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SAND814522 

THE MODULAR AIRBORNE REMOTE 

SAMPLING AND SENSING SYSTE4 

(MARSSS) 

R. 0. Woods 
Sandia National Laboratories 

Albuquerque 8 NM 87185 

ABSTRACT 

Sandia is developing a modular airborne instrumentation 
system for the Environmental Protection Agency. This system 
will allow flexibility in the choice of instruments by stan- 
dardizing mountings, power supplies and sampling modes. The 
objective is to make it possible to perform aerial surveys 
from chartered aircraft that have not been adapted in a more 
than superficial manner. It will also allow the experimenter 
to tailor his choice of instruments to the specific problem. 
Since the equipment will have a stand-alone capability, it can 
be applied to other problems such as long-term unattended use 
at remote locations or in toxic or otherwise hazardous 
environments. 

*Presentediat APCA Specialty Conference on: In-Situ Air 
Quality Monitoring from Moving Platforms, San Diego, CA, 
January 18-21, 1982 . 
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INTRODUCTION 

The objective of the program described here is tro produce 

an instrument system tha t  i s  man-portable, self-contained, and 

capable of being instal led i n  chartered a i r c ra f t  that  have not  

been especially modified for the installation. 

part  of the effor t  w i l l  be to repackage a l l  equipment i n  such a 

way tha t  the instruments can be permuted a t  the discretion of 

the experimenter. 

t r i e s  and e lec t r ica l  characterist ics such as power supply voltages 

and data/command bus formats. 

An important 

This w i l l  entai l  standardizing package geome- 

Our e f for t  has been motivated by the need t o  reduce the cost 

of making airborne surveys. A s  it is  done today, t h i s  often 

involves making the semi-permanent instal la t ion of instruments 

i n  a i r c ra f t  which are then largely committed t o  the application. 

This is expensive not only because of the need to render the 

instal la t ion airworthy and i n  conformance w i t h  FAA regulations, 

b u t  also because it frequently involves t ieing up expensive 

a i r c ra f t  and, i n  some cases, keeping t h e m  i d l e  w h i l e  waiting for 

meteorological or  other conditions to  becane favorable to  the 

projected experiment. Response t o  unexpected events such as  

volcanic eruptions takes place on an ad hoc basis because it is  

not practical  t o  maintain a f l ee t  of instrumented a i r c ra f t  whose 

only use would be to  respond t o  unforeseen events. 

One scenario tha t  we envision for the use of the MARSSS 

would be for an experimenter to t a i lo r  a selection of instruments 

for a si teespecific ~ u r v e y ,  travel t o  the scene by commercial 

a i r l i ne  ( w i t h  the instruments being shipped as baggage), then 
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perform the necessary experiments using an airplane chartered 

from a local operator. This implies tha t  the system w i l l  be 

designed for  use i n  a readily available type of a i rc raf t  and tha t  

ins ta l la t ion  w i l l  involve no more than a few hours of work by an 

a i r c ra f t  mechanic. 

The  fact  tha t  packages w i l l  be standardized i n  the in te res t  

of allowing easy interfacing of the i n s t r u m e n t s  w i l l  have 

beneficial side effects  similar to  those following from the wide 

adoption of nuclear instrumentation module ( N I M )  standards for  

nuclear instrumentation. ( I n  fact ,  we plan to use NIM components-- 

such as power supplies--wherever possible.) 

The  overall system i s  shown ( i n  concept only) i n  Figure 1. 

It  should be stressed tha t  t h i s  serves t o  identify the components 

of the system and does not represent a rea l i s t ic  geanetry. I n  

addition t o  the sensors themselves, the assembly w i l l  include a 

microcanputer for data logging and instrument control as  well as  

for driving a renote display. I t  w i l l  also allow a selection of 

several different power supplies, a local display to  be used fo r  

calibration and Checkout, navigational equipment, pumping, and a 

separable calibration system. The sensor modules are sketched i n  

a way tha t  s t resses  the fac t  tha t  they can be "stacked" i n  any 

permutation a t  the option of the experimenter. 

S ince  the very nature of the system is  such tha t  it w i l l  be 

readi ly  portable and capable, i f  needed, of operating i n  an inter- 

active mode b u t  without the operator actually touching the equip- 

ment, it w i l l  readily lend i t s e l f  t o  applications other than air-  

borne ones. Figure 2, also highly schematic, shows some of these. 



, 

SENSOR MODULES 
MINI 

POWER MARKER 
r I -COMMAND $ 

NO & NOt 

N.M.H. 
GRAB 
SAMPLE 
PARTICLE AIRCRAFT 
SAMPLE 12/24/28 V.0 

so2 ""yd p CONTROL 

TELEMETRY 
I 1  
I 1  

MET I 
BATTERIES I ! ' !  

t B mot. 
RECORDER 

(PUMPS & VALVING) 

Figure 1. System Components 



AIRCRAFT SUR ,VEYS 

IN DO0 R M ONlTO R I N G - 
ENERGY CONSERVATION 

E F F ECTS 

PERSONNEL EXPOSURE 

. 

L TOXIC RELEASES 

Figure 2. Applications 

10 



The car toon  s h o w s ,  among other th ings ,  use of the system t o  

monitor the exposure t o  d i f f e r e n t  environments of a worker who  

moves about w i t h i n ,  say ,  a chemical process ing  p l a n t .  I n  such 

a p p l i c a t i o n ,  p o l l u t a n t  concen t r a t ions  are measured as more t h a n  

n 

p o i n t  func t ions .  Varying exposures that  might involve s y n e r g i s t i c  

effects are measured on the worker's a c t u a l  track and for rea l i s t ic  

t i m e s .  I n  t h i s  a p p l i c a t i o n  a remote c a p a b i l i t y  i s  not needed, 

b u t  a portable--and t o  some degree ruggedized-instrument system 

i s  requi red .  I t  s e e m s  l i k e l y  t ha t  the equipment w i l l  be transported 

on a dolly,  rather than  carried as shown i n  t h i s  f a n c i f u l  sketch. 

Another a p p l i c a t i o n  t h a t  w i l l  r e q u i r e  l i t t l e  reconf igu r ing  

f r o m  the a i r b o r n e  is  tha t  of long-term monitoring of indoor  a i r  

q u a l i t y .  The only  change i n  support  equipment needed here i s  the 

replacement of the b a t t e r y  p o w e r  supply w i t h  an AC i n t e r f a c e .  

The sys tem's  a b i l i t y  t o  f u n c t i o n  wi thout  operator a t t e n t i o n  w i l l  

a l l o w  it t o  be emplaced i n  a r e s idence  or other s t r u c t u r e  and t o  

monitor changes i n  a i r  q u a l i t y ,  e .g . ,  the  accumulation of s o l v e n t  

vapors, combustion products ,  and n a t u r a l l y  occur r ing  species 

such as Radon. G r e a t  i n t e r e s t  i s  c u r r e n t l y  being expressed i n  

these e f f e c t s  as t h e y  are brought about by energy conserva t ion  

measures. 

The  monitor ing of a c c i d e n t a l  t o x i c  releases can be performed 

m o r e  s a f e l y  t h a n  i s  c u r r e n t l y  possible by al lowing an i n v e s t i g a t o r  

(equipped w i t h  l i f e  support  equipment i f  necessary)  to emplace 

the equipment near  the source  and then  leave. Vans in tended  for 

such a p p l i c a t i o n s  e x i s t ,  b u t  they r e q u i r e  an  on-board c r e w  who 

must remain exposed t o  the harmful environment. 
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That the system w i l l  be easily transportable and hence 

easily made avilable for loan, and the fac t  tha t  it w i l l  be 

capable of operating w i t h  a m i n i m u m  of bias caused by the  tech- 

nique of individual operators, w i l l  render it suitable for moni- 

toring and enforcing applications . A relat ively few sys t em,  

i f  s t ra tegical ly  deployed, could be made available on short notice 

anywhere i n  the country. Since externally controlled functions 

such as zero adjustments, checking of span, and range selection 

w i l l  be automated rather than depending on the technique of the 

experimenter, r e s u l t s  w i l l  be more reproducible. This w i l l  be 

true not only between one instrument and another b u t  also for  the 

same instrument i n  the hands of different operators. This w i l l  

make the data more direct ly  comparable when taken a t  one s i t e  and 

then a t  another. I t  w i l l  a lso provide greater c red ib i l i ty  i n  

cases where t h i s  i s  cause, perhaps legal,  t o  closely scrutinize 

the r e l i ab i l i t y  of data. 

This program w i l l  be open-ended i n  tha t  there is  no restr ic-  

t ion i n  the choice of in s t rumen t s  tha t  can be incorporated. A t  

present there is no intention t o  develop new instrumental 

techniques; rather, commercially available instruments w i l l  be 

repackaged and modified. An e f for t  w i l l  be made to  i n t e r e s t  

manufacturers i n  producing the i r  instruments i n  standardized, 

readily interchangeable packages. I t  has been visualized t h a t  

an important par t  of the program w i l l  be an attempt to  commer- 

c ia l ize  the r e s u l t s .  



STANDARDIZATION 

A s  noted i n  the d i scuss ion  of  F igure  1, packaging w i l l  be 

done i n  such a way t h a t  ins t ruments  can  be mechanically i n t e r -  

faced a t  the choice of the experimenter and without  r e s t r i c t i o n  

on their  s e l e c t i o n .  This has been sketched as a series of packages 

of uniform c ross - sec t ion  b u t  d i f f e r i n g  w i d t h s .  

c o n f i g u r a t i o n  w i l l  be a l i t t l e  more canplex t h a n  t h i s .  

be h i g h l y  desirable t o  use  a t i g h t l y  s tandard ized  geometry l i k e  

the wide ly  used "NIM Bin": whether t h i s  w i l l  be possible remains t o  

be seen. 

The u l t i m a t e  

I t  would 

I n  a d d i t i o n  t o  a s tacking  c a p a b i l i t y ,  the  ideal geometry 

would be capable of a i r  shipment wi thout  a d d i t i o n a l  packing. 

S ince  any success fu l  instrument  w i l l  have a l r eady  been adapted t o  

the f l i g h t  environment, t h i s  requirement may be achieved i n  

practice w i t h o u t  g r e a t  a d d i t i o n a l  effor t .  I t  is a lso  intended 

that  components-if n o t  the e n t i r e  assembly-will be l i g h t  and 

compact enough to  a l l o w  them t o  be handled by one  person. 

One str ict  ground r u l e  i s  tha t  the completed assembly w i l l  

be capable of being i n s t a l l e d  i n  the luggage o r  cargo c a p a r t m e n t  

of a s m a l l  a i r p l a n e  wi thout  s t r u c t u r a l  modi f ica t ions  t o  the 

airframe. 

s u f f i c i e n t  s t r u c t u r a l  i n t e g r i t y  t o  a l l o w  it t o  be t i e d  down w i t h  

Th i s  impl ies  tha t  the assembled package w i l l  have 

convent ional  cargo straps i n  an  unprepared volume. I n  a d d i t i o n ,  

any shock mounting w i l l  be i n t e r n a l  t o  the packages or furn ished  

as separate' modules. 
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Electrical  standardization w i l l  be straightforward. We w i l l  

use a standard format for  communication between the  microcomputer 

and instruments, and between the microcomputer and a remote 

terminal. Such a terminal w i l l  be located w i t h i n  reach of the 

experimenter while the instruments themselves may not be accessible 

i n  f l i g h t .  Data w i l l  be processed us ing  software that  allows the 

experimenter wide la t i tude i n  the choice of such parameters as 

real-time display format. Use of a data terminal w i l l  also allow 

operation i n  an interactive mode wherein such things as  sample 

rates ,  scale factors and data display are adjusted as the experi- 

ment progresses. 

AIRCRAFT INTERFACE 

FAA licensing requirements are res t r ic t ive  enough t o  have 

dictated t h a t  no significant part of the system w i l l  be mounted 

on the outside of an airplane. For practical  purposes, the most 

we can visualize i s  a sample i n l e t  t u b e  extending outside the 

envelope of the airframe. Location i s  dictated by the fact  tha t  

a i r  sampling must  be done i n  a region tha t  i s  not subject t o  con- 

tamination by f u e l  vapor, engine fumes, products scrubbed from 

the surfaces by airflow, o r  exhaust products. For sampling par- 

t i c l e s  it is  additionally desirable tha t  the sampled airflow be 

outside the prop wash. This l i m i t s  u s  to mounting sample in l e t s  

on the wings of single-engined a i rc raf t  a t  a significant distance 

from the fuselage or  i n  the nose of a twin.  Both possibi l t ies  

have been explored. Earl ier  work by NASA favors use of the nose 



compartment of a twin-engined Cessna 402. W i t h  such an instal la-  

t i o n ,  one can v i s u a l i z e  mounting the i n l e t s  on a s t anda rd  or 

replicated copy o f  a door or  access panel .  

component w i t h  such a modi f ica t ion  could be done by a cer t i f ied 

mechanic i n  a short time. An a t t r a c t i v e ,  b u t  expensive,  a l t e r n a -  

t i v e  would be t o  replace the e n t i r e  nose cone w i t h  one having an  

i n l e t  i n  the s t a g n a t i o n  region.  

Replacing a n  e x i s t i n g  

Single-engined a i rcraf t  i n s t a l l a t i o n s  have been considered 

for  the ubiqui tous  Cessna 172 as w e l l  as for  the s l i g h t l y  

l a r g e r  and more powerful 182. 

as w e l l  as a f o r t u i t o u s  arrangement of cabin  v e n t i l a t i n g  d u c t s  

and i n s p e c t i o n  ports favors  the 182. This aircraf t  i s  a lso  

probably more widely a v a i l a b l e  for charter ope ra t ions ,  being more 

of a "workhorse" t h a n  a m e a n s  of personal  t r a n s p o r t a t i o n .  

t h e  Cessna 1 8 2  has a convenient arrangement of i n s p e c t i o n  ports 

i n  t h e  outboard par t  of the wing, we p l a n  to  develop an  i n l e t  

assembly tha t  can replace an i n s p e c t i o n  port cover. A sample 

l i n e  w i l l  be run in--or i n  place of--one of the e x i s t i n g  v e n t i l a t i o n  

duc ts .  This l i n e  can easily be rou ted  t o  the luggage compartment 

a f t  of the rear seats and w i l l  be accessible by removing a s i n g l e  

The i n t e r n a l  geanet ry  of the wing 

Since  

wing root f a i r i n g .  

F igu re  3 shows the i n s t a l l a t i o n  opt ions .  B o t h  Cessna 402 and 

1 8 2  are sketched. For both, i n l e t s  w i l l  be mounted o u t s i d e  the 

boundary l a y e r .  I n  the case of experiments t ha t  involve a l a r g e  

number of senso r s ,  t h e  402 w i l l  be preferable--even independent 

of other considerations--because of i t s  g r e a t e r  payload capac i ty .  

(The 402 has an  allowable load  of over  500 pounds i n  the nose 
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section. The maximum weight allowed i n  the baggage area of a 

182 is 200 pounds.) 

DATA ACQUISITION AND CONTROL SYSTEM 

Figure 4 shows the overall control system. The central  

processing u n i t  i s  a canmercial microcanputer. This is  a rugged- 

ized and environmentally qualified version of a desktop computer-- 

without most of the peripheral equipment other than a tape trans- 

port. Being to t a l ly  compatible, t h i s  can be programmed us ing  

software developed on the desktop version. The functioning 

programs can e i ther  be entered from tape--using the integral  tape 

transport tha t  w i l l  also be used for  data logging or,  preferably, 

stored i n  PROMS. 

For our application it is necessary tha t  the microcanputer 

system be able t o  communicate w i t h  the sensors via a bus tha t  

carries canmand signals as well as  data. The IEEE 488 format has 

already received wide i n d u s t r y  acceptance for such applications: 

i n  fact ,  several of the instruments tha t  had already been selected 

for  the i r  other features offer  an IEEE 488 port as  an inexpensive 

option. These interface direct ly  with the microcanputer, wfiich 

also has an IEEE 488 port. W i t h  the current avalanche of in te res t  

i n  the application of microprocessors t o  the control of laboratory 

equipment, we can be s u r e  tha t  an ever-increasing selection of 

instruments w i l l  becane available tha t  can be readily interfaced 

w i t h  data logging and control systems. Should other b u s  formats 
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begin to  canpete, adapating our system t o  the i r  use w i l l  be a t  

most a software development problem. 

Another requirement tha t  i s  equally easy t o  sa t i s fy  i s  tha t  

of d r i v i n g  and communicating with a remote terminal. The R S - 2 3 2 C  

( se r i a l )  format has becane almost universal for  t h i s  application. 

A wide assortment of terminals and displays are  available with 

t h i s  format a t  a naninal price. 

an appropriate port, it has the inherent capability of driving a 

long transmission l i n e .  

The chosen canputer not only has 

PROTOTYPE SYSTEM COMPONENTS 

The major commercial components of the prototype system are  

listed i n  Table 1, which also gives relevant information concerning 

cost and physical characterist ics.  

the  equipment as it is  commercially furnished. 

our e f for t  w i l l  be i n  repackaging and i n  eliminating unnecessary 

weights such as AC power supplies. 

Weights and sizes apply t o  

A major par t  of 

The Environmental Research Division of Sandia National 

Laboratories has supported the  development of radio navigational 

equipment tha t  may be incorporated in to  the f l igh t  system a t  a 

l a t e r  date. 

commercial a i r c ra f t  Distance Measuring Equipment (DME). This 

u s e s  a microprocessor t o  cycle a DME through a l ist  of FAA 

navigational ground s ta t ions and Sandia-owned s ta t ions tha t  can 

be p o s i t i o v  near the source being investigated.. I n  the f i r s t  

f l igh t  application, position data were put in to  the R S - 2 3 2 C  format 

A t  present we have a working system based upon 
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TABLE 1 

SYSTEM COMPONENTS 

ITEM WEIGHT(1bs) DIMENSIONS(in.) COST(1/1/1982) 

Microcomputer 

Interface 

Display 

Keyboard 

O3 Instrument 

CO Instrument 

NOx Instrument 

Pump 

Power Supply 

Grab Sampler 

Particle Sampler 

10 

7 

5 

3 

35 

45 

20 

3 

n/a 

5 

2 

6 x 8 ~ 1 8  

8x3%x7 

n/a 

n/a 

17x9 x2 3 

17x9~23 

7x8~18 

n/a 

n/a 

n/a 

n/a 

$2500 

1100 

300 

400 

6000 

7000 

6000 

300 

n/a 

n/a 

n/a 
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and put on a b u s  connected t o  the microcmputer of a helicopter- 

borne experiment. 

the ground. 

transmitted by hard w i r e  t o  the microcomputer and t h e n  e i ther  

recorded on tape or  reformatted for  telemetry. 

The data were then telemetered i n  rea l  t i m e  t o  

I n  the MARSSS application, data would similarly be 

A second navigational system that  i s  currently under in-house 

development a t  Sandia i s  the "Minimarker" touched on i n  Figure 1. 

This i s  a small, low-cost ranging system intended for throw-away 

use i n  very small marker balloons. 

adaptable t o  the present problem although its capabili t ies a re  

limited when canpared t o  the DME system. 

This equipment, too, is 

- . .  
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