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May 9, 1967

Dr. K. Rossmann

Research Laboratories
Eastman Kodak C~m=»any
Rochester, New York 14650
U.S.A.

Dear Dr. Nossmann

Thank you very much for your letter concerning ICRU
rcommendation for measurement of the MTF of radiographic
imaging systems.

We have made measurements of three kind imaging syste
during the last six -z rs, il.e., the fluorescent screen, t
intensifying screen and the focal spot of x-ray tubes.

I will make lists of describing these reasurements., As Sc
of these include well known methods to you more than us,
this compiles only outline of these method,but of cource
include the essence of the method.

If you need wore details of reasur: i arrangemrents,
photogravhs or data of any particular points, please send
a letter to what extent do you need, that is, allowable
pages or vords. I am very mlad to contribute to your wor:

Sincerely yours,

’LL A e [
Kunio Doi _
Kyokko Research Laborator:
Dai Nippon Toryo Co., Ltd
Chigasaki City, Kanagawa
Javan
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Dr. Kunio Cot

Dai-Nippon Torye Co., Ltd,
Chigasake, Kanagawa-ken
JAPAN

Dear Dr. Doi:

The ICRU is embarking on a pregram the goal ¢ which
is the recommendation of standard methods for measuring
the MTF of radiographic imaging systems.

In order to provide the ICEU with a scientific basis
for its recommendations, I am planning, first, to, get 1in
touch with the various investigators who have developed
methods of measurement and tc learn as much as possible
about the scientific merit and complexity of their methods.

Would you kindly send me a detailed description of
your method together with tests of 1{ts accuracy and
precision?

Also, I would appreciate your including a 1list of
investigators who, to your knowledge, have developed
such methods,

With best regards, _
S Sincerely,

////%‘»;//mm

K. Rossmann

cc: Dr. R. Chamberlain Planning Board IIE
Pr, J. Feddema International Commission on

Prof. K. Liden _ Radiation Units and Measurements
‘Dr. R. Morgan :

Dr. R. Moseley

Mr. W. Ney

Prof. C. Olsson

Cr. T. Tristan

Dr. E. Trout

Dr. E. Zieler
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1 Principlec and ouvcline of measuring srrangements of MTF

l.1 The fluorescent screen 1,2,3)
1.1.1 Analog Fourier transforn method

The line image of the fluorescent screen is analogously
Fourier transformed by photo-electric means using an area type
sinusoidal chart. The narrow x-ray beam is exvosed to the fluorescen!
screen through a lead or brass slit, and the resulting line
spread function of the fluorcscent screen is scanned with the
sinusoidally transmitting chart. The collected light outputs after
the chart rccord the sine waves of various frequencies which
consist of different amplitudes. The envelope of this record
gives the MTF curve.

1.2 The intensifying screens or the screen~film combination system
1.2.1 Analog Fourier troneforn method »%/

The MTIL: of the intensifying screens of front and back side are
independently mecasurcd by the mcthed of 1.1.1. The back screen
is measurcd with an attachment of the reflecting mirror systems
shown in a photograth. The measured MTFs of front and back screens
are added, teking into account the weightinc factor from both screens.
The calculated !UF is independent from the characteristics of the
photographic film. This metiaod is followed by the new definition
of reference b,

1l.2.2 Digital Fourier transforn method 4/

The screen-film combination system is exposed with lead slit
of 30 microns width., The traced end reduced line spread function
in effective exposurc is digitally Fourier transfornmed by numerical
integrations using the digital computer.

1.2.3 Square wave recponsec method 52

The square wave test chart of various spatial frequencies which
is made of mctal such as lead or molybdenum is radiographed with
the screen-film cembination system. The developed and processed
inage is traced with a microdensitometer, and the maximum and
minimun densitics of one spatial frequency are read and then converted
to the effective cxposure. The contrast of one point in the square
wave MIT" curve is then calculated. The usual MTF of sine wave
resijonse is reduced from Coltmanns equation.



D
&)
1.2.4 Varigble slit metiod
The measuring principle is thce same as in 1.2.%. The square
wave pattern exposure system 1is only different from l.2.3. The
mechanical system of varing slit width and caéssette position is
devised, end a serles of square wave is exposed intermittently one
by one. The mis-alignment of the measuring system which may be
czused by field characterlstics of the focal spot is omitted, but
intermittentexposure effect is included. The operation is time-
corisuming; and I think that this is not practical method.

1.3 The °~e~l spot of x-ray tubes 2,3,8)
1.%.1 Ane.. . “ourier transform method a

The line spread function of the focal spot is projected onto
the fluorescent screcen by the metal slit which is placed between
the focal spot and the fluorcscent screen, according to the so-call
Pine-hole effect or the similar system of enlargement radiography.
The cmission intensity distribution on the fluorescent screen is
then analecg-Fourier transformed with the method of 1.1.1. The MTF
of the focal spot ig .obtalned with divided by the MTF of the fluore
screen. _

The clnssifications of the MTF measuring methods on the more

wider standpoints are represented in reference 9.
Regretfully most of the refercences are JapZnese.

1) K.Doi and K. Ssyenegi: Optical Tpansfer Function in Radiography
(I) X-Pay Fluorescent Screcen, Oyo Buturi 33, 721, (1964) in Japar
2) K. Doi, A. Koji, T. Taiizawa and K. Sayanagi ¢ The Application
Optical Transfer Function in Radiography, Jap. Jour. Appl. Phys. L
guppl. 1, 183, (1965) .
3) K. Dot : Optical Transfer Functions of the Focal Spot of X-Ray
Tubes, Amg J. Roentgenol. 94, 712, (1965)

4) K.Doi : Optical Transfer runction in Radiography. (IV) Combine
of Screen and Ilm, Oyo Buturl 35, 559, (1966) in Japanese

5) K. Dei : Uszful Representaticn of the MTF of the Screen-Film
Combination Systcms, Irecented at the 26th Annual Meeting of the
Radiological Socicty of Japan (1967) in Japanese o

6) T.Takizowa and K. Dol t A Treatnont of Imege Sharpness on X-Ra
Intensifying Screens by Optical Transfer Function, Nippon Acta Rad:
23, 1029, (1963) in Japancso
Y5 K. Doi : Meagurcment for Optical Transfer Functions of X-ray Ii
Sereens, Oyo Buturd, 33, 50, (1964) in Japanese

8) K. ‘Dol : Optieal Transfer Function in Radiography(II) Focal Sp
of X-Ray Tube, Oyo Buturi, 34, 190, (1965) in Japanese

9) K. Doi : Infcrmation Theory in Radiogravhic Image Evaluation,

Part (I) and Perti (1), J. Non-destructive Testing 1y, 201, 24

in Japancae
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3 Precision

3.1 Precision of the MTF of the fluorescent scice)

We have investigated the precision of the methvd of 1.1.1 th
represented in reference 1 in detail. I thin! that this is commo:
to 1.2.1 and 1.3.1. The factors to decrecase prezision are slit w
deczy and build up phenomena of phosphors, and focal cpot of X-ra,
tubes. I have estimated that all of these factors are nezligeble
under 2 L/mm compared with graphic description and reprcducibilit;
of the measurements. This may be checked with tho MIT of ein x/x
type function of a broad slit. The comparison of the thecry and |
experiment for 2 mm slit that is illustrated in Fi5.3 of raference
is quite satisfactory.

- If you need more detail description of this part, I will
translate and write to you,

3.2 Precision of the MTF of the focal spot

In order to evaluate the precision of the !NTF of the focal S|
the line spread function which is obtained by Tourier invorse
transform of the MTF curve is compared with the line incge of the
focal spot which is directly radiogravhed with the cereen-: ..
system, The cOmparison is illustrated in Fig.l of reforenc
The difference of this two line image in the ordiraio
within 5 %. This is a sort of an indication of proci 1 u
this is under-estimation because the measuremcnts include {wo diff
experiments,

4 Investigators in Japan

Our Japanese investigators group of this fisl4 <= started in
and the name is Radiation Image Informaticn (abbrzviatsd 23 R.ILI.
The group consists of about sixty, members and ninc corniitees.
The representative is Prof. Suguru Uchida, Ocala University, and I
serving as one committee. The book "InvestigaZionzs of Radiologica.
Image.(I) Modulation Transfer Function" which gathers tha papers |

at this meeting during the last two yearsawiitten ucstly in gapane:
However, we have discussed very few about accuracy and preciscion.
I think that our efforts were mainly concentratcd to develop and
these ideas or methods to the whole radiographic cysica or other
instrumentation problems.
Therefore, I wish to introduce you the following two active
scientisis in R.I.I..

Prof. Suguru Uchida
School for X-ray Technicians, Osaka University
Sibahara 32, Toyonaka, Osaka

Dr. Hitoshi Kanamori b ppenstfull
Department of Electrical Engineering Lpmt  Fagslpatly
Kyoto Technical University -

Matsugasaki, Sakyoku, Kyoto

Was p;-_l';f.‘t,l'.fc"\ v



May 16, 1967

Dr. Kunio Dol

Kyokko Research Laboratories
Dai Nippon Toryo Co., Ltd.
Chigasaki City, Kanagawa
JAPAN

Dear Dr. Doi:

Thank you very much for your detalled communicatlon
of May 9, 19¢7. It will be most useful for the work
of the ICRU and as a starting point for our collaborative
effort in the future.

In the next few months I probably shall not have
too much time to consider these matters in detail, since
I have accepted an appolntment as Professor and Director,
Section of Radiological Sciences 1in the Department of
Radiology at the University of Chicago starting on
July 1,-1967. As a consequence, my affairs will be
in considerable turmoil for a while.

In the meantime I should appreclate 1t if you
would provide me with more information regarding the
organizational structure and aims of the Radiation
Image Information group in Japan. It seems to me that
considerable benefits could be derived from a detailed
exchange of information between this group and my
committee in the ICRU. Also, it would be useful to
plan a get-together 1in connection with the International
Congress 1in Japan 1n 195&.

Wwith vest regards,

Sincerely,

' YNy

KRossmann:cld research Laboratories



May 23, 1967
Dr, K, Rossmann
Research Laboratories
Eastman Kodak Comvpany
Rochester, New York 14650
U,.S.A,

Dear Dr, Rossmann:

Thank you very much for your letter of May 16, 1967,
Congratulation for your new Very important post at the,
University of Chicago!

I will translate some parts of the contract of the
Radistion Image Information group on your reguest,
The aim of the R,I,I. is the contribution to Radiology
by studying the radiological images and its application
through the Information Theory, In order to accomplish
the alm mentioned above, we have two kind activities: one
is the four regular meetings in a year and the other 1is
any events decided by the Committees, for instance, the
publication of the proceedings and so on,

The members of the R,I,I, are gathered from many fields;
medicine, science, engineering and X-ray technician in the
universities, hospitals, companies and research laboratories
We have now about sixty members,

The Representative is Prof,S,Uchida, Osaka University
and the office is also the school of Prof, 5, Uchlda,
The President is Prof, Shinji-Takahashi, Nagoya University,
Ten Committees ( nine are mistaken in the letter of May 9 )
may arrange the activities of the group,

The financial supports are mainly glven Dby nine
corporation members,

The next 13th meeting 1s to be held in June 10 at
Osaka, As I will meet Prof, Uchida at the time, I will ask
him to send you the Book of the proceedings written in
Japanese,



Thank you very much for your suggestion concerning a
meeting at the next International Congress in Japan, I quite
agree with your idea, I have already talked with sone
members about such plans, and they agreed to have some
meeting, "We 6 of course, have not yet planned concretely,
But I should appreciate if you would help us at the time,

With best regards,

Sincerely yours,

Kunio Doi

Kyokko Research Laboratories
Dal Nippon Toryo Co,, ILtd,
Chigasakl City, Kanagawa
Japan

P.S,
Concerning a detailed exchange of information between
our group in Japan and you in the United States, I agree
with you, We have talked a similar vroblem when Dr, @, W,
Schober came to Japan in 1964  but it was not realized,
It seems to me that the reasons which we could not do may
be two, One is some troubles in language problem, The other
is that the subjects of exchanging the information were

not concentrated to a certain practical point,
-

Therefore, if we decide the common subjects or problems
to a practical point, for example, the accuracy and precision
of the standard measuring fmethod of MTF, I think the exchange
may be possible and we may obtain a considerable benefit
with each other, I will talk with other Committees at the
next meeting and write to you agailn,



June 30, 1967

Dr. K. Rossmann

Professor and Director,

Section of Radiological Sciences
in the Department of Radiology,
The University of Chicago

950 East 59th Street, Chicago
Illinois 60637, U.S.A.

Dear Dr. Rossmann:

I have talked with members of our group at the last
meeting concerning a detailed exchange of information
and a cooperation to you. They agreed very positively
to your offers.

They appointed me formally as a window of the
group for you, and I was tasked to send you the proceedings,
which I am now translating the titles and authors of
each paper.

I will send you the proceedings after the confirmation
of your new address.

With best regards,

Sincerely yours
l_Q-vW\.O l/‘\'\«
Kunio Doi
Kyokko Research Laboratories
Dai Nippon Toryo Co., Ltd.

Chigasaki, Kanagawa
Japan

cc: Prof. S. Uchida
Dr. T. Sasaki
Dr. E. Takenaka



Investigations of Radiological Image:
Modulation Transfer Function
Part I
The group of Radiation Image Information

(1964 - 1966)

Chapter 1 Conceptual Review
Section 1 Introduction K.Kinoshita
Section 2 Some problems in image evaluation K.Sayanagi :
Chapter 2 X=ray Sources
Section 1 Introduction S.Uchida :
Section 2 Radiography with maximum information
Parts 3, 5 and 7 S.Uchida c

Section 3 Image analysis in Radiography
MTF »f X-ray line images E.Takenaka & T.Takahashi
Section 4 OTF i1 rudiegraphy (o)

Focal spot of x=ray tubes Ke.Doi L
Section 5«1 OTF of x=ray tube focus H.Kanamori ‘
5=2 Effect of OTF of x=-ray tube focus
on image H.Kanamori & K.Ito k
Section 6 Calculation of MTF of practical
x=ray tube focus Y.Okumura ¢
Section 7 PSF and MIF of focal spot of x=ray
tube  K.Kinoshita, R.Kikuchi and E.Takenaka €
Chapter 3 Objects
Section 1 Introduction M. Tsuda T
Section 2=1 Analysis of Radiography by Monte
Carlo Method I.Hatanaka €
2-2 Radiography with maximum information
Part 9 S.Uchida and S.Uyama &
2~3 Measurement of ["IF of scattered radiation
M. Tsuda G
2=4 Fluoroscopic x=-r: ;" images with image
amplifier and TV :ystems M. Tsuda C

Section 3 OTF in radiography (T
Object and image m 1ion K.Doi 1€



Chapter 4

Seei{ion
Section

Section

Section

Chapter 5
Section
Section

Section

Section

Chapter 6
Section

Chapter 7
Section

1=1
l=2

AN

32

1

1

Intensifying Screens and Fluorescent Screen
Introduction K.Doi
QTF in radiography (I)

The x-ray fluorescent screen
MTF of the intensifying screens

under exposure of hardly filtered

X=ray S.Uyama & S.Hayashi
OTF in radiography (IV)

The combinatiors of screens and film Ke.Doi
Photographic Materials

Introduction I.Hatanaka

Introduction

Properties of photographic materials as
information transmitting system
AOTF

Image analysis in radiography (IV)

The effect of the double=coated film on MTF

E.Takenaka & T.Takahashi

Radiography with maximum information

Part 8 MTF of the development effect

S.Uchida, K.Sugumi & T.Endo

Granularity

Granularity of radiographic film M.Takano
Calculations of Wiener spectrum of Granular

patterns I.Hatanaka

Radiophotography and Optical systems

Introduction HeIto

Image Amplifier
Introduction

1 Background of the development of image amplifier

quantum noise

e
3 process
4 MTF of image amplifier

M.Tsuda

K.Doi & K.Sayanagi



Chapter 8
Section 1
Section 2

Chapter 9
Section 1
Section 2

Section 3

Section 4

Section 5

Section 6

Section 7

Section 8
Chapter 10

Section 1
Section 2

Section 3

Section 4

TV System

Introduction K.Kinoshita
Measurement of total resolving power of

x-ray TV systems

T.Sasaki, K.Tobita & Y.Okumura

X-ray Images

Introduction H.Kanamori
Radiography with maximum information
Determination of evaluating method of
Radiographic images S.Uchida
Maximum information in radiography

S.Uchida, K.Yamashita, S.Maeda & K.Yukawa

Optimum density range and exposure condition

of radiographs H.Kanamori
A New definition of information volumes

on radiographs from density to thickness curves

H.Kanamori
Information volumes of radiographs modified
by sharpness and visual effects He.Kanamori

Theoretical discussion of composing
different blurring elements in radiography

M.Noda
Image analysis in radiography

E.Takenaka & T.Takahashi

Image quality of x=-ray images M.Tsuda
Film Reading
Introduction E.Takenaka

Perceived threshold density differences of
visual system with blurred images
M.Noda
Minimum perceivable contrast of
radiographs H.Kanamori
Disturving effect of noises
K.Kinoshita, H.Sato, R.Kikuchi & E.Takenaka

17

17

18

18

18

19

19¢

20!

2l

22z
232

261

263

265

269



Section

Section 6

Section

Chapter 11
Section
Section

Section

Section

Chapter 12
Section
Section

Section

Section

Chapter 13
Section

=

1

Section 2

Section

3

Section 4

Noise of x-ray images (II) Comparison of
x=-ray images of bone by normal and uniform
distribution typéfandom charts
K.Kinoshita, H.Sato, R.Kikuchi & E.Takenaka
Noise of x-ray images
E.Takenaka, K.Kinoshita & H.Sato

Film reading of radiographs E,Takenaka
Special Radlographic Techniques
Introduction T.Sasaki

Optimum magnification of enlargement
radiography by MI'F method

Y.Ayakawa & S.Sakuma
Image analysis in radiography (V)
Changes of MIF curves by magnification ratio

E.Takenaka & T.Takahashi

Radiography with maximum information
Parts 13, 14, 15, 16 and 17 Fourier analysis

of blurred images of tomography S.Uchida

Others

Introduction S.Uchida

Super resolution of y-ray spectroscopy
T.Inoue

Image resolution of neutron radiography
T.Inoue, K.Ogawa & M.Iwanaga
Fourier analysis of radiation measuring
Systems  Part 1
S.Uchida, A.Hayami, T.Yamazaki & I.Azuma

Foreign Works

Introduction KoDoi

Problems in x-rgy images K.Sayanagi
Reports from 11th International Congress of
Radiology T.Toryu
Recent works in radiography K.Doi
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