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Controlling a Surgical Navigation System

The present invention relates to controlling a surgical navigation system. A surgical

navigation system is known in general for example from DE 196 39 615 A 1, and

surgical navigation systems such as the one used in the present invention (for

example, image guided surgery systems) are employed in assisting medical

personnel in planning and carrying out medical procedures. For example, such

navigation systems can be used in association with instrument tracking systems in

order to show, on a display, a positional relationship between instruments and a

patient's body or part of a patient's body, images of which have been acquired

beforehand, for example as CT or MR image data sets. The navigation system can

also be used to provide user guidance through a sequence of steps to be carried out

during a medical procedure.

When using a surgical navigation system in one of the ways mentioned above or in

any other way, there is a need for interaction between the user and the navigation

system, for example in order to enter control inputs. Such control inputs can be of

various kinds, for example in order to activate a certain procedure or to advance one

step in a sequence of navigationaily assisted steps in a procedure. Further examples

will be referred to below.

Known systems have employed several different means of interaction between a

user and a navigation system, including for example touch screens, keyboards and

mouses, voice control or remote control. If touch screens are used (in most cases,

the screens which are used as the navigation system display), it is necessary to

maintain their sterility either by draping them with sterile drapes or by using a sterile

touching device such as a sterile pen. Sterile drapes placed over a screen impairs



the image quality, in particular when the screen is touched with contaminated hands.

Using a sterile pen with a display with no drape allows for good image quality but still

incurs a number of general problems. One of these problems is that a user still needs

to approach the display in order to interact with the navigation system and may thus

be forced to leave their working position. Moreover, such pens are expensive and

there is still some risk to sterility, for example if a sterile pen touches an unsteriie

display or monitor.

The use of keyboards and mouses is rather cumbersome and not intuitive, and there

are always problems in providing special keyboards and mouses which can be kept

sterile.

The use of voice control is not generally accepted, on the one hand because of the

necessity to wear a microphone and on the other hand because of technical

problems in identifying spoken commands. Remote controls can be used in sterile

bags, but do not generally allow for intuitive control.

It is the object of the present invention to provide a control system for a surgical

navigation system which overcomes the disadvantages discussed above. n

particular, the invention aims to provide an intuitive way of controlling a navigation

system which obstructs the main work of the user, in particular a surgeon, as little as

possible, and in particular allows for an unobstructed workflow and/or safeguards the

safety of the patient.

To this end, the present invention provides a control system for a surgical navigation

system in accordance with claim 1 and a method for controlling a surgical navigation

system in accordance with claim 8, The sub-claims define advantageous

embodiments of the invention.

The control system for a surgical navigation system in accordance with the present

invention is associated with a detection unit for detecting system control inputs,

wherein the navigation system is controlled in accordance with such control inputs.



The detection unit comprises a gesture detection system for detecting gestures by

the user. In the method of the present invention, the navigation system is controlled

n accordance with gestures which are used as control inputs.

Using such a "gesture-based" system has several advantages, the main one being

that it provides an intuitive remote control method. The user can perform the control

gestures at their working location, thus allowing for a fluent working sequence. The

sterility of the user is not influenced by controlling the navigation system, because no

potentially unsterile input device has to be touched. On the other hand, the gesture

control system can operate using gestures which guarantee sterility and others which

may involve unsterility, but no further unsterility will be caused by controlling the

navigation system in accordance with the present invention. Multiple users can

interact with the navigation system via gesture-based inputs.

In one embodiment of the invention, the detection unit is a gesture detection unit

comprises a gesture detection system for detecting augmented user gestures. In the

method, augmented user gestures are detected by such a gesture detection unit

while it performs computer-assisted gesture detection.

For the patient's benefit, the medical environment of the present invention makes it

necessary for all interactions and inputs to be very clearly and uniquely recognized

and then processed. Merely using hand gestures might make it difficult for the

detection unit (for example, a camera system) or the (software-based) gesture

detection system to identify whether a certain gesture has been made or to uniquely

identify said gesture and its meaning. For this reason, one advantageous

embodiment of the present invention envisages augmenting the gestures in such a

way that the command given can be easily and reliably identified. Such reliable

recognition and unique identification will of course also benefit the patient in terms of

the success of the medical procedure. The term "augmented gesture" is for example

intended to express that such gestures have a potential to convey information which

exceeds that of more usual hand gestures, and it may be said in this respect that in

accordance with this aspect of the invention, the gestures are emphasized or made



more easily detectable or more unique or more easily differentiated from each other

or from other gestures or other hand movements. It may also be said that an

information-enhanced or identification-enhanced gesture is one kind of augmented

gesture.

In accordance with one embodiment of the invention, the control system can also

comprise a gesture support which is moved by the user and designed to augment a

user gesture, wherein the gesture detection system is adapted to detect gestures

augmented by the gesture support. The term "gesture support" means any device

which is capable of supporting or supplementing the user's gesture or any device

which can help to better transfer the gesture or its meaning to the gesture detection

system. The gesture support can be directly or indirectly attached to the user or a

part of the user's body, in particular for example the user's hand or head; it can be a

device which is manipulated by the user, in particular a separate or integrated device.

in accordance with the present invention, said gesture support can assume many

different forms or embodiments and can feature one or any combination of the

following devices or characteristics:

a glove or part of a glove or strap-on device or clip-on device or ring;

a sterile, disposable glove or part of a glove or strap-on device or clip-on device

or ring;

a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing markings which can be detected by the gesture detection system;

a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing black-and-white or color markings or identifications which in particular

identify one or more fingers;

a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing patterns which can be detected by the gesture detection system, such

as barcodes;

an active, in particular light-emitting, or passive, in particular reflective, tracking

marker or part of a tracking marker for a marker tracking system associated with

the surgical navigation system;



a medical instrument bearing markings or identifications which can be detected

by the gesture detection system;

an acceleration sensor or gyro-sensor;

a portable or hand-held support comprising markings and/or identifications such

as codes, patterns, coloring or tracking markers which can be detected by the

gesture detection system, wherein said support is in particular a hand-held

display unit which is separately provided for displaying the markings and

identifications, or an instrument which is used in the surgical environment and

additionally bears such markings and/or identifications, for example a sterile pen

or pointing device.

The above list is not exhaustive but is rather merely intended to show particularly

advantageous embodiments of gesture supports which can be used with the present

invention. Other devices which can convey the gesture "message" can also be used

with the present invention and can be manipulated by the head or hands or arms or

other parts of a user's body. For example, it is in general possible to use eye-motion

or eye-motion tracking as a gesture or as a way of conveying gestures. Other

examples and explanations can be found in the detailed description of embodiments

of the present invention below.

The detection unit which performs gesture detection can comprise:

a camera system for visible light, in particular a video camera system; or

a camera system for the invisible light spectrum, in particular an infrared camera

system; or

a tracking system such as a time-of-flight camera, a laser scanner, a heat

tracking system or heat camera system or a magnetic or electromagnetic tracking

system.

According to one further embodiment of the method of the present invention, an

initiating user gesture, particularly carried out with a gesture support e.g. a navigated

medical instrument which can be detected by the gesture detection system,



comprises drawing a certain shape, in particular a geometrical shape (86), which is

recognized by the navigation system, whereupon

a control input is associated with the user gesture, and/or

an interaction mode is started on the navigation system, in which at least one

further user gesture is identified.

Any gesture as mentioned above but particularly the initiating user gesture can be

used to define a virtual volume surrounding the initiating gesture's limits, and further

predetermined gestures made in the virtual volume can then be recognized as a

control input. The virtual volume is advantageously defined in the sterile working field

of the user.

In accordance with another aspect of the invention, the gesture support is an

elongate navigated medical instrument, and the instrument is moved in the manner of

a joystick, the joystick movements being recognized as control inputs. In this

connection, the instrument can be of a kind which has a tip and a shaft portion, the

joystick movements being made with the tip being fixed and the shaft portion moving.

The control inputs can be distinguished by their angle of inclination with respect to a

defined virtual plane including the instrument tip, and it is possible to start or define a

joystick interaction mode on the navigation system when the instrument enters a

predefined region or follows a predefined motion.

In the above described joystick-embodiment, but also in any other embodiments

discussed herein, a feedback can be given by the navigation system as to the current

interaction or gesture driven control input, in particular

- a visual feedback such as a menu or a highlighted element on a navigation

screen, and/or

- an audible feedback such as a confirmation sound.

The invention will now be described in more detail by referring to particular

embodiments and to the attached drawings. It should be noted that each of the



features of the present invention referred to herein can be implemented separately or

in any expedient combination n the drawings:

Figure 1 shows a general embodiment of the present invention in which a

user controls a surgical navigation system;

Figure 2 to 6 show various embodiments of gesture supports comprising a glove;

Figure 7 shows a gesture support comprising a ring;

Figure 8 shows a gesture support embodied as a pen-like device;

Figure 9 shows a gesture support embodied as a surgical pointer;

Figure 10 shows a gesture device composed of a surgical instrument with

reference markers and a trackable marker array on a finger of a

glove;

Figure 1 shows a gesture support with a recognizable pattern;

Figure 12 shows a gesture support with a recognizable form;

Figure 3 shows an embodiment of the present invention wherein an initiating

user gesture starts an interaction mode; and

Figure 14 shows an embodiment of the present invention wherein an

instrument is used in the manner of a joy-stick.

A general embodiment of the present invention is shown in Figure . Figure 1 shows

a user 5 manipulating display items, i.e. images used in medical navigation, which

are displayed on a screen 2. The screen can be a monitor or a projection onto a

suitable background. It can also be a light box adapted to digitally show and process

medical image data.

In the example shown, the user 5 uses freehand gestures to manipulate images on

the display 2, for example in order to rotate an image. Rotating an image is shown

merely as an example; the user's gestures can perform a variety of commands such

as manipulating displayed images or controlling software functions of a medical

navigation system. Such a medical navigation system, as a hardware component, is

shown in the manner of a black box in Figure 1. Reference numeral 1 indicates said

medical navigation system , i.e. its hardware components which include a computer

which processes medical image data, displays said data and receives inputs for this



purpose. The two-way line connection (double arrow) between the navigation system

1 and the display 2 is intended to show that data is exchanged in both directions

between these two hardware components. Some of the hardware of the navigation

system can be provided separately or integrated into the display 2.

As mentioned above, the hand gestures by the user 5 are used as control inputs for

the navigation system and are detected by a detection unit. Figure 1 shows two

possible embodiments of such a detection unit, one of which is a single video camera

3 which detects the gestures (hand movements) made by the user 5. These gestures

are then analyzed by a gesture detection system (software) integrated in the

navigation system , which converts them into commands. Such commands can be

display commands, in which case the navigation system 1 influences the display 2 to

adapt the images in accordance with the commands, and/or control commands for

the medical navigation system or its software, which are used for example to

advance a step further during a navigation-assisted medical procedure.

A number of special gestures can be advantageously used with a system or method

according to the present invention. These can include, among other possibilities, the

following and/or any combination of them:

hand movement outcome

A cranking or winding movement using To leaf through patient images

one or both hands

Bringing both hands or two or more Command to active gesture detection;

fingers into a predetermined positional system then waits for a gesture

relationship command

Pointing to a certain feature or in a To execute a command

certain direction

Moving two fingers away from each other To zoom in/out

or toward each other



Pointing to the right/left Next/previous element (such as an

image or command)

Thumbs-up OK

Thumbs-down Cancel

The assignments mentioned above are of course only some of a variety of possible

gestures and associated commands which could be employed in accordance with the

present invention.

Figure 1 also shows a second possible embodiment of a detection unit, namely a

two-camera detection system, wherein two cameras 4A and 4B detect gestures

made by the user 5 and forward the respective information to the navigation system

1. Using two cameras, it is possible to gather three-dimensional information about the

gestures made, which substantially broadens the scope of possible gestures and

information inputs. Information about whether a gesture is made near the display or

whether elements are performed further away from or nearer to the display can be

identified and given a certain meaning in controlling the navigation system. For

example, pointing to a spot on the display and then advancing closer to said spot

with the finger still pointing could be used to cause the system to zoom-in on a detail

in the vicinity of the spot being pointed to.

Although the cameras 3, 4A and 4B can be video cameras which operate in the

visible light spectrum, other kinds of optical tracking means can also be used, for

example two infrared cameras of a medical tracking system (instrument tracking

system) which give excellent 3D information on a tracked object.

The present invention is advantageously performed within the framework of

augmented gesture detection, and - as has been mentioned above - implements

can be used in the form of gesture supports which help the system to better detect

and identify gestures in order to make control more reliable. Figures 2 to 12 show

examples of the variety of such gesture supports which can be used with the present

invention.



The gesture support shown in Figure 2 is a giove 20 worn on the hand 0 of the user.

The giove 20 can simply be a sterile disposable glove such as is commonly used in

medical environments, for example in operating theaters. On the other hand, the

glove 20 can also exhibit a certain color throughout its fabric, making it more easily

detectable or identifiable for the detection system (cameras). Gestures using two

hands, each wearing such a glove, can of course also be used within the framework

of the control system of the present invention.

The giove 2 1 shown in Figure 3 has a marking consisting of two differently colored

sections, namely a thumb section 22 exhibiting a darker color and a forefinger

section 23 exhibiting a brighter color. In this way, the two sections can be easily

detected and separately identified, and their many possible positional relationships

with respect to each other added to the variety of possible gestures.

The glove 2 1 of Figure 4 has a part of its forefinger section which comprises a

marking in the manner of a barcode intended to make said finger and gestures

performed using it easy for the control system to identify.

Figure 5 again shows a glove 2 1 with two differently colored or patterned sections

25A and 25B on the thumb and forefinger, respectively, enabling gestures which are

coded by the positional relationship of the sections 25A and 25B to be made and

identified. t is of course also possible to equip other fingers with such markings and

for the markings to be at other locations, for example at the fingertips. In any case,

the detection units (camera systems) together with their electronics and/or the

navigation system can operate in such a way that the detection system is always

waiting for a special gesture and automaticafiy identifies such gestures in the images

taken.

A gesture detection system can also be used which permanently or at certain

intervals looks for special markers, an example of which is shown in Figure 6 in

which the thumb and forefinger section of a glove 2 1 comprise a reflective marker



26A and 26B, respectively, which can be tracked by a medicai tracking system which

is schematically shown and indicated as 15 in Figure 6 and comprises two infrared

cameras. The markers 26A and 26B can be adhesive and reflective foils, strips or

buttons. Very accurate three-dimensional tracking can be carried out by such

systems, which are usually capable of tracking medical instruments to accuracies in

the order of 1 mm or less. Such tracking makes gesture detection very reliable, and it

is advantageously possible to integrate the instrument tracking system and the

gesture detection system into a single system, with the instrument tracking camera

unit as the gesture detection unit.

In the examples and embodiments of Figures 7 to 10, the user's hand is shown bare.

It should however be noted that ail of these embodiments can of course also be

implemented with a user wearing a glove or gloves, in particular sterile disposable

gloves for medical purposes. On the other hand, any combination of the

embodiments of Figures 1 to 12 is conceivable within the framework of the present

invention.

Figure 7 shows a ring 30 which is worn on the forefinger of a user's hand 0 and can

be a sterile disposable ring which - because of its color, material or markings on it -

can be easily identified and detected by the detection unit of the gesture detection

system it is also of course possible to use more than one ring.

Figure 8 shows an embodiment in which a gesture support is provided as a separate

and integrated item, i.e. a hand-held or hand-manipulated item. In the example of

Figure 8, this gesture support is a pen-like instrument, which is ordinarily used for

example with a touch screen. The pen 40 as shown in Figure 8 can be provided with

any of the markings discussed herein, and for ease of presentation, three different

markings or gesture supports are shown on the pen 40. It is of course also possible

for the pen 40 to comprise only one of these, such as a barcode pattern 41, a colored

section 42 or an integrated sensor 43, which will be described in more detail below.



In one embodiment of the invention, it is possible to use a sensor such as an

acceleration sensor or gyro-sensor as a gesture support. The output of such a gyro-

sensor or acceleration sensor can be conveyed wirelessly in a known manner to a

receiving unit associated with a medical navigation system. In this way, movements

and thus gestures made with the pen 40 would be conveyed or reported to the

navigation system as control inputs. In addition to placing a sensor 43 in or on a pen

40, it is a so possible to connect such a sensor to any object worn by medical

personnel such as a surgeon. The sensor 43 can be integrated into gloves, a mask

or any other kind of scrubs. Another possibility would be a small clip which contains

such a sensor and can be attached to any part of the surgeon's clothing, since any

movements made with the part of the body underneath it would then be indicative of

a certain gesture or action. If for example a sensor is arranged on the surgeon's head

or on an item worn on the head, a shake of the head can be interpreted as a "No"

command, while a nod of the head can be interpreted as a "Yes" command. Any

commands already mentioned can be implemented via the acceleration sensor or

gyro-sensor, including switching between different views or viewing angles, setting a

trajectory or selecting a specific function within the navigation software.

As mentioned above, the instrument tracking system and the gesture detection unit

can be integrated, and Figure 9 shows a pointer 50 comprising reflective markers 5 1

and 52 which are tracked by a medical tracking system 15 comprising two infrared

cameras. Usually, said system is used to very accurately track the tip of the pointer

50, but certain movements performed using the pointer 50 as a gesture support could

also of course be interpreted as command gestures. However, these systems need

not be integrated in all embodiments of the present invention. It is possible for the

markers 5 1 and 52 to be used on the one hand by the tracking system 5 for position

detection and on the other hand for gesture detection by means of a different camera

system (not shown) or another capturing mode of the same tracking system 15

(which can for example have an infrared tracking mode and a video capturing mode,

integrated in the same unit).



Another embodiment, shown in Figure 10, shows a combination of a tracked

instrument 50 comprising a trackabie marker array 5 1, 52 and a trackabie marker or

marker array 53, 54 on a user's hand 10. Using movements of the trackabie marker

array 53, 54 (a single marker can be used) relative to the marker array 5 1, 52, it s for

example possible to navigate through the software by identifying certain positions as

control input gestures. The markers can be active or passive, i.e. iight-emitting or

light-reflecting, markers. They can be reflective foils or strips which can be on the

side or top of the forefinger or also on the fingertips. The distances or gaps between

certain marker elements can be assigned as particular gestures which initialize

different commands or functions. This applies to all embodiments described herein

which comprise more than one marking on different fingers or objects which can

assume variable positions relative to each other. Simple functions such as "accept"

or "cancel" can be gestured by movements of the tracked finger relative to the

instrument 50; other, more complicated functions can include scrolling up or down a

page or setting a trajectory in a navigation environment.

Two other embodiments of gesture supports are shown in Figures 1 and 12. These

gesture supports can be identified by the detection unit on the one hand on the basis

of their color or pattern and on the other hand on the basis of their form. The gesture

support 60 of Figure 1 is an elongated rectangular object which has two different

black-and-white patterns 6 1 , 62 on its end sections. Using said patterns 6 1 , 62,

complicated gestures can be made and detected and identified, again adding to the

variety of possible gestures and therefore input commands for the navigation system

control.

Figure 1 shows a gesture support 70 which is broadly similar to the one in Figure 11

but less complicated, since the end sections 7 1 and 72 are merely darker or colored

with respect to the middle section. However, the end sections are also bent with

respect to the middle section in unique ways which give them a recognizable and

distinguishable form for gesture detection, enabling the gesture support 70 to act as

another instrument for defining and performing a great variety of accurately

distinguishable gestures.



An embodiment of a method according to the present invention will now be explained

by means of the drawings in Figure 13. In this embodiment a user may control the

functions of the navigation system by using a navigated instrument within the sterile

field above or near the patient.

Part A) of Figure 3 shows an instrument, namely a pointer 80 having a pointer tip 82

and a reference marker array 84 by which the pointer 80 (including its tip 82) can be

located and tracked with the help of a tracking system associated to a navigation

system. In order to set up a touch free software control for the navigation system in

accordance with the method explained by means of Figure 13, a user will hold the

navigated instrument, i.e. the pointer 80 in his hand. To start the control or interaction

mode, the user will draw a geometrical shape like a triangle 86 into the free space

next to him within the field of view of the cameras. Of course, the environment can be

set up in such a way that the geometrical shape read not be a perfect shape but can

be more or less of a geometrical shape such as a triangle, a square or a circle.

in accordance with one possible aspect, this drawing of the geometrical shape is

recognized by the navigation system and triggers the software to automatically define

a volume of action for controlling the navigation system. Thus, the user does not

have to take away his view from the open situs. Moreover, a safe zone for such

action may be defined within the sterile field without interference or interruption by

instruments, patients, staff, etc.. Figure 13 B) shows an example of such a set-up

virtual volume 88 around triangle 86, wherein arrow 83 shows that such a virtual

(matrix) volume 88 may also be defined as including a certain direction (for example

"down" or "up"). Of course, a certain plane can, e.g., be defined by the geometrical

shape drawn.

By means of the initiating user gesture, the navigation system sets up the virtual

(matrix) volume around the shape drawn, in which functional instrument movements

are located, recognized and interpreted as control movements. As is shown in

drawing C) of Figure 13, once the interaction mode has been entered, the instrument



may be used for control purposes or control gestures. A depiction 85 could be shown

on a navigation screen, and the movement of the instrument with its tip between two

points (89 and 87), although carried out in the sterile field, could be interpreted as a

software control command, for example a zoom-command. On the other hand,

movements of the instrument can be transferred into the movements of the curser in

an x-y direction on the navigation screen, neglecting movements in z-direction.

it is possible to start the control or interaction mode in a different manner. For

example, the triggering action could be a "click" or click-like command carried out by

means of an active device sending a signal to the navigation system. It could also be

a command or "click" on a touch screen button of the navigation system or any other

input device like a foot switch. Confirmation or feedback action can be taken, for

example the entering of the virtual volume 88 with the tip 82 of pointer 80 could be

signalled back by a sound issued by the navigation system. The user could then

send a further confirmation by either drawing another geometrical shape or emitting

any other signal recognizable by the system as an activation signal or click signal,

e.g. by means of an active LED or the like. This avoids any looking away from a point

of interest or changing of tools or pressing switches at this time, thus keeping the

interruptions for the user at a minimum.

This embodiment provides for the user to keep his view on situs at all times and still

have a touch free, intuitive interaction with the navigation system by using the

instrument he is handling at that point of time.

In the embodiment shown in the drawings in Figure 14, the present invention is

embodied in such a manner that an instrument is used as a joystick. Thus, the work

flow of a medical device, for example, a navigation system, is controlled by a virtual

joystick which will provide the user with a well known and intuitive interaction means.

The virtual joystick will be simulated by special instrument gestures.

The use of a virtual joystick with a fixed instrument tip is shown in parts A) and B) of

Figure 14. The instrument is a pointer 90 with a shaft 97 and a tip 95, and it may



have a signal button 9 1 to send a signal to a navigation system. The pointer 90 will

be located and tracked so that its movements can be followed and interpreted by the

navigation system, and the tracking mode can be any known tracking mode as

already used in medical navigation, namely magnetic tracking, video tracking or

infrared tracking. The tracking mode can be a passive or active tracking mode.

In an interaction mode with a fixed instrument tip as shown in Figure 13 A) and B), a

first step would consist in activating the joystick mode. As shown in Figure 14 A) on

the left side, the joystick mode can be activated by moving the tip 95 of pointer 90 to

a special area or point, for example the pivot point of a reference array of the tracking

system (in Figure 14 A) a reference array with three arms and reflective markers is

shown).

On the other hand, the joystick mode could be activated by keeping the instrument

still for a certain period of time on any surface 92 (right hand side of A)) or by using a

signal button 9 1 on the instrument.

Once the joystick mode has been activated, the instrument 90 can be used as a

joystick by moving its shaft 97. Two properties of the movements can be evaluated,

namely one the one hand the direction of the movement like forward, backward, left

or right, as is shown n the left hand side drawing of Figure 14 B). On the other hand,

the angle of the movement may also be used as an element of evaluation in

translating the movement into a command. The right hand side drawing of Figure

14B) shows that such a joystick movement can be carried out in a certain angle. One

example of such a joystick control scheme would be to move the instrument to the

left or the right in order to carry out a zoom-in or zoom-out command (B) left hand

side), whereas the angle chosen for this movement defines the zooming speed (B)

right hand side, view on left hand side arrangement from the left).

It is possible to accept the chosen action immediately or explicitly by using an

additional control element or by keeping the instrument still for a certain period of

time. In general, the same actions can be taken as for activating the joystick mode.



While, as described above, joystick gestures may be made with a fixed instrument

tip, the instrument may also (or in addition) be used as a free-hand joystick, for

example as shown in Figure 14 C). To this end, the tip of the instrument can be

moved in certain predefined directions or the whole instrument can be moved, and

those two possibilities may be seen in the left and right hand portions of Figure 14 C).

Again, the workflow control can depend on two properties of the movement, namely

direction and, in this case, distance to the center starting point. If the action is to be

explicitly acknowledged, the instrument 90 can, for example, be moved forward or

along the instrument direction, while a backward movement could be used to cancel

an action.

It is possible to make use of an activation region in the working space monitored by

the instrument tracking system. That is, depending on the region in which the

instrument is located, in particular at the time of switching to the joystick mode,

different actions or commands may be possible or recognizable. For example,

activating the joystick mode near the patient may trigger a zoom-in/out command for

left/right movement, while an activation in other places might lead to interpreting a

left/right movement as a "back" or "next" command.

The joystick mode can be used with visual or acoustic feedback given by means of

navigation system. For example, when entering the joystick mode, a joystick menu

may pop up on the navigation screen showing the current options. Such a joystick

menu could be one of those shown in Figure 14 D), where both menus 93 and 94 are

given a circle configuration.

After the joystick mode has been entered, moving the instrument 90 will select or

activate the appropriate action. It is also possible to implement sub-menus which are

opened when an appropriate menu item has been chosen. For example, choosing

the +-side of menu 93 could change menu 93 to menu 94 where the user can select

between "zoom-in all views" or "zoom-in only one view".



Figure 14 E) depicts another possible visual feedback, namely the toggling of buttons

on a navigation screen 96. When entering the joystick mode, one button, for example

button 97, becomes highlighted. When the instrument is moved, another button, for

example button 98 will be highlighted depending on the direction of the movement.

The currently selected button can be activated depending on the implemented

joystick type, like by moving the joystick forwards, by pressing a button or by keeping

the joystick stil for a certain time.

Feedback by acoustic signals would, for example, include playing specific sounds

when a certain action is selected or activated.

By way of all the implementations and embodiments discussed, the present invention

enables the user to work very time-effectively with a medical navigation system,

controlling it quickly and without having to be close to the display or to handle less

intuitive remote control devices.



Claims

1. A control system for a surgical navigation system, wherein the navigation

system is associated with a detection unit for detecting system control inputs made

by a user, and wherein the navigation system is controlled in accordance with the

control inputs, characterized in that the detection unit comprises a gesture detection

system for detecting user gestures.

2 . The control system for a surgical navigation system according to claim 1,

characterized in that the detection unit is a gesture detection unit comprising a

gesture detection system for detecting augmented user gestures.

3. The control system for a surgical navigation system according to claim 1 or 2,

characterized in that the control system also comprises a gesture support which is

moved by the user and designed to augment a user gesture, wherein the gesture

detection system is adapted to detect gestures augmented by the gesture support.

4. The control system for a surgical navigation system according to claim 3,

characterized in that the gesture support is directly or indirectly attached to the user

or a part of the user's body, in particular the user's hand or head.

5. The control system for a surgical navigation system according to claim 3 or 4 ,

characterized in that the gesture support is a device which is manipulated by the

user, in particular a separate or integrated device.

6. The control system for a surgical navigation system according to claim 4 or 5,

characterized in that the gesture support features one or any combination of the

following devices or characteristics:

a glove or part of a glove or strap-on device or clip-on device or ring;



a sterile, disposable glove or part of a glove or strap-on device or clip-on device

or ring;

a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing markings which can be detected by the gesture detection system;

a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing black-and-white or color markings or identifications which in

particular identify one or more fingers;

a glove or part of a glove or strap-on device or c!ip-on device or ring, comprising

or bearing patterns which can be detected by the gesture detection system,

such as barcodes;

an active, in particular light-emitting, or passive, in particular reflective, tracking

marker or part of a tracking marker for a marker tracking system associated with

the surgical navigation system;

a medical instrument bearing markings or identifications which can be detected

by the gesture detection system;

an acceleration sensor or gyro-sensor;

a portable or hand-held support comprising markings and/or identifications such

as codes, patterns, colorings or tracking markers which can be detected by the

gesture detection system, wherein said support is in particular a hand-held

display unit which is separately provided for displaying the markings and

identifications, or an instrument which is used in the surgical environment and

additionally bears such markings and/or identifications, for example a sterile

pen or pointing device.

7. The control system for a surgical navigation system according to any one of

claims 1 to 6, characterized in that the detection unit comprises:

a camera system for visible light, in particular a video camera system; or

a camera system for the invisible light spectrum, in particular an infrared

camera system; or

a tracking system such as a time-of-f light camera, a laser scanner, a heat

tracking system or heat camera system or a magnetic or electromagnetic

tracking system;



or any combination of these.

8. A method for controlling a surgical navigation system, wherein a detection unit

for detecting system control inputs made by a user is associated with the surgical

navigation system, the navigation system is controlled in accordance with the control

inputs, and user gestures are used as said control inputs.

9. The method according to claim 8, wherein augmented user gestures are

detected by a gesture detection unit while it performs computer-assisted gesture

detection.

10. The method according to claim 8 or 9, wherein a gesture support is moved by

the user in order to augment a user gesture, and wherein the gesture detection

system is adapted to detect gestures augmented by the gesture support.

11. The method according to any one of claims 8 to 10, wherein the gestures are

made using a gesture support which is directly or indirectly attached to the user or a

part of the user's body, in particular the user's hand or head.

12. The method according to any one of claims 8 to 10, wherein the gesture support

is a device which is manipulated by the user, in particular a separate or integrated

device.

13. The method according to claim 1 or 12, wherein a gesture support is used

which features one or any combination of the following devices or characteristics:

a glove or part of a glove or strap-on device or clip-on device or ring;

a sterile, disposable glove or part of a glove or strap-on device or clip-on device

or ring;

a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing markings which can be detected by the gesture detection system;



a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing black-and-white or color markings or identifications which in

particular identify one or more fingers;

a glove or part of a glove or strap-on device or clip-on device or ring, comprising

or bearing patterns which can be detected by the gesture detection system,

such as barcodes;

an active, in particular light-emitting, or passive, in particular reflective, tracking

marker or part of a tracking marker for a marker tracking system associated with

the surgical navigation system;

a medical instrument bearing markings or identifications which can be detected

by the gesture detection system;

an acceleration sensor or gyro-sensor;

a portable or hand-held support comprising markings and/or identifications such

as codes, patterns, colorings or tracking markers which can be detected by the

gesture detection system, wherein said support is in particular a hand-held

display unit which is separately provided for displaying the markings and

identifications, or an instrument which is used in the surgical environment and

additionally bears such markings and/or identifications, for example a sterile

pen or pointing device.

14. The method according to any one of claims 1 to 13, wherein a gesture is made

using a combination of a portable gesture support and a marking attached to or

associated with the user's hand, wherein the combined location or movement of the

markings on the gesture support and the attached markings constitute the gesture.

15. The method according to any one of claims 8 to 14, wherein the gestures are

detected by means of a detection unit comprising:

a camera system for visible light, in particular a video camera system; or

a camera system for the invisible light spectrum, in particular an infrared

camera system; or



a tracking system such as a time-of-flight camera, a laser scanner, a heat

tracking system or heat camera system or a magnetic or electromagnetic

tracking system;

or any combination of these.

16. The method according to any one of claims 8 to 15, wherein an initiating user

gesture, particularly carried out with a gesture support e.g. a navigated medical

instrument (80) which can be detected by the gesture detection system, comprises

drawing a certain shape, in particular a geometrical shape (86), which is recognized

by the navigation system, whereupon

a control input is associated with the user gesture, and/or

an interaction mode is started on the navigation system, in which at least one

further user gesture is identified.

17. The method according to any one of claims 8 to 16, wherein a gesture or the

initiating user gesture defines a virtual volume (88) surrounding the initiating

gesture's limits, and wherein further predetermined gestures made in the virtual

volume are recognized as a control input.

18. The method according to claim 17, wherein the virtual volume is defined in the

sterile working field of the user.

19. The method according to one of the claims 10 to 18, wherein the gesture support

is an elongate navigated medical instrument (90), and wherein the instrument is

moved in the manner of a joystick, the joystick movements being recognized as

control inputs.

20. The method according to claim 19, wherein the instrument has a tip (95) and a

shaft portion (97), the joystick movements being made with the tip (95) being fixed

and the shaft portion (95) moving.



2 1 The method according to claim 19 or 20, wherein the control inputs are

distinguished by their angle of inclination with respect to a defined virtual plane

including the instrument tip.

22. The method according to one of claims 19 to 2 1, wherein a joystick interaction

mode is started or defined on the navigation system when the instrument enters a

predefined region or follows a predefined motion.

23. The method according to one of claims 8 to 22, wherein a feedback is given by

the navigation system as to the current interaction or gesture driven control input, in

particular

- a visual feedback such as a menu or a highlighted element on a navigation

screen, and/or

- an audible feedback such as a confirmation sound.

24. A program which, when it is running on a computer or is loaded onto a computer,

causes the computer to perform a method in accordance with any one of claims 8 to

23.

25. A computer program storage medium which comprises a computer program

according to claim 24.
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