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Abst rac t  

Design development of  equipment p r e v i o u s l y  designed and b u i l d  t o  

per form s p e c i f i e d  tasks  aboard an unmanned r o v i n g  v e h i c l e  was undertaken. 

These tasks  are:  obs tac le  sensing by bo th  .a l a s e r  sensor and a  t a c t i l e  

sensor; o b t a i n i n g  a  s o i l  sample and determin ing t h e  mechanical p r o p e r t i e s  

o f  undis turbed s o i l ;  v e h i c l e  nav iga t i on  t o  enable t he  v e h i c l e  t o  proceed 

t o  a  designated des t i na t i on ;  and communication l i n k s  t o  enable t h e  vehicle 

t o  rece i ve  commands and t ransmi t  data t o  t h e  c o n t r o l l e r .  The s p e c i f i c  

o b j e c t i v e s  accompl i shed du r i ng  t h e  p e r i o d  are  summarized. 
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INTRODUCTION 

The use of an unmanned roving vehicle t o  explore portions of t h e  

Martian surface appears desirable. A Martian Roving Vehicle ( M R V )  would 

a1 low sc ien t i f i c  exploration i n  areas undisturbed by landing maneuvers and 

areas unacceptable as landing s i t e s .  An autonomous MRV should increase 

the roving speed since the communications turnaround time i s  avoided, 

However, the vehicle must not be allowed to  proceed into s i tuat ions from 

which i t  cannot recover. 

The primary goals of t h i s  project have been to  produce a mobile t e s t  

vehicle which would have properties similar to  the most l ike ly  MRV, to 

develop working control s so tha t  t h i s  vehicle could be operated remote1 y ,  

t o  develop obstacle sensing capabili ty -- both short  range and medium 

range, to develop a navigational a b i l i t y  fo r  the t e s t  vehicle to  a l low 

autonomous operation of th i s  vehicle, and in addition to  develop a soil 

sampler and tes te r .  

The work of the project i s  carried out by students i n  the Master of 

Engineering program a t  Cornell under the direction of Professors R, L, Wehe 

and R .  E. Osborne. The students i n  t h i s  interdisciplinary e f fo r t  are 

primarily from the mechanical and electr ical  engineering school s . 



11. DEFINITION OF TASKS 

A. Obstacle Detectors. Both a short-range t a c t i l e  obstacle sensor 

and a medium-range laser  rangefinder obstacle detector are  being developed,  

,The short-range sensor will back up  the medium-range detector for  posit;-n"ve 

obstacles as well as  serve as the primary sensor for  negative obstacles,  

The medium range obstacle detector will allow some evasive ac t ion  so 

t h a t  positive obstacles will not need to  be contacted. This should improve 

the mobil i t y  of the MRV since ideally the rover could proceed t h r o u g h  a n  

obstacle f ie1 d without stopping. A laser  rangefi nder i s  being developed 

to  serve t h i s  function. The laser  beam i s  scanned by mechanically driven 

scanning mirrors. The present goal for  th i s  device i s  to  detect a l l  

objects between 5 and 30 f ee t  (1.5 to  9.1 m) which have a height greater 

than 30 inches (762 mm). 

The short-range t a c t i l e  obstacle sensor has been conceived as an  u n -  

powered wheel pushed ahead of the MRV and rol l ing i n  the path to  be tra- 

versed by the vehicle. The problems with t h i s  sensor are  those of nego- 

t i a t ing  obstacles since the sensor must be able to  negotiate a l l  olbs tac les  

which the vehicle i s  t o  negotiate. 

B. Soil Sampler-Tester. Samples of soi l  will be desired a t  most 

science stops and in  addition t e s t s  of soil  strength will be desired a t  

many points. 

The soil  sampler must obtain a sample which i s  large enough f o r  the 

so i l  analysis devices within the MRV. This sample should be f ree  of 

contamination from the sampler i t s e l f  and from previous samples. The 

sampler should provide means f o r  bringing the sample into the cab, 



The soi l  strength t e s t e r  should provide shear and bearing strer1gth 

information for  study of the planet surface and fo r  possible future 

rover design. 

C. . The short-range navigation task  i s  

to  design a guidance system to enable the t e s t  vehicle to  proceed 

autonomously to  a given destination. The present goals o f  a 200 yard 

square are  to  be expanded a f t e r  a working system has been developed, 

D. Communications. A comunications system i s  to  be developed t o  

transmit commands to  the t e s t  vehicle and to  return requested data,  



111. SUMMARY OF RESULTS 

A. OBSTACLE DETECTORS 

B o t h  a medium range obstacle detector and a short  range obstacle 

detector are  described. The medium range detector uses a laser  range- 

finder principle w i t h  mechanical scanning to  l ocate obstacles over 30 

inches (762 mm) in height which l i e  within 30 fee t  (9.1 m) of the vehicle,  

The short  range detector must contact the obstacle to  sense i t ,  The 

t a c t i l e  sensor must then be able to  negotiate a l l  obstacles which ,the 

vehicle can negotiate. 

A. 1 . LASER RANGEFINDER OBSTACLE DETECTOR* 

Vertical steps higher than 30 inches, and r is ing slopes greater 

than 30' are  obstacles t h a t  the vehicle i s  not intended to  negotiate. 

The laser  obstacle detector i s  intended to  detect ( i  . e . ,  loca te) ,  such 

of these obstacles as may l i e  within a range of from 5 f ee t  t o  30 fee t  

away from the vehicle, i n  a l  70-degree sector immediately ahead, 

The technique employed involves the use of a laser  beam, aimed 

sequenti al ly  across the sector every s i x  degrees, approximatel y. The 

t r ans i t  time of the laser  l ight returned from an obstacle i s  a measure 

of the distance to the obstacle. The direction of the beam i s  determined 

from a shaft  encoder tha t  t r iggers  the emitted laser  pulse. The detector 

i s ,  essent ial ly ,  a very short-range, low-power radar (see block diagram),  

Among the s i  gnificant accompl ishments of the year are: 

1. The completiou~ s f  individual c i r cu i t s  begun earl i e r .  

2. The reduction o f  rise-times i n  both the laser-pulser, and  the  

returned-signal detector t o  levels that  do not adversely affect  t h e  

measurement of the over-a1 l radar-pul se t r a n s i t  time. 

3. Reduction o f  signal noise from dark current, by suitable 



selection of c i r cu i t  parameters; and from the background, by use o f  a 

narrow-band optical f i l t e r .  (See Spectral Response Curves). 

4. The improvement of timing circui t ry.  

5. The test ing of the Laser-Receiver sub-system. This was a 

bench-test including the system housing, b u t  not including the angle- 

encoder. Responses were obtained from objects having high ref lec t iv i ty ,  

a t  close range. 

Further work i s  indicated in several areas: 

1. The improvement in alignment of the optics,  

2. Laser power increase by use of a more powerful, or a more effic.ient 

l aser. 

3. Increase in the sens i t iv i ty  of the optical receiver. 

* For a detail  ed account of ac t iv i t i e s ,  see "Electromagnetic Obstac'ii e 
Detector for  Unmanned Extraterrestri  a1 Roving Vehicle" by David R, 
Dymm, Jim R. Latimer, and Hans-Henri k Sorensen, May 26, 1970. 
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A. 2. Laser Rangefinder Mechanical Scanning Assembly 

H . H .  Sorensen 

The mechanical scanning assembly i s  shown in Figures A3, A4, a n d  ,95, 

The basic design i s  of a rotating turre t  which carries b o t h  the laser  

scanning mirror and the receiver mirror. The driving unit, the laser  

and the photomultiplier tube are located within the turre t  support, 

The laser  i s  off the rotational axis w i t h  the beam deflected to the a x i s  

by means of two fixed mirrors mounted a t  the top of the turret .  A 

Fresnel lens i s  used t o  increase the received signal a t  a minimum w e i g h t ,  

In addition t o  the thin-film f i l t e r  used t o  reduce background noise, 

a mask i s  inserted a t  the focal plane which allows only l ight  t o  pass 

which i s  returned from points which the laser beam could h i t .  The l i g h t  

passing th rough  the mask i s  then allowed to fa l l  on the photomultiplier 

tube for sensing. 

The current scanner i s  improved over the previous model i n  t h a t :  

1 .  Sliding contacts for power and for signal transmission were 

eliminated by placing the laser on the fixed platform. This was made 

possible by using mirrors t o  direct the l ight  path to the turre t  center- 

1 i ne. 

2. The possible scan angle i s  now 345'. 

3. Design simplification resulted in some weight saving. This 

was done w i t h o u t  documentation. 

4. The design was made more compact by placing the drive motors 

inside the turre t  support. 

5. A l l  operating components are inside the turret  where they 

are protected from air-borne dust and sand. 



The present mechanical scanning i s  1 imited t o  a single plane 

relat ive to the vehicle. Several possibi l i t ies  ex is t  for scanning 

over an area in front of the vehicle. Development has not proceeded 

in th i s  area due to e f fo r t  being placed on obtaining a dependable 

sing1 e-pl ane scanning. 



Figure A.3. Laser Mechanical Scanner Interior - (1 ) Fixed Mirrors, 
( 2 ) ,  ( 3 )  Rotating Mirrors, (4) Laser Beam Exit, 
(5) Fresnel Receiving Lens. 



Figure A.4. Laser Mechanical Scanner I n t e r i o r  - (1)  Drive, 
( 2 )  Photomul t ip1  i e r  Assembly, (3) Laser, and 
(4 )  Support Bearing. 



Figure A.5. Laser Mechanical Scanner Exterior  - (1) Laser Beam E x i t ,  
( 2 )  Fresnel Receiving Lens, (3)  Fixed Mirror Support, 
( 4 )  Encoder Housing, (5 )  Turre t ,  (6)  Access Door, 
( 7 )  Photomul t i  pl i e r  Power Supply. 



A. 3. TACTILE OBSTACLE SENSOR* 

The t a c t i l e  obstacle sensor requires no power other than t h a t  s u p p l i e d  

by the vehicle drive wheels to  push i t  over the te r ra in ,  As shown i n  

Figures A.6 and A.7 the sensor consists of an arm mounted on the f r o n t  

carriage by a pivot. The arm i s  allowed to  s l ide  relat ive to  the p i v o t  

against a constant force spring. A t  the outer end are  a bumper and a 

spring p i v o t  assembly. The spring assembly r e s i s t s  deflection of the 

forearm to which i s  mounted the sensor wheel. 

When the sensor s t r ikes  an obstacle greater than 30 inches (762 mm) 

the arm i s  forced back against the constant-force springs. When th is  

occurs, a microswi tch opens the c i r cu i t  t o  the drive motors. The spring 

will stop the vehicle gradually. One d i f f icu l ty  experienced with t h i s  

design i s  tha t  the arm may be moved back by obstacles less  than 30 i n ,  

(762 mm) thus stopping the vehicle even though the obstacle could be 

negotiated. 

A pictorial  sequence of the sensor sa t i s fac tor i ly  negotiating a 

25 in. (635 mm) obstacle i n  a straight-on approach i s  shown i n  Figure A.7, 

There are s t i l l  many obstacles which the sensor cannot hand1 e successful lly, 

Further development of the t a c t i l e  sensor i s  planned to improve i t s  perfor-" 

mance. 

* ""Aacti 1 e Obstacle Sensor For An Unmanned Extraterrestrial  Rowing 
Vehicle", Ralph Brooks, J r . ,  June 1 , 1970. 
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Figure A.6. Redesigned Eleetrsmeehanieal Obstacle Be.tector and Non-Turning Front Carriage 





B. THE SOIL SAMPLER-TESTER 

S.5. TROY 

D.R. WAGLE 

R.D. POLLAK 

The soil  sampler-tester has three functions (1) obtaining a soil 

sample, ( 2 )  determination of soi l  shear strength and, (3) determination 

of soi l  bearing strength. The three tasks are carried out by separate 

devices mounted on the crosshead of the deployment device as shown i n  

Figure 51. The three tasks have been worked on separately by the team 

members and will be so presented. 

The soi l  sampler head i s  shown in Figures B2 and 83 . The pla te  

containing the scoop blades i s  hinged to allow dumping of the sample, 

Dumping takes place as the deployment device brings the crosshead up 

to  where the pressure lever contacts the pressure plate.  This results 

in compression of the pressure plate spring until the latch i s  tripped, 

The pressure lever has previously caused the catcher to open out under 

the sampler head. Downward motion of the crosshead allows the spring 

to  close the scoop plate. Pictures of the sampler i n  operation are 

shown in FiguresB4 and 55 . Limited operational t e s t s  indicate same 

success b u t  def ini te  problems remain to be solved such as sample s i ze ,  

intra-sample contamination and fouling of the mechanism by particular 

so i l s .  

The vane shear t e s t e r  operates by determining the reaction torque 

as the vane head, Figure B6, which has been driven into the soil  by the 

crosshead descent , i s  slowly rotated. The reaction torque i s  resisted $,y 

an extension spring acting on a lever attached to the reaction member, 

This system resul ts  in a non-1 inear rotation of the reaction ring with 
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Figure B.1. So i l  Sampler Tester 
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Figure B.3. Catch Sample Volume 



Figure B.4. (a)  Sampler being ( b )  Picking up Sanp'le, 
l owered t o  soi l by depl oflent device. 

Figure B. 5. (a)  Sampler intercepting ( b )  Cab collector door open 
cab opening and dumping device. and sampl e r  dumped - 



Figure B.6. Vane Borer Shear Tester 
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F i g u r e  B.7. Vane  B o r e r  S h e a r  T e s t e r  

T o p  ( T o r q u e )  M e a s u r i  n g  S e c t i o n  



increasing torque. The ring rotation i s  carried to a potentiometer by 

a segment gear and pinion. The non-1 inear response has been chosen 

to increase the relat ive o u t p u t  for  low torques a t  the expense of 

o u t p u t  for  higher torques. The re1 a t i  ve sens i t iv i ty  remains near1 y 

constant with th i s  arrangement. The cal ibration curve, Figure B8 shows 

the non-linear response. 

The force necessary to drive the vane borer head into the soil 

i s  suff icient  to  cause considerable tipping of the rear cab when the 

Sampler-Tester i s  mounted on the back of the rear cab. I t  will be 

necessary to a l t e r  the design to  avoid th i s  problem. Several solutions 

w i  11 be explored i ncl udi ng a new vane borer head, and moving the t e s t  

u n i t  nearer to  the cab center of gravity. 

Determination of the soil  bearing strength presents considerable 

problems i f  the device i s  to  be mounted to a f lexible  vehicle. Even 

the impacting t e s t e r  requires a reaction force which will resul t  i n  

tipping motions which will inval idate results.  Typical load-penetration 

curves are shown i n  Figure B9 . The soil  shear diagram under a p l u n g e r  

being forced into the soil  i s  shown i n  Figure B10. The fa i lure  o f  

soil  under bearing loads i s  a shear failure,  and i t  may be possible t o  

predict load-carrying ab i l i ty  without having to  drive a plate into the  

so i l  - ei ther  by steady force o r  by impacting. This possibi l i ty  will 

be further explored. 
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6. NAVIGATION SYSTEM* 

The navigational scheme u t i l  izes a Cartesian co-ordinate system, 

in which the target  i s  located a t  the or igin,  and the original position 

of the vehicle i s  on the Y-axis, headed direct ly  toward the ta rge t ,  

Since d i rec t  progress toward the target  may be blocked by obstacles, 

both X and Y components of the motion must be accounted for .  Heading 

direction i s  determined from the output of a gyroscope; distance 

travelled i s  in terms of wheel circumference. Progress i s  processed 

and stored in the Navigation section of the computer, and i s  up-dated  

with every revolution of the wheel. The computer must determine t h e  b e s t  

c lear  path, and issue comands to the motion controls to cause t h a t  p a t h  

t o  be followed. See the Block Diagrams for  Heading Detection and Computer 

Operation. 

During the year, the path-findi ng al gorithm was refined, a ver t ical  

a t t i tude  warning scheme was developed, and work on the Navigation section 

of the computer was advanced. Such t e s t s  on the computer as were possible 

i n  the absence of other computer input sub-systems, were successfuS, 

The use of a strapped-down gyro for  directional reference was studied 

by set t ing up a te r ra in  modelling computer simulation. The true heading 

was determined from a relationship derived by H. Shuster. 

TAN 8 = TAN a COS @ SEC 8 - SIN @ TAN 8 

B = Indicated Angle 

a = True heading angle 

@ = Roll 

8 = Pitch 

The work on t h i s  phase of the study i s  continuing. 
- - -- 

* For a detailed account of ac t iv i t i e s ,  see "Navigation Computer" by Barry 
D. Weeks, May 27, 1970; "'Heading Detection System for  an Unmanned Mars 
Roving Vehic1e"bby Walter E. Knapp and Maresh C.  Jain,  20 May 1978, 





F i g u r e  C. 2. Computer Opera t ion  
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D. COMMUNICATION SYSTEMS 

The e f f o r t  i n  t h e  comun ica t i ons  area was d i v i d e d  i n t o  two pa r t s :  

The up-1 i nk ,  f o r  c a r r y i n g  d e s t i n a t i o n  co-ordinates, and i n i  tiating-command 

s igna ls  from a base s t a t i o n  t o  the  vehic le,  and the  down-link f o r  returning 

i n fo rma t ion  determined by the  s c i e n t i f i c  packages, and i n fo rma t ion  pertaining 

t o  t h e  v e h i c l e ' s  f u n c t i o n i n g  back t o  the  base. 

The up-1 i n k ( '  ) u t i l  i z e s  a b ina ry  pu l  se-code-modulation/ampl i t u d e  

modulation, c i  t izen 's-band wal k i e - t a l  k i e ,  i n  which i n fo rma t ion  b i t s  are 

t r ansmi t ted  as audio-tone s igna l  s. D i f f e r e n t  modulat ing frequencies 

a r e  used f o r  commands, and f o r  co-ordinates. There are  32 poss ib le  commands, 

each encoded as a 9 - b i t  sequence. The t ransmiss ion and decoding time i s  

l / 2  second. Re1 i a b i l  i t y  o f  t ransmiss ion under i n t e r f e r e n c e  cond i t ions  Iis 

enhanced by use o f  s t a r t - s t o p  synchronizat ion,  a p a r i t y  b i t ,  a  3-bit  

a1 e r t  code, and dual sampl i n g  o f  b i t  i n t e r v a l s .  The up - l i nk  system, and  

both t r a n s m i t t e r  and receiver-decoder were opera t iona l  and demonstrated 

a t  t he  Spr ing Review. See Receiver and Transmi t te r  Block Diagrams, 

The down-link(') e f f o r t  was c a r r i e d  o u t  dur ing  the  Spr ing term only ,  

and was d i r e c t e d  toward the  design, cons t ruc t ion ,  and t e s t i n g  o f  a c y c l i c  

Hamming encoder and decoder. A thorough-going study o f  coding was made, 

r e s u l t i n g  i n  t he  adopt ion o f  a c y c l i c  Hamming (7.4) code. The system was 

b u i l t ,  tested,  and d isp layed a t  the  Spr ing Review. See Subsystem Organi-  

z a t i o n  and Encoder-Decoder b lock diagrams 

(1)  "Up-Link Cotrunand Telemetry System f o r  a Proto-Type Unmanned Ex t ra -  
t e r r e s t r i a l  Roving Vehic le"  by G. Burne l l  Hohl . 

(2)  "Down-Link Subsystem" by R. K le in,  D. Leeper, and E. Wild, June 1970, 
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FSgure 0-3, Dawn1 i n k  Sunsystem Organi z a t i a n  





E, MOTION CONTROL UNITS* 

There are two separate units involved in motion control;  s t e e c - n g  

control< and drive-motor c ~ n t r o l .  Before working on refinements -Lo e-itrzer 

of these, magneti c re1 ay-contactor systems, with protective in te r  -1 x i ; s  

were instal  led on the vehicle to render i t  operative in case i t  was 

required to  aid i n  the developments going on i n  other sub-systems, 11-1s 

relay-contactor systems also can serve as back-up units i n  case of  ai~cainetic 

control failuepes. Except "or s i r e ,  the drive and steering u n i t s .  3 c e  

identical . The drive control simply s t a r t s ,  stops, o r  reverses the : 

wheel-driving motors; the steering control does the sane f o r  the t b~o  

steering motors, For decelerating the vehi cl e , dynamic braking sf k b e  

drive motors i s  used, 

The effoo-t was then turned toward minimizing control power ceqsusp t- ~31- 

providing over-current l imiters ,  achieving minimum turn-radius, and 

providing for optional .te'Sen~eLr~~-logic or  manual control (by umb-r"I icc. ) 

operating modes, (See the block diagram), 

Feed-back control schemes were la id out in block-diagram form, c;d 

a sol id-s tate  switch wz*s bh i  l t Unfortunately, the s~vitch was destl-o:!ed 

during test ing,  immediz.teiy prior to  the Spring Review, and was no t  availacl~ 

a t  tha t  time. 

* For detailed description see ""Motion Control Unit for Rov-img Venic'kz'" 
by James Suys, 



Figure E. 1. Drive Control Unit 



IV. PROJECTIONS OF ACTIVITY FOR THE PERIOD JULY 1 ,  1970 TO JUNE 30, 1971, 

A. Obstacle Detectors. Continued work to  improve the performance 

of the laser  rangefinder. The timing c i r cu i t  has worked only i n  sections 

in breadboard. Difficulty w i t h  excessive noise in the photomultiplier 

c i r cu i t  must be overcome. The mechanical scanning unit  i s  assembled b u t  

must be checked-out in operation. The t a c t i l e  sensor has been improved 

b u t  s t i l l  f a i l s  to  recover when negotiating obstacles from two t o  72 

inches . Removal of weight and use of counterbalancing will be attempted 

to  improve performance. 

B. Soil Sampler-Tester. The present model i s  able to  pick up  a 

sample and deposit i t  in the body of the rover. Problems s t i l l  e x i s t  with 

intra-sample contamination and interference with operation by soil  par t ic les ,  

The vane shear t e s t e r  operates well a f t e r  i t  i s  inserted i n  the s o i l ,  

Problems exis t  in penetrating i t  into the soil  w i t h  a m i n i m u m  of disturbance 

of the so i l .  The use of an impact bearing strength t e s t e r  will be recon- 

sidered. 

C. Short-Range Navigation. Components for  the uncorrected gyro system 

have been acquired and individually operated. The system will be assem8~7ed 

and p u t  i n  operating condition. The navigation computer will be completed 

and p u t  in operating condition for  bench operation. A study will be made 

of the al ternat ives  for  the next model. 

D. Communication. Operating communications l inks should be completed 

fo r  both vehicle commands and information return based upon presently exis t-  

i n g  model s .  



V. EDUCATIONAL CONSIDERATIONS 

This  p r o j e c t  g ives  o u r  Pro fess iona l  Master o f  Engineer ing candiates 

a  unique o p p o r t u n i t y  t o  p r a c t i c e  eng ineer ing  on a  sca le  n o t  otherwise 

poss ib le .  It has a l so  i n s p i r e d  t h e  s t a f f  t o  seek comi tmen ts  from 

companies t o  p rov ide  fund ing  f o r  i n d u s t r i a l  coop p r o j e c t s  t o  a l l o w  for  

t h e  b u i l d i n g  o f  p ro to t ype  equipment. The engineer ing concepts o f  i n t e r - -  

f a c i n g  dec is ion  making, t r a d e - o f f s  and product  development have he1 ped 

t he  s tudents become aware o f  t he  r e a l i t i e s  o f  engineer ing.  They have t o o  

o f t e n  been t o l d  t h a t  eng ineer ing  i s  science and mathematics whereas mast 

o f  engineer ing i s  concerned w i t h  problem s o l u t i o n  us ing  any means possible 

i n c l u d i n g  science and mathematics. This p r o j e c t  has helped the  students 

understand the  importance o f  t h e o r e t i c a l  s tud ies  as w e l l  as t h e i r  1 i m - i  t a t i o n s .  

The i n s p i r a t i o n  o f  t he  p r o j e c t  has n o t  been l i m i t e d  t o  t he  graduate 

s tudents as t h e  s t a f f  has been c a l l e d  on t o  g i ve  s h o r t  courses do a t o t a l  

of  40 freshmen f o r  each o f  t he  pas t  two years. 

The f o l l o w i n g  students completed t h e  pro fess iona l  degree program since 

J u l y  1, 1969: 

R.H. Brooks 
D.R. Dymm 
G.B. Hohl 
N.C. J a i n  
R. K l e i n  
W.E. Knapp 
J.R. Lat imer 
D. Leeper 
W. M i h a l i c  
R.D. P o l l a k  
H. H. Sorensen 
J. Suyo 
S.B. Troy 
D. R. Wag1 e  
B.D. Weeks 
E. Wi ld  

M. Eng. (Mech) 
M. Eng. (E lec)  
M. Eng. (E lec)  
M. Eng. (Mech) 
M. Eng. (Elec)  
M. Eng. (Elec)  
M. Eng. (E lec)  
M. Eng. (E lec)  
B.S. 
M. Eng. Aerospace 
M. Eng. (Mech) 
M. Eng. (Elec)  
M. Eng. (Mech) 
M. Eng. (Mech) 
M. Eng. (E lec)  
M. Eng. (E lec)  



The technical review meetings with Mr. Jesse Moore of JPL were of 

considerable aid in forcing the students to clarify their work and in 

the review of their work by a technically qualified person outside the 

university whose pertinent questions uncovered areas needing more effort. 


