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DESIG N APPROACH FOR THE V ISIOCEILOMETER
AN /GMQ- ( )(XE-l)

1. INTRODUCTION

For many operational/tactical applications , a need exists
for a practical and affordable device which will determine cloud

• ceiling and visibi lit y . Specific app lications include accurate
ceiling and visibili ty data for forward area landing sites ,
precision guided munitions (COPPERHEAD) and ship board applications .
A j o i n t  deve lopment  e f f o r t  was pursued  b y Nigh t  Vis ion/Elec t ro-
Optics (NVGEO), and Atmospheric Sciences Laboratories (ASL) of
the  US Army E l e c t r o n i c s  Research  and Development  Command (USA
ERADCOM) to desi gn and f a b r i c a t e  a s i n g l e - e n d e d  t r a n s m i s s o m e t er
and ceilometer. The work described in this report constitutes
NV~EO Laboratories role in the desi gn , fabrication , and testing
of a prototype visibility and ceiling sensor.

2. SYSTEMS CONCEPT

a. General

A Hand-Held Laser Rangefinder (AN/GVS-5) is integrated with
a lidar receive r and transient recorder to provide the dual
function of measuring visibility and cloud ceiling (visioceilo-
meter) . The advantages of the single-ended approach include
minimum setup time , capability of measuring slant or horizontal

• visibility , and the ability to detect atmospheric inhomogenity .
Fi gure 1 depicts the basic modules with their respective char-
acteristics used in the prototype unit. The actual system
delivered provides a digitized lidar signal for analys is by
mini-computers (provided by ASL) , and is shown in Figure 2. The
major objectives of this program were to desi gn and fabricate a
self-contained , sing le-ended visibility and ceiling sensor.
Additional objective s (present and future) are summarized in
Table 1.

Table 1. System objectives.

Self contained;
Man-portable/Hand-held;
Sing le ended;
Cloud ceiling measurements (0.1-3.0 1cm) ;
Slant or horizontal visibility capability ;
Availability of non-averaging displays/sing le reading
of information;
Ab ility to detect inhomogeneity (spatial dynamics ) ;
Ability to update at selectable rate (temporal dynamics);

Maximum use of existing modules in the framework of DOD/
Commercial availability for low cost.

-~~~~~ - 5 5-— ~~~~~~
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b. Vi sibilit y Sensor

The AN /i.V5— S laser trans m it tei ¼ ommon to the cci lometer)
w~. th a separate lidar receiver ~n d t r a n s i e n t  recorder , are
utili zed in the v isibi ! itv measurements. The lida r receiver
opti cs are ali gned to  the trans m itter prov iding a well defined
g e o m e t r i c a l  overlap of the transmitter and receiver field -of-
v iew . When the  t r a n s m i t t e r  i s  •i ct iva t e d , the resul tan t laser
pul se is scattered by the a t m o s p h er e . The b a ck s c a t t e r e d  p o r t i o n
is collected by the rec eiv er opt ic s. The receiver si gnal output
is applied to a transient recorder to he di g iti zed. The resul t-
ant di gitized si gnal is t ransmitted to a remotely located mini -
computer (via a BAC output ). With the proper algorithm , the
visibility range is then computed.

C. Ceiling Sensor

The ceilometer function is provided by a modified AN/GVS- 5.
Based on previous experience , it was concluded that the
AN/GVS -5 could be used effectivel y as a cloud ceiling sensor.
The AN /GVS- 5 is a hand-held laser ran ge finder (Fi gure 3) which
transmits a sing le laser pulse at a ~avelength of l .0t~ mi c rons .
The range gate was minimum was verified to measure cloud ceiling
from 100 meters to 9990 meters (10 meter resolution). Howeve r ,
the performance of the :\N/GVS S as a ceilome ter is limited by
preci p itation and other atmosp heric conditions . The Time -
Program-Gain (TPG) profile of the .\N/GVS-S video amplifier module
was modified to reduce the effects of pre c ipit al hackscatter
during ceiling measurements.

3. VISIBILITY METER , DESIGN (~~NCEPT

a. General

The concept of using sing le-ended lidar return data to
compute the atmospheric extinction coefficient along a horizontal
path has been exp lored. As previousl y reported , the lidar
returns could be used to obtain detailed information of atmo s-
pheric conditions . From this information the atmospheric extinc-
tion coefficient is compu t ed and the vi sual range is obtained
using Koschmieder ’s Law . To achieve the desired perfo rmance
base , the  l i d a r  sy s t e m  r e q u i r e m e n t s  i n c l ude : (1) the ability to
h a n d l e  hi gh l eve l l i d a r  r e t u r n s ; ~~ ) accurate ly respond (in a
known m a n n e r )  to  s i g n a l  l e v e l s  o v e r  a w i d e  dynamic range ; and
(3) a useful si gnal- to-noise ratio at ranges approaching 1 km.
The magnitude of the lid a r hac kscatter return , dynamic require-
ments , and the maximum range for a usable si gnal-to-noise ratio
is d e t e r m i n e d  using the lidar equa t ion. Fo r s ing le scattering
and a homogeneous atmosp here , the hackscattered power is g iven
by
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P~ R) = A r  ~ 
F ( R ) !  ( R ~ ~~~ 

( ‘f l )  (1)

where R d s t a nce be t w ecu rece i ye  ~ and scatter i n~ point

F t rans i i  t ted erie

t~ pul se w i d t h ,

c = spee~I of li gh t

:~r :~~cciver area ,

B(R) hack scatter c o e f t i c r e n t ,

F(R) = crossover funct :m” ,

c(R) extinction ce e t f i c i e n t

The field-of-vie w to bean cF ’ssovc ’ r function is dependent
upon the geometrical and o~ cratieriaI characteristics of the
laser transmitter and lidar re ce iver. ~ascd upon the system
characteristics , the overlap function was computed and is shown
in Figure 4. Using Equation (1 ) and the computer overlap
func tion , backsca tter profiles t’~ r v i s i h i l i t i e s  of 100 meters and
1000 meters were calculated (see !i gnre 5) to determine the
required lidar receiver ope r a t ing char acteristics . These results
are summarized in Table 3 and arc used as the basic desi gn
spec i f ica t ions .

Table ~~. ~vsten ch aracteristics.

Transmitter output energy 10 millijoules

Beam divergence 1 mi lliradian s

Receive r diame ter 5’ .l S mill i me ters

Field- f-view 3 mi llira di an s

Minimui. crossove r ran ge 50 meters

1~)



— ..-
~~
-, -5-- 5.- -.5-- -— ‘__“_—5,- - —-—5- - --5- __

_
~~~~~

__--.5- -‘5---— —~ —‘-5-.

~~~ ~~~~~~~~~~~~~~~~~~~~~ -‘

N IN
N

C )

S J _.A, I I _
Co Co

-

~O13YJ dV Th 3AO

11

_ _ _  

j .1
L ~

1
_l,S_ ~~~~~~~~~~~~~~ ~

-
—5- -5—— .—J .5 5- —5.-.—— -A __a_S. 

5-.S_S_.~s —-.- -- 5- — A . . - ~~~ -.5- —s~s.—-—- ‘- A. .



5-- 5-~~~~~’ —5--- ‘ ‘~~~~~~~~~~~~~~~~ 5- ‘ - - -5 5-~~S. 
~~~~~~

8
-

L~J
-J

-~~~~~~~~

—

1, ~ - ~~-- .~I- *&L&~ £ -I --.1.. - 11111 £ 1  £ .111111 1 * i .JU.&..i.i.._t s. .. _4
It, CD

I I2 2 2 2 2 2

(S11Y~
) 

~3MOd

12

;~~~~
___=~~~~ 

~~~~~~~~~~
:‘



-- ~~~~ ‘ - 5 5. —— -. S .— - -5-~- .5-5-~’5-

Table 3. Receiver characteristic s .

Psmax (single scattering) 65 x io 6 watts

Psmin 3 x l0~~ watts

Dynami c range required -‘ tiS dB

Bandwidth 40 MHz

Video amplifier compression 40 dB

R e s p o n s i v i t y  ( d e t e c t o r -  6 x 1O 4 volts/watt
preamp . module)

The assumption that fogs are totall y homogeneous is
generally not valid , but may be assumed to be incrementall y
homogeneous . To account for the inhomogeneity , Equation (1)
must be modified to include changes in the atmosphere for each
incremental change , resulting in the following:

r2 R2
AP t CB(R)F(R) () -2o (R)dR

P(r) 2 j e (2)
2R

b. Hardware Descrip tion

The proto type unit consists of a lidar receive r, si gnal
processor (transient recorder) , arid AN/GVS -5 laser transmitter
module. The transmitter generates a laser pulse which is
scattered by the atmosphere resulting in a continuous hackscatter
profile. The lidar backscatter return is detected and amplified
by the receiver. The receive r output is coupled to a si gnal
processor unit (SPII) consisting of analog Charge Coupled Device
(CCD) and Analog to Di gital (A/D) converter. In the SPU, the
back scattered si gnal is samp led , time expanded , and digitized.
The processed si gnal is made available for analysis by a mini-
microcomputer. A block Zliagram is shown in Fi gure 6.

c. Lidar Receive r

The lidar receive r (see Fi gure 7) consists of a detector-
preamp module , buff er amp lifier and a logarithmic amplifier. :\
sensitive , low-noise lidar receiver capable of responding to
large si gnal levels was requi red to meet system objectives. A
temperature-compensated silicon avalanche photod iode-preamp
module was selected which ensure s low-leve l si gnal detection ,
whi le maintaining a constant responsivity independent of ambient -‘
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(temperature and background) conditions. At close ranges the
intensity of the backscattered si gnal may drive the detector-
preamp into non-linearity as well as saturate the following
electronics (CCD).

The large dynamic range of the detector-preamp module
( —  80 dB) exceeds the input capability of the CCD. Thus , a log
amplifier is required to comp ress the si gnal. The minimum
detectable signal that can be processed is determined by the
noise sources (internally and externall y induced) within the
lidar receiver. The total receiver noise output voltage is:

1~ -
~ 

.,

R E C E I V  = L” ~“n 
+ + 

~
T
n )j (3)

where
A voltage gain of log amplifier ,

- d e t e c t o r - p r e a m p  modu le  o u t p u t  no ise  vo l t age
1 (vol ts~ )/lI:,

v~
2 

= equivalent input noise voltage of buffer/
2 amplifier (volts 2 ift -1z

V~~ = equivalent input noise voltage of differential
amplifiers (volts 2)/I1:

The detector-preamp module output noise voltage (25°C) is
approximately 15 nV/ (Uz~). The equivalent input noise voltage
for the buffe r amp lifier and A733 amplifiers are SnV/(Hz)½
and 4nV(Hz)½ , respective ly. This results in a total noise
voltage of 16.3 nV/Hz½ referred to the input of the “log”
amp lifier.

d. Charge Coupled Device (CCD) Module

The CCD is an analog shift reg ister. Analog si gnals applied
to the input are transformed (proportionall y) to discrete
charge packets which are stored in potential wells. An external
clock is used to transport charge packets through the CCD . Upon
reaching the end of the CCD , the charges will be transforme d to
voltages directl y proportional to the applied signal at the
output .

The rate at which charges are transported may be dynamicall y
varied , wh ich provides the capability to sample analog si gnals
at a high rate and read out the info rmation representing the
input at a low rate (time expansion). Time expansion allows

16
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si gnal processing with low speed electronics . The CCD is a
complex device which requires several bias voltages and multi-
phase clocks for  opera t ion .

e. Analog board

The analog board (see Fi gure 8) is used to sample the
las er pulse  ~ rovid ing  a s t a r t  pulse  and a measure of output
en ergy ) an d di g i t i z e s  the sampled  l i da r  r e tu rn  as i t  is s h i f t e d
out of the CCD. The t r ansmi t t ed  laser  pulse  is detected by
a PIN photodiode via fiber optics and app lied to a hi gh speed
compara tor which generates the start pulse. The detected
si gnal is also appl ied ( through an in tegra tor) to a peak sample
and hold circui t which  provides a measure of the laser ou tpu t
energy . The sample and hold circuit output  is applied to a
12-bit analog-to-dig ital converter (A/D) which employs successive
approximation with an eight microsecond conversion time . A
serial digital output is available for interfacing to either a
mini/micro computer. The output of the CCD is digitized by the
same A/D converter .  The AID input  is sequenced via analog
swi t ches , S2 and S 3. I n i t i a l ly S2 is closed and S3 opened ,
allowing only the sample hold output to be digitized. Upon
completion of the first conversion cycle , S2 is opened and S3
closed allowing digitization of the CCD output . An additional
analog switch S1(initially opened) , is employed at the input
of the CCD , wi th the start pulse closed allowing the backscatter
return to be stored in the CCD.

f. Control Moddle

The Control Module (shown in Figure 9) provides lidar
- sequencing and clocking.  Pr ior  to the start pulse sequencing,

all is inh i b i t e d, and a 20 megaher tz , two-p hase clock is applied
to the CCD module. The start pulse (obtained from the analog
board), initiates control module operation . The first command
generated by the control module is to sample and hold the
integrated output energy signal and is followed by sequencing
commands to the analog switches as previous ly described. During
sequencing the CCD clock drive to the CCD is converted from
20 megahertz to 44 kilohertz. In addition , the contro l module
provides convert commands to the A/D converter  un t i l  120 s amp les
of the lidar return are digitized. After 120 samples are
di gitized , all analog switches are inhibited and the CCD clock
is returned to 20 megahertz.

The module is controlled by an 80 megahertz crystal oscilla-
tor from which 20 megahertz and 44 kilohertz clocks are obtained.
The 20 megahertz clock is obtained using a divide by four
counter. This counter normall y is active , except for 180 nano-
seconds required to synchronize with the laser start signal
reducing the uncertainty to + 12.5 nanoseconds . The 20 mega-
hertz clock is used to shift data into the CCD. A programmable
synchronous counter is used to obtain the 44 kilohertz clock
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(from the 20 megahertz clock) which shifts the stored CCD data
to the A/D converter. The serial output of the A/D converter
is modified by a market for each word generated. The maximum
number of words di gitized by A/D converter i~ determine d by amonostable (set for 120 words). The sequencing is controlled by
two fli p-flops whose state diagram and functions are shown in
Figure 10 and described in Table 4. The timing diagram for
the control module is shown i n  Fi gure 11.

Table 4. Functional state description .

System is cleared.
20 megaher tz clock is applied to the CCD .

Laser output energy is detected , sampled , and stored.
Start pulse is generated.
Switch from the “Log Amp lifier ” output to the CCD

input is closed (S1).
Laser backscatter return signal is transferred to

the CCD.
The output of the S/4 circuit is digitized and

transmitted serially.
S2 is closed.
Switches S., and S, are opened , clock frequency to

the CCD is c1~anged to the 44 kilohert z rate.
Switch S3 is closed.
Backscatter return si gnal stored in the CCD is read

out and digitized.

Digitized signal is transmitted seriall y.
Operation stops and system is cleared.
20 Megahertz clock is applied to CCD.
No operation

g. Power Supply Board

The power supp ly board consis ts  of four DC-lw Converter
modules required to operate the v i s i b i l i t y  sensor (see Figure 12).
With the exception of the + 6 vol ts supply , all conver ter modules
are commercially available. To operate the lidar receiver , a
+ 6 volt supply was designed and fabricated , which utilizes
sw itching and passive regu1atoe~ (see Figure 13). Short c i r c u i t
protection is incorporated into the system and is flagged by a
light emitting diode whenever any output is shorted. Power is
res tored by a reset switch .

20
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4 . C E I L I N G  SENSOR

Ceiling measurements are perfo rrneJ with a direct detection
system which determines if the backscatter ed energy off a cloud
base exceeds a se t threshold level. This measurement is accomp-
l i s h e d  wi th the AN /GVS - 5 , and is displayed in meters within the
si ghting optics. Modifications to the minimum range gate and
the time programme d gain (TPC) profi 1i~ of th e AN / G VS-5 were
required to meet system objectives .

Changing the minimum range gate from 200 meters to
100 meters required rep lacement of the timing capacitors . The

. rep laced capacitor was moun ted on the ceramic substrate of
the hy br id range counter module. The time program gain
m o d i f i c a t ion was mo re d i f f i cul t to imp lem en t than the minimum
range gate change . The TPG circuit in the AN/GVS-5 is a part
of the hy brid videoamp lif ier module. Its timing is controlled
by a proper  b iased  f i e ld e f f ec t t r ans i s to r , a thick  f i l m
res is tor , and a capaci tor .

The resi sto r va lue  was i n c r ea sed b y c a r e f u l l y s c r a p i n g  of f
the thick film while observing the TPG output . To finalize
the TPG change , the t iming capac ito r was rep laced .

5. TEST RESULTS

a. General

The testing method used to determine the response function
of the ceiling and visibility sensors consists of separatel y
determining the individual response functions , and to combine
the responses to describe the expected system performance .
These tests included measurements of the TPG profile , minimum
range , detector-preamp module , log amplifier and CCD module
opera ting characteristics.

b.  Cei l in g Sensor

The modifica tion to t~ 1~~ minimum range gate (AN/GVS-5 counter
module)  was ve r i f i ed  by r ang ing  to t a rg e t s p laced at 100 meters .
I n add i t i on , th e TPG p r o f i l e  of the AN/ G VS-5  video amp l i f ie r
module was modified to minimize the effects of preci pita l back-
sca t te r  dur ing ceiling mea suremencs . Data is presented showing
the TPC p r o f i l e  before  and a f t e r  m o d i f i c a t i o n  (see Fi gu re 1 4 ) .
In th is  appl ica t ion , the range f o r  maximum gain~ ( f u l l  sensi-
tivity) was increased , and the s lope of ga in  chan ge was decreased .
An examp le of scattering due to preci p itation when rang ing to
the clouds is shown in Figure 15.

c. Visibility Sensor

The responses of the d e t e c t o r - p r e a m p  module , log amplifier
and CCD were determined from measurements of the typical

5- 
- - _~~~ 
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e l e c t r i c a l  c h a r a c t e r i s t i c s  ( g i L n . band *idth , and CCD module
i n s e r t i o n  lo s s ) .  In addit ion , detector-preamp module l inear i ty
and log ampl i f i e r  t r ans fe r character is t ics  were measure d to
determine overall system response. Shown in Figure 16 is the
detector-preamp module responsi\rity as a function of temperature .
An apertured laser designa tor was used to measure room tempera-
ture responsivity ; while a 1.06 micron Light Emitting Diode (LED)
was employed in measuring the response (droop) to a long optical
pulse (this was calculated to be 150 Hertz). To fully charac-
terize the system response , the module linearity was measured.
This t es t  u t i l i z e d  the AN/GVS-5 transmitter module for a source ,
a diffuse target and a radiometer which measured the power
density at the detector-pre amp module. The output signal voltage
as a function of irradiance is shown in Figure 17. From this
graph , a 10% deviation from linearity occurred at an incident
powe r leve l of 25 mic rowat t s .

Log amplifier tests included measurements of: (1) bandwidth ,
(2) noise voltage , (3) transfer characteristics , and (4) response
to a simulated backscatter return . The bandwidth was measured
wi th a low level signal input , thus preventing any distortion
which would effect the actual result. A true rms voltmeter was
used to measure the output noise voltage . These measurements
are listed in Table 5.

Table 5. Log amplifier characteristics .

Low-level signal gain 33 dB
Equivalent input noise voltage 0.2
Bandwidth >30 MHz
Maximum input signal level 3.2 V
Maximum output signal 2.1 V

The transfer characteristics (voltage gain as a function of
input were measured (see Figure 18). From this data an equation
which character izes  the behavior of the log ampl i f ie r  was
derived. This was determined by calculation of the slope of the
gain roll-off and fitting to the general equation by:

½
A = 8/ (1 + C~)

where A = Vsout

B = 44.67 Vsin

C = Vsin/0.0317

n = 1.8 27
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The log amplifier response to two simulated backscatter
returns is shown in Figure 19. As seen at, high input levels ,
the signal output voltage appears to be relative ly flat , which
is a result of decreased gain. At low input signal levels ,
the shape of the input is maintained. This response was required
to limit signal levels at the CCD module input .

The operational parameters of the CCD module that were
measured are listed in Table 6.

Table 6. CCD Module characteristics .

Maximum si gnal input 1.24 Volts

Maximum signal output 0.21 Volts

Transmission loss dB
Signal to RMS noise 40 dB

Sample rate

Bandwidth 5 MHz

The system performance was limited due to the inherent
problems associated with the CCD. Three problems/limitations
of the CCD were encountered during testing. Firstly, all CCDs
are subject to charge leakage , which produces a decay of the
output at high input signal levels . This effect varies with
both temperature and sample rate .

— The CCD used in this model contains 455 cells per channel.
The cells are arranged in the “serpentive” manner with 60 cells

~ I per string . Due to a mismatch between strings of cells , a noise
pulse is produced on the output corresponding to each 60th

-‘ ‘ sample (see Figure 20). The dynamic range of the CCD was
the third limiting factor. The measured dynamic range was 15 dB
below the manufactures typical specifications of 55 dB.

The prototype visibility sensor utilizes computer software
to compensate for charge leakage ; however, this requires large

— computer time and memory . Improvements may be accomplished by
nullifying the charge leakage .

Characterization of the system is further complicated by
nonlinearity of the series analog switches. The trans fer

- - characteristics of the simp le analog switch is given by: -~
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- ~. 3S \‘j fl ) 1 - 0.25 V~0 (V - 0.38 \~~ )/V2/1?

where = Preamp . detector output

= A/P converter input

= + (V. 1~/O.O3F)~~
’8 3 

0.5

Given that the A/ P converter output is given by (2~~ )V/ 5 , the
total sys t em response can he cal c u l a ted.  Shown i n Figure  2 1

- is the total system response (transfe r function) as a function
of signal power level.

- H 6. CONCLUSIONS

A prototype sing le-ended visibility and ceiling meter has
been fabricated and tested at Otis A i r  Force Base , Falmouth , MA. While
the f e a s ib i l i t y  of u t i l i z i n g  the AN /G VS-5  Laser Rangefinder had
been previously established , modifications to the minimum range
gate and TPG were required to s a t i s f y  tes t  condi t ions . The

- 
‘ major area of concern was the ability to extract useful lidar

backsca tter da ta using a s ing le , low energy laser  pulse
(AN / GVS-5 transmitter module ). Use of a sensitive receiver
(temperature compensated silicon avalanche detector-preamp
module) , log amplifier and a CCD module provided the means of
detecting and exp anding the lidar backscatter return for
analysis. Imp lementing this approach has resulted in obtaining
useful  backsca t te r  da ta  at ranges in excess of 800 meters
( approximately  1 km v i s i b i l i t y ) .  The overall  system c a p a b i l i t y
was l imi t ed  by th e CCD modul e no ise  an d dyna mic range c a p a b i l i t y .
The detector-preamp modul e i s capab le  of responding  to var ia tions
in signal levels of six orders of magnitude or greater. The
CCD module (utili:ed in the protot ype model)was capable of
40 dB dynamic range (maximum si gnal to rms noise). Incorporating
recent improvements in CCI) technology should result in improved
system accuracy . In add i t i on  to l i d a r  b a c k s c a t t e r  measurements ,
ceiling measurements were obtained with the visio-receiver.
This e l imina tes  the  requi rement  for  two receive r channels;
thereby re ducing comp l e x i t y  and cos t .  Since the prototyp e uni t
(without mini-computer) was tri pod mounted; ceiling, slant and
horizontal lidar backscatter returns were obtained with relative
ease. The problems associated with c c  safet are decreased
with the low output energy used in the sys tem.  As a resul t  of
this effort , a program has been initiated that will utilize a
single receiver channel and micro-computer to perform the
equivalent functions .

In summary, concept and feasibility of a visioceilometer
has been successfu ll y established. Technology requirements ,
as far as laser and laser related electro-optics are concerned ,
are of low risk. Therefo re , in view of the desirability of
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such an it em on a DOD-wide basis , de~e1opment of a visioceilo- I
mete r  towards  an earls’ fielding should be aggressive ly pursued.

I
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