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Some Characteristics of the Analitical Plotter System JX
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Abstract
The npaper discribss some new concepts: new methods of the
Analytical Plotter System JX (made in China), including the

system structures the development to small systems discarding
overational redundancys menu formation, user’s interface, reduced
digital map data, microcomputer-aided servo Lcgic, general
outline drawing in media of semi-conductor memory f{(keep track of
collecting process)spreliminary intelligence and etc.

By convenient with the cheapers;of higher capacity, more fast
microcomputers now the designers could stand at a more advanced
stage than the privious ones. In order to avoid non-obsolescence of
hardwares in the rapid developning process of microelectronicss and
modefication of softwares, the system should be consistent with the
development of certain series of CPU unit.A new kind of Analvtical
Plotter has been designed successfully by Research Institute of
Surveying & Mapping and Wuxi Instrument Factory of Surveying &
Mapping through 4 vears efforts(See fig 1).The Characteristics of
the instrument are as follows.

Fig 1

System Structure

A structure block diagram of Analytical Plotter System JX is
shown in fig 2. This diagram can be separated to two parts divided
by a dash Line. Above the dash Line is so called a small systems
and below it is a host comeouter.Twe parts are connected by a
common memary bcard and a RS5-232 communication Line.
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Develooment to Small System

The utilization of CPU’s efficency in previous analytical olotters
is not very high, sc a forearound terminal must be installed to
develop the potentiality of CPU.But the calculation at foregronud
terminal always disturbs the normal operaticn of background terminal
As a olotting instrument for one person, the efficency of a
expensive analytical plotter compare with an analog one is only 30%
higher. S0 a cheap airphoto collector is expected for digital
mapping in Llarge area and to set up various mar data bases.With the
development of microelectronicss this expectation becomes
realizable.Now we have developed such a small system. Its
characteristics are:

# Specialized single board computer is utilized and one CPU- for
whole system.

# 0Only one I1/0 interface board of full functions

# Full solid softwaresspecified abiect code of high guality
nearly 100KB, specified operation system

# Full Lop computation with 8087 instructions

# Microcomputer aided servo logic

When the system is not connected with a2 host computer, it
can be used not only as a general mapping plotters,but also as a
data collector for aerotriangulation, DEM and vecteor. (except
that aerotriangulation calculations DEM interpolation and vedio
map) .

The second method of development to small system is discarding
the drawing table, or one drwing bable for several collectorss or
put the table under the controt of workstation.

In this case the system is only used for data colleting, so a
video-map function is necessary. With the development of
microelectronics, video map function can also be realized at low
price.After AST-286 is installed, Small System JX can be cperated
under video-function and than visual collection can be realized. At
that time all of the data and subroutines even loop program will
be opened to customers. '

By this way.the condition for further enhancement is available.
The requirements of wusers are multi-level .After one or two vears,if
it is desiredsthe solid state software could be replaced by single
chip processor.

Microcomputer-aided Servo-logic

By use of lLoop program consisted of 8087’s instructions can bhe
much more computer time to handle the servo system> for example
coordinaticon-testing program.Neither the lLogic servoboard hardware
nor the specified processor is needed to resolve the servo

computation. It means easy manufacturing and high
reliability.Since the velocity value to power amplifier and the
encoder counts are transmitted directly through BUS,; therefore

the testing programme can be realized easily: servo ovower
amplifier board is only regarded as hardware interpolatorsor say
controlable driver of constant velocity. Programmers can calculate
out the velocity value in terms of expected coordinatessand present
position (8253), and constant value T. By inputting the velocity
to the corresponding I/0 portsthe rosition feedback Lecop is formed.
By comparision with the servo logics the position feedback realized
by testing orogram more than 300 times is discontinual "delav”
feedback., But it will be uncticed.
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To the position feedback realized by software some functions such
as over-velocity Llimitation :acceleration pre-control can be added
{(drastical change the moving direction for example).The benefits are:
#* The connecting wires are greatly decreased.
# A great amount of nardwares logics are saved.
# More or less smart cervo drivers
# More stability

Besides application of the HOLE componentssphotocouplera and radi-
ate arrangement of cables brought . The system much more advantages

Menus

A menu of tree structure regards the operator as a "passive”
dialogist.He(or she) becomes more and more muddle-headeds>and would
Llosses interest.The poeration of tree structure menu is trouble-some
You would answer n times if you want make selection being at (n+1)
level.So as to simplify the operationsto resume the operator’s and
to easy operationss the menu levels were reduced as possible .The
commands are arranged at the same level as posible as it be done.And
the same commands would probably occur at the different levels.

For example>all of the commands, provided by computer manufactures
can be opened to photogrammetrists in the mapping process:(See Fig 3
}).The benefits are below:

Fig 3

It results in:
* The combination of command seauences could be unlimited
* The updation route is shortest
* Qperator’s initiative is resumed s and the creation
desire iz available

Aftz~ a failure of innesr »relative and absolute crientations
3 partia. modefication and a fast recomputation can be carried
ishown ir fiaguyre & % 3)
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Beside the traditional softwares,the some softwars of the Ana-
lytical Plotter system JX has it’s cwn characteristics as follows:
# Preliminary intellegence
# Chinese characters
# Full-screen data editingd & parameters I/0 forms.See Fig 5 & 6
= House program: rectangular house programseaves correction
automatical close of multi-angle housesarea calculation
house infarmation table
# Precise area calculation
* Handyskey-directed automatical movement

* Perconal difference adjustment (horizontal & vertical
parallaxes)
# Inner orientation by measuring principal points only.
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Some software are developed for chinese convention (see figure8).
The general symbols at the scale of 1:500-1:10,000 are all stored
in the symbol Llibrary. The movement control is peculiar too.
Floating mark can be directed by jov-stickshandwheelssfootdisk:,
the Digitizing Boards and the velocity parameter can be pre-set by
operator on CRT.Compound movement occurs when different controls
are applied on it at same time.

Operation without Redundancy

After statistic analvyses of operator’s key operaticn, one can
found that ’telex’ transmitted has a high redundancy. This isn’t
the mistake of operators but it increases the intensity of cperation
Heres a new specification for Analytical plotters even praoposed:
Operational redundance level. For the reduction of redundant
operations redundancy. We have made a plenty of work. Firsts many
single key commands are designed. This is a sort modefication after
a series of operations on CRT» and enables users to put a seaguence
of commands under the defination of a expanded function key. Besides
thiss a futher statistic of all human’s handling operations has shown:
there is also redundancy. A lot of work has been done on it.
For instance, in process of deawing a enclosed contour Lihe or a
irregular curved line, when floating mark approaches the original
pointsthe instrument would automatically do:

* Qutput an absolute vector returning to original point to the
digital map data area.

# Release pen-up command and close the conbined pen-down

# Close time-interval sampling.

# Close distance-interval sampling or curvature fitting

all of above four functions are carried out automaticallysnon key
strike is needed.This is so-called opération without redundancys
witch is wetcomed by cperators.

Preliminary Intelligence

An interchange should exist between operator and programmers,and
the programmers should know what the operators want for. A part of
work has been completed by computer so the labour intensity was
certainly decreased. Shown in Fig 9 (Mapping menu)

»* Point-by-point DEM scanning without key operation

# Automatic return to original point without key operation

# Floating mark goes up and down automatically in DEM
scanning forecasting.

# Footdisk release when measure contouring

# Automatical footdisk release when it is necessary

% Search the mapping window automatically by a single key

# Go up and down a contour-interval by a single key
Pen head moves away and back.

# There are about 30 standard points in the image space can
be approached automatically

These so called intelligence functions are preliminary or say a
kind of test. The intelligence functions of the instrumant are
not in a linear relation with amcunt of orograms,. but in a
exponent relation.
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I == Pen down

Y == Pen wp / end @ gleran

J == Joy stick velocity adjustrert

§ ~ Wi & FD velocity ad justeent

P == Off<lire
# ®

AP == Point menu

Al =~ Drawing hachure line

45 ~» Syrbol menu

% < Up & down prograseed pen
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Ae5P~ Altitude annotation
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0 -~ Forced recording .
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Redundancy-free digital map format

During vector digitizing processsthe digital map data must be
compressed and discarded the redundancy. In other cases the map
digital mapping is immpossible. A compressed map data can be
reduced tc 1M bytes. Thnis kind of mao format is:

* Every absolutis

# Every relativs

# Every pen cods
continualtly.

* Every ASCII ccie
takes 14 bytes,
pretation cf

vector takes 14 bytes
vector takes 2 bytes
takes 2 bytes and follows-up

interpret
and serves
basic Line.

words and attribution cocde

as the the futher inter

Graohics Software and Intillegent drawing Machine

The drawindtable can be separated as a independent product.which

is a real CPU-contrelled intelligent drawing machine. Beside the
functions of normal straight Line interpolations curved Line
fittings there are scme gravhic softwares which could b2 invcked
directly by the system computer:

% P command: Decorate a point with several graphicss
in English, Chinese characters: or Arabic numerals
of its surrounding. Coordinates X Y Z» and letter
changed at will.

#» D command: complex pen~down command.D command consist of D and
followed by six ASCII codes: which define the lengths of three
intervals. AD command gives many kind of complex Llines

® H command: mark hachures with 0.01-9.9mm intervals at any

directicns in clossd or cesen poLygon.

ant set uw

sizes can be
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= F  command: mark in a closed or on=n polygon with 0.01-9.99mm
intervals at any direction. including Chineses English
characters and Arabic numerals.
*» 5§ command: mark any synmbol existed in likrary at any
position in three sizes.
* WFF: a time -saved double lins (widening) command
# W: a three-fold symbol cycles along a polygon in 1-9mm
interval:and mark anvy symbol existsed in Library along a2 normal
Line
ALl of these commonds can be used repeatly and compcoundly. So
‘a great amount of new commands can be createds among which only a
few of them are really needed .Plotting files are drastically
reduced due to the advantage of these intelligence.

Qutline "plotting”"-Display

The editing at a workstation and ths collecting process demand a
display-outline indicating of digital map.Blind collectior can’t
be acceptable. High speed processor is needed when 2 realtime
disolay of compressed digital map is reguired.
Abcut 640k memory srace is needed for storing a map at 500mm x
500mm size digital map at 0.2mm resolution. This resolution
of digital map correspounds to 40 on photo (5x magnification)
It is also acceptable for image superimposation. Under a 8 time
magnifications the line width is 0.3mm. During collecting the
information of "bit"” map enters into semiconductor memory from a
port of drawing table. (a drawing table is not really needed in this
case). The infermation of old map enters into the "bit” map by
communication after its digitizing.

Certainly: "bit™ map also can show graphics of image space: but
transfarmation (only one time) is needed in this case.

A vector display made by raster scanning has a lower performance
of realtime. But this lower performance has no effect on use. When
"bit" map developed to "bvte” maps the colors can be addsd to it.

User’s Interface

In order to accommodate the various personal characterss; a user’s
affects its commercial value. So this point must be hold in great
account from beginning to the end. At first there are some problems
in connection with application of human engineering.The next is to
model the cartographre’s actions- change the "free hand” to "free
finger”"-Digitizing Board to direct the movement of measuring mark.
In the design of grarhic Language and menusthe creating initiative
has been considered. The monctonous mapping become intereesting.
Different efficiency would be achieved by different operators.
WhiLe the capable operator demand more higher tranaparancy.
to the user’s interface.

Thuss all mapping data will be open to users in counling of
the PC-AT/XT/286/386 by serial port and common data momory. That
means PC users can get all mapping data in his own programmes.
Besides » the sub-programmes canh be invoked by PC users. At lasts
it allows the user to develaop their cwn LOOP programme on PC.

This is very useful In some particular mappings, but it should be
fast enough.
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The powerful CPU discards the multi-CPU methods as the integration

is the develcpment direction of integratsaed circuits, small in sizes
Less connection and more relibility. Analitical Plotter JX Svstem
adcots a single boards computaticn and controll being all

concentrats solid softwars(EPROM), parallel menus full screan sditing
I/Gsfull format storage of bit map.(See fig 10 & 11) The rurpocse is for
reducing the circuit boardssthe connections,the circuit Levels,the
CPUsthe keyving times. ALL of these makes the system smaller, chearver,
convinient and more reliable. With the development of microelectronics:
What a advanced Anatical Plotter will occur in the futhure.

Fig 10 Full map dispclaving of JX~CAM

Fig 11 Part map editing of JX-CAM
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