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Histogram Equalized

The Histogram Equalized look up table
creates a histogram of the data found
during the prescan. It then places great-
er emphasis on gray—scale areas that
have more occurences in the determined
area of interest. This look up table pro-

vides excellent contrast when used over
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a small area of interest.

White

Display

Black Pre —scan White

Sample Histogram Equalized Look Up Table

o, |

ZUYHYAse dAoR Bu rita system
Ze AL SAYW7dE okHolg A RX
Fxoll FaA 7| digital A= 7] E&%H
of Raslrldls F7b Hgol & dAHolth

o3 AAe] H|Fo] Bu HAF film
# screen?| AEd I =7, oirt
Gamma multipilcation effectZ o]& 3% Du-
plication W} $© 2 image enhancement&
olFrels x=¥o|] EQ 3t

APPENDIX
The contrast enhancement technique is illus-
trated diagrammatically in Figs. 7—9. Fig-
ure 7 shows ste production of the initial film
(the stainless steel cassette serves only to
produce a sharp inage). Consider for simplic-
ity that two adjacent areas on film F, re-
ceive slightly different X —ray exposures X,

and X,. After the film is developed, thcse
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two areas have optical densities, D; and D,,
repectively.

The values of X and D are empirically re-
lated through the gamma of the characteris-
tic(H & D) curve, where the y represents
film contrast. For film F, 7 is the slope of
the characteristic curve between the densi-
ties D, and Dy, 1.e.

_logXi—logX, ...
n= D,—D, 1)

In the enhancement process, a “contact

print” of the original(F,) is made by passing

light of intensity I through Fl on to an un-
exposed film F.. This is illustrated schemati-
cally in Fig. 8. In this simple case, the light
intensities passing through the two areas of
optical density D, and D, are I, and I,
where,from the definition of optical density,
Di=log(ly/1,) and Dy=log(Iy/1y)--+-+--+- 2
After film F, is developed, the resulting
optical densities of the two areas under con-
sideration are D' and D;. F; is a “reversal”
of Fy, i.e., if D;>D,, then D,>D,'. The charac-
teristic curve for film F; relates the densities
D! and D,' to the visible light exposures
thcse regions received, E, and E,
respectively. Assuming that these exposures
are in a region of the characteristic curve
which can be approximated by a straighe
line, the valucs of D and E are related by:

_ D,!—D,
7= TogE, —logE,

Since E reprcsents an exposure of the film
to intensity I, for a period of time, 4t, E,=4
tl; and E;=4t L.

D,'D,!

= Togh—logl """ (3b)

T
In the final stage of the contrast enhance-
ment process, a “contact print” is made of

the reversal film, F, onto an unexposed film,



F,, as illustration in Fig. 9. The intensities of
the I;ight passing, through regions of densi-
ty D! and on F, are I,! and I,!, respectively
and when the final film, F3!, is developed,
the optical densities of the corresponding re-
gions are D," and D,". On the final film, the
density “polarity” of same reasoning as with
the first stage of enhancement, the quanti-
ties D" and ' are related through the 7 of
the characteristic curve for film Fj:

D, —D,’

:m ............ (4)
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The “effective contrast” represents the op-
tical density difference on the final film

which results from the small difference in X-

ray exposure of the initial film, i.e.:

- D=0
rett= logX;—logX, ®)

The from eqns. 1, 2, 3b, 4 and 5 and the
definition of OD,
yett=91 72 73
The resultant “effective contrast” is,
therefore,' obtained by “gamma multiplica-

tion.”
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