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Abstract: This paper presents the basic principles of the mathem&fzanodeling
and simulation of the Tesla’s wireless controlled movingigke Tesla boat. This is
one of the most complex Tesla’s inventions. We have constdudetailed 3D model
of the invention and added most of the functionality to thedelcaccording to the
original patent.
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1 Introduction

HE project Computer Simulation and 3-D Modeling of the Original Patents of
Nikola Tesla has begun in April 2009, carried out at the Faculty of Elaaiso

in Ni§, in the laboratory CiitLab. The team of engineers and students from the Fa
ulty of Electronic Engineering has accomplished great success arltsreguich
are implemented in the presentation systems at the Nikola Tesla Museum, so that
museum visitors have the opportunity to see modern animation of Tesla’s inven-
tions. In this way, through the project, the two institutions, Nikola Tesla Museum
in Belgrade as an institution of national importance, that preserves Tesjasy
and Faculty of Electronic Engineering in :\Nas a development institution, were
linked in a common project.

During the project development team was formed of a humber of permanent
and temporary personal, modern equipment was purchased for 3-Dingodad
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a separate laboratories within CiitLab were established, which deals extjusi
with high-tech projects in the field of 3-D modeling and simulation [1, 2]. The
environment in which the project is developing guaranteed a high qualitydf w
in the future.

The aim of the project Computer Simulation and 3-D Modeling of the Original
Patents of Nikola Tesla realized by the Faculty of Electronic EngineeringSradli
a producer and the Nikola Tesla Museum in Belgrade as a participani@erous.
Basically, it is digital and detailed 3-D modeling of the original patents of Nikola
Tesla, which are the part of a Museum’s archives.

Using 3-D models, further objectives are rendering, animation, simulatidn an
visualization in real time and space shaded by wire (3-D stereo) model.a\gtur
first developed and detailed model of the fountain is realized, which ceradiout
500,000 points in space with accompanying 3-D engine used to visualizénamd s
late physical movement, which was presented to the experts from the Mus@aum.
agreement was reached that in this technological project, in collaboraitioths
Museum, ten models of Tesla’s patents from the four research areagwélalized
by the end of 2010.

One of the most complex Tesla’s inventions that we have modeled is Tesla boat.
The original patent was pended in application filed July 1, 1898. Thegdatifica-
tion of the inventionTESLA PATENT NO. 613,809 METHOD OF AND APPARATUS
FOR CONTROLLING MECHANISM OF MOVING VESSELS OR VEHICLES

This paper presents some basic details about the patent specificatiorathat w
the base for our work. After analyzing of the specification and two-dimeas
schemes the vehicle itself, we have manually transferred the blueprints o 3D.
later phases, we added some functionality to the model, and use it in most complex
3D environment.

2 Tesla’s Basic Patent

Tesla completed the application for the patent on July 1st, 1898. As we have
mentioned, the patent nameMgE THOD OF AND APPARATUS FOR CONTROLLING
MECHANISM OF MOVING VESSELS OR VEHICLESNO. 613,809 in the US patent
office. The patent application is very complex and revolutionary for the tifmew
it was pended. In this Section, we will present main details from the Tegat s
ification that was the forming part of Letters Patent No. 613,809, datedNber
8st, 1898 [3]. According to Tesla’s original description from the speiion, we
are able to precisely define the aim of the patent:

“... The problem for which the invention forming the subject of my present ap-
plication affords a complete and practicable solution is that of controlling from a
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given point the operation of the propelling-engines, the steering appsratod
other mechanism carried by a moving object, such as a boat or any fipatis-
sel, whereby the movements and course of such body or vesselentbrgdted
and controlled from a distance and any device carried by the same birduigh
action at any desired time. So far as | am aware the only attempts to solve this
problem which have heretofore met with any measure of success bamariade
in connection with a certain class of vessels the machinery of which wasrgal/
by electric currents conveyed to the controlling apparatus through a feexiin-
ductor; but this system is subject to such obvious limitations as are impgsed b
the length, weight, and strength of the conductor which can be practicadlgl, us
by the difficulty of maintaining with safety a high speed of the vessel or gigng
the direction of movement of the same with the desired rapidity, by thesityces
for effecting the control from a point which is practically fixed, and by maal-w
understood drawbacks inseparably connected with such a systenplarherhich

| have perfected involves none of these objections, for | am enabled lngehef
my invention to employ any means of propulsion, to impart to the movingdrody
vessel the highest possible speed, to control the operation of its machime to
direct its movements from either a fixed point or from a body moving andgeha
ing its direction however rapidly, and to maintain this control over great dists
without any artificial connections between the vessel and the apparauesrgng

its movements and without such restrictions as these must necessarigeimpo

This introducing description is enough to define the domain of the patent. Tesla
intended to protect not only the idea of the first wireless controlled vehitlalbo
the first boat-robot with the elements of artificial intelligence! On the following
drawings (also excepted from the original Tesla’s patent) the whole elévimon-
structed:

These drawings (Figure 1) define basic elements of the Tesla’s boatunathf
mental mechanisms of the future robots like control mechanism, servomeauisanis
remote control, gyroscope, DC electrical drive etc. are presented.bdét is a
complete device that could be operated remotely as well as autonomoustyjtwhe
is out of radio control.

Some details about Tesla’s vision of the remote controlled boat are shown in
Figure 2 (left picture). It is easy to comprehend that Tesla construciede3
pendent radio circuits that are controlled by the radio waves, from th# sada
station on the coast. Using the first logic AND circuit driven by the alternating
rent, it was able to control not only 3 but also 8 independent servatipes. Ser-
vomechanisms themselves were constructed using the small electro moters driv
by DC and electromagnetic relays Figure 2 (right picture). Receivingitivwas
solved using high-sensitive coherers.

The key-points of Tesla’s patent should be best presented by theaditams
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Fig. 1. Basic drawings of the Tesla’s vehicle - boat.
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Fig. 2. Wireless control of the boat and some detail about the senf@misen.

from patent application:

Having now described my invention, what | claim is-

1. The improvement in the art of controlling the movements and operation o
a vessel or vehicle herein described, which consist in producing svarve
disturbances which are conveyed to the vessel by the natural metliat-ac
ing thereby suitable apparatus on the vessel and effecting the contra of th
propelling-engine, the steering and other mechanism by the operatioe of th
said apparatus, as set forth.
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2. The improvement in the art of controlling the movements and operatian o
vessel or vehicle, herein described, which consists in establishinganref
waves or disturbances, and actuating by their influence exerted at andesta
the devices on such vessel or vehicle, which control the propellingjreiee
and other mechanism thereon, as set forth.

3. The improvement in the art of controlling the movements and operatian o
vessel or vehicle, herein described, which consists in establishinganref
electrical waves or disturbances, and actuating by their influencetexket
a distance, the devices on said vessel or vehicle, which control thelprap
steering and other mechanism thereon, as set forth.

4. The improvement in the art of controlling the movements and operdatian o
vessel or vehicle, herein described, which consists in providing oretbeel/
a circuit controlling the propelling, steering and other mechanism, adjust-
ing or rendering such circuit sensitive to ways or disturbances of a itkefin
character, establishing a region of such waves or disturbances.

5. The combination with a source of electrical waves or disturbancesmia
ing vessel or vehicle, and mechanism thereon for propelling, steering-or
erating the same, and a controlling apparatus adapted to be actuated by the
influence of the said waves or disturbances at a distance from the sasrce
set forth.

6. The combination with a source of electrical waves or disturbancesraha
ing vessel or vehicle, mechanism for propelling, steering or operating the
same, a circuit and means therein for controlling said mechanism, andsnea
for rendering said circuit active or inactive through the influence of the said
waves or disturbances exerted at a distance from the source, as tet for

7. The combination with a source of electrical waves or disturbancessaths
for starting and stopping the same, of a vessel or vehicle, propelling and
steering mechanism carried thereby, a circuit containing or connectdd w
means for controlling the operation of said mechanism and adjusted or ren-
dered sensitive to the waves or disturbances of the source, as set forth.

8. The combination with a source of electrical waves or disturbanced, an
means for starting and stopping the operation of the same, of a vessel or
vehicle, propelling and steering mechanism carried thereby, local itsrcu
controlling said mechanisms, a circuit sensitive to the waves or disturlsance
of the source and means therein adapted to control the said local cirasits,
and for the purpose set forth.

9. The sensitive device herein described comprising in constructioreataec
cle containing a material such as particles of oxidized metal forming a part
of the circuit, and means for turning the same end for end when the material
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has been rendered active by the passage through it of an electric digcha
as set forth.

The sensitive device herein described, comprising in combinaticreptee

cle containing a material such as particles of oxidized metal forming a part
of an electric circuit, an electromagnet in said circuit, and devices contiolle
thereby for turning the receptacle end for end when said magnet is eedrgiz
as set forth.

The sensitive device herein described, comprising in combinaticreptse

cle containing a material such as particles of oxidized metal forming part of
an electric circuit, a motor for rotating the receptacle, an electromagnet in
circuit with the material, and an escapement controlled by said magnet and
adapted to permit a half-revolution of the receptacle when the said magnet is
energized, as set forth.

The combination with a movable body or vehicle, of a propelling-mator,
steering-motor and electrical contacts carried by a moving portion of the
steering mechanism, and adapted in certain positions of the latter to inter-
rupt the circuit of the propelling-motor, a local circuit and means caried
therewith for controlling the steering-motor, and a circuit controlling the lo-
cal circuit and means for rendering said controlling-circuit sensitive to the
influence of electric waves or disturbances exerted at a distance fram the
source, as set forth.

The combination with the steering-motor, a local circuit for directingent
through the same in opposite directions, a controlling-circuit rendered se
sitive to the influence of electric waves or disturbances exerted at a déstanc
from their source, a motor in circuit with the steering-motor but adapted to
run always in the same direction, and a local circuit or circuits controlled by
said motor, as set forth.

This claim itself contains the fundamental principles of different directions in
robotics and wireless controlled devices that were a very good batteefturther
development.

3 Basic Procedures of the 3D Modeling

Basic procedures in the implementation of the project objectives could belukzs
as follows [4]:

1.

On the basis of selected original patent by Nikola Tesla, one made its digiti-
zation and transfer to the virtual 3-D model [5].
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2. After receiving 3-D model, its processing and finalization are doneproap
priate 3-D editors, programs for processing and rendering of thireergional
model.

3. Using different 3-D applications, we perform rendering of the masleich
can be seen from different angles as well as the animation models from the
desired motion parameters model.

4. We perform a reduction of the basic model for the needs of interagtive
gine. Reduced-model is converted into an internal domain for interactive
OpenGL engine, developed as an original application, means that models
can be rotated in real time and run models in virtual space.

5. The reduced model can be used as input to the 3D stereo engineahktsen
stereoscopic vision three-dimensional model.

6. Animations, rendering of images in high resolution, and other materials are
integrated into a unified presentation program that is installed in the Museum
of the appropriate equipment, which means that visitors of the Museum have
continuous access to the project results.

Following these steps, we completely solved the problems with 3D applica-
tions of the Tesla-Robot Boat (U.S. Patent 613.809 Method of and Apysafor
Controlling Mechanism of Moving Vessels or Vehicles) completed the modeling
and the movement in water, operation mechanism and management of real-time
functions.

The first steps were connected with the modeling of the boat itself. Thasoat
modeled manually, but all proportions and details were based on origimefnes
from Tesla’s patent. Using the details from the patent specifications, annreas
able to precisely and completely construct the 3D model of the boat. We believe
that the model in all aspect is very similar to the original model of the boat. The
total mechanism of the boat, as a 3D model is presented in Figure 3:

When we remove the glass plate of a boat, we are able to see the inner 3D
structure of the model. All basic elements of the modern robots are presented
the accumulator, main drive motor, servo motor, control relays and caystm,
effectors, signal lamps, HF radio circuits for radio control (Figureldn-

After the static 3D modeling, we add functionality and transfer the model to
real time environment that was mentioned before in the paper.

4 Modeling of the Tesla’s Boat

We modeled textured Tesla’s boat in AutoDesk Maya. AutoDesk Maya i®-a pr
gram that is used for modeling, animating and rendering virtual objectsr. thtig



264 V. Vu¢kovi¢c and N. Stojanow:

Fig. 3. Complete 3D model of a Tesla’s boat.

the boat was exported into a real-time engine Unreal Development Kit (UDK)
UDK, the boat was rendered for Real Time performance. UDK is usinigthigss

for rendering engine, which gives very good results for a shorter timenaler-

ing. Lightmass is using Light Baking technique for Real Time performanigghtL
Baking means that, when we render the scene the results are written int@sextur
so there is no need to re-render for every frame. UDK also can shalTRae
shadows, which are computed for every frame. The great thing is theamenix
those techniques until we get good visual quality with minimal processoeusag

Nikola Tesla was also modeled and textured in AutoDesk Maya, but exported
AutoDesk Motionbulder. AutoDesk Motionbuider (MB) is a program foaiccter
animation only. MB has many advantages; one of them is its Real Time envi-
ronment (there is no need for scene render for seeing animation atdafrgooe
rate), Automated Rig Creation that has Forward/Inverse Kinematics manipulatio
rig that is automatically created based on the size and proportions of qactira
Animated Tesla was exported into UDK for rendering and scene placement.

Nature environment was made in UDK with Terrain Editor and Speed Tree.
Terrain editor is a part of UDK that allows us to do very believable terrain with
foliage on top of it. We have been using Speed Tree for tree placement ato th
scene and its animation.

The control of the boat was done in such a way that the user could ttrgro
movement of the boat. Kismet is a part in UDK where we do visual programming.
In Figure 5a-5d one can see the events that we made for the movement of the
boat, lamps that are switching on and off, depending on the boat movemgnt a
waves that are showing around the boat. Some of the details about the Kismet
programming are presented in the following pictures:

So, therefore we programmed movement of the boat in Kismet, which is con-
trolled by the user. Lights on the boat are changing when the user cdaeggon
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(c) Control circuits.

Fig. 4. Inner structure of the model.

of the moving boat.

Matinee is the application where we control camera animation, which is used
for a render scene (Figure 6). Camera control is very good, almosnligefes-
sional animation programs such as AutoDesk Maya. The animation of thea@amer
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(c) Kismet visual programming of the Tesla Boat-details.

Fig. 5. Kismet visual programming of the Tesla Boat-details.
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Fig. 5. (d) Kismet visual programming of the Tesla Boat-details (conjinue

was rendered in .avi file. Rendering is ultra fast because we are usagiiRne
environment and there is no need for recalculation of the scene.

EOE

Fig. 6. Matinee - control camera animation, which is used for a ren@gresc

Real Time environment and placeholders for various Real Time effeckds]ig
wind, sound, place where character will spawn etc. (Figure 7).

Camera movement control is very important for final animation rendering. It
can be controlled by Matinee (Figure 6) as well as by direct Manuel maveribe
software enables to visualize camera movements, that are very usefahtool of
the animation direction (Figure 8).

Finally, Tesla’'s boat was modeled, textured and animated in AutoDesk Maya.
Virtual character Nikola Tesla was also modeled in AutoDesk Maya and ardmate
in AutoDesk Motionbuilder program for character animation (Figure 9,10).
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Fig. 7. Real Time environment.

o E K@ I SRBEEES . x5S

Er s P e m e

Fig. 9. Model of Tesla boat - integrated in 3D environment.
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Fig. 10. The complete models of the robot-boat with Tesla in the backdroun

5 Conclusion

This paper presents details about the 3D modeling and real-time animations of
the Tesla ship - one of the most complex Tesla’s patents. We presentedlthe fu

procedure from the original patent to the real time model. There are marg/iate

this procedure, all of them described. Finally, our model of the boatesobihe

most complex and detailed models made till nowadays. Real time application, with
a combination lake and a boat, is the first one of that kind, as for as we [&ow

This model is a part of our work on a project realized at Faculty of Elaatro
Engineering in cooperation with the Ministry of Science and Technologytlaad
Nikola Tesla Museum from Belgrade. We believe that the realization of thjegir
is very important for both institutions, especially the Nikola Tesla Museum in Bel-
grade, wich has a special status of the institution of national importancegtdb¢h
results of the project were implemented immediately in direct support for thie wor
of this major institution.

As a direct project outcome we can point the implementation of dozens of ani-
mation, computer models, rendered images and other material, which are installed
in a unique presentation system at the Nikola Tesla museum and are in ¢onstan
operation. The project had a number of promotions, seminars, and medizoatte
To crown the success is a joint appearance with the Museum of Nikola dtesla
World Exhibition in China in 2010 at the central stand of the Republic of Serbia
3-D movie made especially for the occasion was seen by some 200,000 visitors
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