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SUMMARY

L )
e ]

The purpose of this program has been the exploration of tactile flight control
displays through the development of the displays and their evaluation using formal -i

psychophysical experiments. The need for transmitting information to pilots in

p.adalities other than visual is becoming increasingly apparent for even now the i
L J
visual sense is at times overloaded; furthermicre, the importance of maintaining
continuous attention to the visual scene outside the cockpit is being increasingly !
-

realized for a number of situations. Tactile displays possess considerable

»
ol

promise of being suitable substitutes for visual displays in flight-control applica-

tions.

This work has been done under two contractual phases. The first phase - g
probed the problems of elemental tactile transducers, display configurations, and ..
the evaluation of man/machine tracking performance utilizing both one and two - !
axis displays, and with and without ancillary visual tasks. The results of this .-
phase are reported in References 1 and 2. ,1

The second phase has been directed towards the development of an improved .”i

display system, laboratory tests to validate the improvements, and to optimize

the display parameters, and then to evaluate the display using a moving base

]
g

simulator with F-4 dynamics. The laboratory tests, which were conducted with

(]
=

four, instrument-rated pilots indicates the display performance has been im-

2
s

proved twenty-five to fifty percent referenced to the first phase tests. The re-

maining work consists of evaluating the display in the simulator.

*
[om——
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SECTION 1
INTRODUCTION

1.1 OBJECTIVES

This program is a continuation of the research on tactile flight control dis-
plays that was begun in July 1972. The program involves multiple axis tactile
display development and evaluation. The initial work accomplished during the
first year was conducted in three phases: (a) review and selection of elemental
tactual transducers (tactors) for operation in display arrays, (b) development of
the tactual displays and data coding, and (c) evaluation of the tactual displays in
a series of manual tracking experiments utilizing suitable dynamic simulation of
aircraft motions and rated pilots as subjects. Details on the above work are

reported in references (1) and (2). E;

The phase of the program now underway is directed toward the refinement
of the two-axis tactual display based on the operation of the intial display and then
to e valuate the improved display. The evaluation is to be conducted intwo parts.
First of all, BBN is to provide a laboratory evaluation similar to that accomplished ‘
with the initial display system in order to assess the display improvements and |

update the display model.

The final evaluation is to be performed utilizing a moving base aircraft
simulator with F-4 dynamics, more specifically, the simulator operated by the
NMC Weapon Systems Simulation Branch at Point Mugu, Califocrnia. The program
will incorporate the tactual display as a flight instrument during typical flight

problems. The results of these experiments will indicate how well the display

1-1
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will function in harmony with other visual displays and the effect of motion on the
perception of tactile sensations. The model developed during the static laboratory

tests is to be used to predict the display performance in the simulator experiments.

Most of the previous experiments were done utilizing bimorph (piezoelectric)
vibrotactors. The present evaluation experiments are being conducted with both

electrotactors and vibrotactors to obtain relative performance and acceptance data.

This report contains the description of the new tactile control system and
the evaluation and results of the preliminary tests conducted at the BBN laboratory.
The design of the present equipment was executed to provide a more versatile
system and minimize the delay time between error detection and display. The

design has four major improvements:

° a programmable tactor excitation code

° automatic stimulus intensity control for the electrotactor
display

° independent axis control

[ ] separate intensity controls for the axes and y-axis segments

The function of the laboratory tests was to sift through, select and
optimize the display parameters to provide the best achievable tracking perfor-
mance, and to permit prediction of the performance in the simulator. Four sub-

jects were used for these tests.

An extensive period of laboratory testing was found most helpful in the pre-
vious effort with regard to selection of tactile-display parameters. Questions
related to display geometry, display format, and to some extent display coding,

were resolved.

The present laboratory study was undertaken to select and then evaluate

one or two tactile display codes on the basis of their suitability for flight control

tasks. Both one-axis and two-axis tracking tasks were examined, and performance

comparison is made using a continuous visual display as the reference.

1-2
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During the course of this program, we have always used coaxial electrodes
for the electrotactors because the skin current induced from an individual tactor
would be isolated by means of the common, or grounded outer electrode. This
hypothesis was tested and found invalid. As this test has no connection with the

program, a summary of the procedure and results are presented in Appendix 1.

1.2 FIRST PHASE SUMMARY

Most of the formal experimental time was devoted to an investigation of
continuous manual tracking performance with both tactile and visual displays, in
addition, combined tracking and visual monitoring tasks were studied in order
to provide relative comparisons of tactual and visual tracking displays in situa-
tions imposing a high visual scanning workload. Two instrument-rated pilots

served as test subjects for the entire evaluation.

The resulis of the evaluation have shown that the tracking error scores
obtzined with the tactile display were a factor of three to four times greater than
scores obtained with continucus visual display. However, the results also indicate
the intertask interference effects are substantially less with the tactile display in
situations imposing a high visual scanning workload. The single-task performance
degradation found with the tactile display appears to be a result of the display
coding rather than the use of the tactual sensor mode per se. Analysis with the
state-variable pilot/vehicle model shows that reliable predictions of tracking
errors can be obtained for a limited set of system configurations once the pilot-
related model parameters have been adjusted to reflect the pilot-display inter-
action. The results of this program have indicated that tactile displays appear to
have the capability of alleviating the pilot’s high visual workload and that with a
refined display code it will be able to fulfill the requirements of single task per-

formance and minimum task interference.

1-3




SECTION 2
EQUIPMENT DESCRIPTION

2.1 GENERAL

The Tactile Control System presented in Figure 2-1 consists of the

following parts.

a. Tactile Control Unit (TCU), left in the figure, contains the logic
circuitry and all the controls necessary for the functional operation of the system.

The visual display in the middle of the panel is removable for remote viewing.

b. Tactile Pcwer Supply (TPS), right in the figure, contains the system

power supplies and the power control switches.

C. Two electrotactor displays, both of which have the same configura-

tion and incorporate silver, coaxial electrotactors.

d. One vibrotactor display employing bimorphs as the electro-

mechanical vibration transducers.

e. Two cutaneous display belts, one of which is shown under the vibro-

tactor display.

For this phase of the program, one display format has been selected; it is
an array using eight tactors per axis, four for each axis polarity and no central
common tactor. FEach axis is a complete, independently controlled channel to

allow simultaneous data presentation to both axes. In order to increase the

versatility of the system, a switch is available to allow either independent dztla
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display for each axis, or an alternate-axis display sequence. A number of tactor

cxcitation codes are available and, if desired, each axis can have a different code.

2.1.1 TACTILE POWER SUPPLY

The front panel of the Tactile Power Supply is shown in Figure 2-2 and the
top view is shown in Figure 2-3. The power switch on the front panel controls the
AC input to all power supplies, each of which is fused separately. The 170 Hz
power for the vibrotactors draws the greater amount of power, thus to provide
optimum power efficiency a separate power switch (in series with the main power

switch) regulates the operation of the 170 Hz power supply.

In Figure 2-3,the components of the power supply, beginning at the left side

are as follows:
a. 24 VDC power module ior the 170 Hz power supply
b. 5 VDC power module
(! 115 VDC power module

d. In front of the + 15 VDC module are a transformer and two large
capacitors, these are components of the + 150 VDC power supply for ti:_ electro-

tactor drivers.

e. The component board, transformer, and the two heat sinked tran -
sistors on the right side compose the 140 Vrms, 170 Hz power supply used to
c.:lrive the vibrotactors. A trim pot near the center of the board allows control of

the output voltage between 130 to 170 volts rms.

A 3-wire power cord is used in order to ground the chassis of both the
power supply and the TCU. The system common is not grounded to the AC line
ground in order that it can be made common to the signal ground of the equipment

from which the analog control signals are derived.

2-3
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2.1.2 TACTILE CONTROL UNIT

The front panel of the TCU is shown in Figuve 2-4. It is hinged oun the right
I side to allow access to the logic cards as shown 1a Figure 2-5. A description of

the front par<) controls, indicators, and cuble connectirs is as ‘ollows:

| a. +X INT - This control regulates the pe-k current delivered to the
skin by the tactors form.ng the X-axis of the electrotacinr disriay. The calibra-
tion points represent peak current into 5K ohms. Actual currcent will be less due
to variations in skin impedance (5 to 10K ohms). Control should be left at CCW

limit when not being used.

b +Y INT - This control regulates the peak current delivered to the
skin by the 4 tactors forming the upper half of the Y -axis of the electrotactor
display. Calibration as for a. above. Control should be left at CCW limit when

not being used.

c. -Y INT - This control regulates the peak current delivered to the

skin bf the 4 tactors forming the lower half of the Y-axis of the electrotactor

display. Calibration as for a. above Control should be left at CCW limit when

not being used.

d. ON-OFF - This toggle switch directly controls the +150 VDC to
the electrotactor drivers. The switch should be left in OFF position when the

electrotactor display is not in use.

e. FIXED-AUTO - This toggle switch regulates the method used to
control the pulse width of the constant - current skin excitation signal delivered
| by the electrotactors. Inthe FIXED position the pulses have a fixed width of

20 microseconds. In the AUTO position, the rulse width decrzases from 0 to 17,

to 14, to 12 microseconds as the input control signals increase in magnitude. This

is a locking toggle switch and must be pulled out before toggling.

f. INDICATOR LAMP - This light signifies the system power is on.

2-6
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g. DWELL - This control is presently disconnected and the DWELL
has been fixed at 300 microseconds. DWELL is the time delay between the last
excitation of one display sequence and the beginning of the next. The control when
connected regulates the DWELL for both axes, it is calibrated in millis econds,

with the deviation between axes indicated by the calibration curve in Figure 2-6.

h. VT - Thir :able receptacle is the output connector for the vibro-

0

tactor display. It is color coded blue and keyed to accept only the vibrotactor
display cable.

A

s -
| .

i. ET - This cable receptacle is the output connector for the eleccro -

&
P

tactor display. It is color coded white and is keyed to accept only the vibro-

tactor display cable.

TR

'“! I Visual Display - This display contains an array of LED’s on a
one-to-one basis with the tactile displays. A LE) lights when its corresponding
ri tactor is energized. It is removable by loosening the upper right and lower left
o captive screws. A 10 foot cable is supplied for remote viewing.
‘ ; k. MANUAJ Controls - These 4 controls are active when the MAN-SIM
switch is in the MAN position. They provide scaled analog signals to the display |
ﬂ system when control loop signals are not being used.

ad
H

NTX and NT _ are calibrated with 10 being full scale

¥
or 100 percent. They control the quantization level of

U
Ngupetnind

1
i)

their respective channels.

e
-

| B
-

TX and 'i‘Y control the tactor ripple rates and are calibrated

e e e

in hertz with DWELL set at 20 ms.

|

o 1. MAN-SIM - This toggle switch selects either the MANUAL controls, |
L or the analog signals connected to the SIM receptacle for the control of the tactile ‘

; — displays. This is a locking toggle switch and must be pulled before toggling. ?
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Figure 2-6 Dwell Control Calibration.
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m. ALT-IND - This switch selects the display sequence. In the ALT
position, the position error data is alternately displayed on one axis, then the

other. In the IND position, each axis is independently controlled and the error

— -

data is displayed as it occurs.

n. SIM - This cable receptacle provides the interconnzction between

the tactile display and the control system. The control input and pin designations

]

are listed in Table 2-1.

| %
-

TABLE 2-1
SIM RECEPTACLE INPUTS

}

Fomas
D

)

[ =8
wImer

PIN NO. DATA DESCRIPTION

—

VNT, 100 VDC

|

| 11 2 VNT,, +100 VDC
= 3 Ve 1100 VDC
: | n 4 V4., £100 VDC
5 Common
: ‘ ﬂ 6 Spare
_ li Iy X -axis, ET Current (100 V/A)
}] 12 IY, Y -axis, ET Current (100 V/A)
The input sig 2als VNTX and VNTY are quantized to three levels and control

€= ."
St

the number of tactors excited during a display sequence. The input signals
V,f,x and V'f‘Y control the display ripple rate according to the calibration curve
i presented in Figure 2-7.

In addition to the front panel controls there are two trim-pots and five

discrete component, plug-boards used to change the display programming. Most

of these components can be seen in Figure 2-5. Two double plug-boards are lo-
cated on Board No. 2 (lying in front of the card cage). These boards contain
jumper wires which control the tactor excitation code. (See Appendix 3 for pro-

gramming.) The plug-boards on the left are for the X-axis and the ones on the

b § - 2-11 i
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Figure 2-7 X-Y Axis Clock Period Calibration.
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right are for the Y-axis. On Board No. 3 (to the right of the center opening),
there are two trim-pots and two resistor plug boards. The trim pots control the
biphasic stimulation pulse-pair recurrence frequencies, the upper pot controls
the X-axis frequency and the bottom pot controls :he Y-axis frequency. They are
set at 200 Hz. The resistor board behind the upper pot controls the quantization
levels of the | 'i‘l signals used in the auto-intensity control (see Appendix 4). The
resistor bo. ' behind the lower pot controls the electrotactor stimulation pulse
widths used during auto-intensity control. The last resistor board is located on
Board No. 4 and controls the 3 quantization levels of the NT,, and NT _, signals.

X ¥
(See Appendix 2.)

2.2 DISPLAY FORMAT

Only one format has been fabricated for the displays, it is an X-Y array
having no central tactor and with 4 tactors in each leg as illustrated in Figure 2-8.
The size of the array is fixed, i.e., the tactors are not movable. It is well known
that tactile spatial resolution is generally not high, thus it is advantageous to
separate the tactors as much as possible; however, for convenience, the tactile
display should be small. Therefore, a compromise has been made by fixing
cach axir length to 9 inches. This allows 1-1/8 inches between tactors in each

axis leg and 2 inches between the central tactors.

One of the final electrotactor displays is shown in Figure 2-9. The electro-
tactors are coaxial and have silver electrodes. The OD is 11 mm with an inner

electrode area of 17 mm2 and an outer electrode area of 57 mmz.

Figure 2-10 is the vibrotactor display resting on one of the belts used to
apply the display to the body. The | mm diameter probes used to vibrate the skin
is driven with a piezoelectrir crystai (bimorph) held as a cantelever and is cap-. -
ble of providing a peak force of 30 grams at 150 volts. A one-inch square pres-
sure pad surrcunds tne 0. 25 inch probe clearance hole in order to minimize the

effects of skin wave propagation.




Figure 2-8 Tactile Display Geometry.

2-14




P TR s A AR SRR m~m

¢

[Tt ]

o d

Figure 2-9 Electrotactor Display

Figure 2-10 Vibrotactor Display.
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2.3 DISPLAY CODING

The tactile display consists of two, parallel channels each capable of present-
ing polarity sensitive control error data. The channels are operated independently
to the extent that each can utilize a separate display code. In one operational
mode, i.e., when the ALT-IND switch is in the ALT position, the error data of
one channel is held in an off state, while the other chr:: el is displaying data, thus

they alternately display their respective control data.
There are two controlling analog input signals for each axis:

® NT is the analog signal that is quantized to 3 lr.vels (A, B, and C),

presently corresponding to 5, 30, and 70 percent of full scale.

[
T is the analog signal that directly controls the tactor excitation

ripple rate from 4 to 60 Hz.

The three NT quantization levels for both channels are set by a precision
resistor network mounted on a removable plug-board locatedon Board No. 4. The
plug-board has two sets of resistors, one to provide levels corresponding to 5, 30,
and 70%, and the other 5, 20, and 80%. To switch from one to the other the plug-
board is rotated 180 degrees. If other quantization levels are desired, a new

plug-toard can be fabricated with the required resistors. (See Appendix 2.)

The input data directly controls the tactile display such that any control
error variations will be transposed to cutaneous communication signals. During
an excitation sequence of one axis, 2, 3, or 4 tactor stimulus periods can be
generated as determined by what quantization level was maintaiaed during the
display period. A tactor stimulus period is the time during which a tactor can be
excited. A dwell period is used between the termination of the last stimulus
period and the onset of the first tactor stimulus period of the following display
period; this dwell period can be controlled by the DWELL control on the front
panel of the TCU through the range of 20 to 200 milliseconds, however, during the

initial tests, it became desirable to eliminate the dwell and allow the 'i‘ signals




v

" S

)
["! complete control of the display rate. The T signals regulate the display clock
frequencies and for every clock pulse, a tactor stimulus period can be initiated.
| l The freedom within which the display can be coded is set by the following
3
bounds.
© There are four tactors.
@ There are two sequenced clock periods generated for a NT level A,
° There are three sequenced clock periods generated for a NT level B.
° The e are four sequenced clock periods generated for a NT level C.

Table 2-2 illustrates some of the available zodes. The clock periods are

2 T3, and T4 as they are initiated by sequential display clock

pulses in numerical order. The location of the dots signify the occurrence of a

denoted as Tl’ T

tactor stimulus period for the specific tactor during the selected clock period.

The tactor numbers correspond to the tactor identification indicated in Figure 2-8.

The selecticn of tactor groups t, 2, 3 and 4, or 5, 6, 7 and 8 is made by
the polarity of the NT signal, for example:

+
° VNTX selects tactor group X5, X6’ X7 and X8
° -VNTY selects tactor group Yl’ YZ’ Y3 apd Y4
{ Consider Code 3 and VNTY equal to -10 volts. The first clock period, Tl’
L)

initiates the stimulus period for tactor No. 4 which is the uppermost tactor of the
Y -axis. The second clock period initiates the stimulus period for tactor No. 3 and

if the error voltage (VNTY) remains within the bounds of 5 and 30 volts (5 and 30%

of full scale) this sequence is repeated at a rate controlled by the V,:‘,Y signal. If
1

‘he error increases, one or two more tactors will be used in the display sequence.

In codes 5 through 7 more than one tactor is driven simultaneously, or as
in Code 4 a single tactor is selected for each quantization level and is repeatedly
driven while one tactor is never selected. Thus, in general, any code that can be
defined within the bounds of the code truth table can be implemented. Implementa-
tion of the selected code is accomplished by programming the plug-boards on the

Program Card (B2). (See Appendix 3.)
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TABLE 2-2
TACTOR DISPLAY CODE TRUTH TABLES

Tactor
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2.4 TACTOR EXCITATION

The tactile displays are fabricated using two different tactor types, bimorph
(piezoelectric) vibrotactors and electrotactors. The bimorph excitation signal is
a six cycle burst of 170 Hz, 140 Vrms; and the electrotactors are excited with
seven cycles of biphasic constant current pulses. Representative sketches of
these signals are illustrated in Figure 2-11(a). The resulting stimulus period
for either of these signals is 30 milliseconds or about twice as long as the 00 Hz
period occurring at the maximum ripple rate, consequently for ripple frequencies
greater than 30 Hz, the tactor stimulus periods will begin to overlap and two
adjacent tactors will be on simultaneously. In Figure 2-11(b), the X-axis tactor
(1, 2, 3) stimulus periods are shown for Code 1, level B presentation with the
ripple rate less than 30 Hz, and the Y-axis stimulus periods are shown for Code 1,

level B presentation with the ripple rate greater than 30 Hz.

If, during an initiated display period, the 'i‘ or NT input signals change, the
change will be directly transferred to the tactile display. The ’?.‘ input continuously
controls the tactor ripple rate. There are two conditions to satisfy for changes in
the NT signal after a display period has been started: What happens when the
quantization level jumps to a higher level (A to B or B to C) and what happens when
the reverse occurs? The jump to a higher level will allow the excitation of the
tactors required for the higher level. The jump to 2 lower level has two cases. '
If the last stimulus period had not been started, the newly required number of
periods will be generated and the display period will be terminated. If, for
instance, a display period for a B level presentation was started and during the
third stimulus period would be immediately terminated, thus ending the display

period. The loss of the A quantization level at any time will terminate the data

display.

2.5 SYSTEM DESCRIPTION

The tactile display system block diagram is presented in Figure 2-12. As

stated, each axis is independently controlled, thus the system basically consists of
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Figure 2-11 Tactor Stimulus Signals and Display Periods.
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two parallel data channels, the X-axis and the Y-axis. They are synchronized
only when the alt:rnate axis display mode is selected. The system des.ription is
presented in four parts: analog signal processor, tactor control, electrctactor

display and the vibrotactor display.
2.5.1 ANALOG SIGNAL PROCESSOR

The analog signal processor derives its inputs from either the manual con-
trols on the front panel of the Tactile Controle Unit ([CU) or from an external
control system such as the F-4 simulator which is utilized in the display evaluation
as discussed in paragraph 2.3. For each tactile display axis, two analog signals

are required, VNT and V,;.

The F -4 simulator computation voltages are +100 Vdc full scale; they are
rescaled to the +8 Vdc full scale voltage used in the tactile display. The MAN-SIM
switch on the TCU front panel selects either the analog signals from the SIM

receptacle or from the four potzntiometers located on the front panel.

The VNT signal for cach channel (X, Y) is the input for the three level
quantizer and the axis polarity control. The three levels (A, B, C) for both axes
are set by the same voltage divider network. The initial quantization level

reference voltages are A = 0.4V, B > 2.4V, and C > 5.6V, which correspond to

[e———

5, 30 and 70 percent of full scale. This resistor network is mounted on a plug
board to facilitate changing the reference values when desired. To minimize the
number of comparators, the absolute value of the analog signal is used. The
quantization levels (A, B, C) -ontrol the number of generated clock periods (2, 3,
or 4) used as variables for the tactor period logic in the selection of various |
tactor excitation codes. The levels are also inputs to the automatic electrotactor
intensity control. The polarity signal (PX or PY) is used in its respective tactor

gate generator to determine which of the two, four tactor sets of one axis is to be

used to display the error data, i.e., is the data polarity positive or negative.

o o o
The absolute values of the T data signals (|X]) and (|Y]) are used to control

the clock rates at which the tactor stimulus periods are generated. The minimum
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clock pulse rate is set at 4 Hz in crder to eliminate excessive display time delays
[ J
that would occur at lower rates. The maximum clock rate is 60 Hz. The |X| end

[ 4
IYl signals are also used in the auto-intensity control for the electrotactors.
2.5.2 TACTOR CONTROL

The function of the tactor control section is to generate the number of clock
periods determined by the quantization level (A, B, C) at the rate decreed by the
[ .

T input. This is done by counting the clock pulses and generating gates equal to

the interval periods between sequential clock pulses.

The four possible clock periods (Tl, T._, T and T4) are combined to form

2 3

six multiple period combinations (i.e., T2T3, T1T2T3, etc.). The four clock
periodr and their combinations serve as inputs to the code selector where they are
programmed by the selected code plug-boards, and combined with the quantization
levels to produce the desired tactor gate sequence. There are four outputs for
each axis, T15' T26' T37 and T48' Each output controls one of two tactors peiiding

the polarity of the NT signals, for instance T_15 will control tactor No. 1 if the ixis

VNT signal is negative anua will control tactor No. 5 if the polarity is positive.
The X and Y clock period generators are designed to operate independently,
however, the ALT-IND switch on the front panel provides the option of selecting
independent operation or an alternate-axis display mode. During the alternate-
axis display mode, the clock period generator of one axis is held in its DWELL or

reset state while the other is presenting its data, then when its DWELL is initiated,

the held-off axis is allowed to operate in its turn.

The DWELL period is presently fixed at 300 microseconds such that there is
no delay between display periods, however a DWELL control exists on the front
panel which will allow a controlled delay of 20 to 200 milliseconds. A wiring change

on Boards No. 1 and 3 is required to reconnect the DWELL control.
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varies, requiring separate intensity controls for the upper and lower halves of the
array. It is probable that in a future operational system, the individual tactor
drivers could be trimmed to the relative mean threshold of its location; then with

one intensity control all tactors could be optimally controlled.

Prior data has indicated that the electrocutaneous sensation increases pro-
portionately to the number of tactors being excited and the rate of excitation, or,
in other words, proportional to the power dissipated in the skin. With the range of
excitation ce”as and ripple rate, it would be impossible to maintain a single,
constant level of cutaneous sensation, thus a feed-fo-ward intensity control is used
to control the excitation pulse width. If the pulse widths are reduced to about 5 ps,
the toucli sensation is extremely low even when peak currents of 20 to 25 milli-
amperes ar~ used, hence controlling the pulse width between 20 and 5 ps provides
a very affective intcnsity control. The pulse width control has been quantized such
that 20, 17, !4, or 12 ps pulses will be generated. (Appendix 4 describes proce-
dure for setting pulse widths.) The decision logic used to select the pulse width is
based on the quantization level, ripple rate, and inter-axis intensity magnitudes.
The logic signals for the NT quantization levels (A, B and C) already exists. The

e
T data is quantized to furnish two levels.

®
Fl when T > 20 Hz

®
szhenT > 40 Hz

The pulse generator is designed to provide 20 ps pulses unless one of the

following logic equations are satisfied:

X17 (1)

X14 = (2)

+
XlZ X 2x X14Y14 (3)

These equations are for the X -axis. As an example, take equation (2); this states

that the X-axis biphasic pulse width will be 14 us (X14) if NTX is quantized in the




2.5.3 ELECTROTACTOR DISPLAY

The electrotactor gate generator accepts the clock gates from the code
selector, the polarity signals, and the biphasic pulse pairs. Its function is to
generate the tactor stimulus period from the clock gate, then, with the polarity

signal, route the biphasic pulses to the proper tactor drivers.

The clock gate onset is coincident with the leading edge of the clock pulse.
A post clock pulse is generated coincident to the trailing edge of the clock pulse.
The post clock pulse is ANDed with the clock gates to produce the SOS (stimulus
onset signal) for the tactor pair (su.ch as TlS) having its related clock gate at a
"' jevel. The SOS resets the stimulus pulse counter which then begins to count
the pulse pairs, and gates the pulse pairs, in conjunction with the polarity signal,
to the proper tactor drive circuit. When seven pulse pairs have been delivered,
the counter is turned off, awaiting its next SOS. The tactor driver converts the
low level logic s