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ABSTRACT 

Rapid to-and-fro movements of the eye are classified as nystagmus. 
This movement is usually the consequence of reflex exltation of the extra 
ocular muscles associated with stimulation of the semicircular canals. An 
analog nystagmus analyzer is described that can produce continuous information 
concerning the duration, amplitude and slow-phase velocity of each nystagmlc 
beat during experiments involving the vestibular apparatus. 

ROBERT W. BAILEYr" / I  
LTC, MSC U 
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ANALOG NYSTAGMUS ANALYZER 

INTRODUCTION 

Throughout the world research is being performed on the characteristics of 
eye movements called nystagmus. Of primary interest to many research investigators, 
and of particular interest to military research, is the form of nystagmus arising from 
stimulation of the vestibular end organs. Research effort is frequently devoted to 
studying the eye mo%ement characteristics which result from given profiles of accel- 
erative input to the h~man head, because the characteristics of the vestibular nystag- 
mus elicited thereby may be used as a measure of the response characteristics of the 
vestibular end organs. 

Nystagmus can be simply characterized as a "saw-tooth" wave form. The 
eye movement consists of relatively slow movement in one direction followed by a 
rapid saccadlc eye movement in the other direction. Research which has been done 
to date has pointed to the fact that the characterlstlcs of interest within a nystagmus 
record are the amplitude, duration, and velocity of the so-called slow-phase eye 
movement. In the course of performing an experiment dealing with vestibular nystag- 
mus, an analog nystagmus analyzer was designed and constructed to provide electrical 
measures of the various slow-phase characteristics in real time. This circuit, which 
is to be descrlbed below, can produce a continuous tract representing either the 
duration of each nystagmic beat, the overall amplitude of each nystagmlc beat, or 
the slow-phase velocity of each nystagmlc beat. 

It is the author's opinion that for the majority of the experiments which one 
might wish to perform involving vestibular nystagmus, this form of analog processing 
would be beneficial and perhaps sufficient for the requirements of the experiment. 
The discussion which is to follow is broken down into two general sections. The 
first of these sections deals with the general design of the analyzer system, and the 
second section deals with the specific implementatlon of certain portions of that 
system. 

ANALYZER BLOCK DIAGRAM 

Figure 1 shows the block diagram of the analog nystagmus analyzer. Basically, 
this diagram can be divided into three separate sections. The left-hand side of the 
diagram shows the switching control which was built into the system to permit the 
operator to use a more versatile eye position measuring technique. Thls swltchlng 
control is not essential to the~operatlon of the analyzer and will be discussed at the 
end. The second block is the line across the top of the dlagramr by which the 
timing sequence for the operation of the analyzer is determined. The third portion 



Analog Voltage Generation. 
L 

The generation of the varlous analog voltages to be used is performed by 
the three blocks labeled "Perlod Sensor", "Amplitude and Veloclty Sensor", and 
"Sample and Hold". The selection of clrcult function is made bytwo double-pole, 
double-throw swltches. The first of these, $1, selects perlod measurements on one 
slde and amplitude and veloclty measurements on the other slde. The Switch $2 
selects between period and amplitude on the one hand and veloclty on the other 
hand, and does so by swltchlng timing pulses into both the sample and hold net- 
work and the amplitude and velocity sensor. 

The "Period Sensor", which is shown swltched into the system on the block 
diagram, consists of a slmple capacitor which is continually being charged in a 
linear fashion. At the end of each nystagmlc beat the following sequence of events 
takes place. First, P0 clears the sample and hold network; then P5 establishes a 
new sample in the sample and hold network based on the current value of the period 
sensor; and f inal ly, P10 resets the capacitor which is being charged in the period 
sensor to zero so that the perlod of the next nystagmlc beat may be timed. In 
this manner the output of the sample and hold network is always proportlonal to the 
perlod of the preceding nystagmlc beat. 

The amplitude and veloclty sensor is a good deal more complex than the 
period sensor, in order to understand the operation of thls unit, conslder it first 
in the amplltude position. In this instance, Switch $1 is in the amplltude and 
veloclty position, and $2 is in the perlod and amplltude posltion. Agalnr con- 
siderlng the chaln of events which follows the occurrence of a saccadlc eye move- 
ment, one finds that at P0 the sample and hold network is cleared. Secondly, at 
P5, a new sample is taken through the differential amplifier and held by the sample 
and hold network. Next, the two pulses Pv and Pv5 reset the amplitude sensor in 
order to measure the amplitude of the next slow-phase segment. The amplltude 
sensor consists of two independent channels, both worklng on the eye posltlon. The 
upper channel, as shown in the block dlagram, is a simple peak follower using a 
dlode and capacitor. At Pv, the beginning of a slow-phase segmentr this capacltor 
is cleared so that i t  wil l subsequently retain the maximum posltlve voltage whlch 
the eye position attains. The second half of the circult is a sample and hold net- 
work which is cleared at Pv and sampled at Pv5. Thus the capacltor in thls latter 
network holds the initial value of the slow-phase segment of the eye movement. 
The resulting difference between the upper and lower halves, then, is always pro- 
portlonal to the difference between the maximum value attalned by the eye position 
and the value at the beglnning of the slow-phase segment. Thus when the sample 
and hold network samples thls difference at the next P5 it reads a close approxlma- 
tlon to the amplitude of the preceding best. 

4 



The detection of slow-phase velocity is very similar to the measurement of 
nystagmus amplitude, but employs a fixed interval of time rather than measuring 
the total amplitude of the eye movement. Thus with Switch $2 in the velocity 
position, the sample and hold network is cleared and reset 100 msec after the two 
halves of the velocity sensor are reset. The measurement then corresponds to the 
amplitude over a 100 msec interval. If one assumes that the slow-phase velocity 
is relatively constant over a single nystagmic beat, then the output of this circuit 
is ibroportlonal to the slow-phase velocity of the nystagmic beat. 

Switching System. 

In order to maintain a greater degree of versatility with the system described 
immediately above, a series of relays was provided to give the experimenter auto- 
matic control over the input variable. Basically, there are two forms of control. 
The simplest of these is the inversion control, where, by activating the amplifier 
which drives relay R2, the signal being processed by the analyzer may automatically 
be inverted. The description given above cites a technique by which a nystagmus 
wave form may be analyzed, but this system works only if the nystagmus is recorded 
such that the slow-phase segments of the nystagmus are positlve-going voltages, and 
the saccadlc correction movements are negatlve-going. In the majority of experi- 
ments, the direction of nystagmus will reverse at some point and it will therefore 
be necessary to invert the wave form into the analyzer at this point in time. Ac- 
cordingly, a control track can be used to drive the inversion relay at the appropriate 
times in order to provide for a posltlve-golng slow-phase segment at all times. 

The second half of the switching system permits the experimenter to use 
two different eye position sensors. Experience at this laboratory showed that 
nystagmlc eye movements in the dark could readily be recorded by using the elec- 
troretlnographic (ERG) technique. When the nystagmus was being measured in a 
lighted environment, however, the ERG technique was not sufficiently sensitive to 
detect the nystagmlc eye movements. For this reason, many of the experiments in- 
volved two sets of sensors. One was the ERG system, to provide a gross measure of 
the eye movements, when the subject was in the dark, and the second system in- 
volved photo-electrlc tracking of the subject's iris. This latter system, while it 
is much more sensitive than the ERG system, will generally be saturated by the 
large eye movements which take place in the dark. Accordingly, provision was 
made to bring both of these eye position transducers into the analyzer, and select 
them using the channel control relays R1, and R3. R1 simply selects which channel 
is driving the total analyzer system. R3 is designed to scale the amplitude and 
velocity outputs such that the output record obtained From the whole system can 
be calibrated with a single number in terms of volts per degree. The potentiometer 
on the output of the sample and hold network is adjusted to represent the difference 
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holding transistor Q3 off and therefore not affecting the voltage on capacitor C1. 
However when the clear pulse arrives, this llne drops to -6 volts and capacitor C1 
discharges through the silicon diode and transistor Q3. The sample and hold input 
to this circuit, which is connected via a diode to the base of Q2, normally rides at 
-6 volts. In this position, transistor Q2 is held off, and capacitor C1 is thereby 
effectively isolated From all other circuit components. However when the sample 
and hold pulse arrives, this input rises to +6 volts, and enables the transmission of 
the input signal through Q1 and Q2 to the sample and hold capacitor, allowlng it to 
charge up to the current value of the input voltage. 

Amplitude and Velocity Sensor. 

As described above, the only difference between the detection of slow- 
phase amplitude, and slow-phase'veloc|ty is the timing of the sample pulses to the 
sample and hold network. Accordingly, the description which follows is independent 
of whether or not amplitude or velocity is being detected. Figure 4 shows the com- 
plete amplitude and velocity sensor. The input to this circuit is the eye position sig- 
nal taken from relay R2. This voltage passes initially through a simple emitter follower 
represented by transistor Q1 in order to'isolate the eye position transducers from the 
amplitude and velocity sensor. The location of the circuit elements on this circuit 
diagram correspond to the two halves of the sensor as shown in the block diagram of 
Figure 1. The upper segment is the peak follower which consists of a silicon diode 
charging capacitor Cl.  Pulse Pv normally rides at a +6 level, holding transistor Q3 
off and therefore not affecting the capacitor C1. At the time of occurrence of the 
pulse Pv, this line goes to a -6 volts, thereby discharging capacitor C1 through Q3. 
When Pv is over, the circuit returns to its normal configuration and capacitor C1 
tracks the most positive voltage input by the eye position transducers. 

The lower half of the circuit diagram corresponds ~o another sample and 
hold network where the voltage being held is on capacitor C2o At time Pv, this 
capacitor is cleared in exactly the same manner that capacitor C1 is cleared. Pulse 
Pv5 normally rests at -6 volts, thereby holding transistor Q2 off and isolatlng capacitor 
C2. When the sample and hold signal appears at Pv5 however, this Iine rises to +6 
volts permiffing the eye position signal to be ~ansmitted through transistors Q1 and 
Q2 to charge capacitor C2. In order to prevent the load of the output differentia! 
amplifier from discharging capacitors C1 and C2~ it was necessary to provide another 
diode network to isolate these capacitors at all times when their value was not being 
sampled by the sample and hold network. The sample signal from Switch $2 accomplishes 
this purpose. This sample voltage is normally negative, thus holding the base of 
transistors Q4 and Q5 negative and isolating the two capacitors via the silicon diodes. 
At the appropriate sample pulse time this voltage rises to +6 volts permitting the 
emitter followers, Q4 and QS, to read the capacitor voltages. The outputs of these 

8 



EYE 
POSITION 

,o Q1 

-12V 

L 
.2K H 

Pv 5 

I1,~| 
i 

i r l  

Si 

-12V 

6.8K 'l 

+6V 

6.8K ~. 1OK 

C1 + 

Si 

Q3 

SAMPLE 
FROM S 2 

Si 

Si Si 

;oK 

I 
+6V 

AMPLITUDE AND VELOCITY SENSOR 

FIGURE 4 

100 

1OK 

2.2 K 

2.2K 

10K 

100 

1OK 

OUTPUT TO S 1 

IOK 

VVb 


