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ULTRASONIC HAPTIC SYSTEM FOR 
PATIENT NUDGING 

FIELD OF THE INVENTION 

[ 0001 ] The invention relates to a system for patient posi 
tioning in imaging or radiation therapy , to a method for 
patient positioning in imaging or radiation therapy , to an 
imaging apparatus or a radiation therapy delivery apparatus 
including such a system , to an arrangement including such 
as system and an imaging apparatus or a radiation therapy 
delivery apparatus , to a computer program element , and to 
a computer readable medium . 

BACKGROUND OF THE INVENTION 
a [ 0002 ] In medical imaging patient positioning is impor 

tant . Without correct positioning , portions of a certain 
anatomy of interest ( region of interest , ROI ) may be cut off 
in the imagery thus rendering the imagery essentially use 
less . Re - imaging may be required which adds costs , 
increases waiting times and may also result in health haz 
ards , for instance caused by additional x - ray exposure to 
patient or staff . 
[ 0003 ] Currently , patients need to be positioned by medi 
cal staff in the imaging system as precisely and accurately as 
possible for best possible capture of the ROI . This may 
require experienced medial staff who have developed posi 
tional cues over time to help position the patient and help 
maintain correct posture throughout the imaging session . 
Sometimes ( sub- ) centimeter level final positioning of a 
patient is needed . For longer scan sequences , there may be 
a repeated requirement for such repositioning . 
[ 0004 ] Achieving correct patient positioning may be cum 
bersome , especially in imaging systems where the patient 
resides in a tight enclosure such as in bores of CT ( computed 
tomography ) or MRI ( magnetic resonance imaging ) scan 
ners . In particular , in case of MRI bores , the patient cannot 
easily be positioned inside the bore by medical staff due to 
the tight space constraints . Staff may not be able physically 
to reach inside the bore for giving physical instructions . 
Sometimes , because of the space constraint within the bore , 
all that staff can do is to give verbal instructions to the 
patient . But this may be inefficient because of language 
barriers or other communication challenges . 
[ 0005 ] But even if there are no such space constraints , 
such as in certain chest X - ray imaging systems where the 
patient is standing in open space in between an X - ray source 
and a detector in an imaging room , positioning may still be 
cumbersome because staff will need to leave and reenter the 
room to assist in repositioning in - between different X - ray 
imaging sequences . This is because , especially with X - ray , 
staff cannot usually remain in the examination room during 
imaging due to hazardous X - ray dose exposure . 
[ 0006 ] Similar patent positioning challenges may arise in 
radiation therapy ( RT ) delivery , where it must be equally 
ensured that the ROI is correctly positioned in the radiation 
beam to preserve as much healthy tissue as possible whilst 
destroying as much cancerous tissue as possible . 

embodiments are incorporated in the dependent claims . It 
should be noted that the following described aspect of the 
invention equally applies to the system for patient position 
ing in imaging or radiation therapy , to the method for patient 
positioning in imaging or radiation therapy , to the imaging 
apparatus or a radiation therapy delivery apparatus including 
such a system , to the arrangement including such as system 
and an imaging apparatus or a radiation therapy delivery 
apparatus , to the computer program element , and to the 
computer readable medium . 
[ 0009 ] According to a first aspect of the invention there is 
provided a system for patient positioning in imaging or 
radiation therapy , comprising 

[ 0010 ] at least one transmitter configured to generate an 
outgoing signal capable of inducing , from a distance , a 
haptic sensation at an impact region on the patient's 
skin ; and 

[ 0011 ] a control logic configured to modify the outgo 
ing signal in response to a received input request or in 
dependence on a distance between i ) a current position 
of a region of interest of the patient and ii ) a target area 
in an imaging apparatus or in a radiation therapy 
apparatus . 

[ 0012 ] In particular , the at least one transmitter is config 
ured to generate from a distance an outgoing signal capable 
of impacting on a patient's skin , thereby causing the haptic 
sensation at the impact region on the patient's skin . 
[ 0013 ] The outgoing signal generated by the transmitter 
propagates toward a portion of the patient's skin , the impact 
region . The system allows “ ushering ” or directing the patient 
to move an anatomy ( “ ROI ” ) , such as an arm , knee or other , 
towards the target area , such as an imaging area , or so that 
the region of interest remains within the target area . Imaging 
or radiation therapy procedure can be conducted more 
efficiently . Interruptions due to repositioning can be short 
ened and can be carried our more precisely , in some embodi 
ments without human user intervention . The target area may 
be 2D or 3D . The target area may be a portion of space in 
an imaging apparatus or radiation therapy apparatus . The 
target area may be a part of an examination region in the 
imaging apparatus or may be part of a treatment region in a 
radiation therapy delivery apparatus . According to one 
embodiment , the modifying by the control logic of the 
outgoing signal includes one any or more of : i ) changing a 
position of the impact region relative to the region of interest 
( ROI ) , and ii ) changing an intensity pattern of the outgoing 
signal . A pulsation of the signal may be changed for instance 
in dependence on the distance . 
[ 0014 ] According to one embodiment , the control logic 
operates automatically or in response to the input request 
received through a user interface . According to one embodi 
ment , the user interface allows remote controlling of the 
control unit . 
[ 0015 ] According to one embodiment , the system com 
prises a localizer module configured to determine the current 
position of the region of interest . The localizer module and 
the control logic may operate together in a closed - loop 
system . 
[ 0016 ] According to one embodiment , the localizer mod 
ule is coupled to a receiver , the receiver configured to sense 
an incoming signal , wherein the localizer module deter 
mines the current position of the region of interest based on 
the incoming signal . 

SUMMARY OF THE INVENTION 

[ 0007 ] There may therefore be a need for a system or 
method to support patient positioning in imaging or RT . 
[ 0008 ] The object of the present invention is solved by the 
subject matter of the independent claims where further 
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[ 0017 ] The transmitter TX and the receiver RX may be 
integrated into a single device , a transceiver . 
[ 0018 ] According to one embodiment , the system com 
prises a conditioner configured to receive a measurement 
signal in relation to the patient , and wherein the conditioner 
is configured to modify the outgoing signal in dependence 
on the measurement signal . 
[ 0019 ] In embodiments , the measurement signal is a vital 
sign , such as heart rate . In exemplary embodiments , the 
outgoing signal may be pulsed at a frequency below or 
above the heart rate to so induce a lowering of the respira 
tory rate . This allows calming down the patient , achieve 
better compliance and yet more efficient imaging . In 
embodiments , the vital sign is periodic and the outgoing 
signal may be pulsed out of phase with the viral sign . This 
further helps calming down patient . The measurement signal 
preferably describes a physiological or psychological state 
of the patient . The measurement is preferably acquired by a 
probe such as a pulse probe , ECG equipment , etc. Instead of 
using the outgoing signal , a different signal , issued from a 
different transmitter , may be used instead . 
[ 0020 ] According to one embodiment , the control logic is 
configured to encode in the outgoing signal information to 
be communicated to the patient . The encoding may include 
generating a modulation pattern such as in a pulse by 
varying frequency and / or amplitude / intensity . Information 
such as instructions not necessarily related to the positioning 
may be so transmitted safely to the patient , even in the 
presence of noise or blocked vision . The code is pre - agreed 
with the patient . A semantic of the code may be displayed on 
a display device to assist the patient . 
[ 0021 ] According to one embodiment , the transmitter is 
configured as at least one of : i ) a midair ultrasound haptic 
transmitter , iii ) an air nozzle , the outgoing signal being a jet 
of air , iv ) an electromagnetic wave transmitter . The electro 
magnetic wave transmitter is in particular configured as a 
laser transmitter to transmit a laser beam . In general , as 
envisaged herein , the signal acts “ over the - air ” , without 
physical contact ( other than , in embodiments , through air ) 
with the patient . 
[ 0022 ] According to one embodiment , the patient resides 
in or at an imaging apparatus or resides in or at a radiation 
therapy delivery apparatus , such as a LINAC or other . 
[ 0023 ] Specifically , patient may reside in a bore of the 
imager , such as in CT or MM . 
[ 0024 ] The system does not need to be installed in the bore 
where space is already scarce thus improving patient com 
fort . 

[ 0025 ] According to one embodiment , the imaging appa 
ratus is any one of : an X - ray imaging apparatus , a magnetic 
resonance imaging apparatus , and a PET / SPECT imaging 
apparatus . 
[ 0026 ] In one aspect , there is provided an imaging appa 
ratus or a radiation therapy delivery apparatus including at 
least the transmitter as per in any one of the previous claims . 
[ 0027 ] In another aspect , there is provided an arrangement 
comprising i ) an imaging apparatus or radiation therapy 
delivery apparatus and ii ) the system as per any one of the 
above embodiments . 
[ 0028 ] In another aspect , there is provided a method of 
patient positioning for medical imaging or radiation therapy 
delivery , comprising : 

[ 0029 ] generating , with at least one transmitter , an out 
going signal capable of inducing , from a distance , a 
haptic sensation at an impact region on the patient's 
skin ; and 

[ 0030 ] modifying the outgoing signal in response to a 
received input request or in dependence on a distance 
between i ) a current position of a region of interest of 
the patient and ii ) a target area in an imaging apparatus 
or in a radiation therapy apparatus . 

[ 0031 ] In another aspect , there is provided a computer 
program element , which , when being executed by at least 
one processing unit , is adapted to cause the processing unit 
to perform the method . 
[ 0032 ] In particular , the outgoing signal is generated from 
a distance ( from the patient ) and is capable of impacting on 
the patient's skin , thereby causing the haptic sensation at the 
impact region on the patient's skin . 
[ 0033 ] In another aspect , there is provided a computer 
readable medium having stored thereon the program ele 
ment . 
[ 0034 ] The proposed system and method may be used for 
advanced positioning by giving patient feedback / advice , 
preferably in a closed feedback loop . The system may be 
used to reduce patient anxiety . In embodiments , the system 
may be used to influence breathing rate or heart rate by 
external , for instance ultrasonic pulses . The proposed system 
and method may be used to tune patient position and / or 
posture in an acquisition window of an imaging system to 
reduce scan time and / or enhance image quality . 
[ 0035 ] The proposed system and method may be used with 
benefit in autonomous imaging systems or RT systems , 
during times when no medical staff is present . 

Definitions 
[ 0036 ] “ user ” a referred to herein is medical personnel at 
least partly involved in an administrative or organizational 
manner in the imaging procedure . 
[ 0037 ] “ patient " is a person , or in veterinary settings , an 
animal ( in particular a mammal ) , who is be imaged . 
[ 0038 ] “ ROI ” ( region of interest ) relates to a part of the 
human body , internal or external , but may also relate to the 
whole of the patient's body , in which case some or each part 
of the body is a region of interest . In general , the ROI is the 
subject of interest of the ( image - based ) medical examina 
tion . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0039 ] Exemplary embodiments of the invention will now 
be described with reference to the following drawings which 
are not to scale , wherein : 
[ 0040 ] FIG . 1 shows a block diagram of an arrangement 
including a patient positioning system ; 
[ 0041 ] FIG . 2 shows a schematic illustration of a mode of 
operation of the patient positioning system ; 
[ 0042 ] FIG . 3 shows an imaging apparatus including a part 
of the patient positioning system according to one embodi 
ment ; 
[ 0043 ] FIG . 4 shows an imaging apparatus including part 
of the patient positioning system according to a second 
embodiment ; and 
[ 0044 ] FIG . 5 shows a flow chart of a method to support 
patient positioning in imaging or radiation therapy . 

a 
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DETAILED DESCRIPTION OF EMBODIMENTS 

[ 0045 ] With reference to the schematic block diagram in 
FIG . 1 , there is shown an arrangement AR as envisaged 
herein including a computerized system for patient position 
ing PPS and , in some embodiment , an imaging apparatus IA . 
The imaging apparatus IA envisaged herein in embodiments 
includes emission based imaging or transmission based 
imaging but also includes ultrasound imaging or magnetic 
resonance imaging MM . 
[ 0046 ] In embod nts , the imaging apparatus IA is con 
figured to acquire medical imagery of internal structures of 
the patient PAT . The medical imagery may reveal inner 
organs of the patient . Alternatively , instead of anatomic 
structural imaging such as in X - ray or MM , functional 
imaging is also envisaged . Functional imaging allows visu 
alizing , for instance , metabolic activity as in some types of 
nuclear emission imaging , such as SPECT or PET . In either 
case , the medical imagery may assist in therapy or diagnosis 
of the patient PAT . 
[ 0047 ] In broad terms , and turning first to the imaging 
apparatus IA in more detail , this includes , in embodiments , 
equipment to generate an interrogating imaging signal . The 
interrogating imaging signal interacts with tissue inside the 
patient . Patient tissue modifies the interrogating signal and 
causes a modified signal . The so modified signal encodes 
information about the internal structures , anatomies , func 
tional activity , etc , of the patient . The modified signal can be 
detected by a detector unit D. 
[ 0048 ] One embodiment for transmission imaging in par 
ticular envisaged herein is X - ray based imaging such as 
radiography , C- or U - arm imaging or computed tomography 
CT imaging ( “ CT scanner ” ) . In these embodiments , the 
interrogating imaging signal is an x - ray beam XB . In this 
embodiment , the equipment to generate the X - ray beam 
includes an X - ray source XR , such as an X - ray tube . The 
X - ray source is energizable to release the X - ray beam in an 
otherwise known manner . The X - ray beam passes through 
the patient , is then modified , in particular attenuated , and the 
so modified beam is then detected at an X - ray sensitive 
detector D. 
[ 0049 ] The X - ray sensitive detector D is arranged opposite 
the X - ray source to form an imaging region in between the 
two where the patient resides during the imaging . The term 
" imaging ” as used herein is the period throughput which the 
interrogating imaging signal , such as the x - ray beam , passes 
through the patient and is detected at the detector D. 
Intensity data registered at the detector D can then be 
processed by suitable circuitry into internal anatomical or 
functional images . For instance , in CT cross sectional x - ray 
images can be obtained from the detected X - ray intensities . 
The imagery may be rendered for visualization on a display 
device to assist clinical personnel . In the emission embodi 
ment , the equipment to generate the interrogating imaging 
signal resides within the patient , after suitable administra 
tion prior to imaging . The equipment may include a suitable 
radioactive tracer substance . The tracer substance interacts 
with patient tissue from within , then egresses the patient and 
is then detected by detectors arranged outside the patient , at 
last partially surrounding the patient , as is in PET or SPECT 
and similar imaging techniques . 
[ 0050 ] In MRI , the detecting unit D comprises one or more 
radio frequency coils that are capable of picking up radio 
wave signals . The radio wave signals are emitted by dis 

turbed protons in patient tissue when relaxing back into 
alignment with a strong magnetic field generated by the MM 
imager during the imaging . 
[ 0051 ] Some of the described imaging apparatus IA 
embodiments , but not necessarily all , may include a physical 
enclosure EL that surrounds the patient during imaging . The 
patient resides within the enclosure EL during imaging , 
possibly lying or sitting on a support such as an examination 
table TB inside the enclosure . CT scanners and MM scan 
ners may include such enclosures arranged as a bore . The 
bore is relatively tight and does not leave much space for the 
patient to move . Whether or not the imaging apparatus 
includes an enclosure , in all embodiments the imaging 
apparatus IA is in general situated in a specific imaging 
room . Medical personnel are usually not in the imaging 
room whilst the imaging is ongoing . This is because staff 
need to be protected from un - necessary x - ray exposure for 
instance or because the imaging apparats operates in autono 
mous mode as envisaged herein in embodiments . 
[ 0052 ] So that the imaging procedure is made more effi 
cient and to maximize information captured in the imagery , 
it may be important that the specific organ of interest , also 
referred to herein as the region of interest ( “ ROI ” ) , is 
positioned in a designated target area TA during the imaging . 
The target area is a portion of either 2D or 3D space . 
Specifically , the target area is a portion of 2D or 3D space 
in the examination region . In imager IA embodiments that 
include a patient enclosure EL , the target area TA is at last 
partly or wholly inside the enclosure . 
[ 0053 ] In order to better support patient positioning , to 
accomplish this quicker , easier and more efficiently , the 
imaging arrangement AR includes a patient positioning 
system PPS , referred to herein as the “ PPS ” . In broad terms , 
the PPS includes one or more transmitters TX mounted at or 
inside the imaging enclosure EL , eg the bore , or at least 
mounted within the imaging room . The PPS allows manual 
or fully automatic operation of the transmitters TX . In 
operation , the transmitter TX is energized to emit a signal 
towards the patient whilst the patient is in the examination 
region or , in embodiments , is inside the enclosure EL . The 
signal emitted by the transmitter TX causes , from a distance , 
without physical contact with the patient , a haptic sensation 
on the patient's skin at a certain impact region IRE . 
[ 0054 ] Embodiments for causing such haptic sensations 
include in particular ultrasound transmitters TX . In such 
embodiments , the one or more transmitters TX are config 
ured to cause a directed or focused ultrasound beam which 
can be directed to desired impact region IRE on the patient's 
body PAT . The direction of the ultrasound beam is automati 
cally or manually adjustable to impact a desired impact 
region IRE as will be explained more fully below . 
[ 0055 ] The frequency and / or intensity of the ultrasound 
waves emitted by the transmitter are such that they are 
capable of simulating mechanoreceptors situated in the 
patient's skin . It is not necessary for the patient to expose 
bare skin for this , because the ultrasound waves are capable 
of coupling - in onto the skin through a suitably thin garment 
such as hospital gowns usually worn by patients . 
[ 0056 ] The action of the signal emitted by the transmitter 
TX is such that it encourages the patient to move to the 
desired position so that the region of interest is , or remains , 
within the target area TA . Essentially , the transmitter TX can 
be used to nudge or usher the patient , through the emitted 
signal , so that patient assumes the correct position and that 

a 

a 



US 2022/0015722 A1 Jan. 20 , 2022 
4 

a 

the region of interest is within the target area TA or , as the 
case may be , that the ROI remains within the TA . In the 
following , the described signal emittable by the one or more 
transmitters TX may be referred to herein as the “ nudging 
signal ” . Using an ultrasound transmitter as described is one 
preferred embodiment , but other types of transmitters using 
other physical principles are also envisaged herein , in addi 
tion or in the alternative . The PPS may include a control 
logic CL that controls any one of an intensity , frequency and 
direction of the nudging signal . 
[ 0057 ] As mentioned , a plurality of such transmitters TX 
may be spatially suitably arranged in / or at the imager , in 
particular inside its enclosure ( if any ) and / or may be suitably 
distributed in the examination room . Preferably , the arrange 
ment of the one or more transmitters TX is such that , once 
the patient is inside the examination region , one or more 
portions of the patient's skin can form an impact region IRE 
for the nudging signal . This may be achieved for instance by 
having the one or more transmitters arranged spatially 
suitable in relation to the examination region . The transmit 
ters may be arranged inside the examination region , inside 
the bore , and / or around the examination region . In addition , 
one or more of the transmitter may be moveable in different 
spatial orientations . The transmitters may be mounted using 
a joint , articulated arm , a track or other arrangements that 
allow movement , including translation and / or rotary move 
ment . In embodiments , a single transmitter may be sufficient 
if arranged at a suitable vantage location and / or if allowed 
sufficient motional degrees of freedom . The movement of 
the transmitter is effected by the control logic . Specifically , 
the control logic instructs suitable actuators to adjust an 
orientation of the transmitter , and hence the direction of the 
nudging signal emittable by the transmitters . Suitable actua 
tors may include any one or more of servo or stepper motors 
including mechanical gearing , hydraulics , piezoelectric - el 
ement ( s ) , any combination of the foregoing , and / or others . 
[ 0058 ] Turning now first to the manual embodiment of the 
PPS as envisaged herein and as mentioned before , the 
control logic CL may be responsive to commands received 
from a user interface UI . Preferably the user interface UI is 
arranged as a joy stick arrangement although other embodi 
ments are also envisaged such as a touch screen , keystroke 
based interface and any other . 
[ 0059 ] The user interface ( “ UI ” ) is preferably arranged 
remotely away from the imaging apparatus , for instance 
outside the imaging room . Alternatively , the UI may be 
arranged inside the room , in embodiments shielded in a 
cubicle where the user can safely operate the user interface 
without exposure to potentially hazardous imaging signals . 
If multiple transmitters TX are arranged , the user interface 
UI may include user interface elements that allow the user 
to select and switch between the different transmitters TX to 
select a spatially suitable one from which to issue the 
nudging signal . In this manual embodiment the user may be 
positioned so that relative anatomies in relation to the ROI 
are in line of sight in order to efficiently steer the transmitter 
to achieve a desired direction from which the nudging signal 
issues . If direct eyesight is not possible , due to structural 
occlusions ( eg , the bore ) and / or posture of the patient , the 
user may be supported by a surveillance or monitoring 
system such as a video camera system that includes sensors 
RX . The one or more video cameras RX may be arranged in 
the examination room , suitably arranged around the exami 
nation region of the medical imager IA . in particular , the one 

or more video cameras may be arranged at the imaging 
apparatus . One or more of the cameras may be arranged 
inside the enclosure or similar so that the patient position 
and posture , and hence the current location of the ROI can 
be ascertained by the user . Based on the video camera 
footage , the user can then request through the UI a suitable 
re - positioning of the transmitter TX . Issuance of the nudging 
signals may then be requested through the UI to direct the 
nudging signal to a suitable region of impact and so urge the 
patient to move or reposture such that the ROI is moved 
towards , or remains inside , the target area TA . 
[ 0060 ] The described embodiment of inducing haptics at a 
distance by way of ultrasound , such as mid - air haptic 
systems , have been described elsewhere for the purpose of 
computer games . See for instance , B Long et al , “ Rendering 
volumetric haptic shapes in mid - air using ultrasound ” , 
published in Proceedings of ACM SIGGRAPH Asia 2014 , 
" ACM Transactions on Graphics ” , vol 33 ( 6 ) , 2014 ) . 
[ 0061 ] Ultrasound based haptic system have been found 
by Applicant to be of particular advantage as patients react 
positively to perceived touch , touch being a fundamental 
sensory input for spatial clue and positioning . Efficient 
guidance of the patient to fine tune his / her posture is thereby 
effected . The sensation of touch caused by the ultrasound 
waves emitted may also act in a calming manner on the 
patient . If the ultrasound waves are applied at a suitably 
chosen impact region IRE ( on which more further below ) , 
user can any one of easily , intuitively , unambiguously , 
quickly direct the patient to assume the correct position . 
[ 0062 ] Turning now in more detail to the ultrasound 
embodiment , the transmitter TX may be arranged as a one or 
two dimensional phased array of ultrasound transducers . 
The ultrasound transducers are controlled by the control 
logic CL in a manner so as to create an acoustic interference 
pattern that gives rise to the directed ultrasound beam that is 
capable of inducing the haptic sensation on the patient's skin 
at the impact region IRE . The focused ultrasound waves 
cause , at a distance and in a non - invasive manner , sound 
sensations at any desired intensity and / or frequency . In 
embodiments , the acoustic field created by the phased array 
allows forming volumetric acoustic fields , “ haptic shapes ” , 
such as a palpable sphere or other geometrical configura 
tions . When applied to the patient at the impact region IRE 
the patient then experiences a sensation as if a physical 
object of the specified shape is in skin contact . Suitable 
acoustic shapes such as the mentioned spheres may be used 
to create a pleasant massage effect for instance , to gently 
nudge the patient towards the desired target area . 
[ 0063 ] Useful as the described ultrasound embodiments of 
the transmitter TXR are , these are not at the exclusion of 
other embodiments that are not necessarily ultrasound 
based . For instance , in other embodiments one or more air 
nozzles can be used instead as transmitter TX . In this 
embodiment the transmitter TX issues a jet of directed air to 
thereby cause the haptic sensation and to effect the nudging . 
In yet other embodiments , one or more electro - magnetic 
radiation based transmitters TX are used that are configured 
to cause haptic sensations . Specifically , the electro - magnetic 
radiation is configured to excite mechanoreceptors embed 
ded in the patient's skin . In exemplary embodiment of the 
concept , the nudging transmitter TX may be arranged as a 
laser transmitter operable at a suitable frequency . An elec 
tromagnetic field such as laser light can also create a haptic 
effect at a distance from the source of excitation . In embodi 
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[ 0067 ] The current position of the ROI may be defined 
relative to a world co - ordinate system . The world coordinate 
system may also be used to establish the position of the 
detector and / or the imaging signal source , such as the x - ray 
source . 

? 

ments , pulsed laser based systems are used . In embodiments , 
nanosecond laser is used , which , when applied to the skin , 
evokes tactile sensation . In embodiments , heat radiation may 
be used . Certain receptors ( eg , TRPV1 ) in human skin 
respond not only to heat but also to pain . By eliciting both 
responses in turn , a haptic sensation can be caused . This may 
be achieved by controlling a heat source , such as a halogen 
lamp or other . The heat source is suitably focused using one 
or more reflectors and the focus is rapidly switched . See for 
instance Saga S. “ HeatHapt Thermal Radiation - Based Hap 
tic Display ” , in : Kajimoto H. , Ando H. , Kyung KU . ( eds ) , 
“ Haptic Interaction " , Lecture Notes in Electrical Engineer 
ing , vol 277 , pp 105-107 , Springer , Tokyo , ( 2015 ) . The 
above mentioned transmitter TX embodiments can be used 
singly or in combination or in any sub - combination . 
[ 0064 ] In embodiments , the nudging signal may be pulsed . 
In any of the above mentioned embodiments , the frequency 
of the single , the frequency of the pulses and / or intensity of 
the nudging signal may be held constant throughout the 
nudging operation but may also vary in other embodiments . 
In more detail , the intensity of the nudging signal may drop , 
the closer the region of interest is to the target area TA . 
Proximity information may in addition or instead be modu 
lated by varying a frequency of the pulsation of the nudging 
signal . The pulse frequency may drop the closer the distance 
between ROI and target area . In a similar , manner the 
frequency of the US signal itself may be changed . 
[ 0065 ] In embodiments , once the region of interest is in 
the target area , that is , once the patient has assumed the 
correct position , no more nudging signals are issued by the 
transmitter TX . In embodiments , once the patient moves , 
that is once there is motion of the ROI within the target area , 
the transmitter TX is re - activated to encourage the patient to 
assume a posture so that the region of interest remains within 
the target area TA . If a portion of the region of interest 
extends outside the target area , the direction and / or intensity 
and / or pulse frequency of the nudging signal may be 
changed accordingly , in dependence on the distance between 
a current position of the region of interest and the ( in general 
fixed and known ) position of the target area TA . 
[ 0066 ] In the above described embodiments , any one or a 
combination of the direction , pulse frequency and / or inten 
sity of the nudging signal may be effected by the control 
logic in response to commands received through the user 
interface UI . However , in other embodiments , the control 
logic CL controls the transmitter TX automatically , in par 
ticular autonomously , based on a location signal in relation 
to the patient and / or the ROI . In particular , the control logic 
is configured to change any one or all of the direction and 
modulation of the nudging signal based on a distance 
between the current position of the ROI and the target region 
TA . Changing the modulation in this manner includes any 
one or all of changing the pulse frequency of the nudging 
signal , changing the intensity of the nudging signal , and 
changing the frequency of the signal . Such fully automatic 
embodiments , or at least semi - automatic embodiments , as 
envisaged herein for autonomous imaging ask for no or low 
level of user action during or in between imaging . In 
particular , in autonomous embodiments , the PPS includes a 
locator module LM that is configured to establish , based on 
the location signal , the current position of the patient , in 
particular the current position of the region of interest . The 
location signal may be received through a receiver RX . 

[ 0068 ] The target area may be defined as a patient enve 
lope . This is a portion of space , suitably de - marked by 
virtual or real demarcations . The locator module LM is 
suitably configured to be aware of the spatial extent of the 
patient envelope . A number of different embodiments are 
envisaged for the localization module LM . In embodiments , 
if one part of the ROI extends outside the envelope TA , this 
is targeted by the transmitter at a suitably chosen impact 
region IRE to urge the patient to move the extending body 
part so as to retract within the patient envelope . 
[ 0069 ] In more detail , the target area TA may be defined by 
a patient position marking system . The marking may provide 
in embodiments two functions : ( 1 ) it defines the boundary 
within which patient or at least the ROI should remain , and 
( 2 ) it defines scan specific patient position . The marking can 
be in terms of physically defined boundaries or virtual markings , or may be implemented via optical projection 
system or in a remote system visualized as 3D contour . The 
patient position boundary , defined by the patient position 
marking system , includes the above mentioned patient enve 
lope . The envelope may be defined in 2D or in a 3D spatial 
matrix coordinate system based on patient and scan type and 
specific scan sequence within the scan type . The spatial 
matrix represents the contour of the envelope . 
[ 0070 ] As briefly mentioned above , in embodiments the 
PPS includes the receiver RX suitably positioned to receive 
an incoming location signal from the patient and this incom 
ing signal is then processed by the localization module LM 
to establish the current position of the patient , in particular 
of the region of interest . The incoming signal may be an at 
least partial back - reflection signal or a back - scatter signal of , 
in particular , the outgoing nudging signal . The nudging 
signal may hence be used in embodiments in a dual role : for 
nudging and ROI location . 
[ 0071 ] In embodiments , the RX includes an optical cam 
era or video based system , similar to what has been 
described above in relation to the manual embodiment 
where the user is provided with live footage . In distinction 
from the manual embodiment , in the automatic / autonomous 
embodiment , the incoming location signal as received by the 
receiver RX is automatically processed by the locator mod 
ule LM into current ROI position information . 
[ 0072 ] In embodiments , light sensitive sensor RX of the 
camera is configured to receive back scattered light caused 
by surrounding light scattered off the patient . A camera 
system with a depth sensing or heat sensing ( IF ) sensor be 
used in addition or instead of the described optical sensor 

a 

cameras . 

[ 0073 ] The imagery obtained by the location resolving 
sensor RX is suitably registered by the locator module LM 
to the world coordinate system . An image recognition com 
ponent in the locator module may be used to analyze the 
captured imagery to identify in the imagery the patient and , 
in particular , the region of interest . The region of interest 
may be defined geometrically by a geometric shape that 
surrounds the region of interest suitably tight . Once the ROI 
or another anatomy having a known distance to the ROI , has 
been identified by the locator module LM in the imagery of 
the receivers RX , the in - image location is mapped to the 
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world - coordinate system . Because the location of the target 
TA is a prior known in world - coordinates to the locator 
module LM , the relative distance between the ROI and the 
TA can be computed by taking the Euclidean distance . When 
setting up the PPS , the location of the one or more cameras 
RX and their magnification may be used in a prior calibra 
tion with the world - coordinate system , so that the locator 
module can map the image information to real world dis 
tance for the ROI - TA distance . Similar 3D or 2D geometri 
cal computations may also be applied when using localiza 
tion modules LM which operate based on different 
localization principles . 
[ 0074 ] In particular , in the ultrasonic embodiment 
described above it is the ultrasound signal itself that is used 
for both nudging and location purposes . Echo location may 
be used in embodiment to establish the ROI - TA distance . 
The control logic may control the transmitter TX to operate 
in either of two modes , a nudging mode or in location mode 
and to switch rapidly between the two as required . When 
operating in location mode , the frequency of the TX - emitted 
ultrasound may be changed so that no nudging sensation is 
induced in the patient's skin . The outgoing ultrasound wave 
directed from the transceiver is emitted and reflected back 
and received as an incoming signal at the receiver RX . An 
evaluation of an incurred Doppler shift may then be used to 
establish the position of the region of interest . In this and 
other embodiments , the receiver RX and the transmitter TX 
may be arranged combined into single unit , a transceiver . As 
before , and as explained in terms of the optical camera or 
video based embodiments for the receiver RX , the so found 
ROI location can be mapped into the world co - ordinate 
system to establish the relative distance between the target 
area and the current position of the region of interest . In 
other words , in this and in similar embodiments , the ultra 
sound system may be used as a closed - looped control 
system . Specifically , the location of the region of interest is 
monitored and in response to the current position of the ROI , 
and hence of the relative distance to the target region , the 
nudging signal is adapted by changing modulation and / or 
direction . In particular , a direction of the nudging signal 
and / or ( pulse ) frequency and / or intensity may be suitably 
modulated in dependence of the measured ROI - IRE dis 
tance . 
[ 0075 ] As mentioned above , once the region of interest is 
within the target area the nudging signal subsides , but the 
locator module LM may continue to monitor the ROI 
position . If the location module registers motion of the 
region of interest within the target area , the nudging mode is 
switched into , and the nudging signal is re - issued to encour 
age the patient to move or reposture so that the region of 
interest remains within the target area TA . 
[ 0076 ] In closed - loop embodiments , whilst the ROI 
remains within the target area TA , the nudging mode 
remains off , but switched back into once at last a part of the 
region of interest extends beyond the target region , for 
instance extends beyond the patient envelope . Although the 
closed - loop system has been described with particular ref 
erence to the haptics - through - ultrasound transmitter TX , 
non - ultrasound system such as the air jet or laser embodi 
ment may also be arranged in closed - loop fashion along the 
lines described above . 
[ 0077 ] Reference is now made to FIG . 2 which illustrates 
operation of the control logic CL . More particularly , FIG . 2 
illustrates how the impact region IRE is defined where the 

haptic sensation is to delivered so as to nudge the patient to 
assume the correct position . As used herein , the patient 
position or posture is correct , if the region of interest is at 
last partly , preferably fully , in the target area TA . The impact 
region if so chosen , so that the patient is guided , ushered or 
nudged to perform a motion , or a change of posture , so that 
the ROI moves towards the target area or such that the ROI 
remains within the target area TA . Broadly , the control logic 
CL is configured to generate the nudging signal so that this 
acts from the “ back ” onto the patient so as to encourage the 
patient to assume the correct position . In more detail , given 
a current position of the ROI ( determined as explained 
above ) and the , in general fixed and known , position of the 
target area TA , an imaginary line ( shown dashed ) of action 
14 may be defined to pass through the target area and through 
the ROI at the current position thereof . The line of action 14 
extends through the patient PAT . Because the patient has a 
three dimensional shape , this line of action will intersect the 
surface of the patient at two points , a proximal one ( “ p ” ) and 
a distal one ( “ d ” ) . The proximal position p is closer to the 
target area TA than the distal position d . It is preferable then 
that the impact region IRE is located at said distal portion d . 
Control logic CL is hence configured to operate the trans 
mitter TX so that the directed outgoing nudge signal propa 
gates along the line of action in a direction y towards the 
target area with the region of interest situated in between the 
impact region IREC and the location of the target area . 
[ 0078 ] The geometric principle in FIG . 2 may be illus 
trated by the following example where , say , a knee joint is 
to be imaged at a specific position - for example when 
flexed at a given angle and positioned at the target area TA 
at the center of the scanner bore in order to get the best 
image quality . In this case the operator can first check if the 
knee position is aligned correctly to the patient position 
marking system . If this is not the case , one or more haptic 
pulses could be applied to at a distal point ( d ) on the side of 
the knee opposite to the desired movement direction . Such 
a nudge should persuade the patient to move the knee away 
from the nudge position i.e. in the desired direction . Simi 
larly , if the knee position is correct but the flex angle wrong , 
nudges directed at the calf or foot will assist the patient in 
correctly adjusting the flex angle . As may be readily appre 
ciated , if a series of scans are required ( for example at 
different flex angles ) the nudging could be repeated at 
several times during the scan sequence ( for example 
between scans ) —without having move the patient from the 
bore . 
[ 0079 ] A spatial coordinate of the impact region , such as 
its center or any other reference point , may be established by 
three dimensional geometry computations , once the current 
location of the ROI and the location of the target area is 
known in the world coordinate system , using the geometric 
principle explained above in FIG . 2 . 
[ 0080 ] It may also be preferably to know three dimen 
sional shape of the patient , at least in approximation . For 
instance , for the above operational purpose of the control 
logic CL the patient's body may suitably be approximated as 
a cylinder for instance . Once the position of the impact 
region is established , such as the above described distal 
point d , an area such as a disk or of any other geometric 
shape may be defined . This area is the impact region IRE . A 
suitable one of the transmitters ( should there be more than 
one ) is then activated and oriented so that the outgoing 
nudge signal propagates along the current line of action and 
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impacts onto the patient's skin at the so defined impact 
region IRE . It will be understood that in practice , the 
location of the IRE may change with patient motion to effect 
real - time nudging . The above described geometrical com 
putation of the impact region IRE location based on the line 
of action principle as per FIG . 2 is an exemplary embodi 
ment , and other embodiments may also be used instead , 
harnessing other sources of information . 
[ 0081 ] Reference is now made to FIG . 3 which shows 
aspects of the proposed imaging arrangement , including an 
imaging apparatus IA , as represented here , without a patient 
enclosure EL . The imaging system shown in FIG . 3 is 
suitable for instance for chest imagery where the X - ray 
source ( not shown ) is arranged opposite the detector D. The 
detector D may be wall - mounted or mounted on a stand 
inside the examination room . The height of the detector D 
can be changed to accommodate different patient sizes . In 
this embodiment the patient may stand during the imaging 
inside the examining region , rather than lying on a support 
as indicated in the exemplary embodiment of FIG . 1. Two 
( or more ) nudge signal emitting transmitters TX1 and TX2 
may be arranged on either side of the patient . The emitters 
may be likewise wall mounted in the room or may be 
mounted or arms of other structures attached to the imaging 
apparatus . 
[ 0082 ] The transmitters shown in FIG . 3. are of the 
ultrasound type with the phased array of ultrasound trans 
ducers arranged on respective panels . Two such panels are 
shown , by there may be more or less . Each panel may be 
moveable by suitable actuators so that the panel can be 
reoriented . The transmitter ( s ) TX1 , TX2 is then energized 
and the train of focused sonic waves propagate along the line 
of action towards the impact region . As shown in the Fig . , 
a portion of an envelope , in this example the patient's skin 
surrounding the lungs ROI , may be visualized using light 
projected onto the patient's back . In the illustrated example , 
a cross may be projected onto the patient's back . 
[ 0083 ] In one embodiment , there are preferably four trans 
mitters , one TX1 , TX2 at either side of the patient , and two 
more , one in front ( on the detector side ) and one behind the 
patient at the X - ray source side XR . For instance , if the 
patient moves to far off to the left ( towards transmitter TX2 ) , 
transmitter TX2 is activated , as per the principle of FIG . 2 , 
to so urge the patient to the right towards where the other 
transmitter TX1 is positioned , to encourage a motion so that 
the lungs ROI are repositioned in the target area . The target 
area TA in FIG . 3 may be thought of as a patient envelope 
in form of a section of a cylinder extending from the floor 
upwards towards the ceiling . A diameter of the cylinder may 
be chosen as the girth of an average patient . The intersection 
of this cylinder with the floor may be visualized as a painted 
contour on the floor , such as a circle , or a circumscribing 
square etc. It may be possible to use less than four trans 
mitters , like three , two or a single one , but then to have a 
motorized arrangement in place so the transmitter can orbit 
around the patient so that the impact region IRE can be well 
defined for most , if not all , positioning requirements . 
[ 0084 ] FIG . 4 shows an embodiment of the imaging appa 
ratus where the transmitter TX is arranged inside an enclo 
sure such as a CT bore or ( as shown ) MM bore . In this these 
or similar embodiments such as PET , the patient is lying on 
the examination table TB inside the bore EL . In embodi 
ments , the transmitter may be positioned on top of the region 
of interest , in this case over the patient's head . If the patient 

moves their head outside the target area , the nudging signal 
is applied , preferably heeding the principle of FIG . 2. The 
transmitter may be slidable along a longitudinal axis of the 
bore , for instance on a track to be used for different ROIs or 
imaging protocol . Circumferential motion along the bore's 
curvature may also be envisaged so that the transmitter may 
be positioned not only on top of the ROI but to either side , 
left or right . In addition , the transmitter may be re - orientable 
to increase directional scope . In embodiments , the transmit 
ter is mounted in a head coil as may be used in head MM 
imaging and as exemplary shown in FIG . 4 . 
[ 0085 ] Although the above described patient positioning 
system PPS may be used in a completely automated autono 
mous fashion , it may still be combined with some user 
interaction facility . For instance , it may be desirable to have 
a user from a remote location be in contact with the patient 
during the imaging through video link and / or audio connec 
tion with a microphone and a speaker suitably arranged . 
[ 0086 ] In embodiments there may also be a conditioning 
element CN that allows to modulate the nudging signal to 
perform breathing control . For instance , the transmitter TX 
in the haptic ultrasound or air nozzle embodiment , may be 
controlled by control logic CL to issue a pulsed ultrasound 
signal with frequency and / or phase adjusted in dependence 
on vital sign measurements . Suitably pulsing the ultrasound 
signal may lower respiratory rate ( RR ) thus acting in a 
calming manner on the patient . In particular , in embodi 
ments a probe PR such as a blood pressure measuring 
apparatus or a pulsometer may be used to acquire the vital 
sign data of the patient whilst he or she is at or in the imaging 
apparatus . The vital sign measurements may be obtained 
during imaging or in between the imaging . 
[ 0087 ] Vital sign readings can be used to control the 
frequency of the pulsed signal emitted by transmitter TR . 
The control module may hence switch into a RR - control 
mode to control RR rate . The RR - control mode may be 
applied during the patient positioning by modulating the 
nudging signal during the patient positioning . Alternatively , 
or in addition , the RR - mode may be applied once the 
patient's ROI is within the target area TA . For instance , once 
the patient has been suitably positioned , the control unit CL 
may instruct the transmitter TX to operate in the RR - control 
mode where the haptic sensation signal is now induced on 
the patient's skin not for the purposes of positioning through 
nudging that , but to calm the patient by encouraging to lower 
the RR . 
[ 0088 ] The pulsed signal emitted by the transmitter TX 
may be modulated in dependence on the acquired vital sign 
readings . In particular , the frequency of the RR - control 
signal emitted by the transmitter TX may be adjusted by the 
control logic CL to be lower or higher than the frequency of 
the current heart rate or in dependence on blood pressure 
readings . Both , heart rate and the blood pressure readings 
are known to be correlated with the current RR of the 
patient . Adjusting the RR - control pulsed signal to that the 
RR - control pulse is in particular lower than the current heart 
rate of the patient may induce a lowering of the RR , thus 
calming down the patient . Lowering the RR , may in turn 
lower heart rate or blood pressure , thus adding to the 
calming effect . In addition , it has been found that to have the 
pulsation of the emitted RR - control signal out of phase of 
with the heart rate may also induce a lowering of the RR . In 
other words , the haptic system can also be used for control 
ling not only the position as described above , but also 

a 
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control the RR of the patient . Operation of in this RR - control 
mode may be done once the patient is suitably positioned or 
may be done during the nudging operation . The initial RR 
provides the starting point and the desired RR provides the 
final end point . The acoustic haptic system can be used to 
provide haptic feedback , which mimics the RR breathing 
pattern , which is slightly out of phase of the RR breathing 
pattern . This will shift the current RR into the haptic system 
phase . The haptic system is again triggered to bring the 
haptic feedback pattern slightly out of sync with the current 
RR pattern , since respiration rate cannot be induced to a 
desired level immediately , this has to be achieved in steps . 
This will provide a continuous ascent and / or descent of RR 
to the desired level before imaging . 
[ 0089 ] In addition or instead of modulating the transmitter 
TX signal for RR - control as described above , the control 
logic may be switched into a touch mimicking mode , to 
mimic human tapping or patting . The control logic CL may 
be used to modulate a touch pattern , mimicking periodic and 
rhythmic touch to calm down the patient especially children . 
A rhythmic touch can act as an assurance of presence for 
reducing anxiety during imaging . Switching into touch 
mimicking mode , can be done during nudging or , preferably , 
once the patient is correctly positioned . The control logic 
may switch into the touch mimicking mode automatically 
based on vital sign readings that suggest a state of anxiety of 
the patient , such as increase in blood pressure or hart rate for 
instance . The touch mimicking mode may also be used in the 
manual embodiment . If the user believes the patient is upset , 
the user interface may be operated to switch into the touch 
mimicking mode and to apply the signal accordingly to calm 
patient down . The haptic ultrasound or air jet transmitter TX , 
may be controlled by control logic CL to issue a pulsed 
US - signal so as to mimic human patting or tapping . 
[ 0090 ] It will be understood that if the controller CL is 
operated in touch mimic or RR - control mode , the impact 
region IRE may not necessarily be defined as described in 
FIG . 2. The impact region could be anywhere but applying 
the signal to the patients back or shoulder may be advanta 
geous . 
[ 0091 ] It will further be understood that in embodiments 
all the above mentioned functionalities , that is , the nudge 
signal generation , the position of ROI determination , the 
RR - control signal generation , and the touch mimicking 
mode may all be administered through the same set of one 
or more transmitters TX as controlled by a single control 
logic CL . The control logic may be configured to switch 
through modes of operation to administer each of these 
functionalities . This allows a compact build . However , alter 
native arrangements are also envisaged where some or all of 
the above mentioned functionalities are administered 
through respective one or more different transmitters and / or 
where respective control tasks are distributed across a set of 
two or more different control logics . In one extreme embodi 
ment , there may be up hence up to four different control 
logics , each dedicated to a single one of the functionalities , 
and possibly each using a different transmitter . In the alter 
native , transmitter sharing may also be envisaged in such 
embodiments . 
[ 0092 ] Some or all components of the PPS may be embod 
ied as hardware or software either on a single processing unit 
PU or distributed across a plurality of processing units . 
Some or all of the components of the PPS may reside as 
software modules in memory MEM or may be distributed 

across a plurality of such memory units . In particular , the 
control unit may be arranged as an ASIC or FGPA integrated 
into the imaging apparatus . The transmitters and / or the 
receivers , if required , may be arranged in or at the imaging 
apparatus , in particular inside the bore , or may be arranged 
suitably around the imaging apparatus in the imaging room 
such as wall mounted , ceiling mounted or floor mounted as 
required . Although the components of the PPS are shown in 
the enclosed Figures as separate functional units , some or all 
of them may be in fact integrated into a single processing 
unit . 
[ 0093 ] In embodiments , the control logic is configured to 
modulate onto the nudging signal further information 
intended for the patient . The information may be modulated 
by frequency and / or amplitude modulation or other to cause 
a modulation pattern that represents the " code ” . The nudging 
signal thus encodes the information in the modulation pat 
tern . In this manner , a coded haptic signal may be created by 
the control logic CL . A display device DD may be mounted 
inside the bore , or outside of the bore , but in either case so 
as to have its screen visibly exposed to the patient at least at 
times whilst the patent is in the imager's bore . A graphics 
display GD may be generated by a visualizer component VC 
and displayed on the display device DD . The graphics 
display GD represents a “ semantic ” of a specific modulation 
pattern in terms of explanatory text and / or imagery . The 
displayed text or imagery explains , “ decodes ” , for the 
patient what the modulation pattern , the encoding , means . 
[ 0094 ] The coded haptic signal may be used with benefit 
during imaging procedures , not only for imparting instruc 
tions such as “ Breath hold ” , “ Stay still ” , but also in relation 
to providing other information on imaging or imaging 
supporting clinical procedure to be performed . For example , 
the patient may be pre - informed by the coded haptic signal 
that a contrast is going to be injected , that the patient can 
expect a hot sensation / cold sensation , etc. Patients may not 
be able to hear verbal instructions due to noisy environments 
or may not be always able to read information off the display 
when their head is within the bore or if they have to assume 
a certain posture for taking an x - ray etc. However , with the 
coded haptic signal , the information can be communicated 
easily in these circumstances . 
[ 0095 ] The coding may be done by administering the 
haptic signal in pulses . Possible modulation patterns may 
include any one or more of the following : different count of 
pulses , either absolute or per unit time ( frequency ) , different 
intensities ( amplitude ) , different durations of the application 
of a sequence of pulses . The encoding may also include 
exposing a certain body part , but now not for the purpose of 
positioning , but to communicate information . Thus the tar 
geting with the haptic signal different body parts represents 
different information / instructions . 
[ 0096 ] Any one of the above mentioned patterns may 
encode any one of the following : a positioning request , an 
amount by which a certain body part should be moved 
shifted / turned etc , an indication that a procedure is under 
way etc. 
[ 0097 ] The different targeting of body parts may be used 
to indicate moving or repositioning etc , or to indicate any 
other agreed information . 
[ 0098 ] In addition , the haptic code pulse may be used for 
pain evaluation or localization , for example by increasing 
thrust . This may be useful for quantitative evaluation pain or 
similar . 
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[ 0099 ] In addition or instead to the above mentioned 
options , the haptic signal may be used for compliance / 
cooperation checking . After delivering the instruction / infor 
mation to the patient by application of the coded signal ( eg , 
pulse ) , there is a period of post - instruction timeout . Specifi 
cally , once the coded haptic signal has been sent to the 
patient , the control logic will switch into a wait mode for a 
pre - set timeout period . This timeout period is the expected 
time it would take the patient to react to the signal . If there 
is no response , the signal is again applied , with a further 
timeout and so on . In case the patient repeatedly fails to 
abide by the instructions then the system may ask for human 
intervention . The proper response may be checked for 
example by still or video - camera surveillance with machine 
learning based processing to check for correct response by 
patient . 
[ 0100 ] The code could be fixed all the same for all 
patients . Alternatively , the code is patient specific or appli 
cation specific to meet patient's requirements for best user 
interfacing 
[ 0101 ] The coding is agreed on with the patient by prior 
verbal instruction through a health care worker , by printed 
material such as leaflet , or by email . website or any other 
communication outlet . On the above mentioned display DD 
for displaying the explanations on what each code means , 
additional patient specific modification might be included . It 
will be understood that the haptic signal envisaged herein for 
patent prepositioning , may be used in addition to commu 
nicate information / instruction by coding . In addition , once 
the patient is correctly positioned , the haptic signal may still 
be applied from the transmitter TX , but this time solely for 
communicating information through the coding , not neces 
sarily related to the positioning . Reference is now made to 
FIG . 5 that shows a flow diagram flow chart of a method to 
support patient positioning . The method may be used pref 
erably for imaging purposes but may also be used instead in 
radiation therapy ( RT ) . In other words , the above described 
embodiments may all be used with a radiation therapy 
delivery device such as a LINAC or others , where correct 
positioning of the patient during treatment delivery is impor 
tant . 

[ 0102 ] Although the below described steps relate to the 
above described systems FIGS . 1-4 these steps are not 
necessarily tied to the described system and the below 
described method for patient's position support may also be 
understood as a teaching in their own right . 
[ 0103 ] At step S510 a relative distance between a current 
position of a ROI and a target area is established . The target 
area may be situated in an examination region of an imaging 
apparatus or in a treatment area of an RT delivery apparatus . 
Establishing the distance may be achieved by receiving at a 
receiver RX equipment , such as sensor , an incoming mea 
surement signal that can be correlated with the current 
position of patient , or at least with the current position of the 
ROI . 

[ 0104 ] At step S520 a transmitter is operated to generate 
an outgoing signal . This outgoing signal is capable of 
inducing remotely , from a distance , a haptic sensation on the 
patient's skin , in between or during imaging or RT delivery . 
The outgoing signal may either act directly on the bare skin 
of the patient or may act indirectly through an intermediate 
layer such as a piece of cloth . The transmitter is spatially 
arranged at or in the imaging apparatus or RT delivery 

apparatus or is at last arranged in an imaging or treatment 
room where the patient is located . 
[ 0105 ] At step S530 the outgoing signal is modified so as 
to nudge the patient in a manner so that the region of interest 
is being moved towards the target area or , if the region of 
interest is already in the target area , that it so remains . The 
modification of the outgoing signal is in dependence on the 
determined relative distance between a current position of 
the ROI and the target region inside an examination or 
treatment region . In particular , the modification of the out 
going ( “ nudging ” ) signal may include changing a direction 
of the signal and / or modulating the signal by varying any 
one or both of intensity or a pulse frequency . 
[ 0106 ] In particular , in an automated setting , the spatial 
direction of the nudging signal is chosen so that the signal 
propagates and acts along an imaginary line extending 
between the current position of the region of interest and the 
target area . More particularly , the impact region on the 
patient is so chosen such that the region of interest is situated 
spatially in between the target area and the impact region . 
[ 0107 ] Any one of a frequency intensity and / or direction 
may be modified as a function of a current distance of the 
region of interest , and hence of the patient , to the target area . 
The distance is a function of a current position of the ROI 
or patient . Referring back to step S510 , the current position 
may be established by any suitable localization scheme . The 
current position may be ascertained based on echo location , 
image data derived from video camera surveillance includ 
ing an optical light sensor , depth sensing sensor , infrared 
sensor or a combination or sub - combination of any of the 
forgoing sensors . In embodiments , the sensing of the current 
ROI position may be established by operating the imaging 
apparatus to acquire a scan scout image . A scout image in 
X - ray imaging , such as in CT , is one where a lower dose is 
used , compared to diagnostic imaging . 
[ 0108 ] Image processing techniques such as image recog 
nition may be used to isolate in the imagery the region of 
interest and to correlate this information through a world 
coordinate system located at the imaging apparatus with the 
target area . 
[ 0109 ] The modification of the outgoing signal and the 
determination of the current position of the ROI may be 
done in closed - loop architecture . In particular , a backscatter 
or back - reflection of the outgoing nudging signal may be 
used to establish the current position . 
[ 0110 ] In addition or instead of automatically determining 
the distance at step S510 , the outgoing nudging signal may 
be modified as described above in response to a user request 
received through a user interface such as a joy stick operated 
by the user . 
[ 0111 ] At step S540 , which is optional , the outgoing signal 
or a different signal is modulated so as to act as a respiratory 
rate control . In this embodiment , a vital sign is received from 
the patient and a pulse frequency or intensity of the outgoing 
signal and / or that of a different signal generated elsewhere 
by a suitable ( different ) transmitter is controlled in depen 
dence on the measured vital sign signal . In particular , in 
embodiments the vital sign signal is a heart rate reading from 
the patient and the outgoing signal or the difference signal is 
caused to pulse in a frequency less than or above the 
currently measured heart rate of the patient . This has been 
shown to act on a calming manner on the patient to reduce 
breathing respiratory rate RRT . In addition or instead , the 
outgoing signal is generated out - of phase with the heart rate 
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or other periodic metric derivable from other vital sign 
measurements , such as a blood pressure monitoring , blood 
oxidization , etc. 
[ 0112 ] In addition or instead to the above , at a further 
optional step , the outgoing signal and / or the or a third signal 
may be operated in a manner to mimic human touching such 
as patting or tapping the patient . In this embodiment the 
outgoing signal is pulsed in a rhythmic pattern to simulate 
human touch action to calm the patient . 
[ 0113 ] In addition or instead to the above , at a further 
optional step , the outgoing signal may be coded to deliver an 
instruction / information to the patient other than positioning 
requests . The coding may include application of specific 
modulation patterns , such as pulse frequency and / or ampli 
tude that represent a certain agreed instruction / information 
to be communicated to the patient . 
[ 0114 ] One or more features disclosed herein may be 
configured or implemented as / with circuitry encoded within 
a computer - readable medium , and / or combinations thereof . 
Circuitry may include discrete and / or integrated circuitry , 
application specific integrated circuitry ( ASIC ) , a system 
on - a - chip ( SOC ) , and combinations thereof , a machine , a 
computer system , a processor and memory , a computer 
program . 
[ 0115 ] In another exemplary embodiment of the present 
invention , a computer program or a computer program 
element is provided that is characterized by being adapted to 
execute the method steps of the method according to one of 
the preceding embodiments , on an appropriate system . 
[ 0116 ] The computer program element might therefore be 
stored on a computer unit , which might also be part of an 
embodiment of the present invention . This computing unit 
may be adapted to perform or induce a performing of the 
steps of the method described above . Moreover , it may be 
adapted to operate the components of the above - described 
apparatus . The computing unit can be adapted to operate 
automatically and / or to execute the orders of a user . A 
computer program may be loaded into a working memory of 
a data processor . The data processor may thus be equipped 
to carry out the method of the invention . 
[ 0117 ] This exemplary embodiment of the invention cov 
ers both , a computer program that right from the beginning 
uses the invention and a computer program that by means of 
an up - date turns an existing program into a program that 
uses the invention . 
[ 0118 ] Further on , the computer program element might 
be able to provide all necessary steps to fulfill the procedure 
of an exemplary embodiment of the method as described 
above . 
[ 0119 ] According to a further exemplary embodiment of 
the present invention , a computer readable medium , such as 
a CD - ROM , is presented wherein the computer readable 
medium has a computer program element stored on it which 
computer program element is described by the preceding 
section . 
[ 0120 ] A computer program may be stored and / or distrib 
uted on a suitable medium ( in particular , but not necessarily , 
a non - transitory medium ) , such as an optical storage 
medium or a solid - state medium supplied together with or as 
part of other hardware , but may also be distributed in other 
forms , such as via the internet or other wired or wireless 
telecommunication systems . 
[ 0121 ] However , the computer program may also be pre 
sented over a network like the World Wide Web and can be 

downloaded into the working memory of a data processor 
from such a network . According to a further exemplary 
embodiment of the present invention , a medium for making 
a computer program element available for downloading is 
provided , which computer program element is arranged to 
perform a method according to one of the previously 
described embodiments of the invention . 
[ 0122 ] It has to be noted that embodiments of the inven 
tion are described with reference to different subject matters . 
In particular , some embodiments are described with refer 
ence to method type claims whereas other embodiments are 
described with reference to the device type claims . However , 
a person skilled in the art will gather from the above and the 
following description that , unless otherwise notified , in 
addition to any combination of features belonging to one 
type of subject matter also any combination between fea 
tures relating to different subject matters is considered to be 
disclosed with this application . However , all features can be 
combined providing synergetic effects that are more than the 
simple summation of the features . 
[ 0123 ] While the invention has been illustrated and 
described in detail in the drawings and foregoing descrip 
tion , such illustration and description are to be considered 
illustrative or exemplary and not restrictive . The invention is 
not limited to the disclosed embodiments . Other variations 
to the disclosed embodiments can be understood and 
effected by those skilled in the art in practicing a claimed 
invention , from a study of the drawings , the disclosure , and 
the dependent claims . 
[ 0124 ] In the claims , the word “ comprising ” does not 
exclude other elements or steps , and the indefinite article “ a ” 
or “ an ” does not exclude a plurality . A single processor or 
other unit may fulfill the functions of several items re - cited 
in the claims . The mere fact that certain measures are 
re - cited in mutually different dependent claims does not 
indicate that a combination of these measures cannot be used 
to advantage . Any reference signs in the claims should not 
be construed as limiting the scope . 

1. A system for patient positioning in imaging or radiation 
therapy , comprising : 

at least one transmitter configured to generate from a 
distance an outgoing signal capable of impacting on a 
patient's skin , thereby causing a haptic sensation at an 
impact region on the patient's skin ; and 

a control logic configured to modify the outgoing signal 
in response to a received input request or in dependence 
on a distance between i ) a current position of a region 
of interest of the patient and ii ) a target area in an 
imaging apparatus or in a radiation therapy apparatus . 

2. The tem of claim 1 , wherein the modifying by the 
control logic of the outgoing signal includes one of i ) 
changing a position of the impact region relative to the 
region of interest , and ii ) changing a modulation pattern of 
the outgoing signal . 

3. The system of claim 1 , wherein the control logic 
operates automatically or in response to the input request 
received through a user interface . 

4. The system of claim 3 , wherein the user interface 
allows remote controlling of the control unit . 

5. The system of claim 1 , comprising a localizer module 
configured to determine the current position of the region of 
interest . 

6. The system of claim 5 , wherein the localizer module is 
coupled to a receiver , the receiver configured to sense an 
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incoming signal , wherein the localizer module determines 
the current position of the region of interest based on the incoming signal . 

7. The system of claim 1 , comprising a conditioner 
configured to receive a measurement signal in relation to the 
patient , and wherein the conditioner is configured to modify 
the outgoing signal or a different signal in dependence on the 
measurement signal . 

8. The system of claim 1 , wherein the transmitter is 
configured as at least one of a midair ultrasound haptic 
transmitter , an air nozzle , the outgoing signal being a jet of 
air , and an electromagnetic wave transmitter . 

9. The system of claim 1 , wherein the patient resides in or 
at an imaging apparatus or resides in or at a radiation therapy 
delivery apparatus . 

10. The system of claim 1 , wherein the imaging apparatus 
is one of an X - ray imaging apparatus , a magnetic resonance 
imaging apparatus , and a PET / SPECT imaging apparatus . 

11. The system of claim 1 , wherein the control logic is 
configured to encode in the outgoing signal information to 
be communicated to the patient . 

12. An imaging apparatus or a radiation therapy delivery 
apparatus including at least the transmitter according to 
claim 1 . 

13. ( canceled ) 
14. A method of patient positioning for medical imaging 

or radiation therapy delivery , comprising : 
generating , from a distance , with at least one transmitter , 

an outgoing signal capable of impacting on a patient's 
skin , thereby causing a haptic sensation at an impact 
region on the patient's skin ; and 

modifying the outgoing signal in response to a received 
input request or in dependence on a distance between i ) 
a current position of a region of interest of the patient 
and ii ) a target area in an imaging apparatus or in a 
radiation therapy apparatus . 

15. ( canceled ) 
16. A non - transitory computer readable medium for stor 

ing executable instructions that , when executed , cause the 
method of claim 14 to be performed . 


