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I. OVERVIEW 

The a t t e n t i o n  of t h i s  group was focussed  on fou r  through-the-ear th  communi- 
c a t i o n  systems t h a t  are p r e s e n t l y  of h igh  i n t e r e s t  t o  t h e  U.S. Bureau of Mines; 
four systems f o r  p rov id ing  opera t iona l /emergency  communications on t h e  working 
s e c t i o n s  of c o a l  mines ,  indeed up t o  t h e  ve ry  f a c e  of  t h e  s e c t i o n .  The systems 
are: up l ink-da ta ,  downlink-voice, s i d e l i n k - c a l l  a l e r t  coded page, s i de l i nk - roo f  
b o l t  v o i c e  page. Each of t h e s e  systems makes use  of t h e  mine overburden a s  t h e  
s i g n a l  t r ansmis s ion  medium, a s  opposed t o  t h e  gu id ing  w i r e s ,  c a b l e s ,  and t u n n e l s  
t r e a t e d  by t h e  o p e r a t i o n a l  communications working group. Each of  t h e s e  systems 
s a t i s f i e s  one o r  more of  t h e  Bureau's o b j e c t i v e s  f o r  mine communications systems;  
namely 

r e l i a b l e  l i n k s  f o r  moni tor ing  t h e  mine environment under bo th  
o p e r a t i o n a l  and emergency c o n d i t i o n s .  

e r e l i a b l e  l i n k s  f o r  communicating w i t h  miners d u r i n g  emergencies.  

e s p e c i a l  l i n k s  f o r  i n c r e a s i n g  t h e  e f f i c i e n c y  of  day-to-day o p e r a t i o n s  
of t h e  mine. 

Each of t h e s e  systems has  been s u c c e s s f u l l y  demonstrated on a l i m i t e d  exper imenta l  
b a s i s ,  and p ro to types  of a l l  t h e s e  systems a r e  i n s t a l l e d  and o p e r a t i n g  i n  t h e  
USBM exper imenta l  mine i n  Bruceton,  Pa.  Each o f  t h e s e  systems must now be o p t i -  
mized r ega rd ing  i ts  performance, and engineered f o r  p r a c t i c a l  r o u t i n e  a p p l i c a t i o n  
t o  t h e  working sections of a c t u a l  o p e r a t i n g  c o a l  mines,  p a r t i c u l a r l y  those  of t h e  
room and p i l l a r  type .  

This  op t imiza t i on  and eng inee r ing  ~ u s t  t a k e  p l a c e  s u b j e c t  t o  t h e  p r i n c i p a l  
c o n s t r a i n t s  l i s t e d  by Howard E .  Parkinson i n  h i s  Workshop paper e n t i t l e d ,  "Ob jec-  
t i v e s  and C o n s t r a i n t s  of Through-the-Earth Elec t romagnet ic  Communications Systems'' 
and enumerated below. 

e Depth of Mine Overburden 

e Overburden Conduct iv i ty  

E lec t romagnet ic  Noise I n  and Above Mines 

Limited In-Mine E l e c t r i c a l  Energy ( S t a t i o n a r y  o r  Zhn Ca r r i ed )  During 
an  Emergency 

I n t r i n s i c  S a f e t y  f o r  In-Mine Equipment 

P r a c t i c a l  and Rugged Equipment f o r  Use Under Both o p e r a t i o n a l /  
Emergency cond i t i ons  

Severe  Weight L i m i t a t i o n s  f o r  Man Car r ied  Equipment 

Reasonably Low Costs  E s p e c i a l l y  f o r  Man Carr ied  Equipment 

P a r t  I1 of t h i s  paper p rov ides  a  b r i e f  d e s c r i p t i o n  of each system,  w h i l e  P a r t  111 
summarizes t h e  p r e s e n t  s t a t u s  of developments r e l a t e d  t o  t h e s e  systems and some 
recommendations f o r  f u t u r e  work needed t o  advance t h e s e  systems t o  t h e  p r a c t i c a l  
a p p l i c a t i o n  s t a g e .  



I .  BRIEF DESCRIPTION OF THE FOUR PROMISING SYSTEMS 

A .  Uplink-Data 

This i s  a v e r t i c a l  through-the-earth narrow band d a t a  channel  f o r  moni tor ing  
impor tan t  parameters  of  t he  mine environment under o p e r a t i o n a l  and emergency con- 
d i t i o n s ,  and f o r  r e c e i v i n g  coded messages o r  r e p l i e s  from miners d u r i n g  a n  -2 emergency. Operat ing ranges  compat ible  w i t h  1,000 f o o t  deep mines w i t h  a = 1 0  
mho/m overburden a r e  r equ i r ed .  The in-mine t r a n s m i t t e r  would b e  l o c a t e d  a t  a key 
p l a c e  on t h e  s e c t i o n ,  such a s  t h e  l oad ing  p o i n t ,  where t h e  p r e s e n t  mine pager 
phone is a l s o  te rmina ted .  The s u r f a c e  r e c e i v e r  would have t o  be  l o c a t e d  i n  t h e  
v i c i n i t y  of t h e  p o i n t  d i r e c t l y  above t h e  in-mine t r a n s m i t t e r ,  p r i m a r i l y  because 
of t h e  i n h e r e n t  power l i m i t a t i o n s  imposed on an in-mine t r a n s m i t t e r  d u r i n g  a n  
emergency. This  l o c a t i o n  requirement  f o r  t h e  s u r f a c e  r e c e i v e r  may pose a d i f f i -  
c u l t y  f o r  some mines w i t h  r ega rd  t o  s u r f a c e  acces s  r i g h t s  over advancing s e c t i o n s ,  
and t h e r e f o r e  may r e s t r a i n  such up l ink  communications t o  emergency s i t u a t i o n s  
d u r i n g  which mobile equipment can be t empora r i l y  i n s t a l l e d  over  t h e  known l o c a t i o n  
of t h e  in-mine t r a n s m i t t e r .  During normal mine o p e r a t i o n s ,  t h e  mine environmental  
d a t a  could be monitored by means of  a c a r r i e r  channe l  ove r  t h e  mine pager phone 
l i n e .  

The l i m i t e d  in-mine t r a n s m i t t e r  power a v a i l a b l e  d u r i n g  a n  emergency and t h e  
e l ec t romagne t i c  n o i s e  l e v e l s  p r e s e n t  on t h e  s u r f a c e  have l e d  t o  t h e  conc lus ion  
t h a t  up l i nk  t r ansmis s ion  of baseband vo i ce  i s  n o t  a p r a c t i c a l  goa l .  Therefore  
i t  has been d e l e t e d  as a requi rement  u n t i l  p r a c t i c a l ,  vo i ce  bandwidth compression 
techniques  o r  o t h e r  t ypes  of s i g n a l  p roces s ing  becotue a v a i l a b l e  t o  change t h i s  
conc lus ion .  

This i s  a v e r t i c a l  through-the-earth vo i ce  channe l  f o r  t r a n s m i t t i n g  messages,  
du r ing  a mine emergency, t o  miners c a r r y i n g  a snial l  emergency v o i c e  r e c e i v e r ,  
p r e f e r a b l y  b u i l t  i n t o  t h e i r  he lmets .  A s  i n  t h e  ca se  of t h e  up l ink  r e c e i v e r ,  
d i f f i c u l t i e s  r ega rd ing  s u r f a c e  a c c e s s  r i g h t s  over  advancing s e c t i o n s  may r e q u i r e  
a mobile s u r f a c e  t r a n s m i t t e r  i n s t a l l a t i o n  t h a t  is  temporar i ly  i n s t a l l e d  on ly  
d u r i n g  emergencies.  However, s i n c e  t h e  t r a n s m i t t e r  power a v a i l a b l e  on t h e  s u r -  
f a c e  is  much g r e a t e r  than t h a t  underground du r ing  a n  emergency, t h e  downlink 
a l lows  g r e a t e r  o p e r a t i o n a l  f l e x i b i l i t y  i n  communicating w i th  moving miners ,  and 
may reduce t h e  s u r f a c e  acces s  r i g h t s  problem somewhat, because of t h e  poten- 
t i a l l y  g r e a t e r  coverage a r e a  of each s u r f a c e  t r a n s m i t t e r .  A s  i n  t h e  up l ink  c a s e ,  
o p e r a t i n g  ranges  compat ible  w i th  1,000 f o o t  deep mines w i th  o = mho/m 
overburden a r e  r equ i r ed .  

C. S ide l ink-Cal l  A l e r t  Coded Paae 

This i s  a h o r i z o n t a l  through-the-earth narrow band channel f o r  t r a n s m i t t i n g  
a c a l l  a l e r t  paging s i g n a l  t o  key i n d i v i d u a l s  r ov ing  on a working s e c t i o n  d u r i n g  
normal mine o p e r a t i o n s ,  t o  n o t i f y  them t h a t  they  a r e  wanted on t h e  mine pager 
phone. The t r a n s m i t t e r ,  a c t i v a t e d  by a s i g n a l  s e n t  over t h e  mine phone l i n e ,  
would be somewhat c e n t r a l l y  l oca t ed  n e a r  t h e  s e c t i o n  l oad ing  p o i n t  a s  i n  tile 
up l i nk  Yysten, and conceivably could be i n t e g r a t e d  wi th  t he  up l i nk  equipment if 
d e s i r e d .  'L't~e r e c e i v e r s  would be  c a r r i e d  by t h e  miner ,  p r e f e r a b l y  i n  h i s  helmot 
as i n  t h e  case of t h e  emergency vo i ce  r e c e i v e r  f o r  the downlink system. I n  fact  
the Bureau 's  p r e scn t  d e s i r e  is  t o  have t h i s  emergency vo ice  r e c e i v e r  s e rve  a 
dual r o l e ,  f o r  key supe rv i so ry  and maintenance people ,  by  a l s o  o p e r a t i n g  a s  a 



narrowband c a l l  a l e r t  r e c e i v e r  under normal o p e r a t i n g  cond i t i ons .  Such a  c a l l  
a l e r t  system would extend mine phone paging t o  rov ing  i n d i v i d u a l s  r i g h t  up t o  
t h e  working f a c e ,  thereby  i n c r e a s i n g  bo th  s a f e t y  and o p e r a t i o n a l  e f f i c i e n c y  . 
This  would r e q u i r e  ope ra t i ng  ranges  on t h e  o rde r  of 400 t o  800 f e e t  i n  overbur- 
dens o f  o = mho/m i n  o rde r  t o  cover a t y p i c a l  600 by 600 f o o t  s e c t i o n ,  
depending on t h e  l o c a t i o n  of t h e  t r a n s m i t t e r .  

D. Sidelink-Roof Bol t  Voice Page 

This  i s  a h o r i z o n t a l  through-the-earth vo i ce  channel  f o r  t r a n s m i t t i n g  a  more 
comprehensive vo i ce  message o r  page, as opposed t o  a s imple  c a l l  a le r t ,  t o  key 
i n d i v i d u a l s  rov ing  on a working s e c t i o n  du r ing  normal o p e r a t i n g  cond i t i ons .  As 
i n  t h e  c a l l  a l e r t  system t h e  t r a n s m i t t e r  could a l s o  be  l o c a t e d  a t  t h e  s e c t i o n  
load ing  p o i n t ,  thereby  r e q u i r i n g  t h e  same o p e r a t i n g  range as t h e  c a l l  a l e r t  
system. However i t  most l i k e l y  would n o t  s h a r e  equipment w i th  an up l ink  system 
as a  ca l l  a l e r t  system might. Being a  v o i c e  bandwidth system f o r  use  under 
o p e r a t i o n a l  cond i t i ons  when e l ec t romagne t i c  n o i s e  l e v e l s  are h igh ,  p a r t i c u l a r l y  
i n  t h e  audio  band, a s i g n i f i c a n t l y  h ighe r  ope ra t i ng  frequency than t h a t  p o s s i b l e  
f o r  a  narrowband c a l l  a l e r t  o r  up l ink  system is favored.  The r e c e i v e r  f o r  t h e  
roof b o l t  paging system is  p r e s e n t l y  conceived a s  a  pocket-s ized u n i t ,  b u t  
o t h e r  packages such as a  helmet  mounted u n i t  a r e  n o t  excluded. 

111. PRESENT STATUS AND RECOMMENDED FUTURE WORK 

To a r r i v e  a t  a des ign  t h a t  i s  at least  accep tab l e ,  i f  n o t  optimum, 
r ega rd ing  performance and p r a c t i c a l i t y  f o r  any of t h e  above communication sys-  
tems, one u s u a l l y  must f i r s t  determine how each of t h e  major e lements  compris ing 
t h e  system i n f i u e n c e  i ts  performance, and then use  them s o  as t o  g e t  t h e  d e s i r e d  
r e s u l t s .  An of t e n  i n d i s p e n s i b l e  a i d  t o  t h i s  p roces s ,  p a r t i c u l a r l y  when des ign  
informat ion  f o r  one o r  more of t h e  major system elements  is  miss ing ,  i s  t o  p u t  
t oge the r  a  breadboard system based on e x i s t i n g  r e l a t e d  hardware and t r y  i t  ou t .  
Seve ra l  of t h e  above through-the-earth systems have evolved,  w i th  b e n e f i c i a l  
r e s u l t s ,  from t h e  l a t t e r  approach. Concurrent ly ,  some of t h e  p rev ious ly  
miss ing  des ign  informat ion  on t ransmiss ion  l o s s  and n o i s e  has  been accumulated. 
Therefore ,  i t  w i l l  now be  p o s s i b l e  t o  b e t t e r  opt imize each of  t h e s e  systems by 
q u a n t i t a t i v e  a n a l y s i s  and comparison o f  a l t e r n a t i v e  des igns .  

No papers  e v a l u a t i n g  o r - d e s c r i b i n g  any of t he  above th~ough- the -ea r th  sys-  
tems were presen ted  du r ing  t h e  Workshop. However, s e v e r a l  papers  t r e a t i n g  two 
major system e lements ,  channel  t ransmiss ion  l o s s  and n o i s e ,  were given. These 
and some p a s t  work by t h e  a t t e n d e e s  of  t h i s  working group provided t h e  b a s i s  
f o r  t h e  group ' s  f i n d i n g s  and recommendations. We grouped t h e  system elements  a s  
fo l lows  : 

o The Source: i t s  message, modulation o r  coding,  t r a n s m i t t e r ,  and 
o p e r a t i n g  frequency. 

o The Channel: i ts  t r ansmis s ion  l o s s  f o r  each an tenna  type ,  and i t s  
n o i s e  c h a r a c t e r i s t i c s .  

o  The Receiver :  i t s  p i ck  up senso r ,  demodulation/decoding, and 
s p e c i a l  p roces s ing  f o r  s i g n a l  t o  n o i s e  improvement. 



These elements were then  d iscussed  i n  t h e  context  of each of t h e  f o u r  systems 
t o  t he  l e v e l  of d e t a i l  t h a t  was p o s s i b l e  under t h e  circumstances.  The o r d e r  
of t rea tment  f o r  each system w i l l  b e  Channel, Source, and Receiver ,  which 
mainly r e f l e c t s  t h e  emphasis of t h i s  Workshop's c h a r t e r  and papers .  Progress  
made t o  d a t e  i n  t h e  Channel area should now a l low more emphasis t o  b e  placed on 
o v e r a l l  system design and a n a l y s i s ,  thereby c a l l i n g  g r e a t e r  a t t e n t i o n  t o  t h e  
Source and Receiver  a r eas .  

In  t h e  d i scuss ions  below, t h a t  f o r  t h e  upl ink  system is somewhat l onge r  than  
t h e  o t h e r s ,  because c e r t a i n  elements t h a t  have common a p p l i c a t i o n  t o  s e v e r a l  of 
t h e  systems a r e  f i r s t  in t roduced  i n  t h e  up l ink  t rea tment .  

. A .  Uplink Data System 

This  s e c t i o n  treats t h e  p r i n c i p a l  narrowband d a t a  upl ink  a p p l i c a t i o n .  The 
more d i f f i c u l t ,  less p r a c t i c a l  up l ink  v o i c e  a p p l i c a t i o n  i s  t r e a t e d  b r i e f l y  i n  
t!~e downlink vo ice  s e c t i o n .  

1, Overview 
1 

To d a t e  t h e  combination of  overburden t ransmiss ion  l o s s  and a v a i l -  
a b l e  s u r f a c e  n o i s e  d a t a  have i d e n t i f i e d  t h e  frequency band below 5 kHz a s  t h e  
most f avo rab le  f o r  p r a c t i c a l  narrow band up l ink  d a t a  systems in tended  f o r  c o a l  
mines wi th  overburden depths of up t o  1,000 f e e t  and conduct iv i ty  of 0 = 

mho/m. Though sha l lower  mines a l low a somewhat h ighe r  frequency l i m i t ,  
and more conduct ive (0 = 10-1 mho/m) o r  deeper mine overburdens derna~~d a signi- 
f i c a n t l y  lower frequency l i m i t ,  t h e  under 5 kHz l i m i t  should cover most c o a l  
mine s i t u a t i o n s .  

a. Nominal Mines 

S i g n a l  t o  n o i s e  ana lyses  performed by Westinghouse Georesearch Labor- 
a t o r y  (WGL) suppor t  t h i s  under 5 kHz conclusion f o r  mho/m overburdens, w h i l e  
a l s o  i d e n t i f y i n g  t h e  frequency band between 500 Hz-to-3 a s  a d i s t i n c t l y  ,, 
optimum one f o r  narrowband systems. The WGL analyses  were based on Wait/WGL 
t ransmiss ion  l o s s  curves f o r  loop t r a n s m i t t e r s  and broadband atmospheric  n o i s e  
d a t a  (under 10 kHz) taken by WGL i n  Colorado. S igna l  t o  no i se  ana lyses  per- 
formed by Arthur  D. L i t t l e ,  Inc .  (ADL) reach a similar under 5 HZ o v e r a l l  
conclusion,  b u t  do n o t  r e v e a l  t h e  presence of an  optimum frequency band a s  d i s -  
t i n c t  as t h e  one by WGL. The ADL analyses  were based on t h e  same t ransmiss ion  
l o s s  curves of wait/WGL, b u t  d i f f e r e n t  broadband n o i s e  da t a ,  namely s u r f a c e  atmos- 
p h e r i c  no i se  d a t a  (under 300 Hz) taken by MIT Lincoln Laborato (LL) i n  F l o r i d a  7 and e a r l y  WGL and Nat iona l  Bureau of Standards (NBS) s u r f a c e  no s e  d a t a  (under 
10  k ~ ~ )  taken over fou r  Western c o a l  mines. The d i f f e r ences  i n  t h e  r e s u l t s  of 
t h e  two ana lyses ,  regard ing  t h e  presence o absence of a c l e a r l y  optimum f r e -  -5 quency band between 500-3000 Hz f o r  0 = 10 mho/m overburdens (based on broad- 
band n o i s e  l e v e l s )  should be  e a s i l y  reso lved  when the  l a r g e  amount of n o i s e  d a t a  
r e c e n t l y  taken over  coa l  mines by NBS soon becomes a v a i l a b l e .  However, WGL and 
NBS f i e l d  experiences have revea led  a p o t e n t i a l l y  more s e r i o u s  n o i s e  problem 
t h a t  may tend t o  favor  use of f requencies  between 1-5 kHz over coa l  mines,  
namely t h e  extremely s t r o n g  harmonics of 60 Hz and 360 Hz caused by t h e  mine 
power conversion equipment, harmonic l e v e l s  t h a t  a r e  high enough i n  some cases  
t o  i n t e r f e r e  wi th  even narrowband systems ope ra t ing  between t h e  harmonics. 



b.  Deep Mines 

For mines with overburdens deeper than 1,000 f e e t  (such a s  hardrock mines) 
o r  conduct iv i t ies  g r e a t e r  than mho/m, i t  is general ly agreed t h a t  operat ing 
frequencies w i l l  d e f i n i t e l y  be forced downward t o  perhaps 500 Hz o r  100 Hz. I n  
some extremely deep hardrock mines t h a t  approach 10,000 f e e t ,  lower frequencies 
yet may be needed i f  d i r e c t  t ransmission t o  t h e  su r face  is  required. The favor- 
a b l e  downlink s i g n a l  transmission test r e s u l t s  t o  depths of 11,000 f e e t  achiev- 
ed with under 100 wa t t s  by Sandia Laborator ies ,  using Develco, Inc. equipment a t  
frequencies below 20 Hz, should be  ca re fu l ly  evaluated and exploi ted  i f  such 
depths become important t o  the  Bureau. However, i t  should be  kept  i n  mind t h a t  
such a downlink transmission test has  the  advantages of power and l a r g e  antenna 
s i z e  on the  su r face ,  and a r e i a t i v e l y  no i se  f r e e  underground rece ive r ,  which is 
the  converse of t h e  mine uplink problem. 

c. Equipment 

An experimental prototype uplink d a t a  monitoring system has been b u i l t  by 
WGL f o r  the  Bureau. It operates a t  designated frequencies between 3-5 kHz, 
u t i l i z e s  PCM/FSK modulation, a loop t r a n s m i t t e r  antenna, and is  present ly  in- 
s t a l l e d  i n  t h e  Bureau's experimental mine i n  Bruceton, Pa. Similar  experimental 
equipment t h a t  i l l u s t r a t e s  the  f e a s i b i l i t y  of uplink da ta  transmission,  even 
with l imi ted  ava i l ab le  power, has a l s o  been b u i l t  by WGL f o r  miner loca t ion  
appl ica t ions .  An example is  the  keyed CW electromagnetic t r ansmi t t e r  f o r  miner 
loca t ion  which u t i l i z e s  a one tu rn ,  360 foo t  periphery loop and the  miner's 
4-volt cap lamp b a t t e r y  t o  generate a magnetic moment of about 2,000 smpere- 
nxzers2. at 2 L!z. Detect ion raages i n  excess of 1,000 f e e t  have been obtained 
at severa l  mine s i t e s  using t h i s  and s i m i l a r  u n i t s ,  a s  reported during t h i s  
Xorkshop. It should be noted t h a t  the  approximately 80 foot  overburden a t  the  
USBM experimental mine is not  considered by the  Bureau-as being t v p i c a l  of t h a t  
found over operat ing mines. 

A multichannel uplink da ta  system of p r a c t i c a l  design s u i t e d  f o r  i n s t a l l a -  
t i o n  and test i n  an operat ing coal  mine with up t o  1,000 f e e t  of overburden 
w i l l  soon be needed. The b a s i c  monitoring requirements of the  in-mine s t a t i o n  
are now being formulated, s o  t h a t  an o v e r a l l  uplink da ta  communication system 
can then be  designed and optimized f o r  the  opera t ing condit ions of t h i s  mine. 

2.  The Channel-Transmission Loss 

a.  Loops 

Uplink communications t o  da te  have primari ly u t i l i z e d  loop source antennas 
of v e r t i c a l l y  or iented  magnetic moment. These have consisted t y p i c a l l y  of one 
tu rn  loops (up t o  500 foo t  periphery) wrapped around one o r  two coa l  p i l l a r s ;  
and l e s s  f requent ly  a smal ler  one tu rn  loop (up t o  100 foot  periphery) placed 
i n  an entry.  Such loops have been preferred  over long w i r e  antennas f o r  in- 
mine i n s t a l l a t i o n s  because of t h e i r  lower input  r es i s t ance ,  f ixed impedance 
c h a r a c t e r i s t i c s  over time, and convenience of i n s t a l l a t i o n  and maintenance i n  
the adverse mine environment. The pr imar i ly  v e r t i c a l  magnetic f i e l d s  produced 
by v e r t i c a l  ax i s  loops Carl a l s o  o f f e r  a s i g n a l  t o  noise  advantage on t h e  sur-  
face  i n  some cases,  depending on t h e  sources of the  noise ,  i .e. n a t u r a l  o r  man- 
made. 



The t h e o r e t i c a l  r e s u l t s  of Wait and ITS, r ega rd ing  t h e  f i e l d  s t r e n g t h s  
expec ted  on t h e  s u r f a c e  from i n f i n i t e s i m a l  loops of moment N I A  p laced  i n  homo- 
genous and l aye red  conduct ing overburdens,  a r e  w e l l  e s t a b l i s h e d  and have been 
found t o  b e  i n  good agreement w i th  exper imenta l  d a t a  ob t a ined  by WGL and Color- 
ado School of Mines (CSM) a t  s e v e r a l  mine s i t e s .  For t h e  l a r g e  overburden 
dep ths  of i n t e r e s t  and s i z e s  of cor responding  loops  r e q u i r e d ,  t h e  s i m p l i f y i n g  
i n f i n i t e s i m a l  loop assumptions app ly .  Furthermore i t  has  been shown by Wait 
and ITS t h a t  t y p i c a l  conduct ing o b s t a c l e s ,  such a s  p i p e s ,  and inhomogenei t ies  
found i n  t h e  t r ansmis s ion  pa th  t o  t h e  s u r f a c e  should  produce on ly  s m a l l  e f f e c t s  
on t h e  r e s u l t a n t  magnet ic  f i e l d  s een  a t  t h e  s u r f a c e  f o r  t h e  under 5 kHz band 
of i n t e r e s t .  WGL and ITS have a l s o  shown t h a t  t h e  e f f e c t s  of  s u r f a c e  topo- 
graphy on t h e  r e s u l t a n t  s u r f a c e  f i e l d  a r e  a l s o  small. Consequently t h e s e  
e f f e c t s  can l a r g e l y  b e  ignored  f o r  communications a p p l i c a t i o n s ,  a s  opposed t o  
l o c a t i o n  a p p l i c a t i o n s  where some of t h e  e f f e c t s  can t a k e  on g r e a t e r  importance 
i n  some c a s e s .  

The re fo re  i t  was concluded t h a t  no new t h e o r e t i c a l  d e r i v a t i o n s  were 
r e q u i r e d  on u p l i n k  t r ansmis s ion  l o s s  f o r  loop  t r a n s m i t t e r s ;  b u t  t h a t  a p p r o p r i a t e  
cu rves ,  t a b l e s ,  nomographs, e t c .  , based  on t h e  a v a i l a b l e  t h e o r e t i c a l  r e s u l t s  
should  b e  prepared ,  as an  a i d  t o  up l i nk  systems des igne r s  who d e s i r e  t o  app ly  
t h e  t heo ry  t o  t y p i c a l  mine overburdens.  Inc luded  i n  t h e s e  de s ign  a i d s  should  
b e  curves  t h a t  show t h e  a d d i t i o n a l  amount of s i g n a l  l o s s  s u f f e r e d  as t h e  h o r i -  
z o n t a l  d i sp lacement  between s u r f a c e  and in-mine loops  i s  i n c r e a s e d .  This  w i l l  
h e l p  de te rmine  t h e  s u r f a c e  coverage o b t a i n a b l e  from a s i n g l e  in-mine loop .  

b. P a r a s i t i c  S t r u c t u r e s  

A l l  of t h e  above r e s u l t s  app ly  f o r  cases i n  which no l a r g e  c lo sed  loops  
of w i r e ,  c a b l e ,  o r  s teel  roc f  mesh a r e  c l o s e  enough t o  t h r f i n i t e ,  r e l a t i v e l y  
l a r g e ,  in-mine t r a n s m i t t e r  loops  t o  a l low s i g n i f i c a n t  c u r r e n t s  t o  b e  induced 
i n  t h e s e  p a r a s i t i c  s t r u c t u r e s ,  which i n  t u r n  might reduce  $he e f f e c t i v e  s t r e n g t h  
o r  f i e l d  of  t h e  t r a n s m i t  l oops .  The l i k e l i h o o d  of  encoun te r ing  p a r a s i t i c  s t r u c t u r e s  
on working s e c t i o n s  i s  h igh ,  bu t  t h e  degree  t o  which t hey  could  adve r se ly  
a f f e c t  system performance,  h a s  n o t  been a s c e r t a i n e d .  S ince  t h i s  may b e  a  poten- 
t i a l  problem t o  bo th  t h e  u p l i n k  d a t a  system and t h e  c a l l  a l e r t  page system t o  
b e  d i s cus sed  below, t h e  p r a c t i c a l  i n f l u e n c e  of such s t r u c t u r e s  needs t o  b e  
a s se s sed .  However, u n t i l  t h a t  is done, up l i nk  o r  c a l l  a l e r i  system t r ansmi t  
l oops  should  b e  i n s t a l l e d  away from such s t r u c t u r e s  a s  s teel  roof  mesh, t r o l l e y  
l i n e s ,  and probably  power c a b l e s ,  s i n c e  t h e  e f f e c t s  of t h e i r  p resence  w i l l  de- 
c r e a s e  w i t h  i n c r e a s i n g  s e p a r a t i o n .  

c.  Grounded Wires 

L a s t l y ,  should t h e r e  be  a  renewed i n t e r e s t  i n  comparing t h e  performance 
of a loop sou rce  up l i nk  system wi th  that for a grounded f i n i t e  s t r a i g h t  w i r e  
s o u r c e  t h a t  u t i l i z e s  a w i r e  t e rmina ted  by a roof  b o l t  ground rod  a t  each end, 
ITS h a s  de r ived  exp re s s ions  and curves  f o r  t he  magnet ic  f i e l d  produced on t h e  
s u r f a c e  by such a  b u r i e d  f i n i t e  w i r e  sou rce .  The r e s u l t s  apply t o  t h e  c a s e  
o f  t h e  w i r e  i n c l i n e d  a t  an  a r b i t r a r y  t i l t  angle  t o  t h e  h o r i z o n t a l  i n  a  homo- 
geneous overburden. They show t h a t  s m a l l  t i l t  ang l e s  made by t h e  w i r e  w i t h  a  
f l a t  o r  h i l l y  s u r f a c e  do no t  i n f l u e n c e  t h e  rcagnitude of the s u r f a c e  f i e l d .  



3. The Channel-Noise 

a .  Pas t  Data 

Up u n t i l  t h i s  year  very l i t t l e  good noise  data  pe r t inen t  t o  coal  mine 
environments, underground o r  on t h e  su r face ,  w e r e  a v a i l a b l e  f o r  making compre- 
hensive systems analyses o r  optimizing uplink o r  downlink system designs. With 
respect  t o  noise  levels on t h e  su r face ,  the  ELF noise  measurements made by 
Lincoln Laboratory f o r  the  Navy were t h e  most use fu l  below 300 Hz, even though 
no t  taken over coal  mines, bu t  i n  F lo r idz  and o the r  p a r t s  of the  world. B e t -  
ween 300 Hz and 5 kHz t h e  su r face  no i se  data  w e r e  even more spa rse ,  cons i s t ing  
of l imi ted  atmospheric no i se  measurements taken by WGL i n  Colorado, and l imi ted  
no i se  measurements conducted by NBS and WGL a t  a few coal  mines. 

These su r face  d a t a  were no t  considered adequate, because i t  was sus- 
pected t h a t  t h e  predominant sources of both broadband and d i s c r e t e  frequency 
no i se  on t h e  su r face  over coa l  mines would be  man-made, s ince  mines were such 
l a r g e  power consumers and/or located  near  i n d u s t r i a l i z e d  areas .  Though broad- 
band atmospheric no i se  would probably play an important r o l e ,  broadband noise  
l e v e l s  produced on t h e  su r face  by the  mine equipment, and by poorly maintained 
rural high vol tage  parer  l i n e s ,  were viewed a s  having a p o t e n t i a l l y  g rea te r  in-  
f luence a t  a l o c a l  mine s i te ,  except i n  the  case of l o c a l  thunderstorms. More 
importantly,  even l e s s  da ta  were ava i l ab le  on the in-mine noise  environment 
f o r  the  design of downlink and in-mine systems. 

b .  NBS Mine Noise Measurements 

Therefore, during t h i s  pas t  year ,  NBS conducted a major noise  measure- . 

ment e f f o r t  f o r  the  Bureau of Mines i n  an attempt t o  charac te r i ze  i n  a p r a c t i c a l  
manner the  electromagnetic noise  environment i n  and above severa l  "representa- 
t ive"  coal  mines. Data.has been taken a t  a 600 v o l t  a l l  DC coa l  mine; a c o a l  
mine with ,300 MC r a i l  haulage and s h u t t l e  cars, and AC face  machinery and 
b e l t  haulage; a 300 v o l t  DC longwall mine with AC haulage; and a hardrock AC 
mine wi th  d i e s e l  haulage. The measurments encompass operat ing and qu ie t  con- 
d i t i o n s  f o r  d i f f e r e n t  machines, loca t ions ,  power centers  and boreholes,  i n  work- 
i n g  s e c t i o n s ,  haulageways and on the  surface.  Some of these no i se  da ta  have 
a l ready Seen processed and made a v a i l a b l e ,  with the  remainder t o  become avai l -  
a b l e  wi th in  t h e  next  s i x  months. 

In-mine measurements have included wideband recordings from 100 Hz 
t o  300 H z  of three  magnetic f i e l d  components, and of vol tages  on telephone l i n e s ,  
t r o l l e y  l i n e s ,  and roof b o l t s ;  from which noise power spec t ra  a r e  being generated. 
Tn addi t ion ,  narrowband (2kHz) s p o t  frequency recordings were made a t  e igh t  f re-  
quencies covering the  10 kHz t o  32 MHz band, of th ree  magnetic f i e l d  components; 
from which no i se  amplitude p robab i l i ty  d i s t r i b u t i o n s  (APD's) a r e  being generated. 
On t h e  su r face ,  only the  components of magnetic f i e l d  a r e  required,  bu t  over a 
more r e s t r i c t e d  frequency range, because of the  lower frequencies required f o r  
uplink s y s t e m .  The su r face  wideband recordings f o r  generat ing s p e c t r a  cover 
100 Hz t o  10 kHz, while the  narrowband spot  frequency recordings' f o r  generat ing 
APD's cover four  frequencies i n  the  10 kHz t o  150 kHz band. 

The preliminary r e s u l t s  now a v a i l a b l e  from these  NBS noise  measurements 
i n d i c a t e  t h a t  high l e v e l s  of d i s c r e t e  frequency noise  a t  harmonics of 60 Hz 
and 360 Hz ?redoninate over broadband spectrum l e v e l s  below about 10 kHz, both i n  



t h e  mine and on t h e  s u r f a c e ,  wi th  t h e  broadband n o i s e  predominating above about 
15 kHz, and the  l e v e l s  of both n o i s e  types decreas ing  wi th  increas ing .  frequency. 
Furthermore, t h e  d i s c r e t e  frequency s u r f a c e  n o i s e  l e v e l s  a r e  h i g h l y  c o r r e l a t e d  
wi th  in-mine l e v e l s  below about  7 kHz, t h e  degree of c o r r e l a t i o n  f a l l i n g  o f f  
r a p i d l y  above 7 kHz. Noise l e v e l s  a l s o  have a s t r o n g  dependence on d i s t a n c e  
from power c a b l e s ,  and can vary over  dynamic ranges i n  excess  of 60 dB. 

c .  Whis t le r  and Geomagnetic Data 

A r e p r e s e n t a t i v e  from Develco, Inc .  s t a t e d  t h a t  "mountains" of a tmospheric  
n o i s e  d a t a  had been taken  some y e a r s  ago i n  t h e  1-30 kHz frequency band by 
Stanford  Research I n s t i t u t e  w i th  r ega rd  t o  its w h i s t l e r  work. Though some of 
t h i s  d a t a  might poss ib ly  be  u s e f u l  f o r  t h e  under 5 kHz band of i n t e r e s t ,  he  
was a l s o  of t h e  opinion t h a t  t h e  d a t a  had n o t  been analyzed i n  a form convenient  
t o  t h e  upl ink  a p p l i c a t i o n ,  and t h a t  i n  any case ,  access  t o  and subsequent  under- 
s t a n d i n g  of  t h i s  o l d  d a t a  might involve  much more d i f f i c u l t y  than  any p o t e n t i a l  
b e n e f i t s  would j u s t i f y .  

A r e p r e s e n t a t i v e  from Unive r s i ty  of A lbe r t a  claimed t h e  presence  of a 
minimum i n  t h e  geomagnetic n o i s e  spectrum between 0.2-8 Hz, w i th  5 Hz perhaps 
be ing  t h e  most f avo rab le  frequency. Though t h e r e  was some unce r t a in ty  regard- 
i n g  t h e  l e v e l  of t h i s  n o i s e  minimum among t h e  Workshop p a r t i c i p a n t s ,  t h i s  c la im 
should  b e  checked o u t ,  s i n c e  i t  might b e  worth cons ider ing  f o r  very  deep mines. 
A book by Canpbell  and Matsushi ta  was g iven  as a re ference .  

d. Data U t i l i z a t i o n  

It was concluded t h a t  t h e  NBS n o i s e  d a t a  taken t o  d a t e  aC s i x  c o a l  mines 
and one hard  rock  mine, t oge the r  w i th  t h e  planned NBS measurements a t  an a l l  
AC c o a l  n ine  and another  ha rd  rock mine,when added t o  p a s t  a tmospheric  n o i s e  
d a t a  taken below 10 H z ,  should provide  a s u b s t a n t i a l  d a t a  base  from which 
t h e  design and op t imiza t ion  of mine communications systems can proceed i n  an 
o r d e r l y  manner. Therefore ,  i t  w a s  concluded t h a t  no new n o i s e  measurements 
over and above t h a t  a l r e a d y  planned by NBS w e r e  r equ i r ed  a t  t h i s  time. 

I n  t h e  under 5 kHz frequency band p r e s e n t l y  of i n t e r e s t  t o  upl ink  d a t a  
systems no i se ,  power s p e c t r a  and dubs of s e l e c t e d  NBS t ape  recordings of t he  
s u r f a c e  no i se  w i l l  be  made a v a i l a b l e  t o  system des igne r s .  Sur face  d a t a  up t o  
10 kHz w i l l  a l s o  b e  a v a i l a b l e  i f  needed. The upl ink  system des igners  w i l l  
need d a t a  on t h e  l e v e l s  of bo th  d i s c r e t e  frequency and broadband n o i s e  com- 
ponents:  broadband spectrum l e v e l s  (and ampli tude s t a t i s t i c s  i f  poss ib l e )  f o r  
opt imizing t h e  coding, modulation, and r e c e i v e r  process ing  f o r  narrowband d a t a  
up l ink ;  and d i s c r e t e  component l e v e l s  f o r  e s t ima t ing  l i k e l y  l e v e l s  of out-of-band 
i n t e r f e r e n c e ,  and ways t o  combat them by choice of ope ra t ing  f requencies  and/or  
r e c e i v e r  s i g n a l  process ing  techniques.  

To b e t t e r  e s t ima te  t h e s e  n o i s e  l e v e l s ,  p a r t i c u l a r l y  t h e  broadband n o i s e  
l e v e l s  between d i s c r e t e  harmonic components, i t  was recommended t h a t  NBS pro- 
v i d e  expanded frequency s c a l e  s p e c t r a ,  covering only the  0-5 kHz band p e r  
spectrum p l o t ,  a s  opposed t o  t he  more compressed p l o t s  p re sen t ly  be ing  pre- 
pared.  Spec t ra  f o r  v e r t i c a l  and h o r i z o n t a l  magnetic f i e l d  components on the  
s u r f a c e  under both o p e r a t i o n a l  and I fquie te r"  emergency condi t ions  w i l l  b e  re- 
qu i red .  Note: t h e s e  0-5 kHz expanded s p e c t r a  w i l l  be requi red  n o t  only f o r  



t h e  s u r f a c e  n o i s e  d a t a ,  b u t  a l s o  f o r  t h e  underground d a t a  f o r  u s e  i n  t h e  design 
of c a l l - a l e r t  and baseband-voice-downlink comnunications f o r  mine s e c t i o n s .  
Though nor  d iscussed  i n  t h e  w ~ r k i n g  group, ampli tude s t a t i s t i c s  f o r  t h e  broad- 
band l e v e l s  between harmonics may a l s o  b e  r equ i r ed .  

For deep mine a p p l i c a t i o n s  t h a t  may r e q u i r e  ope ra t ing  f r equenc ie s  i n  t h e  
v i c i n i t y  of  100 Hz and below, t h e  p r e s e n t  NBS mine n o i s e  d a t a  down t o  100 Hz 
and t h e  LL atmospheric  n o i s e  d a t a  down t o  about 3 Hz may b e  adequate  f o r  design- 
i n g  such systems. The need f o r  a d d i t i o n a l  n o i s e  measurements a t  t h e s e  low f r e -  
quencies  should b e  c a r e f u l l y  eva lua t ed  and j u s t i f i e d  b e f o r e  embarking on such 
a measurement program, because of t h e  inc reased  measurement d i f f i c u l t i e s  en- 
countered a t  t h e s e  f r equenc ie s .  

4 .  The Source - Message, Coding, Modulation, Operat ing Frequency. 

The group agreed t h a t  f i r m  conclus ions  r ega rd ing  p r e f e r r e d  techniques f o r  
coding,  modulation, and ope ra t ing  frequency f o r  a d a t a  upl ink  were premature,  
and could only b e  reached a f t e r  a d e t a i l e d  o v e r a l l  systems a n a l y s i s .  Such a n  
a n a l y s i s  would need t o  cons ide r  such th ings  a s  t h e  a c t u a l  d a t a  message r equ i r e -  
ments,  t h e  bandwidth and power a v a i l a b l e ,  t h e  t ransmiss ion  l o s s ,  c h a r a c t e r i s t i c s  
of t h e  n o i s e ,  e t c .  Though t h e  frequency band between 1-5 kHz is c u r r e n t l y  favor- 
ed,  based on p a s t  n o i s e  d a t a ,  even t h i s  should b e  re-evaluated i n  t h e  l i g h t  of 
t h e  new and more comprehensive NBS mine n o i s e  d a t a .  

The p r e s e n t  WGL t r a n s m i t t e r s  used f o r  miner l o c a t i o n  u t i l i z e  a CW s i g n a l  
that is slrrlply keyed on and o f f  w i t h  a t e n  t o  one duty cyc l e ,  t o  keep i t  s imple ,  
conserve cap lamp b a t t e r y  l i f e ,  and t o  h e l p  d i s t i n g u i s h  it from ad jacen t  power 
l i n e  harmonics. Operat ing f r equenc ie s  a r e  l oca t ed  between t h e  harmonics of 
60 Hz i n  t h e  1-3 kHz band. The p r e s e n t  WGL up l ink  d a t a  system i n s t a l l e d  i n  t h e  
Bureau's exper imenta l  mine u t i l i z e s  PCM/FSK t o  t r ansmi t  t h e  monitored d a t a ,  and 
ope ra t e s  a t  s e l e c t  c h a m e l  f requencies  i n  t h e  3400 t o  4500 Hz band, a l s o  p l aced  
between 60 Hz harmonics. The l o c a t i o n  t r a n s m i t t e r  is  descr ibed  i n  a Workshop 
paper ,  whereas t h e  p r e s e n t  exper imenta l  up l ink  d a t a  system is desc r ibed  i n  WGL 
r e p o r t s .  The s p e c i f i c  r e s u l t s  ob ta ined  wi th  t h e s e  systems should b e  reviewed 
as a n  a i d  t o  f u t u r e  des igns .  

A s  mentioned e a r l i e r ,  t h e  d a t a  requirements  and subsequent systems des ign  
have n o t  y e t  been formulated f o r  t h e  up l ink  d a t a  system t h a t  w i l l  soon b e  develop- 
ed f o r  i n s t a l l a t i o n  i n  an ope ra t ing  mine. Th i s  system des ign  should  b e n e f i t  from 
t h e  a d d i t i o n a l  n o i s e  d a t a  and f i e l d  exper ience  now a v a i l a b l e .  

5 .  The Receiver  - Sensor ,  Demodulation/Decoding, S p e c i a l  Process ing  

A s  f o r  t h e  sou rce ,  f i r m  o v e r a l l  conclusions could n o t  b e  redched, b u t  
s e v e r a l  sugges t ions  were made. An e l e c t r o s t a t i c a l l y  sh i e lded  and balanced a i r  
core  loop was reconmended a s  a sensor .  Notch f i l t e r s  were sugges ted  t o  reduce 
i n t e r f e r e n c e  from s t r o n g  harmonics ad j acen t  t o  the channel frequency. 

The p re sen t  W G L  l o c a t i o n  r e c e i v e r  u t i l i z e s  s e v e r a l  s t a g e s  of bandpass 
f i l t e r i n g  t o  o b t a i n  a r e s u l t a n t  bandwidth of 6 H z .  Notches a s  descr ibed  above 
appa ran t ly  have no t  y e t  been r equ i r ed  a t  t he  mine sites v i s i t e d  t o  da t e .  The 
p r e s e n t  WGL up l ink  d a t a  system u t i l i z e s  a phase-locked-loop FSK d e t e c t o r  p r i o r  
t o  decoding. Neither system was d iscussed .  



La: t l y  , MIT Lincoln  Laboratory (LL) has  done e x t e n s i v e  s i g n a l  des ign  
and non- l inear  r e c e i v e r  p roces s ing  work almed a t  op t imiz ing  ELF s e c u r e  narrow- 
band d a t a  communications ( f o r  t h e  Navy Sanguine program) i n  t h e  f a c e  of  h igh ly  
impuls ive  ELF atmospheric  n o i s e ,  and occas iona l  d i s c r e t e  power l i n e  components. 
Reductions i n  r e q u i r e d  s i g n a l  power of 10-20 dB have been r epo r t ed ,  depending 
on t h e  l e v e l  of mzn-made d i s c r e t e  frequency i n t e r f e r e n c e ,  which appa ren t ly  makes 
t h e  techniques l e s s  e f f e c t i v e .  LL has  been coope ra t i ve  i n  t h e  p a s t  by making 
i t s  n o i s e  d a t a  and * ins t rumenta t ion  in fo rma t ion  a v a i l a b l e  t o  t h e  Bureau and i ts  
c o n t r a c t o r s  ; and by r e c e n t l y  o f f e r i n g  sugges t ions  regard ing  computer s i m u l a t i o n  
of r e c e i v e s  des ign  con f igu ra t i ons  f o r  t e s t i n g  performance i n  t h e  presence  of 
environmental  n o i s e .  This  work should  be  reviewed t o  s e e  i f  i t  can b e  a p p l i e d  
t o  t h e  mine p rob lem, in  a  p r a c t i c a l  and economic manner, p a r t i c u l a r l y  i n  t hose  
ca se s  where t r a n s m i t t e r  power i s  a t  a  premium and t h e  n o i s e  environment s eve re .  
This  work has  r e c e n t l y  been r e p o r t e d  i n  t h e  open l i t e r a t u r e ,  and more ex t ens ive -  
l y  i n  LL Technica l  Reports  which a r e  a v a i l a b l e  from LL. 

B. Downlink Voice System 

1. Overview 

a. Experience t o  Date 

The o b j e c t i v e  of a downlink emergency vo ice  system is  t o  provide  cover- 
age  of as l a r g e  an a r e a  a s  p o s s i b l e  t o  mobile miners dur ing  an emergency, i n  
n ines  w i t h  nominal overburden c h a r a c t e r i s t i c s  of conduc t iv i t y  o = 10-2 mho/m 
and depths  t o  1 ,000 f e e t ;  aad t o  do t h i s  w i t h  a s  few antennas on t h e  s u r f a c e  
as possibie wichin p r a c t i c a l  limits. %his be ing  t h e  ca se ,  t h e  overburden t r a n s - .  
mission l o s s ,  t h e  "quiet-mine1' n o i s e  d a t a  a v a i l a b l e  t o  d a t e ,  and t h e  g r e a t e r  
space  and power a v a i l a b l e  on t h e  s u r f a c e ,  have favored d i r e c t  t r ansmis s ion  of 
500-3,000 Hz baseband vo ice  s i g n a l s  by means of grounded long  w i r e  antennas on 
t h e  s u r f a c e .  Under r e l a t i v e l y  "quie t"  emergency cond i t i ons ,  t h e  p r e s e n t  s y s  t e m  
designed by WGL w i t h  a  t r a n s m i t t e r  c a p a c i t y  of 200 w a t t s ,  ha s  s u c c e s s f u l l y  t r a n s -  
m i t t e d  i n t e l l i g i b l e  vo i ce  messages t o  miners ca r ry ing  s imple  manpack r e c e i v e r s  
t o  depths  of about  1,000 f e e t .  Mine overburdens of low conduc t iv i t y  w i l l  of 
course  extend t h i s  u sab l e  range,  w h i l e  deeper  o r  more conduct ive overburdens 
w i l l  qu i ck ly  d e t e r i o r a t e  per.formance o r  r e q u i r e  s i g n i f i c a n t l y  more power. . 

The success  experienced under emergency cond i t i ons  l e d  t o  s p e c u l a t i o n  
t h a t  such a  downlink vo ice  system could have some b e n e f i c i a l  o p e r a t i o n a l  app l i ca -  
t i o n s  a s  w e l l ,  i f  t h e  s u r f a c e  t r a n s m i t t e r  power and manpack r e c e i v e r  p roces s ing  
demands d id  n o t  become exces s ive .  However s y s  tem performance was d i scovered  
t o  be  even more d rama t i ca l l y  a f f e c t e d  by t h e  in-mine o p e r a t i o n a l  n o i s e  environ-  
ment than  by t h e  depth and conduc t iv i t y .  Namely, t h e  n o i s e  l e v e l s  s e v e r e l y  de- 
t e r i o r a t e d  message i n t e l l i g i b i l i t y  and usab le  range,  demanding g r e a t l y  i n c r e a s -  
ed  power t o  main ta in  performance. This  behavior  is p r e d i c t e d  by system ana lyses  
by boih  iUjL and WGL, us ing  e a r l y  NBS and WGL in-mine nu l se  d a t a ,  and h a s  been 
confirmed s e v e r a l  t imes i n  ope ra t i ng  mines by WGL. The d e t e r i o r a t i o n  occurs  
mainly because of t h e  h igh  l e v e l s  of 60 Hz and 360 Hz harmonics produced by t h e  
mine macilinery 2nd DC power conversion equipncnt  ,and l e s s  o f t e n  by t h e  broa2band 
impuls ive  n o i s e  nea r  a r c i n g  t r o l l e y s ,  l e v e l s  t h a t  can vary  over  a  dynamic range 
i n  excess  o f  60 dB depending on l o c a t i o n  and machinery oge ra t i ng  c y c l e s .  By 
apply ing  s imple c o r r e c t i v e  measures such as vary ing  t h e  o r i e n t a t i o n  of  t he  inan- 
pack r e c e i v e r  antenna f o r  minimum n o i s e  pickup,  which can be an o p e r a t i o n a l  incon- 



venience,  and by seve re ly  a t t e n u a t i n g  t h e  l a r g e  360 Hz harmonic component by 
f i l t e r i n g  i n  t he  manpack r e c e i v e r ,  WGL was a b l e  t o  o b t a i n  some improvement 
i n  performance; bu t  nGt enough t o  make i t  a  dependable and p r a c t i c a l  system 
under mine o p e r a t i o n a l  cond i t i ons .  

b . Future  Developments 

The above exper ience  under o p e r a t i o n a l  c o n d i t i o n s ,  when combined wi th  t h e  
problems a s s o c i a t e d  w i t h  ga in ing  s u r f a c e  acces s  r i g h t s  over  advancing c o a l  mine 
s e c t i o n s  ( f o r  t h e  i n s t a l l a t i o n  of long w i r e  an t ennas ,  perhaps s e v e r a l  thousand 
f e e t  i n  l e n g t h ,  o r  s m a l l e r  l oops ,  which have t o  b e  moved more o f t e n )  make i t  
very  un l ike ly  t h a t  t h e  permanent s u r f a c e  i n s t a l l a t i o n s  r equ i r ed  f o r  o p e r a t i o n a l  
a p p l i c a t i o n s  w i l l  b e  a  p r a c t i c a l  p o s s i b i l i t y  i n  t h e  n e a r  f u t u r e .  Thus i n  t h e  
nea r  term, downlink vo ice  w i l l  remain an emergency cond i t i on  mobile system; 
thereby  keeping t h e  communication problem c l o s e r  t o  t h e  one o r i g i n a l l y  t r e a t e d  
by WGL, b u t  w i t h  some added f e a t u r e s .  

The emphasis f o r  f u t u r e  e f f o r t s  on t h i s  system should probably b e  i n  t h e  
development of a r e l i a b l e ,  compact, dua l  purpose r e c e i v e r  t o  b e  c a r r i e d  by a  
miner ,  p r e f e r a b l y  i n t e g r a t e d  i n t o  h i s  helmet  and opera ted  from t h e  cap lamp 
b a t t e r y ,  a s  descr ibed  by  H .  Park inson  i n  h i s  paper .  It w i l l  f u n c t i o n  a s  a 
downlink baseband v o i c e  r e c e i v e r  under emergency c o n d i t i o n s ,  and a s  a  c a l l  a l e r t  
page r e c e i v e r  under o p e r a t i o n a l  cond i t i ons  f o r  key mining pe r sonne l ,  a s  mention- 
ed i n  Sec t ion  11. Though t h e  p r e s e n t  s u r f a c e  t r a n s m i t t e r  i s  appa ren t ly  adequate  
t o  handle  s e v e r a l  emergency c o n d i t i o n s ,  i t  too  w i l l  probably need t o  b e  rede- 
s igned  and opt imized:  f o r  t r u l y  mobile u t i l i z a t i o n  i n  t h e  s e n s e  of  be ing  e a s i l y  
t r a n s p o r t a b l e  by backpack o r  h e l i c o p t e r  t o  t h e  d e s i r e d  s p o t s  above t h e  mine; f o r  
c o m p a t i b i l i t y  w i t h  t h e  new d u a l  purpose miner c a r r i e d  r e c e i v e r s  t o  b e  Geveleped; 
and f o r  t h e  mine emergency n o i s e  cond i t i ons  l i k e l y  t o  be  p r e v a i l i n g .  S ince  t h e  
downlink vo ice  t r a n s m i t t e r  w i l l  have t o  b e  t r a n s p o r t e d  t o  and i n s t a l l e d  a t  se-  
l e c t e d  l o c a t i o n s  above t h e  mine a f t e r  an emergency has  occur red ,  t h e  mine o r  
s e c t i o n  of  i n t e r e s t  w i l l  most l i k e l y  b e  i n  a  n e a r l y  power-down n o i s e  cond i t i on  
w i th  only e s s e n t i a l  ,lower-powered , e l e c t r i c a l  equipment such a s  pumps, f ans  , e t c .  
i n  ope ra t i on .  

c ,  Deep Mines 

The above a p p l i e s  t o  t h e  nominal c o a l  mine cond i t i ons  s p e c i f i e d .  The 
deep hardrock mine s i t u a t i o n  is a v a s t l y  more d i f f i c u l t  one a s  descr ibed  i n  
t h e  up l ink  s e c t i o n ,  r e q u i r i n g  f r equenc i e s  down t o  500 Hz and poss ib ly  100 Hz 
and below even f o r  narrowband d a t a  a p p l i c a t i o n s .  The re fo re ,  un l e s s  p r a c t i c a l  
and e c o n o ~ i c a l  t e c l ~ n i q u e s  f o r  d r ama t i ca l l y  compressing t h e  bandwidth r e q u i r e d  
f o r  i n t e l l i g i b l e  vo i ce  t r ansmis s ion  become a v a i l a b l e ,  downlink vo ice  t o  deep 
mines on t h e  o r d e r  of 10,000 f e e t  w i l l  n o t  b e  p r a c t i c a l l y  f e a s i b l e  under any 
n o i s e  cond i t i ons .  



2 .  The Channel-Transmission Loss 

a .  Long Wire Antennas 

Downlink cominunications t o  d a t e  have p r i n a r i l y  u t i l i z e d  grounded, h o r i -  
z o n t a l  long  w i r e  s o u r c e  an tennas  on t h e  s u r f a c e ,  which r e p o r t e d l y  g ive  good 
coverage i n  t h e  mine t o  a  s t r i p  of  wid th  about  e q u a l  t o  t h e  depth o f  t h e  mine 
under t h e  w i r e ,  and sometimes w i d e r ,  depending on t h e  depth and a v a i l a b l e  t r a n s -  
m i t t e r  power. Antenna l e n g t h s  have t y p i c a l l y  ranged from a low of  about  1 ,500  
f e e t  up t o  g r e a t e r  t han  a m i l e ,  WGL f i e l d  expe r i ence  i n d i c a t i n g  t h a t  a  l e n g t h  
g r e a t e r  than  about  t h r e e  t imes t h e  mine depth be ing  adequa te  t o  assume i n f i n i t e -  
l y  long  w i r e  behav io r  f o r  t h e  t r ansmis s ion  l o s s .  I n  t h e  mine, t h e  w i r e ' s  mag- 
n e t i c  f i e l d  i s  p r i m a r i l y  h o r i z o n t a l ,  w i t h  a  g r a d u a l l y  i n c r e a s i n g  v e r t i c a l  com- 
ponent a s  one moves away from t h e  w i r e  i n  a pe rpend icu l a r  d i r e c t i o n ;  as opposed 
t o  t h e  f i e l d  of  a  s u r f a c e  loop which has  p r i m a r i l y  a  v e r t i c a l  component. I n  
t h o s e  ca se s  where t h e  p o s i t i o n  of t h e  miner o r  communication s t a t i o n  is rela- 
t i v e l y  w e l l  known and f i x e d ,  a  l a r g e  one t u r n  loop ,  l i k e  t h a t  f o r  t h e  u p l i n k ,  
p l aced  over  t h e  miner ' s  p o s i t i o n  can o f f e r  a performance advantage a s  w e l l  as 
one of convenience,  depending on t h e  o r i e n t a t i o n  of t h e  mine r ' s  r e c e i v e  loop 
and t h e  d i r e c t i o n  of  t h e  maximum n o i s e  component i n  t h e  mine. 

Grounding of  t h e  long-wire  an tenna  has  been accomplished by means of 
f o u r  o r  more ground rods  a t  each  end of t h e  w i r e ,  w i t h  s p e c i a l  c a r e  be ing  t aken  
t o  ensu re  good connec t ions  by t h e  u se  of mud and copious amo~mts  of rock s a l t .  
I n  t h i s  manner, t o t a l  r e s i s t a n c e  va lues  between about  50 and 100 ohms can b e  
achieved f o r  t h e  long  w i r e  an tenna ;  however, main t a in ing  t h e s e  va lues  ove r  l ong  
pe r iods  of t i m e  can sometimes b e  a  problem. 

To e s t a b l i s h  va lues  of average  overburden conduc t iv i t y  f o r  e s t i m a t i n g  
system o p e r a t i n g  ranges  a t  d i f f e r e n t  mine s i tes ,  t h e  w e l l  e s t a b l i s h e d  d ipo l e -  
d i p o l e  measurement t echnique  has  been used e x t e n s i v e l y ,  and found t o  g i v e  re- 
s u l t s  t h a t  a g r e e  reasonably  w e l l  w i t h  sys tem test r e s u l t s  i n  most c a se s  ove r  
c o a l  mines. 

The t h e o r e t i c a l  r e s u l t s  of  Wait and ITS, r ega rd ing  t h e  magnet ic  f i e l d s  
expected underground from i n f i n i t e l y  l ong ,  i n s u l a t e d  w i r e  s o u r c e s ,  p l aced  on 
t h e  s u r f a c e  of homogeneous and l aye red  conduct ing overburdens,  a r e  w e l l  es- 
t a b l i s h e d  and have been found t o  b e  g e n e r a l l y  i n  good agrgement w i th  expe r i -  
menta l  d a t a  ob t a ined  by WGL and CSM a t  s e v e r a l  mine si tes.  S i m i l a r  r e s u l t s  
have been ob t a ined  f o r  s u r f a c e  loops .  However WGL f i e l d  exper iences  have a l s o  
r evea l ed  a somewhat g r e a t e r  tendency f o r  o c c a s i o n a l  exper imenta l  d e v i a t i o n s ,  
from p r e d i c t e d  f i e l d  s t r e n g t h  v a l u e s  f o r  t h e  long  w i r e  an tennas .  A p o s s i b l e  
cause  c i t e d  f o r  t h i s  behavior  was t h e  presence  of long  conductors  such a s  
power c a b l e s ,  t r o l l e y  w i r e s ,  o r  ra i ls  i n  t h e  mine, o r  l a r g e  inhomogeniet ies  
i n  t h e  overburden. Th i s  b e a r s  some f u r t h e r  i n v e s t i g a t i o n .  

A cons t an t  c u r r e n t  assumption i s  used throughaut  t h e s e  d e r i v a t i o n s .  
This  ha s  been shown t o  b e  v a l i d  f o r  t h e  f r equenc i e s  of i n t e r e s t  provided t h e  
conductors  a r e  i n s u l a t e d ,  which they a r e  i n  p r a c t i c a l  a p p l i c a t i o n s  of i n t e r e s t .  
The Navy exper ience  i n  p a r t i c u l a r ,  w i t h  t h e  huge Sanguine t r a n s m i t  an tenna ,  
p rov ides  good tes t imony t o  t h e  v a l i d i t y  of t h i s  c o n s t a n t  c u r r e n t  assumption. 



ITS and Wait have a l s o  de r ived  exp re s s ions  and curves f o r  t h e  underground . 

magnet ic  znd e l e c t r i c  f i e l d s  produced by f i n i t e ,  grounded, i n s u l a t e d  w i r e  antenn- 
as on t h e  s u r f a c e  of  a  homogeneous, un layered  h a l f  space ,  and f o r  t h e  converse 
s i t u a t i o n  of t h e  s u r f a c e  f i e l d s  from b u r i e d  f i n i t e  grounded wires. These ca se s  
a r e  more c l o s e l y  r e l a t e d  t o  a c t u a l  f i e l d  i n s t a l l a t i o n s .  Both ana lyses  r e v e a l  
t h a t  a  f i n i t e  grounded w i r e  can be  t r e a t e d  as  an i n f i n i t e s i m a l  d i p c l e  when t h e  
obse rva t i cn  d i s t a n c e ,  o r  dep th ,  i s  more than  about  twice  t h e  c a b l e  l z n g t h ;  and 
t r e a t e d  a s  an  i n f i n i t e l y  long  w i r e  when t h e  obse rva t ion  d i s t a n c e  is less than  
about  one q u a r t e r  of t h e  c a b l e  l e n g t h ,  t h i s  l a t te r  behav io r  having been exper i -  
menta l ly  observed a t  s e v e r a l  mines by WGL. I n  between t h e s e  depths  n e i t h e r  
approximation i s  good, t h e  e x a c t  curves  o r  a n a l y t i c a l  fo rmula t ion  be ing  r e q u i r e d .  
E x a m i n a t i ~ n  of t h e s e  curves  a l s o  i n d i c a t e s  on ly  s l i g h t  depa r tu re  from i n f i n i t e l y  
long  w i r e  f i e l d  v a l u e s  f o r  d i s t a n c e s  up t o  h a l f  t h e  l eng th  of t h e  w i r e ,  and a 
r educ t ion  from i n f i n i t e  w i r e  f i e l d  v a l u e s  of on ly  about  3 t o  6 dB up t o  d i s -  
t ances ,  o r  dep ths ,  equa l  t o  t h e  l eng th  of  t h e  wire. The degree t o  which t h i s  
behavior  changes as t h e  obse rva t ion  p o i n t  moves toward and beyond t h e  end of  
t h e  wire was n o t  d i s cus sed ,  b u t  should  b e  o b t a i n a b l e  from t h e  a n a l y s i s .  These 
r e s u l t s  w i l l  b e  q u i t e  u s e f u l  f o r  determining minimum p r a c t i c a l  l eng ths  f o r  s u r -  
f a c e  and underground an tenna  i n s t a l l a t i o n s ,  and as a  means f o r  unders tanding  
observed exper imenta l  behavior .  

It was concluded t h a t  no new t h e o r e t i c a l  d e r i v a t i o n s  were needed f o r  
loops o r  i n f i n i t e l y  long  w i r e  sou rces  on t h e  s u r f a c e  f o r  downlink t r ansmis s ion  
l o s s ,  b u t  as i n  t h e  up l ink  case, a p p r o p r i a t e  p r a c t i c a l  curves ,  t a b l e s ,  nomo- 
graphs , e t c .  b e  prepared  based on t h e  above r e s u l t s  f o r  homogeneous and l a y e r e d  
overburdens.  S i m i l a r  cu rves ,  nomographs, e t c .  a r e  needed of t h e  magnetic and 
electric f i e l d s  f o r  t h e  f i n i t e  w i r e  cases t r e a t e d  by ITS .  !s i n  t h e  up l ink  
ca se ,  curves  should  b e  inc luded  t h a t  d e p i c t  t h e  i n c r e a s e  i n  s i g n a l  l o s s  w i t h  
h o r i z o n t a l  in-mine movement away from t h e  long  w i r e ,  f i n i t e  w i r e ,  and loop  
p o s i t i o n s  on t h e  s u r f a c e ,  i n  o r d e r  t o  determine in-mine coverage areas. 

The e f f e c t s  of a  l aye red  overburden on t h e  f i e l d s  of  f i n i t e  grounded 
wires have n o t  been t r e a t e d  y e t .  I f  i t  is  concluded t h a t  l a y e r i n g  is  l i k e l y  
t o  i n f l u e n c e  t h e  down]-ink f i e l d  behavior  i n  a s i g n i f i c a n t  manner, t h i s  ca se  
should  a l s o  b e  t r e a t e d  by  a n a l y s i s  and corresponding p r a c t i c a l  a p p l i c a t i o n  
curves produced. A summary assessment  of t h e  importance of l a y e r i n g  t o  t h e  
f i e l d s  produced by t h e  o t h e r  sou rces  would a l s o  b e  d e s i r a b l e .  L a s t l y ,  new 
and b e t t e r  ways of qu ick ly  making good, and long l a s t i n g ,  ground t e rmina t ions  
i n  d i f f e r e n t  ground covers  should  r e c e i v e  some a t t e n t i o n .  

b . P a r a s i t i c  S t r u c t u r e s  

Long wi re  and loop antennas deployed on t h e  su r f ace .  a r e  n o t  a s  l i k e l y  
a s  in-mine i n s t a l l a t i o n s  t o  encounter  p a r a s i t i c  s t r u c t u r e s  i n  t h e i r  immediate 
v i c i n i t y ,  un less  they  have t o  be deployed i n  and a c r o s s  t he  s t r e e t s  of a  town, 
o r  perhaps d i r e c t l y  over  a gas p ipe  o r  under power l i n e s  i.n r u r a l  a r ea s .  I n  

, t h e  f i r s t  case  t h e  complexity of t h e  p a r a s i t i c  s t r u c t u r e  con f igu ra t i on  w i l l  
probably defy  a n a l y t i c a l  t r ea tmen t ,  and what is perhaps more needed is a  
p r a c t i c a l  s t r a t e g y  f o r  choice  of antenna type and i t s  deployment, based on 
p r e s e n t  knowledge. In  t h e  second i n s t a n c e ,  Wait and ITS have examined ca se s  
of long  wi re  sources  p a r a l l e l  t o  bur ied  conduct ing non-insulated c y l i n d e r s .  



These r e s u l t s  should be examined f o r  t h e i r  p o t e n t i a l  a p p l i c a t i o n  t o  t h e  gas  
p i p e  s t r u c t u r e .  However, s i n c e  t h e  e f f e c t s  of such s t r u c t u r e s  g e n e r a l l y  
dec rea se  wi th  i n c r e a s i n g  d i s t a n c e  and o r i e n t a t i o n  a n g l e ,  perhaps a  p r a c t i c a l  
s o l u t i o n  t o  t h i s  p o t e n t i a l  problem is aga in  a  deployment s t r a t e g y  f o r  minimum 
e f f e c t ,  when t h e  presence  of t h i s  conductor i s  known and f l e x i b i l i t y  i n  
antenna deployment is  a v a i l a b l e .  

I n  t he  s e c t i o n  and haulage ways a t  t he  r e c e i v i n g  end of  t h e  downlink, 
me ta l  s t r u c t u r e s  i n  t h e  v i c i n i t y  of t h e  man-carried r e c e i v i n g  an tennas  may 
p l a y  a  more important  r o l e  i n  a l t e r i n g  o r  p rov id ing  a  s h i e l d i n g  e f f e c t  t o  
underground f i e l d s ,  and,  may account  f o r  some of t h e  lower than p red i c t ed  
l e v e l s  exper ienced by WGL i n  a  few i n s t a n c e s .  Prime s u s p e c t s  f o r  t he se  i n f r e -  
quen t ly  r epo r t ed  anomalies could b e  c losed  loops  made by two o r  more v e h i c l e  
t r o l l e y  po l e s  a c r o s s  t he  t r o l l e y - t r a c k  t ransmiss ion  l i n e ,  say  i n  t he  v i c i n i t y  
of t h e  s e c t i o n  l oad ing  p o i n t ,  o r  s t e e l  mesh used f o r  roof  suppor t  i n  t h e  
e n t r i e s  of some mines. The e f f e c t s  of t h e s e  s t r u c t u r e s  should be e s t ima ted  
u s ing  approximate methods, t o  s e e  i f  t hey ,  a s  opposed t o  l a r g e  unknown con- 
duc t i ng  anomalies i n  t h e  overburden,  could account  f o r  t h e  s i g n i f i c a n t l y  reduced 
h o r i z o n t a l  f i e l d  s t r e n g t h  l e v e l s  observed. 

3 .  The Channel-Noise 

A s  concluded d u r i n g  t h e  workshop and d i scussed  i n  t h e  downlirik overview 
s e c t i o n ,  i t  can be  assumed f o r  t h e  purpose of system des ign  and op t imiza t i on  
t h a t  t he  mine o r  mine s e c t i o n s  w i l l  be  i n  a  non-operat ional ,  power-down, con- 
d i t i o n  du r ing  t h e  ope ra t i on  of t h e  downlink emergency v o i c e  system. A l l  major 
mining and hau lage  equipment w i l l  b e  tu rned  o f f ,  on ly  minor equipment such a s  
pumps, f ans ,  e t c . ,  m y  be l e f t  on. 

The in-mine wideband n o i s e  r eco rd ings  made by NBS should prov ide  a  more 
than adequate  d a t a  ba se  from which t o  op t imize  t h e  de s ign  of  t h e  downlink 
baseband vo i ce  s y s  tem. Expanded frequency-s c a l e  power s p e c t r a  cover ing  t h e  
0-5 kHz band, and d e p i c t i n g  d i s c r e t e  f requency and broadband n o i s e  l e v e l s  of 
bo th  h o r i z o n t a l  and v e r t i c a l  components o f  t h e  magnet ic  f i e l d  i n t e n s i t y  w i l l  
be needed. Dubs of  s e l e c t e d  n o i s e  t ape  r eco rd ings  a r e  a l s o  d e s i r e d  f o r  
t e s t i n g  r e c e i v e r  p roces s ing  techniques  and o v e r a l l  s y s  tem performance i n  t h e  
l a b o r a t o r y .  Of p a r t i c u l a r  i n t e r e s t  w i l l  b e  d a t a  du r ing  q u i e t  t imes and loca-  
t i o n s  on t h e  s e c t i o n s  and haulageways, t h a t  c h a r a c t e r i z e  t h e  emergency power 
down cond i t i ons .  Consu l t a t i on  w i t h  Bureau of Mines and NBS s t a f f  w i l l  no 
doubt be h e l p f u l  i f  n o t  neces sa ry  i n  t h e  s e l e c t i o n  of measurement c o n d i t i o n s  
and d a t a  t h a t  t y p i f y  t h i s  cond i t i on .  

4. The Source-Messaee. Codine. Modulation. O ~ e r a t i n ~  Freauencv 

The source  t o p i c  was given on ly  b r i e f  t r e a tmen t  by t h e  group. I t  was 
no ted  t h a t  performance c a l c u l a t i o n s  by ADL us ing  e a r l y  NBS and WGL mine n o i s e  
d a t a  i n d i c a t e  t h a t  i n t e l l i g i b l e  downlink baseband v o i c e  r e c e p t i o n  i s  p o s s i b l e  
t o  1 ,000 f e e t  i n  mho/m overburdens,  w i th  under 50 w a t t s  o f  average power 
under low n o i s e  mine cond i t i ons .  This  k ind  of performance i s  supported by WGL 
expe r i ence  i n  t h e  f i e l d .  Indeed,  even a s  l i t t l e  a s  5  w a t t s  may b e  r equ i r ed  
under some h igh ly  f avo rab l e  non-opera t iona l  c o n d i t i o n s .  (These r ea sonab l e  
average  power requirements  can climb t o  p r o h i b i t i v e  l e v e l s  above 10  k i l o w a t t s  
under o p e r a t i o n a l  cond i t i ons  i n  DC mines .) 



The emphasis f u r  t he  downlizk vo i ce  system has  r e m a i ~ e d  on the  d i r e c t  
. t r a n s m b s i o n  of baseband voice  s i g n a l s  through-the-ear th ,  p a r t i c u l a r l y  under 

t he  r e l a t i v e l y  f avo rab l e  cnsrgency power-down n o i s e  cond i t i on .  Under t h i s  
cond i t i on ,  t he  h igh- leve l  harmonics of 60 Hz, and p a r t i c u l a r l y  those of 
360 Hz, w i l l  be g r e a t l y  reduced. Updated performance and o v e r a l l  systems 
a n a l y s i s  c a l c u l a t i o n s  based on the  more comprehensive mine n o i s e  d a t a  r e c e n t l y  
taken by NBS w i l l  h e l p  t o  v e r i f y  ( o r  deny) t h e  d e s i r a b i l i t y  of t h i s  f requency 
band of ope ra t i on ,  and b e t t e r  e s t a b l i s h  t h e  r e q u i r e d  power l e v e l s .  These 
n o i s e  d a t a  should a l s o  h e l p  i d e n t i f y  t r a n s m i t t e r  s i g n a l  cond i t i on ing  techniques  
and r e c e i v e r  s i g n a l  and/or  n o i s e  p roces s ing  techniques t h a t  can be  used t o  
reduce t he  power, s i z e ,  and weight  r equ i r ed  f o r  t h e  mobile,  emergency s u r f a c e  
t r a n s m i t t e r  . 

The use  of pre-emphasized and/or  c l ipped  speech upon t ransmiss ion  were 
suggested f o r  cons ide ra t i on  a s  ways t o  reduce t he  peak power requirements  of 
t h e  t r a n s m i t t e r ,  wh i l e  s a c r i f i c i n g  only l i t t l e  i n t e l l i g i b i l i t y  f o r  t h e  same 
average speech power t r ansmi t t ed .  Means of  s i g n i f i c a n t l y  reduc ing  t h e  band- 
width needed (by more than an o r d e r  of  magnitude) t o  t r ansmi t  vo i ce  i n t e l l i -  
g i b l y  have been claimed i n  t he  l i t e r a t u r e .  S ince  such r educ t ions  would cor re -  
spondingly reduce t r a n s m i t t e r  power, t h e s e  r epo r t ed  methods should a l s o  be  
i n v e s t i g a t e d .  

An a l t e r n a t i v e  method f o r  improving mine communications was a l s o  recom- 
mended by t h e  group as perhaps a  long-term goal  f o r  t h e  mining equipment 
s u p p l i e r s .  Namely, t h e  e f f e c t j v e  suppress ion  of e l e c t r i c a l  n o i s e  a t  i ts  sou rce  
i n  t h e  equipmerlt whenever p r a c t i c a l l y  p o s s i b l e ,  by means of improved des igns  
and/or  a d d i t i o n  of s p e c i a l  n o i s e  suppress ion  equipment. 

5. The Receiver-Sensor, ~ e m o d u l a t i o n ~ ~ e c o d i n g ,  S p e c i a l  P r o c e s s i n g  

a. Downlink 

As  f o r  t he  sou rce ,  only b r i e f  cons ide ra t i on  was given t o  t h i s  t o p i c ,  A 
helmet mounted loop  antenna des ign  is d e s i r e d ,  t oge the r  w i t h  a  s i m i l a r l y  
mounted compact dual-purpose r e c e i v e r ,  a s  mentioned i n  t he  s y s  tern d e s c r i p t i o n  
s e c t i o n .  The c a l l - a l e r t  f unc t ion  of  t h e  r e c e i v e r  w i l l  b e  d i s cus sed  l a t e r .  

Use of  notch . f i l t e r i n g  t o  reduce t h e  i n t e r f e r i n g  e f f e c t s  of h igh - l eve l  
harmonics of 60 Hz and 360 Hz, thereby  reduc ing  requi red  t r a n s m i t t e r  power, was 
t he  p r i n c i p a l  sugges t ion .  Such f i l t e r s  have been s u c c e s s f u l l y  app l i ed  i n  
France,  and r e f e r e n c e  m a t e r i a l  on t he se  a p p l i c a t i o n s  w i l l  be  forwarded t o  t h e  
Bureau of Mines by r e p r e s e n t a t i v e s  of t h e  Un ive r s i t y  of L i l l e .  Dramatic 
improvetcents i n  v o i c e  r e c e p t i c n  i n  t h e  f a c e  of harmonic i n t e r f e r e n c e  have a l s o  
been demonstrated by ADL i n  t h e  l a b o r a t o r y ,  w i th  a  breadboard des ign  of a  
s imple e l e c t r o n i c  commutator-type f i l t e r  t h a t  is  p a r t i c u l a r l y  s u i t e d  t o  
r e j e c t i n g  harmonic s i g n a l s .  I'he French and ADL r epo r t ed  results should b e  
reviewed, t oge the r  w i th  o t h e r  r epo r t ed  no tch  f i l t e r  work. They should be 
reviewed f o r  t h e i r  e f f e c t i v e n e s s  a g a i n s t  t h e  mine emergency cond i t i on  harmonic - 

i n t e r f e r e n c e ;  and f o r  t h e i r  p r a c t i c a l  a p p l i c a t i o n  t o  a  compact helmet mounted 
r e c e i v e r ,  should t he  measured harmonic l e v e l s  war ran t  the  use of no tch  f i l -  
t e r l t l g  under eruergency power-down cond i t i ons .  In regard  t o  t h i s  l a t t e r  p o i n t ,  
i t  may be  necessary  t o  e v a l u a t e  t he  e f f e c t  of  purr  o r  complex "tones" of  n o i s e ,  



such a s  those c r e a t e d  by harmonics of  60 Hz and 360 Hz, on t he  i n t e l l i g i b i l i t y  
of r ece ived  speech.  The e f f e c t  of d i r e c t  audio n o i s e  i n  t he  mine environment 
(which w i l i  probably be  low under emergency cond i t i ons )  should a l s o  r e c e i v e  
b r i e f  c o n s i d e r a t i o n  a long  w i t h  t h a t  of t he  o v e r a l l  speech sound l e v e l  t o  be  
d e l i v e r e d  t o  t he  miner.  

Performance c a l c u l a t i o n s ,  s i m i l a r  t o  t hose  f o r  t h e  downlink d i s cus sed  
above have a l s o  been performed by ADL f o r  a baseband vo i ce  up l i nk  u s ing  a 
m u l t i t u r n  100-foot pe r iphe ry  loop t r a n s m i t  antenna i n s t e a d  of a long  wire. The 
r e s u l t s  i n d i c a t e  t h a t ,  excep t  under t h e  most f a v o r a b l e  cond i t i ons  o f  depth 
(300 f e e t )  and t he  q u i e t e s t  of  s u r f a c e  n o i s e  c o n d i t i o n s ,  t h e  l e v e l s  of t r ans -  
m i t t e r  power, v o l t a g e ,  and c u r r e n t  r equ i r ed  a r e  w e l l  i n  excess  of t hose  
demanded by i n t r i n s i c  s a f e t y ,  long  o p e r a t i n g  l i f e ,  and p r a c t i c a l  s i z e  and 
weight  f o r  an in-mine emergency u n i t .  These u p l i n k  t r a n s m i t t e r  requirements  
f o r  vo i ce  should be  reconf i rmed,  a long  w i th  those  f o r  t h e  downlink vo i ce  
system,  i n  l i g h t  of t h e  more comprehensive NBS mine n o i s e  d a t a  now a v a i l a b l e  
and t h e  l a r g e r  in-mine loop an tennas  be ing  cons idered .  However, i t  appears  
t h a t  an up l i nk  vo i ce  system t h a t  can o p e r a t e  from a v a i l a b l e  emergency power 
w i l l  con t inue  t o  remain i m p r a c t i c a l  u n t i l  an economic and p r a c t i c a l  way i s  
found t o  s i g n i f i c a n t l y  reduce  t h e  bandwidth r e q u i r e d  t o  t r ansmi t  i n t e l l i g i b l e  
speech.  

C.  S i d e l i n k  C a l l  Alert Coded Page Svstem 

1. Overview 

The c a l l  a ler t  system i s  a r e c e n t  by-product of t h e  succes s  expe r i -  
enced w i th  t h e  exper imenta l  e l ec t romagne t i c  CW t r a n s m i t t e r  developed by WGL f o r  
l o c a t i n g  miners t rapped benea th  overburdens of  mho/m conduc t iv i t y  t o  
dep ths  of 1,000 f e e t .  A s  mentioned p rev ious ly ,  t h e  l o c a t i o n  t r a n s m i t t e r  is  
i n t r i n s i c a l l y  s a f e ,  o p e r a t e s  from a m i n e r ' s  4-vol t  cap lamp b a t t e r y  i n t o  a one- 
t u r n  loop p laced  i n  an e n t r y  o r  wrapped around a c o a l  p i l l a r ,  and gene ra t e s  a 
p e r i o d i c a l l y  i n t e r r u p t e d  CW s i g n a l  i n  t h e  1-3 H z  band. This  s i g n a l  i s  de tec-  
t a b l e  on t he  s u r f a c e  above t h e  miner and i s  s u i t a b l e  f o r  l o c a t i n g  t h e  mine r ' s  
h o r i z o n t a l  p o s i t i o n .  The development of t h i s  l o c a t i o n  t r a n s m i t t e r  ha s  now 
progressed  t o  where an improved preproduc t ion  p ro to type  unit .  i s  be ing  manufac- 
tu red  by C o l l i n s  Radio Co. i n  l i m i t e d  q u a n t i t i e s  f o r  t e s t i n g  i n  some o p e r a t i n g  
mines. 

S ince  t h e  h o r i z o n t a l  ranges  d e s i r e d  f o r  t h e  c a l l  a l e r t  system 
desc r ibed  i n  s e c t i o n  I1 a r e  commensurate w i th  t he  v e r t i c a l  ranges  ob t a ined  f o r  
miner l o c a t i o n ,  t he  Bureau i s  p r e s e n t l y  g iv ing  h igh  p r i o r i t y  t o  t h e  development 
of  a c a l l  a l e r t  page system cen te red  around an adapted ve r s ion  of t h e  WGL loca-  
t i o n  t r a n s m i t t e r .  As p r e s e n t l y  conceived,  t h i s  paging t r a n s m i t t e r  w i l l  be  
a c t i v a t e d  by means of a c a r r i e r  s i g n a l  s e n t  over t h e  mine phone l i n e  from t h e  
s u r f a c e  t o  t he  d e s i r e d  s e c t i o n .  The c a l l  a l e r t  t r a n s m i t t e r  w i l l  be connected 
t o  a loop wrapped around a c o a l  p i l l a r ,  perhaps a t  t h e  s e c t i o n  l o a d i n g  p o i n t ,  
and w i l l  t r an smi t  a s i n g l e  f requency tone (perhaps s imply coded) t o  a compact, 
dual-purpose,  helmet-mounted r e c e i v e r  worn by t he  i n d i v i d u a l  be ing  paged t o  t h e  
s e c t i o n ' s  mine phone. Under low n o i s e  emergency c o n d i t i o n s ,  t h i s  r e c e i v e r  w i l l  



be operab le  i n  a  baseband vo ice  mode f o r  downlink message r ecep t ion .  Under 
h igh  n o i s e  o p e r a t i o n a l  c o n d i t i o n s ,  i t  w i l l  o p e r a t e  i n  a  narrowband c a l l  a l e r t  
mode, r ece iv ing  a  prearranged CW paging s i g n a l  spaced b e k e e n  the  s t r o n g  60 Hz 
harmonics u sua l ly  p r e s e n t  under t h e s e  cond i t i ons .  

A f i r s t  gene ra t i on  exper imenta l  c a l l  a l e r t  system has  been b u i l t  
from e x i s t i n g  hardware by WGL, and i n s t a l l e d  i n  t h e  Bureau's exper imenta l  mine 
t o  demonstrate  concept f e a s i b i l i t y  i n  a  non-operat ional  environment. Though 
t h e  o p e r a t i n g  f r equenc i e s  of  t h e  p r e s e n t  exper imenta l  u n i t  a r e  i n  t h e  1-3 kHz 
band, t o  take  advantage of t h e  f r equenc i e s  a v a i l a b l e  w i th  t h e  p re sen t  l o c a t i o n  
t r a n s m i t t e r ,  an o v e r a l l  system a n a l y s i s  f o r  an o p e r a t i o n a l  n o i s e  environment 
may r e v e a l  a  more e f f e c t i v e  ope ra t i ng  frequency. 

Ove ra l l  s y s  tern requirements  a r e  p r e s e n t l y  be ing  formulated by t h e  
Bureau. These w i l l  form t h e  b a s i s  f o r  subsequent  systems a n a l y s i s  and o p t i -  
miza t ion  o f  des igns  t h a t  can be conver ted  i n t o  p r a c t i c a l ,  i n t r i n s i c a l l y - s a f e  
hardware f o r  day-to-day u s e  i n  o p e r a t i n g  mines.  

2 .  The Channel-Transmission Loss 

a. Loops 

In-mine c a l l  a l e r t  paging i s  a s i d e l i n k  a p p l i c a t i o n  u t i l i z i n g  two 
e s s e r l t i a l l y  coplanar  l oops ,  wh i l e  miner l o c a t i o n  is  an up l ink  a p p l i c a t i o n  
u t i l i z i n g  two e s s e n t i a l l y  c o a x i a l  loops .  Examination of Wait's theore  t i c a l  
coupl ing curves f o r  i n f i n i t e s i m a l  loops  bur ied  i n  homogeneous overburdens 
r e v e a l s  t h a t  t h e  o p e r a t i n g  range f o r  a  h o r i z o n t a l  coplanar  geometry i s  reduced 
by only about  207; over  t h e  range f o r  a  v e r t i c a l  c o a x i a l  geometry, f o r  ranges  
i n  t h e  v i c i n i t y  of t h r e e  s k i n  depths .  This  o p e r a t i n g  range  is  reduced even 
less a t  g r e a t e r  d i s t a n c e s .  V e r t i c a l  ranges i n  excess  of 1,000 f e e t  have been 
obta ined  wi th  t he  l o c a t i o n  t r a n s m i t t e r .  A t  2 kHz ( t h e  c e n t e r  of t h e  1-3 kHz 
o p e r a t i n g  band of t h e  l o c a t i o n  t r a n s m i t t e r ) ,  t h e  t h r e e  s k i n  dep th  range i s  
1,100 f e e t ,  which g ives  r i s e  t o  a p o t e n t i a l  s i d e l i n k  o p e r a t i n g  range of 
900 f e e t .  This 900 f o o t  range is  i n  excess  of t h e  400 t o  800 f o o t  range 
needed f o r  c a l l  a l e r t  coverage of  t he  t y p i c a l  600 by 600 f o o t  s e c t i o n  men- 
t ioned  i n  s e c t i o n  11. The above range conc lus ions  a r e ,  of  cou r se ,  based on 
equa l  n o i s e  cond i t i ons  f o r  each case .  S ince  t h e  n o i s e  environment w i l l  l i k e l y  
b e  more s eve re  f o r  t h e  in-mine, o p e r a t i o n a l ,  c a l l  a l e r t  a p p l i c a t i o n ,  i t s  
e f f e c t  on o p e r a t i n g  range and t r a n s m i t t e r / r e c e i v e r  des ign  has  t o  be  determined.  

A t  t h e  under 5 kHz f r equenc i e s  of  p r e s e n t  i n t e r e s t  f o r  t h e  c a l l  
a l e r t  system, t h e  t h e o r e t i c a l  work of  Wait/ITS has  shown t h a t  t h e  e f f e c t s  of 
l a y e r i n g  (such a s  t h a t  found above and below c o a l  seams) and a i r - f i l l e d  
c a v i t i e s  (such a s  t unne l s  i n  c o a l  seams) should n o t  be  s i g n i f i c a n t  f o r  l oops ,  and 
t h e r e f o r e  can l a r g e l y  be ignored f o r  c o m u n i c a t i o n s  a p p l i c a t i o n s .  S i m i l a r l y ,  
t h e  i n f i n i t e s i m a l  loop t h e o r e t i c a l  r e s u l t s  should be  adequate  f o r  making per- 
tormance p r e d i c t i o n s ,  p a r t i c u l a r l y  a t  t h e  d e s i r c d  range l i m i t s ,  f o r  m i n e  sec-  
t i o n s  f r e e  of p a r a s i t i c  i n f luences .  A t  ranges c l o s e  t o  t h e  loop i n s t a l l a t i o n ,  
t h e  i n f i n i t e s i m a l  loop r e s u l t s  w i l l  t end  t o  ove re s t ima te  s i g n a l  s t r e n g t h s  
somewhat. This d i sc repancy  w i l l  become important  pr imari ly-when t r e a t i n g  
p o t e n t i a l  coupl ing t o  nearby p a r a s i t i c  s t r u c t u r e s ,  a s  d i scussed  below. There- 
f o r e ,  curves ,  t a b l e s ,  nomographs should be prepared f o r  t h e  v e r t i c a l  magnetic 



f i e l d  component i n  t h e  p l ane  of t h e  t r a n s m i t  l oop ,  based on t h e  a v a i l a b l e  the- 
o r e t i c a l  r e s u l t s  f o r  coplanar  i n f i n i t e s i m a l  loops.  These can be used tempo- 
r a r i l y  f o r  making p re l imina ry  performance p r e d i c t i o n s  u n t i l  more in format ion  
i s  forthcoming on t h e  e f f e c t s  of t h e  conductors  p r e v a l e n t  i n  mine s e c t i o n s .  

b. P a r a s i t i c  S t r u c t u r e s  

Mine s e c t i o n s  t y p i c a l l y  c o n t a i n  many conductors ,  such a s  t r o l l e y  
wires and r a i l s ,  f i x e d  and t r a i l i n g  power c a b l e s ,  roof b o l t s ,  and sometimes 
steel  roof-supported mesh, t h a t  can a f f e c t  t h e  s t r e n g t h  and o r i e n t a t i o n  of 
magnet ic  f i e l d s .  Therefore ,  a  s e r i e s  of l i m i t e d  s i g n a l  s t r e n g t h  measurements 
should be conducted i n  o p e r a t i o n a l  mine s e c t i o n s ,  and i n  o t h e r  mine l o c a t i o n s  
t h a t  a r e  r e l a t i v e l y  conductor-free.  These s imple experiments a r e  needed; t o  
v e r i f y  whether t h e  homogeneous-overburden coplanar  loop r e s u l t s  can be app l i ed  
w i th  confidence t o  o p e r a t i o n a l  s e c t i o n s ,  and t o  formula te  p r a c t i c a l  des ign  
guides  f o r  o p e r a t i o n a l  s e c t i o n s .  Pre l iminary  r e s u l t s  from f i e l d  measurements 
taken  by ADL i n  t h e  Bureau's exper imenta l  mine i n d i c a t e  t h a t  s i g n i f i c a n t  
depa r tu re s  from t h e  t h e o r e t i c a l  r e s u l t s  can i n  f a c t  occur .  

I n  p a r a l l e l  w i th  t h e  above f i e l d  measurements, corresponding the- 
o r e t i c a l  ana lyses  a r e  needed t o  p r e d i c t  t h e  degree  t o  which t h e  d i r e c t i o n  and 
s t r e n g t h  of t h e  magnetic f i e l d s  produced i n  t h e  t unne l s ,  by f i n i t e  loops 
wrapped around c o a l  p i l l a r s ,  w i l l  b e  a f f e c t e d  by t h e  above mentioned con- 
d u c t o r s  i n  working s e c t i o n s  of t h e  mines. Of p a r t i c u l a r  i n t e r e s t  w i l l  be  t h e  
e f f e c t s  caused by t r a i l i n g  and f i x e d  power c a b l e s ,  roof b o l t s ,  and t r o l l e y  
w i r e / r a i l  s t r u c t u r e s ,  which appear  manageable a n a l y t i c a l l y .  The p o t e n t i a l  
problems caused by heavy meta l  mesh occas iona l ly  used f o r  roof suppor t  were 
acknowledged, bu t  ass igned  a  lower p r i o r i t y  f o r  a n a l y t i c a l  t r ea tmen t ,  because 
of t h e  i n f r e q u e n t  u se  of t h i s  mesh and perceived a n a l y t i c a l  d i f f i c u l t i e s .  

ITS has  done some i n v e s t i g a t i o n  of t h e  c u r r e n t s  induced i n  a  
t h i n ,  i n f i n i t e l y  long,  c y l i n d r i c a l  conductor by a  nearby i n f i n i t e s i m a l  loop 
t r a n s m i t t e r .  This  work r epo r t ed ly  is  e a s i l y  ex tendable ;  t o  i nc lude  t h e  
e f f e c t s  of t h e  magnetic f i e l d  produced by t h i s  induced c u r r e n t ,  and t o  i n c l u d e  
t h e  e f f e c t s  produced by a  f i n i t e  loop source.  The u t i l i t y  of t h i s  approach 
should be i n v e s t i g a t e d ,  and pursued i f  found a p p l i c a b l e .  

ITS has  a l s o  examined t h e  i n f l u e n c e  of bu r i ed  sp l f e r i ca l  and p r o l a t e  
sphe ro ida l  conduct ing o b j e c t s  on t h e  f i e l d s  produced by i n f i n i t e s i m a l  loop 
sources .  Though o r i g i n a l l y  done i n  connect ion wi th  t h e  miner l o c a t i o n  pro- 
blem, t h e  r e s u l t s  can be app l i ed  t o  t he  c a l l  a l e r t  a p p l i c a t i o n ,  t o  e s t i m a t e  
t h e  l i k e l y  f i e l d  e f f e c t s  produced by machinery and s h u t t l e  c a r s .  For t h e  
f r equenc i e s ,  s i z e s ,  geomet r ies ,  and d i s t a n c e s  of i n t e r e s t ,  t h e s e  o b j e c t s  w i l l  
n o t  s i g n i f i c a n t l y  a l t e r  t h e  magnitude of t h e  f i e l d s ,  bu t  mainly t h e i r  d i r ec -  
t i o n  somewhat i n  t h e  immediate v i c i n i t y  of t h e  o b j e c t s .  No f u r t h e r  i n v e s t i -  
g a t i o n s  of t h i s  a r e a  were recommended. 

c. Roof Bo l t s  

I f  a f i n i t e  w i r e  terminated by roof b o l t s  is  shown t o  be a  f avo rab l e  
t r ansmi t  antenna f o r  t h e  roof b o l t  paging system, a sugges t ion  was made t h a t  
i t  ;l lso bc considered f o r  use  i n  t h e  c a l l  a l e r t  system. 



3 .  The Channel-Noise 

Since t h i s  is a narrowband o p e r a t i o n a l  system f o r  mine s e c t i o n s ,  
t h e  in-mine wideband n o i s e  record ings  made by NBS should provide  an ade- 
qua te  d a t a  base. Of p a r t i c u l a r  i n t e r e s t  w i l l  be expanded frequency-scale  
power s p e c t r a  showing l e v e l s  of d i s c r e t e  and broadband n o i s e  covering t h e  
0-5 kHz band; and r e p r e s e n t i n g  d a t a  taken p r imar i ly  on working s e c t i o n s  
i n  t h e  v i c i n i t y  of f a c e  machinery and power cab le s  and conversion equipment, 
under r e p r e s e n t a t i v e  ope ra t ing  condi t ions .  V e r t i c a l  f i e l d  components of 
t h e  n o i s e  w i l l  be  mose important  f o r  t h i s  a p p l i c a t i o n .  Dubs of s e l e c t  
record ings  w i l l  a l s o  be d e s i r a b l e  as mentioned previous ly .  Although f r e -  
quencies  below 5 kHz a r e  p r e s e n t l y  favored,  d a t a  can and should be examined 
above 5 kHz f o r  t h i s  system. 

4,5. The Source and Receiver 

Only l i t t l e  a t t e n t i o n  was devoted t o  t h i s  t o p i c ,  w i th  t h e  group 
agree ing  t h a t  a  d e f i n i t i o n  of system requirements  and an  o v e r a l l  system 
a n a l y s i s  were needed t o  i d e n t i f y  t h e  most f avo rab le  and p r a c t i c a l  system 
des ign  approaches. However, a  f e w  b r i e f  comments were made. 

The t r ansmi t t ed  c a l l  a l e r t  s i g n a l  could be a  s i n g l e  tone,  keyed 
on and o f f  w i t h  a f i x e d  duty  cyc l e ,  as i n  t h e  p re sen t  experimental  u n i t .  
For a  s i n g l e  page s i g n a l  pe r  s e c t i o n ,  t he  s imple,  s i n g l e  tone  system now 
used i n  t he  experimental  u n i t  could be  adequate.  For s e v e r a l  pages address-  
a b l e  t o  d i f f e r e n t  i n d i v i d u a l s  per  s e c t i o n ,  some means of coding t h e  s i n g l e  
tcne, o r  u s e  of m u l t i p l e  tones would b e  needed. The most f avo rab le  coding 
method from p r a c t i c a l  and n o i s e  immunity s t andpo in t s  needs t o  be  determined. 

On t h e  r ece iv ing  end, i t  was noted t h a t  notch f i l t e r s  may be 
needed t o  minimize i n t e r f e r e n c e  from 60 Hz harmonics ad j acen t  t o  t he  s i g n a l  
frequency. The most p r a c t i c a l  and e f f e c t i v e  n o i s e  process ing  techniques 
s u i t e d  t o  a  compact, helmet-mounted r e c e i v e r  need t o  be  determined. 

A s  mentioned i n  s e c t i o n  11, t h i s  system could conceivably s h a r e  
equipment with an  up l ink  d a t a  s t a t i o n  a l s o  l o c a t e d  on t h e  mine s e c t i o n .  

D. S i d e l i n k  Roof Bolt  Voice Page 

1. Overview 

The roof b o l t  vo ice  paging system i s  a system conceived and 
r e c e n t l y  developed by t h e  Bureau ' f o r  t r a n s m i t t i n g  v o i c e  messages t o  key 
i n d i v i d u a l s  ca r ry ing  smal l  pocket pagers  on working s e c t i o n s  under opera- 
t i o n a l  condi t ions .  A pro to type ,  us ing  r e a d i l y  a v a i l a b l e  commercial equip- 
nienL,  i s  p re sen t ly  i n s t a l l e d  i n  t hc  Bureau's exper imenta l  mine tn demonstrate  
i t s  f e a s i b i l i t y  i n  a  non-operational environment. The system concept de- 
veloped a s  a r e s u l t  of some s u c c e s s f u l  in-mine experiments performed by t h e  
P i t t s b u r g h  Mining and Sa fe ty  Research Center ;  whereby a  20-watt t r o l l e y  
phone 88 kHz FX t r a n s m i t t e r  was connected t o  two roof b o l t s  approximately 
50 t o  100 f e e t  a p a r t  i n  an ope ra t ing  mine, and i t s  v o i c e  t ransmiss ion  then  
rece ived  a t  d i s t n n c e s  vp t o  about 600 f e e t  away wi th  a smal l  pocket pager 
u t i  l i z l n g  a t e r r i t e  loop  s t i c k  antenna. 



Limited f i e l d  exper ience  t o  d a t e  i n d i c a t e s  t h a t  o p e r a t i n g  ranges  
commensurate w i t h  t h e  400 t o  600 f e e t  r equ i r ed  t o  p rov ide  s e c t i o n  coverage 
may be ach i evab l e ,  under o p e r a t i o n a l  c o n d i t i o n s ,  w i th  an o p e r a t i n g  frequency 
i n  t h e  v i c i n i t y  of 100 kHz. A t  t h i s  p o i n t  i n  t i m e  a more q u a n t i t a t i v e  
unders tanding  of t h e  t r ansmis s ion  l o s s  and what a f f e c t s  i t  is needed; i n  
o r d e r  t o  d e t e r n i n e  t h e  most f a v o r a b l e  o p e r a t i n g  f requency ,  t o  develop prac- 
t i c a l  g u i d e l i n e s  f o r  t a i l o r i n g  i n s t a l l a t i o n s  and e s t i m a t i n g  performance i n  
d i f f e r e n t  mines,  and t o  e v e n t u a l l y  develop a n  improved system.  

2. The Channel-Transmission Loss 

a ,  F i n i t e  Wire Antennas Terminated by Roof B o l t s  

The f i n i t e  w i r e  an tenna  i n  t h i s  c a se  is a n  i n s u l a t e d  w i r e  t h a t  
runs  a long t h e  roof  of a  t unne l  and i s  te rmina ted  a t  each end by a t t a c h -  
ment t o  a  roof  b o l t ,  F i e l d  exper ience  t o  d a t e  ha s  found t he  t o t a l  termin- 
a t i o n  impedance f o r  such roof  b o l t  p a i r s ,  s epa ra t ed  by 50 t o  200 f e e t ,  t o  
f a l l  i n  t he  range of 120 t o  50 ohms r e s i s t i v e .  T h e o r e t i c a l  curves  and 
suppor t ing  exper imenta l  d a t a  a r e  needed, t o  adequa te ly  d e s c r i b e  t h e  be- 
hav io r  of t h e  magnet ic  f i e l d s  produced i n  t h e  t unne l s  throughout a  s e c t i o n  
i n  which such a  f i n i t e  w i r e  t r a n s m i t t e r  is loca t ed .  

The t h e o r e t i c a l  work of Wait and ITS on f i n i t e  w i r e  an tennas  
bu r i ed  i n  homogeneous overburdens,  descr ibed  i n  s e c t i o n s  IIA2c and I I B 2 a , '  
should be  p a r t i c u l a r l y  u s e f u l  i n  t h i s  r ega rd  and f o r  e s t i m a t i n g  system 
coverage a r e a s  i n  mine s e c t i o n s .  Though the  p r e s e n t  r e s u l t s  a r e  f o r  t h e  
e l e c t r i c  and magnet ic  f i e l d s  produced on the  s u r f a c e  from such bu r i ed  
an tennas ,  ITS ma in t a in s  t h a t  t he  d e s i r e d  f i e l d  s t r e n g t h s  i n  t h e  c o a l  seam 
tunne l s  can be  e a s i l y  ob ta ined  from i ts  p r e s e n t  bur ied- f in i te -wi re  a n a l y s i s .  
Th i s  c a s e  of i n t e r e s t  corresponds t o  r e c e i v e r  l o c a t i o n s  below, bu t  i n  t he  
immediate v i c i n i t y  o f ,  t h e  p lane  of t h e  f i n i t e  w i r e ,  

Frequencies  p r e s e n t l y  be ing  i n v e s t i g a t e d  f o r  t h i s  vo i ce  page ap- 
p l i c a t i o n  range from 10 kHz t o  300 kHz, w i th  p r e s e n t  exper imenta l  systems 
o p e r a t i n g  around 100 kHz. Although the  f r equenc i e s  i n  the  upper p a r t  of 
t h i s  band a r e  h ighe r  than o r i g i n a l l y  a n t i c i p a t e d  f o r  bur ied  f i n i t e  w i r e  
a p p l i c a t i o n s ,  ITS b e l i e v e s  t h a t  i t s  p r e s e n t  a n a l y s i s  should app ly ,  

Therefore ,  i t  was concluded t h a t  t he  ITS t h e o r e t i c a l  a n a l y s i s  of 
t h e  f i e l d s  from bu r i ed  f i n i t e  w i r e s  should be used t o  determine t h e  d e s i r e d  
magnet ic  f i e l d s  i n  t h e  c o d  seam, i n  t h e  1-300 kHz band; and t o  p r epa re  
a p p r o p r i a t e  p r a c t i c a l  cu rves ,  t a b l e s ,  e t c .  f o r  w e  by system d e s i g n e r s .  I n  
a d d i t i o n ,  s i n c e  t he  overburden is  u s u a l l y  l aye red  above and below c o a l  seams, 
and s i n c e  l a y e r s  of vary ing  conduc t iv i t y  can p o t e n t i a l l y  i n f l u e n c e  t he  f i e l d s  
from f i n i t e  w i r e  an tennas  more than  those  from f i n i t e  loops ,  a  t h e o r e t i c a l  
a n a l y s i s  t o  determine t h e  e f f e c t s  of a  s imple ,  r ep re sen t a t i ve ,  l ayered  model 
should be performed. 

The non-conducting volumes c r e a t e d  by t h e  g r i d  of t unne l s  i n  t h e  
c o a l  seam were cons idered  too  d i f f i cu1 . t  f o r  e x a c t  a n a l y t i c a l  t rea tment  a t  
t h i s  s t a g e ;  and i n  f a c t  may n o t  c r e a t e  s i g n i f i c a n t  e f f e c t s  on t h e  magnetic 
f i e l d s  i n  t he  t unne l s ,  because t he  t unne l s  a r e  r e l a t i v e l y  narrow and t h e  
c u r r e n t s  can s t i l l  flow without  much a l t e r a t i o n  through the  wider  c o a l  
p i  l l a l - s .  



C o l l i n s  Radio and Spec t r a  Assoc ia tes  are a l s o  r epo r t ed  t o  have 
performed t h e o r e t i c a l  ana lyses  of t he  f i e l d s  from bu r i ed  w i r e s ,  f o r  t h e  
i n f i n i t e l y  long and i n f i n i t e s i m a l l y  sma l l  c a se s .  This  work should a l s o  
be reviewed, compared w i t h  t h e  ITS r e s u l t s ,  and u t i l i z e d  i f  a p p l i c a b l e .  

C o l l i n s  Radio has  a l s o  conducted some l i m i t e d  measurements of  
t h e  magnetic f i e l d s  produced by 52 f e e t  long ,  f i n i t e  w i r e  roof b o l t  
an tennas  i n  an ope ra t i ng  mine. Three f i e l d  components were measured 
a t  t h r e e  d i s t a n c e s  between 300 and 700 f e e t  away from t h e  f i n i t e  w i r e ,  
i n  bo th  t h e  b roads ide  and a x i a l  d i r e c t i o n s ,  and a t  f i v e  f r equenc i e s  i n  
t h e  1-50 kHz band. Though t h e s e  measurements do n o t  f u l l y  c h a r a c t e r i z e  
t h e  expected t ransmiss ion  l o s s  behavior ,  t h e  d a t a  s e r v e  a s  a  good 
s t a r t i n g  p o i n t  f o r  comparisons w i th  theory  and e s t a b l i s h i n g  p r a c t i c a l  
des ign  g u i d e l i n e s .  More measurements a r e  needed, cover ing  a  g r e a t e r  
range of d i s t a n c e ,  f requency,  and roof b o l t  spac ing ,  and p a r t i c u l a r l y  
i n  mine working s e c t i o n s .  

b. P a r a s i t i c  S t r u c t u r e s  

A s  i n  t h e  c a s e  of t he  c a l l  a l e r t  system, a  roof b o l t  system 
i n s t a l l e d  i n  a  working s e c t i o n  can be  expected t o  encounter  many conduct ing 
p a r a s i t i c  s t r u c t u r e s  t h a t  may alter t h e  d i r e c t i o n s  and magnitudes of t h e  
s i g n a l  magnetic f i e l d s .  These e f f e c t s  may even b e  magnif ied f o r  f i n i t e  
wi re  systems ope ra t i ng  a t  t h e  h ighe r  f r equenc i e s  a n t i c i p a t e d .  Indeed, some 
l i m i t e d  f i e l d  measurements taken a t  88 kHz by ADL, f o r  a  roof  b o l t  antenna 
i n s t a l l a t i o n  i n  t h e  Bureau's exper imenta l  mine, i n d i c a t e  an extremely h igh  
v a r i a b i l i t y  i n  t h e  l e v e l s  of t h e  measured v e r t i c a l  f i e l d  component a t  
comparable ranges  from t h e  roof  531t antenna.  Therefore ,  and f o r  t he  same 
reasons  given f o r  t h e  c a l l  alert  system, a  similar exper imenta l  and theor -  
e t i c a l  e f f o r t  is recommended t o  r e s o l v e  t h e  i s s u e s  concerning t h e  e f f e c t s  
of p a r a s i t i c  conducting s t r u c t u r e s  found i n  r e p r e s e n t a t i v e  working s e c t i o n s  
of ope ra t i ng  mines. 

3. The Channel-Noise 

S ince  t h e  roof b o l t  system i s  a  v o i c e  paging system f o r  u se  under 
o p e r a t i o n a l  cond i t i ons ,  i t s  ope ra t i ng  frequency w i l l  most l i k e l y  be  above 
about  10 kHz, where t h e  o p e r a t i o n a l  n o i s e  l e v e l s  dec rease  to. more t o l e r a b l e  
l e v e l s .  P re sen t  c o n s i d e r a t i o n  is be ing  focussed on t h e  10 kHz t o  300 kHz 
band. The p re sen t  exper imenta l  system o p e r a t e s  a t  88 and 100 kHz, bu t  
s i n c e  t he se  f r equenc i e s  a r e  a l r eady  u t i l i z e d  by mine t r o l l e y  w i r e  c a r r i e r  
systems, a l t e r n a t i v e  non - in t e r f e r ing  f r equenc i e s  a r e  a l s o  d e s i r a b l e .  

A s  f o r  t h e  o t h e r  systems, t h e  r e c e n t l y  ob ta ined  NBS in-mine n o i s e  
d a t a  should s e r v e  as a more t han  adequate  d a t a  base  f o r  systems a n a l y s i s  
and op t imiza t ion  i n  t h e  10 kHz t o  300 kHz band. From t h e  wideband t a p e  

' r e c o r d i n g s ,  power s p e c t r a  f o r  h o r i z o n t a l  and v e r t i c a l  magnetic f i e l d  com- 
ponents w i l l  be  a v a i l a b l e ,  d e p i c t i n g  d i s c r e t e  and broadband n o i s e  l e v e l s  
over  t h e  frequency range from 0-100 kHz and 0-300 kHz. I n  a d d i t i o n ,  n o i s e  
ampli tude p r o b a b i l i t y  d i s t r i b u t i o n s  and rms l e v e l s  w i l l  be  a v a i l a b l e  from 
t h e  narrowband (2  k ~ z )  s p o t  frequency n o i s e  r eco rd ings ,  a t  e i g h t  f r equenc i e s  
over  t h e  10 kHz t o  32 mHz band, f o u r  of which f a l l  below 300 kHz. Appro- 
p r i a t e  dubs of s e l e c t e d  t a p e  record ings  f o r  bo th  types  of n o i s e  measurement 



should a l s o  be a v a i l a b l e .  De ta i l ed  r e p o r t s  docuinenting t h e s e  measurements 
and d a t a  w i l l  soon be  publ i shed  by NBS. 

The Source and Receiver  

The p r e s e n t  exper imenta l  system i s  designed around a  commercially 
a v a i l a b l e  20 w a t t ,  mine t r o l l e y  w i r e  phone t r a n s m i t t e r  t h a t  employs conven- 
t i o n a l  FM modulation and an  i n d u s t r i a l  pocket pager F'M r e c e i v e r  t h a t  o p e r a t e  
a t  a  c a r r i e r  f requency of e i t h e r  88 o r  100 kHz. Lack of t ime prevented 
d i s c u s s i o n  of t h e  o v e r a l l  system by t h e  group, b u t  i t  was concluded t h a t  t h e  
degree  t o  which t h i s  system can o r  should be opt imized o r  o therwise  improved 
wi th  regard  t o  performance, p r a c t i c a l i t y ,  i n t r i n s i c  s a f e t y ,  e t c .  w i l l  even- 
t u a l l y  be determined by the  system requirements  and a subsequent  system 
a n a l y s i s .  




