APPROACH FOR DIGITAL TRANSMISSION

OF PI

CTURES

by Thomas Kiesel bach , DL2ZMDE
(translated by Don Moe, DJOHC/KE&MN)

“A picture i s wmortha 1000 wmords” i s a saying
confirmed daily. It should be renenbered
that transmission of picture signals began in
the early days of radio. The individual
techniques were adapted to the specific
needs at the tim, thereby resulting in
diverse systenb each being optimzed in
accordance wth the requirenents and the
net hod of transm ssion used.

Starting with what we perceive with our
eyes, compromises are necessary in o all
picture transm ssion systens in order to:

1. limt the information to be trans-
mtted,

2. direct the wuser's attention to the
nost essential infornation.

Tel evision is an exanple of the first point.
In the <case of terrestrial transmission,
there is just not enough bandwidth on the
avai | abl e frequencies to permt hi gher
resol utionb

FAX transmission is an exanple for the
second point, where limting the data to
bl ack and white provides a better
under st andi ng of the infornation.

There is another aspect, typical in all
transmission techni ques, including picture
transmssion. Initially the transm ssion was
inpl emented using analog signals. Only

recently have digital methods become nore
widely used, since a conmputer is required to
support this technique fully. & mgjor
advantage of digital transm ssion is securing
the information aqainst interference. This
presunes that nore information nmust be
transnmitted than is the ecase in analog
transmissions.

Regarding the informational content of the
pictures, there are two areas which nust be
consi dered as separate applications:

1. a still picture which can be studied at
I ength, such as a photo,

2. a notion picture, such as film or
tel evi sion, which provides tenporal
continuity,

Errors in the pictures or their transm ssion
can be tolerated to a certain extent in the
case of notion pictures, since redundancy is
assured by the quantity of the pictures, and
because the observer cannot study each
i ndividual frane down to the finest detail in

such a short tinme. In the case of a still
picture, each individual picture el emrent
(pixel) is inportant however. It is remarkable
that so much nore attention has been paid

in recent years to the transmssion of
motion picture5 than of still pi ctures,
considering that a single still picture
frequently conveys nore information than

does a notion picture,

In the case of analag picture transm ssion,
the picture to be sent is sanpled |ine by
line. At the start of the transmission a
synchroni zation signal indicates the start of
a franme. Thereafter each line proceeds wth
a synchroni zing pulse and the content of the
line in analog form The conclusion of the
frame is marked by either ending the
transm ssion or by sendi ng t he syn—
chroni zatian signal far a subsequent frane.
This systemis used in all techniques, though
there are obviously variation5 in the
technical inplenentations in each system A

digital system functions according to this
sanme principl e, except t hat t he
synchroni zation pulses and characters can
contain addi ti onal inf ormatj gn, and the
picture content IS transm tlh e digital
form In the following article, enphagj s
is on the transmission of still pictures, E.Fhe
a suitable application is outlined.
inclusion of digital picture transmssion into
data nets for packet radio will |ikew se be
descri bed.

Preparation of the Picture

The picture is captured using an electronic
camera. For transmi ssion of notion pictures
via television, various systens have been
devel oped, whereas for still pictures there
are only a few dedicated to very special
application5 Therefore such a canera is
general ly enployed in this case. The
difference lies in tha time needed by the
canera to capture the picture. The standard

is 1/25 of a second, as defined by the
television  norns. Motion distortion is
uncritical in television, though for still

pictures it is an error that is very
difficult to correct. Errors of this type
arise not only through nmotion of t he
phot ogr aphed object but also due to notion
of the photographer. Fartunately this error
doesn't result in poor focus fromthe rapid
nmotion, as is the case in normal photo, as
long as the interlaced frame technique of
alternate line scanning is not used. In the
case of tube canmeras, the conversion to
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non-interlaced operation is difficult, though
feasible for CCD caneras.

There are various output standards for the
information from an el ectronic caner a,
al though they will not be discussed here.
The foll owi ng discourse initially presumes a
bl ack and white camera supplying anal og data
during the output of a full frame wthout
interlaced scanning. Techniques of data com
pression are not considered at this tine.

The first step is the transfer of the
picture information into the memory of the
transmtting station. This process must
occur wWithin 40 ms. Two processes are taking
place in parallel at this point=

1. formng the memory addresses depen-
ding on the picture and l'ine
synchroni zation, and

2. digitizing and staring the picture
i nformati on.

For both processes, the primary decision to
be nade is the resolution of the stored
picture. The resolution nmust equal or exceed
that used in the receiver. Even when it
won't initially be used, it is advantageous
to work with an arrangenent supporting a
large nunber of pixels and possibly to ignore
a portion of them A matrix of 1024 x 1024
(512 x 512) is suitable for storing a high
resolution picture.

The technique must al so pernit sampling of
portions of the picture by line and
identifying them in the transmssion. This
can be done with a two byte address word
containing three different data itens. The
first three bits are wused as the frame
counter, bits 4-13 are the line counter, and
the remaining bits, 14-16, form a block
counter within a line. Thethree portions of
the J-bit address word are |oaded from
three binary counters, in order to keep the
conmput ational tine short for the creation of
the address.

Bit of the 2 byte address
123454678+123454678

-—— - - - - - -=- =-==-000
first 128 byte block in a line

-—— = - - - - --—-=-=1%111
last 128 byte block in a line =
1028 bytes

-==00000 Q00000 --~-
first line (status)

- - -] 11 11111 ~--~-
|ast of 1024 I|ines

000 ==~~~ -——————
frame # O

11l === === == -
frame & 7
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The frane counter in the address field can
be used for several tasks: a) the
consecutive nunbering of the pictures being
transmitted, or b)Y the identification of
special features, ie. marking frames with the
red, green or blue color segnents.

If the address field is not fully used, as
will be the case for npbst of the conmon
installations, the correspondi ng address bits
will then be clear, and the nmenory | ocations
will be unused or vacant.

For the conversion of the analog picture

si gnal into digital data, a fast A/D
converter is required. Appropriate
conponents are readily available on the
market for this application. The LSI
component TDC1025 from TRW has  been
inplemented in a trial circuit. It is a
nmonol i thic hi gh- speed anal og-to-digital

converter with parallel output, using B-bit
flash architecture with S0 mllion sanples
per second. Using this device, a resolution
of 512 x 512 pixels is easily attained.

The picture stored according to this method
is then available in the RAM nenory for
transmssion, or it can be superinposed on
other carrier signals.

Transm ssion _of the Picture

Depending on the resolution of the picture,
each frame results in a correspondi ng vol une
of data. For a black and white picture, these
amounts are as follows, in accordance wth
the resol ution:

128 x 128 Pixel with 8 bit resolution =
16.3 KByte

256 % 254 Pixel with 8 bit resolution =
65.5 KByte

512 % 512 Pixel with 8 bit resolution =
262. 1 KByte

1024 x 1024 Pixel with 8 bit resolution =
1048. 6 KByte

In addition the synchronization information
nust be supplied for control and data
security.

Thi s quantity of i nformation can be
significantly reduced by techniques of data
compression Wt hout causi ng signi ficant
degradation in the resol ution of the picture.

Testing and descri bing the vari ous
techni ques are reserved for a subsequent
investigation andshouldinitially be enpl oyed
in connection with the expanded data vol ume
for color pictures. Through the use ofvari -
ous data compression techniques, col or
pictures can be transmtted with the same
data volune as unconpressed black and white
pictures. Since no other procedure has been
est abl i shed, the transmission o f color
pictures Wwll be in frames containing the
three component col ors, red, green, and bl ue.



Mot her poi nt to consi der is the
transm ssion of the necessary overhead in-
formation. Thi s consists of the
synchroni zati on word per bl ock (24 bits), the
control i nformation, such as memory
addressing, and an error recognition code of
a 16 bit frame check sequence (FCS) or the
inmplementation of a BCH code, that can
correct at least three errors and recognize
even more due to 40 additional bits.
Consequently the transni ssion overhead 1lies
between 5 and 10%.

When di scussing error recognition or
correction, the operating node used by the
picture transmtter needs to be additionally
consi der ed. In the case of a paint-to-point
connection, error recognition i ncl udi ng
determination of the nunber of errors per
block IS preferable, since incorrect blocks
can be requested following transm ssion
using the ARG method. For broadcast trans-
m ssion on the other hand, error recognition
does not provide any advantages, whereas
beyond a certain number of errors, error
correction does,

The main criterion for the transm ssion of
i ndividual pictures is the avail abl e bandwi dth
of the, transmission channel . Direct
rel ati onshi ps exi st between the bandwi dth of
a channel, the transmtted resolution of a
picture, the nmodul ation rmethod, and the
duration of a transmission.

Resolution
128x128 256x256 Si2x512
Speed
4 kB/s 5.3+ 141.0 565.0
8 kB/s 17.6 70.6 282.0
14 kB/s 8.0 35.3+ 141.0
32 kB/s 4.4 17.6 70.6
&5 kB/s 2.2 8.8 35.3+
Transmi ssion tine in seconds
Using an experinental system a first

at t enpt was made by transmitting the
pictures in increasing resolution and at
different speeds. In this case, the picture
is transmtted initially every eight pixel in
every eight line at a speed of 4 kB/s. This
corresponds to a low resolution (LR} picture
of 128Bx128 pixels after decoding at the

receiving station.

The next step IS enhancing to a nedium
resolution (MR) picture by transmitting the
mssing pixels at a speed of 1& kB/s, for a
resol ution of 256x256. Following this phase
of the transm ssion, every fourth pixel in
every fourth line is present.

The third step i s advancing to a high
resolution (HR) picture in the same form at
64 kB/s, so that every second pixel i n every
second | i ne can be di spl ayed.

The last step, increasing the resolution of
the picture to a very high resolution
pi cture (VHR), i nvol ves considerabl e expense

and is not considered in this design.

In accordance Wth the entries in the
previous table, the transmssion time of a
picture amounts ta BB.25 seconds. For the
table entries marked with “+', only 75% of
the times can be taken into account at the
higher speeds, since a portion of the
picture has already been transnmitted.

Control over the transm ssion and access to
the picture data ate easily acconplished due
to the addressing scheme.

Upon conpletion the transmtted picture wth
its line and block addresses appears as
follows, where the pixel for 128x128 are
marked with #, those for 256x256 With %, and
those for S12x512 with +.

Phase 1 at 4 k&'s - 128%128 Pi xel

"Li ne/ Bl ock

87 1 # # # $#
16 /7 1 # # # L]
24 / 1 # # # #

Phase 2 at 1& kB/s - 25&6%254 Pi xel

Li ne/ Bl ack

8 /2 # * # * # * #
12 /7 1+2 * * * * * * *
16 /7 2 # * # * # * #
20 [/ 1+2 * O O*  ®  *  ®x 0w
24 ( 2 # * # * # * #

Phase 3 at 64 kB/s - 512%512 Pi xel

Li ne/ Bl ock

8 / 3+4 H o+ % + # + %+ # + %+ #
10 / 1+2+43+4 + o+ + + ++ o+
12 / I+4 $ + % + H + * + # + ¥ + #
14 / 1+2+3+4 + 4+ 4+ 4+ F A+ o+ o+
16 /7 3+4 Bk % + H 4+ * o+ o+ #
18 | 1+2+3+4 + 4+ + + + + ok + o+
20 / 3+4 4 % + H o+ * 4+ O+ R+ H
22 [/ 142+43+4 o+ A+ + o+
24 /[ 3+4 $ + %+ H 4+ x - H o+ #
The procedure in Wwiich the picture is
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transmtted wth increasing transmission
speed and resolution was chosen for several
reasons:

1. At the lower speed and with identical
channel characteristics, correspondingly
better transmission conditions are
achieved. If the channel is designed for
the highest transmission speed,
assuming an error rate of 10-3 to 10-4
at 64 kB/s, then error rates of 10-6
to 10-7 at 4 kB/s and 10-5 at 1& kB/s
result. Corrective algorithms based on
the appropriate evaluation of the data
can be implemented at the receiving
stations, taking into account the
results from the slower and hence less
error—prone phases. Such algorithms
are especially applicable when the
volume of data is reduced through data
campression techniques. In any event,
interference to blocks during
transmission don't always result in
disruption, but rather appear merely as
picture areas with reduced resolution.

2. In inplenenting the necessary nodens,
sinplifications can be applied since
initial synchronization occurs at the
sl ower speed and at transition to the
higher speed, the clack/4 is already
known, hence elininating the need for a
full synchronization phase.

3. The degree of conplexity in the
transmitting and receiving stations can
vary. A sinple receiving installation,
with a nmodem for only 4 or 16 kB/s or
| ower computer capacity, can receive
the pictures at reduced resolution. In
the ot her direction, sinpl e
installations can also process and send
pictures at |ower resolution.

4. Techni ques of data conpression are
deliberately ignored at this point,
since premature rules always result in
constraints on further devel opnent.
This would not yet be desirable,

especially in view of the project
described next.

Reception of the Picture

A receiving station will basically consist of

the following three functional conponents:

1. Receiver with appropriate nodens,

2. Conputer for picture storage,

3. Ficture display via screen and/or
hard copy.

The receiver must conform to the
requirements of the transnission paraneters.
The experinental system under discussion has
a channel bandwi dth of 200 kHz and a DPSK
denodul ator for 64 kB/s. The choice of the
hi ghest +transmission rate of 64 kB/s is
based on the current availability of suitable
conponents for ISDN nets.
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The task of the conputer is first to store
the on-line data and possibly the picture
display. It can additionally handle error
correction and picture processing. The
presently available standard PCs having a
80286 processor are adequate for the task.
A menory expansion sufficient to permt
handling and processing conplete pictures
shoul d be provided.

The direct display of the pictures by the
comput er using the currently available
graphic cards, i.e. EGA, is only possible with
reduced picture quality. Wth special cards
or additional display equiprment, all options
are open.

A specially constructed picture display
driver accepts and stores the picture data
from the nodem or conputer, and produces
the necessary signals for the nonitor.

Transm ssion _in Packet Radio Nets

The design of the data structure for digital
picture transmssion resenbles the frame
layout currently used in packet radio nets.
If picture transm ssi ons are to be
incorporated into the current nets, several
questions need to be answered and agreed
upon.

The data quantity to be transmitted is very
large and woul d conpletely disrupt existing
traffic in nost nets, Just the transm ssion
times disregarding the additional overhead
needed by the  packet radi o pr ot ocol
practically forbids inplementation at speeds
less than 9.6 kB/s. At this speed, t he
transfer time just for the pure picture data
already ampunts to four ninutes. Nets of
this type, running at even higher speeds,
will be installed on the UHF/SHF bands in the
future.

A further point is the overhead due to the
packet radio protocol. The present day nets
are oriented around datagrams. For picture
transm ssion it appears nore sensible to
incorporate virtual connection techniques.

Anot her question concerns the handling of
transmission errors. Different than for
example in file transfers, a certain error
rate can be tolerated in picture
transmssions. It therefore seenb reasonable
to use error recognition such as BCH coding
during wvalidation of the received data
rather than FCS control. The content of a
packet would then only be requested when a
perm ssi bl e nunber of errors is exceeded or
a portion of the data is m ssing, which can
be deternmined by the address data.

An_ Interesting Proj ect

During flight STS &1 A of the space shuttle
and the first Gernman Space Lab m ssion (D1},
amat eur radio was present as station DPOSL,
for which | was responsible. Unfortunately
due to the tragic accident of the space



shuttle Challenger, t he dat e for a
subsequent German mission has been
post poned, and hopeful |y not cancel ed.

For the upconming mission, we wish to have
even nore anbitious equipnent aboard, and
the digital picture transnission just
described has been specified during the
planning stage. Should this project be
carried aut, positive result5 woul d
consequently result for other applications.
This is also a reason to include other
interested circles early in the planning,
since we do not wish to perform an
experinment for only a small group. W woul d
be quite pleased if through this project a
unified standard for digital picture trans-
m ssion would result, since a mission of this
nature would offer the best conditions to
establish one.

Fur DPOSL, picture transmission equipment
will be constructed consisting of a canera,
menory for four to eight pictures, and a 435
Mz transmitter. Wen the operators aboard
Space Lab find the tine, they will take up to
ei ght pictures, t hat will t hen be
continuously transmitted in sequence, when
the 435 MHz transnmitter is not required for
ot her tasks. The transmi ssion of one picture
takes approximately 1.5 mnutes, so that all
pictures can be received during most passes.
Thanks to the addressing schene, missing
picture5 or disrupted Portion5 of pictures
can be captured and inserted during subse-
quent passes, unless the operator at DFOSL
has taken some new pictures in the interim

In total, four goals are under discussion in
the group which previously i mpl ement ed
DPOSL:

1. inproved voice communications,

2. ATV connections in both directions,

Z. packet radio, possibly with satellite

interlink,
transmission, the project
just described.

4, picture

I believe these goals have a good chance,
since besides getting some really interesting
pictures it will provide significant technical
enrichment, which is the life-blood of
0 service. But one other
proj ect = from

experimental radi
point  speaks

experience we know that

space have very

per day,

for this

the operators

an

in

little spare tinme and for
this project they only need a few seconds
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