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FOREWORD

* This technical note describes the characteristics, operation and application

of an electronic device called the Axis-Crossing Generator (AcG).

This memorandum has been prepared in the interest of others at NUWC and

possibly a few persons or activities outside I~1UWC . It presents, for information,

a. small portion of the work being done in the area of sonar signal measurement

• 
and analysis.
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BACI~ ROUND

Code ~~o6 is investigating the usefulness of phase and amplitude

characteristics of sonar signals, as measured on a cycle-by-cycle basis, for

- ~ target detection and classification.
• 

~
‘
~~

‘
~~A Digital Axis-Crossing Interval Measurement System (DACIM) is being

developed to measure zero axis crossing intervals and positive peak ampli-

tude of signals between 0 and 25 KCPS. The digitized interval and amplitude

information will be recorded on magnetic tape for subsequent analysis.

• To check the performance of DACIM, it is necessary to have available,

some representative sonar signals which have very accurately known axis

crossing times. These signals are obtained by generating an axis-crO~B1ng

ramp of predetermined slope from a fast risetime step. This memorandum

describes a device which generates such a ramp.
*
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INTROWCTION to the AXIS-CROSSING GENERATOR (Aco)

The Axis Crossing Generator ( see ACG Block Diagram Fig . 1), produces an

output voltage which periodically passes from negative to positive values. Such

a polarity shift we will call a positive-going axis crossing (PGAC). By means

of a selector switch, negative-going axis crossings (NGAc) may also be produced.

However, in the discussion which follows, we will consider only the PGAC, it being
• 

, understood. that what we say also applied. to NGAC’s.

The PGAC (Fig . 2) is ~ voltage ramp (actually the initial part of an RC charge

waveform) which starts at -2 millivolts and. rises through zero to a positive value .

The ramp is generated by passing a voltage step through a simple RC integrator

located in the RAMP GENERATOR chassis. The voltage step has a very fast risetime

(on the order of 0.2 nanosecond), so that the time at which the step occurs is

known precisely. This instant of time serves as a reference (t = 0) for the

timing of events which follow. The time at which the ramp passes through zero

(relative to the reference time t = 0), is known very accurately because the

starting voltage of the ramp is small (-2 mv.) and the ramp slope Is sufficiently

steep to make component value deviations in the RC Integrator insignificant. Note

that only the timing of the PGAC relative to t = 0 Is important. The time at

which the PGAC occurs relative to some other time frame is unimportant. Knowing

that the axis crossing occurs d nanoseconds after the step transition, we may then

apply the ramp to the DACIM axis-crossing detector and. note that the output of the

detector occurs 1 nanoseconds after the step transition. The quantity (1 - d.)

is the error of the axis-crossing detector (see Fig. 4, ACD error).
• In addition to the basic function of generating PGAC ’s, the ACG has one

refinement. Immediately prior to each PGAC, a negative half cycle of a

2 
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sine wave may be applied so that the axis crossing “appears” to be that of

a sine wave. The period of the sine wave is the same as the interval be-

• tween successive PGAC ’s. The amplitude of the wave form may be varied. The

sine wave is applied to saturate the axis-crossing detector input transistors,

thus testing for ‘~nzemory effect” errors caused by stored base charge in these

transistors. A sine wave was selected. rather than a square wave because a

sine wave is more representative of signals which would actually be encountered

In using DACIM.

FUNCTIONS of MAJOR COMPONENTS

The major components of the ACG ( see ACG Block Diagram, Fig . 1) are :

(1) The Time Base Generator (TBG)

(2) The Ramp Trigger Pulse Generator ( RTPG )

(3) The Fast-Rise Pulse Generator (yi~PG)

(4) The Post-Ramp Offset Pulse Generator (PROPO )

(5) The Ramp Generator (RG )

(1) Time Base Generator (TBG): The time base generator is an oscillator/

square wave generator which clocks the entire sequence of events in the ACG.

The period between successive PGAC ’s Is controlled by this unit, and in

addition, it provides the negative half cycle of the sine wave which pre-

cedes each PGAC. The TBG is a Wavetek model 105 signal generator.

(2) Ramp Trigger Pulse Generator (RTPG): The RTPO, which is triggered

by the TBG, provides a delayed pulse output which serves as a trigger for

the Post-Ramp Offset Pulse Generator and the Fast-Rise Time Pulse Generator.

The delayed. output is required in order to obtain the proper time relation-

ship between the pre-ramp sine wave and. the ramp itself. The RTPG is an

3 
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Intercontinental Instrument Incorporated model PG-2 variable rise-time

pulse generator .

(3) Fast-Risetime P lse Generator (FRPG): The FRPG Is triggered by the

RTPG to produce an extremely fast-risetime pulse (risetime Is 0.2 nano-

• second.). The output of the FRPG is used. to trigger the Ramp Generator and

to act as a time reference (t = 0) for the measurement of the time at which

a PGAC occurs. The FRPG Is a. Hewlett Packard model 213B pulse generator.

(Ii) Post-Ramp Offset Pulse Generator (PROPG): The PROPG, triggered

by the RTPG, assures that the output of the ramp generator remains positive

following each POAC. The PROPG is a Rutherford model 15B pulse generator.

(5) The Ramp Generator (!~3): The RG, when triggered by the FRPG, gene-

rates a ramp ( the initial part of an RC charge curve). The slope of the

ramp depends upon the RC time constant used. There are four different time

const ants available, each generated within its own separate RG chassis.

The different time constants are for use at repetition frequencies of 25 cps,

250 cps , 2.5 kc, and 25 ke. The respective delays between the fast rise-

time step and the axis t’ossings for these four frequencies are 1530 ns,

153 us, 15.3 us1 and. 1.53 xis. The voltage level at which the ramp starts

(-2 mv) is determined by an adjustable power supply, shown in the Block

Diagram. The power supply is a. Eewlett Packard model 721 A power supply.

Figures 2 and 3 show the input/output waveforms for the major corn-

ponents of the ACG, when operating in the PGAC and. NGAC modes of operation.

Th EORY of OPERATION, RAMP GENERATOR

• The Ramp Generator is the component from which the output of the ACG

is taken. It forms its output by combining the signals from the FRPG,

power supply, PROPG, and TBG . These signals are shown in proper time

sequences for a PGAC in Figure 2. A schematic is shown in Figure 5.

4
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Initially, the output signal is positive because of the positive signal from

the PROPG. When the sine wave output of the TBG becomes negative relative to the

output, the bias on the lN9lli. diode changes from reverse to forward. This change

effectively connects the output to the TBG so that the output signal is the same

as the TBG signal. Through the voltage divider formed by R2, R3, and R4, the

power supply adds a constant component of -2 my. to the signals that form the

output. As soon as the TBG signal becomes greater than this component voltage,

the bias on the 1N9114. becomes reversed. again. This change causes the output to

stay at -2 my. Then the fast risetime pulse is initiated, which causes capacitor

Cl to charge through El. The exponentially rising voltage across Cl causes the

output voltage to rise from -2 my. through zero, thus generating an axis-crossing.

At the conclusion of the FRPG pulse, the output voltage would decay back to -2

my. if it were not for the positive signal from the PROPG. The end of the FRPG

pulse and. its subsequent decay concludes an ACG cycle.

Diodes CR3 and CR4 form a clamp that keeps Cl from being charged. to an ax-

cessively high voltage when the sine wave is added to the A~G output. The PROPG

input diodes form a gate that will not conduct until the PROPG signal has reached

the diode threshold voltage. The PROPG signal is shown in Figure 2 to be zero

on alternate half-cycles. Actually, the output circuitry of the PROPG causes

- the signal to be offset from zero by a small amount. Diodes CR1 and CR2 keep

this residual voltage from interfering with the output of the RG respectively, for

a PGAC and a NGAC. Each diode blocks the residual voltage because it cannot

conduct until it is biased sufficiently In the forward direction to exceed its

conducting threshold.
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OPERATOR’S SECTION

PREPARATION for USE

First determine which of the ii. equivalent sine wave frequencies is to

be used for a particular test; 25 kc, 2.5 kc, 250 cpa , 25 cpa . This will,

in turn, determine which one of the four Ramp Generators to incorporate into

the ACG.

• Connect all major components of the ACG as per Figure 1 ACG Block

- 

- 

Diagram, using coaxial cable everywhere except for the Variable DC Source

connection, which can be tthook-up” wire • The cable connecting the Ramp

Generator and Axis-Crossing Detector should be short as possible and not

to exceed 12 inches in length .

Next, refer to the Adjustments Table which applies to the chosen equi-

valent sine wave frequency. Working from left to right across the table,

make adjustments indicated in row 2, then row 3 and so on; using an oscillo-

scope when called for . Note that the upper half of each table applies to

NGAC ‘s and the lower half to P G ’  a. 

----  - .
~~--— -—. 

- 
-
~~~~~~

.-



—- - -.-

OPERATING PROCEDURE

After the ACO has been readied. for use, connect it, using coaxial cable,

• 
to the Axis-Crossing Detector and Sampling Oscilloscope as shown in Figure 6.

• ~~A N~~ LI .N~

_____________  _____________  

C ) .SCILLO.~ t :oPE

-
• I AX IS

A C.G 1J c~~~~~ir~&~~9 ~~~~~~~~
J I~~ET~~ T~~ci 

~~~~~~~~~~~~~~~~~~~~~

FIGURE 6 OPERATIONAL CONNECTIONS DIAGRAM

Observe the scope trace and. measure the time Y from the beginning of

the sweep to the leading edge of the Axis-Crossing Detector output pulse.

This time represents the sum of the fixed. tlme delay “d” Inherent in the

~~ ( different for each equivalent sine wave frequency) and. the Axis-

Crossing Detector error. Subtracting “d” from the quantity Y displayed on

the scope yields the Axis-Crossing Detector error .

L. ~~~~~~~~~~~ 
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