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SYSTEMS AND METHODS FOR SEARCH 
AND RESCUE LIGHT CONTROL FOR A 

ROTORCRAFT 

TECHNICAL FIELD 

[ 0001 ] The technical field generally relates to navigational 
aids , and more particularly relates to systems and methods 
for search and rescue light control for a rotorcraft . 

BACKGROUND 

[ 0002 ] Rotorcraft Searchlights are illumination apparatus 
mounted under the belly or chin of a rotorcraft . They 
generate a beam of light that may be used to illuminate a 
point of interest on the ground while the rotorcraft is in the 
air . When the direction / location of the searchlight beam of 
light is controlled , it may facilitate operations of search and 
rescue missions . Some conventional searchlight configura 
tions are rigidly mounted , in which case , the rotorcraft itself 
must maneuver in order to re - orient and control the direc 
tion / location of the searchlight beam of light . Other con 
ventional searchlight configurations provide pan and tilt 
control to maneuver the direction / location of the searchlight 
beam of light on the ground , independent of the rotorcraft 
movement . 
[ 0003 ] During a Search and Rescue ( SAR ) mission , the 
onus is generally on the pilot to control the searchlight beam 
of light and / or fly the rotorcraft to follow a predefined SAR 
pattern . These missions are dynamic and can be very tech 
nically difficult . For example , the rotorcraft may have to fly 
close to the terrain , in high crosswinds , etc. Maintaining the 
rotorcraft attitude while controlling the searchlight beam of 
light is cognitively demanding . 
[ 0004 ] Moreover , maneuvering the direction / location of 
the searchlight beam of light on the ground is difficult under 
normal circumstances , even with searchlight configurations 
that provide pan and tilt control . This is because , in order to 
move from a point A to a point B on the ground , an operator 
generally must make multiple sequential movements , each 
being a combination of pan and tilt . 
[ 0005 ] Accordingly , it is desirable to provide pilots with 
systems and methods that improve their control over the 
search and rescue lights , and that are simpler to use during 
these missions , easing the cognitive demand . The following 
disclosure provides these technological enhancements , in 
addition to addressing related issues . 

the navigation system and the source of a cartesian pattern , 
the controller having a processor programmed to : receive the 
cartesian input point ; determine an initial light head orien 
tation as a function of the real - time rotorcraft state ; generate 
a pan command and a tilt command as a function of the 
initial light head orientation and the cartesian input point ; 
and transmit the pan command to the pan control motor and 
the tilt command to the tilt control motor ; and a pan - tilt 
zoom ( PTZ ) camera configured to slave with the beam axis 
and to continuously have a field of view centered on the 
beam axis , the PTZ camera configured to capture a video 
stream and transmit it . 
[ 0008 ] A method for controlling a Search and rescue 
( SAR ) light on a rotorcraft , the SAR light configured to 
project a beam of light along a beam axis , is provided . The 
method includes : at a controller having a processor pro 
grammed with a SAR program , performing the operations 
of : receiving real - time rotorcraft state data ; receiving a 
cartesian input point ; determining an initial light head ori 
entation as a function of the real - time rotorcraft state ; 
calculating a delta - orientation for the SAR light ; generating 
a pan command and a tilt command as a function of 
delta - orientation for the SAR light ; and transmitting the pan 
command and the tilt command ; at a pan control motor , 
causing the SAR light to pan responsive to the pan com 
mand ; at a tilt control motor , causing the SAR light to tilt 
responsive to the tilt command ; and at a pan - tilt - zoom ( PTZ ) 
camera configured to slave with the beam axis and to 
continuously have a field of view centered on the beam axis , 
capture a video stream and transmit it . 
[ 0009 ] Also provided is a system to control a search and 
rescue ( SAR ) light on a rotorcraft , the SAR light configured 
to project a beam of light along a beam axis . The system 
includes : a pan control motor configured to cause the beam 
axis to pan responsive to a pan command ; a tilt control motor 
configured to cause the beam axis to tilt responsive to a tilt 
command ; a navigation system providing a real - time rotor 
craft state , including a latitude , a longitude , and an orienta 
tion ; a source of a cartesian pattern including a plurality of 
cartesian input points in a sequence , the source of the 
cartesian pattern being selectable from among an input 
device , a flight management system , a memory device , and 
an external source ; a controller operationally coupled to the 
navigation system and the source of cartesian pattern , the 
controller having a processor to : receive the cartesian pat 
tern ; and for each cartesian input point in the sequence 
defining the cartesian pattern , determine an initial light head 
orientation as a function of the real - time rotorcraft state ; 
generate a pan command and a tilt command as a function 
of the initial light head orientation and the cartesian input 
point ; transmit the pan command to the pan control motor 
and the tilt command to the tilt control motor ; and identify 
a delta - range ; and a pan - tilt - zoom ( PTZ ) camera configured 
to slave with the beam axis and to continuously have a field 
of view centered on the beam axis , the PTZ camera config 
ured to : capture a video stream and transmit it ; zoom in on 
the field of view of the PTZ camera when the delta - range is 
positive ; and zoom out on the field of view of the PTZ 
camera when the delta - range is negative . 
[ 0010 ] Furthermore , other desirable features and charac 
teristics of the system and method will become apparent 
from the subsequent detailed description and the appended 
claims , taken in conjunction with the accompanying draw 
ings and the preceding background . 

BRIEF SUMMARY 

[ 0006 ] This summary is provided to describe select con 
cepts in a simplified form that are further described in the 
Detailed Description . This summary is not intended to 
identify key or essential features of the claimed subject 
matter , nor is it intended to be used as an aid in determining 
the scope of the claimed subject matter . 
[ 0007 ] Provided is a system to control a search and rescue 
( SAR ) light on a rotorcraft , the SAR light configured to 
project a beam of light along a beam axis . The system 
includes : a pan control motor configured to cause the beam 
axis to pan responsive to a pan command ; a tilt control motor 
configured to cause the beam axis to tilt responsive to a tilt 
command ; a navigation system providing a real - time rotor 
craft state , including a latitude , a longitude , and an orienta 
tion ; a source of a cartesian pattern configured to supply a 
cartesian input point ; a controller operationally coupled to 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0011 ] The present application will hereinafter be 
described in conjunction with the following drawing figures , 
wherein like numerals denote like elements , and : 
[ 0012 ] FIG . 1 is a block diagram of a system for search 
and rescue light control for a rotorcraft , in accordance with 
an exemplary embodiment ; 
[ 0013 ] FIG . 2 is an image showing the conversion 
between a spherical coordinate system and a cartesian 
coordinate system ; 
[ 0014 ] FIG . 3 is an image showing the difficulty of con 
trolling a light beam to move along a straight - line using pan 
and tilt controls ; 
[ 0015 ] FIGS . 4A and 4B are an example of a collective 
stick grip , as may be used to provide manual input , accor 
dance with an exemplary embodiment ; 
[ 0016 ] FIGS . 5A - 5E illustrate a variety of search and 
rescue patterns for implementing in a cartesian coordinate 
system , accordance with an exemplary embodiment ; and 
[ 0017 ] FIGS . 6-7 depict a method for search and rescue 
light control for a rotorcraft , in accordance with an exem 
plary embodiment . 

DETAILED DESCRIPTION 

[ 0018 ] The following detailed description is merely illus 
trative in nature and is not intended to limit the embodiments 
of the subject matter or the application and uses of such 
embodiments . As used herein , the word “ exemplary ” means 
“ serving as an example , instance , or illustration . ” Thus , any 
embodiment described herein as “ exemplary ” is not neces 
sarily to be construed as preferred or advantageous over 
other embodiments . The embodiments described herein are 
exemplary embodiments provided to enable persons skilled 
in the art to make or use the invention and not to limit the 
scope of the invention that is defined by the claims . Fur 
thermore , there is no intention to be bound by any expressed 
or implied theory presented in the preceding technical field , 
background , summary , or the following detailed description . 
[ 0019 ] As used herein , control of a search and rescue 
( SAR ) light ( i.e. , a device or apparatus that projects a 
searchlight beam of light ) includes the desired control of the 
searchlight beam of light . As mentioned , SAR operations are 
cognitively and technically difficult tasks . The challenge of 
a SAR operation is further aggravated in situations in which 
the search area is not easy for the rotorcraft to maneuver in . 
A technical problem is presented in improving the tools and 
methods for controlling a SAR light so that a SAR operation 
can be completed efficiently and safely . Current navigational 
aids that are used as a solution to this technical problem have 
drawbacks , such as a reliance on spherical input coordinates 
to control the SAR light . The present invention introduces a 
novel technical solution and approach to this problem . In an 
embodiment , a system for SAR light control for a rotorcraft 
( FIG . 1 , system 102 ) is provided . Core functionality pro 
vided by this disclosure includes : 

[ 0020 ] Systems and methods that increase the likeli 
hood that a rotorcraft can hover at one place and from 
there move the searchlight beam of light in accordance 
with a prescribed SAR pattern . This increases safety 
and completion of the prescribed SAR . 

[ 0021 ] Systems and methods that can also be extended 
to all multi - rotors / rotorcrafts having SAR lights and 

[ 0022 ] Systems and methods that give a lot of flexibility 
in searching and capturing images in a pre - defined 
pattern ( such as the SAR pattern ) , so that the area of 
interest is well covered . 

[ 0023 ] The proposed system for SAR light control for a 
rotorcraft 102 is an easy augmentation for any rotorcraft 
equipped with a smart searchlight ( FIG . 1 , 120 ) and does not 
require any special or additional instrumentation and equi 
page . The figures and descriptions below provide more 
detail . 
[ 0024 ] Turning now to FIG . 1 , exemplary embodiments of 
the system for SAR light control for a rotorcraft 102 ( also 
referred to herein as “ system ” 102 ) is generally associated 
with a mobile platform 100. In various embodiments , the 
mobile platform 100 is a rotorcraft , and is referred to as 
rotorcraft 100. The system 102 provides a technical solution 
in the form of a search and rescue controller ( FIG . 1 , 
controller 104 , also referred to herein as a SAR controller , 
and as a control module ) embodying novel rules and param 
eters . In some embodiments , the controller 104 may be 
integrated within a preexisting mobile platform management 
system , avionics system , cockpit display system ( CDS ) , 
flight controls system ( FCS ) , or rotorcraft flight manage 
ment system ( FMS ) . Although the controller 104 is shown as 
an independent functional block , onboard the rotorcraft 100 , 
in other embodiments , it may exist in an electronic flight bag 
( EFB ) or portable electronic device ( PED ) , such as a tablet , 
cellular phone , or the like . In embodiments in which the 
controller is within an EFB or a PED , a display system 110 
and a user input device 112 may also be part of the EFB or 
PED . 
[ 0025 ] The controller 104 may be operationally coupled to 
any combination of the following rotorcraft systems : a 
communication system and fabric 118 ; a rotorcraft inertial 
navigation system 106 ; a source of a cartesian pattern 108 ; 
a display system 110 ; a user input device 112 ; and , a smart 
searchlight apparatus 120. In some embodiments , the con 
troller 104 is also operationally coupled to an external 
source 50 that communicates wirelessly with the controller 
104. The functions of these rotorcraft systems , and their 
interaction , are described in more detail below . 
[ 0026 ] In various embodiments , the smart searchlight 
apparatus 120 comprises a SAR light , called light head 122 , 
that projects a three - dimensional beam of light 31 along a 
beam axis 30 to land on the ground ( or a surface ) at beam 
axis touchdown 36. The beam of light 31 generally sur 
rounds the beam axis and extends uniformly therefrom in a 
radial direction . The orientation of the light head 122 and 
resulting beam axis 30 , with respect to the rotorcraft 100 , is 
controlled by one or both of a pan control motor 124 and 
electronics , and a tilt control motor 126 and electronics . 
Sensors 130 may detect orientation and configuration status 
of the light head 122 and convert this status information into 
electrical signals for processing . A laser ranger 132 is 
configured to determine the slant range 34 ( shortened to 
range 34 ) from the light head 122 to the beam axis touch 
down 36. Searchlight data collectively refers to range data 
and sensor data . 
[ 0027 ] In some embodiments , a real - time rotorcraft state is 
described by state data generated by the rotorcraft inertial 
navigation system 106. The real - time rotorcraft state may 
therefore be described by any of : an instantaneous location 
( e.g. , the latitude , longitude , orientation ) , an instantaneous 
heading ( i.e. , the direction the rotorcraft is traveling in cameras . 
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relative to some reference ) , a flight path angle , a vertical 
speed , a ground speed , an instantaneous altitude ( or height 
above ground level ) , and a current phase of flight of the 
rotorcraft 100. As used herein , “ real - time ” is interchange 
able with current and instantaneous . The rotorcraft inertial 
navigation system 106 may be realized as including a global 
positioning system ( GPS ) , inertial reference system ( IRS ) , 
or a radio - based navigation system ( e.g. , VHF omni - direc 
tional radio range ( VOR ) or long - range aid to navigation 
( LORAN ) ) , and may include one or more navigational 
radios or other sensors suitably configured to support opera 
tion of the FMS , as will be appreciated in the art . In various 
embodiments , the data referred to herein as the real - time 
rotorcraft state data may be referred to as navigation data . 
The real - time rotorcraft state data is made available , gener 
ally by way of the communication system and fabric 118 , so 
other components , such as the controller 104 and the display 
system 110 , may further process and / or handle the rotorcraft 
state data . 

[ 0028 ] In various embodiments , the communications sys 
tem and fabric 118 is configured to support instantaneous 
( i.e. , real time or current ) communications between on 
board systems , the controller 104 , and one or more external 
data source ( s ) 50. As a functional block , the communica 
tions system and fabric 118 may represent one or more 
transmitters , receivers , and the supporting communications 
hardware and software required for components of the 
system 102 to communicate as described herein . In various 
embodiments , the communications system and fabric 118 
may have additional communications not directly relied 
upon herein , such as bidirectional pilot - to - ATC ( air traffic 
control ) communications via a datalink , and any other 
suitable radio communication system that supports commu 
nications between the rotorcraft 100 and various external 
source ( s ) . 
[ 0029 ] The user input device 112 and the controller 104 
are cooperatively configured to allow a user ( e.g. , a pilot , 
co - pilot , or crew member ) to interact with display devices in 
the display system 110 and / or other elements of the system 
102 , as described in greater detail below . Depending on the 
embodiment , the user input device 112 may be realized as a 
cursor control device ( CCD ) , keypad , touchpad , keyboard , 
mouse , touch panel ( or touchscreen ) , joystick , knob , line 
select key , voice controller , gesture controller , or another 
suitable device adapted to receive input from a user . As 
shown in FIG . 4 , a common user input device 112 for 
searchlight control is called a collective stick grip 400 , or 
thrust grip , having a hat switch 402. The hat switch can be 
manipulated in four directions ( for example , right 404 , left 
406 , forward 408 , and reverse 410 ) sequentially , generating 
cartesian inputs that can be used by the controller 104 as 
described herein . 

[ 0030 ] When the user input device 112 is configured as a 
touchpad or touchscreen , it may be integrated with the 
display system 110. As used herein , the user input device 112 
may be used by a pilot to communicate with external 
sources , to modify or upload the program product 166 , etc. 
In various embodiments , the display system 110 and user 
input device 112 are onboard the rotorcraft 100 and are also 
operationally coupled to the communication system and 
fabric 118. In some embodiments , the controller 104 , 
input device 112 , and display system 110 are configured as 
a control display unit ( CDU ) . 

[ 0031 ] The controller 104 may be said to display various 
images and selectable options described herein . In practice , 
this may mean that the controller 104 generates display 
commands , and , and the display system 110 , responsive 
thereto , causes the display device 20 to render thereon the 
various graphical user interface elements , tables , icons , 
alerts , menus , buttons , and pictorial images , as described 
herein . Display methods include various types of computer 
generated symbols , text , and graphic information represent 
ing , for example , pitch , heading , flight path , airspeed , alti 
tude , runway information , waypoints , targets , obstacles , 
terrain , and required navigation performance ( RNP ) data in 
an integrated , multi - color or monochrome form . Display 
methods also include various formatting techniques for 
visually distinguishing objects and routes from among other 
similar objects and routes . 
[ 0032 ] The display system 110 is configured to continu 
ously receive and process the display commands from the 
controller 104. In various embodiments described herein , the 
display system 110 includes a synthetic vision system 
( SVS ) . In exemplary embodiments , the display device 20 is 
realized on one or more electronic display devices , such as 
a multi - function display ( MFD ) or a multi - function control 
display unit ( MCDU ) , configured as any combination of a 
head up display ( HUD ) , an alphanumeric display , a vertical 
situation display ( VSD ) and a lateral navigation display 
( ND ) . 
[ 0033 ] A pan - tilt - zoom ( PTZ ) camera 128 is configured to 
slave with the light head 122 ; specifically , PTZ camera 128 
is configured to slave ( i.e. , orient concurrently and continu 
ously ) with the beam axis 30 , and to have a field of view 
FOV 32 that is centered on the beam axis 30. The PTZ 
camera 128 is responsive to controller 104 commands for 
when to capture a video stream and when to cease capturing 
a video stream . The PTZ camera 128 is configured to capture 
the video stream and transmit it to the display system 110 . 
It is understood that the PTZ camera 128 capably functions 
at the ranges 34 of which the smart searchlight apparatus 120 
is used . 
[ 0034 ] The controller 104 performs the functions of the 
system for SAR light control for a rotorcraft 102. As used 
herein , the term “ controller ” may be interchanged with the 
term “ module ; " each refers to any means for facilitating 
communications and / or interaction between the elements of 
the system 102 and performing additional processes , tasks 
and / or functions to support operation of the system 102 , as 
described herein . In various embodiments , the controller 104 
may be any hardware , software , firmware , electronic control 
component , processing logic , and / or processor device , indi 
vidually or in any combination . Depending on the embodi 
ment , the controller 104 may be implemented or realized 
with a general purpose processor ( shared , dedicated , or 
group ) controller , microprocessor , or microcontroller , and 
memory that executes one or more software or firmware 
programs ; a content addressable memory ; a digital signal 
processor ; an application specific integrated circuit ( ASIC ) , 
a field programmable gate array ( FPGA ) ; any suitable 
programmable logic device ; combinational logic circuit 
including discrete gates or transistor logic ; discrete hardware 
components and memory devices ; and / or any combination 
thereof , designed to perform the functions described herein . 
[ 0035 ] Accordingly , in FIG . 1 , an embodiment of the 
controller 104 is depicted as a computer system comprising 
a processor 150 and a memory 152. The processor 150 may 

user 
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comprise any type of processor or multiple processors , 
single integrated circuits such as a microprocessor , or any 
suitable number of integrated circuit devices and / or circuit 
boards working in cooperation to carry out the described 
operations , tasks , and functions by manipulating electrical 
signals representing data bits at memory locations in the 
system memory , as well as other processing of signals . The 
memory 152 may comprise RAM memory , ROM memory , 
flash memory , registers , a hard disk , or another suitable 
non - transitory short or long - term storage media capable of 
storing computer - executable programming instructions or 
other data for execution . The memory 152 may be located on 
and / or co - located on the same computer chip as the proces 
sor 150. Generally , the memory 152 maintains data bits and 
may be utilized by the processor 150 as storage and / or a 
scratch pad during operation . Specifically , the memory 152 
stores instructions and applications 160. Information in the 
memory 152 may be organized and / or imported from an 
external source during an initialization step of a process ; it 
may also be programmed via a user input device 112. During 
operation , the processor 150 loads and executes one or more 
programs , algorithms and rules embodied as instructions and 
applications 160 contained within the memory 152 and , as 
such , controls the general operation of the controller 104 as 
well as the system 102 . 
[ 0036 ] The novel search and rescue ( SAR ) program 162 
includes rules and instructions . The processor 150 loads the 
SAR program 162 ( thereby being programmed with the 
SAR program 162 ) . When the processor 150 executes the 
SAR program 162 , this causes the controller 104 to perform 
the functions , techniques , and processing tasks associated 
with the operation of the system 102. The SAR program 162 
directs the processing of searchlight data with real time 
navigation data and cartesian input ( e.g. , loci ) to determine 
differences / deviations between past , current , and intended 
next positions , orientations and ranges , as described here 
inbelow . Novel program 162 and associated stored variables 
164 may be stored in a functional form on computer readable 
media , for example , as depicted , in memory 152. While the 
depicted exemplary embodiment of the controller 104 is 
described in the context of a fully functioning computer 
system , those skilled in the art will recognize that the 
mechanisms of the present disclosure are capable of being 
distributed as a program product 166 . 
[ 0037 ] As a program product 166 , one or more types of 
non - transitory computer - readable signal bearing media may 
be used to store and distribute the SAR program 162 , such 
as a non - transitory computer readable medium bearing the 
SAR program 162 and containing therein additional com 
puter instructions for causing a computer processor ( such as 
the processor 150 ) to load and execute the SAR program 
162. Such a program product 166 may take a variety of 
forms , and the present disclosure applies equally regardless 
of the type of computer - readable signal bearing media used 
to carry out the distribution . Examples of signal bearing 
media include : recordable media such as floppy disks , hard 
drives , memory cards and optical disks , and transmission 
media such as digital and analog communication links . It 
will be appreciated that cloud - based storage and / or other 
techniques may also be utilized as memory 152 and as 
program product time - based viewing of clearance requests 
in certain embodiments . 
[ 0038 ] In various embodiments , the processor / memory 
unit of the controller 104 may be communicatively coupled 

( via a bus 155 ) to an input / output ( I / O ) interface 154 , and a 
database 156. The bus 155 serves to transmit programs , data , 
status and other information or signals between the various 
components of the controller 104. The bus 155 can be any 
suitable physical or logical means of connecting computer 
systems and components . This includes , but is not limited to , 
direct hard - wired connections , fiber optics , infrared and 
wireless bus technologies . 
[ 0039 ] The I / O interface 154 enables intra controller 104 
communication , as well as communications between the 
controller 104 and other system 102 components , and 
between the controller 104 and the external data sources via 
the communication system and fabric 118. The I / O interface 
154 may include one or more network interfaces and can be 
implemented using any suitable method and apparatus . In 
various embodiments , the I / O interface 154 is configured to 
support communication from an external system driver 
and / or another computer system . In one embodiment , the 
I / O interface 154 is integrated with the communication 
system and fabric 118 and obtains data from external data 
source ( s ) directly . Also , in various embodiments , the I / O 
interface 154 may support communication with technicians , 
and / or one or more storage interfaces for direct connection 
to storage apparatuses , such as the database 156 . 
[ 0040 ] In some embodiments , the database 156 is part of 
the memory 152. In various embodiments , the database 156 
is integrated , either within the controller 104 or external to 
it . Accordingly , in some embodiments , cartesian patterns 
and / or terrain maps are pre - loaded and internal to the 
controller 104 . 
[ 0041 ] Turning now to the three - dimensional image 200 
indicated in FIG . 2 , rotorcraft 100 is shown at the origin of 
a cartesian coordinate system , with a beam of light project 
ing out to a point 202. Traditional searchlights with inde 
pendent pan and tilt control are generally controlled in 
spherical coordinates . Using spherical coordinates , the ori 
entation of the beam of light projecting out to point 202 , with 
respect to the earth , is described in terms elevation ( 0 ) 
( measured from the X axis ) and azimuth ( Y ) ( measured 
from the Z axis ) . The elevation ( 0 ) and azimuth ( ¥ ) are 
controlled by pan and tilt angles . Further , to describe the 
location of point 202 , the slant range p is used . Therefore , 
the location of point 202 defined in the cartesian coordinate 
system as ( x , y , z ) , can be translated to the 3 - tuple { p , 0 , Y } 
in the spherical coordinate system . 
[ 0042 ] The task of tracing out a straight - line using pan and 
tilt is much more challenging , particularly when a search 
light light head 122 is to be panned with a non - zero tilt , as 
shown in FIG . 3. In FIG . 3 , the ideal locus 308 is a dashed 
straight - line from A 304 to B 306. The ideal locus 308 
represents a desired path made by the beam axis touchdown 
36 ( i.e. , the point at which the beam axis intersects with the 
ground ) 
[ 0043 ] However , the actual locus 302 from a searchlight 
light head 122 panned with a non - zero tilt is parabolic , as 
shown with the heavy line from A 304 to B 306. As can be 
seen with actual locus 302 , moving the beam axis touch 
down 36 from A 304 to B 306 requires multiple sequential 
pan and tilt maneuvers . For example , moving from A 304 to 
B 306 involves a first pan 310 moving the beam axis 
touchdown from A 304 to A ' 318. A first tilt 314 moves the 
beam axis touchdown from A ' to A " ( point 320 ) , a second 
pan 312 moving the beam axis touchdown to A ' " ( point 322 ) 
and a second tilt 316 moving the beam axis touchdown to 
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A " " ( point 324 ) . And so on . As can be seen with the actual 
locus 302 , the task of tracing out a straight - line from A 304 
to B 306 ( the ideal locus 308 ) using pan and tilt is very 
inefficient and inaccurate . 
[ 0044 ] As mentioned , the provided system 102 can ( 1 ) 
perform this task and achieve the desired locus ; and , ( 2 ) can 
perform this task by receiving cartesian inputs . The SAR 
controller 104 receives cartesian inputs for slew commands 
( as used herein , the slew command collectively refers to the 
directional input commands , or commands to move the light 
head in a certain way ) from the operator / pilot an interprets 
the cartesian inputs as requests to make straight lines on the 
ground ; Concurrent with receiving the cartesian input , the 
system 102 simultaneously generates respective azimuth 
and elevation commands for controlling the light head 122 
( and its beam axis 30 ) in accordance with the cartesian input 
slew commands . 
[ 0045 ] Acartesian pattern may be considered a plurality of 
cartesian input points that are arranged in a unique sequence 
that defines the cartesian pattern . Accordingly , the source of 
a cartesian pattern 108 provides at least one cartesian input 
point to the controller 104. In some embodiments , the source 
of a cartesian pattern 108 is a manual input device such as 
the stick or hat switch 402 shown in FIG . 4. Responsive to 
cartesian input sequentially provided , the controller 104 
controls the light head and the pilot's experience is an 
improved human - machine experience , in that he is operating 
the searchlight controls in cartesian convention and having 
a resultant straight - line locus on the ground . 
[ 0046 ] In the above example embodiment , the source of 
cartesian pattern 108 is a user input device , and the method 
of input of the cartesian pattern is one point at a time , 
sequentially . However , the system 102 is not just limited to 
manual input , nor is it limited to drawing straight lines . The 
system 102 is additionally capable of receiving a complete 
cartesian pattern ( e.g. , in bulk ) comprised of a plurality of 
cartesian inputs having a specific sequential order , storing 
the complete cartesian pattern , and implementing the com 
plete cartesian pattern , point by point , without further 
manual interaction . 
[ 0047 ] In various embodiments , the source of a cartesian 
pattern 108 is selectable and flexible , such that the controller 
104 can receive cartesian patterns from one or more of : a 
memory device 152 , a flight management system , and other 
on - board systems . In various embodiments , the source of a 
cartesian pattern 108 is also selectable and flexible , such that 
the controller 104 can receive cartesian patterns additionally 
from an external source 50 , which provides the cartesian 
pattern via a wireless connection . Most patterns that can be 
described in cartesian coordinates can be reproduced with 
the movement of the light head 122 by the SAR controller 
104 . 
[ 0048 ] In other embodiments , the source of a cartesian 
pattern 108 is a flight management system . In still other 
embodiments , the source of a cartesian pattern 108 is a 
wireless data link from an external source 50. In various 
embodiments , the controller 104 is programmed to receive 
cartesian input points from all the above potential sources of 
a cartesian pattern 108 . 
[ 0049 ] An advantage of being able to implement a carte 
sian pattern is that search and rescue patterns are often 
drawn in a cartesian system . As shown in FIGS . 5A - 5E , 
there are many established search and rescue patterns , which 
may then be manually modified to scale to the area to be 

searched . In an XY plane , a creeping line 502 looks like a 
digital wave from left to right . An expanding square 504 
begins with a small square and then wraps around itself in 
subsequent squares , each bigger and encompassing the 
previous ones . A sector 506 looks something like a pin 
wheel , in which the rotorcraft 100 crosses over a middle 
point repeatedly . Some three - dimensional search and rescue 
patterns include a contour search 508 and a plan view 510 . 
In each of the three - dimensional cartesian patterns , the 
rotorcraft begins at one altitude and sequentially descends in 
altitude . 
[ 0050 ] In various embodiments , the complete predefined 
SAR patterns are stored for reference . They may be stored 
in the memory 152 , the database 156 , and / or be stored in the 
SAR program 162. In various embodiments , the complete 
predefined SAR patterns are provided by the source of 
cartesian pattern 108. In various embodiments , the complete 
predefined SAR patterns are provided by the external source 
50. Regardless of how the controller 104 obtains the com 
plete predefined SAR patterns , the controller 104 may 
render a menu of available predefined SAR patterns for a 
pilot to select and activate in the cockpit . In various embodi 
ments , the controller 104 commands the onboard display 
system 110 to render images of available SAR patterns and 
to provide the pilot with an ability to select a desired one 
from among them . 
[ 0051 ] In various embodiments , the PTZ camera 128 is 
utilized during the search and rescue operation . The PTZ 
camera 128 is configured to slave with the beam axis 30. As 
the rotorcraft 100 is stationary and the beam of light 31 scans 
the ground in accordance with the search pattern , the PTZ 
camera 128 can be utilized to capture video images of terrain 
and objects within the beam of light 31. The controller 104 
may then command the display system 110 to display the 
video images on the display system 110 , which improves the 
human - machine interface , and optimizes the efficiency of 
the search and rescue operation . 
[ 0052 ] Notably , the SAR light control that is provided by 
the present invention offers a number of advantages over 
conventional search and rescue systems . First , the amount of 
time that a rotorcraft 100 can be stationary while executing 
a selected cartesian pattern can be maximized because the 
control of the light head 122 is no longer manual . In contrast , 
conventional search and rescue systems require the rotor 
craft to fly and execute the pattern . As search and rescue 
operations are often performed in rugged territory , this 
increases safety . Next , the video images provided by the 
PTZ camera 128 as configured provide valuable SAR infor 
mation . 
[ 0053 ] The system 102 may make its determinations and 
selections in accordance with a method such as method 600 
of FIG . 6. With continued reference to FIGS . 1-5 , a flow 
chart is provided for a method 600 for providing a system 
102 , in accordance with various exemplary embodiments . 
Method 600 represents various embodiments of a method 
for adaptive clearance request prediction . For illustrative 
purposes , the following description of method 600 may refer 
to elements mentioned above in connection with FIG . 1. In 
practice , portions of method 600 may be performed by 
different components of the described system . It should be 
appreciated that method 600 may include any number of 
additional or alternative tasks , the tasks shown in FIG . 6 
need not be performed in the illustrated order , and method 
600 may be incorporated into a more comprehensive pro 
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cedure or method having additional functionality not 
described in detail herein . Moreover , one or more of the 
tasks shown in FIG . 6 could be omitted from an embodiment 
of the method 600 if the intended overall functionality 
remains intact . 

[ 0054 ] The method starts , and at 602 the controller 104 is 
initialized and the system 102 is in operation . Initialization 
may comprise uploading or updating instructions and appli 
cations 160 , program 162 , parameters , pre - programmed 
thresholds , lookup tables , and formatting instructions . 
Parameters may include , for example , configurable , pre 
programmed range and orientation thresholds , parameters 
for setting up a user interface , and the various shapes , 
various colors and / or visually distinguishing techniques 
used for renderings on the display system 110. In some 
embodiments , program 162 includes additional instructions 
and rules for rendering information differently based on type 
of display device in the display system 110 . 
[ 0055 ] At 404 , rotorcraft state data is continuously 
obtained from the rotorcraft inertial navigation system 106 . 
At 604 , a light head 122 generates a beam of light 31 along 
a beam axis 30. At 606 rotorcraft current state data is 
received . At 608 a cartesian input point is received from the 
source of a cartesian pattern 108. As mentioned , in some 
embodiments , the cartesian pattern may be manually cre 
ated , comprised of multiple cartesian input points entered 
sequentially . In an embodiment , the cartesian input point is 
provided via a collective stick grip 400 . 
[ 0056 ] At 610 , responsive to receiving the cartesian input 
point , the method determines an initial state at a time to . The 
initial state is used as a starting point for movement in the 
cartesian coordinate system . Therefore , the initial state 
includes , for time to : rotorcraft state data , a light head 
orientation and a light head range . The initial light head 
orientation may be determined as a function of the real - time 
rotorcraft state , due to its location on the rotorcraft 100 . 
[ 0057 ] At 612 , the controller 104 processes the initial state 
and the cartesian input point to identify a delta between 
them , which is a measure of how to move the light head 122 
to get from its initial state to its desired state at the cartesian 
input point . One or more deltas can be created at 612. For 
example , at 612 , the controller 104 calculates at least a 
delta - orientation for the light head 122 this measure defines 
how to turn a face of the light head 122 to direct the beam 
axis . In some embodiments , at 612 , the controller 104 
calculates a delta - orientation and a delta - range , the delta 
range is a measure of how to change the distance 34. In 
various embodiments , responsive to a delta - range , the con 
troller 104 commands the PTZ camera 128 to adjust , such 
as : to zoom in on the field of view of the PTZ camera 128 
when the delta - range is positive ; and to zoom out when the 
delta - range is negative . In various embodiments , the control 
module 104 keeps the field of view of the video stream 
constant by automatically changing the zoom value based on 
the delta - range . 
[ 0058 ] With respect to directing the beam of light 31 and 
controlling the light head 122 , at 612 , the controller 104 
generates a pan command and a tilt command as a function 
of the one or more deltas . At 614 , the pan control motor 124 
causes the light head 122 ( and beam axis 30 ) to pan 
responsive to the pan command . At 616 , the tilt control 
motor 126 causes the light head 122 ( and beam axis 30 ) to 
tilt responsive to the tilt command . Data from the sensors 

130 may be processed to confirm the desired pan and tilt 
movements have been performed . 
[ 0059 ] In other embodiments , at 612 , the controller 104 
calculates a delta - orientation , a delta - range , and one or more 
delta - rotorcraft state data ( a deviation in three - dimensional 
space , for example , delta - latitude and delta - longitude , delta 
attitude , delta altitude , etc. ) . When a delta - latitude , delta 
longitude , delta attitude , or the like , are calculated , they are 
compared to a respective predefined threshold . The pre 
defined thresholds are selected to define stability of the 
rotorcraft . Therefore , if the controller 104 determines that 
the rotorcraft deviates in three - dimensional space more than 
a respective predefined threshold , the controller 104 will 
adjust pan and tilt commands to keep the beam axis on the 
selected pattern . 
10060 ] At 618 the PTZ camera 128 is slaved with the beam 
axis 30. In other words , as the beam axis 30 moves around , 
the PTZ camera also reorients , such that a field of view of 
the PTZ camera 128 ( not shown ) is always centered around 
the beam axis 30. At 620 , the PTZ camera 128 captures a 
video stream and transmits it . At 622 , the display system 110 
may receive the video stream and display it for a user to 
observe in real time . At 622 , the display system 110 may 
adjust a zoom value of the PTZ camera responsive to a 
delta - range . After 624 , the method may return to 604 or end . 
[ 0061 ] As mentioned , the source of a cartesian pattern 108 
can provide , in bulk , a plurality of sequential discrete 
cartesian input points constituting a complete cartesian 
pattern , such as one of the search and rescue patterns 
described in connection with FIG . 5. In these embodiments , 
a method such as method 700 of FIG . 7 might be utilized . At 
the start of method 700 , it is assumed that the method is 
initialized and that the light head 122 is configured to 
generate a beam of light along the beam axis 30 , as 
described . At 702 , the rotorcraft current state data is 
received . At 704 , a menu of multiple different available SAR 
cartesian patterns is rendered on the display system 110. At 
706 , the method receives a user selected SAR cartesian 
pattern from among the multiple available SAR patterns . 
[ 0062 ] At 708 , the initial states are determined as previ 
ously described . At 710 , the method begins performing a 
SAR operation in accordance with the selected SAR pattern . 
In other words , at 710 , for each cartesian input point of a 
plurality of cartesian input points constituting the selected 
SAR pattern , the method sequentially generates a pan com 
mand and a tilt command , moves the beam axis as described 
above , and slaves the PTZ camera 128. The PTZ camera 128 
captures a video stream and the video stream is rendered on 
the display system 110. It is significant to note that the 
performanc of the complete SAR pattern , from the first 
point in the pattern to the last point in the pattern , at 710 , 
happens automatically and without manual input , thus 
enabling the pilot to view captured video images or attend to 
other tasks . At 712 , the display system 110 may adjust a 
zoom value of the PTZ camera responsive to a delta - range . 
At the end of the SAR operation at 712 , the method may end 
or repeat . 
[ 0063 ] Thus , the proposed systems and methods for SAR 
light control for a rotorcraft are technologically improved 
over conventional approaches to SAR systems for a rotor 
craft . The system for SAR light control for a rotorcraft 102 
enables easy augmentation for any rotorcraft equipped with 
a smart searchlight and does not require any special or 
additional instrumentation and equipage . As is readily 
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appreciated , the above examples of the system 102 are 
non - limiting , and many others may be addressed by the SAR 
controller 104 . 

[ 0064 ] Those of skill in the art will appreciate that the 
various illustrative logical blocks , modules , circuits , and 
algorithm steps described in connection with the embodi 
ments disclosed herein may be implemented as electronic 
hardware , computer software , or combinations of both . 
Some of the embodiments and implementations are 
described above in terms of functional and / or logical block 
components ( or modules ) and various processing steps . 
However , it should be appreciated that such block compo 
nents ( or modules ) may be realized by any number of 
hardware , software , and / or firmware components configured 
to perform the specified functions . To clearly illustrate the 
interchangeability of hardware and software , various illus 
trative components , blocks , modules , circuits , and steps 
have been described above generally in terms of their 
functionality . Whether such functionality is implemented as 
hardware or software depends upon the application and 
design constraints imposed on the overall system . 
[ 0065 ) Skilled artisans may implement the described func 
tionality in varying ways for each application , but such 
implementation decisions should not be interpreted as caus 
ing a departure from the scope of the present invention . For 
example , an embodiment of a system or a component may 
employ various integrated circuit components , e.g. , memory 
elements , digital signal processing elements , logic elements , 
look - up tables , or the like , which may carry out a variety of 
functions under the control of one or more microprocessors 
or other control devices . In addition , those skilled in the art 
will appreciate that embodiments described herein are 
merely exemplary implementations . 
[ 0066 ] Further , the various illustrative logical blocks , 
modules , and circuits described in connection with the 
embodiments disclosed herein may be implemented or per 
formed with a general - purpose processor , a digital signal 
processor ( DSP ) , an application specific integrated circuit 
( ASIC ) , a field programmable gate array ( FPGA ) or other 
programmable logic device , discrete gate or transistor logic , 
discrete hardware components , or any combination thereof 
designed to perform the functions described herein . A gen 
eral - purpose processor may be a microprocessor , but in the 
alternative , the processor may be any conventional proces 
sor , controller , microcontroller , or state machine . A proces 
sor may also be implemented as a combination of computing 
devices , e.g. , a combination of a DSP and a microprocessor , 
a plurality of microprocessors , one or more microprocessors 
in conjunction with a DSP core , or any other such configu 
ration . 
[ 0067 ] The steps of the method or algorithm described in 
connection with the embodiments disclosed herein may be 
embodied directly in hardware , in a software module 
executed by a controller or processor , or in a combination of 
the two . A software module may reside in RAM memory , 
flash memory , ROM memory , EPROM memory , EEPROM 
memory , registers , hard disk , a removable disk , a CD - ROM , 
or any other form of storage medium known in the art . An 
exemplary storage medium is coupled to the processor such 
that the processor can read information from , and write 
information to , the storage medium . In the alternative , the 
storage medium may be integral to the processor . The 
processor and the storage medium may reside in an ASIC . 

[ 0068 ] In this document , relational terms such as first and 
second , and the like may be used solely to distinguish one 
entity or action from another entity or action without nec 
essarily requiring or implying any actual such relationship or 
order between such entities or actions . Numerical ordinals 
such as “ first , ” “ second , ” “ third , ” etc. simply denote differ 
ent singles of a plurality and do not imply any order or 
sequence unless specifically defined by the claim language . 
The sequence of the text in any of the claims does not imply 
that process steps must be performed in a temporal or logical 
order according to such sequence unless it is specifically 
defined by the language of the claim . When “ or ” is used 
herein , it is the logical or mathematical or , also called the 
“ inclusive or . ” Accordingly , A or B is true for the three cases : 
A is true , B is true , and , A and B are true . In some cases , the 
exclusive “ or ” is constructed with “ and ; " for example , " one 
from A and B ” is true for the two cases : A is true , and B is 
true . 

[ 0069 ] Furthermore , depending on the context , words such 
as " connect " or " coupled to ” used in describing a relation 
ship between different elements do not imply that a direct 
physical connection must be made between these elements . 
For example , two elements may be connected to each other 
physically , electronically , logically , or in any other manner , 
through one or more additional elements . 
[ 0070 ] While at least one exemplary embodiment has been 
presented in the foregoing detailed description of the inven 
tion , it should be appreciated that a vast number of variations 
exist . It should also be appreciated that the exemplary 
embodiment or exemplary embodiments are only examples , 
and are not intended to limit the scope , applicability , or 
configuration of the invention in any way . Rather , the 
foregoing detailed description will provide those skilled in 
the art with a convenient road map for implementing an 
exemplary embodiment of the invention . It being understood 
that various changes may be made in the function and 
arrangement of elements described in an exemplary embodi 
ment without departing from the scope of the invention as 
set forth in the appended claims . 
What is claimed is : 
1. A system to control a search and rescue ( SAR ) light on 

a rotorcraft , the SAR light configured to project a beam of 
light along a beam axis , the system comprising : 

a pan control motor configured to cause the beam axis to 
pan responsive to a pan command ; 

a tilt control motor configured to cause the beam axis to 
tilt responsive to a tilt command ; 

a navigation system providing a real - time rotorcraft state , 
including a latitude , a longitude , and an orientation ; 

a source of a cartesian pattern configured to supply a 
cartesian input point ; 

a controller operationally coupled to the navigation sys 
tem and the source of a cartesian pattern , the controller 
having a processor programmed to : 
receive the cartesian input point ; 
determine an initial light head orientation as a function 

of the real - time rotorcraft state ; 
generate a pan command and a tilt command as a 

function of the initial light head orientation and the 
cartesian input point ; and 

transmit the pan command to the pan control motor and 
the tilt command to the tilt control motor ; and 

a pan - tilt - zoom ( PTZ ) camera configured to slave with the 
beam axis and to continuously have a field of view 
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centered on the beam axis , the PTZ camera configured 
to capture a video stream and transmit it ; and 

wherein the cartesian input point is a one of a plurality of 
cartesian input points in a sequence defining the car 
tesian pattern , and the processor is further programmed 
to : 

for each cartesian input point in the sequence defining the 
cartesian pattern , 
identify a delta - range ; 
generate a respective pan command and a respective tilt 
command ; 

zoom in on the field of view of the PTZ camera when 
the delta - range is positive ; and 

zoom out on the field of view of the PTZ camera when 
the delta - range is negative . 

2. ( canceled ) 
3. The system of claim 1 , wherein generating the pan 

command and the tilt command includes generating an 
elevation and an azimuth with respect to the earth . 

4. The system of claim 3 , wherein the processor is further 
programmed to : 

determine that the rotorcraft has deviated in three - dimen 
sional space by more than a predefined threshold ; and 

adjust pan and tilt commands accordingly . 
5. The system of claim 4 , wherein the SAR light and the 

PTZ camera are each further configured as dual spectrum 
with visible light and infra - red light . 

6. The system of claim 5 , further comprising a display 
system configured to receive the video stream and display it . 

7. The system of claim 6 , wherein the source of a cartesian 
pattern is a manual input device . 

8. The system of claim 7 , wherein the manual input device 
is a collective stick grip . 

9. The system of claim 6 , wherein the source of a cartesian 
pattern is a flight management system . 

10. The system of claim 6 , wherein the source of a 
cartesian pattern is a wireless data link . 

11. A method for controlling a Search and rescue ( SAR ) light on a rotorcraft , the SAR light configured to project a 
beam of light along a beam axis , the method comprising : 

at a controller having a processor programmed with a 
SAR program , performing the operations of : 
receiving real - time rotorcraft state data ; 
receiving a cartesian input point ; 
determining an initial light head orientation as a func 

tion of the real - time rotorcraft state ; 
calculating a delta - orientation for the SAR light ; 
generating a pan command and a tilt command as a 

function of delta - orientation for the SAR light ; and 
transmitting the pan command and the tilt command ; 
and 

wherein the cartesian input point is a one of a plurality of 
cartesian input points in a sequence defining the car 
tesian pattern , for each cartesian input point in the 
sequence defining the cartesian pattern , 
identifying a delta - range ; 
generating a respective pan command and a respective 

tilt command ; 
zooming in on the field of view of the PTZ camera 
when the delta - range is positive ; and 

zooming out on the field of view of the PTZ camera 
when the delta - range is negative ; and 

at a pan control motor , causing the SAR light to pan 
responsive to the pan command ; 

at a tilt control motor , causing the SAR light to tilt 
responsive to the tilt command ; and 

at a pan - tilt - zoom ( PTZ ) camera configured to slave with 
the beam axis and to continuously have a field of view 
centered on the beam axis , capture a video stream and 
transmit it . 

12. ( canceled ) 
13. The method of claim 11 , wherein generating the pan 

command and the tilt command includes generating an 
elevation and an azimuth with respect to the earth . 

14. The method of claim 13 , further comprising : 
determining that the rotorcraft has deviated in three 

dimensional space by more than a predefined threshold ; 
and 

adjusting pan and tilt commands accordingly . 
15. The method of claim 15 , further comprising : 
at a display system , 

receiving the video stream ; and 
displaying it 

16. The method of claim 15 , further comprising , receiving 
the cartesian pattern from a manual input device . 

17. The method of claim 16 , further comprising , receiving 
the cartesian pattern from a collective stick grip . 

18. The method of claim 15 , further comprising , receiving 
the cartesian pattern from a flight management system . 

19. The method of claim 15 , further comprising , receiving 
the cartesian pattern from a wireless data link . 

20. A system to control a search and rescue ( SAR ) light 
on a rotorcraft , the SAR light configured to project a beam 
of light along a beam axis , the system comprising : 

a pan control motor configured to cause the beam axis to 
pan responsive to a pan command ; 

a tilt control motor configured to cause the beam axis to 
tilt responsive to a tilt command ; 

a navigation system providing a real - time rotorcraft state , 
including a latitude , a longitude , and an orientation ; 

a source of a cartesian pattern comprising a plurality of 
cartesian input points in a sequence , the source of the 
cartesian pattern being selectable from among an input 
device , a flight management system , a memory device , 
and an external source ; 

a controller operationally coupled to the navigation sys 
tem and the source of cartesian pattern , the controller 
having a processor to : 
receive the cartesian pattern ; and 

for each cartesian input point in the sequence defin 
ing the cartesian pattern , 
determine an initial light head orientation as a 

function of the real - time rotorcraft state ; 
generate a pan command and a tilt command as a 

function of the initial light head orientation and 
the cartesian input point ; 

transmit the pan command to the pan control 
motor and the tilt command to the tilt control 
motor ; and 

identify a delta - range ; and 
a pan - tilt - zoom ( PTZ ) camera configured to slave with 

the beam axis and to continuously have a field of 
view centered on the beam axis , the PTZ camera 
configured to : 
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capture a video stream and transmit it ; 
zoom in on the field of view of the PTZ camera when the 

delta - range is positive ; and 
zoom out on the field of view of the PTZ camera when the 

delta - range is negative . 


