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1. INTRODUCTION

1.1 An Overyiew of_@emgntrix

Semantrix is a digital machine, whose domain qf activity (or world)
is a rectangular plane or table top,‘ (see Figufe 1.1.1 for a diagram of tﬁe
machine). Its activity in the'pléné can be instructéd from either a teletype
or a digital cpmputerQ Seiantfix and a teletype can form & stana alone
system. However, to makélfull use of the maéhine, a digital coméutef should
be used as a controller. Semantrix can thus be viewéd és a spéciél piéqe of .
‘I/d-equipment.

The maéhine's capabilitiés"iﬁ its. two dimensional world are:
1. - The ability ﬁo'éqﬁpute the position of any one of up to 6L
small‘cﬁbes that can be"placéd inltpe rectangle.

Each cube has a numericél label éssbciéted with it. It is
thus possible to instrucf thg machine to compﬁte the position of
cube N(Ne { 0, ..., 63}) by juét'handing the number N to the machine.

. The reply is a 6.octit number. This represents a unique ihtér-
section on a quadruled grid which partitions the table top. The
‘controller (human or electfonic) can also use the Ilabel to create
an associative ﬁemory which can be used to spore informatibn.con-
cerning a particular biock (e.g. color,'record of mpvements, etc.).
2. | The ability to move ény particular cube to a prescribed
poiﬁt on the table top. .This is achieved glectronechanically.

1.2 Applicatiqns to’Cognitive Systems . ' .' . - '

An immediate application for Semantrix is to test the viability ‘

of certain cognitive'maps, or world models (WM)..The-map would be stored
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Figuré 1,1.1 Diagram of Semantrix




in theAdigitél computer which controls Semantrik. Thus by referring to the
.map the computer can direcﬁ Semantrix to synthesize a particular éxample'&f
“the genefal clasg ofvthings whiéh aré supposedly modelled by the cognitivé map.
For reasons that will be outlined in Séction i.3 an intérésting
problem is the synthesis of landscape picfﬁres; fo test a WM ﬁhich attémpts
to ﬁodel a landscape picture, colored.cubes are used, and under thg coptrol
bf the computer Semantrix synthesizés a mosiaé‘landséape picture.
Tyo basic attribﬁtes are associated with each cube. One ié'position
on the table top. This can be computed b& Semantrix. The second is color.
- This ﬁﬁsf be input té the éomputér prior to.an attempted syﬁthesié. It
takes the form of a table of informa;ion mapping the cube number onto.the

colors. Typically it might be as follows:

’

Oube mumber Color -
(1) |  Rea
(2, ..,; és) | Green
| (26, ..., 49) B
(50, ..., 58) White
(59, ;.f; 6&5 ' ‘ Brown

1.2.1 Organization of WM fqr the Landscape Synthesis Problem

At its highest level the WM embodies relationship déta,'of qontéxt—
interdépendency data ﬁetweén a set of hypo£hesis which describe lower lévél
regions of the médel landscape. lThe cohtext—interdependency data reflects
constraints known fo exist normaliy in the "real world". (See list 1 for

examples. )



- RELATTONS
H H " INCLUDES  ADTACENT-ABOVE  -ADJACENT-BESIDE
SKY sov ; 1 o - | L
sky . CLOUD R ' __': - _—
SKY vt a1 5 -5
PTELD  mousE .5 o0 :" : o 0
FIELD " ROAD .5 | ‘.5' - .5
_ROCK  FIED | ;1' 0 -.5

BINARY INTERDEPENDENCE RELATIONS of the form (Hl)(RELATION)(HQ).

Values frdm -1 to 1 range from "strongly denied" through funcértéin" to
"strongly affirmed"; "-" meaﬁs "valué is redundant"'since thé relation is.
superceded by another (e. g. "includes" supercedés "adjacency" in some éésés
above). |
List 1. YExamﬁles of ContextAInterdependéncy

A straightforwara example of. & strong constrainf is that of "SKY
includes SUN". Hence creating two regions of mosaic, one of which was
labelled SUN aﬁd the other SKY, %ould be done sﬁch that the SUN was contained
in the SKY. o |

An example of{a Qeak éonséfaint i; hSKY adjacént-above WATER",
meaning'that if the hypothesis péif (SKY, WATER) have been created, then it
is desifable to place SKY .adjacent to énd aﬁovg WATER, Howéver; this is‘not
nepessary;and it may not be éivenJéféégdence if it causes confliét to occur
in another step of the synthe;is. Aflthis~;oint it may seem that fhe éoalA
of the synthesis may be expressed in purely deterministic terms, that. is

)

to maximize the sum of the binary interdependency relations in the mosaic.




This is nof quite the case, as it would imply ah_optimum landscape. Clearly

this is in some sense unrealistic, as there are many scenes that could be
called lendscapes, many of which hay even.have joint membership in other
categories of picterial scenes. The goal of the'synthesizer is better eipressed
in nondeterministic'terms by saying that, after a large number_of syntheSes,
it would be expected that some scenes would occur frequentiy, some less fre-
quently and some of the possible 6k4! permutations of the 64 cubes never at all.
At a lower level in the WM, information about all the- p0351b1e regions,
that can be hypothesiZed exists. This information is ;n»the.form of a list
of all the p0581b1e major reglons thought to be found in a iandscape and all
the possible subreglons that are thought to occur w1th1n those’ maJor regions.
(See List 2},

OPEN REGIONS - INCLUDED REGIONS

1. SKY . : SUN, CLOUD

2. WATER . ‘ BOAT, ISLAND

3. FIELD : HOUSE, TREE, ROAD
4.” 'ROCK : :

5. QVERCAST. SKY - BLUE PATCHES
6. ICE~SNOW HOUSE, TREE, ROAD
T. SAND ; ROCK, HOUSE

List 2. Regions
At the lowest level invthe WM the regions.are descfibed_in,terms
of the -cubes. That is the color of the cubes and the bounds on the number of
cubes constituting any particular type of region.
By specifying the nﬁmber of cubes in a region, the cubes positions
on the quadruled rectangle are indirectly specified. Hence this model is based
solely upon two physical attributes of the cubes. One is color, the other

is position in the rectangle. Since there are only a finite number. of



meaningfﬁl statements that can be generated about léndscapes based on two
attributes, more sophisticated models would be based on a grgater nﬁmbér of:
physical attributes. Hence the building Blocks in sﬁch a synthésis would
also have to be mére sophisticated, than the cﬁbes use in Semantrix.

With this in mind a more sophisticated model can be constructed
by incorporating inconceivable factors,  E.g. Information concérning thé
ciimate that is to be associated with the synthesizea scene could bé incor—
porated. This would prejudice the synthesizing process, so that épecifying
an artic‘clgmate would increase thé frequency of scenes having iarge white
regions in them. |

1.3 The WM Concept

Chapter 1 will be concluded with a brief introduction.to the WM
concept. |

The WM concept.ié an attemﬁt to incérporate‘into a cognitivé systém
a prescribed data strﬁcture (called thé cognitive map) that will enable thé
cognitive system to exhibit intelligent beha&iour.

-A general system'theoretié model for .a cognitive system is shown
in Figure 1{3.1 The cognitive system partitions into two parts. A modél of
the stimuli's world (the WM) and a cognitive élgorithm which interprets the
stimulus under the control of the model. Together they are called a "cognitive
memory", since.they perform static data storage together with dynaﬁic
recognition of stimuli. Th¢ output of the cognitive memory after it has
been excited by a particular‘stimulus,is the interpretation. This may be
characterized as a type of algorithmic association of features of the stimulus

to features of the map. "Understanding" would be. 'a bolder descéription.,
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Semantrix is an attempt to test the fidelity'of the type of pxe—:

scribed data étructure (i.e. a WM) that might be uséd invsuch a cognitive
system.
In the pasf it was generally accepted that the WM could be‘geﬁerated

by the now claséical techniques of learning theory. TheseAére a collection .
of stqtiStic;i‘te;ﬁniqués fof learning distributionézfrom paradigms, that

have long been #nown to people interested in signal prqcess;ng ciassific&tidn
and statistical estimation. In man& cases it Qas.found that the model learnt
by. such metﬁédsZQaé?ihvsoﬁe éense adéqpate. HowéVer in many othéffcases this
approéch bréke'abﬁn; |

AsAan e#ample take the identifidétidn of a particular.electronic

network, say a flip-flop. The input tq‘thg system éan be a circuit schematic.
Under control pf the WM ﬁhe cognitive system must idehtif&'those drawings

whicﬁ represent fiip-flops. Dis£inguishing_circuit_ébmppnent§ using a WM which
_is-learnt from a training set is quite feagiblé;' identifying configurations
of'these.compoﬁénts whicﬁ are fIip—fléps can only béiéccomplishéd if the WM E
incorbbréteé'éome preécribed syntétic descriptioﬁ.of a flip-fiop, which uses-
the circﬁit elements as terﬁinél‘symbo;s; Anotﬁér ékaﬁplé where statistical
models prove inadequate, is‘mode}ling natpralmscénes. The constituents -~ colored
~regions in the case of Semantrix - are éasily discérﬁable, but to be effective'
ﬁhe WM mustlembody the semantic st;ucturé of such a class of scenés; in other
wérds, reflect the constraints of our universe. The shortcomings of the
statistical approach can be bvefcoine, if the constraints can be identified

and ihcorporated into a WM,
Work on natural scenes using Semantrix is an attempt ﬁo identify the

semantic constraints and incorporate them into a WM; hence the acronym Semantrix.




The notion of a WM is relatively new to the sfudy'of artificial cognition.
Two of the most récent paperé to discuss this concept in depth are given in

References 1 angd L.
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2. A SYSTEMS DESCRIPTION OF SEMANTRIX °

In this section a general description of Semantrix is presented, at

a system theoreticél level. The details of the implementation are deferred

until later sections.

The
1. The
2. The

30 . The

system divides into three separate subsystems (see Figure 2.1).
control logic.
electromechanical hand-arm system for manipulating the cubes.

cube locating system.

2,1 The Control Logic

The

control logic interprets commands input through its single

bilateral data channel. The design and operation of the contfol logic is

discussed in dgtail in_Section 3. Here it is sufficient to remark that the

commands interpreted by the control logic can result in three types of

response,

The

firet of theoc io the response tu a comwand whilch 1s syntatlcally

incorrect. This results in an error message being output along the bilateral

data channel.

The

second of these is the response to a command to move the hand-arm

limb in one of its four independent motions. When a command to move the limb

has been interpreﬂed and then achieved, a completion message is output along

the bilateral_data channel.

The last tybe of response is a command to locate a specific cube

(specified by number) on the quadruled'grid that partitions the table top. A

'six octit ngmber which uniquely specifies the grid square over which the cube's

center rests,

is output alongvthé'bilateral data channel.




2.2 The Hand-Arm Limb

11

The four independent motions of the hand-arm limb are shown in

Figure 2.2.1. The hand can be moved to any one of 2

9

direction and any one of 2

table top is 36 inches square (see Figure 1.1,1), so this represents a linear

preecieion of:

That is,_the_motion of the hand conforms to a quadruled grid ﬂaving a grid
spacing of 5/6L" in both x and y directions. To eliminate positional error
the x and y motions are achieved by using a "torque proportional to error"
closed loop'serﬁomechanism. The block diagram for this subsystem is shown
in Figure 2.2.2. The detailed discussion of the subsystem is left until
Section L. Howevér, a few remarks will bélmaae in passing; First, £hé des-~
cription of_fhe servomechanism derives.from thé type of motor used. - This
-generates a torque, propartional to the driving voltagé. The driving voltage
is a measuré of the difference Between thélactual position of the hand and
the desired position of the hand;‘it thus répresénts a measuré of error from
the hand's aesired posifion.' Hence the phrasé “torqué.proportional to error".
Second, the input to the éervoﬁechanism is in digital form (the‘
conpeﬁts'of & 9-bit register), which haé‘£oAb¢ convérted to analég form to be
compatible with the servoméchéniém. The Eonvérsion is done by a standard D/A
converter, which intréduces a possible 19.05%:of FS errSr. fS.in this casé

corresponds to 80 inches., Therefore, the error is given by:

+ 2 2
= Toooo X803

L
2

'x

5 1

2

positions in the x-

positions in the y-direction. Thé rectangular



12

Bilateral
Data Channel
> ~ Control il
- l Logic __l
' Hand- CUbe‘
Arm - -
Locator
‘Subsystem |
Figure 2.1 Syspem‘Block Diagram
Arm Hand 2 Positions
~ L 4 V- Motion { Raised
\ \. C quered
X-Motion / \

-

F-Motion

[ 2 Positions Fingers'
Open /Closed ‘

Rectangular
Table Top

-Figure 2.2,1 Motiéns of the Hand-Arm Limb




9-Bit
Coord Reg
-:L_1 - Offset-Voltode Arm
10-Bit D/A / Adjuster | | v -0V +l0v
Error Voitage .‘ ﬁ '
| ‘ '5/ _ 1 < | |—® X-Motion )
i > - Motor A | Helipot I
L—.‘J Pos‘ition/

SN52741

Screw Thredd ‘D_rive '

Detector

‘7 .

‘Figure 2.2.2 Block Diagram of the Servomechanism

€T




1k

that is; half the grid .pitch. This is acceptable, as will be seen in later
analyses. The other source of error in the x and y positions islintroduced
by the error detector (see Figure 2;2.2), which is realized by an operational
amplifier. Here the null boéition is thé main concern. For correcf operatién_
the offset voltage should be zero. This can Be achieved by using én operational
amplifier with an offset—voitage null capability. | . |

The electromechanicél hand has two more motions, the F-moticn and
the V-motion. Both of these are trénsition ﬁotions between two stable posi-
tions. The F-motion refers fb £he motion of the mechaniéal-fingers on the
hand (see Figure é{2.l). These hafe two stable positions: ‘open" and "elosed",
This motion enables the hand to grasp the cubes on the table top. The V-motion
refers to the vertical motion of the hand's subassembly, containing the fingers.
The two stable positions are "raised" and "iowéred". Once the cube has been
grasped by ﬁhe‘hand's fingers, this ﬁotion enables the hand to raise it clear
of other cubes that mighf.be lying on thé pable; By initiating motion in the

x and y directions the cube may then be transported across the table top.

2.3 The Cube i.ocating System

The cube loc;ting system is depictea in Figure 2.3.1. The 64 cubes
available to Semantrix are uniquely idenpified by a 2 octitlnumber on the
range OO8 - 778. To;locate a ﬁarticular cubé-its_number is inpﬁt to the con-
. trol logic through the bilateral'data channel; together with the appropriéte
-instruction (see Section 3.1 for instructién forméts). The instruction is
"interpreted by the contrél logic, and aé a resuiﬁlﬁhe 2 octit number is
handea to the locé;iﬁg system, together with é start signal. The start signal

enables the power transmitter (see Figure 2.3.1 (a)), which begins radiating
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electroﬁagnetic energy from an inductor.. The inductér is formed from'a single
loop of copper which runs benéath the periméﬁér of the table top. It also
formé, together'with some capacitors, thé tank circuit of the power transmitter,
-thé details of wﬁich are discusSed in Section k.-

- The energy is radiated for 1 ms;'then the transmitter, aufomatically
shuts off, Thé cubes contéin a receiving coil whicﬁ,'in effect, forms a
loosely coupled transformer with t£e loop of fhe transmitter. Capacitors in
each cube store the energy they receivéAduring the.lmsvfadiation period;
then‘subséquent to this pgriod, they dischargé their stored energy at‘a pre- -
determiried tiﬁe. The.discharge is through another.inductor which is wound .
on a cylindrical férrite core (see Figuré 2.3.1 (b)). This results in a pulse
of electromagnetic flﬁx coaxial with thé,ferrité core.. The detailed design
of the elecﬁronics in the cubes is.diScusséd in Section 4, However, it
should be noted that'tﬁe cubes aré passive; that is, they have no local power
‘supply but derive all théir operatiﬁg'power from the power transmitter.

The ﬁulse of ﬁagnetié flux'praduced by each block is normél to the
table top and is detected by a matrii of coﬁductors which is jusﬁ under the
surface of the tablé top (see Figure 2.3.1 (c)). The construction of the
matrix is shown ih4Figure 2.3.1 (d). Theré are two §éts of 89 loops, whicﬁ
are etchéd onto oﬁposite sides of a printéd Eircuit board, at right angles
to‘one another. The loopé are open at bneAend so that a small potential
differencg ié induced between the ends of any loop if the flux th%ough the
loop changes. This iﬁduced voltage is senséd by a'fhreshold circuit (see
Section 4 for details of the thfeshold éircuité).

The table top is partitioned’into é matrix of 89 x 89 0.L"

square cells or quadruled grid, by the orthgonal loops. Hence, the flux
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change producéd when each cube réleases its stored énergy will be seﬁsedJas
. having occurred in one of the 8§'x 89 sguare cells (assuming of course, that
the cube is on the table toﬁ). Two threshold circuiﬁs, one from ﬁheAx group
and one from the y group, are thus activated wheﬁ each cube.releases its
stored energy. ‘There are 89 threshoid circuits in bpth the x ahd y group. The
89 output lines of each group are encoded iﬁté T bits of Gray code by a diode
matrix. Thus the position on the quadruled grid of the center of each cube
is encoded into two 7 bif Gray code numbers; one'representing the x coordinate,
the other the y coordinate,

o In order to distinguish fhé cubés; the point in.tiﬁe.when,they
release their stored energy is mgdé uniqué. This time out, bétweenlthe termina-
. tion of power tfansmission and the rélease of thé stored energy in a cube,
is governed by an RC time‘éonétant. AEach cube has a different time constant
which is chosen so that its timerut is re;atéd to its.code number N (0< N.< 63)
by the following equétion: | |

Toup = (N-128 + 64)us

(Recall that each cube has associated with it a unique two octit number on

the range 008 - 778 = Nlo). The time period after the power transmission can
be regarded as being divided into &4 time slots of 128yS each (see Figure
2.3.1 (a)). Cube N will then be expected to reply in the (N + l)_th such time

slot. As impiemented,'the instruction to locate a block will reqﬁest the
coordinates of a specific cube, N. In response to this the control logic enables
the inputs to the buffer register, which receives the two 7 bit coordinates,

during the Nth time slot only. Hence the coordinate buffers contain either

two T bit Gray code numbers,-representing~th¢ position of cube N on the table
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top, or, if the cube is not on the table top, 0. The control logic output
the contents of this buffer in a prescribed format (see Section 3) through
the bilateral data channel.

Since there are 64 time slots the T

OUT'for cube N = 63, ﬁhe worst

case, shouldAbe within +0.8% of its normal value over the normal operating

temperature range. T

oUT is a linear function of the RC time constant, so it

is necessary to use resi;tors and capacitors'wiﬁh the above degree §f tempera-
ture stability to form each cubes timé out generator. This is not a &ery
difficult or expensive specificatién to satisfy. In fact, thﬁs worst case
analysis is only true for N = 63; the tolerance progressively loosens as N
decreases. For ﬁ = 0, the tolerance is +100%. |

Two more points shouidlbe mentioned before‘concluding the section.
The first concerns the use of Gray code to encode tﬁe)x and i positions.

It ‘is possiﬁle.that two.adjacént loops in either tﬁe x or y direc-
tion may detect the same cube's:reﬁl&. Hencé two input'lines on one of the
8Y-to-T7 line encodes would be activated at once.. The result would be as
follows:. consider tﬁo adjacent input:lineé that wéuld normally encode as

A= aéasahaBagalao

and B b6b5bhb3b2blbo
When they are activated simultaneoﬁsly the resultant encoding, C, is given
by the bit-wise logical OR of A and B.

C = c6c5chc3c2clco

where ¢, =a, Vb, i=0, ...,6
i i i _
If A and B are in Gray code, then € = A, or C = B, since.adjacent Gray codes

differ in one bit-only. Had Arand B been in a normal binary sequences the above

would not be true. Consider:
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Normal ‘ .'iGray

A= 0001000 UOLLO0

B= . 0000111 0000100

théﬁ - C = 0001111 '_' CO01100

:.ﬁjAﬁeing the éray code approach the 155§ in precieion of<the cube's
eenfer is:hele at. +0.4", ‘The fingers of the hand ere desiéned to accommodare
this‘degree of uncertainly. | | |

The second point to be mentioned concerﬁs the precision of the hand's
motien, To place cubes adgacent to one another requlres high prec151on in the
mbtioﬁ of the hand, Between centers two adJacent cubes dre 2" apart 'The
hand moves in 1ncreﬁents of 5/6&" therefore, it is poss1ble to place two cﬁbes
within 1/32" of each other. Thls tolerance_also-allows for the uncertainly

in the hand's motlon.-
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3. A LOGICAL DESCRIPTION OF SEMANTRIX

In this section the design and operation of the control logic is

described.

Semantfix is inteﬁded for use in a logical systgm; such as the one
showﬁ in Figure 3.1. 1The'system comp;isés:' . o |
| 1. éeﬁantrix tS)

2. A teletype (T)
‘ 3.: A data prscessor (b)

As was mentioned in.the iﬁtroducfioﬂ; éeménfrix Céﬁlforﬁ a stand alone system
with just thé teletype.r This.ié aéﬁie&ed, in a system such as the one shoﬁn in
Figure 3.1, by méving the SWitcﬁ-td %hé D pésition, thus putting the‘system
into direct moae;d However;'thig should only.be regaraed as a testvmode, in
which the logicality of'Semantrix’control logic may be tes£ea. In order fo
operate the méchine in the type of experiments outlined in the introduction,
the switch must be moved td pos;tion R, putting the system into remote mode.
In this mode the data processor instructs the controlvlqgic of Semantrix,.and
the teletype is used to initiate the I/0 subroutines in the data processor,
which handle the data flow to and from Semantrix. Furthermore, the storage
ability of the data processor provides a. residence for any model or cognifive
map. The complete assemblage forms a cognitive system, as described in the
introduction. |

Thé double pole single throw switch which cénnects Semantrix to the

data processor or directly to the teletype also switches different clock genera-

tors into the clock bus of the control logic. In direct mode a 110Hz clock.
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Figure 3.1 Semantrix as a System Components




drives the clock bus. This is compatible with the 110 Baud data rate of the

teletype. In remote mode as fast a clock as is compa@ible with the data pro-

. '

cessor should be used.

3.1 The Instruction Set _
. L . .
Before the control logic is examineéd in detail, it is necessary
to give the instruction set that is interpreted by Semantrix. All instructions

enter the bilateral data channel of the control logic in_seriél form, each

character being in standard teletype format (see Section 3.3 for details).

-

Replies generated by Semantrix are output serially‘along the bilateral data
channel, also ;ith each character in standard teletype format.y Fof’the;pur-
pose of discussing the instruction set it is sufficient.to consider. that the-
instructions are input through a'teletype, and that the replies are received
by a'teletype. When this is not in fact thé_casé i.e., when Semantrix is
connected tola data précessor, tﬁé samé fomat:is preserved, but the data rate
is considerably incréasedgﬁthg’aéta ﬁrocésédr is "programmed to have the‘I/O
characteristics of a teletypé.' Thé bilateral data channel is the nermal
‘type used go communicate with the ASR33 Telgtypg, and is sometimes referred
to as a half-duplex channel.

There .are four types of instruction that can be input into
Semantrix, discounting incorrect ones.

3.1.1 Type 1 Instructions - ' .

These instructions are used to requeét,the coordinates of any block.
"Send: N mn Rt . The letter N followed By two octal digits m and n
‘is typed in through: the teletype, together with the

- non-printing charac%ern"carriage return" (Kt). Recall
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that each of the 64 cubes are sﬁecified by a unique
' numper mn which lies on the range OOé - TTg- A reply
is generated by Semantrix, which produces the following
" result étTthé'ﬁéletypé; |
. Receive: LT x2x1x0 y2yly0 Rt Lf|Lf E Rt Lf |
The non—prlnting character "1ine feed" (Lf) is sent
from Semantrix to the teletype followed by a six octit
number which uniquely determines the cube's ~p951t10n
- on.ﬁhe guadruled grid. Recall that the grid partiﬁiohs'
:fheltéble top into 89 x 89 sQuareé, hence XX, Xq OF
: yeyiio lié in‘on the rangé 0018»— 1318'. In the case
whgre a cube is not on the table tbb x2xlx0 and yeylyoé
0008. The non-printing characters Rt and Lf terﬁinaté‘
the reply; caﬁsing,thé télétypefs'carriage to be
returned to its left most position on a new 1ine.
‘ if thére is a fréﬁsmission érror betwéep the teletype ;nd Semantrix, -
6r if fhe instruction input through thé télétypé is syntatically incorrect a
sfandard.error meésgge "Lf E Rt Lf" is generated by Semantrix. and received
‘by the teletype. The allowed formatslthat'thé instruction "N nm'Rt" can have
Wifhout being rejécted by thé qontrol logic gnd causing an érror‘message to

- be output is,discusséd in Sec¢tion 3.2.

3.1.2 Type 2 Instructions
These instructions are used to move the hand-arm limb across the table
top. Iﬁ was seen in 2.2 that the x and y motions Were'subdividedlinto incre-

mental motions of 1/29 of FS. Hence to specify a point to ﬁhich'the hand should
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move, the two 9 bit numbers must be used. - For convenience octal notation is used,

which means a six octit numbef mﬁst be input to Semant#ix.‘ The instruction

has theﬁféllowing form:

Send: C xeilxo ygylyo Rt. |
A C is typed . in féllowed by a sii pctit number;
wﬁiqh is.on.the range: 'QdOQOOS ; 7777778.; A non-
printing carriageAreturn.délimits the.message;:
Twé possible reﬁlies4r§sult. |

Receive: LF E Kt LF|Lf Bell |

o The first of these denotes a syntax error as betore.
The sgcondvis nénprinting, and causes the teletype’s
- ’ beil'to ring, indicating_fhe instruction ha; beén

executed by the control logic.

351'3 Type- 3 Instructions
"+ These instfuctions arelused to lower.and raise the-hand. .
Send: L'E Rt|R E Rt The” first iﬁstruction ioweré.the hand, the second
| raisés it.
The possible replies are the same as for type 2 iﬁstrﬁctions,-and they have
the same meaning.

3.1.4 Type k4 Instructions.

These instructions are used to open and éloée the hand's fiﬁgers.‘
Send: E O Rt|E 1 Rt The first instructions opéns the fingers, the second
closes them. . .
: once'again,,the possible ‘replies are the same as, for Type 2 instfuctions, and

they have the same meaning.




3.2 The Input qumat

The 4 types of instructiong can- be inpﬁt through a telétype in
various-types of format. With certain.limitétions the strings pf charaéter%
which represent instructions cén be interéﬁgfsé& with any sequenée'df blanks
and other characters.

The following is an acceptable type 1 instruction:

¥ % 3 ¥ D ¥ Rt
where ¥ can be-thelnull string or any stringvof teletype éharaeﬁers. The
only restriction 6n the stars is that they do nof contain,anotherjallowed'
input sequence. Formally, this limitation'can be described in a recursive
fashion. If WV, ¥ Wi i.. W RG is an allowed input -
sequence and

W= AR .,.'wr

~r+lwh P

‘Then the input sequence

wlw2 oo errwr+1 e wnRt

is allowed iff the set of sequences given by -

&Wr X Ar‘X r+an X Rt} - Wlwz N WrArwr+l

ees W Rt

S o)
are not. Where the * 0pefation denotes the set of all:sﬁbéeté with order pre-
served. E.g. if A = {a, b, c}

# o o
A ={a, b,'c, ab, ac, bc, abc}

whereas if A = {b, a, c}
* ’ :
A ={a, b, ¢, ba, be, ac,.bac}

The X opefation denotes the Cartesian product.
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For exémple, if N329Rt were input it would be accépted and yould
be taken to be fhe same as ﬁ 32 Rt. But N 32.EO Rt wéuld cause an error mes-
sage togbe printed out, because N 32 Rf‘and E O Rt are both allowable. The
dén't—care assignment 6f the s£ars“allows an exfended mnemonic facility aﬂd

a flexible input format.

3.2.1 Extended Mnemonics
The following are examples of the extended mnemonic facility made

available by the flexible input fbrmat.

Type . - ~Essential U Extended

1. N36 R . NUM 36 Rt

2, ¢ 142 613 RT COORD 142 613 Rt

3. L E ‘RtIRE'R‘t . LOWER Rt|RAISE Rt

L. E 0 Rt|EL Rt OPEN 0 Rt |CLOSE 1 Rt

3.3 The Control Logic

Having discusséd the sat of'instructions together with their allowed
formats, the organization of the control légic thgt interperets them can 5e
described.

Figure 3.3.1 is a block diagram of the control logic, depicting
the signal flow between the‘combonent parts of the logic. All logié is imple-
menfeq iﬁ Texas Instruments SNT4 series TTL. The design guides and a discus—'
sion of the circuit limitations are to be found.in References 3 and 5.

The heart of tﬂe céntrol logié is the 11 bit by 16 wérd sequential
read -only memory (SROM). In each of the 16 words an il bit character in stan-

dard teletype (TTY) format is stored. For details of the SROM contents see
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Appendix B. Thé standard TfY'format'can be described by the following bit
string: |

OXxXoCoXX111. -
where the 7 X's are an ASCII character.

Eaéh‘word in the-memory is .output in'a‘bitfwise serial fashion,
under the control of the bit sequeﬁcing circuitry, which is basically a modulo;ll
c&unter and decoder. The counter counts cloék pulses from the'Syétem élock.
The waveforms are shown in Figure 3;3.2; note the glitch that occurs after
the count 10 pulse from the’decoder.~hThis is used to reset this and other
-'countérs'in the system.

| The output of each individual memory'location‘can be inhiBited by
'suitable signals from the MA (memory address) and Mode logic. The Mode logic
. is in essence a flipflop which indicates whether or not the control logic
is in the receive node or the transﬁit'modé} ‘When thé'éYStem is in thé
receive mode none of the memory outputs aré inhibitéd and the action éf the.
bit sequencing iogic is ﬁo output all 16 characters from the SROM simuiﬁane—
ously,

This facility is used to identify input TTY characters.: The falling
edge tﬁat begins every TTY gharactér éimultaneously'starté‘the'bitHSQQuencing
circui£ry and symchronizes the clock-(séé Figuré 3?3?2);” The charactér-is
broédcase to .an array of 16 bit-wise character detecto;s where it is compared
simultaneously to each ofAthe 16’characters output from the SROM in a serial
bit-wise manner. In this way input chéracteré are classified.

In order to interpret input”ihstructions, it.is'neéeééafy to be

able to identify certain strings of characters. This is achiéved by using
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ucharacter_mse ;det"ec{;'éfs SM1, SM2, SM3 and SML-(see Figure 3.3.1). There
are 4 types of'instrﬁctions'(see Section 3.1); SM1 detects type 1 instruc—
tions, SMé tyﬁéle,‘etc. . In the instance of a string of characters not being
idéﬁtifiéd-by;éhy‘of4theﬁk charactef—wise detectﬁrs, thé machine is put
info-transmitjméde and an error message is tfansmitted down the bilateral
daté'chanﬁel. This‘corresponds tq a message being syntatically iﬁcorrect.

Once a character-wise detector has accepted an‘input message as
an allowed instruction, certain action must be taken; e,g. move the limb,
locate cube number N, etc, This is done in‘the following fashion. ﬁach
charactér—wise detector has slgved to it an intérpretive chgnnel which oper~
étes asynchronously to it (see Figure 3.3,1). When a message has been
accepted by a chafacter-wise detector, .it sets the channel flag of the channel
which is‘slaved to ityahd pésses prescribed informtion to the channel for
interpretation and eventual use at the output end of the channel (the output
~end might drive the limb's motors, etc.).

Tﬁe channels. also return coﬁpletion signals, when the action required
by the inﬁut messége has been effected. When a channel flag is set it
inhibits ahy iﬁput.through the biiatéral data channel by means of a set
of_OR gates inffhe iﬁﬁefféEe circuitry. The completion signals fesef the
channel flags, piaée'the;maéﬁine in the transmit mode and initiate the out-
put of a reply messagg,éiéégifhe bilatéral data channél to the TTY or data
Prpcessor.A | o |

The retransmission of TTY characters along the bilateral data
channélAalso‘mékes_use of the SROM. Naturaliy the only characters that can

be. retransmitted are those contained the SROM. When a channel requires to
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output a string of characters, it sends an appropriate signal to the MA and
Mode logic, which sets the machine into the transmit mode, thus enabling
the output path of the bilateral data channel. It simuitaneously inhibits,
through the”memory:address logic, all the outputs of the SROM- except that
of the first character in the requlred string and 1n1t1ates the countlng
sequence in the bit sequencing logic. The flrst character of the reply
message is thus output. The connt 11 glitch generatediby the bit seqnencer
is used to reset the mode of the;machine to receivé; .The mode remains‘
unchanged until the ruxt asynchronous signal comes from the channel request-
“ing the ontput of the next character in the reply message.
When the error:roﬁtine‘is tnttdated dde to atdisallowed input string,
all the channel flags must be reset together with the character—w1se ,
- - . b
'detectors, some of whlch may have been in the mlddle of acceptlng the input
istrlng. Furthermore, when one character—w1se detector ‘has accepted a strlng
1t must reset 1tself and the other three character-w1se detectors; since the
'other detectors may be in'a state of partial acceptance.llThe error routine:
. generates.its reply in;theAsameffashion;as the channelshand is complete with
a flag'so it can be regarded asﬁbeing pseudo—asynchronous;.

Figure 3.3.3 shows the asynchronous flow;or signals from the main
logic to a channel. There are four channels which:communicate with'the main
loglc in an asynchronous fashlon. These.are channei 1, Which is responsible
for cube location; channel 2' rhlch controls themr;y motion of the hand;
channel 3,. which controls. the up/down motron of the hand and flnally, channel
4, which controls the open/close actlon of the hand?s fingers. All of them

Sow

- communicate with external devices which are time independent of the control
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logic's clock. (E.g,'channel 1 is dependent on the'timing requirements of
the power transmitter.)

The reply message is not generatédAdirectly by each of thefcﬁannels
2 through‘h; sinée it is the same for each, nameiy Lf gell. This task is
delegated to chanﬁel 5, which upon the receipt of an appropriate pulse from
any one of channels 2 thrbugh i will qéuse thé retransmission of the above hon—
printingvcharactefs. Channel.6 is the pseudoasynchronous channel thch .
generates the error message Lf E Rt Lf, dnée-again the output of the char-
acteré Rt Lf is not done directly by channel 6 since this pair of'charactgré
.alsd ferﬁinates the channel 1 output message. Hencé it is ﬁore economical
in terms of logic to delegate the retransmission of Rt Lf to another channel,
in this case ghannel T which is activated by a suitable pulse froﬁ either
channgl 1 or channel 6 (see Tigure 3.3.1);

Several points should bé noted. First, the SROM has a dual role.
In the receivé mode'it is used in the séquential Eit-wi$e analysis of incomihg
TTY characters to the coﬁtroi‘logié. in the tran;mit mode it is used as a
normal ROM to access data (in this qasé TTY characteérs) that is to be serially
output. The second point to note is that thé'machine readily décOmpoées into
é series of submachines. There is the,SROM with thé MA and Mode logic. Then
there are the bit—wise'éna1YSers. Finally théré are four submachines (SMl;.
SM2, SM3, and SMh) and<their>depéndent chaﬂnéls; which.perform the character-
wise apalysis and interpretatidn. This'simple decoﬁpdsition of the control
logic makes debugging easier through réplication of design techniqués and
also épeedsAthe basic system design., The third point to notice ié that the use
of‘asynchrénqus channels permits the use of any speed of clock in the main

logic. Each channel is slaved to the time of operation of the external device
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that it' controls, but since information -is exchanged between the main

logic and the channels asynchronously, the main logic is time independent
of the external devices. It is, however, dependent upon the data rate
used on the bilateral data channel. If g TTY is-at the other end this is -
110bgud; if a computer is .at the other.end the data rate should be con-
siderably higher. The .last point to notice is that £he system clock'isv
synchronized by the falling edge which begins each input character. Hence
the clock need only maintain its synchronism for 11 clock cycles (the
number oﬁ bits in a TTY character)..‘This relaxes the requirements on.

clock fréquency drift. A drift of i?% is acceptable.

To complete the description of the. system logic,)a detailed dis-
cussion of some of the various boxes shown 'in Figure 3.3.1 follows, beginning
with the system clock. The logic convention uséd in logic diagrams is
MIL-STD~806B.

3.3.1 The System Clock

The légic diagram of the clock board is shown in Figure 3.3.1.1.°
Two élocks are on the board.:  One operatés at a frequency of 110Hz to be
compafible with the TTY, the other at a frequéncy compatible with the data
processof used to control Semantrix. The state of ‘the flip-flop (FF)
determines which clock drives the clock bus, and it is set by the Remote/
Direct mode switch disguésed in Section 3. SNTLLO NAND buffers are used to
drive the clock bus. The operation of the clock itself, which is built up

from standard TTL SNTL05's is quite and is dealt with in Appendii A,
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3.3.2 The Bit Sequencing Logic

" This is diagrammed in Figure 3.3.2.1. A h'stagé ripple counter 4
(the SNTL93) is used to couﬁf'the clock pulses, and a 4-to-16 line demulti-
plexor is used to déche the output of the countér. |
| Using a ripple copnter can lead to hazards'in.any.éombinatqrial
logic dfiven by the-gounter, becagée‘ofAtransition states that the counter
can cycle through in.goiﬁg"fréﬁ Sqé-étate to another. To illustrate this
' point cpnsider‘thebfol;oﬁing state éf fhe’counters;FF'si
| DC ﬁ A | |
0011
Upon receipt of a clock pulse teo FF A:the‘neitlstaté shéuld bé;
b CBA | | |
0100 |
In fact the following cyclé,oécufsi |
DCBA | |
0011
v
0010 S
¥ Transient, unstable states
0000 :
v -
0100
In ather‘words, unwantedAdutput fulses-occur on the count one and count
" zero lines of'fhe decoder. |
In the control -logic six count lines are utilizéd;Acount 1;
éount'2, couht 3, count 9; CSunt 10, and count ll;‘ It can be seem from
the state transifion diagram fof fhe ripple counter in Figure 3.3;2.2,

that 9, .10, and 11 never occur as unstable states; -hence, no undesirable
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pulses occur. on the count 9, 10 and 11 lines. The same can be said

of 1 and 3, but not our count 2 in however, count 1, 2, 3 are all used.
with the system clock as a strobe, so - that occurrences of count 2 pulses due
‘ to unstable transition states are masked The transition of partlcular interest
is that between count 3 and count L, when the count 2 state occurs. in transi-
tion:‘ Here the counter cycles through count 2 and count 0 before settling at
‘the stable‘state, count L (see Figure 3.3.2.2)._>The FF's change state on the
falling edge of.the incoming clock pulses; hence, the unstable count 2 state
above will not be concurrent with a clock pulse (unless the system clock is run
at a fste near to the maxinum speed of operation of.the'SN series logic).
Hence its'output is masked,'since pulses on the count 2 line of the decoder
are strobed by the clock at their p01nt of appllcatlon.

-There is another reason for stroblng the count 1, 2 and 3 outputs
of the decoder, be51des eliminating the. effect of the count 2. unstable state,
and that is connected with allgnlng the 1nput of data to channels i, 2, 3
and 4, It is discussed in Section 3.3.h‘and Sectlon 3ﬂ3‘8'
3.3.3 The SROM

This -is constructed from 16 SNT&;SO multiplexors (see Figure 3.3.3.1).
: The operetion of the SNTMISO.multiplekor can be described hy the Boolean |
equation:

W= S(ABCD EO + ABCD El + ABCD E + ...+ ABCD Els)

An eleven bit TTY'character is hard wired into EOE1E2 ‘e ElO and

the b1t sequenc1ng is done by applylng the ‘modulo-11- counting sequence to the

A, B, C and D inputs of each multiplexor. _Blts E., through E

11 are not used

15
S0 they are left floatlng. Each ‘character nay be accessed by starting the bit
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sequencing counter and bringing the strobe line low. The 16 strobe lines are
used in memory addressing, and are controlled by the MA and Mode logic.
To store the TTY character "1" shown in Figure 3.3.3.2 the follow-

ing permanent connections are made:

:_EO'='H B, = H Eg =1L
El =L ES QFL E9 =L
Bp=H  Eg=L  Eg=L
'_E3 = H E7 =H . Ell —y.ElS floating.

5
I
o]
m .
==
I

high, or +5 volts.

L = low, or O volts.

The éutput isbalso shown in Figure "3.3.3:2 (with S = L).

Noticé that the channel‘to the TTY normally requires ‘a highl
input in the absence of a character tfénsmission; This is achieved‘byvthe
interface logic. The éontrol logic, in its idle‘staté,-is‘in the receive
mode, which inhibits anylinﬁut to thé‘intérface logic. In the absence of
an input the inferféce logic esfablishes thé normally hiéh oﬁtput,fequired
by the $TY. This masks the fact that the inhibited input to the interface
logic from.the SROM is norma;ly low in'the idlé staté. _The contents of the
'éROM are listed in Appendix B. |

3.3.4 The Bit-Wise Sequential Detectors

They are shown in Figure.3.3.h.l{ Their operation is straight-
forward. They are all.cleared prior to each input by a clear.pulse"from the
bit sequencing logic. The data character is broadcast to each detector

in a bit serial‘faéhion,. Each détector compares the dafa character with
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aﬁetfféﬁiéﬂéfekoM which is also input to the detector in a bit eerial fashion,
The coﬁparreon‘is‘achieved by the exclusiVeAOR gate. A mismatch causes the
FF to be set. The FF is strobed by the systen clock to ensure alighment bet-
. yieen the data bits and those from the SROM character. The point about align—
ment.is'important as will he seen from Figure 3.3.2. The time slots of the
blts output from the SROM are dlsplaced back in time with respect to those of
the data character due to the action of the bit sequenc1ng loglc. To compare
bit b in the 1nput data character with b1t b in an SROM location, the com-
parison must be made durlng the clock pulse, as thls is'the only time the two

slots overlap.

3.3.5 The Character—W1se Sequential Detectors

4These are de31gnated SMl SM2 SM3 and SM4 as was noted prev1ouslj.
Their 1mplementatlon is shown in Flgure 3.3.5.1, 2, 3 and 4. All four operate
in essentially the same way. Ba31cally, theycontaln a counter whlch counts
the occurrence of certain characters appearing as input data, onlyAat certaln
times, For example, in SM1, when the:counter is in state OO,.only the
occurrence of a character N as input data will 1ncrement the counter. The
occurrence of an N ie indicated by the output Tll of the bit—wise‘detectors‘
’remaining low until the count 9 pulse'occurs. in states 01 and 10 only
the occurrence of number characters (0 through T7) will increment the counter.
‘Finally in state 11 only the occurrence of a Rt character increments the
counter. The occurrence of a Rt character in state 11 causes a output
pulse on the SM1 line concurrent with .the count 9 pulse of the eequencing
logic. This signifiee that SM1 has detected>a type 1 instruction.
If characters are input out of sequence they are,ignored by the

character-wise detectors; if the characters are not contained in the SROM
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they are ignored by the bit-wise detectors.” This allows the flexiblg input
format “described in Séction 3.2. There is one e#ception and that is the
nonprintiﬁg character Rt; It is assumed td.términate the input message when-
ever it occufs, and.when it occurs the status.of'the chafacter-wise aetecfors
is examined to see if any one of them has accépted the input messagé. If
none of them have, anAerrdr méésage is oyﬁput;

Although ﬁhe éounters in.thé SM's ére of a ripple type; ﬁnwanﬁed‘
transient cycleé are not a.problem, becausé the status of the.detector is
only interrogated during a cpuﬁﬁ 9‘pﬁlse. Theré is more than.ehough time
for the detector to reach.éAstable séate betwéen the occurréncérof consecu-
tive count 9 pﬁlses; i

3.3.6 The Error Routine Actuator

L

This is a ;qmbiﬁatbrial Ibgic Circuit which detects the occurrence
of a syntax error in the output data message. .  As waSXgeen.in the previous.
éection, the‘qqcurfehce.qf a ﬁtrcharactér‘should causé éﬁeAexéminatidn of
%ﬁe charactérrwise detectors. 'Hence, thére should be an error.situation

"detected if

RE % Comnt 9 (3, ATy "3, ~73)) @
is true. Whéfe:Mﬁlmeans thé'M;th‘state‘of the detector‘SMﬁ; The abéve logical 
statement reads: ‘detect an error situation if SMl‘isvth in state 11, and
SM2 is nét in state 111, and SM3 is not in sfate 10, aﬁd SMh ié:not in;state 10
when the 9th bit of the Rt charactér occurs,

A further condition which must cause an error situation to be

detected is if two or more of SMl, SM2, SM3, and SMh are found to have accepted
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an input datea message upon the occurrence of the Rt. character. Let the
presence of a pulse on the SMl line, SM2 line, SM3 line, and SML4 line be
denoted by Q, X, ¥y, and z respectively. Then the above condition can be

-express by the Boolean.expression

WXYZ + WKYZ ¥ VXyZ + wxyz » (2
Notice that the pulses will only occw;r,concurréntlf with the 9th bit of a
.Rt charactef. | “ '

Thus fhe.ébmbihatorial logic-circuit which actuates the error
routine must output a pulse iff'conditiéﬁs 1 OR 2'a;e true;‘ Figure 3.3.6.1(a)
shows' the logic that achié#es this. |

in Figure 3.3.6.1(b) is the logic necessary'to~qlear the character-
wise detectors after one of theﬁ haS'aécépfed an input'messagé, Or an error.
has been detected. |

- 3.3.7 MA _and Mode Logic ~

Before goiﬁg on to discuss the>channéis thét are slaved to the
character-wise detector it is necessary to éxplain the opération of memory
addressing as it applies té the SROM, and the actién_of the mode controller.

The MA and Mode Logic is shown in Figure 3.3.7.1. The S, are
the signals which inhibit the oﬁtput of the SRCM. The two: SNTLLO buffer gates
form the‘mode ¥R, AWhen the FF i§ inlthé recéive~m9de boinf A is low; hence
all‘the Si gre brought low..'The bgtputs pf tﬁe SROM are conséQuentiy
enabled and the syétem ié read& to pérférm bit—wise analysis upon any input
data. The output line ' is also low, which mea.ns‘ that transmissions from
the control logic élong the.biléteral data channel are inhibited.' (See

Figuré 3.3.7.2, the interface gating.)
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A negative pulse on any one of Tﬁl through Tx6 sets .the FF into
transmit mode. The Si are.brouéht high, inhibiting the SROM outputs,‘and
theqline @ﬁ5 is brought high, enabling the output of the interfacetgating.
The line x is brought low, which starts the'clock be setting the sync FF in |
the bit sequencing logic (see Figure 3. 3 2. 1). A cycle of eleven clock
pulses 1is generated; The mode FF is reset by the negatlve count 9 pulse.

Durlng the cycle of eleven clock pulses a character may be trans-
mitted along. the bilateral data channel The character 1s}selected by
bringing the approprlate address llne 1ow,,when the mode FF is set to the
transmit mode. For example, to transmlt an E, line E (see Flgure 3. 3 7.1)
is brought low. In the case -of the numbers 0 through 7, their blnary repre—
sentation is input into a 3—t0?8 line decoder (the SNTL155) and the G line
is brought low, |

| In order torinhibit inputs to the control logic which come through
'the bilateral data'bhannel during the.transmission ﬁh&S§, a series of OR
gates are connected‘to the input line'in the interface gating (see Figure
3 3,7.2). These are-controlled by the channels. When a channel is genérat-
ing a reply message to be output:through the 1nterface, it sets one of the
ORi high, which inhibitsfthelinput'data from the bilateral data-channel.-
3.3.8 Channel bne | | -

‘This channel is responsible for generating a~speclfied cube's
coordinates. Figure 3.3.8.1 shous the N register which accepts the tuo

b, and b, of

octit number specifying the cube to be located. The bits b, by, 3

characters two and three of type 1 instructions are shifted into the N

register. This is achieved by shifting the two b4 bit shift registers with




52

SN74155 o SN7408 .
e =
. )
- o
[ o .
*op— . ‘[—
*— 3
*3p. , .
s
|>°_D 'HD"‘" X Xy
| ‘ ’ A
' *— Se
s
E D— ] ) . > 59'
Bell — ; .
. 0‘_ : 513
Lt D —\ . ) A .
[ ) S ) ) . - s,
Lty D—————AD_J—‘——’ 3 - ' *— ) > Sie
Lfg D : o - . - - }———————b 515 A
Rt D B . POINT A
v 3

Rxlb——.—} '-
Ry o -7
R 3 Dt

CNT 9 ONRx, | [

Tx MODE

S8iSueSiSiz Try Tk Tay Ty TasTe o

s




53

+5Vv

Input
Dota

y.4

Bilateral
Dato ’
Channel

®

SN7432

SN7408 .

+5V .

OR2 lL

Wo W W Wy WoWg We Wy Wa Wo WioWj,  Wig WisWieWig OR1 OR3 OR4
L : - ,

Y

ORS

"Outputs
from
SROM

Figure 3.3.7.2 Interface Gating




. System CK

54

—q Data Input
CNT1 Serial - :
. Input —
CNT2 Pp———— Qs " Ns
CNT3 >——-———-| '
o - Qg " Ng
SN7410 .
' R o Qc —P N3
‘ T 4¢....——\ nf-sni;:oQ:D
SM1 (1Y1) P De y— . Clock
' | : | SN7495
The N Register
Serial
— Input
> Np
—— N,
'SN7404 o | SN7408
. — CoT R-Shift
SM1 (1Y2) F——D¢v ‘ } } Clock

Figure 3,3.8.1 The N Register

SN7495 .




- 55

the count 1, count 2 and count 3 pulses from the biﬁ sequencing board. The
condition that these bits come first ffém the second character and then from
the’third«input character is achieved first by enabliné the set of shift pulses
" %o one of the b bit shift registers with the SMl (1Y1) logic level, which

is low only when the second character is input, gnd,phey.by enabling the

set of. s"l‘i‘.ift:pulses'to‘ the other 4 bit shift register with the sM1 (1Y2)
logic‘level, whiéh is low oniy when the-third character is input (see SMi,
Section 3.3.5). | |

The systemAclock'is usedvtp'strobe thé input data to the N register;
this is to achieve the correct aligﬂment-in time. It will be seen from
Figure 3.3.2 that the time slots.generatéd by thé bit sequencing logic are
displaced backwiﬁ time with respect to those of.the input data'characters.
Only during the clock pulses do they align.

Upon'the receipt of a T&pe 1 inét;uétion.the N register will contain
the €ix biﬁ répresentatign of the'two.pctit number s?écifying the cube. This
is so beéause‘thé bits bl’ b2 and b3 of tﬁé TTY numefic characteré Q through
T are the binary encoding of those charactérs (bl = LSB).

| The channe; flag is set by the SMl pulse if a Type 1 instruction
is detected and the power trdnsmittér is pulséd for:lmS. The logicvthat
accompliéhes this is $h§wn.in Figuré“3;3,8.2} Sétting the flag also inhibits
the input thréugh thé intérfacé gating, by bringing’liné ORl high., If the
instruction is not Tyﬁe 1 thélchannel flag will not be set and thus, the con-

tents of the N register will be ignored.
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When the power transmitter has completed its transmission, the
signal-on the P line causes counters A and B to be loaded. Counter A is
loaded with 1000000, and counter B with (NSNhN NN W o)2, the binary code
representlng the cube that is to be detected As soon as the counters are
loaded the OR gate controlllng the crystal controlled clock s1gnal is
enabled and the counters begin to count down. When counter B reaches two's
conplement one (i.e. llllllll2), the line Q is brought high for one perlod
of the crystal controlled clock. ThlS enables the coordinate buffers. dur-

ing the (N NhN N.N. N +1) time slot after the cessation of the power

p) 37210

transnission. A time slot'is one period of the crystal controlled clock.
If the N -th cube 1s‘1n play, it will reply durlng this time slot; hence,
its coordinates will be entered 1nto the coordinate buffer.‘ If the N~ th
cube is not in play, the-coordinate buffer‘will contain all zeroes.

A time slot ofllQSus was intended (see Figure 2.3.1); thus the

crystal controlled clock must have a frequency of:

1000 kHz = 7.5 kHz
158

In the Section 2. 3 an. analy81s on the tolerance of the RC time constant used
in the cubes'was carried out. A bound of +O 8% on RC was established. This
analysis assumed the time slots were equal. This is not true. However, by
using a}cf&stal controlled clock the worst case cumulative error after 63
time'slots'oen be,kept as low as -

+6L x lO-6 time slots/°C

without any difficulty. Over a 40°C operating‘range this represents
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+2.5 x 10-h time slots
i.e. +0.0025% |

This is negiigible in comparison to 19.8% and may be ignored in the analysis
to tolerance RC. |

When counter A reéches two's complement one a reply signal is gen-
erated which initiate; the transmission of'the.repl&.message down the bilateral
data channel.’ One time period latgr, when A reaches two's ébmplgmént two,
the cyrstal controlledvcrystai cioék's signal to cpunters A‘aﬁd B is inhibited
and countihg‘ceases.__ ‘ o

The logic to genératé channel ohé's reply message is shown in -
Figﬁre 3.3:8.3. The reply pulse clears tﬂé 3 bif }ipple coﬁnfér and enables
the 3-8 line.decbder by bfinginé the décodér's strobe, lG; low. A negative

pulse is simulbaneously sent down the Tx. line. This sets the MA and Mode

1
Logic to transmit mode, which starts thelsystem clock on an elevén pﬁlse

cyclé. Since the memory address.line Lf. 1s initially low, the non-printing

1
character Lf is output. ‘The mode FF is reset by the count 9 pﬁlse, and the
count 11 glitch'which occurs'immediately after the Lf transmission increments

the ripple counter, and sends a negative pulse down the Tx_ ‘line to set the

1
mode FF to transmit mode once morg.fAThis time line 1 ié brought low, and a-
3 bit numbef'in the coordinate buffer:(séé figuré 3.3.8.4) is input to the
MA-and Mode'iogié'é 3-8 line decoder (see Figufé 3.3.7.1). This results in
the TTY numeric corresponding to the 3 bit nﬁmber being output. This action
is repeated five times so that all the six octits which uniquely describe

the cube's position on the table -top are output. The 3-8 line decoder in the

MA and Mode Logic'will not address the TTY numerics in the SROM unless it is
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enabled by bringing line G low. During the transmission of the six octits
this line is held low by the NAND decodef in the channel one reply logid;

Figure 3.3.8.h shows the gating betwéén the toordinate buffers
 and the MA and Mode Logic. The buffers contain the coorditates in'Gfay code
(see Section 2.3). This is converted into binary ty the exclusive-OR gates
shown in Figure 3.3.8.h. |

After outputting a cube's coordinates the chénnel one reply logic
sets channel seven to go. Channel seven outputs the.two‘non-printing char-
acters R1 Lf which c0mpletes the operation of channel one. Channel seven
'is also responsible for clearing the channel one flag after it has transmitted
Rt Lf. |

The tran51t10n cycles that occur 1ﬁ the rlpple ‘counter used in’
the reply logic are not critical. They w1ll cause incorrect address1ng of
'characters 1n the SROM, but only for a brief perlod during the time it takes
.to output g character's first bit bo. For all TTY charagters bo = 0,
-hence, incorfect addfeséingAdnfing bit bo is gnimportant.
3.3.9 Channel Two

‘This channel is responsible for moving the hand-arm limb to the
coordinates requeSted'by the'Type 2tinstrﬁctions. Figure 3.3.9.1 shows the
six hAbit shift registers that accepts bits bl’.b2 and b3 of éach numeric
in the six cctit number of the Type 2 instrﬁctions. The six octit number
specifies the coordinates‘to which the hand-arm must bé moved.

b. and. b, into the shift registers

The correct entry of bits bl’ 5 by

is achieved by shifting the 4 bit shift registers with the countAl, coﬁnt 2
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and count 3 pulses from the bit sequencing board‘ The condition that these
bits come first from the second character then from the third character,
etc., is achieved first by enabling the set of shifting pulses to the first
of the U bit shift registers with the SM2(2Y1) logic iévéi, which is low only
when the second character is input, and then by enabling the set of shift
| pulses to the second 4 bit shift register with the SM2(2Y2 logic level,
which is low only when the third character.is input, etc. (see Figure 3.3.9.1).
As in channel‘one the system clock is‘used‘as a data alignment strobe. Should
the input characters,prove_to be in an input sequence that is not a Type 2
instruction, the channel £wo flag will not be éi;_hence the incorrect data -
in the‘shift register will not be used.

Upon the receipt of a'Type 2-:instruction the six U bit- shift
'registers in Eigure 3,3.9.l~will\contain the 18 bit representation of the
_six octit number sﬁecifyingvthe point on the tahle'top over which the hand-
‘arm should position'itself.-.(Each shift register contains 3 of the 18 bits
in its three least significant bit boéitions).

The channel flag is set by the SM2 pulse if a Type 2 instruction
is detected and a positive pulse sM2l is generated by the logic shown in
'Figure 3.3.9.2. This.transfers the 18 bit coordinate description from the
shift registers to the-transfer buffer shown in Figure‘3.3.9.3. - The trans-
fer,huffer can be regarded'as two 9 bit buffers, omecOntaining the x-coordinate
.and-the other the y-coordinate. Each of these, after D/A conversion, form
the input to the hand servomechanism'and to the arm servomechanism, as
depicted in Figure 2;2.2.

When both the error voltages Qriving the servomechanisms are within |

onelGe diode drop of ground, the one-shot in the logic of Figure 3.3.9.2 is
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triggered and channel five (transmit Lf Bell) is actuated, indicating the

completion of operations for channel two.

3.3.10 Channels Three and Four

| "The'gpératioh of channels three and four areAJogically similar.
Channe; three is responsible for the raise/lowér motion of the hand, and
channel four controls the_open/c;osé'action.

Channel 3 is shown in Figures 3.3.10.1 .and 3.3.10.@. The bits

. bl’ b2 and.b3 Qf the first accepted charactér aré inpu£ to the b4 bit shift
register. This is aghieved by shifting the shifﬁ register‘with.thé count 1,
count 2 ‘and count 3 pﬁlses“from the'bit ééquenciﬁg board. As in chanhel;
one and two the system clock is used as a data alignment strobe. .The condi-
tioﬁ that these bits come from the firéﬁ inpﬁt.character-is assﬁred by
enabling the whole set of shifting pulsés with the SM3(i'Yb) logic level
which is low oniy when the first charactér is input (éeé SM3,vSéction 3.3.5)
Shou;d the fifst input charactef é;;ve to”be in a seQuendé.tﬁét is not ;
-Type 3 instruétion the channel-thrée flaé will not bé sét'(it is set by
the SM3 pulSe;‘see Figure 3.3.10;2); hencéithé incorrect data in the éhift
register ﬁill'nof be usedf"The datg in thé registér indicates'whethér a
réise or lower action is to be carriéd out. Aﬁ'L indicatés lowér ana an

R a raise action. The TTY characters for L and R begin as follows:

L: 0 0 ‘0 1
Re 0 Q0_1 0

These three bits are shifted into the

registér, with b .occhpying the low orderfposition. Henée‘a 1 bit in;QA.

B 3
indicates L and a 1 bit in.Q; indicates .R (see Figure 3.3.10.1).
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The remainder of-the channel logic (see'Figure 3.3.10.2) effects
the action required and generates the reply message. The channel flag is
set by SM3, ‘bringing the OR3 line high, which inhibits "inputs-through the
interface. The count 10 pulse sets either the UP FF or the DOWN FF- depending
on whether an R or an L hasabeen received. The outputs of these FF's are
compared with a fF which indicates the current. status of the hand (i.e.
either raised or lowered). This FF is set‘hy status micro-switches which
detect the hand's position. The comparisor1 between the desired state,
a8 indicated by the UP, or DOWN FF's, and the. actual state is achieved by
two AND gates, whose outputs control the raise/lower motor 1n the nand -When
the desired state has been reached, ohannél 5 (output Lf Bell) is set to go,
and the UP and DOWN FF's are cleared.e B

Channel 4 is shown in Figures 3.3.10.1 and 3%3.10.3. The opera-
tion is identical to channel 3. ;The input which determines whether to
open or close the fingers is the second character of & l&pe h 1nstruction.
Hence, in channel 4 the shifting is only enabled when the SMh(1Y1) logic
level is low (see:SMyf Section 3.3.5). Receiving a "1" character indicates
the fingers should'be closed; and a "O" character indicates they should be

1

opened These two characters differ in the b bits; hence, the simple decoder.

3. 3 11 Channel Five

.This channel causes the output ‘of the two, non—printlng characters
Lf Bell. It is actuated by a negative pulse from either channel 2, channel

3 or channel ki, The logic diagram for the“channel is shown in Figure 3.3.1l1.1.
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The channel FF is set by the actuating mlse from channel 2, 3 or
4, The mode FF in the MA and Mode logic is set to transmit mode by a.negative
pulse on the sz lihe. The Lf3 lihe is brought low and a Lf character is
output. The count.ll glitch toggles the JKIF and resets the mode FF to transmit.
This -time the Bell llne is brought low and a Bell character is output The
count 9 pulse that occurs when the sequenc1ng loglc outputs the Bell character
from the SROM resets the channel FF and clears the flags for channel 2, 3

and 4. ‘The transmission-is complete.

3.3.12 Channels Six- and Seven -

Channel 6 is respon51ble for outputting the flrst part of the error
message, Lf E, and then actuatihgbchannel'T which is respohsible for output-
ting the last part, Rt.Lf. Channel T is also actuated by channel 1,-which
requires Rt Lf to be output to termlnate its transmission. | |

The loglc diagrams for channel 6 and T are shown in Figure 3. é 12 1
_and 3. 3 12,2, Thelr operatlon is 51mllar to channel 5. However, channel 6
employs a slave flag whlch is not reset untll channel T has completed its
operations. This maintains line OR5 high so that. input through the interface
. gatihg is inhibited during the transmission of the Rt Lf characters by |
chanhel T. None of the other ORi wlll be high at this time, hecause_channel
6 resets the channel flags for.channels 1, 2, 3 and 4, by outputtiné a posi-
tive pulse on the ECLEAR line. This is dne at the same time that lt actuates
channel 7f The four chahnel flags above.control the levels of ORl’ OR2, OR3
and Ohh.

In the case when channel 1 actuates channel T, ORl is held by

channel 1 so that input through the interface gating is inhibited.




le <

ACTUATE FM

CH2 b~

CH3 b~

s

U

72

Lt BELL
GENERATOR,

CHa b—

"POWER ONu>

e e 3

CLEAR

CHANNEL FF

=)

D>

CNT 11—

CLEAR CH2

CH3, CH4, FLAGS

A

CNT9 D

Figure 3.3,11.1 Channel Five

Lo

BELL Lfs




73

This'is the Controlling E or CH6 Flag Error Message Generator
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Figure 3.3.1.1 Channel 6
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Notice the EFLAG line in channel 6., When this is low the actions of
- all the four maJor channels are 1nh1b1ted until the error message is transmltted
ﬁafter which the ECLEAR line is pulse positive to reset the flags of channel
1l, 2, 3 and 4., This is useful during a cold start. If the chennel 6 flag
can be ereed to‘sef whepla hpower on" situationloccufs.end'the channel 5 flag
and channel 7 flag can be forced to reset when a "poﬁer on" situation occurs,
- a cold start would always be characterized b&'the flegs of channele 1,2, 3
and 4 being cleared followed by an error message being output
The generation of a "power on' state is achieved by using the cir-

cuit shown in Figure 3.3.12.3
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‘h. SPECIAL CIRCUITS: THEIR DESIGN AND OPERATION

In this section the design and operation of three types of speclal
c1rcu1ts used in. Semantrlx are dlscussed They répresent the only non-~digital
01rcu1trp in the machlne, and are all employed in. cube location. In‘order of
presentation they'are."

| 1. The- threshold circuits.
2. The cube' s recelver/transmltter.
3. * The power.transmitter.

4.1 The Threshold Clrcults

There are two arrays of 89 threshold c1rcu1ts 1h Semantrlx. One
array detects the x—coordlnate, the other the y—coordlnate (see Figure 2. 3 1).
'.Each circuit detects a dlfferentlal voltage induced across the loop that it
services. The c1rcu1t schematlc is shown in F;gure h.l.l._

A differential.voltage pulse_of a fe% mV at theiinputs“appears‘
‘at the eutput amplified(lOéOx. However, an a.c. path‘betueen'points A and B
enables the output pulse to reéenerate, sihce it'is fed‘into the + input of
the op-amp, resultlng in further. amplification until the'op-amp saturates.
" The diode clips the negative going part of the regeherating'pulse; giving
a "square-up" OV 15v pulse on the output. The dtode also performs the thres—.
holding action,‘ For regeneratlon to occur the differential VOltageipulse,
amplified ldOOx;'must forward bias the diode. This cah only'be accomplished
if the ampllfled pulse is ‘more positive than the d c. voltage at B. A bias

network can be adjusted to time the threshold blas on all the c1rcu1ts

simultaneously (see Figure 4.1.2). It should: be adjusted to reject the ambient

noise input pulses vhich are less thanz5mV.
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Figure L4.1.2 also shows the level changers that convert the 15v

pulse to one suitable for driving TTL logic loads.

4,2 'The.Cubés' Recgiver/Transmitter

| A chbe receives ﬁhe;energy from the poﬁer trahsmittér; through its
. receiving coil. This eneréy‘is stored electricallytiﬂ two O;OMYﬂF ¢épacitors
(see<Figure'h;2.l), The cube's tfansmittér'operates‘ﬁybutilizing this stored
energy. Thglman;er ip wﬁich energy can be:obtainea from thé‘storg is regulated‘
by a 1N962B'Zeﬁer diode.
| The qube'transmits a pulse of magnetic energy'by réléasing the

charge stored in the two 0.0LTWF capacitors through a coil L (the transmit-~

2
ting coil). The release of the charge is controlled by two transistorg, Q2

and Q3, which function together like.an SCR.- When the point A is brought

neaf ¢nough to ground Q2 turns.on, which‘£grns on.QB;'.furning'Q3 on causes

Q2 to be turned on harder i.e. a regeqerati?eAproééss ié éstablisheﬁ; This
.gives'a very rapid turn-on, which enhances thé di/at thrbﬁgh the'tfansmitting
coii, and hence the differeﬁtial voltﬁge input to.thé fhréshola aetéctors.

The SCR formed by Q2¥and QBUis fifeg‘When Q1 turns on.. This is achiévéd in
a'controlled fasﬁion by. the RC chérging.network. Eiguré h:22 shows thé expon-
-ential charging ramp for the RC network; The RC chaféing netwérk does not
begin qhargigg positive until the power transmittér has stoppéd: This is

due to'the‘éctioﬁ 6f the three digdes connecting poinfs ﬁ and C, 'Tﬂeée form

a- short circuit when the induced voltgge 5t C swings negativé; holdiné oné

side of the capacitor at A to -(V-3d):volts until the power transmitter stops
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and fhe inducted Qoltage at C goes to ground. The three diodes are thén
reversed biaéed and point B is essentially discénnécted from point C. It
can then start charging pqsitive.

The voltage V is the peak voltage induced in the récéiviné coil
of a.éube and is hot necessarily the same for each cube, nor is.it the same
for a particular cube at different points on the taﬂle tép: Thé forward
bias voltage droﬁ of a pn-jﬁnction is denoted by d yéltéa and this is taken

“to be the saﬁe‘for all_pn-juncfions. In general 4 is a fﬁnction,ﬁahd in
particular 4 = d(Témp.).

Since the RC chafging network does notlbegin chargingvpoéitivé
until the power transmitterqhas stopped, the timelout to firing.for every
cube begins at the same instant.. Furﬁhermore, since eaéh.éubé isAidéntifiéd
by the time slot it replies 'in (see Figure 2;3.1(a)); cubés can be’distin-',
guiéhed simply by choosing a unique value of the timé constant RC for éach
cube. | |
| The time:out tq'firing, TOUT“cén be cémputéd aé followg (ééé
Figure 4.2.1): |
Injtial volfgge at B duevfo éhe indﬁced a.c.'signal at C

o= =(v-3q) o
Final voltage at B = Voltaée dug to charged'stoyed on the

0.0k7yF capacitor C,
= V-4
Ql turns on when its base = d volts,

Hence the equation for .the time out to fire is given by:




8l

(2v-ka)(1-e"*/FC) - (v-3a) = a -
(2v-ba)(1-e~¥/FC) = v_za
2(1-¢~%/FC) =1
e-t/R?A } %i
T = RC n 2

Two points of interest arise from the above calculation. The first is that

"by using three diodes to connect points B and C the diode drops cancel out,

eliminating temperature effects. The second is that the value of TOUT is
independent of V a highly inconsistant quantity.

4,3 The Power Trénsmitter

The circuit schématic for the power fransmittéf is shéwﬁ in
Figure 4.3.1. The circuit is basically a Colpitts oscillator, which is
switched on for a predetefm;ned period.of timé by a monstable oné—shof.' The
inductor in thé tank éirguit ofAthé oscillator is formed from a 1/2" x 1"
copper bar, which has been méde into a 40" square loop. This is laid
round the edge of the table top flush with the surface: The magnétic fiéid
génerated by the Qsciliéting‘current in the loop is the.médium of coﬁmunica—
tion with the cubes. This field is perbgndicular to thé'table top.

The Colpitts oscillator is formed fromAtfanéistor Qb éﬁd the ﬁank'
circuit. The inductance of the loop is about'ZSpH, wﬁich givés.thé oscillator
an operating frequency of about hSOkHz. The vdltagé swing on thé collector
_of Q6 approaches twice the péwer-supply i.e. 200 volts; héncé Q6 must hévé

a high VCBO

. Furthermorg;vbecause the tank circuit has a very low Q, large
‘bursts of current must be input through Q6 during each cycle, to sustain

"oscillations. Therefore, Q6 must have a high I The 2N42Lo aevice used

CMAX®
for Q6 satisfies thesg(requlrements, having VCBO = 300 volts and ICMAX = 6A.
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Transistor Q5 provides a constant current'source to bias Q6. It
also provides a meaﬁs to turn éff the transmitter. By bringing the base of
Q4 to ground, Qb and.QS are turned off.. The emitter of Q6 is then retﬁrned
to +5 volts through'the 3300 resistor. This means Q6 is turned off since

Vggp = O volts. - Turning 6ff Q6 is turned 6ff since VBE =0 ;dltg. Turning
off Q6 breaks the closedmlooé 6f the oscillatbr énd the oscillations céase.
(Quite rapidly.too, siﬁge Q:is so low).

To.commence transmission to a 5 volt puise<inAinput at the start
terminal. This “turns on'Q;'and:trips the. one~shot formed.by Q2 and Q3. The

on time of the one~shot determines the  duration of the oscillations. The

on time is given by:

-tON = RC ln'l.7
Now C=MuF
Therefore tON =R x 0.53 mS

Where R is in kilo-ohms.
The duration of oscillation that is reguired is about 1lmS. Hence a resistance
of about 2kQ is required. This can be got by adjusting the 10kQ variable

resistor.

The power dissipation{of Q6 demands thét the oscillator bé képt
‘to a-10% duty cyclej thus it is important fhét“noisé on thé +5 volt péwer line
caused by pick-up from tﬁe osciliator or anything eisé dbés not retrigger
the one-shot. Fér this:reasdn three cépacitors'découplé thé +5 volt supply
on the board containing the oscillator. One is a 500mF electrolyﬁic, which

t

copes with low frequency noise. Due to.its.construction; at high frequency
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it no longer behéves'as a capacitor, but as an inductor. For this reason
a 2.2mF ceramic capacitdr is also used. Finally, it too has a high frequency

safeguard which is a 200pF‘ceramic capacitor.




5. THE ELECTROMECHANICAL LIMB -

In this section the design gf the e;eétromechaﬁical‘ﬁana~éfﬁ limb :
isidiécuésed. Althéugh this subsystem was.ﬁétAthe reépqnsibility of:the author
a ﬁrief description has been included for completeness.

The major part of the limb design is connectéd‘with géherafing
the x-y'motion. | | |

5.1 ‘Generating the X-Y Motion’

Both of these motions use a ﬁorque proportionai-to errorAservo-i
mechanism. An ideal'toréue proportionallto error servo is diagrammed in
Figure 5.1.1. The error is_définéd-as the difference between thé“réquired
output (i.e. input ei) andAaCtual ouﬁfut_eo. The éystem inértia'is J
referred to the output énd'théAsystem is damped byvmeans of a viscous
damping tbrque F per unit angular velocity.

| Now the torque from the ‘motor is -

T = Ke.

Rétarding torque due to damping

T=T ~-T

m f
as .
_ 70
K(el eo) - Far

But by‘Néwton's second law
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d%dA‘@O
Therefore J + P—— + KB _ = KO,
2 : 0 i

dt dt
Which is the differential equation déscribing the ideal system.

In soAfar as this idéél aﬁalysis médels the aptual system, the main
point of interest is the reséonse of the system to é steﬁ inbut. ThereAare
thréé possible types of résponse:

| 1. Underdampéd.
2. . Critically damped.
3. Overdamped.
The solution to.the éyétem.differgntial equation in case 1 is:

Y ey S |
= Bi[l - e-av't» (1 + [g—-] ) sin{wrt + tan %}]

0
0
) r

And is depicted in Figure 5.1.2.

o=
-2
: _JK F
And . o wr __VJ-' .

- bJ*

Two confliciting constraints arise at this point. 'Qn'one hana, it is desir-

able tobhavg an gnderdam@éd»(or critically damped ) syétem, so that the response

tiﬁe of the system is not unduly large. This requires wr to be real; that is
4é/5§?§ F

On fhe other_hand, to minimize the settling'time, o shoﬁld be lérge; that is,,

Fs>>J
The actual system was.shown in_FigureA2.2.2. To identify the
quantities J and F entails considerable measurement and calculatibn, and for

a two off system, is not worthwhile. It is suffiqieﬁt to know that increasing
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F increases the settling time,'analincreasinng increases the underdamping.
'K is.éiven in manufactﬁrers specifications. Both motors used were high per-
formance d.c. motors manufactured by Micro Switch. The limb was powered

by a model 6VM1—1 and the hand, ﬁhich moves on tﬁe 1imb, by a model 3VM]-1.

The open loop transfer function for the system is gi?en by:

I

~
~

]

Where K

J/F

R
1

A plot of this on an Argaﬁd diagram gives £he‘Nyquist plot. This is shown
in figure 5.1.3. ‘Since the plot néver éncloses the (—l; 0) point, no matter
what the values of'T and K aré, £hé system is unconditionally stable - a.
very desirable feature. For a‘complété discussion of stability and servo-
mechanism see Referenée 2.

5.2 The Hand's Motions

As well as the ymotion along fhe arm the hand has two other motions
assdciated with it, as was'seén whén the instruction sgt was discussed in
Section 3.1, These are raisé/lowérfand Opén/qlose.

‘The raise/lower motion is efféctéd by a small d.¢. motor running
on oéeh loop. Sets of COntrél switchés tﬁrn the motor off wheﬁ the faised
position or ybe lowered position has been reéched, The directiéné of the
motor are also determined by these switches. (See Section 3.3.10 for a dis-

cussion of these switches).

The open/close motion of the hand's fingers is achieved in a similar

fashion. The hand has two opposed fingers. These pick upAthe cubes by grasping

a small protruding lengthAof dowel which is to be found on the top of each

cube.
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6. CONCLUSION

This report descrlbes the des1gn of a spec1al purpose piece of

computer perlpheral equlpment called Semantrlx. - The empha is of this report

has been on the system loglc, this belng the major respons1b111ty of the

author.
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APPENDIX A

The Clock Operation

Figure A.l shows the clock circuitry. The hex inverters are
SNTLOS's.,

The ratio of on to. off time is almost unity, as will be shown
below, and is unattected by Llhe value of the capacitor, which can be choosen
to generate frequencies from below 1 Hzr

Figure A.l shows the central part of the circuit relevant to under-
standing how it works. Qo,is the output-transistor'of the }eftmost_inverter,
- and Qh is the 1nput transistor of the rightmost inverter.

Suppose that node b has Just gone low, soO that ¢ is high and QO
is in saturatlon. Node a is then clamped at Vepsat (* 0.2V) and the
voltage at node b rises exponentlally towards v C-—VBE with time constant
CR,. When node b reaches the threshold voltage v, (= 1.4V) required to-

"switch Qh,'node ¢ will go low, turning off QO. The current in R., which

K

formerly flowed via the emitter of Q1 into Qo, can now flow only into the

base of Q2 and the left side of.C; 'Thus, Q2 and‘Q3 turn on, causing the

’ roltage at node a to jump to Vt' This step is transmitted through C to no@e
. .

b, causing it to rise to 2VtéV ) Q2 and Q3 now behave like an

CEsat’ 1

operational amplifier;' Q2 aﬁd'Q are on, but not saturated. Aside from a
small base current 1nto Q2, must of the current in R1 flows v1a the emitter
of Ql and C into Q3.- Should thls current tend to 1ncrease, thereby lowerlng
the Yoltage at node a, the base drive at Qeiwill ‘be reduced, tending to' turn
Q2 and Q3 off, which, in turn.will tend to block the ﬁassage of current into
Qé from C and tull the voltage at node.a up agaiu. A similar argument appliés

if the voltage at node & should tend to rise. This Voltage, therefore, is
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(Out)

a [ v,

VCE sat
"Exponential Li

inear :

b 2thVCEsof

Vi

VCE sat

™ Vee

C |j»—1t ———le—— ta ———

VCE sat

Figure A.1 The Clock Circuitry
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clamped at v, (by negative feedback through C). Hence C receives a constant

current from R which causes the voitage at node b to fall linearlyr -When

l’

it reaches Vt’ Q) switches back to its former state, node c goes high, Q

saturateé,"snapping the voltage at node a and, via C, node b back down to

C

\ Esat® at whiéh point the -cycle is cqmplete.. The'yaﬁeforms ét the three
noaeé are shown in Figure A.lﬂ

From. the above reasoning one may readily obtaiﬁ the on and off times
tl and.fz, if one geglects the swiﬁching times .of the individuai transistofs

and the base current into Q2 when it is on.

V= -V,
tl - CRukn Vcc VBE - VCEsat
' c BE t
. = CR;‘Vt'*‘VCEsat
2 1V -V -V

= 0.8v, V

CEsat 0.2v

N 7 ; = = 5
ominal values are Rl Ry, V. = 5Vs Vip

and V, = 1.4V. These yield the ratio:
C ti/t2 ~ 0.83 = 5/6

" If equal on and off times are needed, t2 may be reduced, without .

affecting ti;

should be about 26k when R

by connecting a suitable resistor between node a and Vcc' This

17 Rh = Lk,



APPENDIX B

The Contents of the SROM

TTY
CHARACTER - Eq E7: E¢ E5 ?h E3 E, E

0 1 0 1 1 o0 o0 o0 o0 Eo4= o

1 1 0 1 1 0.0 0 1 Cw -
E9 =E =1

2 1 0 1 1 o0 o0 1 0 : ‘
Ell-— Els‘leave

3 1 0 1 1 o o0 1 1 floating.

k 1 0 1 1 0 1 00 "1 correcsponds to

5 1 0.1 1 o 1 0 1 .
ground.

6 1 0 1 1 0 1 1 0 0 corresponds to

T 1 0 1 1 0.1 1 1 -

: a connection to

C 1 1 0 0o o0 o0 1 1 +5 volts.

E 1 1 0 0 0 -1 0 1

L 1.1 0o 0 "1 0o o0

N 1 1 0 0 1 1 1 o0

R 1 1 0o 1 o0 o 1 0

Bell i1 0 0O 0 o0 1 1 1

CLf 1 0 0 0 1 0 1 0 Non-printing
Rt ‘ 1 -0 0 0 1 1 0 1

The ROM is fabricated by placing 4 SN74150's per printed circuit
board. A total of U such boards are thus required to make up the memory. The
boards are all made with an identical layout, which is programmed so that

.each of the SNTL150's can be wired to store any TTY character required. The
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Ei of each multiplexér can be. connected to +5 volts or O volts by soldering

a émall Jumper pin into the appropriate hole. "
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