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FORE WARD 

This report  was prepared by Design Engineering Laboratories, Inc. under USBM 

Contract number H0308041. The contrac t  was i n i t i a t e d  under the Coal Mine 

Health and Safety Program. I t  was administered under the technical d i rec t ion 

of PSMRC w i t h  Mr. Merle Bowswer ac t ing as  the or ig inal  Technical Project  

Off icer  subsequently replaced by Mr. James Means. Mr. Mike Nowicki was the 

contrac t  administrator  f o r  the Bureau of Mines. This report  i s  a summary 

of the work recent ly  completed as a par t  of t h i s  contract  during the period 

December 1979 to  September 1984. This report  was submitted by the authors 

on September 1, 1984. 
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1. INTRODUCTION 

This document presents the final report on the development of a "Closed 

Circuit TV Borehole Probe" which u t i l i ze s  a low l igh t  level TV camera magnetic 

compass and a multiplex system to transmit video a n d  d a t a  over a 1000 foot 

coaxial cable t o  an uphole control uni t .  

1.1 Background 

Under t h i s  contract Design Engineering Laboratories ( D E L )  was given 

the task of developing a probe based on modifying an existing Bureau of Mines 

TV probe design to accomplish the following: 

a.  Provide additional space for an improved low l igh t  level TV 

camera which was procured from Westinghouse and supplied to D E L  

by the Bureau of Mines. 

b.  Add zoom lens capabili ty.  

c. Add a magnetic compass and relat ive pointing angle sensor. 

d .  Provide a mu1 tiplexed up1 ink/downl ink capabi 1 i t y  to permi t transmi ssion 

of a l l  video/sensor data and camera/probe controls on a single 

coaxial cable. This permits substantial reduction in the 

diameter and weight of the 1000 foot cable used with the probe. 

Drawings of the existing probe were supplied t o  D E L  to u t i l i ze  as the baseline 

design for  the new probe. To minimize r i sk ,  minimum modifications to the 

existing design were desired. Hence most of the basic mechanical a n d  

packaging concepts were retained. The new probe was made 0.5 inches larger 

in diameter to provide additional space for  the camera zoom lens. 

1 . 2  Probe Configuration 

Figure 1 shows the overall probe configuration which consists of f ive 

major modules or assemblies. These are: 
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a. Rotor  Assembly (See F igure  2) - Th is  u n i t  con ta ins  a  DC motor,  

d i g i t a l  s h a f t  encoder, main bear ing,  and cab le  connector t o  a t t a c h  

t he  probe t o  t he  main suppor t  cable.  I n  normal ope ra t i on  t h i s  

assembly remains s t a t i o n a r y  whi 1  e  the  main probe housing suspended 

below r o t a t e s  360 degrees d r i v e n  by  t he  DC motor.  L i m i t  s tops 

are p rov ided  t o  p reven t  cont inuous r o t a t i o n .  

b. Packing Gland (See F igu re  2) - Th is  assembly p rov ides  a  p r o t e c t i v e  

b a r r i e r  which feeds cables i n t o  the  i n t r i n s i c a l l y  sa fe  p o r t i o n  o f  

t he  probe. 

c .  B a t t e r y  Module (See F igure  3) - Th is  area o f  the  probe con ta ins  

Ni-Cad b a t t e r i e s  which operate the  TV camera, pan motor,  m u l t i p l e x  

e l e c t r o n i c s ,  s h a f t  encoder and compass. 

d. TV Camera/Mul t i p l e x e r  U n i t  (See F igure  4 )  - Contained i n  t h i s  

module a re  the  mu1 t i p l e x  e l e c t r o n i c s  packaged on t h ree  p r i n t e d  

c i r c u i t  boards and t he  TV camera, zoom lens  and magnetic compass. 

e. Bottom Assembly (See F igure  5 )  - Th i s  assembly con ta ins  a  bottom 

d e t e c t o r / f l o a t  sw i tch ,  cap lamp i l l u m i n a t o r ,  pop -o f f  s h u t t e r  

mechanism, lamp f l a s h e r  e l e c t r o n i c s ,  b a t t e r i e s  and f o l d i n g  m i r r o r  

which d e f l e c t s  t he  camera l i n e - o f - s i g h t  a t  a  r i g h t  angle t o  

probe l o n g i t u d i n a l  ax i s .  

Uphole c o n t r o l  o f  the  probe i s  accomplished w i t h  a  19 i n c h  rack  mount e l e c t r o n i c s  

assembly shown i n  F igure  6. Th is  u n i t  p rov ides  d i g i t a l  readout  o f  the  compass 

and r o t o r  ( s h a f t  encoder) angles,  p rov ides  manual c o n t r o l s  f o r  t he  i r i s ,  zoom 

l ens ,  focus and pan motor, and p rov ides  t h ree  7 5  ohm v ideo ou tpu ts .  

F igure  7 shows the  e n t i r e  systems. 



FIGURE 2. ROTOR ASSEMBLY AND PACKING GLAND 

FIGURE 3. BATTERY MODULE 



FIGURE 4. TV CAMERAIMULTIPLEX UNITICOMPASS 

FIGURE 5. BOTTOM ASSEMBLY 



FIGURE 6. CONTROL UNIT 



FIGURE 7. CLOSED CIRCUIT BOREHOLE TV SYSTEM 



2. TV CAMERA SYSTEM 

The TV camera p rov ided  by the  Bureau o f  Mines t o  DEL f o r  use i n  the  

probe i s  a  Westinghouse WTC34B-ISIT. Th is  camera con ta ins  a  one i nch  

i n t e n s i f i e d  s i l i c o n  i n t e n s i f i e d  tube which p rov ides  f rom 300 t o  500 TV 

l i n e s  o f  r e s o l u t i o n  a t  f acep la te  i l l u m i n a t i o n s  o f  as l i t t l e  as 2  x  

f o o t  candles. It operates f rom +12 VDC and p rov ides  a  standard RS-170 

composite v ideo ou tpu t  and a  separate composite sync ou tpu t .  

The camera's zoom lens  i s  a  CANON f2 .5  w i t h  a  zoom range o f  18mm t o  

108mm. The minimum o b j e c t  d is tance  i s  approx imate ly  one meter.  The f number 

i s  cons tan t  th rough t  the e n t i r e  zoom range. The motors f o r  focus, i r i s  

opening and zoom range are l oca ted  around the pe r i phe ra l  o f  the l ens  and use a  

f r i c t i o n  type capstan d r i v e  t o  r o t a t e  the  l ens .  Some obscura t ion  o f  the 

f i e l d  o f  v iew i s  exper ienced a t  t he  lower  f o c a l  range (18mm) due t o  the  l i m i t e d  

ent rance aper tu re  o f  the  probe. 



3. MULTIPLEX ELECTRONICS 

Figure 8 i s  a  block diagram of the overall e lec t ron ic  system. 

Power fo r  the TV camera i s  provided through a  re lay  by Ni-Cad 

ba t t e r i e s  w i t h i n  the probe. The re lay i s  energized by a  15 V D C  bias signal 

which i s  applied to the cable through a  5  kilohm r e s i s t o r  in the uphole 

e lec t ron ics .  After power i s  applied to  the camera i t  outputs composite 

video which i s  used as  the synchronizing signal and clock fo r  both the uphole 

and downhole e lec t ronics .  

Figure 9 shows the data format f o r  both the uplink data and downlink 

data which i s  transmitted during the ver t ica l  in terval  of the video. Normal 

RS-170 video i s  composed of 525 horizontal l i ne s  which cons t i tu tes  a  complete 

frame of video. T h i s  frame i s  composed of two f i e l d s  of 262.5 l i ne s  which are 

interlaced on the TV screen a t  a  ra te  of 60 f i e l d s  per second. For each f i e l d  

there are approximately 20 l i ne s  which are blank and do not contain any picture 

information. These l i ne s  do however contain the ver t i ca l  sync pulse and 

will always be found a t  the top of the TV screen i n  the blanked ver t ica l  

interval  area.  

In the system which has been implemented l i ne s  11 through 19 of the f i r s t  

f i e l d  carry  the downlink data while l i n e s  l l t h r o u g h  18 of the second f i e l d  

carry  the up1 ink data from the probe which consis ts  of a1 ternate  8 b i t  samples 

from e i t he r  the compass or  t he sha f t  encoder. The data i s  represented a s  the 

presence or  absence ("1" o r  "0") of a  high frequency tone burst (approximately 

2  mHz) which occupies one ver t ica l  l i ne .  Descriminators are  used t o  detect  

the tone bursts  and convert t o  logic levels  c:ompatible with the r e s t  of the low 

power CMOS logic used i n  both the uphole and downhole multiplex e lec t ron ics .  
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The d o w n l i n k  d a t a  i s  d e f i n e d  as f o l l o w s :  

a.  Pan +/ -  

Determines d i r e c t i o n  o f  pan motor  r o t a t i o n .  

b. Pan On/Off  

Enables o r  d i s a b l e s  pan mo to r .  

c .  Focus +/-  

Determines NEAR/FAR f o c u s  d i  r e c t i o n .  

d. Focus On/Off  

Enables o r  d i s a b l e s  f o c u s  mo to r .  

e .  I r i s  +/ -  

Determines OPEN/CLOSE d i r e c t i o n  o f  i r i s  m o t o r .  

f .  I r i s  On/Of f  

Enables o r  d i s a b l e s  I R I S  motor .  

g .  Zoom +/- 

Determines IN/OUT d i r e c t i o n  o f  zoom l e n s .  

h. Zoom On/Off  

Enables o r  d i s a b l e s  zoom motor .  

i. Hag/Rotor 

T h i s  i s  a  s y n c h r o n i z i n g  s i g n a l  wh ich  i s  used t o  s e l e c t  

e i t h e r  magnet ic  compass d a t a  o r  s h a f t  encoder d a t a  t o  be 

t r a n s m i  t t e d  upho le  on a1 t e r n a t e  upho le  t ransrni  s s i o n s .  

The upho le  d a t a  c o n s i s t s  o f  8 b i t s  ( A 7  t h r o u g h  AO) o f  e i t h e r  magnet ic  compass 

d a t a  o r  s h a f t  encoder d a t a  wh ich  i s  t r a n s m i t t e d  a l t e r n a t e l y  d u r i n g  f i e l d  2 

o f  each v i d e o  f rame o r  1 5  t imes  a  second f o r  each e i g h t  b i t  word. Each o f  t h e  

8 b i t  words i s  c o n v e r t e d  i n t o  an ana log  v o l t a g e  and d i s p l a y o n  on separa te  

d i g i t a l  pane l  me te rs  wh ich  a r e  s c a l e d  t o  readou t  i n  degrees.  



4. ILLUMINATOR ASSEMBLY 

Downhole i l l u m i n a t i o n  i s  p r o v i d e d  b y  a s t a n d a r d  m i n e r ' s  cap lamp 

which i s  mounted i n  t h e  l o w e r  p o r t i o n  o f  t h e  probe be low t h e  TV camera. T h i s  

cap lamp i s  b a t t e r y  powered f r o m  Ni-Cad c e l l s  mounted w i t h  t h e  lamp. A l s o  

c o n t a i n e d  i n  t h i s  module i s  a  f l a s h e r  module wh ich  causes t h e  lamp t o  f l a s h  

f o r  10  seconds a t  a  one second r a t e  e v e r y  t i m e  a  f l o a t  s w i t c h / b o t t o m  d e t e c t o r  

s w i t c h  i s  a c t u a t e d  i n  t h e  bo t tom o f  t h e  probe.  T h i s  n o t i f i e s  t h e  o p e r a t o r  

t h a t  t h e  probe has reached t h e  bo t tom o f  t h e  h o l e  o r  i s  i n  w a t e r .  The f l a s h e r  

c i r c u i t  i s  a  t y p i c a l  one s h o t  wh ich  o n l y  a c t u a t e s  once p e r  bo t tom s w i t c h  

c l o s u r e  p e r m i t t i n g  t h e  probe t o  r e s t  on t h e  bo t tom o r  i n  w a t e r  w i t h o u t  

f l a s h i n g  t h e  lamp. 

When t h e  f l o a t  s w i t c h / b o t t o m  d e t e c t o r  i s  f i r s t  c l o s e d  a  mo to r  i s  a c t u a t e d  

which  removes a  p l e x i g l a s s  p r o t e c t i v e  s h u t t e r  wh ich  cove rs  t h e  camera 's  a p e r t u r e .  

T h i s  p o p - o f f  s h u t t e r  i s  r e q u i r e d  t o  p r e v e n t  b u i l d - u p  o f  mud on t h e  camera l e n s  

and f o l d i n g  m i r r o r  d u r i n g  t h e  l o w e r i n g  o f  t h e  probe down t h e  bo reho le .  



1 5. COMPASS 

The compass i s  a Digicourse Model 218 which outputs an 8 b i t  digi ta l  

Gray code word representative of the heading. This 8 b i t  word i s  

transmitted uphole with the multiplexed shaft  encoder data. 

In  the uphole electronics the Gray code word i s  converted to an 8 b i t  

binary word which i s  in turn converted to an analog voltage by a digi ta l  to 

analog converter. This analog voltage i s  scaled a n d  displayed on a panel 

meter as 0 to 360 degrees. 

When the probe i s  used in cased boreholes or in the vicini ty  of large 

amounts of ferrous metals, the shaft  encoder i s  used with known reference 

points or landmarks to determine camera pointing. 



6. ROTOR AS:SEMBLY 

To ma in ta i n  c o m p a t i b i l i t y ,  t he  same r o t o r  motor manufactured by 

TRW/GLORE which was used on t he  o r i g i n a l  probe i s  used on t h i s  probe. The 

r o t o r  s e c t i o n  a l s o  con ta ins  hard mechanical s tops t o  prevent  r o t a t i o n  g rea te r  

than 360 degrees o f  t h e  probe i n  t h e  event o f  an e l e c t r o n i c  f a i l u r e .  P r i o r  

t o  impac t ing  these mechanical stops e l e c t r i c a l  d e a c t i v a t i o n  o f  t he  motor 

w i l l  no rma l l y  occur .  The c i r c u i t r y  which implements these stops i s  conta ined 

i n  t h e  downhole e l e c t r o n i c s  and uses t he  s h a f t  encoder as a  sensor t o  determine 

when t o  deac t i va te  t he  motor. Uphole a  s i m i l a r  c i r c u i t  i s  used t o  i l l u m i n a t e  

a  s e t  o f  panel lamps when e i t h e r  t he  r i g h t  o r  l e f t  s top  has been reached. 

The s h a f t  encoder i s  manufactured by LI'TTON and ou tpu ts  9 b i t s  o f  angle 

i n fo rma t i on .  The normal Gray code angle data i s  conver ted i n s i d e  t he  encoder 

t o  a  b i n a r y  format  by an i n t e r n a l  TTL c i r c u i t .  The most s i g n i f i c a n t  8 b i t s  

o f  t he  data a re  se lec ted  t o  be t r a n s m i t t e d  uphole. A d i g i t a l  t o  analog 

conve r te r  conver ts  t h i s  8 b i t  p a r a l l e l  word i n t o  an analog vo l tage  which i s  

sca led and d i sp layed  on a  d i g i t a l  panel meter as an angle up t o  360 degrees. 



7 .  TEST RESULTS/CONCLUSIONS 

Results of t e s t  performed a t  Design Engineering Laboratories showed 

the LLTV to  be remarkably sens i t ive  even under conditions of very low 

i l lumination.  I t  seemed to  he well suited fo r  the intended appl ica t ion.  

The multiplex system performed i t s  task of t ransferr ing the data 

with low drop out or  e r ro r  r a t e .  I t s  only observed defect  was an 

occassional momentary data drop-out during sudden high frequency t rans ien t s  

of the video which could be caused by rapidly covering and uncovering the 

e n t i r e  camera aperture with a lens cap. Under normal operating conditions 

no such problems were observed. 

The compass, ro tor  assenibly and cap lamp f lasher  operated without 

incident .  

The zoom lens mechanism operated properly b u t  required careful adjustment 

to  achieve s a t i s f ac to ry  performance. These adjustments consisted of se t t ing  

the proper tension between rubber drive r ings on the lens and the capstan 

on the drive motors. Too l i t t l e  tension and the lens would not ro ta te  smoothly; 

too much tension and the motor would occassional l y  s t a l l .  After i n i t i a l l y  

attempt.ing to perform these ad justments with shims, s e t  screws were provided 

fo r  each motor which provide the required degree of precision to  s e t  the 

tension properly. If the probe i s  used frequently ( i . e .  once a day) these 

adjustments may require a t tent ion to compensate f o r  wear of the rubber/capstan 

dr ive .  A t  the time the zoom lens was developed no commercially available 

motorized zoom lens could be obtained which would f i t  into the 3 .5  inch I.D. 

housing. Late in the program Lennox Instrument. proposed a custom d i r ec t  

replacement lens which should be considered as a possible improvement f o r  

the ex i s t ing  probe o r  fu ture  versions. 




