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' FOREWORD 
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Systems O p e r a t i o n ,  Cedar Rapids ,  Iowa 52406, under USBM 

C o n t r a c t  Number H0357146. The c o n t r a c t  was i n i t i a t e d  

under  t h e  Coal Mine H e a l t h  and S a f e t y  Program. It was 

a d m i n i s t e r e d  under t h e  t e c h n i c a l  d i r e c t i o n  of  PM&SRC w i t h  

M r .  Harry Dobroski a c t i n g  a s  t h e  T e c h n i c a l  P r o j e c t  O f f i c e r .  

Mrs. P e a r l  A .  S h a p e r t  was t h e  c o n t r a c t  a d m i n i s t r a t o r  f o r  

t h e  Bureau of Mines. 

T h i s  r e p o r t  i s  a  summary of  t h e  work r e c e n t l y  completed a s  

p a r t  of  t h i s  c o n t r a c t  d u r i n g  t h e  p e r i o d  June 27, 1975 t o  

J u l y  27, 1976. 

Th i s  r e p o r t  was submi t t ed  by t h e  a u t h o r s  on September , 

1976. 
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Sect ion  1 

This  r e p o r t  summarizes development e f f o r t  by Co l l i n s  Radio Group of Rock- 

w e l l  I n t e r n a t i o n a l  i n  t h e  s u c c e s s f u l  completion of United S t a t e s  Bureau of 

Mines Cont rac t  No. H0357146. The completed program involved equipment des ign ,  

manufacture, modi f ica t ion ,  tes t ,  and d e l i v e r y  f o r  t h e  USBM test mine a t  

Bruceton, Pennsylvania.  

Co l l i n s  has  prev ious ly  developed a multi-channel,  p r i v a t e - l i n e  mine te lephone 

system t h a t  ope ra t e s  v i a  a s i n g l e  c o a x i a l  cab le .  This  system provides  environ- 

mental monitor ing,  remote c o n t r o l  and through-the-earth paging c a p a b i l i t i e s  i n  

a d d i t i o n  t o  t h e  normal vo i ce  te lephone func t ions .  A system of t h i s  type.was 

ob ta ined  by t h e  Bureau of Mines under Contract  No. S0346089, and t h i s  c o n t r a c t ,  

H0357146, d i r e c t e d  t h e  des ign  of new equipment and t h e  modi f ica t ion  of e x i s t i n g  

equipment t o  augment t h e  monitor ing c a p a b i l i t i e s  of t h e  o r i g i n a l  system. The 

expanded c a p a b i l i t i e s  included t h e  fo l lowing  i t e m s .  

1 )  Development of an expandable monitor information d i sp l ay  system wi th  

p rov i s ion  f o r  improved ope ra to r  d e t e c t i o n  of d i sp layed  hazardous con- 

d i t i o n s .  

2) Development of a method of through-the-earth t ransmiss ion  of environmental 

monitor information,  which permits  information t o  be  ob ta ined ,  even i n  

t h e  event  of an i n t e r r u p t i o n  i n  t h e  system in t e r connec t ing  cab l e .  

3) Modi f ica t ion  of c i r c u i t r y  t o  extend battery-powered ope ra t i ng  time. 

4) Addit ion of a temperature  sensor  i n  t h e  environmental monitor.  

This r e p o r t  con ta in s  information d e t a i l i n g  t h e  des ign  and o p e r a t i o n a l  con- 

s i d e r a t i o n s  along wi th  t h e  s p e c i f i c a t i o n s  of t h e  new equipment. The amended 



system ope ra t i on  i s  o u t l i n e d ,  i nc lud ing  t h e  n a t u r e  and e f f e c t  of t h e  

mod i f i ca t i ons  t o  t h e  o r i g i n a l  equipment. 



Section 2 
Program Objectives 

The purpose of the Uplink Environmental program is to prepare and deliver 

equipment that permits surface determination of underground environmental 

conditions. This equipment is to be installed in the U. S. Bureau of Mines 

test mine near Bruceton, Pennsylvania. 

The equipment prepared under this program, when operated in conjunction with 

a Collins Mine Communications and Monitoring System, provides redundant 

transmission of environmental data. Under normal conditions all underground 

telephone sets are connected to a surface system center by a coaxial cable, 

and an environmental monitoring device is connected to each of these tele- 

phones. The levels of carbon monoxide, methane and air flow present at the 

monitoring device are displayed on the face of the telephone and are trans- 

ferred over the coaxial cable and displayed at the system center. 

The environmental data is also available (even in the event of a broken 

coaxial cable) through an alternative system. When a surf ace "enabling" 

signal is transmitted, the environmental information is transmitted directly 

through the overburden, back to the surface, where it can be monitored by a 

narrow-band receiver. The following section describes the specific hardware 

implementation of these objectives. 



Section 1 

Equipment Implementation 

3.1 EQUIPMENT DESIGN 

Two units were designed to fulfill the requirements of this program. The 

units are the Uplink Actuator Receiver and the Monitor Display. The opera- 

tional requirements, design considerations and test procedures for these 

devices are described in the following paragraphs. 

3.1.1 UPLINK ACTUATOR RECEIVER 

3.1.1.1 OPERATIONAL REQUIREMENTS 

The Uplink Actuator Receiver developed for the remote monitor system provides 

two basic functions to facilitate system operation. The receiver section 

selectively monitors received signals to detect a "triggering signal", while 

the digital circuitry provides several control functions including enabling 

and disabling monitor and phone circuits to conserve power during emergency 

operating conditions, encoding the status of the monitor sensors, and keying 

a ULF transmitter in the telephone to transmit the monitor information. The 

complete operation of the Uplink Actuator Receiver and the Remote Monitoring 

System is explained in the "System Operation" section of the Wireless Remote 

Access Underground Monitor Status Uplink Relay System Instruction Manual, 

included as an appendix to this report. 

3.1.1.2 DESIGN CONSIDERATIONS 

The receiver is designed to operate in both active and inactive mines. 

Initial studies (such as the Research and Development Contract for Coal 

Mine Communication System USBM No. H0232056) have shown that the optimum 

frequency for a 300 meter through-the-earth signal transmission in an active 

mine with an overburden conductivity of .01 mholmeter is in the region of 

1 KHz to 7 KHz. Because some mines may have greater conductivities which 

would attenuate the higher frequencies, 990 Hz was chosen as the triggering 

- 8 -  



s i g n a l  t r ansmis s ion  frequency.  Nine-hundred n i n e t y  Her tz  i s  a l s o  e x a c t l y  

midway between 60 Hz powerl ine harmonics,  a l lowing  maximum s i g n a l  i s o l a t i o n  

from mine n o i s e .  

The i n p u t  s e n s i t i v i t y  of t h e  r e c e i v e r  was chosen t o  b e  10 mic rovo l t s ,  which 

corresponds approximately t o  a  25 microampere/meter magnetic f i e l d .  This  

f i e l d  could b e  t h e o r e t i c a l l y  produced by a  magnetic moment of 6675 amp-turn- 

2  
meter  a t  990 Hz assuming an  overburden of 300 meters wi th  conduc t iv i t y  of 

0 .01  mho pe r  meter. For o p e r a t i o n  of t h e  r e c e i v e r  i n  an  a c t i v e  mine, t h e  

ambient n o i s e  f i e l d s  may b e  much g r e a t e r  than  25 microampere/meter. The 

r e c e i v e r  was designed f o r  over 70 dB of dynamic range which may b e  ad ju s t ed  

on l o c a t i o n ,  depending on t h e  e l e c t r i c a l  n o i s e  p r e s e n t  a t  t h a t  s i te .  I n  

o rde r  t o  s i m p l i f y  t h e  adjustment  procedures ,  a  red  LED i n s i d e  t h e  c h a s s i s  

l i g h t s  when t h e  r e c e i v e r  d e t e c t s  a  s i g n a l  exceeding i t s  th r e sho ld .  S ince  s t r o n g  

n o i s e  s i g n a l s  may b e  p r e sen t ,  t h e  g a i n  of t h e  r e c e i v e r  may b e  reduced by an  

i n t e r n a l  g a i n  adjustment  s o  t h a t  t h e  r e c e i v e r  does no t  respond t o  mine n o i s e  

( t h e  LED i s  n o t  be ing  l it  when a  " t r i g g e r i n g  s igna l "  is  n o t  p r e sen t )  . Reduc- 

t i o n  of t h e  r e c e i v e r  s e n s i t i v i t y  must b e  compensated by i nc r ea sed  power 

i n  t h e  s u r f a c e  t r a n s m i t t i n g  loop.  

Other de s ign  c o n s i d e r a t i o n s  inc luded  t h e  need f o r  minimal power consumption 

( t h e  c i r c u i t r y  r e q u i r e s  about  1 2  MA @ 28 V) and adequate  r e j e c t i o n  of out-  

of-band s i g n a l s .  The r e c e i v e r  h a s  a  high-Q band pass  f i l t e r ,  which provides  

i n  excess  of 20 dB of r e j e c t i o n  t o  s i g n a l s  a t  960 Hz and 1020 Hz. I n  a d d i t i o n ,  

t h e  r e c e i v e r  must o p e r a t e  beyond t h e  t h r e sho ld  of t h e  temperature  s enso r  in- 

cluded i n  t h i s  program. The r e c e i v e r  was designed t o  o p e r a t e  from -10 t o  

+50°c. 



3.1 .1 .2  (Cont 'd)  

The " a c t i v a t i o n  pulse1 '  i s  a  t r ansmi t t ed  s i g n a l  which i n d i c a t e s  t h a t  t he  

d i s ab l ed  c i r c u i t s  i n  t h e  w i r e l e s s  monitor system have been a c t i v a t e d .  A 

two-minute de lay  fo l lows  t o  permit  t h e  r e a c t i v a t e d  s enso r s  i n  t h e  underground 

monitor t o  s t a b l i z e  and gene ra t e  accu ra t e  environmental  d a t a .  

The presence of t he  key p u l s e s  pe rmi t s  acknowledgement of t he  d a t a  t r a n s -  

miss ion,  even i f  a l l  of t h e  d a t a  p u l s e s  a r e  miss ing.  Pu l se s  and spaces  of 

430 and 860 mi l l i - s econds  were chosen because they were c l e a r l y  d i s c e r n a b l e ,  

no t  r e a d i l y  confused wi th  t he  100 msec emergency l o c a t i o n  pu lse  (which may 

be genera ted  independent ly  by t h e  ULF t r a n s m i t t e r s )  and they were e a s i l y  

der ived  from the  1140 Hz o s c i l l a t o r ,  which has  minimal i n t e r f e r e n c e  wi th  

the  r e c e i v e r  c i r c u i t r y .  

Transmission of the  same da t a  word t h r e e  t imes pe rmi t s  v e r i f i c a t i o n  of t h e  

con t en t  of t he  rece ived  message. 

3.1.1.3 Operat ion 

Diagrams of t h e  r e c e i v e r  a r e  shown a s  F igures  3-2 and 3-3. Incoming s i g n a l s  

a r e  ampl i f ied  by t he  FET i n p u t  and v a r i a b l e  ga in  s t ages .  Out-of-band s i g n a l s  

a r e  r e j e c t e d  by t h e  990 Hz bandpass f i l t e r ,  which has  a  4  Hz 3dB bandwidth. 

The s i g n a l s  a r e  then  ful l -wave r e c t i f i e d  and i n t e g r a t e d .  I f  t he  s i g n a l  

s t r e n g t h  exceeds a  p r e - s e t  th reshhold ,  the  " t r i g g e r i n g  s igna l "  l i n e  goes 

h igh ,  and the  t r i g g e r i n g  s i g n a l  t imer  s t a r t s  t iming t he  s i g n a l  du ra t i on .  

I f  t he  s i g n a l  l a s t s  over twelve seconds,  t h e  d i s ab l ed  c i r c u i t r y  i s  re -  

a c t i v a t e d ,  t h e  " a c t i v a t i o n  pu lse"  i s  keyed, and t he  "warm-up" t imer  beg ins  

t iming.  A f t e r  approximately two minutes ,  t h i s  "warm-up timer" s t a r t s  t he  

t r ansmi t  counte r  and t h e  da t a  word gene ra to r  which examines t h e  s t a t u s  of 

t h e  environmental  monitor i n p u t s  and gene ra t e s  the  d a t a  word, Clock pu l se s  

t r i g g e r  t he  d a t a  word b i t s  t o  s e q u e n t i a l l y  key the  t r a n s m i t t e r  and t r ansmi t  

t h e  monitor in format ion .  



The d i g i t a l  c o n t r o l  s e c t i o n  of t h e  upl ink  ac tua to r  was designed t o  minimize 

i n t e r f e r e n c e  with t h e  r ece ive r  s e c t i o n ,  provide f o r  t h e  r e l i a b l e  opera t ion  

of t h e  sensors  (by allowing adequate warm-up time) and t o  genera te  a  coherent 

monitor d a t a  word t h a t  could be c l e a r l y  deciphered by mine personnel  wi th  a  

minimum of t r a i n i n g .  

The dataword format i s  shown i n  Figure 3-1. 

T R I G G E R I N G  S I G N A L  I S  
P.ECE I VED AND l NACT l VE 
C l RCU l T S  ARE ENERG l Z E D  

MONITOR SENSORS ARE 
iNTERROGATED 

F I R S T  DATA WORD 

C H 4  TEMP A I R F L O W \  - -  

CO DATA DATA DATA I THE DATA ---- 
I T E D  

SEC M I N  SEC .43 .86 
SEC SEC 

A L L  DATA P U L S E S  ARE .43 SEC 
A L L  SPACES ARE .86 SEC = .3 

THE O M I S S I O N  OF DATA PULSES CORRESPONDING TO ( A )  MONITOR 
S E N S O R ( S )  I N D I C A T E S  AN ENVIRONMENTAL A B N O R M A L I T Y  I S  DETECTED 

WORD I S  
3 T I M E S  

UPLINK DATA TRANSMISSION MESSAGE FORMAT 
- - 

FIGURE 3-1 
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3.1.1 .3  (Cont 'd) 

When t h e  t r ansmi t  counte r  counts  t h a t  a l l  of t h e  da ta  b i t s  have been t r a n s -  

m i t t e d ,  i t  r e s e t s  a l l  s t a g e s  and enables  t he  acknowledgement of ano ther  

" t r i g g e r i n g  s igna l" .  When the  ENABLEIDISABLE c o n t r o l  i s  r e s e t ,  iT t he  l i n e  

v o l t a g e  i s  low, i t  w i l l  d i s a b l e  t he  monitor and phone func t i on  a s  descr ibed  

i n  t h e  i n s t r u c t i o n  manual. 

3.1.1.4 S p e c i f i c a t i o n s  

The Uplink Actua tor  Receiver  was designed,  b u i l t  and t e s t e d  t o  meet t h e  

fo l lowing  s p e c i f i c a t i o n s :  

Receiver  S e n s i t i v i t y  10 p V  a t  990 H z  _+ 1 H z  

Receiver  S e l e c t i v i t y  20dB r e j e c t i o n  a t  960 and 1020 H z  

Gain Cont ro l  70dB Range 

Receiver  Quiescen t ICurren t  Drain 15  ma Max., 12 ma t y p i c a l  

Operat ing Voltage 22 t o  28 Vo l t s  

3 .1 .2  Monitor Display 

3.1.2.1 Opera t iona l  Requirements 

The Monitor Display p o r t i o n  of t h e  remote monitor system provides  a  v i s u a l  

readout  of t h e  da t a  rece ived  from t h e  v a r i o u s  underground phones. The da t a  

rece ived  a t  t h e  underground phone from t h e  Environmental Monitor i s  encoded 

and t r a n s m i t t e d  t o  t h e  System Cente r .  The da t a  i s  processed and r e t r a n s m i t t e d  

from the  System Center  t o  t h e  Monitor Display. The Monitor Display decodes t h e  

incoming d a t a  and prov ides  a  v i s u a l  d i s p l a y  of any alarm cond i t i on  de t ec t ed  by 

an  Environmental Monitor.  I n  t h e  event  t h a t  any one of t h e  p o i n t s  being monitored 

i s  sending an  alarm,  a  common alarm lamp can  be l i g h t e d  and an aud ib l e  alarm 

sounded. Contac t s  a r e  a v a i l a b l e  f o r  t h e  remote i n d i c a t i o n  of t h i s  common alarm 

cond i t i on .  



3.1.2.2 Design Cons idera t ions  

The Monitor Display system must be capable  of r econ f igu ra t i on  t o  match any 

given mine s i z e  and must p r e sen t  a  readout  with a  very high confidence f a c t o r ;  

i . e . ,  the  p r o b a b i l i t y  t h a t  the  c o r r e c t  s t a t u s  i s  displayed a t  any given time 

must be very h igh .  To these  ends t he  system processor  i s  ass igned a da t a  

r o u t i n g  func t ion ,  sending information i n  8 - b i t  blocks t o  d i sp l ay  pane ls .  

These pane ls  a r e  s i zed  such t h a t  each d i s p l a y s  one 8 - b i t  block of information.  

A given system can con ta in  from one t o  250 pane ls ,  thus  pe rmi t t i ng  the  d i sp l ay  

of up t o  2000 da t a  p o i n t s .  Redundant t ransmiss ion  of the  da t a  i s  used t o  

ensure e r r o r - f r e e  d i sp l ay ,  with mu l t i p l e  comparisons made p r i o r  t o  changing 

the  displayed i n f o r m a t i m .  

The processor  i n  the  system c e n t e r  conf igures  monitor da t a  i n t o  the  form 

accepted by the  d i sp l ay  pane ls .  Data messages from ind iv idua l  phones (con- 

t a i n i n g  monitor information)  a r e  read and the  monitor da ta  i s  ex t r ac t ed  and 

t r ansmi t t ed  t o  t h e  monitor d i sp l ay .  The monitor pane ls  r e t r i e v e  da t a  from 

the  system coax ia l  c ab l e  v i a  a  s e t  of cab l e  i n t e r f a c e  ca rds  i d e n t i c a l  t o  

those used i n  a  phone. This card s e t  r ece ives  and s t o r e s  t h e  da t a  message 

from t h e  system c e n t e r .  

Before a  message conta in ing  a  change i n  monitor information i s  displayed on 

t h e  i nd iv idua l  monitor readout  pane l ,  the  message must be v e r i f i e d .  The 

v e r i f i c a t i o n  process  r e q u i r e s  t h a t  a f t e r  a  message i s  received and acknowledged 

by the  cab l e  i n t e r f a c e  c a r d s ,  a  second i d e n t i c a l  message must be received and 

acknowledged. Only a f t e r  t h i s  second message i s  received i s  the  new da t a  pre-  

sented t o  the  i nd iv idua l  readout  pane ls .  

Logic l e v e l  c o n t r o l  s i g n a l s  a r e  s e n t  from t h e  cab l e  i n t e r f a c e  t o  t he  p a r a l l e l -  

wired readout  pane ls  v i a  a  mul t i -wi re  i n t e r connec t ing  cab l e .  E ight  address  



3.1 .2 .2  (Con t 'd )  

l i n e s ,  e i g h t  d a t a  l i n e s ,  a  l o a d  l i n e ,  a  f a u l t  l i n e ,  a  t e s t  l i n e  and a  t i m e r  

c o n t r o l  l i n e  a r e  among t h e  w i r e s  i n  t h e  c a b l e .  

A l l  t h e  above-mentioned l i n e s  e x c e p t  t h e  t i m e r  c o n t r o l  a r e  connected  a t  each  

i n d i v i d u a l  moni to r  p a n e l .  The a d d r e s s ,  d a t a ,  l o a d  and t e s t  l i n e s  s e r v e  a s  

i n p u t s .  The e i g h t  a d d r e s s  l i n e s  p e r m i t  up t o  250 p a n e l s  t o  be connec ted  t o  

t h e  sys tem,  w h i l e  t h e  e i g h t  c o n t r o l  l i n e s  de te rmine  t h e  s t a t u s  of t h e  e i g h t  

i n d i c a t o r s  o n  each p a n e l .  The load  l i n e  c o n t r o l s  " d a t a  load ing"  t o  t h e  p a n e l s ,  

w i t h  a  g i v e n  d i s p l a y  "remembered" between l o a d  commands. A s i g n a l  on t h e  t e s t  

l i n e  c a u s e s  a l l  lamps t o  be  t u r n e d  on. 

The f a u l t  l i n e  i n  t h e  m u l t i - w i r e  c a b l e  i n t e r c o n n e c t s  a l l  t h e  moni to r  p a n e l s  

and t h e  a l a rm p a n e l .  It  i s  used a s  a  " c o l l e c t i o n  p o i n t " ,  s o  t h a t  any o f  t h e  

i n d i v i d u a l  a l a r m  p o i n t s  c a n  c a u s e  an  i n d i c a t i o n  on t h e  a l a r m  p a n e l .  Each i n -  

d i c a t o r  on a  moni to r  p a n e l  i s  a s s o c i a t e d  w i t h  a  p i n  t h a t  c a n  be  s t r a p p e d  t o  

p r o v i d e  a  f a u l t  o u t p u t  and i n  a  g i v e n  i n s t a l l a t i o n  any o r  a l l  of t h e s e  s t r a p s  

may be i n s t a l l e d .  When t h e  s t r a p  i s  i n s t a l l e d  a t  a  g i v e n  p o s i t i o n  a  f a u l t  

s i g n a l  w i l l  be s e n t  whenever t h e  i n d i c a t o r  a s s o c i a t e d  w i t h  t h a t  p o s i t i o n  i s  

l i g h t e d .  

The f i n a l  p a n e l  i n  t h e  Moni tor  Disp lay  i s  used a s  a  common i n d i c a t i n g  p o i n t  

f o r  a l l  a l a r m s .  It c o n t a i n s  a  v i s u a l ,  a n  a u d i b l e ,  and a  remote a l a r m  i n d i c a t o r .  

S i n c e  momentary i n d i v i d u a l  a l a r m s  c a n  o c c u r  t h a t  do n o t  n e c e s s a r i l y  r e q u i r e  

t h a t  a n  a l e r t  be sounded, t h e  a l a r m  p a n e l  d i s p l a y  i s  de layed  from t h e  d i s p l a y s  

p r e s e n t e d  on t h e  i n d i v i d u a l  moni to r  p a n e l s .  A s i g n a l  must be  p r e s e n t  on t h e  

f a u l t  l i n e  f o r  a  p r e s e t  number o f  c o u n t s  of t h e  t i m e r  c o n t r o l  l i n e  b e f o r e  t h e  

g e n e r a l  a l a r m s  w i l l  be a c t i v a t e d .  The lamp t e s t  b u t t o n  f o r  a l l  t h e  d i s p l a y s  

i s  a l s o  l o c a t e d  i n  t h e  a l a r m  p a n e l .  



3.1.2.3 Operations 

The entire Monitor Display is unlit if there are no alarm conditions. If any 

alarm or alarms are set at an Environmental Monitor, a corresponding lamp will 

be lighted on the monitor display. If the alarm remains on for the predetermined 

time interval the common alarm will be lighted and sounded. Space is provided on 

each individual panel indicator so the meaning of a given alarm can be written in. 

Once set, a given lamp will stay lighted until turned off by a message from the 

System Center, so if an Environmental Monitor is disconnected while in an alarm 

state the alarm indication on its monitor panel will remain set. 

The lamps in the display may be tested by setting the lamp test switch. The 

lamp test is also a test of all connections to the parallel cable. 

3.2 EQUIPMENT MODIFICATION 

3,2.1 Underground Telephone 

Two sections of the Underground Telephone have been modified to enable it to 

be used in the Uplink Environmental Monitor. These modifications affect the 

ULF transmitter and the main power/battery power reporting circuits. 

In a normal Underground Telephone a front-panel switch is used to activate 

a ULF emergency locator transmitter. The keying circuitry for this transmitter 

was revised so it could be enabled by either the front-panel switch or by the 

Uplink Actuator Receiver. The receiver sends encoded environmental data to 

the surface via the ULF transmitter so that conditions underground can be 

determined. 

The Underground Telephone normally monitors the dc level on the system coaxial 

cable, sending a signal to the surface whenever the phone and any associated 

devices (such as the environmental monitor) are relying solely on the phone's 



3 . 2 . 1  (Cont 'd)  

i n t e r n a l  b a t t e r y  power. The phone was modif ied  so  t h a t  i f  t h e r e  i s  no l i n e  

power, t h i s  s i g n a l  i s  a l s o  s e n t  t o  t h e  Upl ink A c t u a t o r  Rece ive r .  The r e c e i v e r  

t h e n  commands t h e  Environmental  Moni tor  t o  s h u t  down n o n - c r i t i c a l  c i r c u i t s  I t  

a l s o  f o r c e s  t h e  " sa fe"  g r e e n  l i g h t  of t h e  l o c a l  phone d i s p l a y  t o  t h e  o f f  condi-  

t i o n .  These a c t i o n s  reduce  energy consumption t o  approx imate ly  f o r t y  p e r c e n t  of 

normal,  and e x t e n d s  t h e  b a t t e r y  powered o p e r a t i n g  t ime.  A f u l l y  charged b a t t e r y  

c a n  be expec ted  t o  power a n  i d l e  phone i n  t h e  Upl ink Environmental  Moni tor  con- 

f i g u r a t i o n  f o r  approx imate ly  24 h o u r s  and s t i l l  respond t o  a t  l e a s t  one i n t e r -  

r o g a t i o n .  

S e c t i o n  Environmental  Moni to r s  

The b a s i c  Environmental  Moni tor  i n d i c a t e s  two s e p a r a t e  c o n c e n t r a t i o n s  of 

methane (CH4), one c o n c e n t r a t i o n  of ca rbon  monoxide (CO) and a  f low r a t e  f o r  

a i r  speed.  The a c t u a t i o n  l e v e l  f o r  each of  t h e s e  d i s p l a y s  i s  a d j u s t a b l e  and can 

be s e t  i n  t h e  f i e l d .  For  t h i s  program, a n  a d j u s t a b l e  t r i p  p o i n t  f o r  t empera tu re  

was a l s o  added.  

A normal moni tor  i s  des igned  t o  be c o n t i n u o u s l y  powered from a  '28V DC power 

s o u r c e .  The modif ied  u n i t  h a s  been redes igned  such t h a t  power consuming 

p o r t i o n s  of t h e  u n i t  a r e  s h u t  o f f  when t h e  Uplink A c t u a t o r  Rece ive r  i n d i c a t e s  

t h a t  t h e  underground phone t o  which i t  i s  a t t a c h e d  i s  b e i n g  o p e r a t e d  o f f  

b a t t e r y  power. The m o d i f i c a t i o n  was made i n  o r d e r  t o  conse rve  energy d u r i n g  

emergency c o n d i t i o n s .  

The t empera tu re  moni tor  a d d i t i o n  c o n s i s t s  of  two fo rward-b iased  s i l i c o n  d i o d e s  

( l o c a t e d  i n  t h e  s e n s e  head of t h e  a i r  speed s e n s o r )  and an a s s o c i a t e d  comparator 

a m p l i f i e r .  The n e a r l y  l i n e a r  c h a r a c t e r i s t i c  of t h e  forward v o l t a g e  drop of t h e  

d i o d e s  a s  a  f u n c t i o n  of t empera tu re  i s  used t o  s e n s e  t empera tu re  v a r i a t i o n s .  



The vary ing  vo l t age  produced by temperature  changes i s  fed i n t o  one i npu t  of 

t h e  comparator.  The o t h e r  i npu t  of t h e  comparator i s  a t t a ched  t o  an a d j u s t a b l e  

v o l t a g e ,  thus  prov id ing  f o r  a  t r i p  p o i n t  t h a t  can  be s e t  a t  t he  de s i r ed  tempera- 

0 0 
t u r e .  The s e t  p o i n t  i s  w i t h i n  t he  range of 90 t o  150 F. 

The mod i f i ca t i on  of t he  u n i t  t h a t  permi t s  power t o  be p a r t i a l l y  shu t  o f f  

c o n s i s t s  of a  r e l a y  which d e l i v e r s  power when energ ized .  A block diagram 

of t h e  modified monitor i s  shown i n  F igure  3-4. The r e l a y  i s  energ ized  dur ing  

normal o p e r a t i o n  v i a  a  s i g n a l  from the  Uplink Actuator  Receiver .  When the  

s i g n a l  from the  Environmental Monitor and t he  r e l a y  d i sconnec ts  t he  unneeded 

power l i n e s .  When the  s i g n a l  r e t u r n s  t he  monitor r e v e r t s  t o  normal ope ra t i on .  

The sensors  r e q u i r e  a  s h o r t  time t o  s t a b l i z e  once they a r e  re -energ ized  be fo re  

they w i l l  provide a c c u r a t e  environmental  da t a .  
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Section 4 

Conclusion 

Collins Radio has expanded and enhanced the capabilities of its mine com- 

munication and monitoring system by providing wireless monitor information 

from underground phones disabled by a broken cable. The battery-powered 

operating time of the underground phones has been extended by automatically 

disabling the operation of non-critical circuitry. 

An expandable monitor information display system with built-in false alarm 

protection was developed, along with a means of bussing high priority alarms 

to a general alarm panel. The new equipment and modifications in no way 

interfere with the basic functions of the original communication system. 

The ease and simplicity with which the basic system was altered to accommodate 

the expanded functions emphasizes a fundamental advantage of this type of 

system. Besides providing reliable operation, the multitude of communication 

channels and the elastic system center software permits the system.to grow in 

complexity without gross redesign or reduction of existing functions. 



APPENDIX 



WIRELESS REMOTE ACCESS 
UNDERGROUND MONITOR STATUS 

UPL INK RELAY SYSTEM 

INSTRUCTION MANUAL 

PREPARED FOR: 

BUREAU OF MINES 
U.S. DEPARTMENT OF THE INTERIOR 

PREPARED BY: 

COLLINS RADIO GROUP 
ROCKWELL INTERNATIONAL 

CEDAR RAPIDS, IOWA 



System Description 

The Wireless Remote Access Underground Monitor Status Up1 ink System 

(Wire1 ess Monitor System) provides remotely accessed wireless sensor 

information from an underground monitor via a low-frequency transmitter.  

The Wireless Monitor System i s  comprised of a modified 454L-1 Remote 

3oni toring Unit (monitor), a 596-1 Up1 ink Actuator Receiver (receiver 

actuator) and a modified 960X-1 Underground Communication and Monitoring 

Unit (underground phone). 

The receiver-actuator responds t o  a "tr iggering signal" by sampling 

the s ta tus  of the monitor sensors, forming the data word (of predetermined 

format) and keying the emergency transmitter in the underground phone. 

The frequency of the data transmission depends on the channel of the 

emergency transmitter card. Channels 49 (2910 H Z ) ,  50 (2970 H Z )  or 

51 (3030 HZ)  a re  acceptable for  operation in the Wireless Floni t o r  

System. These channels may be monitored with any low-frequency narrow- 

band receiver such as the 515H-1 mancarried waveform receiver or the 

515H-2 helicopter-borne waveform receiver. 

Operation 

The monitor i s  connected by cable to  the receiver-actuator, which i s  

connected by cable t o  the underground ohone. Interconnections between 

units are made with the provided cable (see Figure 1 ) .  

The monitor and the underground phone are preadjusted a t  the factory and 

should not require any adjustment upon ins ta l la t ion .  The receiver-actuator 

has a s ingle  gain control ,  which varies the sens i t iv i ty  threshold of 

the receiver. When the recei ver-actuator receives a signal greater 

than i t s  threshold, a red L E D  inside the receiver i s  l i t .  The gain 





c o n t r o l  shou ld  be ad jus ted  so t h a t  t h e  r e c e i v e r  i s  n o t  responding 

t o  t h e  ambient no i se  a t  t h e  i n s t a l  l a t i o n  s i t e  ( t h e  LED i s  n o t  be ing  

l i t  when a  " t r i g g e r i n g  s i g n a l "  i s  n o t  p resen t ) .  The Wire less Yon i t o r  

System i s  then  ready f o r  ope ra t i on .  

System Opera t i on 

Al though t h e  mon i to r  and underground phone have been mod i f i ed  t o  

f a c i  1  i t a t e  t h e  Wire1 ess Mon i t o r  System ope ra t i on ,  t h e  mon i to r  may be 

connected w i t h  one o f  t h e  p rov ided  cab les  d i r e c t l y  t o  t he  underground 

phone. They w i  11 then p rov ide  t h e  s tandard MCM-101 mon i t o r i ng  f u n c t i o n  

(50 PPM CO; 1% and 2% Methane; and 100 FPM A i r  Flow) v i a  t h e  MCM 191 

s i n g l e  cab le  phone network as descr ibed  i n  t h e  C o l l i n s  MCM-101 Yine 

Communications and Mon i to r  System Opera to r ' s  Manual. 

I n  t h e  Wire less M o n i t o r i n g  System, as i n  t h e  s tandard MCM-101 m o n i t o r i n g  

system, each o f  t h e  env i ronmenta l  mon i t o r  sensors has a  p rese t  t h resho ld .  

The mon i t o r  can t h e r e f o r e  i n d i c a t e  two cond i t i ons  f o r  each sensor. I f  

t h e  environment a t  t h e  mon i t o r  i s  below t h e  sensor t h resho ld ,  t he  mon i to r  

i n d i c a t e s  a  "normal" c o n d i t i o n .  I f  t h e  environment has exceeded t h e  

t h resho lds  o f  any o f  t h e  sensors ( i .  e. , t h e  CO concen t ra t i on  i s  g r e a t e r  

than 50 PPM o r  t h e  methane concen t ra t i on  i s  g rea te r  than 2% o r  t h e  a i r  

f l o w  i s  l e s s  than 100 f e e t  pe r  m inu te  o r  t h e  temperature i s  h ighe r  

than 50°c), then t h e  mon i t o r  i n d i c a t e s  an "abnormal c o n d i t i o n "  f o r  each 

a f f e c t e d  sensor. 

When t h e  r e c e i v e r - a c t u a t o r  i s  connected between t h e  mon i t o r  and t h e  

underground phone (See F igu re  2 ) t h e  Wire less Mon i to r  System i s  

a c t i v a t e d  and two modes o f  ope ra t i on  a r e  poss ib l e .  

I f  t h e  underground phone i s  r e c e i v i n g  adequate 1  i n e  v o l  tage ( n o t  ope ra t i ng  

on i t s  24V b a t t e r i e s ) ,  t he  system i s  i n  i t s  normal mode o f  ope ra t i on  





and the monitor and underground phone will provide the standard MCM-101 

monitor information through the phone network. If the receiver-actuator 

receives a "tr iggering signal" of a t  l e a s t  12 seconds duration, i t  

will send an "activation" pulse via the emergency transmitter in the 

underground phone. The receiver actuator will wait approximately two 

minutes, then sample the monitor sensors and form a coded data word 

which indicates the s ta tus  of the 50 PPM C O ,  2% Yethane, 109 FPM Air 

Flow and a 5 0 ' ~  temperature sensor. The data word consists of a key 

pulse followed by four data sections. Each data section corresponds 

t o  one of the four sensors and each i s  coded by a d i f fe ren t  number of 

of pulses: (See Figure 3 ) one pulse fo r  C O ;  two pulses fo r  Methane; 

three pulses for  temperature; and four pulses for  Air Flow. 

The data pulses for  each sensor indicating an "abnormal condition" are 

missing from the data word. If  a l l  four groups of data pulses are  

present in the data word, then a l l  the sensors are below the i r  thresholds 

and no abnormalities are  being detected. As in the standard MCM-101 

monitoring system, the sensors indicate only when the i r  thresholds a re  

exceeded and a potentially hazardous environment i s  detected. No analog 

data of how much the environment i s  above or below the thresholds i s  

available.  

After the receiver-actuator generates the data word i t  keys the emergency 

transmitter to  transmit the same data word three times in succession. 

After the completion of the third  data word, i t  immediately awaits the 

next "tr iggering signal".  

The monitoring operation of the monitor and the underground phone 

continue (through the MCM-101 system) without interruption.  



(A
) 

NO
RM

AL
 M
OD
E 

L
IN

E
 V

O
LT

A
G

E 

T
R

IG
G

E
R

IN
G

 S
IG

N
A

L
 

(9
90
 H
Z)
 

D
A

TA
 B

IT
S

 A
N

D
 

SP
A

C
E

S 
A

RE
 

.4
3 

SE
C

 E
A

C
H

 
SP

A
C

E
S 

B
ET

W
EE

N
 

D
A

TA
 

G
R

O
U

PS
 A

R
E 

.8
6 

SE
C

 
K

EY
 

PU
L

SE
S 

A
R

E 
2.

58
 

SE
C

 

. 
UL
F 

TR
A

N
SM

IS
SI

O
N

 

SY
ST

EM
 O

PE
R

A
TI

O
N

 

(B
) 

EM
ER

G
EN

CY
 M

OD
E 

L
IN

E
 V

O
LT

A
G

E 

T
R

IG
G

E
R

IN
G

 S
IG

N
A

L
 

(9
90
 H
Z)
 

UL
F 

T
R

A
N

SM
IS

SI
O

N
 

SY
ST

EM
 O

PE
R

A
TI

O
N

 

C
O

 
R

4T
A

 
TE

M
P 

2N
D

 K
EY

 
D

A
TA

 
PU

L
SE

 
3R

D
 K
EY
 

R
EP

EA
TE

D
 S

EN
SO

R
 

D
A

TA
 

PU
L

SE
 

(T
O

TA
L 

TI
M

E 
41

.1
8 

S
) 

A
C

T
IV

A
T

IO
N

 
PU

L
SE

 
C1

14
 

A
IR

 F
LO

W 

SA
M

PL
E 

M
T

A
 

DA
 T

A
 

SE
N

SO
R

S 

IN
D

IC
A

T
E

S 
H

IG
H

 
EN

D
 

O
F 

TE
FI

PE
R

A
TU

R
E 

T
H

IR
D

 W
OR

D 

PU
L

SE
 

f 
M

O
N

IT
O

R
S 

&
 

M
O

N
IT

O
R

S 
&

 
S

A
W

 LE
 

IN
D

IC
A

T
O

R
S 

IN
D

IC
A

T
O

R
S 

SE
N

SO
R

S 
SH

U
T 

O
FF

 
TU

R
N

ED
 O

N
 

F
IG

IR
E

 
3 

O
PE

R
A

TI
O

N
 

O
F 

W
E

 W
=I

,E
SS

 
M

O
N

IT
O

R
IN

G
 

SY
ST

EM
 

M
O

N
IT

O
R

S 
A

N
D

 
M

O
N

IT
O

R
S 

&
 

IN
D

IC
A

T
O

R
S 

IN
D

IC
A

T
O

R
S 

SH
U

T 
O

FF
 

TU
R

N
ED

 
ON

 



I f  t h e  l i n e  vo l t age  t o  t h e  underground phone becomes t o o  low, t h e  

phone r e v e r t s  t o  b a t t e r y  opera t ion ,  and t h e  Wire less Mon i t o r  System 

operates i n  i t s  Emergency mode. 

The r e c e i v e r - a c t u a t o r  d i s a b l e s  power t o  t h e  mon i t o r  i n d i c a t o r s  i n  t h e  

ad jacen t  underground phone and t o  most o f  t h e  c i r c u i t r y  i n  t h e  mon i t o r  

( t h e  hea te r  t o  t h e  CO sensor i s  l e f t  i n  ope ra t i on  due t o  t h e  l ong  

s t a b i l  i z a t i o n  t ime o f  t h a t  sensor) .  

I f  t h e  r e c e i v e r  a c t u a t o r  r ece i ves  a  " t r i g g e r i n g  s i g n a l "  o f  a t  l e a s t  

12 second du ra t i on ,  i t  keys an ' a c t i v a t i o n  pu lse"  v i a  t h e  emergency 

t r a n s m i t t e r  i n  t h e  underground phone and r e a c t i v a t e s  t h e  mon i t o r  and 

i n d i c a t o r  c i r c u i t r y  i t  had p r e v i o u s l y  d isab led .  A f t e r  a nominal two 

minutes (which a l l ows  t h e  sensors t o  s t a b i l i z e  and p rov ide  accura te  

environmental  da ta )  t h e  r e c e i v e r - a c t u a t o r  sampl es t h e  sensor data,  

generates t h e  da ta  word (see F igu re  3 )  and keys t he  emergency t r a n s m i t t e r  

t o  t r a n s m i t  t h e  data word t h r e e  t imes i n  succession (as  i n  t h e  normal 

system o p e r a t i o n ) .  A t  t he  conc lus ion  o f  t h e  t ransmiss ion  o f  t h e  t h i r d  

da ta  word, t h e  r e c e i v e r - a c t u a t o r  d i sab les  t h e  mon i t o r  and underground 

phone c i r c u i t r y  as before,  and awa i ts  another  " t r i g g e r i n g  s i g n a l " .  

When the  l i n e  v o l t a g e  t o  t h e  underground phone i s  r e s t o r e d  t o  an adequate 

l e v e l  ( t h e  phone i s  n o t  r unn ing  o f f  o f  i t s  24V b a t t e r i e s )  t h e  Wire less 

Mon i to r  System r e v e r t s  t o  t h e  p r e v i o u s l y  descr ibed normal mode o f  

opera t ion .  

T r i g g e r i n g  S igna l  Requirements 

The 596-1 U p l i n k  Ac tua to r  Receiver has a  h i g h  Q a c t i v e  bandpass f i l t e r  

centered a t  990 HZ. A t  960 and 1020 HZ t h e  f i l t e r  has a  minimum o f  

20 dB of r e j e c t i o n .  The r e c e i v e r  i n t e g r a t e s  s i g n a l s  pass ing through 



t he  f i l t e r  and senses when they  reach t h e  r e c e i v e r  t h resho ld  ( i l l u m i n a t i n g  

t h e  LED). S t rong  o u t  o f  band s i g n a l s  may a l s o  a c t i v a t e  t h e  r e c e i v e r ,  

so t h e  v a r i a b l e  g a i n  c o n t r o l  ( w i t h  over 70 dB o f  dynamic range) has 

been i nco rpo ra ted  i n  t h e  r e c e i v e r  des ign.  Once t h e  r e c e i v e r  g a i n  has 

been reduced so t h a t  t h e  r e c e i v e r  does n o t  respond t o  t h e  l o c a l  ambient 

no ise ,  r e l i a b l e  ope ra t i on  o f  t h e  Wi re less  Mon i to r  System may be ob ta ined  

by p r o v i d i n g  a  s u f f i c i e n t l y  s t r ong  magnet ic f i e l d  " t r i g g e r i n g  s i g n a l " .  

Ad jus ted  f o r  maximum s e n s i t i v i t y  t h e  r e c e i v e r  w i l l  respond t o  a  f i e l d  

o f  about 25uA/mat 990 HZ. 

The power r e q u i r e d  f o r  t ransmiss ion  o f  a  t r i g g e r i n g  s i g n a l  w i l l  va ry  

g r e a t l y  f rom one ope ra t i ng  s i t e  t o  another  depending on t h e  depth o f  

t h e  r e c e i v e r ,  t h e  c o n d u c t i v i t y  o f  t h e  overburden, t h e  s i z e  o f  t h e  

t r a n s m i t t i n g  l oop  and t h e  n o i s e  i n  t h e  immediate v i c i n i t y  o f  t h e  r e c e i v e r .  


