IMAGE CLASSIFICATION AND CODING FOR
TRANSMISSION OVER COMMUNCATION CITANNIILS

ADRSTRACT

The varicties of documents which might be cncountered in an image
transmission system arve first classified by human inspe ction, and then by
information content in terms of « -entropy.,  The term ¢ -entropy  is used
aere to specifs the bits of information per page reaguired for a pariicular

. o frerL R . : y L .
resolution o o Then by statistien] properties such o8 vaviance, root-inean-
" nre o aulto-cvorrelstion f Ti01 ectral vodensity and run lenort
gquare, auto-correlation function, spectral power density and run lengrh
distribution curves are used to obtain the same classification.  The applica-
.

tion of these Intter propesties o simple machine implementation is

reviewed for possible use in adaptive scanning systems for image frans- .
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The different potentinl methods of coding fucsimile dnta Tor data frans-

S niission are fabulated and reviewed.,  The systems are clagsifiod by the

major type of docurpent for which they might bhe useful, The chojee of

mindulation svsiem is also discussed as it interacts with the coding system,
Then o get of Himiting conditions for an clementary image {ransnigsion
arve pogtulated. The List of possible svatems s then soveened o i theae
Hmitations and the polentialiticos of the remaining scoening sysioms avo
reviewed, Then a feasibility model peing built in San Joge ASDD Laborutory

18 desceribed.
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FOREWORD

This report consists of a compilation ol notes edited by F. B, Wood,
which were written or suggested by the following members of the
desartmiert: R M, Bennett, 7, R, Daher, ', T3, Dodd, (i . Grometer,

O, F, Never, 1. D, Provazek, €. K. Schinepfer and 1Y) B, Wood., Some

anulrses made by Professor N, M, Abramson ave 2iso included,
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INAGE CLASSIFICATION AND CODING FOR TRANS:
MISSION OVER COMMUNICATION CrANNELS

o INTRODUCTION

i

The function of this report s to swmmimarie our studies of Dnage claseiis

catiom, the pc:ﬁsihility of avtomated clissinieation for ddapl v o scanniy svstoiny

and to examine the major alternative coding systenis. The oblective is 1o
develop a sirnple adaptive document scanning systen which will adiust 1o
various types of black and white doecnments restriciod to two tovers for ofii

1y

cient compression of the Image data compared to stralghl faosimite systems.
Howevsor o psUre the 11’1051: wenceraiity f resalls, the study first considers
the mosi goneral cases of documents boetore making the more nareow study
ol the specilic class.

Lmage transmission by linear scanning as in ordinary facsimile can be
very slow or expensive, depending upon how tradeec!{ of time and bandwidth
is handled. Since most imaces have a large redundancy it is profitable to
have a code compression systom (o minimize the time bandwidth product,
Althcugh many umages have hivh redundancy permitting savings n the tiine

bandwidth product of the orderv of magnitude of ten 1o one hundred, practical
coding systems usually result in a saving factor of threge o five, because of
the great variation in signal distribution propertices from image to image.
Even with this saving most systems require larce buficrs

An improvement in time -bandwidth compression would be pessibic vwith

an adaptive system. If a prescan deyvice could determine what kind of a



document was bheing processed, the logic could switch to the appropriate com-
pression coding system. To be able to consider such an adaptive system,
first a knowledge of the tyvpes of documents and second. means of automati-
cally identifying the class of documents au»re needed. These two stage's:
classification, and identification of the class of a document are examined in
Sections II and III of this report. This is a gproblem which was sugoested and
defined by R. M. Bennctt.

The principal references to the carlier work on Facsimile and Television
Compression done in London,Polytechnic Institute of Brooklyn, Bell Telephone
Laboratories, M.I1.T., and Ford Instrument Company are listed in the biblic-
graphy, 1.1 - 1, 8. A catalog of image coding systems considered on this
project is included as Section IV in this report. They are grouped under sub-
headings corresponding to their principal class of document application.

\

The procednre used was first to caonsider all potential coding svstems and
then narrow them down {o those moeting cevtoin specilic conditions.  The
veneral method of attack was proposed by ROl Bennett, Spocific propusals
woere made by 00 M Deanctt 220 RO Sawdher, 170 1 Dedd, G FL Tiroometer,
O. M. Mevyer, L. ' Provesek, C. F. Schlacvier, and FooBL Weood, A the
systems considered are tabulated in Tal o4 nnd ar o diecuased in deticl in
Section TV,

The following set of conditions woere used 1o soreen the difforent propos |-
n order to pian the feasibilitvy model desoribed 10 Soction Vo

1. The problem is

a) to obtain imtelligence from an tmace {(hine drawine, ivped, printed

[



snd handwritten inforns fon),

Bl to convert this ini:n raation int suitable form [or transmiss-on
{ri‘;x.y'.‘ over a 510()0‘ baud Lo ata rate of o oumeants per unit ol i
time),

10 to roceive and recony ot dhe i e 0 Sodormoin
which all tro wvitions boetocen black oond w0 1 : ceb with o
toicrance of 172 € L1 cLourioa Ll L < is the
roescliut.on of the scann oo s alern.

. The soulution(s) to the pr e winl contiun answe re Lo

a)  what minn wn arcoint o infors 0l s can o ot by with?

LY aowm can-‘\ ¢ strup o the raanicnnm et of reca ey from

tie image?
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3. The ultimate implomen ' ct.on will minimize transmission tin: '
bandwidth), complexity, cort, cte, . and will hepefuily present a @ o

approach.

4. 'he fellowing restricticns apply to the reading and writing technia

Q) ‘/\94’@(”’3 G, -’uv\% ronred AR e e

. : o
St ‘ - - [
M"U‘M A SR A I e T Y g fam e RN

0 . ~

b) a prescan at a variuble distance ah. zd Of the vncodes $CLD L
soot can be used.
I

) multiple scans consisting of a row - Lianlnuy - oA

vr diagon oovan be used In oreading ETE U I SN ST g
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II. IMAGE CLASSIFICATICN AND REDUNDANCY
A.  BASIC CLASSES OF DOCUMENTS
Documents can be easily put inlo three elementary categories of:
(1) Centinuous tone (including photographs)
(2) Handwritten, typed, and printed text, cr

(3) Line Drawings

oy human inspection. The numbers of bits per 8-1/2" by 11" page to describe
these types of documents for 125 lines per inch is described in Table Ji-AThe
choice of 125 lines per inch was based upon the use o? a resolution of 0. 02
centimeters or 50 lines per cm which gives 1. 5 X 106 binary digits per page.
For 100 lines per inch the 8-1/2" x 11" page would have 10° vits. The
number of bits per page is defined as the entropy of the page. Since the en-
tropy is a function of the resolution (¢), we specify " c¢-entropy" to make
certain that the resclution is delined. In mathematics, ¢-entropy has a
more general definition required by the extension to coordinate systems other
than rectangular coordinates. For example, i an optical image is deseribed
in elliptic coordinates referred to a difiracting aperture, the physical size

of a unit element of area or of volume changes with positicn in the field.

In this report we use only the special case of rectangular coordinates in

reference o "' « - entropy. "




ihe column marked ""relundancy range'' in Table | has three
atios for each entry. The fic:t 12 the binary d1g1t5 per page (flom
F i S .

. basic resolution) divided by the wnuaer boundg For typed aa;bes this is

1.5 x 167/3.5 x 105= 4.3. This is the order of magnitude of time

band~-width compression that c:r be obtained by simple straightforward

coding tecaniques using a sing: - scan of tae input data, w™ » Groo

The second figure in thd "redundancy range" column :s a typical

va.ue of code compression that can be obtalaed from particuia:r sets of

statistics, If a code is designed to realize tnis greater compression

on the basis of the statistics of cocumenis in a givern oifice r .usiness

with a given type style, the atturrnted use of the comipressic:. codae with

arother set of documents fuey cvsult in less eificient cpecation. To

i
¥V idn 1@nc

Lorf
ou-ier

realize this greater eff1c1ency adéptive coding systems must be considered.

The judicious choice of d1rect1<->n in designing addptive systems ‘equlreé

+he determination of the condition for minimum buffer reguirements

and the maximum overlappin, of hardware elements for the diiferent modes

. .7 operation in the adaptive system. This mocel .s based upon at lec st

~%

vwo scans of.the input data.

The third figure in the ''re.lundancy range'' coiumn is basec :ipon

Jie lower bouna of bits per page. To realize this uiper bound on code

mpression {.. e. lower bound on bits ver page to c» sent over data
nannel) the logic must be increased 10 permit a sec..e 1o of many
scans. In facr as we push bevond the second value . tie ! :dundancy
column our problem is being .ransformcc nio the narec er recogni-
tion problem. This can be done by a hu nar. key-pu. ch operator or by
the 1418 optical reader.

For line drawings tr ¢ ''recundancy range' colur. has a -i. .lar

..eaning, however there ar. 'ome additional restrictions. .. second

Jue, namely 115, is for a zzrticular line drawing which ey be

s1mpler .nan the typical rang The thirr value, 710, is an approx..nate
. v .aue o conversion in BLOI . computer <= & . - ... .« ¢, which is
_ .are char.cter recognitics e-civalent for the L 1. . cwings en-
countered is Bell Telephoiae Luabs circuit diagre »ert this

requires & ..uman operator tc examine the drawing a0 ._.. orm it

into the format that can be represented in BLODI.

B — Eos e -
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P. D. Dodd has suggested an intermediate level adaptive system
for image transmission where the human preparation of the original
document includes typing the code designation of which code-com-

pression system is applicable to the document.
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TABLE II-P

E-Eatropy of Nuimber of Bits of Information
Per Page for Different Classes of Documents.

Bits/Page Bits /Page Redundancy
(Upper Bound) {(Lower Bound} Range * 1
| {relative to
1. 5% 06 1its)
Photographs (a)+ . 1 5)«;106 decimal “ 1 0\;106 Binitss ey
b2 . T1 . O3 initss (1)
(10 levels of grey)  digits or Hartleys {c)
5x106 binary digits
'\’ or Binits  {d)
) | . ) L) e )
Typed or Printed {b) 3.5x10 (1} 3.2x10° () 4. 3/12.8/.7.0

{2 levels)

Line Drawing {c) ()x104 {1) 2. lxl’()3
{2 levels)
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B. SOME BASIC CONCEPTS OF INFORMATION THEORY APPLIED {
TO IMAGE COMPRESSION . g

1. THEORY

Consider a scaﬁned image: Let s (t) be the ensemble of scanner-
output waveforms, one member of which is shown in Figure 2.1 and let
5 {f) be the spectrum of s(t) as shown in Figure 2.2 {(note that if.the
image data is black white only, the signal s(t) will be some form of
random square Wé,ve). If S{f) is band limited a.s shown, s(t)is completlely

described as a vector in 2¥ T dimensional signal space.

1 .
TTZF S {f)
5(t)
\ T sample
- values of s(t)
/ r o~ 1)
T4 - F
‘ R D
- .__._.__%I
" I
Figure 2.1: Scanner Output Figure 2.2: Spectrum of Scanner

Output

Now quantize signal sainples into n discrete levels so that the
n-dimensional sample space contains sample points s. Information
theory gives us a measure of the average amount of information (entropy)
conveyed by each signal sample. Thus, if no knowledge of the past or
future is available, the average amount of information required to

specify a particular present sample s{o) is




H “_”: - E P(s;) log P(s;} bits

S i

where P{s,) is the probability of the present sample value s;
o - is the space of sample values,

An upper bound on the entropy is

H (s} < logn

- with equahty if and only if all sample values are equally likely. If, how-
‘ ever we can utilize a knowledge of the past and future samples, it is
v -po‘ﬁzslble to reduce the amount of information required to specify the

- present sample. This reduced amount of information is

gty < .
Ho/p) = - L P(s;, rj} log P (Si/rj) bits
ij
where o is the space of the present sample values, s;

p is the space of all past and future sample values r,

(Note that p is the set (p ~w,***p -2, p=1,py p2r * * * poo

(It can be shown that H{g /p) < H{g} when the samples of s are dorrelated-

re Fano, "Transmission of Information', J. Wiley, 1961, p.45}.

We thus define the redundancy as the average mutual information
Red {s) = Lloip) = H (o) - Hig/p). '

““Thus, if we can take a source which is transmitting information at an

i information rate

Ry = -—-(-U—/-E-) bits per sec.

and remove the redundant 1nforma.t10n from each sample so that succes-
sive samples are uncorrellated, we could transmit the source samples
at the higher inforination rate

H (5}

R, = =————  Lits per sec.
T

and thus trans:nit more infornmation at the same sample rate or bandwidth,
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irther, iowe make (1l sann’ v ooes con 1l likely through some

a

sansforination, we can make 0 Comow T - oL, we ¢an nake

optitann use of the channel Laadwidth .
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The object is then to coov vt o Soirmary 5o .. riuulion
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Compress.on coding is the teclhuinue w.or
Senieved.
L]

P

sethod:
P od' ~r

'}u‘; )it . ) B ) .

£ ShmymerIanos Code: converts peaked first order als.ribulion

R

of a primary source with -i:) (&Y = 5:¢) ic a unifor distr -
bution in the secondary source - tirus achieving maximum
source entropy. d){t) s the au+cCoFre:Q+iOH -‘;UV'\C{'I'OH.
B} De-correlazion coding: Converts zarbitrary second, third, . .
ninh order statistics (corrclation) into a source in which the
~lividuzl samples are independent, and the first order
stutistics are D>eaked in order that Shannon-Faneo, coding

ntay be utilized.
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Thus, several conversion stages are involved, f{irst to de~correlate
the source, then to encode it such that each sample (set of bits), or

symbol transmits a maximum amount.of information,

AT solvcd_:' This source distr butlon doe.s noy giv *rnaxlmu C /’(y/
? /’/ fd /,f g f‘ ,gf? / W

a1/ 90@5 ﬂus r}—xcan/a ,thlfd fcog.écr:; on f om/‘unlforn‘i statlstlcs/to

i / fl ," (/J f" / # s t/

4 Y
/ ausman staustlcs for tra.nsmg;sn.o‘n ’over cont:.nuous cha:mel?

e

o

Thus, the image conversion problem falls into four categories of

coding to conserve power and time or bandwidth { f thus $)

(1) De=correlation - compression coding:- (hereinafter

called source compression coding) here no fidelity is lost -

: the noiseless channcl can transmit just enough informa-
tion to completely specify the source.

(2) Correlation coding: here, only part of the source is

transmitted (e.g. alternate samples) - the known (pre-
programmed) statistics of the source are used at the receiver
to '"fill in the blanks'. There is some loss of fidelity here
since the interpolation or extrapolation process will always
involve some error,

{(3) Bandwidth Compression Coding: here, the statistics of

the source is not con: dered. Novel modulation schemes are
used to compress bandwidth (at perhaps an expense of signal-

to~-noise ratio). A e .
& 5t$ bt

i

{4) Analog Codlng this is the analog equivalent of (1) above.

[,
Although this arca is relatively unexplored, it should be

expzcted to lend itself more readily to analog sources and
would possibly provide greater B, W, savings., Properties
and examples of analog codes should be investigated. Signal

characteristics such as area, slope, moments, discontinuities,




ircquency, etc. are used to convey information, Present
continuous modulation systeims AM, FM, SSB, A, etc. are

examples of analog coding. However it is expected that

there is a far greater class of analog transformations which
wiil vield good B. W. and power savings and be more com-=

patible‘with the source,

Various coding schemes might be compared by several graphlca.l
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,4’). Summary of Problems in Coding:
L

(1)

Vi

o«

¢

NOTE:

Is there an optimum transforimation for ''decorrelation' - =

, AN
one thet is easily implemented by, say, ESRS? “W—‘Q\/\/.:-\:‘/‘\

ERLR .
eI Sl L PSPV D S

What othér transformation besides "prediction".;‘f(ref. Oliver, %
N )
Harrison, BSTI) are suitable for de-correlating? How are

they implemented?

"Arnalog" equivalent to digital coding'?,\‘i o T 1
7 . Cod Lo 1
!

i
~—

SN § . ’
Hybrid schemes (ref. Schreiber - Technicolor) i.e., partly
digital, partly analog. /

Comparison of above - choose "best" method and implement,

Two fundamental hypotheses should be observed:

(1) The most efficient coding system is one which completely
removes all redundancy from the source leaving only suificient
information to completely reconstruct the source. Then, error
correction and detection coding is inserted such that the code
structure matches the noise characteristics of the transmission
channel, Ti’xis "structure matching" characteristic of error
correction/detection coding is a better method of providing
redundancy for error-free reception than only removing part

of the original source redundancy. |

(2) - I a transformation (T) is required to remove all signal

-1
redundancy at the transmitter, then (T) must be realizeable




v

and provided at the receiver for proper reconstruction

of the source (decodingl.—

[P

Jﬁ,

)

Tho goneral signal convorsion imodel is shown belowin F\c‘ 2,5
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0. DXAMPLE OF MODIFIED HUFFMAN CODING OF RUN LENGTHS

Consider the following illustrative example of variable-length com-
pression coding, We utilize the run-length statistics in Michael, et al,
"A Coded Facsimile System", IRE Wescon Convention Record, Part 2
1857. In order to avoid complex coding of an exiremely large alphabet,
we compression coede only the ten moest prebable run-lengths plus some
special symbols, All others are coded with a special prefix plus a ten-
digit binary number o designate the count. Table I (II-B) shows the

results of Huffman coding this source.



2,3 J

Tabhle ]I-
, A m»fé‘/ --L) /_ et ‘n'/.qa_;"i:-.-f-’}/ﬁ';qr
C)é Fib{/’v L- .”M/ - »'/ _;

’?A(rﬁ .A(j BEm LIt 80
\

S

K ’,\Joi.e Al @4’@\\. - ﬁ?g

Clol 4+ (10 clete

g0

LU R W VN \.//.] b

, .
04 AL A .)éu f,Sl«& CAla f-‘L

"

2o . ' /O
Wi o | 06 &
R REe co !
I o X o N /1O
L OO YN,
o bl o/ ¢/
& 50 o/l /)
LOS0 J 11O
03] ol oo
025 Ll o
ozz [V 1 U]
- 319_,; O {Q\L;
o lo Ci ol




