately linear Equat ions 4. 
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A1 
fr(x,y) = 0.4343 . - for (x2 + y2)Il2 s u 

I 

(4) 
= 0 for (x' + yz)1i2 > a 

where x,y are rectangular coordinates of the 
target, 

All1 is the object contrast in intensity 
units, 

a is the radius of the circular target, 
and 

f7(x,y) is the intensity of the target with 
respect to its background expressed 
in units of density. 

The power spectrum of the circular target is de- 
fined by 

Power spectrum offr(x,y) = IF,(U,U)~~ (5) 

where F.r(.u,v) is the F o ~ ~ r i e r  transform off,(x,y). 
Based on known relationships between Fourier 

transform pairs fr(x,y) and F,(u,v), units of the 
power spectrum given by Equation 5 will be 
(linear d imension)J(den~i ty)~ and, therfore, can- 
not be related directly with the noise power. In 
order to obtain power spectrvm units which are 
consistent with the units of noise power, i.e., 
(linear d i m e n ~ i o n ) ~ . ( d e n s i t y ) ~ ,  the power spec- 
trum of the target has been derived by baking the 
Fourier transform of the autocorrelation function 
&(t,r) of the circular target scaled to a maximum 
value of ADZ, as shown in Figure 2. Graphs of 
power spectra of circular targets observed in this 
paper are shown in Figure 3. The  total signal 
power, as shown above for the Wiener spectrum, 
equals r$,(0,0) and hence is equivalent to ADZ. 

Therefore, the expression for the SNR in Equa- 
tion 2 can be rewritten as follows: 

S N R  =- - total signal power 
total noise power 

) ' I2  (6) 

The additional parameters of maximum power 
and the frequency range of the targets and noise 
will be discussed later. 

The aim of this research was to analyze the ef- 
fects of image noise on monocular pointing obser- 
vations in the x- and y-directions (independently 
of the effects of other image quality parameters). 
Previous extensive pointing observations (Trin- 
der, 1971) have been made on targets subject to 
image blur without noise; the two factors of noise 
and blur will be co~nbined in a later study. For this 
study, different levels of image noise could be 
created either by observing standard photographic 
images under a range of optical magnifications, or 
by printing different levels of noise onto target im- 
ages, and viewing the targets under fixed magnifi- 
cation. The second alternative was adopted be- 
cause it allowed flexibility in the choice of both 
target size and noise levels and in addition was 
less affected by the optical quality of the observa- 
tion equipment. 

Noisy images were produced by double expo- 
sure of grain and targets. The grain was derived by 
magnification of a constant density sample of a 
high granularity photographic film, while the  
targets were obtained bv printing onto the same 
photographic material, circular black dots reduced 
4 ~ .  Background of the resulting images was made 
as nearly as possible equal to either 0.30 or 0.70. 
A set of noiseless images was also printed for use 
as a standard set. Granularity of the noisy targets 
was measured on the  Joyce Loebl microden- 

& y z  AJ-J&-t &< 
AD 

+h. U 

Target Auto-Corrclat~oo F u n c t h  Pawcr bee!pJrn 

Max i mum Va l ue Scaled t o  hD2 Q,(u,v) = aJ8 (2' 'a;)  
f T ( x . y )  = dD 8 ,  , 
for ( x ' + ~ ' )  ' +  a 

~ ~ ( 1 . r )  = j ~ ~ f ~ ( x . y ) . f ~ ( x + t , y + r ) d r d t  -- uhere = (u2+v:) 2 

~ ~ ~ ( 0 . 0 )  = AD' J ,  = Bessel Function 
of  order I 

c ~ ( o . o )  = hD'n'a2 

FIG. 2. Procedure for compl~ting power spectrum of circular target. The autocorrelation function 
has been scaled to a value of ALY prior to the computation of the power spectrum by Fourier 
transform. 
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FIG. 3. Computed power spectra (unbroken lines) for targets observed in this study. 
Sizes are expressecl in mracl, but a conversion to linear dimensions for a viewing mag- 
nification of 6 x  can be obtained in  Figure 6. Noise power derived for one example of 
granularity is shown by u broken line. 

sitometer using aperture diameters varying from 
192 p m  to 48 p m  to determine the  relationship 
between aperture a n d  RMS. 

Six targets each of  seven different sizes ranging 
in diameter  from 118 p m  to 576 p m ,  sizes which 
would commonly occur  in aerial surveys, were  
printed on t h e  samples shown typically in F igure  
4. Monocular  po in t ing  observat ions w e r e  per-  
formed on  a Wild A8 stereoplotter a t  6x optical 
magnification with a measuring mark of 60 p m .  

T h e  left photo carrier was se t  to zero tilts based o n  
measurements  on  a grid plate, while  the scale of 
t h e  model space coordinates, being 3 . 5 ~  image 
scale ,  w a s  cal ibrated against  grid d imens ions .  
Standard errors of observation for noiseless targets 
approached t h e  least count  of the  machine coordi- 
nates. All linear measurements  w e r e  converted to  
angular subtense in p rad  or mrad (1 s e c  = 5 prad;  1 
min arc = 0.3 mrad o r  12.5 p m  at  6x optical mag- 
nification) by t h e  formula 
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FIG. 4. Examples of noisy targets observed in this study. Dimensions and S N R  of the original 
samples are shown. Measurements were made on tllese samples at an  optical magnification 
of 6x.  

Angular Subtense = 
(mrad) 

linear dimension (pm) x magnification 
250 

(7) 

where 250 mm is the observation distance for 
comfortable viewing. T h e  conversion from mrad to 
linear dimension a t  6 x  magnification is provided 
by separate axes for each set of units in all figures 
where results are presented. 

T h e  annulus width between the edge of the 
target and measuring mark when centrally placed 
has been established in past research as the most 
significant parameter of the target dimension af- 
fecting pointing precisions. Angular subtense of 
target sizes and corresponding target annuli are 
given in the table in Figure 6. Target annulus is 
derived from (target size-measuring mark size)/2. 

Coordinates were observed on a selection of 
targets on each of the noisy images as well as the 
noiseless reference set. Because the locations of 
the grains on each image are subject to statistical 
fluctuations, variations in shape and visibility oc- 
curred for the targets with low SNR. This meant 
that on the same image some targets of the same 
size were clearly visible while others were grossly 
misshapen or invisible. Large variations in the 
standard deviations were therefore expected in 
pointing to targets of the same size printed under 
similar conditions, as revealed in Figure 5. The  
typical range ofobservations is shown in Figure 6. 

The  observations on each target were made in 
seven sets of 15  observations with appropriate 
statistical tests being made for consistency within 
each set and between sets; a pooled standard de- 
viation was derived from the seven sets. Standard 
deviations for the y-direction have been shown to 
be significantly larger than those of the x-direction 

by Roger and Mikhail (1969). However, while this 
appeared to b e  the  case for several noiseless 
targets, there was not a consistent trend through- 
out, and therefore the x and y standard deviations 
were considered of equal weight when the inter- 
polated lines were derived in Figures 5, 6 and 7. 

DISCUSSION OF P O I N T I N G  RESULTS 

The  standard deviations for noiseless turgets, 
which have been presented in terms of target 
annttltcs in Figure 7, are larger than those obtained 
by O'Connor (1967) and Trinder (1971) (indicated 
by the broken line), especially for the smaller 
targets.  T h i s  is primarily d u e  to the  lower  
measuring precision of the Wild A8 in comparison 
to the equipment which was used for the earlier 
experiments. For observer JCT, the only common 
observer in the two sets of data, the pattern is sim- 
ilar. However, for noisy samples for which there is 
a significant increase in standard deviation, the 
effect of this loss in precision should be marginal. 

Standard deviations for noisy targets are pre- 
sented against SNR, in Figure 5 for a target annulus 
of 2.3 mrad, while a summary is given for all 
annulus sizes in Figure 6. Horizontal lines for ob- 
servations to targets at high SNR, i.e., equivalent to 
noiseless targets have been interpolated from Fig- 
ure 7; the terminal point on each graph at low SNR 
indicates the approximate SNR at which the targets 
became impossible to locate. As there are sub- 
stantial variations in the precisions derived for the 
noisy targets, some flexibility was necessary when 
the path of each line was plotted. However, be- 
cause past experience has shown that in psy- 
chophysical studies there is a linear relation on 
logarithmic scales between stimuli and human 
performance, the lines shown in Figures 5 and 6 
are justified (Stevens, 1962). Over these sections 
of the graphs, as the SNR is halved, the standard 
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deviation of pointing increases by approximately 
60 percent. This may occur, for example, if the R M ~  
granularity of the photography were doubled by 
using different film or chemistry (Trinder, 1980). 
Threshold SNR, below which pointing precisions 
are affected by the noise in the image, decreases 
from about 9.5 for the small target annulus of 0.7 
lnrad to 4.0 for the large target annulus of 6.2 mrad, 
equal to 29 p m  to 258 pm,  respectively, at 6 x  
magnification. I t  was found that the results of ob- 
servations for targets with a AD of 0.7, but  the 
same SNR were not significantly different from re- 
sults obtained for targets with a AD of 0.3. A 
change in the background density of the targets 
also had no significant effect on results in Figure 6. 

By interpolation from Figure 6, precisions of 
pointing for SNR'S from 6 to 1.5 have been plotted 
in Figure 7 (with dotted lines) against annulus 
size. Noise increased the standard deviations of 
pointing from approximately 2 percent for noise- 
less targets to more than 3 percent for targets with 
a SNR of 1.5. The  pattern of results shown in Fig- 
ures 5 and 6 are similar to those derived in Trinder 
(1971) for blurred targets, where the parameter 
was slope of the density profile of the target. Noise 
and blur together, therefore, will result in an even 
greater loss in precision than that shown in Figure 7. 

The  expression of S N R  in Equation 6 provides a 
simple yet easily determined quantity using pa- 
rameters of density that are readily available. I t  
also demonstrates a relationship in terms of total 
signal and noise power and hence may be  consid- 
ered to enconlpass the frequency spectrum, as clis- 
cussed in the following section. 

SPATIAL FREQUENCY DOMAIN 

In  Figure 3, the maximum values of the power 
spectra increase while the frequency ranges de- 
crease as the targets become larger. T h e  ratio of 
total powerlnoise power, equal to (sNR)~,  is dem- 
onstrated by the ratio of areas under the corre- 
sponding curves. As noise is introduced into Fig- 
ure 3 through the Wiener spectrum, there is a 
greater effect on the power spectrum curves of 
small targets, with a smaller enclosed area, than on 
the spectrum of large targets. By consequence, 
pointing precisions of small targets in Figure 6 are 
affected by noise at  higher SNR'S. 

T h e  noise and power spectra in Figure 3 can be 
studied to investigate the effects of magnification 
on observations to noisy targets. For a target size 3, 
5.9 mrad in diameter, viewed a t  6x magnification 
the power spectrum is shown in Curve 4, while 
the noise spectrum is also shown schematically as 

C 
8 6. - 
0 s 3- 

C P 

E 4. 

w- x * 
Goo. 
e -A- S'"' E 

-. J 
C c 

is. .;,. .- :: Y 
t.,. t 
m ?,% 
C . -  = E 
Sao. .c 
L 

8- 

Symbol Coord Ohscrvrd 

J C T  

/. 

SNR.l.5 .' 
Noisy Targets 

SNR : 3./" 
Notsy Targets .,' 

SNR.4 - 

/ 
/ / 

Noiseless Targets /+ kinder (19711 Noiseless ~~~~~l~ 

1 I, 0 I S  - .a / .., .o 100 '1, 'c4 100 1s 

~ ~ ~ ~ l , , ~  width (,urn) at 6x maqn~tication 
0.1 M 04 0. D, I. *. ( 0  m 

Annulus Width o f  Target 
Im rad) 

FIG. 7. Pointing precisions derived for sharp noiseless bargets (unbroken line). Results derived 
in an earlier study (Trinder, 1971) are shown by broken line. Pointing precisions derived in this 
study for targets with SNR have been interpolated from Figure 6 and plotted by dotted lines. 
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Curve 1. If the magnification is increased to 12x, 
the power spectrum of the 11.8 mrad target now 
seen by the observer will be similar to Curve 7 
while the noise power can be  shown to remain 
substantially the same for many granularity sam- 
ples, being derived with an aperture of 48 p m  (2.4 
mrad). The increase in magnification leads to an 
increase in the maximum power of the target to- 
gether with a reduction in the frequency range. 
Noise power, though only having a small effect on 
low frequencies of the 11.8 mrad target, will limit 
the range of high spatial frequencies. 

The efficiency of visual observations is presum- 
ably dependent on both the maximum value of the 
power spectrum, which apparently affects visibil- 
ity, and the frequency range, which affects appar- 
en t  sharpness. The choice of a suitable optical 
magnification during measurements to targets is a 
compromise  be tween  the  des i r e  to increase  
maximum power by increasing optical magnifica- 
tion and the consequent loss in sharpness (reduc- 
tion in frequency range) of the target as the effects 
of noise become greater. T o  date, studies by 
Neville and Saunders (1974) and Welch and Lo 
(1977) have defined the optimum magnification 
required for viewing in terms of resolution rather 
than parameters of the power and noise spectrum. 
This paper highlights some interesting aspects of 
noise and power spectra of the targets in relation 
to optical magnification. 

To  examine further the effects of higher optical 
magnifications on observations to noisy sharp 
targets, pointing precisions for a target size of 118 
pm and measuring mark size of 60 pm have been 
investigated. Kodak 2405 aerial film is assumed, 
for which RMS granularity at a density of 1.0 re- 
corded with scanning aperture diameters of 96 pm, 
48 pm,  24 pm,  and 12  p m  are 0.015D, 0.030, 
0.06D, and 0.120 (Trinder, 1980) for 6 x ,  12x,  
24x,  and 4 8 ~  optical magnification, respectively. 
For two target contrasts of 0 .30  and 0.70, the 
SNR'S and pointing precisions in pm derived from 
Figure 6 are shown in Table 1. 

The improvement in pointing precision in Table 
1 when the magnification is increased is only mar- 
ginal, particularly for low contrast targets. Indeed, 
if the magnification is further increased, it can be  
shown that the pointing precisions will commence 
to deteriorate. Therefore, there is no advantage in 

increasing the magnification beyond about 2 4 ~  for 
this example. For other display systems where 
SNR'S are lower, the impact of higher magnifica- 
tions will become even more significant. 

De rec r lo~  A N D  RECOGI\'I.TIOX 

EARLIER RESEARCH 

Welch and Halliday (1973) carried out studies 
on the detectability and measurability of photo- 
grammetric signals under variable optical mag- 
nifications in which the effects of noise in the 
photography were not assessed. For detection and 
recognition, the minimum sizes of' the objects 
were found to be 10 to 30 pm and 20 to 60 pm,  
which may be expressed as 1 to 2 times the width 
of the spread function of the photogrammetric 
system. Charman (1975, 1977), describing an ex- 
tensive series of experiments on the resolution of 
repetitive targets and the detection and recogni- 
tion of squares  and  circles on photographs,  
showed that the sizes of the square and circular 
targets required for recognition in these experi- 
ments were a ~ ~ r o x i m a t e l v  2 to 3 times the sizes of . z 

targets required for detection, both detection and 
recognition being a function of the reciprocal of 
the target size. Effects of noise in the photography 
were not determined by Charman, though its in- 
fluence would have been apparent at high optical 
magnifications. 

Barnard (1972) performed observations on noisy 
targets of the Landolt C, digits and Spokes-type 
(radiating line segments) targets under observa- 
tion conditions similar to those used for photo- 
grammetric and remote sensing observations. That 
is, unlimited viewing time was allowed and ob- 
servers were permitted to vary the viewing mag- 
nification so that the angular subtense ofthe object 
suited them. Barnard also found a relationship 
existed between the reciprocal of the target size 
and the probability of detection. Further research 
is required, however, to determine the influence 
of noise on detection and recognition of objects 
associated with photogrammetry and  remote 
sensing. 

OBSERVATIONS 

Circular,  square ,  tr iangular,  and  diamond 
shaped  targets with background noise were  

Target Contrast 0.3D Target Contrast 0.7D 

Pointing Pointing 
Annulus Size Precision Precision 

Magnification Angul. Subt. mrad SNR ( ~ m )  S N R  ( ~ m )  
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printed with sizes ranging from 180 p m  to 611 pm. 
In a Wild A8 with 6~ magnification, the sizes were 
equivalent to angular subtenses from 4.3 to 14.7 
mrad. These figures refer to the dimensions of the 
sides of squares, triangles, and diamonds, and the 
diameter of the circles. Simple shapes were con- 
sidered initially but subsequent research should 
consider more complex figures. However, it is be- 
lieved that the shapes studied are similar to im- 
ages of man-made features requiring identification 
in remote sensing. 

Thirteen separate images were printed with 
varying degrees of signal AD and HMS granularity. 
Typical examples of such images are shown in 
Figure 8. On each image there were five targets 
each of four sizes and four shapes, 80 targets in all. 
The positions of all objects were determined and 
stored in core in an on-line desk calculator. Each 
image was observed three times, giving a total of 
15 observations on each shape and size; about 
3,000 observations were made. Targets were ob- 
served systematically over the images. Successful 
detection was judged by the on-line desk cal- 
culator if the observer could correctly point with 
the measuring mark to a visible object in the image 
within 0.14 mm of the coordinates of any object 
held in the calculator (0.5 mm in model space of 
the Wild A8); otherwise, the pointing was consid- 
ered to be an erroneous detection or false point- 
ing. The task itself was not considered to be one of 
pointing but simply one of locating the approxi- 
mate position of the feature. Having detected an 
object, the identification was checked against the 
correct identification stored in the calculator. 
Statistics for the total detection and recognition of 
each shape and size of target were assessed at the 
end of the observations on each image. 

The percentage of correct responses in the ob- 
servations for each target may be interpreted as a 
probability, provided the number of observations 
is sufficient to represent the overall population of 
observations. Fifteen observations on each target 
shape and size were considered insufficient to 
determine a reliable estimate of probabilities and, 
therefore, results were pooled by adding the total 
number of successful observations, first, for all 
target shapes for each size, and second, for all 
target sizes for each shape. Each value so derived 
was, therefore, based on 60 observations. The re- 
lationship between shape and target size was 
studied using the contingency coefficient (Dubois, 
1965) based on the probabilities of detection and 
recognition for each target size and shape, and the 
pooled probabilities. By this method, the prob- 
abilities of recognition and detection for each 
target size appeared to be uncorrelated with those 
of each shape. 

Results for target sizes of 7.3 mrad and 14.7 mrad 
(304 pm and 613 pm, respectively, at 6 x  magnifi- 
cation) have been plotted against SNR in Figure 9, 
while the summary for all four target sizes is given 
in Figure 10. A probability of 75 percent correct 
responses was used as a measure of detection and 
recognition of details and plotted against target 
size in Figure 11. The 75 percent probabilities of 
detection and recognition for targets of different 
shapes are given in Table 2. 

DISCUSSION OF RESULTS OF DETECTION 

A N D  RECOGNITlOiX 

Consistent with the findings of Charman (1977) 
and Barnard (1972), the probabilities of detection 
and recognition are  inversely proportional to 
target size, and directly proportional to the SNR of 

FIG. 8. Typical examples of noisy targets observed in detection and recognition tasks. Dimensions and S N R O ~  
the original samples are shown. Observations were made a t  an optical magnification o i 6 x .  
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Torgel Sue 7.3 mrad 
(30~ prn at 6X mag") / Target Size IL.7mrad 

mwed I cycle to righl 

( 6 1 3 ~ m  at 6Xrnagn) 

G 8 fo a3 4 0  60 Cb 

S N R  

FIG. 9. Detection (D) and Recognition ( R )  for two sizes of targets for all shapes, expressed as 
the percentage of correct responses, in terms of SNR. 

t h e  target. Detect ion a n d  recognition a r e  unaf- 
fected by noise i f  the  S N R  is greater than about  2 to 
3 and 6 to 7, respectively. Below these values, the  
probabilities of' detection and  recognition a re  ap-  
proximately halved when  t h e  SNR is halved. T h e  
decl ine in the probabilities of success of these 
tasks for increasing noise (lower S N R )  is s i ~ n i l a r  to 
that shown Ily (Charman, 1977) for increasing blur 
in the  image. T h e  relationship between these two 
factors, however, is not known. In Figure 11, the  
relationship be tween  target size and S N R  for a 7 5  
p e r c e n t  p r o b a b i l i t y  is  n o n - l i n e a r ,  b e c o m i n g  

asymptotic a t  SNR'S of 3 and 1.5 for detection and  
recognition, respectively, as target sizes approach 
20 mrad (0.8 m m  a t  6 x  optical magnification). Ap- 
parently, for target sizes greater than 20 mrad, de-  
tection and  recognition will remain independent  
of target size for a given SNR. 

While the  geometric dimensions of t h e  four ob- 
jects were  almost equal ,  the  ratio of (target area/ 
target area of triangle)'1z, shown in Table  2, indi- 
cates that t h e  differences in t h e  minimum SNR for 
75 percent  probability of detection and recogni- 
tion of squares, diamonds, and triangles js a func- 

S NR 

FIG. 10. Detection (broken lines) and recognition (full lines) offour target sizes for all 
shapes, expressed ;IS the percentage of correct responses, in terms of SNR. 



PHOTOGRAMMETRIC ENGINEERING K REMOTE SENSING, 1982 

\ Recognition 
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I 
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Target Size (rnrad) 

FIG. 11. Relationship between S N R  and target size for a 
75 percent probability of correct response. 

tion of the areas of the  objects and  not  of their 
actual shapes. Circular objects, however, result in  
a substantially worse performance than angular 
shaped  targets. 

T h e  visual factors affecting detection and recog- 
nition in the  presence of  noise appear  to b e  similar 
to those affecting these tasks when  blurred targets 
are observed (Charman,  1977). As was concluded 
for pointing observations, if  objects viewed a re  
subiect to both blur and noise ~ r o d u c e d  bv ~ h o t o -  

nMs granularity is determined with a circular 
scanning aperture diameter equivalent to 48 pm 
at 1 2 ~  optical magnification. Scanning aperture 
diameters should follow an inverse linear re- 
lationship with respect to magnification if other 
magnifications are used. 
The maximum S N R  at which pointing precisions 
are affected by noise varies from 9.5 for small 
target annuli of 0.7 mrad (29 pm at 6x  magnifica- 
tjon) to 4.0 for large target annulus sizes of 6.2 
ml-ad (258 pm at 6 x  magnification). For SNR'S 

lower than these figures, pointing precision will 
increase by approximately 60 percent when the 
SNR is halved. 
It has been shown that in practice as optical mag- 
nification is increased the SNR will decrease and, 
therefore, noise will have a greater effect on the 
pointing precisions of observations. There is, 
therefore, no advantage in increasing the optical 
magnification beyond a particular value which is 
dependent on the SNR of the image being viewed. 
The probability of detection of geometric objects 
is reduced by noise when the sNn drops below 4 
for small objects of 4.3 mrad (180 pm at 6 x  mag- 
nification) or to 2 for large targets of 14.7 mrad 
(613 pm at 6 x  magnification). Below these levels 
the probability of detection is approximately 
halved as the SNR is also halved. Recognition of 
objects is achieved at SNR'S 2 to 3 times those for 
detection. Angular objects are more easily de- 
tected and recognized than circular objects. 

This  research has been  supported by  a Grant  
from the  Australian Research Grants Committee. 
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