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ABSTRACT

The Video Theoddalite is the first step in the automation of
surveying. Tt will prove to be very useful on ships where speed in
surveying is a must, since a boat on the water is always moving and time
is of the essence,

The Video Thecdalite consists of:  a video camera and VCR, the
actual theodcolite in this apparatus; a stepper motor, which will turm the
camera on one end and a resalver on the other; a resolver, with an
interpretor will give us relative angle locations of points of reference;
gimbals, on which the camera, stepper motar, and the resalver are
mounted to keep them level on the boat.

By obtaining the angle measurment between 3 known paints from one
location the position of that location can be determined in reference to
the known pomts Our data( the actual video recarding of paints of
reference, angles between them and time) will be stored on video tape.
The video tape can then be gayed back to retrieve data and calculate
the position of the boat at a particular time, The video tape also
provides a permanant record for future reference, _

~ We have hope that this device will be of great help to those wishing

t map inland waterways.
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INTRODUC TION

The ahility to give accurate postion is very benificial in many marine
apglications. Whether it be to give a podsition of a newly set bbuy or an
object set on the ocean floar, accuracy of position and the consistancy
of which that position can be determined play an important role, In the
case of the bouy it is important to put the bouy as close as possible to
the positon in which it was intended. Bouys set to indicate shallow
areas ar hazards are not much good if they are set in the wrong place.
Far an object on the bottom of the ocean, unless you know that you are
just. above the object it will be exiremely hard to find. Once again
finding an accurate position proves o be important,

Determining accurate position on water is not an easy task, The
mroblem here being one of drifting while trying to take accurate
surveying data as well as trying to keep a theodolite fixed on the
horizon. The goal of this project is to build a device that is capable of
callecting data, needed to determine postion, fast enough to minimize
errce due to drifting and minimize time wasted because of the motion of
the boat,

Our device is the Video Theodalite. By using this device the data is
taken quickly and stored on video tape which can then be taken to the
lab where position will be calculated with the help of a computer. In the
fuh:rethesma]ldamputerwi]lbeonboards:ttntposib’oncanbe
determined immediatly.

Another application for future use of our surveying device can be to
correct values given by navigational devices such as Laan-C, The

Laan-C reciever has become a very widely used mavigational device, Iis



application has grown tremendously since its incepton 15 years ago. This
" is mainly due to constant improvements being made to the system. At
present most of the apgplications are for use on the open ocean, Recently
there has been an expressed interest in using Laran-C for use in inland
waterways. Although the accuracy to which the Laran-C reciever gives
position is plenty accurate for navigational purposes on the open ocean,
the errar is too great to possibly nmavigate in narrow waters, With the
use of our device, values for Laan-C in localized areas within inland
waterways can be carrected to give a greatly decreased errar in that
area, Thus making safe nmavigation possihle,



DESIGN

The Video Theodclite apparatus can be broken down into three main
parts; video,electronics and structure, The integration of these three

systems is the essence of this project,

VIDEQ

The video part of this apparatus consists mainly‘of two video cameras, a
pxtable VCR, a TV/monitor and a video mixer,

The video camera o be used as the actual theoddlite needed to
possess the following characteristics; weigh less than Slbs.( the Lighter
the better), small in size (to minimize cost of the rest of the apparatus
and to make the moment of inertia about its center small), easily
mounted without modification and would have a field of view in the
vicinity of 10-20 degrees. Finally cur budget would cnly allow a us to
gpend a maximum of 500.00 for the camera,

The camera that we chose was the Konica CV 30l. This camera
weighs 1.541bs., well under the maximum allowable, This camera is also
oonfigurated so that it is taller that it is wide (See fig.1), contrary to
the design of most cameras, giving & a smaller moment of inertia about
the vertical axis., These last two features allowed us to make many
things smaller than cdginally danned, This made our apparutus both
lighter and less expensive. The final feature impartant to this mroject
was the field of view. The zoom capahility of this camera allows us to
set. our field anywhere from 10 to 30 degrees, ideal for this application.

( Consult tahle 1 for specifications on this camera,)

The requirements for the VCR we needed were these; Tt needs to be
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oompatahle with the camera mentioned above, easy to use and have a
clear and steady freeze—frame and be partable., The cost of a VCR with
these capabilities was out of the scope of our budget, so for now we are
renting one. The price of these machines are guing down o it is not
unrealistic that one could be purchased at a later date. As for now, we
have no problem renting what we need. We found that the minimum
stipulation for VCR specifications are that it be one with 4 videoheads
and have a 10 pin connecter for our camera, This gives us a very good
freeze-frame and meets the rest of the critera as well.

The TV/monitor needed to be partable(small in size), have a large
enough screen to distinguish features(good resalution as well), and be
purchased so that we can use the same one every time, This is impartant
snce different TVs have different screen angles, We have to put a
calitrated grid on the screen, which when used in conjunction with the
angle measurement given by the shaft resolver gives us actual angular
difference. Therefore we don't want to have to change the grid
everytime we use our apparatus, The TV that we purchased was an RCA
model AXR120Y. It is black and white (ess expensive than odlar and
there is no problem using our oalor camera with it) and has a 12 inch
screen, This meets the project requirements for a viewing moenitor.

The RCA TCl470A Screen Sglitter is used to mix the thecddlite
picture with that of our second camera. The criteria here is that it can
be made compatahle with our two cameras and allow us to pace the
second cameras picture in a desirable part of the first picture. The
sacond camera had to be able to syncronize with the first camera, We

are barrowing this camera from the EE dept.



ELECTRONICS

The electronics part of our project consists of two major peces, a
stepper motor and a shaft resalver,

Qur chaice for a stepper motor was Eastern Air Devices' model
LA34ADK-4, which steps 1.8 degrees per pulse and is hidirectional,
Eastern Air has had a close relationship with UNH over the years and
offered the motor and drve circuit card at no charge., This motor was
chosen because it was felt that the performance data best the needs of
the project. The calculated spinning torque required to spin the
thecdalite camera was 45 oz-in. which is well under the rated spinning
torque of 100 oz-in of the motor., The axial load of the camera on the
motor is 1,54 lbs. which is also well under the load rating for this heavy
duty motor, A stepper motor with a rear shaft was used so that a shaft
resolver could be attched to it.

The drive drcuit card for the stepper motor takes three power
supplies, a frequency cscillator, and a signal generator to spin 'the
motor(see fig,2), The main power supply requirements are variahle,
depending on the performance needed, At higher wdltages, the motor
mwoduces more spinning torque and halding torque.  On this project, we
have been running the main power supgly at around 12 weits, which
rrovides enough torgue to spin the camera. The signal generator in
conjunction with the frequency oscillatar, provides the actual dectrical
Pulses to spin the motor, At the present, the direction that the stepper
motar gpins is contralled manually (see fig.3) by holding down the
forward or reverse drection button. An automatic spinning scheme is
proposed for the future, A cam has been designed and huilt which is

be mounted on the camera shaft. Two micro-switches(normaily open) have
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FIGURE 3

Switcher Circuit Diagram
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been mounted on the gimble pglate to be activated by the cam. The
algorithim for hte automatic operation is as follows:
1) Start motor spinning clockwise,

2) When microswitch #1 is closed, a set of relays and a time delay
cireuit change the direction of the motor to counterclockwise.

3) When micro-switch #2 is closed, a set of relays and a time delay
drcuit change the directon of the motor back to clockwise,

4) The system repeats itself until the drcuit is shut off,

Ancther aspect of the automatic operation scheme invalves the
signal generator. The signal generator would be set up o0 that 5 or 10
electrical pulses would be sent to the motor, the signal generator would
wait another 5 ar 10 pulses before sending ancther set of pulses to the
motor, The wait of 5 to loﬁﬂsa:isreqtﬁre
to allow the video camera
and motor to settle down to get a clear 'shot' before moving on. The
number of pulses sent to the motor depends on how many degrees wide
the monitor screen is, if 10 dectrical pulses were sent to the motor, the
camera would turn 18 degress.

The second majr part of the electronics is a shaft resolver that we
smlvaged from an unused plece of electrical ecuipment. The resolver is
an optical type absolute encoder. An absclute resalver is neccesary for
this project., Because it gives a relative angle measurment from the
devices zero paint and is hidirectional. An incremental encoder is a -
 unidirectional device which could not be used. An optical encoder is
superior to the resistive potentiometer, The optical encoder is more
reliable and has a longer lifespan due to using non-moving photo sensors
and is the more sensitive of the two.

A constant amplitude sinuscidal waveform is inputed into the shaft
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resalver and a phase shifted wave form with the same amplitude is
outputed. The input and output waveforms are compared by a phase
meter (See fig.4), which computes and displays the phase shifted angle in
degrees (-180 to 0 o +180). The phase meter also outputs a DC woltage
ﬂntis;t‘opcrtionalhothea:gleindegi;ees. A DC woltmeter can be
connected to this output to get an LED readout of the angle.

STROCTURE

The structure part of this project is basically what holds it all
together. (See fig.5)

There were 3 main objectives sought to be met by the structure. The
first obrjective was to keep moisture cut of and away from the video
camera and the rest of the electronics incorporated with i, Secondly the
structure would need to hold the theodolite camera in such a way that
the field of view remains fixed on the harizon. Lastly we wanted a
design that wouid stand the test of time,

The video theodalite will constantly be exposed to sea mist and
sometimes rain, Since our theodadlite is actually a camera which is very
susceptihle to moisture damage, it is important that it remain in a dry
enviroment, But because of the very nature of this project it is also very
important to maintain a 360 degree view. Our solution to this problem
was o try and aquire a glass ar dexiglass dome that would completly
oover our delicate camera, With the help of mee&or Dr. Joseph
Murdoch we were able to find a company willing to make us what we
needed at no charge., Wasco Products Inc. of Sanford, Maine put together

a dexiglass cylinder with a clear top and a flange on the bottom to

mount it to the rest of our structure(See fig.6). We are grateful to
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Wasco Products Ine. and Dr. Murdoch for helping us out. This dome has
worked out well so far, It keeps out the maisture and it doesn't obstruct
the theodalite's view.

The rest of the structure is enclosed by 1/4" pieces of dywood to
keep the weather from reaching the stepper motor and the shaft
resclver,

In arder to keep the theoddlite camera fixed on the harizon it was
nessasary to build a set of gimbals (See fig.?). Gimbals are a device that
supports an apparatus on rings and bearings and has a counterweight to
keep it dum regardless of how the boats sits ar moves in the water,
With a sufficiently heavy counterweight to offset the weight of the
camera and the use of cintered bronze bearings at the piwot peints, the
gimbals do a sufficient job of keeping the camera’s view hod zontally
paralell to the horizon,

Nearly the entire structure was made of either stainless steel or of
hardwood. It is felt that the non-corrosive qualities of the stainless steel
and the dgidity of the hardwood (Oak) will help our device last with a
minimum amount of maintnance, The gimbals were made entirely of
stainless steal except for the dintered bronze bearings, These bearings
are used both for their lubricating quality (Cintered means, that
powdered metal is heated and pressed into shape. The small particles act
as a lubricant) and for their dectronegitivly inert relationship with the
stainless steel that the bearings are pressed into.

The entire structure is supparted at the gimbals by 5 ft. cak legs.
The cak legs should be durable and rigid enough to last a long while and
are easdily redaced. We made them 5ft, high so that the theoddlite would

be sufficiently above all obstruction on the top of the boat.
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HOW DOES IT WORK

As mentioned in the design section, the actual theodalite is our
Konica videc camera, This camera is mounted on the stepping motar to
one end of the motor's shaft, The resalver is connected to the other end
of the shaft. The stepper motor is in turn mounted on the center plate
of the gimbals,

By mounting the camera and connecting the resalver to the same
shaft, the output of the resdlver will directly reflect the angle in which
the camera is turned by the stepper. The gimbals keep everything level
and the field of the theodadlites view on the horizon.

The other video camera is fixed on the LED readouts of: angle
measurement as given by the resalver(via DC walt meter), Time :Emd if we
are working with a navagation system, its readout as well, By using the
video mixer the desirable parts of both video cutputs are stored on the
video tape and disglayed simultaneously on our monitor,

In our field of view we seek to find known points of reference (at
least 3) on the horizon. We can then determine the angle between them
by using the resalver output and the calibrated screen on the monitor
which are bath easily visihle, The two angles put us on 2 lines of postion
which must intersect, giving us our position with respect to the known
paints {to be exgdained in greater detail in the next section). The time
gives us some reference as to what paints go together when we pay the
tape back in the lab,

SURVEYING PROCESS

How do we get results? Position computation assumes that the map
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pogition of the several selected target points are known (See fig.8 ,for

our illustration we have 4 known points) as well as the angle seperation
between selected pairs at the postion sought., _

Two computational programs are used on our computor to get restﬂrs
(See appendix for more information on the computor and the programs).
To start the process we must first make an initial first order estimate of
our act:ﬁal pocition (See fig,9), Program A (for which there are several
versions depending on the relative geometry of he targets and the
obeerver) computes the locd of paints in th vicinity of the estimated

position at which a selected target pair (Tl) and (T,) have an angular

2
seperation of € (See fig.10). The user inputs the target positions in map
‘coordinates, the angle € and starts the solution at a map position slightly
to the left(west) and below(south) of the estimated obsexrver position.
The program procedes to compute, printout and store the coordinates of
the path (See fig.11).

This is then repeated with a second target pair and angle. This
second locus is stored in a designated record area(See figs,12 &13)

Program B examines these data sets and estimates their intersection.
The intersection search is initiated from a coordinate slightly to the
left(west) of the intersection as estimated from examination of printer
output of AJntersection is output in map coordinates (See fig.14).

Because of limitations in various parts of the app;amtus, there is a
small amount of error is introduced into our final position coardinates, In
arder that our results don't reflect an accuracy beyond the video
theodolites capahilities, a tclerance of +/- 1 degree was set. TwoO new
sets of lines of position result, each one is calculated as +/- 1 degree
from the original lines of position, This gives us a position somewhere
within the paralellagram formed by the outside lines of position.(See
figs.15&16)
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Testing and Calibration

Dry land testing and calibration was performed in a large indoor
room. A transit was used to divide the room up into 10 degree
increments which was used to calilrate the monitor screen, It was
decided to make the screen 10 degrees wide for use while the camera is
stepped around manually. Faor automatic operation, a 20 degree wide
screen wéulﬂ be more suitable, This would allow for an increase in the
rotation speed of the camera,

The stepper motor performed well at the slow speeds (about 10
steps/second) that we are running it at without gaining or losing steps.
The shaft resalver is far more accurate than is needed with the 1.8
degreé stepper motor.

The first test on board the Jere Chase ended prematurly due to
equipment failure., The shaft resalver failed to give accurate data after
we got underway on the Piscatiqua river, The day was damp and drizzily,
with the humidity at 100 percent, It seems failure cam be attributed to
the amount of maisture in th air on that day. The next day the shaft
resclver was bench tested and it worked properly, giving accurate
results. This may mean that the resclver may have to be better
protected from the weather while on the beoat.

On the positive side, the set of gimbals kept the video camera plumb
so that it had a good view of the horizon, The video camera gives a
sharp dear picture through the pexiglass dome which protects the
camera from the elements, During the test, the video mixer was not
operational yet to so we were unahle to put the shaft resalver data and
time on the video tape. Further testing is planned with the apparatus in
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complete working condition. Unfortunatly this will be beyond the due

date of this repart.
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CONCLUSION

In conclusion we feel that the video theoddlite project was a success.
Although we had alot of doubts along the way everything pulled together
in the end. Equipment that we needed always seem to show up in the
nick of time.

Our project is really the integration of the three systems mentioned
in our report. It all seemed much simpler in the beginning. Probally the
higgest obstacle that we faced was trying to put output from the
resalver on the video tape. Our ariginal idea was to just place the LED
readout: of angle measure and time in an unused portion of the cameras
field £ view, The problem that occured with this idea was that of
focusing on things at two differences. We then thought of an idea to to
place the information on the audic side of the video tape. Alhough this
may be feasible at some date there was a problem forseen in the
syncrinization of resclver information and what was being seen on our
screeen. The idea that we take two video signals and mix them éeemed
far fetched as well, Not because it wouldn't work, but becawse alot of
people, knowledgahble in the video area, puinted us in the direction of
equipment that was beyond our budget. Fortunatly we were able to
aquire what we needed to complete i, Miradles never cease.



APPENDIX A

Position finding gogzami with examgle of searches.
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540 PRINT# 1.M 3 XS,YY,R

550 M=M+1

560 6070 360

570 END



HNH SEA GRANT PROGECT: VIDED SURVEYLR

PROGRAM & COMPUTATION DF LINE 0OF B¢ F'IWN (CASE I
TARGEY 21 X = 2000 Y = 4000
TARGET #2 X = 3600 Y = 2500
ANGLE BETWEEM 11 AND T2. 4%  deqreers

RECORD# X Y
00 355,10 2788, 46
01 3600.0 2768.,13
<02 3£590.0 274%,190
¥ e 37000 2730.44
204 375u.0 2713.40
20% 300,90 2696.55
2R 3850.4 2680.75
=07 3940.9 2665%,.96
208 335%0.0 2652, 14
209 4009 .0 2639.00
210 4950.0 2626.71
a1t 41030.0 2615.32
212 4150.0 2604.81
213 4200,0 2595.06
214 4250.0 2586.,032
215 4300.0 2577.85
216 4350.0 2570.,49
217 4400.0 25635.93
218 4450.10 2558.17
2113 4500.0 2553.20
220 4550.9 2549.00
221 4600.0 2545.,51
222 46506.0 2542 .81
223 4700.0 2540.88
024 4750 .0 2539.72
225 4300.0 2539.34
226 4859.,0 2539.73
227 4906.0 2540.38
228 4950.90 2542.8]
229 5000.9 2545.5¢2
23 5050.0 2545.00
231 5100.0 2553.21
232 5150.0 - 2558.2
233 5200.0 2563.97
23 5250.0 2570.54
235 5300.90 2577.91
236 5350.0° 2586.09
237 54900.0 2595.08
238 5450.0 2604 .84
2729 5510.40 2615.40
2490 5554.0 2626.80
241 5600.0 2639.08
242 9650.0 2652.16
242 5700.0 2666.07
244 5750.10 2680.87



UNH SEA GRANT FROJECT: YIDED SURVEYDR

PROGRAM A COMPUTATION OF LINE 0OF PUOSTTION <(CASE II
TARGET =1 X = 9000 Y = a500
TARGET =2 ¥ = £501 Y = onon
PNGLE BETWEEM 11 AND T2 kil degrees

RECIGRD# X k¢
300 4050.4) 3386.22
20t atng.i 3325.6¢
TV 4150,0 2253.02
3073 azgu.y 319612
304 4250.0 3136.60
205 4300.,0 3080.08
206 4350.0 3026 .32
367 4400.0 2975,13
202 4450.0 2926. 31
303 4500.0 2879.72
310 4554.0 2835.21
31 4600.0 2722.55
312 4650.0. 2751.96
313 4700.0 2713.02
314 4750.0 2675.7%
315 4800.0 2640,08
318 4853.0 2605.94
317 4900.0 2573.25
313 4950.0 2541.98
319 060,60 2512.06
221 5050.0 24832.,45
321 5ta0.4 2456, 11
322 5180.0 2429.98
223 S200.0 2405,07
224 525{1.0 2381.2
325 5300.7 2353.65
326 5350.0 2327.10
327 5400.0 2316.62
38 S450.0 2297.2
329 5500.0 2278.30
3310 5550.10 2261 .42
331 5600.0 2245.05
32 5650.0 2229.53
33 5700.0 225,13
324 5750.0 2201.65
33 5800.0 2189.02
336 5850.0 2177.32
337 590G.0 2166.55
33 5950.90 2156.70
339 5000.0 2147 .74
349 6050.0 2139.58
241 6180.0 2132.32
242 £150.0 2125.93
343 6200.0 2120.4%
344 6250.1 2115.75



