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BACKGRGUND OF THE INVENTION

I. Field of the Invention

The present invention relates to remotely controlled
model aircraft such as helicopters, and more particu-
larly to a remote control system for a miniature helicop-

ter which prn\nrinc realistic trmrnng and prar‘hmﬂ for

helicopter pilots and which permits controlling a small
scale helicopter out of line of sight range.

2. Brief Description of the Prior Art

Training of helicopter pilots is difficult and expen-

‘sive. and has manv attendant risks due to the relative

sive, and has many attendant risks due to the relati
complexity of operations required during flying of the
helicopter. There have been attempts in the prior art to
teach helicopter pilots with simulators and the like to
avoid using actual helicopters for in-ﬂight instruction,
especially in the early phases of training. It is also desir-
able to use small, unmanned helicopters as remote con-
trolled hovering platforms during surveillance and simi-
iar operations. Thus, there is a need for a system which
will permit a person to operate all the necessary con-
trols of a small scale helicopter from a fixed location. It
is also desirable to be able to control the helicopter
when it is out of sight of the operator, and, therefore, a
display is required to inform the operator of the helicop-
ter attitude and environment.

Spoolcraft U.S. Pat. No. 4,464,116 discloses a system
having a radio controlled, free-flying scale model of a
helicopter and a fixed flight station which simulates the
IlUllbUplcl LULKPIL However, this aymcm is limited to
control of the scale model only when it is in full sight of
the operator. U.S. Pat. No. 3,548,518 teaches a similar
system in which the scale model helicopter is connected
to the flight control station by a tethered umbilical cord.

MNthne ITT € wmatanmts walatad +~ thi H .
Other U.S. patents related to this area of the art include:

U.S. Pat. Nos. 2,711,594; 4,120,699; 2,916,832;
3,225,458; and 2,958,141,

SUMMARY OF THE INVENTION

The nregent |qxlnnhr\n ic a cvcﬂam nh zino remote

The present invention is a system zing rem
radio control of a scale model of a helicopter. The sys-
tem includes a video display screen at the control posi-
tion which receives information from a television cam-
era in the nose of the helicopter. The video display
provides the operator with a view of the terrain and
other objects within the view of the television camera.
_Also displayed on the screen are indications from de-
vices carried on the helicopter which indicate the atti-
tude of the helicopter. The remote control position of
the system includes standard helicopter controls which
the operator may then control to prov1de the desired
maneuvers of the helicopter.

The helicopter inciudes a radio transmitter which
may operate in the VHF, UHF or microwave region for
transmitting video signals back to the control position.
To provnde attitude information to the operator, the
helicopter includes a directional reference pointer
aligned with the longitudinal axis of the helicopter and
projecting from the nose. At the outer end of the
pointer, a first wind vane is mounted vertically and
includes a vane at the back end area which will respond
to the horizontal components of any air passing the
vane. The second wind vane is mounied horizoniaily
such that the vane portion will respond to vertical com-
ponents of the air flow. For example, when a helicopter
is flying straight and level with no lateral drift, both

2
vanes will be aligned with the pointer. The pointer and

view of the came ~h
tne Camera sucn

the wind vane are within the view of
that the operator sees these elements on the display
screen. If the helicopter nose is raised, for example, the
horizontal wind vane will indicate a nose-up position by
weather-cocking to an angle with respect to the pointer.
Similarly, if the helicopter is yawing or drifting later-
ally, the vertical wind vane will be displaced. The
movements of the vanes may be noted on the display
screen by the operator.

To indicate airspeed, an airspeed turbine is suspended
below the fuselage of the heiicopter which produces an
electrical output proportional to airspeed. It is con-
nected to an electronic detector which displays the

airspeed on an analog LED readout. The LED readout
display is mounted such that it is in the field of view of

- the television camera lens and will therefore appear on
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the operator’s display screen. For example, the display
may show up in the lower right hand corner of the

may come

display. To mdicate pitch attltude of the helicopter, a

dynamically balanced rod is pivoted laterally and in-
cludes an indicator pointer at its forward end. The pitch
indicator rod is positioned such that the indicator

pOXntCr is within the field of the tv camera lens and will

be centered vertically at one side thereof when the
helicopter is in level flight with no pitch. When the
helicopter is nose-down or nose-up, the balanced pitch
indicator will remain essentially parallel with the

aoraund and will tharafara annaar t
ground and will therefore appear to move upward or

downward along the edge of the display screen. Cali-
bration marks may be provided to indicate the degree of
pitch. If desired, an altimeter and a compass may be
included in the helicopter and digital readouts disposed
within the camera field of view.

The television camera is selected to have a depth of
field sufficient for the nearby control indicators to be in
focus as well as the terrain out to the horizon.

As will now be recognized the scale helicopter
mounted television camera in the aircraft and the video
display at the control point will provide the operator
with all of the real-time information needed to control
the scale helicopter, such as attitude, airspeed, and ap-
parent wind direction.

It is therefore a prmcrpai Ouject of the in
provide a helicopter training and control system which
will permit a person to obtain experience and practice in
operating the controls of a helicopter without the atten-
dant costs and risks of actual ﬂight in a fullsize machine.

It is another object of the invention to provide a
remote controlled helicopter having a return communi-
cation link which will supply visual information to the
operator for controlling the helicopter without a re-
quirement of telemetry signals

1t is still another UUJCLI. of the invention to pi‘G'v’idc a
remotely controllable miniature helicopter and control
system which will provide the operator with a visual
display of the attitude of the helicopter as well as the
terrain over which the scale hellcopter is flying.

It is yet another object of the invention to provide a
remote controlled miniature helicopter that will trans-
mit control and video information back to the operator
including a view of the terrain and objects within view
of the helicopter to permit surveillance and inspection
of the area.

It is another object of the invention to provide a
remotely controllable miniature helicopter having a

small television camera mounted in the nose with the

P T PRY H
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lens directed forward and to provide a directional refer-
ence pUlllI.C! within the view of the television lens for
supporting relative wind direction indicators.
These and other objects and advantages of the inven-
tion will become apparent from the following detailed
description when read in conjunction with the draw-

inoe
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a stylized perspective view of a scale heli-
copter of the invention being controlled from a fixed

nosition in a van in which the van is cut awav to show

position in 2 van in which the van is cut away to show
the operating position;

FIG. 2 is a view of the directional reference pointer
arrangement at the nose of the helicopter of FIG. 1;

FIG. 3is a front plan view of a portion of a helicopter
g the wind direction vanes and the air speed

FIG. 4 is an enlarged view of a portion of FIG. 3
showing the wind direction vanes in displaced posi-
tions;

FIG. 5 illustrates the display screen of ,hc control
position of FIG. 1 for the rclanvc wind indicators of
FIG. 3 with an exemplary air speed and pitch;

FIG. 6 shows the screen of FIG. § for the attitude of
the hcllcopter of FIG. 4 in which yaw is present, a
reduced air speed is shown, and a reduced pitch is
shown;

FIG. 7 shows a portion of a structural frame member
of the helicopter having a television camera, the air
speed turbine of FIG. 3, and the directional reference
pointer mounted thereto;

FIG. 8 shows a front view of the camera mount in-
stallation of FIG. 7; and

FIG. 9 shows an expioded perspective view of the
camera mount of FIGS. 7 & 8.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring to FIG. 1, a perspective view of a scaled 4

down model helicopter 12 is shown in flight. A control
van 10 is indicated, showing in cutaway view, a control
position and an operator. Helicopter 12 is mechanically
stabilized by use of fly-bar weights, heavy rotor blades

and the like. The various helicopter conirois are re- 4

motely operated from the control van 10 by any suitable
remote control system. For example, Kendal, Jr., et al.
in U.S. Pat. No. 3,096,046, describe a typical helicopter
remote control system

In accordance with the mvEﬁiluu, a television camera
14 having lens 15 is disposed in the fuselage 13 of heli-
copter 12. As will be seen, camera lens 1§ is directed
forward from the helicopter and is selected to have a
large depth of field. That is, objccts very close to the
lens are in focus while the ter l'aul, buddulsa, and other
objects out to the horizon are also in focus.

A directional reference pointer 16 extends along the
longitudinal axis of fuselage 13 and is preferably formed
of fiberglass. The length of pointer 16 may be in the

ranoe of 10 inch to 50 inch for a 80 inch rotor diameater,
range of S0 1IncCn ¢ 2V Inch Ior a oU InCh rolor ciameter.

As will be discussed hereinafter, pointer 16 provides a
directional reference for the operator. Pointer 16 also
serves as a mount for apparent wind direction indicators
18 and 20 attached at the forward end of pointer 16. An

air sneed indication is provided bv an electrical turbine

SpeeC 1InCICalion Is pProviCeQ By an ciecingea: turong

generator 60 mounted to extend below fuselage 13 and
a remote readout, described below. A pitch indicator 33
provides information concerning the pitch of helicopter
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12. All attitude and other information necessary for
flying helicopter 1 12 is transmitted from the helicopter to
the control position, for example van 10, and such infor-
mation is displayed on a display tcrminal 40. The video
link 43 between the helicopter to the control position is
selected such that operation of helicopter 12 may be
effacted at distances of 3 to 40 miles, denendant upon

CHCCICC atl aistances O mues, aependant on

terrain, and control system frequency and power. Ad-
vantageously, video link 43 permits control when heli-
copter 12 is out of visual range of the operator.

Tuming now to FIG. 2, details of the wind indicators
18,20, air speed readout 70, and pitch indicator 33 are
shown. Wind indicator 20 is plvoted horizontally and is
mounted vertically above and at an outer end of pointer
16. Wind indicator 20 is a balanced wind vane which
will weathercock into the direction of the airflow past
the vane portion thereof. Wind indicator 18 is similar to
indicator 21 and is pivoted vertically so as to weather-
cock in accordance with the vertical component of air
passing the vane portion thereof. Indicators 18 and 20
are within the field of view of lens 15 of TV camera 14
and will therefore appear on display 40. LED readout
70 is mounted on bracket 72 in the field of view of
camera 14.

Wind indicators 18 and 20 in FIG. 2 are shown in a
neutral position in FIG. 2; that is, the airflow is parallel
with pointer 16 and has no vertical or horizontal com-
ponent thereof. However, as a vertical or horizontal
component of the airflow occurs, vanes 18 and 20 are
free to move in the directions shown by the arrows.
FIG. 4 shows an example in which there is a horizontal
component of airflow from left to right and a vertical
component downward thereby displacing indicators 18
and 20. This may occur for example when there is star-
board yaw and helicopter 12 is climbing.

FIG. 3 is a front view of fuselage 13 showing air
speed turbine 60 in mount 62. Turbine 60 produces an
electrical output proportional to the air speed of the
airflow through the turbine. This electrical output is
connected to LED readout 70 shown in FIG. 2 attached
to bracket 72 within the field of view of lens 15. Wind
turbine air speed device 60 and readout 70 may be of the
type manufactured by Davis Instrument Company, or
similar known devices. As will be understood, readout
device 70 will produce a digital readout of the indicated
air speed. The readout will be picked up by television
camera 14 and transmitted to the control position to be
displayed on display 40. Pitch indicator pointer 33 ex-
tends into the field of view of lens 15§ and wi]l move

............................... itk
upwnlu nnu UUWllelu ul abLUlutLIl\-C Wl.u.l LIIC Plt\rll

attitude of helicopter 12. As may be noted in FIG. 4,
helicopter 12 is shown to be in a climbing attitude and
therefore pitch indicator 33 has moved downward from
its level position.

1:'!(“ B iMuctratac dienlay tarming
v 1uBSIrais Gispiay eimina: v

control position. Screen 41 of the display may be a
standard television cathode ray tube screen. The images

B,

ha operator

AN at
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o

transmitted from the helicopter 12 appearing on screen

41 will be referred to by reference numerals having a

nrime. Directional refersnce nointer 18’ ic seen and
prime. owrectional relierence pointer 28 Is seen anc

appears along a vertical centerline of the screen 41.
Pointer 16’ appears to the operator in perspective view
as having a marked taper. At the outer end of the image
pointer 16, the horizontal apparent wind indicators 20

and 18’ are seen in their neutral pnmhr\n renresenting

ang seCll I RS DCURra: pOSItIon Iepreschililies

the condition illustrated in FIGS. 2 and 3 for straight
and level flight with no apparent wind. To assist the
operator, wind direction marks 23 and 25 may be pro-
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vided on the screen 41. Pitch indicator 33 shows a
nose-down condition in straight and level flight of heli-
copter 12. Indicia 34 indicate that the angle of pitch is
approximately 4°. In the lower right hand corner of
screen 41, the image 70’ of air speed readout indicator
70 appears with the LED readout 42 indicating 13 knots
forward speed. Similarly, FiG. 6 indicates the atiitude
of helicopter 12 indicated in FIG. 4. The craft is climb-
ing with its nose-down at 2°, with starboard yaw and a
9 knot indicated air speed. The relative wind due to the
climb and starboard yaw condition is shown by the
wind indicator images 18’ and 20'.

Having discussed the mode of operation of the system
of the invention, the helicopter structure for the system
will now be described. In FIG. 7, details of the televi-
sion camera mount are shown. As will be understood, it
is necessary to provide isolation of the camera from
vibration which occurs in the flight of helicopter 12.
Therefore, a novel multiple shock mounting system is
utilized. The camera is supported by a helicopter struc-
tural member 48 within the lower edge of the helicopter
fuselage 13. As will be noted from FIG. 7, structural
member 48 extends from a portion of the internal frame-
work 74 of the fuselage 13. Referring to FIGS. 7, 8 and
9, a first isolation stage is provided by a pair of lower
isolation mounts 46, shown in ei(ploded view in FIG. 9,

PP, PP i o Ernee =l
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ber core between a pair of wooden plates. A second
isolation mount comprising a wooden plate 51 and
shock absorbers 50 is attached to isolator §4. A camera
mounting plate 55 includes cradle elements 52 and foam
rubber blocks 53. An outer fiberglass camera housing §0
is bonded to pads 53 which are bonded to cradle ele-
ments 52. A foam rubber camera support 62 fits into
housing 60 and includes a central cutout portion 63
which accepts camera body 14. A shock absorber unit

aprmantad to tha tam cnefan
56 is cemented to the top surface of housing 60 as best

seen in FIGS. 7 and 8. A pair of fiberglass rods 57 are
attached to the upper portion of shock absorber assem-
bly 56 and secured with silicone cement as seen in FIG.
8. The other ends of fiberglass rods 57 are attached to

Eiionlaon funmmarwrnels mat chavn

the 1usCIage ramcwork not sndowi.

As will be recognized, the multiple shock absorbing
elements effectively isolate camera 14 from vibration of
the fuselage framework. Fuselage framework member
48 used to support camera 14 has an open forward end

nose of fuselage 13. Directional
age ai

inn,
L0

tharanf h
inercoi auJa\.\-ﬂl. ine nese

reference pointer 16 is inserted into the forward end of
fuselage element 48 and secured by a suitable fastener.
Camera mounting plate 55 includes an extension 72

forward which is utilized to mount air speed indicator
readout 70 Air sneed turbine 60 in housing 66 is dis-

TEaClul /v, AID SpCCC WITIIC O I IOUSHIg 99 s LA

posed in mounting bracket 68 attached to fuselage
framework element 48. Output leads from air speed
turbine 60 are connected to indicator readout 70 as

indicated by the letter A.
Detaile of the nitch indicator are shown in FIGS. 7

2aetans O 1€ pricl madicator arc 370

and 8. A ﬁberglass rod 32 is attached by pivot 31 to the
side of camera housing 60. Pointer 33 is attached to the
forward end of rod 32. Indicator 33 and rod 32 are
counterbalanced by weights 34 such that under normal
conditions, rod 32 is level and parallel with the ground.
Thus, when the helicopter is in a nose-up or nose-down
attitude, indicator 33 will be above or below the center-
line of lens 15. Weights 34 also serve to dampen any
movement of rod 32, such as during acceleration, so
that indicator 33 will quickly obtain its steady state

position.

35

40

45

50

55

60

65

As previously mentioned, camera 15 also records the
daena s a1t cctalll fea 3l A A daexy et b bl
terrain ana UUJCULB WILLHLIE 11> 1ICIU UL VICW LUl WO uac
horizon. Thus, such scenes will appear on screen 41 of
FIGS. 5 and 6; however, such scenes have been omitted
from the figures for clarity.

As will now be recognized, a system has been dis-
closed which will permit an operator at a fixed ground

"location to effectively fly a miniature helicopter for

training purposes or for surveillance or other operations
in which full size helicopters are not suited. The inven-
tion provides information by a television link from the
helicopter to the control position having a novel appar-
ent wind indication system to provide wind direction
before runup, to indicate whether the helicopter is fly-

OCIOTC runup, 1O 124Kale ACINCh thc NClIcopicr 1s

ing in a straight line relative to the air passing by heli-
copter and to indicate a direction of flight, forward,
sideways, or backwards. The magnitude of such move-
ments can be estimated in connection with the air speed

which is provided by a digital readout. Four stages of

isolation are provided for the camera giving an essen-
tially vibration-free picture. The novel directional refer-
ence pointer also provides the operator with a feel for
the attitude and movement of the helicopter with re-
spect to the 51u'uud and S‘dfrOunduis GuJ\.Ci.a

Although specific details of the invention have been
used for exemplary purposes, it is to be understood that
many modifications and variations can be made thereto
without departing from the spirit and scope of the in-
vention.

I claim:

1. A system for providing an operator at a fixed loca-
tion visual information for remote control of a helicop-
ter comprising

\a) a racuo IlﬂK Irom an dll'UOﬁlc ncucoptef to muu
fixed location for transmitting video information;

(b) a television camera disposed in the nose of said
helicopter for producing video signals representa-
tive of the terrain and objects within a field of view
of said helicopter;

(c) means disposed within a field of view of said cam-
era visually indicating relative wind direction with
respect to said helicopter;

(d) means for measuring and displaying a visual indi-
cation of forward air speed of said helicopter, said
display means disposed within the field of view of
said camera;

(e) means for measuring pitch of said helicopter, said
pitch measuring means including a pitch indicator
disposed within the field of view of said camera;
and

(f) television receiving and display means at said fixed
location for receiving said video signals and dis-
playing video representations of terrain and objects
forward of said helicopter, relative wind direction
with respect to said helicopter, and air speed and
pitch of said helicopter.

2. The system as recited in claim 1 which further

includes:

a reference directional pointer attached to said longi-
tudinal structural member of said helicopter and
projecting forwardly from said helicopter and
within the field of view of said camera.

3. The system as recited in claim 2 which further

inciudes:

multiple shock mount means for said camera, said
multiple shock mount means including a first isola-
tion stage having a pair of lower isolation mounts
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attached to said longitudinal structural member of
said helicopter;

a second isolation stage having a lower plate attached
to said lower isolation mounts, an upper plate, and
a foam rubber sheet attached to and disposed be-
tween said lower and upper plates;

a third isoiation stage having a set of shock absorbers
attached to said upper plate, said shock absorbers
supporting a camera mounting plate;

a camera housing having a volume greater than the
volume of said camera, said camera housing at-
tached to said camera mounting plate by a set of
resilient pads; and

a foam rubber camera support

camera housing and having a ¢
accepting said camera.

4. The system as recited in claim 3 in which:

said wind direction indicating means includes a first

“wind vane nivotally mounted to an outer end of
wing vane pivetally mounted {0 an outer end of

said pointer and having a vane for weathercocking
to a horizontal component of air passing said vane;
and

a second wind vane pivoted horizontally to an outer

end of said pointer and having a vane for weather-
<nd of G poInier and naving a vane ior weatnern

cocking to a vertical component of air passing said
vane, said first and second wind vanes disposed
within the field of view of said camera.

5. The system as recited in claim 1 in which said

atrcnead maacuring maane insliudae an airenaad tnirhina
@SPLLU HICAasSuliing mMicais iNtiuals all aiisSpicd wroind

for producing an electrical output proportional to air-
speed of said helicopter.

6. The system as recited in claim § in which said
airspeed monitoring means includes a visual readout

Aicmloy Aicemnand wrisbhin thho fHAld A odnear o PR
Cispiay GIpPUSCU Wil uic 11 U1 Vicw Ul :ulu Laicia.

7. The system as recited in claim 6 in which said
readout produces a digital display.
8. The system as recited in claim 2 in which said pitch
measurement means includes:
a u'y‘ﬁai‘ﬂicauy balanced rod 1unglluulnduy Augnea
with said helicopter and pivoted laterally; and
a laterally oriented pointer attached to a forward end

Q.
n
13
D,
i
3

said

W l‘ll e
tout volume for

of said rod, said pointer projecting into an edge of

the field of view of said camera.
$. The sysiem as recited in claim 8 in which said rod
is pivotally attached to a side of said camera housing.
10. A system for providing helicopter operation train-
ing having a miniature helicopter, a control position, a
radio control link from the control position to the heli-
copter, and a video radio frequency link from the heli-
copter to the control position, comprising:
a reference indicator pointer attached to a longitudi-
nal structural member of said helicopter and ex-

w
wn

(=)
Y

8
tending forwardly from a nose portion of said heli-
copter for providing a flight reference;

a television camera for producing video signals for
transmission over said video link, said camera hav-
ing a field of view forward of said helicopter and
including said reference indicator pointer;

wind vane means attached to a forward end of said
pointer and within said field of view of said camera
for visually indicating the direction of a relative
wind with respect to said helicopter;

an airspeed turbine attached to an exterior of said
helicopter for producing an electrical signal pro-
portional to the airspeed of said helicopter, said
electrical signal operating a digital readout of air-
speed, said readout disposed within the field of
view of said camera;

puui muu.auug 1uuguiid ma 'li'y'-ui“xel‘uéd balanced

rod laterally pivoted to said helicopter and having

a pointer at a forward end thereof projecting into

the field of view of said camera; and

a video display at said control position for displaying

widan cional ranatvrad Auvas caid idan lial ondid

viuowy Jlsllal) ACLEIVOU UVLL daid vIUuCU LA, dalu
display including terrain forward of said helicop-
ter, said reference indicator pointer, said wind vane
means, said airspeed digital readout, and said pitch
indicator pointer.

11 The system as recited in claim 10 in ""iich Said

3

The system as recited in claim 10 in wt
v1deo display includes indicia for indicating degree of
pitch, and horizontal and vertical components of the
direction of relative wind with respect to said helicop-
ter.

12. A method for remote control of a miniature heli-

copter from a fixed location, the fixed location includ-
ing a radio control link to the helicopter, comprising the
steps of:

providing a video camera in the helicopter having a

field of view including terrain forward of the heli-

copter, an airspeed readout, a pitch indicator, and a
relative wind direction indicator;

transmitting video signals from the camera to the
fixed location, such video signals representative of

the terrain forward of the helicontar. the airsneed

terrain forward of the helicopter, the airspeed
readout, the pitch indicator, and the relative wind
direction indicator;

receiving the transmitted video signals at the fixed
location;

displaying a video representation of the terrain for-

ward of the helicopter, the airspeed readout, the
pitch indicator, and the relative wind direction
indicator from the received video signals; and

transmitting helicopter control signals from the fixed
location to the helicopter.

* * 3 * *



