
I GA:I ':O':-'Y Cii"J! Y NHU-T .8{i-po5 C2

0 THEOIGL TE,
l



VIDEC3 THEODQ LITE

OCEAN PROJECTS

SEA GRANT
198'5-1986

LiibfVERSITV oP %Eh' HAMPSHIRE

O lAS OTZEt BERGER
VINCENT DAVIGDKi 1E

KEVIN COUTURE NE

ADVISOR:

DR. ALBERT FROST



AKi'u04ILEOGENENTS

ide would like to thank Or. Albert Frost. who provided us with inva!-

uable help and guidence during this project.

ide would also like to thank;

-4iasco products inc. and Or. Joe murdoch for providing the plexiglass dome

-Eastern Air Devices for the stepper motor and drive circuit card.

-Bob Blake and Bob Ooucette from the L!HUH machine shop f' or their skill

and expertise.

-Paul Pellitier and Gail Santosuosso for the use of the Jere Chase.

-Or, and Nrs. Savage for their help and crit!cism,

-Antronics inc. for the video mixer.

-The Coast Guard for the computer programs and data.

-The Electrical Engineering department for the use of' the assorted power

supplies that were needed.



ABSTRA C T

The Video Thecdalite is the first step in the automation af

~m~g. K wi11 prove to be very useful on ships where speed in

suxveying is a must, since a boat on the water is always moving and time

is af the essence.

The Video Theodolite a!nsists of: a video camera and VCR, the

actual theodaKte in this apparatus; a stepper motor, which wi11 turn the

camera on one end and a resckver an the other; a resolver, with an

interpretor will give us relative angle 3ocations af paints of reference;

gimbals, on which the camera, stepper motor, and the resolver are

mounted to keep them 1evel on the boat.

By olXaining the angle measurment between 3 known points from one

3ocation the punition af that 3ocation can be determined in reference to

the known points. Our data< the actual video recording of paints of

reference, angles between them and time! wiIL be stored on video tape.

The video tape can then be played back to retrieve data and calculate

the position ct the boat at a parl~3ar time, The video &pe aLa

divides a permanant record for future reference.

We have hope that this device wi31 be af great help M thase ~g

tx! map in3and waterways.
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INTRODUCTlON

The ability to give accurate postion is very benifi~al in many marine

applications. Whether it be to give a gxxi.tion af a newly set bouy or an

object set on the ocean floor, accuracy af position and the consistency

af which that position can be determined play an important role. In the

use af the bouy it is im~nt to ~t the bouy as close as possi.ble to

the position in which it was intended. Bouys set to indicate shallow

areas ar hazards are not much good if they are set, in the wrong piace

Fcx an ckrject on the bottom af the ocean, unless you know that you are

just above the object it will be extremeiy hard to find. Once again

Going an accurate position prove-» to be important.

Determining accurate position on water is not an easy task. The

~blem here being one of drLiting whGe trying to take accurate

surveying data as well as trying to keep a theodolite fixed on the

horizon. The goal of this project is M build a device that is capable af

caGecting data, needed ta determine ~tion, fast enough bo minimize

etrcr due to cbifting and minimize time wasted because af the motion af

the boat.

Our device is the Video Thmdcihte. By ~g this device the data is

taken quickly and stored on video tape which can then be taken to the

lab where potion will be cal~ted with the help af a computer. In the

future the small mmputer will be on board so that position can be

determined immediatly.

Another application Rx future use af our surveying device can be to

uxrect value given by navigaUanal devices hach as Lcran-C. The

Lcxan-C reciever has become a very widely used navigational device. Ita



application has grown tremendously since its inception 15 years ago. This

is mainly due to constant improvements being made ta the system. At

present most of the applications are for use on the open ocean. Recently

there has been an expressed interest in using Le@an-C fear use in in3and

waterways. ~ugh the accuracy tv which the Lcxan-C reciever gives

position is plenty accurate for navigational purples on the open ocean,

the error is too great to pcesihly navigate in narrow waters. With the

use af our device, value Rr Laran-C in localized areas within inland

waterways can be axrected M give a greatiy decreased ~or in that

area. Thus making safe navigation px~



DEIGN

The Video Thax3olite apparatus can be broken down into three main

~; video, electronics and structure. The integration af these three

systems is the essence af this project.

The video gert af this apparatus consists mainly af two video cameras, a

portable VCR, a TV/monitor and a video mixer.

The video camera to be used as the actual theodolite needed to

geesess the following characb~cs; wei.gh less than 51bs.  the lighter

the better!, small in size  to minimize cost af the rest af the apparatus

and tn make the moment af inertia about its center small, easily

mounted without modifi ation and wouM have a Geld af view in the

viciniLy of 10-20 degree+. Finally our budget would only allow a us to

spend a maximum af 500.00 for the camera.

The camera that we chose was the Konica CV 301. This camera

weighs 1.541bs., well under the maximum allowahhe. This camera is also

confiIyxrated m that it is tally that it is wide  See 6g.l!, contrary to

the design af most cameras, giving it a smaller moment af inertia about

the vertical axis. These last two features allowed us to make many

things smaller than originally planned. This made our apparutus bath

lighter and less exgensi.ve. The 6nal feature important to this eject

was the Geld af view. The zoom capabQity af this camera allows us to

set our 6eM anywhere from 10 tn 30 degrees, ideal for this application.

  Consult table 1 for @ecKcations on this camera.!

The requirements for the VC R we needed were these; It needs ta be
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compatable with the camera mentioned above, easy to use and have a

clear arxl steady freeze-Berne and be portable. The cost af a VC R with

these anpabilities was out af the mope af our budget, m for now we are

renting one. The ~ce af these machines are going down m it is not

unreaM~~ that one could be purchased at a later date. As Rz now, we

have no gt'oblem renting what we need. We found that the minimum

stipulation for VC R specifications are that it be one with 4 videoheads

and have a 10 pn connecter for our anmera. Ths gives us a very good

freeze-frame and meets the rest af the criteria as welL

The TV/monitor needed te be partable<small in ~e!, have a large

enough aileen to distinguish features good resolution as weLU, and be

pxrchased m that we can use the same one every time. This is important

ance different TVs have different axeen angles. Ne have to gut a

calibrated grid on the aileen, which when used in conjunction with the

angle meaa~ment given by the shaft resckver gives us actual angular

difference. Therefore we don't want to have to change the grid

ever~me we use our apparatus. The TV that we pxzehased was an RCA

model AX R120Y. It is black and white Gess expensive than color and

there is no problem using our color camera with it! and has a 12 inch

azeen. This meets the project easements fbr a viewing monitor.

The RCA TC1470A Screen Spiitter is used to mix the theodohte

pcture with that af our second camera. The criteria here is that it can

be made cempatable with our two cameras and al3ow us to place the

second cameras picture in a desirable gert af the 6xst y'.cture. The

~nd camera had to be able ta syncxonize with the Qrst camera, Ne

are borrowing this camera from the EE de~



ELECTRONICS

The electronics part of our' project consists of two major pieces, a

stepper motor and a shaft resolver.

Our choice for a stepper motor was astern Air Devices' model

LA34ADK-4, which ste~ 1.8 degrees per pose and is bidirectional

Eastern Air has had a close relationship with UNH over the years and

offered the motor and drive circuit card at no charge. This motor was

chosen because it was felt that the performance data best the needs af

the project. The calcu1ated spinning torque recp~ed tv spin the

theodohte camera was 45 oz-in. which is well under the mted spinning

torque M 100 os~ of the motor. The axial 1aad of the camera on the

motor is 1.54 lbs. which is aLo well under the load rating for this heavy

du,ty motor. A ~per motor with a rear shaft was used so that a shaft

zesolver couM be attched to it.

The drive cia:wit card for the ste~ motor takes three power

%applies, a frequency ce~tor, and a signal generator ta spin the

motor me Gg.2!. The main power suppiy requirements are vaziable,

depending on the performance needed. At higher voltages, the motor

aces more spinning txxque and Mdiv torque. On this project, we

have been xunnirxt the main power suppiy at around 12 volts, which

provides ~h torque tn spin the came. The signal generator in

mmjm~n with the frequency oscillator, provides the actual eiej~cal

poses ta spin the motor. At the garment, the direction that the stepper

motor spins is controQed manua3ly  see fig.3> by holding down the

forward or remise direction button. An automatic zinnia@ a:heme is

~posed for the future. A cam has been designed and bui1t which is tv

be mounted on the camera shaft. Two micro .meshes normally open! have
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FIGURE 3

Switcher Circuit Diagram
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F!GURE

Switcher Box



been mounted on the gimble plate to be activated by the mm. The

algccithim for hte automatic operation is as follows:

1! Start mator spinning clockwise.

2! When micawwitch 41 is closed, a set of relays and a time delay
circuit change the direction of the motm tx> counterclockwise.

3! When micro-switch g2 is chmK, a set, af relays arrl a time delay
circuit change the direction af the motor back tn clockwise.

4! The system repeats itself unti1 the circuit is shut aff.

Another aspect at the automatic operation scheme involves the

signal generator. The signal generator would be set up m that 5 ar 10

e1a~cal poses would be sent tu the ~, the signal generator would

wait another 5 ar 10 prised before sending another set aE pulses to the

motor. The wait af 5 to 10 gases is require

to allow the video camera

and motor to settle down ta get a clear 'shot' before moving on. The

number af guises sent to the motor depends on Mw many degr~ wide

the monitor ~een is, if 10 ebe~cal pulls were sent to the motor, the

camera would turn 18 degrees.

The second major part af the electronics is a shaEt rescuer that we

salvaged from an unused piece af electrical equipment. The resciLver is

an aptical type absolute encoder. An absolute reacilver is neccesary fbr

this traject. Because it gives a relative angle measurment from the

devices zero paint and is bidirecbonaL An incremental encoder is a

unidirectional device which could not be used. An optical encoder is

mperior to the resistive potentiometer. The optical encoder is more

re1iahle and has a longer lifespan due tn using non-moving photo sensors

and is the mare sensitive aE the two.

A constant amplitude anusmlal waveform is inputted into the shaft



resaLver and a phase shifted wave form with the same amplitude is

ou~tecL The input and output waveforms are compared by a phase

meter  See fig.4!, which computes and displays the phase shifted angle in

degrees  -l80 to 0 to +l80!. The phase meter also outputs a DC voltage

that is !xopartional to the angle in degrees. A DC voltmeter can be

mnnected to this output tn get. an LED readout of the angle.

STRVCTU RE

The structure part af this project is basically what holds it all

together.  See 6g. 5!

There were 3 main obje~ves mught to be met by the structure. The

erst objective was to keep moist~ out af and away fmm the video

camera and the rest af the eLectronics incorporated with it. Secondly the

structure would need to hold the theoda!ite camera in such a way that

the 5aM af view remains axed on the harizon. LastLy we wanted a

design that would stand the test af time.

The video theodolite will cnnstantLy be exp' tv sea mist and

mmetimes rain. Since our theodolite is actually a camera which is very

susceptible to moisture damage, it is important that it remain in a dry

enviroment. But because af the very nature af this project it is also very

important to m-untain a 360 degree view. Our xilutIon to this problem

was to tzy and ~e a glass or plexiglass dome that would compLetiy

mver aur delicate camera. With the help af Professor Dr. Jcmeph

Murdoch we were able to End a company willing to make us what we

needed. at ru charge. Wasco Products Inc. af Sanford, Maine put together

a pLemglas- cylinder with a clear tap and a flange on the bottom to

mount ik. ta the rest af our structure See fig.6!. We are grateful to
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1 4

W~ Products Inc. and Dr. Murdoch for helping us out. This dome has

warked out well so far. It keeps out the m~e and it doesn' t. ohxkzuct

the theodcKte's view.

The rest af the structure is enclosed by V4" feces af plywood ta

keep the weather from reaching the stepper motor and the shaft

resolver.

In order to keep the thecdolite camera fixed on the horizon it was

a~sary to build a set af gi.mbals  See fig.7!. Gimbals are a device that

mpports an apparatus on rings and bearings and has a counterweight to

keep N gLum regarc2ees af how the boats sLts ar moves in the water.

With a sufficiently heavy counterweight to affset the weight af the

camera and the use cE cintmed bronze hearings at the pivot points, the

gimbals W a sufficient job af keeping the camera's view horizontally

paraleU. to the horizon,

Neariy the entire structure was made af either stainhm ~ or af

hardwoocL It is felt that the rmn-oorrcsLve qualities af the staij~a steeL

and the ~midi+ cf the hardwood  Oak! will help our device Iast with a

minimum amount af mmntn mce. The gimbals were made entireLy X

~less steel except for the cintered kxonze bearings. These tjearings

are used both for their lubricating quality  Cintered means, that

powdered metal is heated and ixessed into shape. The small ~cise act

as a lubricant! and for their eiactronegitivty inert re1ationship with the

stainiIae steel that the b~gs are pressed into.

The entire stru~~ is supported at the gimbaIs by 5 ft. oak 1egs.

The aak legs should be durable and rigid enough to Past a long while and

are easi1y replaced. We made them 5ft. high so that the theodolite would

be MXicw~~xtly above all obstruction on the top af the boat.
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HOW DOES IT WORK

As mentioned in the design section, the actual theodolite is our

Konica video camera. This camera is mounted on the stepping mator to

one end af the motor's shaft. The resolver is aonnected to the other end

aE the shaft. The stepper motor is in turn mounted on the center plate

oE the gimbals.

By mounting the camera and connecting the resolver to the same

shaft, the output oE the resolver will directly reflect the angle in which

the camera is turned by the stepper. The gimbals keep ev~~g level

and the field of the theodaKtes view on the trxizon.

The other video camera is 5xed on the LED readouts af: angle

measurement as given by the resolver via DC volt meter!, Time and if we

are working with a navagatlon system, its readout as welL By using the

video mixer the desirable parts aE both video outputs are stored on the

video tape and dispLayed sLmultaneously on our monitor.

In our CLeM af view we seek to Gnd known points of reference  at

least 3! on the horizon. We can then determine the angle between them

by using the resolver output and the calibrated screen on the monitor

which are both easily visLble. The two angles put us on 2 lines of postion

which must intersect, gLving us our ~tlon with respect to the known

paints  to be explained in greater detail in the next section!. The time

gives us mme reference as to what points go tagether when we play the

tape back in the lab.

SURVEYING PROCESS

How do we get rem~? Pcsition computation assumes that the map



1T

position af the several selected target points are known  See fig.s,for

our illustration we have 4 known points! as well as the angle seperation

between sel~ pairs at the pcstion mught.

Two computational pr|xarams are used on our computor to get r~

 See appendix for more information on the computor and the grcxyams!.

To start the ~ess we must. first make an initial erst order estimate of

our actual position  See fig.9!. Pre@ram A  for which there are several

versions depending on the relative geometry of he targets and the

observer! computes the loci aE points in th vicinity aE the estimated

position at which a selected target pair  Tl! and  T2! have an angular

seperation aE 9  See fig.l0!. The user inputs the target positions in map

coardinates, the angle 9 and starts the solution at a map position sKghtiy

tn the left west! and beiow couth! af the estimated observer position.

The grcqxam gxocedes to aom~te, printout and store the mmdinates aE

the path  See Kg.ll!.

This is then repeated with a second target pair and angle. This

second locus is stored in a designated recard ar'ea See 6gs,l2 a 13!

Program B examines these data ~ and estimates their intersection.

The intersects>n search is initiated from a coordinate slightly to the

]e8. west! af the intersection as estimated from examination af printer

output aE A~ersmtLon m output m map marduates  See fig.14!.

Because aE li.mitations in various parts of the apparatus, there is a

small amount aE errar is introduced into our final geaition coordinates. In

arder that our ree~ don't refiect an ac~cy beyond the video

thecdalites mpabHities, a tolerance af +j- 1 degree was set. Two new

sets af lines af position result, each one is calculated as +/- 1 degree

from the original lines af potion. This gives us a gmsLtion mmewhere

within the paralelLagram formed by the outsLde linea af position.  See

figs. 15 & 16!
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and Cahbratian

Dry land ~g arxl calilxation was performed in a large indoor

room. A transLt was used tu divide the room up into 10 dec~~

increments which was used to calibrate the monitor screen. It was

decided ta make the screen l.0 degrees wide for use while the camera is

stepped around manually. Por automatic operation, a 20 degree wide

careen would be more suitable. This would allow Rr an increase in the

rotation speed af the camera.

The stepper motor performed weLL at the slow speeds  about 10

ste~/second! that we are running it at without gaining ar losing steps.

The shaft resolver is far more accurate than is needed wit.h the 1.8

degree stepper motor.

The first test on board the Jere Chase ended prematurly due to

equipment failure. The shaft resolver failed to give accurate data after

we gat underway on the Piscatiqua river. The day was damp and drizzily,

with the humidity at 100 percent. It seems failure cam be att2ibuted to

the amount af moisture in th air on that day. The next day the ~

~ver was bench te.~ and it worked properiy, giving accurate

This may mean that the resolver may have ta be better

~Mectei from the weather while on the boat.

On the positive ade, the set af gimbals kept the video camera plumb

m that it had a good view af the horizon. The video camera gives a

sharp clear piet~ through the gbexigla% dome which protects the

camera from the eiements. During the test, the video mixer was not

operational yet tr> m we were unable to put the shaft rmriLver data and

time on the video tape. Further heating is planned with the apparatus in



mmplete working conditIon. UnfortunatLy this will be beyond the due

date af this report.
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CONCLUSION

In mnclusion we feel that the video theodolite project was a success.

~ugh we had alot of doubts along the way everytt~g pulled together

in the end. Equipment that we needed always seem to show up in the

nick af time.

Our inject is really the integratian aE the three systems mentioned

in our zegnrt It all seemed much simpler in the beginning. Pzobally the

biggest ~cle that we faced was trying to put output from the

resolver on the video tape. Our original idea was to just place the LED

readout oE angie measure and time in an unused portion af the cameras

8eld af view. The problem that oa~ with this idea was that af

R~ng on things at two differences. We then thought af an idea to ta

place the information on the audio side aE the video tape. A1fhough this

may be fea.«~a at e!me date there was a problem forseen in the

syncrinization cf resolver information and what was being seen on our

~eeen. The idea that we take two video annals and mix them seemed

far fetched as weZ. Not because it wouMn't work, but because alot of

people, knowledgable in the video area, pointed us in the direction af

equipment that was beyond our budget. Fcrtunatly we were ahle to

squire what we needed tu complete it. Mizaclss never cease.
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i&1

232
2 33
!A4

>35
236
237
238
2:.i 9

240

A4

243
244

3550,'i

3600,0
3C50. 0
~ 700. 0
'750 0
='800, 0
3850. 0
3900. 0
3950 . 0
4000.0
4050.0
4r00.0
4150.0
420<3.0
4250.0
4300.0
4350.0
4400.0
4450.0

00 0
4550.0
4600.0
4650.0
470il.0
4750.0
4800.0
4850.0
4J00.0
4950,0
5000,0
5050,0
5100.0
5150.0
5200,0
52SO,O
5300,0
5350.0'
5400.0
5450,0
SSOO.O
5550.0
5600.0
5650,0
5700.0
575r>, 0

2'577,85
2570 ' 49
2563,93
2558,17
2553.20
2549.00
2545.51
254=.81
2540.88
2539 7>
2539+3
-
39'73
2540.88
2542.81
2545.52
2549.00
2553.21
2558,20
2563.97
2570,54
2577.91
2586.09
2595,08
2604,84
26'15,40
2626,SO
2639,06
2652,16
2666,07
2680.87
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Q ~E$ I i! rDED SURVEYQRGRANTUPI' SEA

C�NPUT  TIDN QF LINE I.'F POSITION <CASE I I !PRO ,RAI,

a ! !Iip9000TARGET xi X

Y = 8000TARGET x2 'y. 6500 

BETvt. :N il AND T2 60  ifegree=.ANGLE

R: C�RD:

,'Ui 0

.-0';�

!PL
30�
.iver

309
0

312
31'3
I

.,15-

3! 7
st 8

,' �

I

223
l4

3:-'6

927
D C.8
3 '9

99�
891
332
3 3
~~4
335

337
338
339

40
341
342

344

4050.3
4�0,0
415 !,!.I
~~UU.U
4~50,0
430�.G
4950,  !
4400.0
4450.0
4500.0
4550,0
4600.0
4650.0
4700.0
4750,'0
4800.0
485 !, 0
4900,0
4950,0
500U,G
5050.0
51',IU,! l
5 I 50
! 2 ,I!!, �
5250,0
5300.0
5350.U
5400 ' 0
5450,0
5500.0
5550.0
5600.0
5650.0
5700,0
5750.0

800 0
5850.0
5900,0
5950.0
6000,0
6050.0
6100',0
6150.0
6200.0
6250 0

3396.2

3259,02
; 196. 'I

3136.60
3080.08
3026.92
29?5.13
g9 >6
287'3.72

2835,21
2792.65
2751.'36
2?I3.02
2675,75
~640,08
2605.94
2573 ' 25
2541.98
2512,06
2483,45
�c6 t

2429,98
2405.07
2881.28
2358.65
2397.'Ip

2316.62
2297,23
2278.80
2261.42
2245 .05
2229,53
2215,13
2201.65
2189 ' 02
2177.32
2166'.55
2156,70
2147,74
2139.58
2132.32
2125.93
JTVP 41
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