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Many tochniques have been proposed to enhance 
radiographic images and oach of thom may be opti- 
mal depending upon the circumstances. Howevor,  
the problem confronting the radiologist or the physi- 
cŸ is which enhancement to uso and how to select 
the  parameters when a specific feature is to be 
emphasized. At  the University of Ottawa, our re- 
search work is oriented towards automatic context- 
dependent enhancements. Our approach attempts 
to match the three phases involved in viewing a 
radiograph: getting a global impression, analyzing 
the objects and the local features, and focusing on 
the image perturbations. In this art icle, we  report  on 
enhancements to support the f lrst t w o  phases in the 
case of chest radiographs and on the applicability of 
gray level reversal transformations. 
�9 1989 by W.B. Saunders Company. 

C HEST RADIOGRAPHS are the most im- 
portant single images in radiologyJ With 

the advent of digital-based workstations, there is 
a growing interest in digitizing standard chest 
radiographs. Two main physical parameters that 
are important in evaluating the quality of a 
digitized chest radiograph are spatial resolution 
and contrast resolution. Spatial resolution is 
related to the ability to discriminate ¡ detail in 
the field of view. Contrast resolution refers to the 
smallest noticeable difference in luminance be- 
tween a small object and its background. The 
jury is still out on the minimum spatial resolution 
required for diagnostic quality. The results given 
in literature range from 1,000 to 4,000 lines for a 
standard chest radiograph with 10 to 12 bits for 
contrast. An important practical consideration is 
the cost and availability of technology, which at 
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present implies the use of displays with 1,000 
lines of resolution and eight bits of contrast. 

Image processing for visual enhancement has 
been the subject of extensive research in many 
domains including medical imagery. 2 We can 
distinguish three types of enhancements to apply 
to digitized chest radiographs: global, global 
adaptive, and local enhancements. Global en- 
hancements perform the same process to each 
pixel in the image and are independent of the 
spatial coordinates; examples include histogram 
equalization, gray-scale transformations, and 
edge enhancement. 3 This independence of spatial 
coordinates means that they are very easily 
implemented. However, this also implies that 
they do not not adapt to the local context on the 
image, and the results reported have proven to be 
disappointing. 4 Global adaptive enhancement 
techniques are applied to the entire image but 
vary depending on the context. For example, in 
adaptive histogram equalization 5 the local con- 
trast is increased by remapping the gray-tevel 
values in some window to equalize the local 
histogram. A va¡ of this histogram equaliza- 
tion technique 6 alters the contrast in the mediasti- 
num and subdiaphragmatic arcas while keeping 
the lung unchanged. Adaptive filtration 7 is an- 
other example of global adaptive technique. It 
uses the histogram of the image to determine the 
regions in which edge enhancement is applied. 

Local enhancements are performed by process- 
ing only a portion of the image, leaving the rest 
invariant) Ah application would be used for 
highlighting specific features. Any of the enhance- 
ment techniques applied on a global level could 
also be applied on a local level. Local enhance- 
ments can be considered an alternative to adap- 
tive or context-dependent enhancements. 

As image enhancement involves the improve- 
ment of visual quality, some form of subject 
evaluation is often necessary. A number of re- 
sults have been reported on clinical experiments 
in which radiologists are asked to compare con- 
ventional analog and digitized chest images that 
have undergone various enhancements) '90ther 
trials used enhancements to highlight specific 
pathologies. ]~ 
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One further consideration is the amount and 
degree of user control required in the image- 
enhancement process. The end goal would be a 
system, such as that proposed by Blume and 
Kamiya, 13 which claims to automatically provide 
on the screen a satisfactory image whatever its 
contextual characteristics. It consists of semi- 
automatically scaling the clinically useful data 
span to the available data range. A detector 
auto-ranging method is used to renormalize the 
image that has been previously filtered with a 
nonlinear unsharp mask technique. 

Our research work is oriented towards auto- 
matic context-dependent enhancements. In view- 
ing a radiograph, there are three phases. 14 The 
first pbase corresponds to the "gestalt" or to 
getting a global impression. The second phase 
consists of analyzing the objects and the local 
features (eg, size and borders of the heart and 
lung vessels). The third phase refers to focal 
attention and scrutiny of perturbations (eg, shape 
and density of small nodules). To support these 
three different phases, three different types of 
enhancement procedures are proposed. The role 
of the first is to yield an appropriate eompromise 
or baseline image matched to the "gestalt" re- 
quirement. The second enbancement is then 
invoked to aid in the analysis of local features. 
Finally, various local enhancements are then 
called to highlight the arcas of interest. 

In this article, we focus on the first two 
enhancement phases as applied to digitized chest 
radiographs. For the first phase, we report results 
on user evaluation trials of different enhanee- 
ments that are applied to the original digitized 
images to yield baseline images. For the second 
phase, we report on the performance of simple 
global adaptive gray-scale manipulations to sup- 
port local feature analysis, specifically for the 
lung, heart, and spine. In addition, we report 
results of user trials on the applicability of 
various gray-level reversal transformations. 

MATERIALS AND METHODS 

A laser scanner manufactured by Konica (Konishiroka, 
Burlingame, CA) is used to digitize the radiographs. For 
standard 35 cm x 43 cm chest radiographs, ir provides 
images of size 2,000 x 2,430 pixels with 1,024 gray levels. 
The corrr pixel size is 175 #m x 177 #m. The 
scanner also offers the capability of seleeting one of four 
optical density range settings: (0-4), (0-2), (1-3), (2-4). For 
display requirements, the digitized images are low-pass 
filtered and sub-sampled to 1,000 x 1,200 pixels and the 

number of gray levels per pixel is also reduced from 1,024 to 
256. The images are displayed on a black-and-white Philips 
monitor at a horizontal scan rate of 84 kHz with a 104 MHz 
band width. This monitor is operated on a portrait style to 
preserve the aspeet ratio of chest radiographs. An IP-2K 
Imagraph image memory board of 2 Mbytes is used to refresh 
the screen at a rate of 60 Hz. All these components are 
controUed by a Compaq Deskpro 386, running at 20 MHz, 
with 13 Mbytes of internal RAM and 130 Mbytes of hard 
disk memory. The experiments were performed in collabora- 
tion with the Department of Radiological Sciences at the 
Ottawa Cirio Hospital, a 950-bed tertiary care teaching 
hospital affi•iated with the University of Ottawa. 

The chest images were selected from three different depart- 
ments of the hospital where different acquisition techniques 
are use& In the Emergency Department, images are exposed 
at 90 kVp. The same amount of energy is used in the Intensive 
Care Unit but the images have disproportionate shapes as 
patient positions ate difficult to control. Images from these 
two departments were digitized with a reading setting of 
(0-2). In the Radiology Department, images ate exposed at 
145 kVp and an anatomically shapr filter is used to reduce 
the amount of energy going through the lung. Asa  result, the 
lung arca, mediastinum, and subdiaphragmatic arcas ate 
equally contrasted. These radiographs were digitized with a 
reading setting of (0-4). Two posterior-anterior images were 
obtained from each department and constitute the test set. 

A digitized image can be defined a s a  two-dimensional 
array of integers f(i, j) where f(i, j) represents the intensity of 
the pixel (i, j). Pixel intensities vary in a range defined by the 
possible gray-levels span. An enhancement technique is a 
remapping of all or part of the pixel intensities of the input 
image to new values through a mathematical transformation 
T and yields a new imagr g(i, j). Ir I defines the entire set of 
image spatial coordinatr then the three types of enhance- 
ment can be expressed as follows: 

Global enhancement: g(i, j) = T[f(i, j)]; 
Adaptive enhancement: g(i,j) = Ti.j[f(i , j)],  where Ti. j 

depends on the local statistics of the image; and 
Local enhancement: 

g(i,j) = TD[f(i,j), (i,j) ~ D  C I 

g(i,j) = f(i,j), (i,j) @ I  - D 

where D is a subset of L 

Experiment 1: Optimization of the First 
Overview Image 

The objective of this first experiment is to find the best 
baseline image. By baseline image, we mean the first image 
displayed on the screen and read by the user during the 
"gestalt" phase. In particular, we want to answer the follow- 
ing questions: What is the enhancement that yidds the best 
base[ine image? Do the preferences vary betwcen radiologists 
and other clinicians? Do the preferences depond on the 
radiograph acquisition technique? How do the preferred 
haseline images compare with the analog films? We ate only 
interested in the physician's ¡ impression of the displayed 
image, assuming that he does not know anything about the 
analog film or about the patient's history. 

Although our images ate digitized to 1,024 contrast levels, 



255 corrcsponding to l 0 bits, our work stations only offer a range 
from 0 to 255. The baseline images are obtaincd by transform- 
ing the digitizcd images having 1,024 gray levr to imagcs 
having 256 gray levels. All six types of transformations ~'4"1s 
ate test•d with A, B, C, and Das the normalization factors: 

1. Simple truncation, ((233/1023).x), whcre lnt is the 
integral part of x 

2. Exponential and powcr functions that expand the higher 
cnd of the scalc, T(x) = Int (A.•xp(x)) or T(x) = Int (Bx") 

3. Logarithmic and nth root functions that expand the 
lower cnd of the scale, T(x) = Int (C.log(x)) or T(x) = Int 
(Dxl/") 

4. Piccewise linear functions that expand r the first or 
the last part of the scale, 

{ Int(A, x), x ~ [0 ,  M] 

T(x) = lnt(B, x + C), x C[M,  1023] 

5. Polynomial functions and piccewise nonlinear functions 
that cxpand the middle part of the scale, 

T(x) = Int(Ax 3 + Bx 2 + Cx + D) 

o f  

Int(Tl(x)), x ~ [0, M] 
T(x) = 

Int(T2(x)), x ~ [M, 1023] 

6. Global histogram r that equalizes the gray 
level distribution and strctch the contrast in low-contrastexl 
arcas, T(x) = Int(A.Cum(x)); Cura(x) is the cumulative 
distribution function. 

We now providr additional information about the particu- 
lar form of transformation uscd and its intended effeet. We 
note that transformation I (Fig 1) ¡ no enhanccment effect. 
For both transformations 2 and 3, n is set equal to 2. The 
effeet of transformation 2 is to en¡ the bright arcas and 
contrast the dark arcas (Fig 2). This effeetively enhances the 
heart and spine and de-emphasizes the lung field. These 
effeets are reversed in the case of transformation 3 (Fig 3). 
For transformation 4, we chose to expand the lowcr end of the 
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Fig 2. Square transformation. 

scale and chose as a break point the mean gray-level value 
(Fig 4). This preferentially enhances the lung field. A 
transformation of type 5 can be choscn to operatc on the 
middle range of gray-levels and Icaves the low and high ends 
contractexl, which is implemcntr by choosing the mean gray- 
Icvel value asa brcak point and concatening a square function 
anda square root function about this breakpoint (Fig 5). 
Finally, transformation 6 thcoretically cqualizes the contrast 
throughout the image. 

Two series of tcsts were conductod, the first to determine 
the bcst baseline imagc and sccond to compare tbis baseline 
imagr with the original analog film. In the first series, six 
possible baseline images are proposexi for r image. Thr 
tcsts werr run in a pair•d-comparison task, ~~ leading gradu- 
ally to the final selcction. Twenty-onr physicians participatexi 
in the test: six emergr and fifter radiologists. This 
last group includcd both board-certified radiologists as well 
as residr radiologists. For the sccond series of tests, the br 
basr images ate compared with the corresponding analog 
¡ by using a scale varying from - 1 to + 1, where - 1 is 
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Fig 1. Simpletruncation. Fig 3. Square root transformation. 
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Fig 4 .  P iecewise l inear t ransformat ion.  

less clear, 0 is the sume, and + 1 is more elear. This latter 
series involved six radiologists and four emergentologists. 

Experiment 2: Enhancements for Local 
Features Analysis 

The objeetive of this expr is to judge the effeetive- 
ness of simple global adaptive enhancr for the second 
phase in viewing a radiograph, ie, local features analysis. 
Attention is foeused on the lungs, heart, and spine. We note 
that us features of interest are quite large, global adaptive 
enhancements are used. The questions we want to answer are 
us follows: How are the visibilities of the lung fidd, heart, and 
spine rated in the baselinr images and in the global adaptive 
enhanced images? How do the enhaneed digitized images 
compare with the analog films in terms of imagr 
effectiveness ? 

255 
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Fig 5. Middle- range stretching.  

McAdams et al 4 have proposed piecr162 linear transforma- 
tions to stretch the low and high ranges. We select one such 
transformation to improve the visibility in the lungs and 
another for the mediastinum (spine and heart areas): 

Low-range stretching is used for the lungs: 

T(x) = 

[ Int((190/M), x), x C [0, M] 

Int((65/(255 - M)) �9 (x - M) + 190), x ~ [M, 255] 

High-range stretehing is used for the mediastinum: 

T(x) = 

Int((65/M), x), x C [0, M] 

Int((190/(255 - M)) �9 (x - M) + 65), x C [M, 255] 

In both these transformations, x is a gray- level value, lnt is 
the integral par, and Mis  a breakpoint that is set to the mean 
of the gray level values corresponding to the thoraeie eavity of 
the ehest. These 8-bit-to-8-bit remappings are performed by 
simply ehanging the look-up table values of the display. 

The six best baseline images chosen in Experiment 1 are 
used us the test set. The physieians rate the clarity of 
information for the baseline image and for the images 
processed by the high-stretch and the low-stretch transforma- 
tions. A ranking on a seale from 1 to 5 is used, where 1 is not 
elear and 5 is very clear. A comparison session follows in 
which the best baseline image and the two processed images 
are compared with the analog film. A ranking on a seale from 

- 3 to + 3 is used, where - 3 is much less elear, 0 is the sume, 
and + 3 is muela more elear. The tests involved ten physicians: 
six radiologists and four r 

Experiment 3: Reverse Mode Transformations 
The objective of the third experimr is to evaluatr the 

usefulness of viewing radiographs in the reverse mode. The 
questions to be answered are: Is a reverse modr facility 
useful? What is the best image in the reverse mode? 

The transformations of the first experiment are reversed 
(Fig 6). The blaek areas were transformed into wbite ones 
and the white areas into black ones without changing the 
eontrast. The same test procedure, us used in the first 
experiment, is tben applied. Eight radiologists partieipated in 
these tests. 

RESULTS 

Experiment 1: Optimization of the First 
Overview Image 

T h e  r e s u l t s  of  t h e  f irst  t e s t s  a r e  l i s t ed  in T a b l e  

1 a n d  s h o w  t h e  t r a n s f o r m a t i o n  r a t e d  b y  e a c h  
p h y s i c i a n  as  be s t  for  e a c h  i m a g e .  

What is the enhancement that yields the best 
baseline image? R a d i o l o g y  D e p a r t m e n t  images :  

Fo r  t h e  f i rs t  i m a g e  ( R A D 1 ) ,  t h e  m e a n - r a n g e  

s t r e t c h i n g  ( M I D )  is t h e  p r e f e r r e d  t r a n s f o r m a t i o n  

in 7 5 %  of  t h e  t a s e s .  F o r  t h e  s e c o n d  i m a g e  
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(RAD2), the two preferred transformations are 
the square function (X2) and the MID. 

We note that for these two images, the break 
point that corresponds to the mean value is fairly 

high (767,721). The two preferred remappings 
are therefore very similar. In effect, the corre- 
sponding analog ¡ presented good contrast 
both through the lung field and the mediastinum 
area. The two remappings provided digital base- 
line images close to the analog film. In particular, 
the lung field showed up clearly. 

Emergency Department images: For the first 
image (EM 1), the two preferred transformations 
are the square transformation (X2) and the 
MID. For the second image (EM2), the histo- 
gram equalization (EQU) and the square func- 
tion (X2) are preferred. This image shows an 
overspread disease through the lung field that 
causes it to appear as white and washed-out. The 
main effect of the histogram equalization is to 
accentuate the contrast through the lung ¡ 

ICU images: For the first image (ICU1), 
preferences are for the MID in 42% of the cases 
and for simple truncation (TRUNC) in 38% of 
the cases. For the second image, half of the 
physicians selected the piecewise linear transfor- 
mation (LLL) that stretches the contrast through 
the lung field. We note that in this case the 
original image has a centered and fairly symmet- 
ric gray-level distribution (Fig 7). 

These results, analyzed image by image and 
supported by the physicians' comments, show 
that the selection of preferred images is led by a 

Table 1. Resulta of Experiment 1 for the Baseline Image 

RAD1 RAD2 EM1 EM2 ICUl ICU2 

Radiologists 

1 LLL TRUNC TRUNC TRUNC TRUNC LLL 
2 MID X2 MID TRUNC EQU LLL 
3 MID X2 X2 EQU MID TRUNC 
4 MID MID X2 EQU MID LLL 
5 MID MID X2 MID EQU LLL 
6 MID X2 EQU X2 X2 MID 
7 MID MID MID EQU TRUNC LLL 
8 MID MID X2 X2 TRUNC TRUNC 
9 X2 X2 X2 X2 MID SQRT 

10 MID MID X2 EQU TRUNC SQRT 
1 1 MID MID X2 TRUNC TRUNC SQRT 
12 MID X2 MID X2 TRUNC LLL 
13 MID MID X2 X2 MID TRUNC 
14 X2 X2 MID TRUNC TRUNC LI~L 
1 5 MID X2 MID X2 MID LLL 

Emergentologists 

1 X2 MID MID TRUNC TRUNC LLL 
2 MID MID X2 EQU MID LLL 
3 X2 X2 X2 EQU EQU TRUNC 
4 MID X2 MID MID MID LLL 
5 MID X2 TRUNC TRU NC M ID TRU NC 
6 MID X2 X2 EQU MID TRUNC 
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common priority: getting satisfactory visibility in 
the lung ¡ Therefore, the baseline image 
judged as giving the best global impression is an 
image that preferably enhances the lung ¡ 

Do the preferences vary from radiologists to 
emergentologists? Table 1 shows clearly that 
the choices of radiologists and emergentologists 
are highly correlated. Both the radiologists and 
the emergentologists chose images where the best 
advantage was given to the lungs. 

Do the preferences depend on the radiograph 
acquisition technique? Definitely yes, but they 
also appear to correlate with image quality. In 
effect, Table 1 shows that the preferred transfor- 
mations depend on film acquisition. However, 
when images are of good quality such as RAD1, 
RAD2, and EM 1, there seems to be a clear trend 
for the transformations X2 and MID. For the 
other images, the trend is more d~fficult to 
deduce. 

How do the preferred baseline images com- 
pare with the analog films? Table 2 shows how 
the digitized enhanced image is evaluated in 
comparison with the analog film. The scale varies 
from - 1  to + 1 where - 1  is less clear, 0 is the 
same, and + 1 is more clear. In general, the 
analog film is preferred. However, in some cases 
the baseline image is rated by the physicians to 
be as good as or better than the analog film. 

1 1 9  

Experiment 2: Enhancements for Local 
Features Analysis 

How are the visibilities of the lungs, heart, 
and spine rated in the baseline image and in the 
global adaptive enhanced images? The results 
are listed in Table 3 in terms of mean and SD of 
rankings (between 1 and 5) for each image, each 
transformation, and the three features of interest: 
lungs, heart, and spine. 

For the lungs, the baseline images yield the 
best visibility. The heart is also more visible in 
the baseline images. For the spine, high-range 
stretching yields the preferred images. 

Al1 the physicians agree on the good visibility 
of the lung field in the baseline images. However, 
better visibility is needed on some images for the 
bases and periphery of the lungs. Image EM2 
showed a general pathology in the lung field, 
which explains its mediocre store. The low-range 
stretching does not improve the general visibility 
of the lung field. Although the lung markings are 
enhanced, the physicians think they are missing 
some information at the periphery of the lungs. 
The baseline image is rated asa  good image for 
the heart. A general trend in the comments is to 
ask for more visibility through the heart and on 
its borders to bring out the margins. The heart 
image is not improved by low-range stretching. 
High-range stretching accentuates the contrast, 
but tends to make the heart's borders vanish. The 
visibility of the spine is peor in the baseline 
image. The radiologists indicated the need to see 
more clearly the pedicles, the spinus process, and 
the disk spaces. High-range stretching enhances 
the spine and these inner features are clearly 
brought out. Therefore, the baseline images are 
appropriate for the lung field and for the heart, 
Low-range and high-range stretching, respec- 
tively, enhance the inner part of the lungs and 
heart, High-range stretching clarifies the spine. 

How do the enhanced digitized images com- 
pare with the analog film in terms of image 
analysis effectiveness? The results of the com- 
parison session are listed in Table 4 in terms of 

Table 2. Oigitized Enhanced Image Compared With the Analog Film 

RAD 1 R A O 2  EM 1 E M 2  ICU 1 {CU2  

M e a n  SD M e a n  SD M e a n  SD M e a n  SO Mean  SD M e a n  SD 

Baseline v f l l m  - - 0 . 6 2  0 . 4 8  - -  1 0 - - 0 . 1 6  0 . 8 3  - -  1 0 - -  1 0 - - 0 . 3 3  0 . 6 6  
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Table 3. Persistent Experiments for the Enhanced Ima9es 

RAD 1 

Mean SD 

RAD2 EM 1 EM2 ICU 1 ICU2 

Mean SD Mean SD Mean SD Mean SD Mean SD 

Baseline 
Lungs 4.42 0.66 
Heart 4.87 0 
Spine 2 0.53 

Low-stretch 
Lungs 4 0.75 
Heart 4.14 1 
Spine 1.71 0.88 

High-stretch 
Lungs 2.29 0.68 
Heart 3.57 0.73 
Spine 3.57 0.5 

5 0 4 0.81 3 0.81 4.2 0.4 4 0.57 
4.5 0.7 4.16 0.72 3 0 3.8 0.4 4 0.57 
3 0 2.5 0.76 3.33 0.05 3.8 0.74 3.33 0.75 

4.5 0.7 3 1 1.66 0.05 4 0 3.83 0.4 
4 0 3.5 0.76 1.66 0.05 3.4 0.8 3.33 0.75 
2 0 1.83 0.69 1.66 0.05 2.6 0.8 2.33 0.47 

3 1 2.33 0.48 2.33 0.47 1.2 0.4 2.5 0.95 
4 1 4 1.16 3.66 0.5 4 0.63 3.66 0.51 
4.5 0.7 3.66 0.77 4 0 4.4 0.49 4.33 0.5 

mean and SD of selected rankings (between - 3 
and +3) for each image, each transformation, 
and each of the three features: lungs, heart, and 
spine, when compared with the film. 

The visibility of the lungs is slightly less clear 
in the baseline image than in the analog film. The 
heart is seen as slightly less clear to slightly more 
clear in the baseline image. The spine is often 
judged as being slightly less clear to less clear in 
the baseline image than in the analog film. 
Low-range stretching does not really improve 
these results for the lungs or heart and definitely 
degrades them for the spine. However, compared 
with the film, high-range stretching sometimes 
improves the visibility of the heart and often the 
visibility of the spine. These comparisons confirm 
the observation that the baseline image is a fairly 
"good" first overview and is in general close to 
the analog film. In some cases, the enhanced 
images also improve the visibility of features as 
compared with the analog film. 

Experiment 3: Reverse Mode Transformation 

The results of this experiment are listed in 
Table 5. They show the reversed transformation 
rated by each physician as "best" for each image. 

Is a reverse mode transformation useful? 
AII the physicians agreed that viewing images in 
the reverse mode could improve the visibility of 
certain areas and the detection of certain fea- 
tures. 

What is the best image to be displayed in the 
reverse mode? Table 5 shows that there is a 
high degree of concurrence in the radiologists' 
preferences regarding the aspect of a baseline 
image in the reverse mode. However, these base- 
line images in the positive mode do not corre- 
spond to reversing the negative selected baseline 
images. The preferred images in the reverse 
mode are the reversed truncation (R TRUNC) in 
54% of the cases and the reversed piecewise 
linear function (R LLL) in 29% of the cases. 
Contrary to experiment 1, the results are almost 

Table 4. Result$ of Experiment 2 Comparing the Enhanced Images With the Film 

RAD 1 RAD2 EM 1 EM2 ICU 1 ICU2 

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD 

Baseline 
Lungs - 0 . 8 7  0.36 --0.5 0.25 - 0 . 6 6  0.89 - 1.66 0.24 --0.6 0.24 - 0 . 8 3  0.14 
Heart 0.12 0.33 --0.5 0.25 0.16 0.13 0 0 --0.2 0.96 --0.16 0.13 
Spine - 1.12 0.6 0 1 - 0 . 8 3  0.47 0.33 0.55 - 1.2 O. 16 - 1 0 

Low-stretch 
Lungs --0.5 1.25 -- 1.5 0,25 - 1.5 0.91 -- 1.66 0.24 -- 1.2 0.56 --0.33 1.55 
Heart --0.62 0.74 -- 1 1 - 1 0.33 - 1.33 0.23 --0.8 1.36 0 0.66 
Spine - 2 . 1 2  0.85 - 2  0 - 2  1 - 1 . 3 3  0.89 - 1 . 8  2.16 - 2 . 6 6  0.25 

High-stretch 
Lungs --2.12 0.38 --2.5 0.25 --2.83 0.15 --2 0.66 - 2 . 8  0.16 --2 0.5 
Heart -- 1 0.5 0 1 0.33 0.22 0.66 0.22 --0.4 0.64 0 1.33 
Spine 0.62 0.24 O O 0.83 0.97 1 0 O 0 1 0.33 
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Tablo 5. Results of Experimont 3 

Radiologists RAD 1 RAD2 EM 1 EM2 ICU 1 ICU2 

1 R TRUNC R TRUNC R TRUNC R SQRT R LLL R TRUNC 
2 R LLL R TRUNC R TRUNC R SQRT R LLL R TRUNC 
3 R LLL R X2 R MID R LLL R TRUNC R MID 
4 R TRUNC R TRUNC R LLL R SQRT R TRUNC R TRUNC 
5 R TRUNC R TRUNC R TRUNC R LLL R LLL R TRUNC 
6 R LLL R TRUNC R TRUNC R SQRT R LLL R LLL 
7 R LLL R TRUNC R TRUNC R LLL R TRUNC R TRUNC 
8 R TRUNC R X2 R TRUNC R LLL R TRUNC R TRUNC 

similar from one image to another and corre- 
spond either to leave the image unchanged or to 
stretch the low range of gray levels. The smaller 
disparities between preferences for each image 
may be attributed to the unusual aspect of 
reverse mode images and the physicians' lack of 
practice in discriminating features in these im- 
ages. The best images in the reverse mode do not 
generally correspond to simply reversing the best 
baseline images in the usual positive mode. 

C O N C L U S l O N  

Our approach to context-dependent enhance- 
ments attempts to match the three phases in- 
volved in viewing a radiograph: getting a global 
impression, analyzing the objects and the local 
features, and focusing on image perturbations. In 
this article, we reported on enhancements to 
support the two first phases in the case of chest 
radiographs. In addition, results on the applicabil- 
ity of gray-level reversal transformations have 
also been reported. 

The baseline view judged as giving the best 
global impression is an image that first provides 
satisfactory visibility in the lung field. However, 
enhancements that yield the best baseline images 
are dit¡ to deduce when the original images 
are of poor quality. If the original images are of 
good quality, the consensus appears to be en- 
hancements in the high range or mean range. 

Global adaptive gray-scale manipulations yield 
a global change that is the result of an enhance- 
ment focused on a part of the radiograph. They 
are useful as secondary images to support the 
analysis of the objects and of the local features in 
images, in particular those of the spine, the inside 
of the lungs and heart. In terms of visibility of the 
lungs, heart, and spine, we get results close to 
those of the analog film in using one transforma- 
tion or the other, including the one that yields the 
baseline image, which would suggest an imple- 
mentation with preset enhancements for these 
areas under the user control. 

The last experiment asserts the usefulness of 
viewing radiographs in the reverse mode. How- 
ever, a good image in the reverse mode does not 
necessarily correspond to the reversal of the 
baseline image in the usual mode. In general, the 
preferred images correspond to reversing the 
simple truncation function. Implementing a re- 
verse mode facility requires the knowledge of the 
appropriate 8-bit-to-8-bit remapping that trans- 
forms the baseline image in the usual mode to the 
desired one in the reverse mode. 
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