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LIST OF SYMBOLS

® = Scan angle in optical focusing (rad.).
_'Ean Angle of greatest detected intensity (rad. )
"B = Range(m.).

B = Mirror laser beam seperatxoh (m.)

# = Encoder starting torque (in. oz.).

I = Encoder moment of inertia (in. oz, sec.?)

& = Encoder shaft angular acceleration (red./sec.2),
w = Encoder Angular freaquency (rad./seﬁ.).

'f = Encoder frequency (cycles/seg.).

A = Modulated ﬁavelength (m.)

¢ = The speed Bf‘light (m./sec.).

Y =Modulated frequencyr( cycles/sec. ).

Vvt é_Laéer threshold voltage (v.)

"V@gﬁ = Pesk modulation voltage (v.)

¢ = Phasg'difference (red.)..

" Vm = Multiplying foltage (v.).:,

Vr = Reflected 1aser voltage (v.).

Vfil, = Filtered signal after multip?ying (v.).

wi = Multiplying freaquency {(red,/sec.)
w2 = Reflected Freqﬁency (rad./sec.).
Tr = Time resolution needed for .Osrm. accuracy (sec.).
To = Counter frequency (sec.), | |
Vo = Modulating voltage
V1 = 157 quit. volt. = 1.45 Mnz.
v2 = 2" qult. volt. = 45 Knz.
vri = 15% filtered volt. = 50 Knhe.
vre = 2™

filtered volt. = SKhz.



.

- to

T

t2

T1 =
Il =

Vel

Va2
aT1
N1 =

f' =
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Time delay (sec.).
Mult, time delay (sec,.)

VCO = Voltage controlled oscillator (cycles/sec.).

Tlme'delay between on board end returning pulses (gsec.),
Tlme depth of Field (sec.)

Expander-collector current (amps).

Transistor current gain, |

Expander time constant (sec.).

= Cap, Peak volt. during T1.’

= Trigger voltage |

Differential time error (sec.),

Memory éddresé
Angle of filter on fouler plane (rad.).

Lens focal length (cm.).
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ABSTRACT

Three methods for using a laser for rangefinding

are dlcussed. These are Optical Focusing, The Phase

Difference Method, and Timed Pulse. For application on

& Mars Rover, the Timed Pulse Method proves to be the

better cholce in view of the requirements set down. This

"As made posslble by pulse expansion technigues described

in detail. Initial steps tamken toward bullding the
range finder are given, followed by a conclusion which

1s actually a proposal for future steps,
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I, INTRODUCTION
To determine the topology of the landscapg ahead of the

'Mﬁrsrﬁover, it 1= only necessafy to know the rsnge Qnd angu-
lar position of a number of discreet points. Fbur points are
needed to to estimste a plene ﬁhose slope relastive to the
vehicle may be calculeted, The position of the four neighbor~
“ing points must be known accurstely enoﬁgh to permit s meen- '
ingful compufation of the slope, It csn be showrd that these
liﬁitations ares

1, RANGE % 05 mefers

2. ANGLE to 10 arcseconds
Also since the vehicle will be moving at the time of esch
messurement, the scsn rate of the rangefinder will become an
important factor im error introduced by vehicle pitch and
yaw, Since four date points, ineluding renge,azimuthsl and el=-
svatlion aﬁgles are necagsery for processing, 2 scan reate on
the order of 1 msec. would sllow the sssumption thst the veh-
icle wos still snd the four polnte were taken simultane@usly,
~elimineting cumbersome celculations due to piteh and yaw error.
This adds one more requirement: |

3. Fast scan rate, on the order of 1 msec,
Two more requirements may be induced. The rangefinder will be
travelling vies rocket and powered by on board bastteries, It
‘therafore_mUSt be of:
} 4., Low welght
5. Low power consumptlon

Three methods of extrecting renge dats from a laser will ba
discussed,



1. 'Optical Focusing'-consists of using

basic camers rangefinding technigues,

2., If the laser beam is modulated st 2 select
frequency, the 'Phase Difference’ between on board ang

reflected weves can be monitored to yield range,

3. The "Tim&d pulse' method uses leaving snd
rgturning 1§ser-beam to start and stgp;(respectively)

e counter, The elapsed time will yield range.

These methods will_be dlscussed and evaluated with respect to
‘the requirements mentioned above, A fourth method may be em-
ployed which doesn't give range, but can provide basic shape

and contour of the landscape,

4, In 'Grid Coding' a pattern of light is
prc Jected onto the landscape, The reflected pattern is

optleally filtered and cen provide contour informestion.
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Ii. Optical Focusing
As mentioned earlier, this method 15 similar to a
cameré ranggflnaer. Tt*'s= applieation to laser rahgefinding may
be explained as follows (figure 1)1
-1, The oollimaféd 133@? beam 1lluninates =
" poiﬁt in the field of scan,
| 2. A mirror, réflecting .1 smqll portion of
the fleld to the detector, begins to search for the point..
3. During the scan;-deteotor intensity and
corresponding mirror angle are sampled and stored by
a computer,
L, Computer methods are employed to deter-
nine at which angle, C)', thé'maximum intensity occured,
5, Once (D'is known; simple geometry ylelds:
: Tan @ = B/E |
| where R iz the range and B 1s the mirror-bean seperatioﬁ.
This method was firstlinVestigated for use with gnother rang-
ing scheme diszcussed in more detal™ by &, Pfiefer- The method
i3 called ‘Stereo Anglé‘Measureﬁents' ard Pflefer reports a
necegsery resolution of L 5 arcsmec, to be accurate enough,
This may at fir&t seem fofmidable, but encoders are

evellable at this accuracy? Teledyne-Gurley, of Troy New

. York, produces such a mechanism. It contains sn encoder wheel.

divided by 16,384 slots perirevolution. The slots are sensed
by a light emltting diode;photodiode combination, Using
electronic extrapolations,‘accuracies of U-5 aresec, are

availeble. The output is in ﬁhe form of an up-down counter

for each 5 arcsecond.increment. The encoder is cylindricel,

six inches long by three inches diameter, The entire asystem
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welghs 5.5 pounds and can be bought for #$4,000 to $5,000,

Although the enoéder has been shown to delivar the

‘requlred accuracy, limlts do exist on its ability to scan.

The nmeximum starting torgue is given by
M = 4 in. oz,
with a moment of inertis
| I=2.3%x10"2 oz, in, sec?
This ¥lelds an éngular acceleration of

u.:_ﬂ‘/ I = .1?4x103 rad./sec%

" The mirror will be axpected to scan from 3 to 30 maters

yYlelding
| Onin. = tan'13 = ?_3.30

ani

Q

Onusx, tﬁn"ljaf) * 90,0

Ik

assumning B = 1 meter, “This results in g change in @ of
;70 or aboﬁt 3 radians.' Assuming an sngular frequsncy w,
© ~-1.27 = 3008 tw-t)
" = &« = =,3coswiet )
abs (& )

i

-3W2 8.t maximum
1740/.3 = wz |

w = 5800 rad/sec,

‘f'= 925 cycles/ sec,
The minimum period will be about 1,1 msec , not imeluding

mirror inertisa. Slnée'some averaging must he done to insure

accuracy, and four points are to be dstermined, about 40 seans

‘will be necessary, if 10 averaging scans are used, This will

‘put the period for total data acquisition at 40 msec.;wsy above

Trequirements.
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- III. PHASE DIFFERENCE

The phase differeﬁce mathod is shown in figure 2. If '
‘the laser beam is modulated at a certainm freouency /', the
resulting wavelength ,A , will be given by,

A = cAr
where ¢ 1s defined as the speed of light, The range finder-ié
“to have a depth of field R in meters, such that, |
| 10 .‘:lR £ 50 meters
The maxinmum Alstance the wave will travel will be 100 meters.

So ;\ must be equal to or greater than 100 meters to insure

a unique relation between the phase difference obtained during
the round trip and the range. At A = 100 meters, the freguency
of modulation is given by

v = ¢/100 = 3 Megaherz.

Referring to figure 2, the pulse modulator will be oper-
ating at 3Mhz. , while the pulse generator st 10 Khz, The mod?
ulatiﬁg amplitude should not be great enough_to turn thq lager
on, or turn it off,.If the threshold voltage of the laser is
V¢, then

“or
at maximum, so that
Vpulse = 2V¢,

This will allow maximum modulation without disturbing lasing
- operation,

The laser pulse will contein many cycles of modulstion
to allow for averaging. Sensing on board end returning waves,it
will be shown how the phase difference may be expanded to giﬁe

the reguired regsolution,



b

"A. Phage Bxpansion
Through Heterodyning

The heterodyning principle may be proven 'thro‘ugh Euler's
squations. Let ' o
| Vm = 005(w1t)
be the mixing- f‘requency, and
Vr = cos(wzt +¢ ) |
be the returning laser beam slgnal with phase delay,$ . Then
from Euler |

Vn

-%(exp(iwlt) + exp(-iw,t))
and
Vr = z(exp(1(w,t + ¢ )) + exp(-1(w,t +4)))
Mixing {multiplying) ylelds
' VmVr = %(exp(i(wl + W)t + 1¢) +
exp(i(wl - Wylt - 1) +
exp(i(w2 - wl)t +1d )_ +
exp(-i(w1 + Wylt - 1d))
This can be written sse
Vavr = i(exp(i((wl + W, )t +d))
+ exp(=1((w; + w,)t +4))) +
tlexp(1((w, -w )t + ¢ ))
+ exp(=1((w, - w, )t +¢)))
or
VmVr = %cos((w1+ W, )t +6) 4+ i‘cas((w‘.2 - Wit +&)
Using be.nd_ pass filtering_technlques, ons component may be
1so0lated,
| Vril. = doos((w, - w, )t + )
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To apply this r@sult to the rangefinder, the follow-
ing sssumptions are made,
L 1, A1l freauency combonents sre in phase,
except for wi, the reflected voltage,

2. The phase will be measured by counting
the time interval between zero erossings.
The first:assumptions simplifigs caleulations, but needn't
be trﬁa. The only variable phease component will bes introduced
by Vr., All other constant phase components introduced by the
electronice may be calibrated ouﬁ of the system. The szecond

aséumption:directly implies that only 180° of the wave-
" length will give 2, unigue phase-range relationship. This

requires doubling the wave length, or halving the frequengy
%o 1.5Mhz. o
To resolve .05 meter at fh& sﬁeed of light, the time
resolution must be, |
| - Tr = 2dB/c = 2x(.05)/3x10% = .33nsec,
'Typical counter frequencies are 10'hz,., or
Te = 10’?sec.,= 107 nseer
‘This leads to the resuit'that tha rhase angle must be magni-
fied about 300 kimes. The suggested design is shown in |
figure 3; A frequency counter can be designed to produce four.
in phase signals of the reguired frequencies ﬁto be discussed
later), The primary 91gna1, Vo, is used to modulate the lasar .
beaﬁ at 1.5Mhz. Vr, the raturning signel, plus phase delay 1is
mixed with v, at 1.45Mhz. The result is filtered to produce
Vr, at 50khz., This is then mixed with V, at 45Khz, and flltered

to produce Vr2 = 5Kkhz. If Vr contained a phase componsnt,(b



=’p1/2, this correspond to one-quarter period or an elapsed

time of | |
b, =% x(1/1.5)x 1076 - 167nicrosec.

Since phase 1s maintained through the heterodyning process,
at 5Khz., a phase angle of pi/2 would correspond to
| té =% x{1/5)x 1073 50 microsec.
-Notice that the elapsed time has been magnified by 300 to
allow proper resolution. Also four deta points will take
- at maximum .Bmsec,, leaving room for 10 averaging cycles per
polnt and still maintaining a period less than 10 msee. New
| state of the art counters will soon be availableu with periods
of 10 nsec. This will eliminate the last mix (V2), simplifiying
and speeding up the whole process.

One immediate drawback is the length of time that the
laser must be pulsed in order to set up the heterodyning pro-.
cess.‘Assuminé that the fastest counters are used, tc = 10
nsec, and 10 cycles are used for aversgling, the laser muét be
pulsed for at least ,2msec. ver point. Semiconductor lasérs
‘have meximum pulse widths 6f .2 microsec. at room tempers -
ture.VOther types of lasers may dbe useds and light emitting
‘diodes (LED) hsve been employedé LED's require a cooperative
target because of their low power (50 mwatts mai.) output.
Gas‘lasers, typically Helium~Neon, have been used with great

success, but do not fit the requirements of low power con-

sumptlon and low weight as well as a semiconductor laser.
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B. The Frequency Generator

Prbduclng four in phhze signals i= accomplished by |
using phase locked loops and frequency dividers, all avalilable
in IC packages, Pigure 4 shows the block diagram of the
generator. The one input to all thrae branches 1s & 5Khz.
clock, The basic operation of any one branch is to produce a _
vdlﬁage proportional to the phase difference between the input
signal snd the ﬁﬁltage controlled oseillator ( VCO). Once the
loop 1s locked, the frequency of the VCO will be enusl the
inputs and the phase difference will be zero. Putting = divide
by N counter in the loop allows VCO fo be locked at a frequency
N times the input’é. A divide by 9 counter will produce a
VCO at 45Knz., a divide by 290 produces 1.45Mhz, and a divids
by 300 produces 1.5Mhz. These voltages correspond to Vor Vi
and V  respectfully. Of course Vs ie the clock. Also shown
in figure 4 is the circult dlagram for one branch of the
_ generator. Tﬁe clockjinputs at pin 2 of Signetic's NESAS
phase locked loop. VCO is pin 4 and N8281 is the preset
divider. R, and C, céntroll the free runining freauency éf
| VCO. C, 1s used to stabilize VCO and should be large. Note
that all outputs are sduare waves, except for pins 9 and 8
where VCO nay be trimmed fo a triangulsr waveform,., Froper
band pass flltering will produce a sine wave.rlf filtering
is ﬁo be avolded, pﬁaée locked loops may be constructed using
voltage confrollcd crystal oscillators which have sine
wave outputs, -

In coneclusion then, fhg phase difference is an accurate
rangefinding method. When using a Hellum-Neon laser, accuraciess

6

are reported. of- pd .3 microns, and using en LED® of % 3e¢m. The

Timed Pulse method ean offer comparible accuracies while
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"ﬁaklng use of the moré desirable semiconductor laser.



U

| iV. Timed Pulse
The timed pulse,metbod-is,shown in figure 5. The
oéefation of the.system-is simpler than the phase'differenca
nethod, but,.unfortunately. not s accurate. The sy=tem can
be made to pefform,to specifications, as will be shown., Ini=~
tial Investigations shdwed that .25 nanosecond:time resolu-

tion 1s Needed when measuring the elapsed time of flight in

order to achieve i5 CH. accuraey? The system shown in

8. and is reportad to

figure 5 was'suggested by W. Kuriger

be capable of ¥ 10 cm, accurascy under laboratory conditions,

Some modificatioﬁs can be made to ilmprove Kuriger's design.
The range iz determined by monitoring a ramp gen-

erator (mosé likely with an A/D converter }. The amplitude

that the ramp reaches 1s proportional to the lengih of time

it is on. The resmp begins on = signal from the pulse gen-

érator and stops on signal from the returning lsser bean.

N ﬁote that Kﬁriger‘s article conteinz many fine voints =nl

should b2 read thorouzghly. W2 are concerned here with accuracy

and will re dlscussing certain cirecuits toward thls end.)
Fignre 6 contains the modified circult dlagram. One

: impoitant design changé concerns triggering the electronics

with on bbard and returning laser beams. Lasers have an in=

definite Qelay time between pulse application and onset of

the lasing mode. Triggering with & split laser beam will

eliminate the arfér due to this time lag. The processing |

begins on signal from the storage-averaging branch. A two

ma. pulse triggers the‘power supply to dArive the laser. The

time delay between on board and returning laser pulses is

recorded by the detector and oﬁtput as a pulse of width, T.



This pulse width is éxpanded and timed. The count resulting
from the timing is used as a memory address for read only |
-memories (ROM'S)..The range is output from the ROM's and
stored to awalt asveraging. The pulse generator is then sig-
naled for another range beginning the cycle over. The num-

ber of ranges to be averaged depends on how much time is
~allowed under the 1 msec, scan reguirement,.

The power supply will be covered in a following sectlon

The processing will be explained now, brench by branch.

A, Detection (Fig. 7)

The pulse width, T, proportional to the beam time of
flight is pfoduced by an exclusive or gate., The beams are
detected by photodiodes, amplified and applied to the gate.
The on bosrd beam will be stonger and require lessz amplifi-
cation, thu=z A

will be greater than A, . The function of

2 1
the gate as shown in the truth table will produce the the
pulse length. Since the gate triggers at a épeoific voltage
(5 volts), the pulse length will also depend on the sloﬁa
of the leading edge of the input pulses. This won't disturb
the operation of the on boerd circuit, but will affect the
timing of the reflected circuit since the shape of this
pulse will depend oﬁ distance travelled and type of terrain
encountered, This has been 1nveatigateé? and it was shown
at = (T/2)s7N)"
" Where dt is the timing error, Tl the pulse length, mnd S/N
the slgnal to noise ratld. Using nominal values, the author

Teports maximum error of 3.75 cm., Since this is 75% of the

' éllowable errbr, every effort must be mede to minimlze 1t;



Although the reflected pulse shape won t be identical to the
output pulse shape, 1t certainly will depend on it. The 1aser
outpht pulse shape must be as sguare and as powerful as
possible. Performance of the lasmer and power supply will be

dlscussed in a following sectlon.

"B, Pulsze Expander

i.) Principles of Operation

The problem of extracting centimeter accuracy from the
timed pulse method may be approached-as-follows, assuming
rounded numbers for,ease of caleculation. The renge depth of
field, B, may be stated as

3 £ R £ 30 meters

- This is related through the speed of 1light, ¢, to the time
field, T, = 2R/c. -
| T 20 & T, % 200 nsec.
If a range resolution qf .03 meters is required, a time
resolution of ,2 nsec. is necessary. Ad stated earlier; soon
to be avallable counters will have resclutiona of 10 nsec.
(100Mnz.). A magnification of 50x is minimum (100x to be sure)
for proper resolution, | _ | |

ii.) Operation-Fig.8

The combinatibﬁ Bb, T, and C constitute a ramp gen-
~erator simiiar to Xuriger's design. The difference here is =
the method of output. A iarge resistor was placed across the

capacitor with the result shown in flg. 9. Vin is the pulse

input from the detector and is width modulated depending on
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.'iange. Uéing a capacitor of .01 microfarads and a resistor
of 470K ohms, the transfer function of flgure 9 was cbtained.
The s]lope, or megnification, of the system 1is 1500 for the |
first part of the curve, and 300 for the second part, Note
both glopes are well over one hundred. The resistor, R/ ney
be replaced by a high input impedance schmitt trigger shown
in figure 10, The function of the circult iz to provide trig-
gering at predetermined voltages,lproducing 8 square wave
“output which is more sultable fdr timing. Figure 10 shows
the input and output wave shaves along with the clcuit's
transfer function, The transfer function shows the hysterisis
exhibited by the circuit, allowing precise wave shaping and
timing, |

1i1.) Pulse Expander Theory

Asgsumling an input rulse of constant samplitude, Vl,

and variableﬂlength,‘Tl, a constant current I, will flow

1
into C.

I, =v,/(apf) - L
Where Q iz the transistor current amplification. Let Ve be
the capacltor voltage, then
I =¢C dve/at
N (Il_/C)Ti = Vcl
After the pulse applieation. voltage Vo will dlschargé
‘through‘Bi
Ve, = Ve, -exp(-TZ?’fo)

Where f = EC, Assuming RC much greater than TE’
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Ve, = Vci_(l -T2/4~, )
Ve, = TiIl/c(i-Tz(RC))

2.2
Ve, = TlIl/C - 7T, 11/(Rc )

Since ch will be a constant triggering voltage
2
a/et, (Ve, = TlIl/C - Tszxl/Rc }
. 2 2
0 = Il/c - szl/Bq - TlIl/Rc (de/dTl)
0

1}

1 - Tz/Hb - T1/PC (aT,/aT,)

Since RC >) T,

KC/T, = de/dT1
With the values used when testing the expander and taking
TI = 3 mierosec, 7

de/dTl = 1200

and T, = 2 microsec.

1

it

2350

The actual values of the slope tsken from figure 9 1=

de/dTl

1300 and agrees well with theory. The final result shows the:
slope is dependent én T1 and therefore non-linear.

iv.) Pulse Expander Modifications

Pigure i1 shows the expander with R replaced by a
tranzistor circult, The two transistors are driven by pulses
‘Vl. from the detection branch, and.vz. a pulse generator
triggered by V,. V, charges the capscitor as before, but
now the charge is metered out at a constant current deter-
mined by the transistor. Az before

o Ve, = I,T,/¢C

If the stored charge '.[1'1'.‘1 is metered out at current 12,
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Ve, = I,T,/C
Then sinply
The capacltor would supply a constant current until it's
voltege dropped to the point where the transistor saturated.
The discharge would then be exponentisal (see Vo), Little
time was available to be spent on this eirecuilt, but 1t shows

promlse,

. C. Timing
Memory Address
Up till now ﬁﬁe concern has been producing a pulse

width‘dependent on range and Ibng:enough to allow proper
resolution, It is clear from figure. 9 thet the pulse ex-
pander's trensfer function.is not linear, énd computation
‘of range from timing the pulse width would regqulre extensive
caiculatlon. In this sectlion it wlll be shown how the pulse
éan be timed and hafdwired to produce %_memory address cor-
responding to the correct range,

Since T the unexvanded pulse width, 1is related to

19
the range by T, = 2Bfc, the field of T, will be
’ 20 & T, ¢ 200 nsec

and

| Tmax.-Tmin. = 180 nsec,
| If the renge is to be known within £,03 meters, » differen-
tial element of range,dR = .06 meters, would correspond to
'a differential time of
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The number of uleue.timq)values needed to define the field
is then | | |
N = 180/dT, = 450
If a portion of the pulse expander's transfer function;
say with slope =-100, was blowﬁ up, the relation would be

similar to figure 12. If T, = 60nsec., the differentisl ele~

1
‘ment would be from 59.8 to 60.2 nsec, as shown., This trans-
fers to T, as mean time T, = 6 microsec, and differential
element from §.98 to &.072 microsec, If the 10 nsec. clock
is used, 4 pulses will fit into dT,.
szax. will be given by 100 x Timax or 20 nicrosec,

With a cloeck period of 10 nsec., this transforms to a maximum
count of 2000 at szax. The number of blanary diglts necessary
to handle this count is given by

2 = 2000

nlnZ = 1n2000

n = 7.6/.693 =11%= 12
For the case being considered here, with T, = 4 microsec.,
the count will be 800. Notice that any count from 597 to 604
is representative of the same elapsed tine, Tl' and the
.'corresponding range since all are within the differential

time element 47 see figure 12,

2!

The memory address is produced from the count by hard-
wired loglc gating, figure 13, A count df 600 is shown in the
-reglster, This correspoﬁds to an elapsed time of 60 nsec. or

8 Trange of

60 x 10"9/2 X 3 x9108 = 9 weters
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This range would correqund ideally to a-memory_address bf

| N, = 9/.06 = 150 |
" When the count is anywhere from 597 to 604,150 should appear.
in the memory sddress reglster through similar gating. If the
entire transfer function is caiibrated in this manner, a
'unique memory eddress will be produced for any elapsed tilme

Ty

within the differential 1imits.

D. Memory

This branéh is the least complicated of the system,
It's purpose is to store 450 values of range fof processing,
Sincé the ﬁaximum range has been assumed to be 30 meters or
3000 centimeters,'a 12 bit memory word length will be necessary,
‘the whole memory consisting of 450 words.The range values are
predetermined and'pIOgrammed into the memory. These values .:
‘sh;uld be calculated taking into conslderstion mertlen am-
"bilent GOPditionS.-it iz known from Mariner 9 dats?, that
the the ~hange in temperature over a Martisn desy is about
100°¢, Design technolégy can produce stabile circuits over
a range 6f 15000 wlth meany methods available to protect
against thérmal error. Digital circultry has negligible temp-
erature dependence so that nost of the error will occur in
the pulse eXpanding branéh. Variation from STP will affect the
speed of 1ight,‘bﬁt 1¢ can be shown10 that over 30 meters an
erroerf.only « 3cm woﬁld‘be encountered, Asguming that the
ROM's have béen propérly programmed, once addressed, the mem-

ory will load the proper blanary representation of the range
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intc the memory Qutﬁut buffer..From here the range is trans-
fered to a storage register %o awalt averaging. Thg'number'of
roenges available for averaging will depend on how meny cycles
can be run in about imsec,
E. Averaging

Every 1051c gate has associated with it a delay time,
" This time is constant and if accounted for will not hamper
| operstion, The typical delsy time for a gate is 10 nsec.
The dats access time from memory is 100 nsec., Notice that
the maxinmum output from the pulse gxpander wlll be 20 microsec.,
and if 100 gates (an overestimate) plus memory have to be
passzed, the delay from pulse expander to rsnge will be 21,1
microsec. A safe figure for the total figure would be about
25 mierosec. Since a GaAs lacer is to be pulsed for 100 nsec,
{(maximum) at a duty factor of 1%, the aminimum period allowable
for leser operation is 100 micro sec. This can be lowered
easily to 50 miérosec. by shortening laser_'on' time, but
clearly the léser 1z the dregging foot., At a period of
50 mlcresec,, 4 volnts will be averaged 10 times in Zmsec,

meeting pitch and yaw assunptions.

F. Timed Pulse
Future Possibilities
The major obstaole preventing use of a timed pulsze
gystem ﬁithout the pulse expander and releted complications,
is the limit trsnsistor speed places on the counting fre-
guency. The major factors determining the maximum frequency
of oscillation o transistor can obtain are parssitic cap-

acitances and carrier transit times .through the device, Both
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tﬁese paraméters~are a function of device size, The smallef
& trensistor can be made, the faster 1t will be.-Fiéure 14
shows two transistors (MOS)., Transistor (a) was madé by
conventional diffusion doping technigues. The dimensions of
the transistor sre measured 1ﬁ microns (io'émetersl since
that 1s the closest tolerance the diffusion method can yield,
 Transistor (b) was produced by ion implantation of the doping
atoms. The dimensions mey be controlled to 1008 (10'8meter).
The results sre that (a) can function at =2 maximum freguency
of about 100Mhz., while the maximum frequenc& of oszcillation
for (b) i1s given as 14 x 107 Hz, = 14 Ghzj.‘1 This gives a
time resolutlion of .07 nsec. Devices such a= trensistor (b)
are still in the research stage and sare not yet commercially
available, The ion implantation method hsas made tremendous:

advances in the last few years and promises to be a major

manufacturiﬁg technigue soon.
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V. Grid Codingl? |
Although the tecﬂnique of Grid Coding does not fit

ihto'the preéent method éf terrain modeling, 1t does uffer

an alternative approach to the problem of robot vision. A EO-
ded - dodecahedron 1# shown in figure 15 (a). The coding
consists of nd more than projecting the lined pattern onto the
objéct.,A coherent optical sy=tem i3 then used to pverform a
Foﬁrier trenaform on the pattern, The trsnsform is figure 15(b),
_'Note the intenée spots of light in the first and third quad-
rants. These represent the different spatial freguencies
creatéd by the projection of the grid onto the dodecshedron,
The transform islrépresented graphically in figure 15 (c¢).

The graph shows the four energy spikes and their angular
dependence. A filter of width 8° was used with the result

o’ end -68°

éhown in figure 16. Note that at -38°, -h?o, 3
'~ the four frequencies were seperated and reconstructed. This
1ilustrates how & terrain.may be 'Grid Coded' and annlyzed
after the Fourier ﬁransform has been ggplied. The rover can-
not c¢climb a slope greater than 250. Iprr0per deteetion is

‘pl&ced in the Fourier plane, slopes greater than 25° nay

then he detected and avolded. -
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VI. Bullding The Rangefinder
. A, Cheoosing a laser -
Here Kuriger's articie wes very'helpful in supplying

13&1L

references on solar irradiance and Martisn surface

reflectivity to complete the following table.

AT = receiver antenna ares = .49 x 107 3p?
Pr = signal power incident on detector

Pt = laser power output-

Pt =:effeciéncy of transmitting optics = .8

(r ="efflciency of receiver optles = .5

i = Martisn surface reflectivity

"Ta = Martian atmosphere transmittance = 1.0
R = Ranga' |
Giving
pr/pt = ('t Urf Ta ar/2p1 B
At R-= 30 ﬁetgrs ‘
| Pr/Pt = .OQS.X 1076

Kuriger assumed the Maftian surfece to be a diffuse reflec-
tor of the lsser besm into a solid angle of 2pi. This as-
sumptlon is upheld by work done hy Mason15 who states that
circulatlion of the Mortian étmosphere will leave very fine
grained deposits of sand on the surface, creating s diffuse
reflector. |

| Kuriger suggests a 13 watt Gaﬂs laser for the system,

Pr z‘.iBS'miprowatts at-BO meters

The laser chqseh for experimentatlon is RCA 408BA6 with max-
imum output of 24 watts at a current of 60 smps and wave-

length of .9 microns. Ample informsticn mey be obtasined from
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ARCA concerning this device.6 & 17 A brief introduction will
be given here. »
A semiconductor laser i1s a2 dlode made of GsAs typiecally
and constructed so two edges of the chip are parallel to each
other and perpendicular to the junction, The refractive index
of the GsAs - air interface 1s such that at .9 microns it
behaves as & mirror. This allows constucﬁion of 2 small lesing
cavity within the semiconductor materisl. Light 1s emitted
wheﬁ carriers cross the -p-n junction of the dlode.JOnlj-
those modes which are reflected parallel to the junection
- plane between the mirror faces, can become part of the
stimuleted emission process esszential to lesing action. Since
the Junction,.then, becomes the laging cavity, emission
3 of radiation is from the junction ares which typically has
& width of about 2 mierons. This small apersture diffuses
the radistion into a 20° cone, figure 17, and mekes it
necesséry to collimate the beam. If a 1 cm. beam width 1s
desired the following relation holds. | |
Tan 10° = mm/f°

where f' 1s the focal length of the lens. so
176 = Smm/f'
f*' = 2,84 cm,

Another chsracterlstic of leser light iz coherence. This
" is lost since the laser must be operated in the pulsed mode
with pulse widths usually less than .2 microsecs. at room
temperature, Normal operation of the lsser at 40.amps ang

8 volts introduces 340 watts into the semiconductor chip.
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Short pulses are therefore necessary to avoid burn out dur-
ing 'én' time and duty fectors of .1%‘a110w time for dis-
saﬁatidn of heﬁt to avoid eventual burn out.

B, Laser diode power supply

Thé ma jor features of a power supply for laser operation
_sre the high current needed for onset of lesing (10 emps) and
The_nérrow pulse width necessary to avoid burn out. At first
a supply was designed for use with the phase difference method.
In ﬁrder for modﬁlation of the laser, the current pulse must |
have a flat top, Figures 2 end 18. Transistor 2N5262 was
. chogen for it's speed and current capébilities, with the
expected output'shéwﬁ in figure 18. The final design is figure
19 with-15 trensistors in parallel to supply 45 amps to the laser..
The circuit wes never constructed because 2N5262 could not be
bﬁtained. The eircuit would heve been ideal for experimentetion
allowing low current ( non-lasing) pulses of long length for
"heterodyning experimentation and short, hlgh current pnlses
fbr timed pulse expefiments. When i1t bec?me obvious that 2Ng5262
.would not srrive, an alternaté cesign waé chosen,

Figure 20 éhows 8. ﬁower suprly and the current waveform
iy pfoduces. The operation iz to charge the storage capscitor:
through the translstors until the cepscitor voltage reaches ?cc.
SCR GA201 is triggered to allow discherge through the laser
dicode. This pulser was bulit.with the waveform resulting shown
in figuré 21. Note, this 1s not the current waveform, but the
signal waveform received at;the photodicde. The rise time of
- the pulse (100 nsec.) is far from the current rise time given

for the circuit (20 nsec)la’l9
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VII. Conclusion:

4 Proposal

Recelling the requirements placed on the rangefinder,

they are:

1. Range 31.05 meters

2, Angle ¥ 10 arcsec.

3. Fast scen rate

y, low weight

5. low power consumption
The Timed Pulse method meets all requlrenents and is recommened
- for further developement in two maln areas of étudy, the leser
power supply with related detector electronics, and the modified
pulse expander including counters and registers.

Supplying 40 amps té the lasér becomes & problem, buf can
be solved by elimineting all unnecessary components snd wire
lengths in the laser's circuit, Figure 22 shows a suggesteqd
power supply scheme to eliminate the 3 1N914's as an example
of power sapply improvement. The detection may be improvéd by
'adding a differentiating op-amp20 to eliminate received pulse
rise time and the erfor introduced by this rise tinme,

| The modified pulse exvander is not a unique
design. Hewlett-Packard counters model numbers 53460 and
5379 boést o1 nseé, resolution and use pulse expanding tech-
niques. They cost afoﬁnd $6,000,00. Therefore further research
into the medified expandef 1s recommended towards a possible
linear transfer function to simplify processing. If the pulse
expanding technigue can bg'debugged and made practicle, the
fimed pulse method, as described,‘ls a laser rengefinder for

Mertian terrain modeling,



- =26h=

s

)

DETECTION
MIRRQR . <> LENS
LASER
ANGLE INTENS ITY
COMPUTER
FIGURE 1

OPTICAL FOCUSING

°l



4o .

h 4

PULSE ) —
" HODULLTOR »  D[ASER
V- REFERENCE V~REFLECTED o~
.|_-.___.__o G . (
DETECTOR
f\\j/\V/\ T Vs,
t > T T mee = THRESHOLD

P

'((/\ /\s
vV Vv

ta 0O maee..

A,
t

“&Z“

]



PULSE
GEN.

L.

PULSE
5 ——>  IASER
MOD.
; .
DET, \;‘
Vo=1.9Me Vr = /. 8§Me
Vi
| FREQ. [Twne | MIXER.
GEN. Vrl=50Ke
w—| mIxEs
Vz | ClocK
SKe
Vre:-% Kc
ZERO
DET,
b — 5| COUNTER
AVERAGING |[4~— | RANGE
)
FIGURE 3

HETERODYNING CIRCUIT



cLock [ C) T T\ T | D
EKHz, ' _ ' ' '
v A
3 Ve o Usku, -
e N i e
. VT L4 My, _
' -——-—8 zqoﬂ - vco

(O HEHD

300+ ves

FIGURE U4

THE FREQUENCY GENERATOR



- MOTOR -

g : | . |
{\ MIRROR N // .
— ' AN
| ~ ; \
A \
| L
| |
I
l !
' r
|
il
DETECTION -
- LASER ARRAY’
b
AMP
THRE. PULSER/TIMING
DET.
.

RAMP |
GEN. LOGIC }
FIGURE 5

TIMED PULSE

v

'0{“



PULSE

GEN.

P Y

LB

PULSE

MOD.

LASER

ot

~

\.

DETECTION

AN

N

A-

/oo

PULSE
'EXPANDING

¥

TIMING

MEMORY
ADD,

N

MEMORY

RANGE

STORAGE

FIGURE 6
MODIFIED TIME FULSE

AVERAGING |

L

OUTFUT




on bo&cb
bear -

—o

EXCLUS IVE OR
A B Cc
0 1 1
0 0 0
1 0 1
. 1 i 0
% . lﬂ/la\r ‘ {‘F
I . xoR
- A

- .

AMPLIFICATION ————» N\ / e AMPLIFICATION

—

O

T e

FIGURE 7

DETECTION CIRCUIT

_,‘_/\/\/\,

fef L;wbeb
heam

_2€-



-33-
Figure 8
PULSE. EXPANDER = FHREE RUNNING

Ill?

T,




A ' ST S FIGURE 9

M oeC~ SR PULSE_EXPANDER
TRANSFER FUNCTION

60 1

siope = 1000

4.0 G
v
/|
= .ol uf
2.0 - ! R = YIWKJN .
| |
.
2.0 ¢ :
.
!
|
[
O ,
I
o
1
o) 7.0 3.0 40 - £.0 .0 9.0 8.0

7;/0@3.—?




Ve

Vb

- SCHMITT TRIGGER

FIGURE

10

out

Vo ...

Vin

h 4

A
Voutl

Vo

Voutl

-«



Figure 11
PULSE EXPANDER - METERED

..9£.-

TRANSFORMER GIVES DC
\! ISOLATION, WHILE ALLOW-
ANA | ING EXTEENAL TRIGGERING
+ q.] : ' ‘
JRVE >
P
(am
>
“31 : : ' ‘
Il []
> _q
(ST A t
Va2
&
Vo
AV o SRS S
‘n.é—w-%a
0e e 167 z




T2  unee.

-37-

.02

&ot

Ol
6.0

o=

&9

5498

— e}
oy
P
o
3t
-

58 59 e 61 63

Fuaut‘c 12

ﬁ,ioww-up Portion of
Transfer Fumetion

~



10O (1 |01

Firure 173

Memory Address Febrication

|= 600

=150

-38=



Metal

”
-
. PR . . . v et sl .o - -t . . .
La s LR R T e A L S LI - e SRR
————w » . T, PR
-0, . LI : " R
P N . - o L - . . .
. " . . R . .
. .., . . - . " LA . . - .
T et e et T 60 . 4 . ) P . . L . 0 B PR R » N
. . : e, - ; e T [ x 0 . I
e ‘ 5S¢0 o Rl S¢0z | y ; el
- P PR . . . PR MY N - P R
. - - .- - I .. v e, R R PR

ﬂle‘Of\IS - 3 —?

VIR fﬁ_ i AP | | ) ' ﬁ

S¢ | ' ) | = - | 1

-
1

Transisto(s)-A5iffused ' : . Trangistor(b)

Ion Implant

Figure 14

Future possibilities



10

(2) Grid Coded Pattern

(b) Fourier Transform

E l\)&fﬁg

7 *“/q 4 ‘0 —H/Q. "F/'L , ANMGIE ¥

{(c) Energy Distributicen

Pigure 15



R

Filter st =38°

Filter ot —&70

Filter ot —ALC

Filter at -68°

Figure 16



~
<
B =)
.-

oy
=

Relat\ve Rn\o\&mt‘ Imtgwi.x‘bté - Qf&v@t
. o ‘
g o

.

=

3 1 1

=30 =20

-16 0 - a0 0 30
B ean SP*‘QQE- Degrees

_ I SCRIE: yx

FIGURE 17
Collimeting the

Lager Beam



._43%

PULSE CURRENT AMPLIFIER
FOR GaAs LASER

1. OUTPUT CURRENT MAXINMUM, Imax = 40 AMPS
2. MININUY OBTAINABLE PULSE WIDTH = 100 NANOSECONDS
3. MUST GIVE FLAT TOPPED SQUARE WAVE OUTPUT

RCA 2N5262

MAXIMUM BATINGS:

Veeo

11

50 VOLTS

Ie

i

3 AMFS
CHARACTERISTICS
TURN ON TIME = 20 NSECS.

TURN OFF TIME = 35 NSECS.
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Figure 18
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