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(54) Title: ANATOMICAL SURFACE ASSESSMENT METHODS, DEVICES AND SYSTEMS

(57) Abstract: Methods for assessing a skin surface of a patient and associated systems and devices are described herein. A method
configured in accordance with embodiments of the present technology can include, for example, receiving a three-dimensional data set
representative of the patient's skin surface and determining a boundary of a feature of the patient's skin in the three-dimensional data

00 set. The method can further include determining, with a processor, a three-dimensional surface area of the feature within the boundary.

o In some embodiments, the method can also include identifying a plurality of sub-regions within the boundary and identifying one or
more tissue types in each sub-region.



ANATOMICAL SURFACE ASSESSMENT METHODS, DEVICES

AND SYSTEMS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to U.S. Provisional Patent Application

No. 62/481 ,612, titled " ANATOMICAL SURFACE ASSESSMENT METHODS,

DEVICES AND SYSTEMS," filed April 4 , 2017, which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD

[0002] The present technology is generally related to devices, systems and

methods for assessing anatomical surface features.

BACKGROUND

[0003] Various techniques have been used to monitor wounds, ulcers, sores,

lesions, tumours etc. (herein referred to collectively as "wounds") both within hospitals

and for outpatients. Typically these wounds are flat or concave and up to 150

millimetres (around 6 inches) across, though larger wounds are also possible. Manual

techniques are typically labour-intensive and require examination and contact by

skilled personnel. Such measurements may be inaccurate and there may be

significant variation between measurements made by different personnel. Further,

these approaches may not preserve any visual record for review by an expert or for

subsequent comparison.

[0004] A number of techniques for the automated monitoring of wounds have

been proposed. A common approach is to place a reference object next to the

wound, capture an image, and determine the size of the wound utilising the scale of

the reference object. It is often undesirable to place a reference object near to a

wound and this requires an additional cumbersome step for a user and risks

contamination of the wound. Further, when the target is not in the plane of the wound,

or if it is oblique, or if the wound is not planar, there will be errors in any area

calculation. Further, a reference object may be misplaced.



[0005] It is an object of the present technology to provide improved devices,

systems, and methods for assessing and/or treating wounds and/or other anatomical

features.

SUMMARY

[0006] According to one embodiment a method of assessing a feature on a

patient's skin surface includes: receiving a three-dimensional data set representative

of the patient's skin surface; determining a boundary of the feature in the three-

dimensional data set; and determining with a processor a three-dimensional surface

area of the feature within the boundary.

[0007] A plurality of sub-regions may be identified within the boundary and one

or more tissue types may be identified in each sub-region.

[0008] A processor may automatically identify the plurality of sub-regions. The

processor may automatically identify the plurality of sub-regions by analysis of one or

more of: three-dimensional image data; thermal image data; fluorescence image data;

and texture image data.

[0009] Alternatively, a user may manually identify the plurality of sub-regions via

a user interface.

[0010] In a further alternative, a user may manually identify one or more of the

plurality of sub-regions via a user interface and a processor may automatically identify

one or more others of the plurality of sub-regions.

[001 1] The method may include determining for each sub-region a proportion of

a surface area of that sub-region occupied by each tissue type identified in that sub-

region.

[0012] The method may include determining for each sub-region a proportion of

a surface area of that sub-region occupied by each tissue type identified in that sub-

region; determining a surface area of each sub-region; and aggregating the

determined proportions of tissue types to determine one or more of: an aggregated

surface area occupied by each tissue type; and an aggregated proportion of the

surface area of the feature occupied by each tissue type.



[0013] The method may include determining for each sub-region a proportion of

a surface area of that sub-region occupied by each tissue type identified in that sub-

region; determining a surface area of each sub-region; aggregating the determined

proportions of tissue types and aggregating the tissue types into tissue classes, to

determine one or more of: an aggregated surface area occupied by each tissue class;

and an aggregated proportion of the surface area of the feature occupied by each

tissue class.

[0014] The tissue classes may include a viable tissue class and a non-viable

tissue class.

[0015] The feature may be a wound and the surface area may be a wound bed

area.

[0016] Three-dimensional image data of the patient's skin surface may be

captured and processed to form the three-dimensional data set.

[0017] According to another embodiment a method of assessing a feature on a

patient's skin surface uses a handheld capture device that includes a three-

dimensional imaging system. A first data set may be captured using the handheld

capture device at a first device pose, and a second data set may be captured using

the handheld capture device at a second device pose. Each of the first and second

data sets may include three-dimensional image data of the patient's skin surface

captured by the three-dimensional imaging system. At least the first and second data

sets may be processed to form a three-dimensional model of the patient's skin surface

including the feature.

[0018] The handheld capture device may include a thermal camera, and the first

data set and the second data set may each include thermal image data, which may be

registered with the three-dimensional model.

[0019] The handheld capture device may include a texture camera, and the first

data set and the second data set may each include texture image data, which may be

registered with the three-dimensional model.

[0020] The first data set and the second data set may each include fluorescence

image data, which may be registered with the three-dimensional model.



[0021 ] In a further embodiment a method of displaying data representative of a

feature on a patient's skin surface, includes: displaying a first representation of the

feature based on first data captured at a first time; and displaying a second

representation of the feature based on second data captured at a second time.

[0022] An animation may be displayed including at least the first and second

representations.

[0023] A third representation of the feature may be created and displayed, based

at least in part on an interpolation or extrapolation from at least the first and second

data.

[0024] An animation may be displayed including at least the first, second and

third representations.

[0025] In another embodiment a method of displaying data representative of a

feature on a patient's skin surface, includes: displaying a first representation relating to

the feature based on first data captured at a first time; displaying a second

representation relating to the feature based on second data captured at a second

time; and creating and displaying a third representation relating to the feature based at

least in part on an interpolation or extrapolation from at least the first and second data.

[0026] An animation may be displayed including at least the first, second and

third representations.

[0027] Each representation may be an image. The image may include a

representation of a three-dimensional model including the feature.

[0028] The image may further include one or more of: a representation of thermal

image data overlaid on the representation of the three-dimensional model ; a

representation of fluorescence image data overlaid on the representation of the three-

dimensional model ; a representation of texture image data overlaid on the

representation of the three-dimensional model; and one or more wound dimensions.

[0029] In another embodiment, a method of displaying data representative of a

feature on a patient's skin surface, may include: displaying a three-dimensional model

of the skin surface including the feature; and on the displayed surface, displaying one

or more indicators of a further parameter associated with the feature.



[0030] The one or more indicators may comprise one or more of: a

representation of thermal image data overlaid on the representation of the three-

dimensional model; a representation of fluorescence image data overlaid on the

representation of the three-dimensional model; a representation of texture image data

overlaid on the representation of the three-dimensional model; and one or more

wound dimensions.

[0031] In a further embodiment a handheld skin assessment device may include:

a three-dimensional image capture unit; a thermal image capture unit; the device

having a desired capture range at which three-dimensional image data and thermal

image data of a patient's skin surface will be captured by the three-dimensional image

capture unit and the thermal image capture unit; and a guide arrangement configured

to guide the user to position the device at the desired capture range from the patient's

skin surface.

[0032] In another embodiment a handheld skin assessment device may include:

a UV light source; a three-dimensional image capture unit; the device having a desired

capture range at which three-dimensional image data and fluorescence image data of

a patient's skin surface will be captured; and a guide arrangement configured to guide

the user to position the device at the desired capture range from the patient's skin

surface.

[0033] Fluorescence image data may be captured by the three-dimensional

image capture unit.

[0034] Alternatively, the device may include a fluorescence camera, wherein the

fluorescence image data is captured by the fluorescence camera.

[0035] The device may include one or more optical filters arranged to filter light

during capture of the fluorescence image data.

[0036] In a further embodiment a handheld skin assessment device may include:

a source of UV light arranged, in use, to project UV light onto a patient's skin surface;

an image capture device configured to capture a plurality of image frames of the

patient's skin surface, at an image frame capture rate; and electronics configured to

modulate the UV light at a function of the image frame capture rate.



[0037] In a further embodiment a method of assessing a patient's skin includes:

projecting UV light onto a patient's skin surface during a first time period; capturing a

plurality of images of the patient's skin surface over at least a second time period

immediately following the first time period; analysing fluorescence in each of the

plurality of images to determine a fluorescence lifetime or fluorescence decay profile.

[0038] In another embodiment a handheld skin assessment device includes: a

UV light source arranged, in use, to project UV light onto a patient's skin surface; a

three-dimensional image capture device arranged, in use, to capture three-

dimensional image data of the patient's skin surface; and a controller configured to

control at least the UV light source and the three-dimensional image capture device to

capture: a three-dimensional image data set with the UV light source off; and a

fluorescence image data set with the UV light source on.

[0039] A processor may be configured to determine one or more range values

from the three-dimensional image data, and to correct intensity values in the

fluorescence image data set based on the one or more range values.

[0040] Fluorescence image data may be captured by the three-dimensional

image capture unit.

[0041] Alternatively the device may include a fluorescence camera, wherein the

fluorescence image data is captured by the fluorescence camera.

[0042] The device may include one or more optical filters arranged to filter light

during capture of the fluorescence image data.

[0043] It is acknowledged that the terms "comprise", "comprises" and

"comprising" may, under varying jurisdictions, be attributed with either an exclusive or

an inclusive meaning. For the purpose of this specification, and unless otherwise

noted, these terms are intended to have an inclusive meaning - i.e., they will be taken

to mean an inclusion of the listed components which the use directly references, and

possibly also of other non-specified components or elements.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] The accompanying drawings which are incorporated in and constitute part

of the specification, illustrate embodiments of the present technology and, together

with the general description of the present technology given above, and the detailed



description of embodiments given below, serve to explain the principles of the present

technology, in which:

[0045] Figure 1 is a diagram showing some of the components typically

incorporated in at least some of the computer systems and other devices on which the

facility executes.

[0046] Figure 2 is a schematic view of one type of capture device;

[0047] Figure 3 illustrates one type of 3D camera;

[0048] Figure 4 illustrates another type of 3D camera;

[0049] Figure 5 illustrates a further type of 3D camera;

[0050] Figure 6 illustrates yet another type of 3D camera;

[0051] Figure 7 illustrates a device including a 3D camera and a further

camera;

[0052] Figure 8 illustrates data weighting or uncertainty and interpolation;

[0053] Figure 9 illustrates datasets captured by different capture devices;

[0054] Figure 10 shows a patient's leg, with a wound, ulcer, lesion or other

surface feature of interest;

[0055] Figure 11 shows a further image of the patient's leg of Figure 10;

[0056] Figure 12 shows a device display with a real-time camera feed and

overlaid guide;

[0057] Figure 13 is a further view of the display of Figure 12;

[0058] Figure 14 shows a device display with real-time camera feed and

overlaid guide, at a desired range;

[0059] Figure 15 shows the display of Figure 13, at a closer range;

[0060] Figure 16 shows the display of Figure 13, at a farther range;

[0061] Figure 17 shows a capture device according to one embodiment;

[0062] Figure 18 is a further view of the device of Figure 17 ;

[0063] Figure 19 shows a display displaying captured data;



[0064] Figure 20 is a further view of the display of Figure 19 ;

[0065] Figure 2 1 is a further view of the display of Figure 19 ;

[0066] Figure 22 is a further view of the display of Figure 19 ;

[0067] Figure 23 is a further view of the display of Figure 19 ;

[0068] Figure 24 is a further view of the display of Figure 19 ;

[0069] Figure 25 is a further view of the display of Figure 19 ;

[0070] Figure 26 is a further view of the display of Figure 19 ;

[0071] Figure 27 illustrates segmentation of a wound; and

[0072] Figure 28 is a flow chart showing one data capture sequence

DETAILED DESCRIPTION

Overview

[0073] Described herein is a software facility for automatically assessing an

anatomical surface feature ("the facility"), such as a wound, and for managing

information related to assessed anatomical surface features across a range of

patients and institutions. While the following discussion liberally employs the term

"wound" to refer to the anatomical surface feature(s) being assessed, the present

devices, systems, and methods may be straightforwardly applied to anatomical

surface features of other types, such as ulcers, sores, lesions, tumors, bruises, burns,

moles, psoriasis, keloids, skin cancers, erythema, cellulitis, and the like. Similarly, a

wide variety of users may use the facility, including doctors, nurses, technologists, or

any other caregiver of the patient, or the patient.

[0074] As discussed in greater detail below, the facility may be implemented

using readily available portable computing devices, thereby taking advantage of

existing device capabilities without the need for separate hardware attachments

(although in some embodiments auxiliary hardware devices may be used). As used

herein, the terms "computer" and "computing device" generally refer to devices that

have a processor and non-transitory memory, as well as any data processor or any

device capable of communicating with a network. Data processors include

programmable general-purpose or special-purpose microprocessors, programmable



controllers, application-specific integrated circuits (ASICs), programming logic devices

(PLDs), system on chip (SOC) or system on module (SOM) ("SOC/SOM"), an ARM

class CPU with embedded Linux or Android operating system or the like, or a

combination of such devices. Computer-executable instructions may be stored in

memory, such as random access memory (RAM), read-only memory (ROM), flash

memory, or the like, or a combination of such components. Computer-executable

instructions may also be stored in one or more storage devices, such as magnetic or

optical-based disks, flash memory devices, or any other type of non-volatile storage

medium or non-transitory medium for data. Computer-executable instructions may

include one or more program modules, which include routines, programs, objects,

components, data structures, and so on that perform particular tasks or implement

particular abstract data types.

Anatomical Surface Feature Assessment

[0075] Figure 1 is a block diagram showing a sample environment having

multiple components in which the facility executes. The environment 100 may include

one or more capture devices 102, 102a, 102b, 102c, one or more personal computing

devices 104, one or more server computers 106, and one or more persistent storage

devices 108. The capture device 102, 102a, 102b, 102c and the personal computing

device 104 communicate (wirelessly or through a wired connection) with the server

computer 106 through a network 140 such as, for example, a Local Area Network

(LAN), a Wide Area Network (WAN), and/or the Internet. In the embodiment shown in

Figure 1, the capture device 102, 102a, 102b, 102c may or may not communicate

directly with the personal computing device 104. For example, the capture device

102, 102a, 102b, 102c may communicate wirelessly with a first base station or access

point 142 using a wireless mobile telephone standard, such as the Global System for

Mobile Communication (GSM), or another wireless standard, such as IEEE 802.1 1,

and the first base station or access point 142 communicates with the server computer

106 via the network 140. Likewise, the computing device 104 may communicate

wirelessly with a second base station or access point 144 using a wireless mobile

telephone standard, such as the Global System for Mobile Communication (GSM), or

another wireless standard, such as IEEE 802.1 1, and the second base station or

access point 144 communicates with the server computer 106 via the network 140. In



some embodiments, confidential patient data generated by the capture device 102,

102a, 102b, 102c is only temporarily stored locally, or not at all, and instead is

permanently stored at the storage device 108 associated with the server computer

106. The facility can be practiced on any of the computing devices disclosed herein

(e.g., one or more personal computing devices 104, one or more server computers

106, etc.), and may include an interface module that generates graphical user

interfaces (GUIs) to allow users to access the facility (as described in greater detail

below with reference to Figures 2-29).

[0076] The personal computing device 104 can include one or more portable

computing devices 120 (e.g., a smart phone, a laptop, a tablet, etc.) and/or one or

more desktop computing devices 122. During data capture with the capture device

102, 102a, 102b, 102c at the point-of-care, the personal computing device 104 may

also be present (i.e., in the same treatment room), or the personal computing device

104 may be remote (i.e., outside of the treatment room but in the same treatment

facility, outside of the treatment room and remote from the treatment facility, etc.).

The desktop computing devices 122, if utilized, are typically associated with a

particular property, e.g., a medical treatment center 124 (e.g., a hospital, a doctor's

office, a clinic, etc.). The portable computing devices 120 and desktop computing

devices 124 communicate with each other and the server computer 106 through

networks including, for example, the Internet. In some instances the portable

computing devices 120 and desktop computing devices 122 may communicate with

each other through other wireless protocols, such as near field or Bluetooth.

[0077] The capture device 102, 102a, 102b, 102c is a handheld, portable

imaging device that includes one or more sensing devices for generating data

characterizing the wound ("wound data") at the point-of-care. In the embodiment

shown in Figure 1, the capture device 102 may include an image sensor 110 (e.g., a

digital camera), a depth sensor 112 (also known as a "range imager"), and a

computing device 116 (shown schematically) in communication with the image sensor

110 and the depth sensor 112.

[0078] Alternatively, in some embodiments the capture device may be a

smartphone 102a, tablet 102b or other capture device including an image sensor 110

and a computing device 116. The capture device may for example be an iPhone,



iPad, Android phone, other Smartphone, tablet etc.). The capture device may include

one, two or some other number of cameras, and/or structured light arrangements, 3D

cameras etc. In such embodiments a separate personal computing device 104 may

not be required. As discussed below, an auxiliary device may be mounted to or

connected to a capture device 102, 102a, 102b, 102c.

[0079] Further a variety of different capture devices 102, 102a, 102b, 102c may

be used in the environment 100. Different types of capture device 102, 102a, 102b

may be used to capture data in relation to the same wound, at the same or different

times, by the same or different users. The data from a variety of different capture

devices 102, 102a, 102b may be processed in the facility.

[0080] The capture device 102, 102a, 102b, 102c is also in wireless

communication with the server computer 106 (e.g., via the network 140). The image

sensor 110 is configured to generate image data of the wound (e.g., pixels containing

RGB color data). In some embodiments, a hyperspectral image sensor may be used,

i.e. a sensor that has sensitivity outside the conventional RGB visible spectrum range.

In some embodiments a spectrometer or array of spectrometers may be used to

provide greater color resolution than a conventional RGB sensor. A spectrometer or

array of spectrometers may be particularly useful in analysis of fluorescence. Where

provided, the depth sensor 112 is configured to generate depth data characterizing

the depth or topography of the wound. For example, in some embodiments the depth

sensor 112 is a structured light device configured to emit structured light (e.g., one or

more lasers, DLP projectors, film projectors, etc. where the emitted light may be infra

red, visible, ultraviolet, etc.) in a predetermined arrangement toward the wound. In

such embodiments, for example, the depth sensor 112 may comprise three laser

elements (labeled 112a-1 12c) spaced apart around a circumference of the capture

device 102. The laser elements 112a-1 12c have a fixed positional relationship with

respect to one another, and also with respect to the image sensor 110. Together the

laser elements 112a-1 12c can be configured to create a structured light pattern (e.g.,

a laser point(s), a laser fan(s), etc.) In some embodiments the laser elements do not

need to be symmetrically arranged. In other embodiments, the depth sensor 112 can

include other suitable devices for range imaging, such as an ultrasonic sensor, a

stereo camera, a plenoptic camera, a time-of-f light camera, an ISM band miniature

radar, etc.



[0081] The capture device 102, 102a, 102b, 102c also includes a rechargeable

power source and an actuator 118 (e.g., a button, a switch, touch screen etc.) for

initiating data capture. When a user presses the actuator 118, the computing device

116 activates the image sensor 110 (and the depth sensor 112 if included) to generate

data. The computing device 116 then communicates the captured data to the remote

server computer 106 for further processing by the facility. In some embodiments, the

computing device 116 may partially or completely process the captured data before

communicating the captured data to the remote server computer 106. In some

embodiments, the capture device 102, 102a, 102b, 102c may partially or completely

process the captured data before communicating with the computing device 116. In

some embodiments, the computing device 116 wirelessly communicates with the

server computer 106 (e.g., over a network). Such a cordless arrangement can be

advantageous as it allows the user greater freedom of movement with the capture

device 102, 102a, 102b, 102c, which can be especially beneficial when trying to

access certain anatomical locations. Also, the absence of a cord reduces the surface

area available at the point-of-care on which bacteria and/or other unwanted

microorganisms may bind and travel. In some embodiments, the capture device 102,

102a, 102b, 102c may be permanently cordless (i.e., no input port), and in other

embodiments, the capture device 102, 102a, 102b, 102c may be configured to

detachably receive an electronic connector, such as a power cord or a USB cord, or a

permanently attached retracting cord may be provided. The computing device 116

may automatically transfer the captured data to the remote server computer 106 (e.g.,

over the network 140) at the moment the data is captured. In certain embodiments,

however, the computing device 116 may not be in communication with the network

140; in such scenarios, the captured data may be temporarily stored in the volatile

and/or non-volatile memory of the capture device 102, 102a, 102b, 102c for later

transfer to the server computer 106.

[0082] The capture device 102, 102a, 102b, 102c may include additional features

for enhancing data collection from the wound, such as one or more light sources 114

(e.g., a light emitting diode (LED), an incandescent light source, an ultraviolet light

source, a flash etc.) for illuminating the wound before or during data capture, an

indicator (not shown) configured to provide a visual and/or audio signal (e.g., images,

text, lights, etc.) to the user, a thermal camera, a video camera, and/or one or more



input/output devices (e.g., a microphone, a speaker, a port for communicating

electrically with external components, such as a power source, the personal

computing device 104, etc.). In some embodiments, the capture device 102, 102a,

102b, 102c is configured for wireless charging, e.g., via a dock or cradle (not shown).

In such embodiments, the charging cradle may also serve as an access point for the

network 140. As discussed in greater detail below with reference to Figures 6A-6B,

the capture device 102, 102a, 102b, 102c and/or image sensor 110 may also be

configured to capture images of barcodes and/or QR codes displayed on the

computing device 104, such as a barcode and/or a QR code that enable the capture

device 102, 102a, 102b, 102c to be configured to connect to the network 140.

[0083] In some embodiments, the capture device 102, 102a, 102b, 102c may

have other configurations than that shown in Figure 1. For example, although the

image sensor 110, depth sensor 112, and computing device 116 are shown as part of

a single component and/or within the same housing, in other embodiments, any or all

of the of the image sensor 110 , the depth sensor 112, and the computing device 116

can be separate components. Likewise, in some embodiments, the capture device

102, 102c does not include separate image and depth sensors, and instead includes a

stereo camera that is configured to generate both image data and depth data. In

other embodiments the capture device may include a display-less imaging device

connected (by wired or wireless link) to a display device. Additional details regarding

suitable capture devices 102 and methods of use can be found in U.S. Patent No.

8,755,053, filed May 11, 2009; U.S. Patent No. 9,179,844, filed November 27, 2012;

co-pending US Patent Application No. 15/144,722; and co-pending U.S. Provisional

Patent Application No. 62/423,709 filed 17 November 2016, all of which are

incorporated herein by reference in their entireties.

[0084] As discussed above, the facility may include an interface module that

generates graphical user interfaces (GUIs) to allow users to access the facility. The

interface module also provides application programming interfaces (APIs) to enable

communication and interfacing with the facility. APIs may be used by other

applications, web portals, or distributed system components to use the system. For

example, an application operating on a personal computing device may use an API to

interface with system servers and receive capture data from the system. The API may



utilize, for example, Representational State Transfer (REST) architecture and Simple

Object Access Protocol (SOAP) protocols.

[0085] In some embodiments the capture device 102, 102a, 102b, 102c may

include one or more further data gathering components, such as a positioning module

(e.g. GPS), Inertial Measurement Unit, temperature sensor etc. Alternatively, such

functions may in some embodiments be provided by a separate auxiliary module

configured for attachment to the capture device 102, 102a, 102b, 102c.

[0086] Any of the capture devices 102, 102a, 102b, 102c and/or the personal

computing devices 104 may provide access to video and/or audio communications,

including video conferencing. Any of the capture devices 102, 102a, 102b, 102c

and/or the personal computing devices 104 may provide access to remote medical

expert systems. A remote medical expert may review or assess data captured by the

capture device 102, 102a, 102b, 102c in real time, or at a later time.

[0087] The facility may provide for automated billing based on usage and/or data

gathered by the capture devices 102, 102a, 102b, 102c. The facility may also

maintain inventory information for capture devices 102, 102a, 102b, 102c.

[0088] The following methods may be implemented using appropriate facility

software running on the capture device 102, 102a, 102b, 102c, personal computing

device 104, and/or server computer 106 and/or further computing devices within the

environment. In some embodiments, methods may be implemented through an

application running on a capture device 102, 102a, 102b, 102c. Methods may be

implemented across two or more devices and/or computers. For example, a method

may include data capture steps implemented on a capture device 102, 102a, 102b,

102c, data analysis steps implemented on the capture device 102, 102a, 102b, 102c

and/or personal computing device 104 and/or server computer 106, and data storage

steps implemented on server computer 106 and persistent storage devices 108. In

some embodiments, the personal computing device 104 may be omitted.

[0089] Figure 2 is a more detailed functional diagram of one capture device

102c. This version of capture device 102c includes a 3D camera 126. For the

purposes of this specification, a 3D camera 126 is a device that creates a topographic

map of the surface structure as seen from the viewpoint of the camera. Because the

map represents, in some sense, the depth of the surface, the map is typically referred



to as a depth map or depth image. Rather than the familiar contours of a topographic

map, the surface is typically represented by a finite number of samples - commonly

called the point cloud - specifying where particular points happen to lie on surface.

The surface itself is typically continuous but can represented by such sample points.

The map may be fully-sampled in the sense that there will be a point in the point cloud

for every pixel within a two dimensional sampling region of the 2D image sensor (or

one of the sensors in the case of a stereo camera) contained within the 3D camera

unit. In some embodiments the sampling region will occupy the entire area of the

sensor.

[0090] Unlike a conventional 2D camera in which the image is uniformly sampled

(ie: each image pixel is a predictable angular increment away from its neighbors), the

separations of the points in the point cloud depend on the local surface structure and

therefore are not necessarily arranged in a completely regular fashion.

[0091] In general, a point cloud can be just a list of locations of points in 3D

space. In Cartesian coordinates, we can say a point P in the point cloud is located at

coordinates [x, y, z]. The sampling is arbitrary. Sampling of the depth image is a bit

more constrained however. A depth image P(i, j ) consists of the triplets P(i, j ) = [x(i,

j ) , y(i, j ) , z(i, j)] where i and j are the pixel indices of the sensor in the 3D camera.

[0092] Suitable 3D cameras include stereo cameras, fully sampled structured

light cameras, fully sampled time of flight cameras, depth from focus 3D cameras, light

field (or plenoptic) 3D cameras and holographic cameras.

[0093] Stereophotogrammetry (often abbreviated to "stereo" and performed with

a stereo camera) uses a similar principle to that used by the human eye/brain to

provide depth perception. A stereo camera may include two image sensors 130, 131

separated by a known, fixed, baseline B, as indicated in Figure 3 . Triangles are

formed between the centers of the two lenses 132, 133 and points on the surface S .

For the triangle corresponding to each point, P, the two angles and θ2 are

determined by the angles of the rays from each of the sensors to P. The geometry of

the triangle is solved to give the [x, z] coordinates of point P. The y coordinate is

determined by knowing which sensor rows are being used to image P.



[0094] This process is repeated for all relevant pixel pairs (ie: all pixel pairs

associated with a common intersection point on the surface) to provide a fully sampled

depth image.

[0095] Stereophotogrammetry requires that each point P on the surface be

correctly identified in each image as being associated with a particular pair of pixels.

This is known as the correspondence problem. In practice this requires that the

surface contains visible, distinct, details or features. For example

stereophotogrammetry will not work well, if at all, on a blank sheet of paper that has

no markings.

[0096] If the surface does not have intrinsic detail then detail can be added in the

form of markings such as physical dots or the like. Alternatively a projector can be

used to project a pattern onto the surface. This pattern might resemble the types of

patterns used by structured light 3D projectors, eg: lines, grids, dots, etc. This pattern

is used as an aid to stereophotogrammetry, and is distinct from a pattern that forms

the basis for a structured light 3D camera as described below. The pattern used as a

stereophotogrammetry aid does not need to be known or stable between successive

stereo frame captures.

[0097] In an alternative embodiment the 3D camera may be a fully sampled

structured light camera. Structured light devices rely on projecting a known pattern or

patterns onto a surface. Simple (non-fully sampled) forms of structured light may

project a single point or a single line (emitted by spot or fan lasers respectively), for

example as shown in Figure 4 .

[0098] In the structured light case the angle (θ of the laser 135 is both fixed and

known. Therefore only one optical camera 136 is required. However, because the

angle is fixed, the coordinates of only a single point can be determined, ie: the

intersection of the laser beam with the surface at point P.

[0099] A fan laser will also emit light out of the plane of the diagram of Figure 4 .

Therefore, coordinates of points lying on a line (ie: extending out of the page) can be

determined with a fan laser. But the fan laser cannot produce fully sampled 3D from a

single image capture. Some devices have used several distinct fan beams or laser

spots. However, these also do not produce fully sampled 3D data.



[0100] Fully sampled 3D data may be obtained using a structured light pattern

that simultaneously illuminates the entire surface. This is conceptually illustrated in

Figure 5 , where multiple fan beams are emitted by laser projector 137 and intersect at

multiple points Pn, Pm etc. along the surface.

[0101] Structured light requires that the projected pattern is constant with respect

to angle (which is typically the case except at very close ranges). As the camera's

response is invariant with angle, the reflected pattern looks the same to the camera

regardless of the target range.

[0102] Triangulation methods that rely on correspondence can encounter

difficulties with highly oblique surfaces. This is because the feature or pattern appears

to be stretched differently when viewed from opposite ends of the baseline.

[0103] One limitation of the 'floodlight' approach is that there is now ambiguity

regarding which fan laser corresponds to which intersection point. Identification

methods such as counting lasers will likely fail in practice. For example if the system

misidentifies point Pn as being illuminated by laser Lm instead of laser Ln then it will

erroneously assign a point on the surface to the point at P 1 .

[0104] Another difficulty with using multiple fan lasers is that there are gaps in

coverage. Parts of the surface are still not illuminated.

[0105] Fully sampled 3D structured light cameras use patterns that provide more

complete coverage used in conjunction with spatial or temporal coding schemes to

uniquely identify which part of the illumination is detected by each sensor pixel (or

group of pixels).

[0106] Spatial encoding uses dot patterns and spatial correlation. The patterns

are pseudo random in the sense that they are (a) fully known and (b) uncorrelated

over space (or at least widely separated sub-regions of space). Only one frame is

required to compute the depth image.

[0107] Temporal encoding illuminates different regions of the surface with

mutually uncorrelated sequences of unique binary codes. For example, one direction

might be illuminated with a white-white-black-white-black sequence and an adjacent

region might be illuminated with a white-black-white-white-black sequence. Because

multiple frames are required to produce the depth image, temporal encoding requires



that motion is sufficiently small over the course of the entire capture (or, equivalently,

the frame rate of the capture is very high).

[0108] In an alternative embodiment the 3D camera 126 may be a time of flight

camera, as illustrated in Figure 6 .

[0109] Time of flight uses the same basic principles as radar and sonar. Light

with unique characteristics, usually in the form of a pulse 138 floodlights the surface S ,

the times for the reflections 139 (echoes) from the surface to arrive back at the

camera 140 are measured, and the ranges to the points P on the surface S are

calculated based on the measured times and knowledge of the speed of propagation,

ie: range(O) = speed*time/2. The factor of 2 is needed because the time is a round-

trip time. The time measurements need to be very precise because the speed of light

is very fast. For example, 1 mm change in range is equivalent to 6.6 pico-seconds.

[0110] The arrival time for each pixel can be measured by emitting a brief

duration light pulse and counting the time taken for the pulse to return. Alternatively,

the arrival time can be inferred by emitting a tone burst and measuring the phase of

the return. In either case, there can be a range ambiguity, i.e. did the received echo

come from the most recently emitted pulse (or tone burst) or an earlier one?

[011 1] Practical TOF 3D cameras use a projector 138 that illuminates the entire

field of view with pulses 139 or tone bursts and a camera 140 for detecting reflected

pulses 139'. The camera 140 may include a lens 141 and a 2D array of optical

sensors 143 with each pixel of the sensor being connected to its own channel of time

measurement circuitry. There is no need for a baseline. Therefore, the projector 138

can be placed very close to camera 140.

[0112] In practice, current (low cost) TOF cameras produce depth images that

have noise on the order of a few mm, which is too great for wound monitoring

applications, unless additional processing such as spatial and temporal averaging is

employed.

[0113] In a further embodiment, the 3D camera 126 may be a depth from focus

camera. Image contrast is maximized when the image is in best focus. This

phenomenon is the basis for certain classes of autofocus algorithms used in digital

cameras. Not all regions or points on the surface will simultaneously be in good focus



when the surface has structure. A 3D camera based on depth from focus exploits

these phenomena, specifically:

• Multiple image frames may be captured in rapid succession, each frame with

the lens set to a different focal distance.

• Local contrast may be measured over different regions in the image, for

example by measuring the variance of the image brightness over a small region

of pixels.

• For each region of interest, the focal distance that results in the maximum

image contrast represents the distance from the camera to that part of the

surface

• Repeat for all regions to construct a depth map

[0114] Depth resolution may be determined by the size of the lens aperture, ie:

the larger the aperture, the smaller the depth of focus, and the greater the depth

resolution. It is assumed that motion is negligible and lighting is constant during the

captures.

[0115] In another embodiment the 3D camera 126 may be a light field (also

known as plenoptics) camera or a holographic camera. A light field camera records

not only the intensity but also the directions of the light rays. This can be achieved

using an array of cameras or an array of micro-lenses located within the optical path.

In principle, a single capture of the light field is sufficient to emulate

stereophotogrammetry or depth from focus. Holography is related except that it uses

coherent light and records the phase of the light as well as the magnitude.

[0116] In general, a 3D camera captures a depth map from a single point of view

at a single time. Structured light using temporal encoding, TOF with averaging, and

depth from focus require multiple frame captures over a short time period. However,

because capture times are still relatively small (i.e. the multiple frames are captured in

rapid sequence over a very short time period such that device movement between

frames is negligible), these are categorized as 3D cameras for the purposes of this

specification.

[0117] 3D cameras that can capture and process quickly enough can be

employed to produce real-time depth maps (3D video).



[0118] 3D cameras may use fixed focus lenses with depth of field (AKA depth of

focus) large enough to maintain adequate focus between minimum and maximum

ranges to the target, or at least over the maximum variation in surface structure for

fixed range operation. This is achieved by using small optical apertures. The smaller

the aperture the larger the depth of field, but at the expense of light sensitivity. The

reason to use fixed focus lenses is that changing the focus shifts the lens relative to

the sensor (at least for simple lenses), which in turn changes the parameters needed

in the triangulation calculations. In other words, with variable focus lenses the camera

calibration would be more complicated.

[0119] Structured light and TOF cameras often use infrared lasers. Infrared

enables a visible light image to be obtained with a separate texture camera (i.e. color

or RGB camera, though monochrome sensors may also be used) simultaneously with

the depth image. Lasers are often used because it is easier to design systems where

the pattern is largely invariant with range.

[0120] On the other hand, stereophotogrammetry using visible light has the

advantage that the texture image is obtained simultaneously with the depth image and

without needing a separate texture camera.

[0121] 3D cameras have a number of disadvantages:

• Occlusion. Triangulation based methods only work on those parts of the

surface that are in line of sight at both ends of the baseline. This is not such an

issue with TOF and depth from focus.

• Limited field of view (coverage) of the target. Because the capture is from a

single point of view, a 3D camera may not be able to capture depth data from

the far side of the object.

[0122] These disadvantages may be (largely) overcome by performing captures

from multiple points of view, either by having an array of cameras or by multiple

captures from a single capture device. When moving a single camera between

multiple captures, it is desirable to know the pose (i.e. the position and orientation) of

the camera relative to the target. This can be achieved by using mechanical arms and

position encoders, or by a suitable tracking arrangement, for example using inertial

measurement units (IMUs), magnetic trackers, optical trackers, etc.



[0123] Alternatively, or in addition to tracking device pose, Structure from Motion

may be used to build up a self-consistent map of the target, ie: keeping track of the

relative positions of many features by analysis of the captured image data. However,

without knowing the absolute size of part of some object within the scene, the

absolute scale cannot be determined. This problem is overcome when a 3D camera

is employed in concert with Structure from Motion. The 3D camera provides the

absolute scale.

[0124] Returning to Figure 2 , the capture device 102c may also include a thermal

camera 150 (also known as a thermographic camera, infrared camera or thermal

imaging camera). The thermal camera 150 may include a microbolometer array

sensor or any other suitable thermal imaging sensor. For assessment of a patient's

skin surface, the thermal camera may be sensitive in the long-infrared (wavelengths

on the order of 10 urn). Variances in temperature at the skin surface or within a

wound area may indicate inflammation, infection, necrosis, or the presence of a

biofilm. Further, the temperature at the skin surface may be indicative of a level of

perfusion within the tissue. Thermal image data may also provide information on the

extent or intensity of burns. Sensitive thermal imaging devices may allow variance in

temperature over the course of a pulse cycle to be monitored, providing information on

pulse rate.

[0125] Thermal image data may be registered with and/or displayed with data

from other cameras as discussed below.

[0126] The capture device 102c may further include an additional 2D texture or

RGB camera 15 1 . This may be used to capture RGB image data of the skin surface.

It may also or alternatively be used in combination with a UV light source 152 to

capture fluorescence data. The UV light source 152 may be configured to illuminate

the skin surface with a substantially homogenous intensity of UV light of a wavelength

or wavelength range suitable to cause fluorescence in bacteria, biofilms or the like that

may be present within a wound or on the skin surface.

[0127] The UV light source may be a narrow band device such as a UV light

emitting diode. Alternatively, a broader band UV light source may be used, or sources

emitting two or more distinct UV wavelengths. The UV light source may emit light with

a wavelength in the range 370 to 420nm. However, in other embodiments, other



fluorescence-inducing wavelengths may be used. For example, wavelengths up to

500 to 550nm, or in the range 350 to 550nm, may be used. The different wavelengths

may excite fluorescence in different bacteria or biofilms. In still further embodiments,

multiple fluorescence images may be captured, each using a light source of a different

wavelength or wavelength range. Analyzing the different fluorescence signals in

these multiple images may allow the signals from different bacteria or biofilms to be

distinguished from each other. Multi-spectral cameras may be used to detect

fluorescence with increased resolution within the visible RGB spectrum. Hyper-

spectral or other cameras may be used to detect fluorescence outside the visible RGB

spectrum.

[0128] A sufficient number of LEDs may be mounted in the device housing or in

a separate add-on device, to give an illumination intensity of 10,000 lux or more at the

skin surface, during image capture with the device positioned at a desired capture

distance from the skin surface. This high level of illuminance, comparable with a

camera flash, is desirable because it will dominate typical room lighting thus making it

easier to obtain images with consistent white balance (color temperature). Multiple

LEDs emulate a diffuse illumination source which helps reduce specular reflections.

Alternatively an optical diffuser or diffusers may be placed in front of the LEDs or other

light sources. In other embodiments a lower or higher UV illuminance may be used.

[0129] In some embodiments the presence of fluorescence may be detected. In

other embodiments the intensity of the fluorescence signal may be measured, and this

intensity will depend on the illumination intensity at the skin surface. It may therefore

be desirable to guide the user to position the device at a desired range from the skin

surface, using any of the guiding methods discussed herein, or any other suitable

guiding method. In other embodiments the intensity of the fluorescence signal may be

corrected for the range from the device to specific points on the surface. For example,

from the three-dimensional image data, the range from the device to each point on the

surface can be determined. Based on the range information and knowledge of the UV

light source (e.g. the light source power and expected drop off in intensity with

distance) a correction factor may be determined for the fluorescence image data set

as a whole, or for each pixel within the fluorescence image data set, or for each of a

number of sub-regions within the fluorescence image data set. The detected intensity

of the fluorescence signal may then be corrected using that correction factor. The



correction factor may correct for the effects of range on the intensity of the UV light at

the skin surface and/or for the effects (if any) of range on the intensity of the

fluorescence signal at the image sensor.

[0130] Any suitable optical filters may be used in order to restrict the illumination

provided by the UV light source to a desired wavelength range or ranges. Further,

any suitable optical filters may be used to restrict the wavelengths incident upon the

RGB sensor to the expected fluorescence wavelengths of particular bacteria, biofilms

etc. Fixed filters may be used, or tunable filters, such as liquid crystal filters, may be

used.

[0131] In a further embodiment, the device 102c may be arranged to modulate

the UV light source as a function of the sensor frame rate. In this way either a

subtraction of background from fluorescence signal can be performed by analysis of

different image frames. In a simple case, the UV source may flash on/off every

second frame. Then the background ambient light may be subtracted. Motion

tracking (as described elsewhere in this specification) may be used to improve the

registration between frames. A background subtraction may be performed with as few

as two frames (one with UV light source on and one with UV light source off).

Averaging over a larger number of frames may improve the final data.

[0132] In a further embodiment the device 102c may be configured to switch the

UV light source on during a first time period and then off. Immediately after the UV

light source has been switched off, a plurality of images of the patient's skin surface

may be captured. As the images are captured over a period of time, the fluorescence

intensity in each image can be analysed and generally will fall away over time. By

analysing fluorescence in each of the plurality of images a fluorescence lifetime or

fluorescence decay profile can be determined. The fluorescence lifetime or decay

profile may be characteristic of a particular bacteria or biofilm.

[0133] In further embodiments the device 102c may communicate with the

building's environmental control system or a local lighting controller to momentarily

turn off the room lighting during capture of the fluorescence image in order to improve

the contrast of the image, ie: by reducing or eliminating ambient light.

[0134] In further embodiments the fluorescence signal may be captured in 3D

images by the 3D camera 126, rather than by a separate texture camera. This may



require either a 3D camera capable of capturing RGB data, or a 3D camera with

suitable filters.

[0135] Fluorescence image data may be captured without the use of added dyes

or contrast agents, or in appropriate cases dyes or contrast agents may be applied to

the patient's skin surface if desired.

[0136] Bacteria believed to fluoresce include Pseudomanas aeruginosa,

Pyoderma gangrenosum, Serratia marcescens, Viridans streptococci, Staphylococcus

aureus, Staphylococcus epidermidis, Corynebacterium diptheriae, Enterobacter,

Enterococcus. Various other bacteria and/or biofilms of interest may also fluoresce

and the invention is not limited in this regard.

[0137] Fluorescence image data may be registered with and/or displayed with

data from other cameras as discussed below.

[0138] The capture device 102c may include one or more further capture devices

152, from a group including but not limited to: an ultrasound A or B mode device, a

Doppler ultrasound device, an ultrasound elastography device, a terahertz RADAR

device, a spot temperature probe, a code reader (such as a barcode or QR code

reader, RFID reader etc.), a biometric reader (such as a fingerprint scanner, retina or

iris scanner), microphone, a video camera, a location system (such as GPS or a local

location system dedicated to the use environment), an IMU, an oximeter, a pulse

oximeter, an odor sensor, a pH sensor, a moisture sensor.

[0139] The capture device 102c may also include a guiding module 153. The

guiding module 153 may be configured to implement any of the guiding arrangement

discussed herein, in order to assist the user in correctly positioning and/or orienting

the capture device 102c during capture of data.

[0140] The capture device 102c may also include one or more illumination

sources 154. These may include one or more white light sources, one or more UV

sources, other sources for exciting fluorescence. The illumination sources may also

include an overlay projector that is configured to project an image onto the skin

surface. The image may be a guide image as discussed below. The projector may

also be used to project wound information onto the wound. For example, a visible

projection based on thermal or fluorescence data not visible to the human eye may be



projected onto the wound to indicate wound properties to a healthcare professional. A

region of infection may be identified by such a projection, for example.

[0141] The capture device 102c may include one or more tracking devices 155,

including inertial measurement unit (IMU) devices and/or magnetic tracking devices.

[0142] The capture device 102c may include an actuator or trigger 156, such as

a button that will cause the capture of data when actuated by a user.

[0143] The capture device 102c may include a battery 157, user interface 158,

image display 159, status display 160. Other user input and/or display devices may

be provided. User input and display functions may be combined in touchscreens or

similar devices.

[0144] The capture device 102c may include a processor 162 and controller 163.

A synchronization module 164 may ensure correct switching of the various cameras

and other data capture units.

[0145] A communications module 165 may control communication over any

suitable wired or wireless links to external devices, networks, storage, servers etc.,

e.g. as discussed above with reference to Figure 1.

[0146] Figure 7 shows how three-dimensional image data from the 3D camera

126 may be registered with data from a texture camera 151 or thermal camera 150. A

point P on the surface S is known in the three-dimensional data set. The relative

positions of the 3D camera 126 and texture or thermal camera 151 , 150 are fixed and

known. A projection can be taken from point back through the optical origin of the

camera 151 , 150 to identify a point on the sensor of that camera 15 1 , 150. That

sensor point may correspond to a pixel, or the signals from a group of pixels may be

averaged to provide a value for the sensor point. The texture or thermal image data

may thus be registered to the three-dimensional image data.

[0147] This registration method is only possible within the field of view of the 3D

camera 126, i.e. in a region where the fields of view of the 3D camera 126 and the

texture or thermal camera 15 1 , 150 overlap. The overlap between the captured

images depends on the range to the skin surface.



[0148] A similar registration may be performed for any number of image data

sets captured by the capture device 102c, so that e.g. thermal, RGB and fluorescence

data sets may all be registered with the three-dimensional image data set.

[0149] It may be desirable to fill "holes" in the 3D data set. Holes in this context

are locations in the depth map capture which are missing. A 3D location for this

missing pixel cannot be determined, and therefore cannot be projected into the other

cameras as discussed above. Therefore, such holes may propagate through all

datasets. To resolve this issue, some form of interpolation may be applied to the

depth map to create a virtual depth at the missing location within the depth map.

Once this has been performed, the interpolated 3D location can be used in the

subsequent projections / processing.

[0150] The interpolation of the depth map may be achieved using a range of

interpolation techniques, although in general they all perform the same basic function

of generating a valid depth at the given location based on the surrounding values. In

one embodiment, the x,y values of each location within the 'hole' may be generated

using separate linear interpolation, then the z value may be generated using a 2D

spline from the surrounding locations.

[0151] The x value of the hole may be determined by testing each pixel directly

upwards and downwards until a valid pixel is found (perhaps more than 1-pixel away

for larger holes). Once the up/down valid pixel locations have been found, the x value

may be calculated by linear interpolation of the x values from each of these endpoint

points. A similar process may be applied for the y value except in the horizontal

direction. Higher order interpolation can be implemented by using additional valid x

and y values.

[0152] The z location of each pixel within the hole may be generated using a 2D

spline using a "donut" of all the points surrounding the hole. The 'width' of this donut

may be adjusted, in one embodiment a value of about 3 pixels may be suitable.

These points may be used to calculate the 2D spline, then the z-value of each location

within the hole calculated from its freshly generated x,y value. A common spline may

be used for all points within the hole, evaluated at the x,y location of each point within

the hole.



[0153] As noted above, the Applicant's system may include a number of different

capture devices 102, 102a, 102b and 102c, including devices disclosed herein and/or

devices as disclosed in U.S. Patent No. 8,755,053, filed May 11, 2009; U.S. Patent

No. 9,179,844, filed November 27, 2012; co-pending US Patent Application No.

15/144,722; and co-pending U.S. Provisional Patent Application No. 62/423,709 filed

17 November 2016, the entire contents of which are hereby incorporated by

reference. Further devices, including devices supplied by other parties, may also be

supported.

[0154] The various devices each provide a set of captured data that may differ

from the data provided by other devices. For example, one device may provide a full

data set including for example three-dimensional image data, thermal image data,

texture image data and fluorescence image data, wound cap area, wound bed area,

wound volume, average and maximum depth. This first device may provide data at a

high level of accuracy such that a high level of confidence can be placed in, e.g. the

calculated wound volume. A second device may provide a data set including texture

image data and structured light (i.e. non-fully sampled) data, wound bed area and

wound volume. The second device does not provide full 3D data and the level of

confidence in the calculated wound volume may therefore be lower. A third device

may provide a data set including only a texture image with approximate scale

information. While a 2D wound area can be calculated, a wound volume is not

provided. Further, the level of confidence in the wound area may be lower still. Any

of the data sets may also include details of a current treatment regime, such as types

of dressings applied, drug(s) being administered, dosage, when given, etc.

[0155] The Applicant's facility addresses these issues by interpolating and/or

extrapolating from the fuller data sets to fill the gaps in other data sets. For example,

Figure 8 represents wound volume data based on data captures spread over time.

Data points 180 carry relatively small error bars representing the high level of

confidence. These data points may correspond to data capture using a device with

fully sampled three-dimensional data. Data points 181 carry larger error bars,

representing a lower level of confidence. Data points 182 carry still larger error bars,

representing a still lower level of confidence. Dashed data points 183, 184 represent

interpolated data, where no wound volume data can be obtained from the data set

obtained at those time points. In a simple case, data point 183 may be interpolated



from the two adjacent data points 181 , 182, and data point 184 may be interpolated

from the two adjacent data points 182, 180. However, more sophisticated

interpolation methods may be used, and are well known.

[0156] A wound volume curve 186 may be fitted through the data points using

any suitable fitting method. Alternatively, the healing progression may be represented

as a band rather than a line alone or line with error bars. The width of the band would

indicate the uncertainty of the measurements.

[0157] As an alternative to the error bar approach illustrated in Figure 8 , each

data point may be assigned a weighting or confidence value that can be used as an

input to interpolation or extrapolation, and to a curve fitting method.

[0158] Similar interpolation and/or extrapolation methods may be applied to other

elements of the full data set, such that a data set at each capture time includes either

captured or interpolated / extrapolated data for each element of the full data set.

[0159] This arrangement facilitates display of data, as illustrated in Figure 9 .

Each rectangle 190 represents a full data set captured by a first capture device. Each

rectangle 191 represents a data set including a partial data set captured by a second

device and, optionally, extrapolated or interpolated data to create a full data set. Each

rectangle 192 represents a data set including a partial data set captured by a third

device and, optionally, extrapolated or interpolated data to create a full data set. As

indicated by axis 193, each data set corresponds to a particular capture time.

[0160] Images or representations taken from or based on the data sets may be

displayed individually, or in windows, or cascaded, or in any other suitable display

configuration on any suitable display screen, touchscreen, head mounted display or

the like.

[0161] Alternatively, the data sets may be combined to form an animation, GIF or

video clip indicated schematically at rectangle 194. Further image frames may be

created based on the existing data sets, e.g. by direct copying or by interpolation /

extrapolation from the existing data sets. In this way an animation or video clip

showing the development or healing of a wound over time may be created and

displayed in uniform temporal increments to a user on any suitable display screen,

touchscreen, head mounted display or the like.



[0162] Displayed data, whether in still image or animation / video form, may

include any combination of: a representation based on the three-dimensional image

data (i.e. the point cloud). This representation may be any suitable projection from the

three-dimensional point cloud onto a two-dimensional plane. Alternatively, any other

suitable method for displaying the three-dimensional data may be used. Various such

display methods are known and need not be described in detail here.

[0163] Further, the displayed data may be selected from the full data set. For

example, a user may use checkboxes or some other selection interface to select "3D

model" and "thermal". The displayed image may then include a representation of the

3D model with thermal data overlaid as a heat map or similar. A graphical slider

control may be used to proportion the transparency of the overlay. Similarly, texture

and/or fluorescence data may be overlaid. Other data may be displayed in text,

graphic or any other suitable form. In general, any desired combination of data from

the full data set may be displayed to a user.

[0164] A user may manipulate the displayed data via a suitable user interface,

such as a touchscreen, pointer (e.g. mouse), keyboard, trackball, scroll wheel, voice

recognition etc. The user may be enabled to rotate the displayed representation,

zoom in or out, pan, add markings, notes, define regions of interest, define or adjust

feature boundaries, regions or sub-regions.

[0165] In general data may be captured at any desired time, for example: at

admission to a medical facility, at any consultation with a healthcare provider in a

hospital, community clinic or in a home care situation, or when a patient changes

healthcare facility. Captured data may be used in healthcare assessments and may

feed into decision making around wound treatments. Captured data may also be used

to justify decisions to insurers, for example a decision to admit or re-admit a patient or

choose a particular treatment path. Captured data may also be useful in assessing

liability. For example, data captured at admission may be used to establish pre

existing conditions, for which the medical facility will not be responsible. Captured

data may feed back into a choice of capture devices. For example, the data may

indicate that the wound is progressing favorably and that future data captures may be

performed with a less sophisticated capture device. Alternatively, the data may



indicate that wound progress is outside of expectations and that data should be

captured at greater accuracy with a more sophisticated device.

[0166] In some applications it may be desirable to move or re-position the

capture device between data captures. For example, a wound may extend sufficiently

far around the circumference of a patient's limb that it is necessary or desirable to

view the wound from two or more device poses in order to construct an acceptable 3D

model. The data sets captured from each pose may be combined to form a three-

dimensional model. The combination of data sets may be performed by tracking

movement of the capture device between the poses, or by identifying common

features in the captured data sets allowing registration of those data sets, or a hybrid

of these two approaches that relies on tracking device motion and registration

between data sets.

[0167] The capture device may include a number of accelerometers and/or

magnetometers and/or gyroscopes and/or other sensors, which together can be

considered an "Inertial Measurement Unit" or IMU (also known as an Attitude and

Heading Reference System (AHRS)). In some fields an AHRS may be considered to

include an IMU and a processor. In some fields an IMU may be considered not to

include a magnetometer. However, for the purposes of this specification the term IMU

is to include all such IMUs (with or without magnetometers, and with or without

processors) and AHRSs.

[0168] The IMU may be used to track capture device movements while capturing

two or more data sets from different device poses. The pose of the capture device for

each data set is therefore known from the IMU, or at least the relative changes in pose

between data captures are known.

[0169] In other embodiments any suitable location or pose-determination system

may be used, including magnetic tracking systems etc. Such systems may use one or

more reference beacons located in any suitable position, including beacons mounted

in a room, portable beacons or beacons attached to the patient. Such beacons may

be optical (active or passive), RF, acoustic or any other suitable beacons.

[0170] In some embodiments the two or more data sets may be captured

substantially continuously as the capture device is moved. Alternatively, a smaller

number (e.g. 2 to 10) data sets may be captured over a short period of time,



preferably after the motion between captures is sufficient that there is a meaningful

change in pose but not so great that there is no overlap between the previous capture

and the next capture. This strategy results in less data to store and process. In some

embodiments the data sets may be captured all in response to a single user data

capture instruction. In other embodiments a single user capture instruction may be

required for capture of each data set.

[0171] Registration between the captured data sets may be performed based on

skin features. In addition, since these data sets are captured sequentially over a very

short time period, the skin feature of interest (ulcer, wound etc., especially the

boundary of the skin feature) will not change over the data capture period and may be

used as an input to the registration process.

[0172] Registration may be performed using any available image data, including

three-dimensional image data, texture or RGB image data, thermal image data,

fluorescence image data etc. The registration between data sets may be aided by

anatomical fiducials as described below and/or by temporary or applied fiducials.

Temporary or applied fiducials may include one or more visible fiducials such as

reference objects, applied markings etc., that will be detected in texture or RGB image

data; one or more 3D fiducials having a shape in three dimensions, such as reference

objects, applied raised markings etc., that will be detected in three-dimensional image

data; one or more applied fluorescent fiducials, such as fluorescent materials or

fluorescent ink markings that will be detected in fluorescent image data; and/or one or

more thermal fiducials such as applied materials or markings, or locally heated or

cooled objects, markings or regions of the patient's skin, that will be detected in

thermal image data.

[0173] In further embodiments, simultaneous localization and mapping (SLAM)

methods may be used to map the skin surface based on several images captured by

the capture device from different positions. This may be done based on the available

image data alone, or in some embodiments the image data may be combined with the

tracking of the device position by the IMU.

[0174] Guide information may be overlaid on the display to assist the user to

move the device in the correct manner during capture of such a sequence of data

sets, maintaining an acceptable device pose, orientation and/or range.



[0175] Figure 10 shows an anatomical surface feature 1, such as a wound or

ulcer, on the leg 2 of a patient. A user (e.g. a healthcare professional or caregiver)

may capture a data set including one or more images of the patient's leg 2 , including

the wound 1, using the capture device 102, 102a, 102b, 102c (Figure 1).

[0176] Dimensional information for the wound 1 may be obtained by analysis of

the captured data. For some devices dimensional information may be obtained from

three-dimensional image data, structured light data or the like. In the absence of any

calibration or scale information the dimensional information obtained may be in

arbitrary units, i.e. the dimensional information will not necessarily represent a true

measurement of the ulcer. For example, analysis of the image may provide an ulcer

length of 5 units, an ulcer width of 3 units and an ulcer area of 11.8 units squared (with

the area being calculated by the well-known Kundin method, i.e. length times width

times Pi/4). Alternatively, area may be calculated by counting the number of pixels in

the captured image that fall within the outline of the wound; or by any other suitable

method.

[0177] The captured data set may be stored in any suitable database and/or as

part of any suitable electronic health record, together with the dimensional information,

date information, patient identification information, wound or ulcer identification

information (for patients with several wounds or ulcers), address details, treatment

information, billing information etc. Any of these data may be input by the user and/or

retrieved from the database or other data store. The retention of this data allows

comparison with data captured at a later time, and for trends in development or

healing of the wound to be monitored over time.

[0178] As shown in Figure 10, the patient's skin surface may include a number of

markings or other permanent or semi-permanent skin features 3 , such as moles,

freckles, birthmarks, skin wrinkles, creases, lines, tattoos (permanent or temporary

tattoos), scars or the like. Such permanent or long-term, fixed points or markings on

the patient's body may be termed "anatomical fiducials". In some embodiments, a

permanent or semi-permanent marking may be added (using e.g. a pen, tattoo etc.) in

order to provide an anatomical fiducial. Such markings may be in any material / ink

etc. detectable by any image sensor included in the capture device (e.g. fluorescent

ink markings may be detected in fluorescence imaging). This may be done in addition



to existing anatomical fiducials, or in a surface region where no or insufficient suitable

anatomical fiducials are found.

[0179] Such fiducials may assist in registration between data sets captured at

different times, and/or between data sets captured relatively close in time but at

different device poses.

[0180] Registration can be based on points shared between data sets, such as

the outline of the patient's leg, bone structures, and any anatomical fiducials 3 , such

as moles, freckles, birthmarks, skin wrinkles, creases, lines, tattoos, scars or the like.

For registration between data sets captured over a short time period, points in

fluorescence and/or thermal images may be used.

[0181] In some embodiments transformations may be used to cater for different

perspectives between images, different camera types, different camera focal lengths

or fields of view, different ranges between camera and skin surface etc.

[0182] The user may be guided to position and orient the device with a desired

pose relative to the patient's skin. Figure 11 shows an image 10 of a patient's leg 2

captured at a first time and including a skin feature 1. The image 10 may show

anatomical fiducials 3 , as discussed above.

[0183] Figure 12 shows a device display 11 at a later time. The display shows a

real-time camera view (shown in solid line) and an overlaid guide (shown in dashed

line). The overlaid guide may simply be an overlaid image of the skin surface

captured previously (such as the image 10 of Figure 10). Figure 12 shows that the

device is not properly positioned. The camera view is misaligned with the guide,

having a different perspective and scale. A user may align the device with the desired

position by moving it to bring the camera view into alignment with the guide, as shown

in Figure 13. Correct alignment of the device may be determined by the user, by

observing the alignment of camera view and overlaid guide. Alternatively, the device

may detect the alignment of camera view and guide and when an acceptable level of

alignment is reached provide feedback in the form of an audio, visual or audiovisual

notification. For example, when acceptable alignment is achieved the device may

beep. Or the quality of the alignment may be indicated, for example by the pitch,

volume or other characteristic of the audio signal, to inform the user if he/she is

moving the device in the right direction or otherwise. In the embodiment shown in



Figure 13 , a visual indicator 12 may be displayed when acceptable alignment is

achieved.

[0184] In some embodiments the device may automatically capture data when

an acceptable alignment is detected. In other embodiments the user may issue a data

capture instruction (for example by pressing a button, touch screen etc., or by any

other suitable user input).

[0185] In other embodiments, the guide may be one or more portions of a

previously captured image of the patient's skin surface. For example, it may be

desirable to remove the wound 1 from the guide image, since the shape of the wound

1 may change over time, so that using the wound 1 in the guide image may confuse

the user. Similarly, the background (e.g. tables / beds / equipment etc. visible in the

image) may be eliminated from the guide image. Alternatively, the guide may

comprise one or more guide masks or markings based on a previously captured

image of the patient's skin surface. For example, guide markings may be generated

based on the position of anatomical fiducials 3 , or the outline of a user's limb, or

positions of bone features etc. In still further embodiments, one or more guide masks

or markings may be selected from a library of available guide masks or markings (e.g.

a lower leg mask may be used, having a shape corresponding to the average lower

leg).

[0186] A guide may be generated from a previously captured image. Where the

capture device 102c includes a 3D camera, the guide may be based on previously

captured 3D data.

[0187] In a scanning mode involving data capture from a plurality of device

poses, a guide may be projected or displayed to indicate regions that have already

been scanned. The guide may also indicate any areas where there are holes or bad

data in the 3D data set. This information may be color coded or otherwise

distinguished.

[0188] Text or graphics may be projected.

[0189] Guide information may be displayed using a virtual overlay (like Google

glass or equivalent, or a Virtual Reality display such as DAQRI).



[0190] Further, when data is captured using a device 102 including a 3D camera,

absolute dimensional data is obtained. Such data may be used to assist in calibration

of data obtained with a simpler device. In some applications it may be desirable to

gather full 3D data at a medical facility, or for full 3D data to be gathered by more

skilled users such as medical professionals, using more capable devices. Other data

can be gathered by less skilled users, possibly at remote locations, such as patient's

homes, using more ubiquitous devices such as Smartphones, digital cameras, tablets

etc. 3D data can be used to calibrate other data obtained either earlier or later than

the 3D data.

[0191] In further embodiments fully scaled or calibrated data may be gathered at

each data capture.

[0192] Where user supplied fiducials are used, these may provide a means to

match image properties (e.g. exposure and/or white balance) between

different images (possibly captured by different devices) allowing those images to be

consistently displayed and compared. In other embodiments image properties (e.g.

exposure and/or white balance) may be corrected (or at least made consistent

between different image captures) by analysis of skin tones etc. Further, the device

may be arranged to issue alerts to the user if lighting is outside a desired range, such

that captured images have unacceptable exposure or white balance.

[0193] User-supplied fiducials may also contain machine readable indicia, such

as bar codes, QR codes, RFID elements or any other suitable indicia. Such machine

readable indicia may encode any desired data, including patient identification

information, date information, wound information, and/or user information (e.g.

healthcare provider identification). Machine readable indicia may be read from image

data captured by the capture device, for example by identifying and reading a QR

code in the image. The image data may be the image data captured for analysis of

the anatomical surface feature. Alternatively, further image data may be captured.

Alternatively, the machine readable indicia may be read over any suitable wired or

wireless link (e.g. Bluetooth or reading by an RFID reader). Machine readable indicia

may allow other captured data or medical samples to be correctly associated with the

patient or anatomical surface feature data. Machine readable indicia may also be



used to ensure that supplies (e.g. the fiducials) are not being reused for different

patients.

[0194] Consistent scale across displayed images is also desirable, since it allows

meaningful comparisons to be made. Images may either be captured at a consistent

scale, or may be scaled for consistent display, assessment and/or measurements.

[0195] Figure 14 shows a device display 50 showing a real-time camera view of

a patient's limb 2 . Three guide lines 5 1 , 52, 53 form a star pattern, with the three lines

crossing at a single crossing point 54. This indicates that the range is correct and the

user may capture data at that optimum range by pressing button, touching a touch

screen or issuing some other suitable user capture instruction.

[0196] Figure 15 shows the same device display 50 where the device is further

away from the patient's skin than the optimum distance. Here the three guide lines

5 1 , 52, 53 form a triangle, i.e. they do not meet at a single point. As the user moves

the device towards the skin the triangle will reduce in size, with the guide lines 5 1 , 52,

53 moving closer until they meet as in Figure 13, when the distance is optimised.

[0197] Figure 16 shows the same device display 50 where the device is closer to

the patient's skin than the optimum distance. Here the three guide lines 5 1 , 52, 53

form a triangle, i.e. they do not meet at a single point. The triangle in this figure is

inverted when compared to the triangle of Figure 14. As the user moves the device

away from the skin the triangle will reduce in size, with the guide lines 5 1 , 52, 53

moving closer until they meet as in Figure 14, when the distance is optimised.

[0198] In other embodiments a different number of guide lines may be used. For

example, four lines could be used, forming a square or rectangle, or five lines could be

used forming a pentagon. However, in some embodiments the polygon will diminish

in size as the optimum range is approached, with all lines crossing at a single point at

the optimum range.

[0199] In still further embodiments different kinds of visual indicator, such as red

and green lights or symbols, may be displayed to indicate to the user how to move the

device towards an optimum range. A sliding indicator on a scale could be used to

show the current range and the desired or optimum range. A circular indicator or

gauge could be used, showing the current range and the desired or optimum range.



An audio indicator could be used. For example, the device may beep when within

some tolerance of the desired or optimum range. Alternatively, a variable tone or

volume sound could be emitted to guide the user to move the camera closer to, or

away from, the patient, with the sound, tone or volume determined by the range.

[0200] Further, the device may be configured to automatically capture data when

the user has positioned the device at the optimum range. This may allow data to be

captured without requiring a button or touchscreen to be pushed or touched, reducing

camera shake.

[0201] In further embodiments the device may capture video data over a time

period while the user moves the device through a range of positions and/or

orientations and/or ranges. The user may be guided in the required movement of the

device. The capture device may automatically select and/or retain video frames when

an acceptable alignment and/or range is detected.

[0202] Figures 17 and 18 show a further embodiment of capture device 102c.

The device 102c includes a housing 200. Mounted in the housing 200 are: a texture

or RGB camera 201 , a thermal camera 202, a 3D camera 203, 203', a guide

arrangement formed by three laser units 204, 205, 206, and a number of white light

sources 207 (e.g. white light LEDs). An actuation button 208 and a port for

connection of wired connector 209 may also be provided. Any other capture devices

or functionality, communications functionality etc. described herein may also be

included in this embodiment of capture device.

[0203] Figure 18 shows the device 102c held by a user's hand 210, with the

user's finger positioned on the actuation button 208. The device is pointed at an

artificial "wound model" 212. The guide laser fan beam lines 5 1 , 52, 53, emitted by

laser units 204, 205, 206, guide the user to position the device at a desired capture

range from the wound 212, and to align the device correctly with the wound 212.

[0204] In this device the 3D camera happens, in this embodiment, to be based

on a fully sampled structured light method. The structured light uses infrared

wavelengths to flood the scene to create a fully sampled depth map. If visible light

were used it could be visually distracting and/or obscure any pattern projected from a

visible light, graphic overlay, projector. The IR light is spatially or temporally encoded

as discussed above. The structured light for the depth camera is projected from



the aperture 203, while the sensor is at aperture 203'. Other 3D cameras, as

discussed above, may be used.

[0205] Figures 19 to 26 show a display 2 19 , which may be a screen, head

mounted display or other suitable display separate to the capture device. In some

embodiments similar data may be displayed on a display included in the capture

device. A virtual reality (stereo) display may be used. The stereo display may be

advantageously used to visualize the 3D rendered surface 223. In general any slices,

projections, etc. from the captured data may be displayed. A reduced set of data may

be displayed in some applications.

[0206] As shown in Figure 19 , one or more of the following may be displayed.

[0207] A composite image 220 in which any captured image data may be

overlaid to build up the displayed representation. In the embodiment shown, the

captured image data included texture or RGB image data, 3D or depth image data

and thermal image data. The weighting applied to each of these sets of image data

may be adjusted using sliders in a control box 221 . For example, Figure 19 shows a

composite image in which RGB and thermal image data are overlaid. Figure 25

shows a composite image in which only RGB data is displayed. Figure 26 shows a

composite image in which only thermal data is displayed revealing a hot spot created

artificially on the surface of the wound model.

[0208] A 3D representation 223 may be displayed, based on the 3D image data.

The 3D representation may also be overlaid with any other image data, such as RGB

and/or thermal data, or any other suitable indicators of wound parameters or

characteristics may be overlaid on the 3D representation 223. A user may use

checkboxes and sliders in control box 224 to alter the content of the 3D representation

223. For example, a user may select "wound bed" in order that the bed of the wound

be displayed as in Figure 19 . In contrast a user may select "cap" in order that a cap

over the wound be displayed, as shown in Figure 2 1. The cap may be a surface

extending within the wound boundary and may be determined by any suitable fit. For

example the cap may simply be a plane fitted to points on the wound boundary.

Alternatively, a cap may be determined based on an interpolation from the healthy

skin surface - i.e the cap may represent the healthy skin surface that would exist

were there no wound. The cap may be used as the reference surface for depth and



volume measurements. The display of surrounding skin may be controlled using the

"surrounding" checkbox and slider in control box 224. The user may also select an

"outline", in which a wound outline 226 may be displayed. The wound outline may be

determined by any suitable method, including any method disclosed in Applicant's

U.S. Patent No. 8,755,053, filed May 11, 2009; U.S. Patent No. 9,179,844, filed

November 27, 2012; co-pending US Patent Application No. 15/144,722; and co

pending U.S. Provisional Patent Application No. 62/423,709 filed 17 November 2016.

A user may rotate the 3D representation to examine the wound from different angles.

To illustrate this, Figure 20 shows an example in which the wound has been rotated to

view it from the underside. Rotation allows viewing into any undermined regions that

may have been captured in the data set (i.e. regions that extend under the skin

surface outside of the wound boundary). Further controls may allow sub-surface

slices or projections to be viewed, to allow these undermined regions to be displayed

more fully.

[0209] Wound measurements may be displayed at display box 230. Displayed

measurements may include one or more of: perimeter (based on the determined

wound boundary); average depth; maximum depth; wound bed area (i.e. a surface

area of the wound bed); cap area; wound volume.

[0210] The thermal image and associated temperature data may be displayed at

box 231 , including one or more of: minimum temperature, maximum temperature,

average temperature, temperature at wound center. In some embodiments a

temperature profile across the wound may be displayed.

[021 1] A texture image may be displayed in window 233. A depth image may be

displayed in window 234.

[0212] Figure 27 shows how the wound bed may be divided into a number of

sub-regions 240, 241 , 242, 243 for analysis of tissue types. The boundaries 244

within the wound boundary may be defined manually by a user, for example by tracing

on a touch screen or other user input device. The user may define the sub-region

boundaries based on a visual inspection of any of the available data, including RGB

data, thermal data, fluorescence data and three dimension image data. Alternatively,

the boundaries 240 may be determined automatically by a processor based on the



available image data. The boundaries may be based on changes in color,

temperature, fluorescence or surface roughness, for example.

[0213] For each sub-region, a determination may be made as to the tissue types

present in that sub-region. Tissue types may include, for example: Granulation tissue,

Slough, Eschar, Bone, Ligament, Healthy tissue (e.g. islands or tissue outside of

wound). Tissue types may be selected manually by a user, for example from a menu

of available tissue types. Alternatively, tissue types present in a sub-region may be

determined automatically by analysis of the image and other captured data (including

any of 3D, thermal, fluorescence data etc.). Previously gathered data for specific sub-

regions may be overlaid or otherwise compared with current data, to allow changes or

trends for that sub-region to be seen.

[0214] A determination may also be made as to the proportions of tissue types

present in that sub-region. For example, by visual inspection a user may determine

that granulation tissue occupies around 40% of a sub-region, slough around 30% and

healthy tissue around 30%. The user may enter these values via any suitable user

interface, for example, via sliders, text boxes etc. Alternatively, proportions of tissue

types present in a sub-region may be determined automatically by analysis of the

image data.

[0215] The wound bed area within each sub-region may be determined by

analysis of the three-dimensional data. The proportions of tissue types can therefore

be aggregated to provide one or more of: an aggregated surface area occupied by

each tissue type; and an aggregated proportion of the wound bed area occupied by

each tissue type.

[0216] The tissue types may also be aggregated into tissue classes, to provide

one or more of: an aggregated surface area occupied by each tissue class; and an

aggregated proportion of the surface area of the feature occupied by each tissue

class. The tissue classes may include a viable tissue class and a non-viable tissue

class.

[0217] Trends in tissue type area or proportions, or tissue class area or

proportions, may be monitored over time. Tissue type area or proportions, or tissue

class area or proportions, may be displayed in any suitable form, for example

numerical form, color coded wound images, pie charts, bar charts etc. The overall



size of a pie chart may be indicative of the size of the wound. An indication of wound

"complexity" may be determined and displayed based on the identified tissue types

and their proportions. Trends in wound complexity may also be monitored over time.

[0218] Alternatively, or in addition, the tissue classifications may be projected

onto a plane or the cap to emulate, for consistency, the results in prior art devices that

do not capture 3D data. The true surface areas may be understated in this display

method however, particularly in regions that are steeply sloped. The full 3D methods

discussed above may in general be more accurate.

[0219] In some embodiments auxiliary modules or devices may be used. These

may attach physically to any of the capture devices described above, including to

suitable Smartphones, tablets, computers etc. The attachment may be formed in any

suitable manner, including for example a partial sleeve that allows the auxiliary device

to mount to different capture devices. Alternatively, auxiliary devices may be

integrated into Smartphone cases.

[0220] Suitable auxiliary devices include structured light devices (projecting one

or more spots, stripes, fan beams etc. produced by appropriate laser devices or a

pattern generator), guide devices (e.g. projecting a laser or other light pattern to guide

the user to position the device at a desired range and/or positon and/or orientation

with respect to the skin surface) cameras, stereoscopic cameras, and image splitters.

Further auxiliary devices include sonar, ultrasound, infrared, radar (including miniature

radar, radio-frequency radar), or time of flight range finder modules. An auxiliary

device may include one or more further sensors (e.g. light sensors, reflectance

sensors, temperature sensors), light sources, distance sensors, further cameras, or

code readers (e.g. RFID readers, barcode scanners etc.) etc.

[0221] An auxiliary device may be battery powered, or may be powered from an

external power source. Where the auxiliary device requires power from an external

source, in some cases this may be provided by a wired connection to the device's

powered headphone jack. Further, control signals can be sent over a wired

connection between the device's headphone jack and the auxiliary device, using the

device's standard interface for transmitting audio signals through that jack. In other

embodiments a wired connection may be made to any other suitable jack or connector

on the capture device (e.g. Lightning connector).



[0222] Alternatively, control signals may be sent over any other suitable wired or

wireless connection, including e.g. Bluetooth.

[0223] Where a structured light auxiliary device is used, this may be a very

simple device providing range or scale information. That is, the structured light

information may be used merely to determine a scale. A full model of the surface, as

provided by more complex structured light devices may not be required in some

applications.

[0224] In still further embodiments, a known size user-supplied fiducial may be

used. By placing this fiducial in any image, the scale can be determined. This fiducial

may be any small known object. For example, a circle or a triangle van be used to

determine scale and orientation information. As noted above, user-supplied fiducials

may include encoded information, which may be read by the capture device or any

other suitable reader.

[0225] Further embodiments, operating within the facility, in which a user is

guided to position the device at a desired range or position (including lateral position)

for data capture will now be described. In these embodiments a guide is projected

onto the surface, and the user moves the device to achieve a desired alignment of the

guide with the surface or with the patient's anatomy. The Applicant's US9, 179,844,

the entire contents of which are incorporated by reference herein, discloses a

projected guide consisting of a number of laser lines, and such an arrangement may

be used in devices disclosed herein. For example, an auxiliary unit including laser fan

beam generators may be attached to a Smartphone or other device.

[0226] However, in some embodiments of the current application, the projected

guide is used solely as a positioning aid which assists the user to position the device

at a desired range, thereby setting a scale associated with the resulting image. In

these embodiments the structured light is either not present in captured data (e.g. it

may be switched off for data capture) or is not analysed to provide scale information.

[0227] In other embodiments a guide based on an earlier captured image may be

projected onto the surface. In a similar manner to other embodiments in which a

guide is overlaid on a device display, the projected guide may guide the user to

position the device at a desired range and/or perspective. The projected guide may

guide the user to position the device at the same range from the user's skin, and/or



with a similar perspective to that of a previously captured image. This will result in the

scale of the second image being approximately the same as the scale of the previous

image. The images may be directly compared and dimensions may be read directly

from the second image, provided the cameras used for each data capture are the

same or have similar characteristics. Alternatively, captured data may include camera

parameters, which can subsequently be used in scaling to a common or normalized

scale. Scaling or registration, as described above, may be performed if greater

accuracy is desired.

[0228] The projected guide may simply be an image of the skin surface captured

previously. A user may align the device with the desired position and/or range by

moving it to bring the projected guide into alignment with the patient's anatomy.

Correct alignment of the device may be determined by the user, simply by observing

the alignment of the guide and the patient's anatomy. Alternatively, the device may

detect the alignment of anatomy (as viewed through the camera) and guide and when

an acceptable level of alignment is reached provide feedback in the form of an audio,

visual or audiovisual notification. For example, when acceptable alignment is

achieved the device may beep. Alternatively, a visual indicator may be displayed

when acceptable alignment is achieved. In some embodiments the device may

automatically capture data when an acceptable alignment is detected. In other

embodiments the user may issue a data capture instruction (for example by pressing

a button, touch screen etc., or by any other suitable user input).

[0229] In other embodiments, the projected guide may be one or more portions

of a previously captured image of the patient's skin surface. For example, it may be

desirable to remove the wound 1 from the projected guide image, since the shape of

the wound 1 may change over time, so that using the wound 1 in the guide image may

confuse the user. Alternatively, the guide may comprise one or more guide masks or

markings based on a previously captured image of the patient's skin surface. For

example, guide markings may be generated based on the position of skin features 3 ,

or the outline of a user's limb, or positions of bone features etc. In still further

embodiments, one or more guide masks or markings may be selected from a library of

available guide masks or markings (e.g. a lower leg mask may be used, having a

shape corresponding to the average lower leg).



[0230] The projected guide may include image portions or markings

corresponding to the anatomical fiducials 3 . Anatomical fiducials may be selected by

a user in the previous image for subsequent use in the guide image. In methods

using projected guides, the absolute scale is again not necessarily known. The image

data is obtained at approximately the same scale in each case because the user is

guided to position the device to deliver images with approximately the same scale. If

further accuracy is required, scaling or registration can be performed as discussed

above.

[0231] The projected guide may be projected using any suitable auxiliary

projector. Portable devices incorporating picoprojectors or any other suitable type of

projector may also be used. In other embodiments the guide may be projected using

the device's inbuilt flashlight. A suitable pattern mask may be added to the window of

the flashlight in order to project a guide pattern.

[0232] Graphical overlays, conveying additional information such as the patient

ID, wound type and location, and so on, may be added to any kind of projected guide

pattern. Further guide markings may indicate the extent of the image frame or camera

field of view.

[0233] In still further embodiments the device may be positioned at a desired

range from the surface using a physical guide or frame that sets a distance between

the surface and device. Such a physical guide may include a device support, and a

spacing arrangement with one or more distal elements configured to contact the skin.

In many embodiments skin contact is undesirable. However, in some settings the use

of such a physical guide may be acceptable.

[0234] Where the device is capable of determining a range to the skin surface,

by any of the methods disclosed herein or any other suitable method, this range

information may be used in at least the following ways.

[0235] First, the range information allows data to be captured at an arbitrary

range and the appropriate scale factor to be determined and applied to the

measurements. Additionally, the range information may be used to crop and/or

rescale photos captured at arbitrary ranges (on the same model smart device) or with

different model smart devices to a standard field of view. This should lead to greater

consistency in the display of images captured as part of a serial study.



[0236] Second, the range information may be used to guide the user to capture

at a pre-determined, 'standard', range. Again this leads to improved consistency

(provided all captures are made using the same model smart device). A variation

would be to guide the user to capture at the range which results in a standard field of

view regardless of the camera model in the smart device, again for improved

consistency.

[0237] In any embodiment described herein, the user device may be connected

over any suitable wired or wireless connection to another local device and/or over a

network to a server. The server may be a facility server (e.g. a hospital server) or may

be a remote server used by a number of different facilities.

[0238] In some embodiments the capture and storage of data is controlled such

that data is not stored, or is stored only transiently, on the device itself. Data is

immediately communicated to secure storage over the wired / wireless link and/or

over the network. A user may view data retrieved from that secure storage on the

device display. The Applicant's methods at the device level may be implemented

using a web application. The device may operate as a thin client.

[0239] In general, any of the data storage, communication and management

methods and systems disclosed in the Applicant's co-pending US Patent Application

No. 15/144,722 (the entire contents of which are hereby incorporated by reference)

may be employed.

[0240] Further, any desired associated data may be captured, such as e.g. an

audio/video recording of caregiver's observations, images of the patient, the wound

outline(s), patient ID, condition, location data (e.g. GPS data) etc. Such data, and any

data from auxiliary sensors, may be tagged to or associated with captured image data.

[0241] While automated methods of wound measurement may be provided, in

some embodiments the user may be enabled to enter manually obtained

measurements of wound dimensions (e.g. length, width).

[0242] Any of the assessment techniques described herein allow surface feature

dimensions to be tracked over time, whether in arbitrary units or in absolute

dimensions. These trends allow medical professionals to monitor surface feature

development or healing. Where a measurement departs from the predicted trend (e.g.



an average trend for similar wounds, or some other defined trend based on one or

more of: wound size and/or other characteristics, tissue type, patient characteristics

etc.), an alert may be issued to a user, either through the device itself or by any

suitable messaging system to a healthcare provider.

[0243] Statistical trends of conditions, treatments and outcomes across multiple

patients can be monitored. These data can be used to suggest a particular treatment,

based on a set of symptoms exhibited by a particular patient. Data can provide

predictions for wound healing. Where actual healing differs from the prediction by

more than a threshold, the system may issue an alert. Similarly, where the actual

healing is in accordance with the predicted trend, a positive notification (e.g. "Wound

healing well", or a green light or another positive indicator) may be issued or

displayed.

[0244] In some embodiments it may be desirable to have substantially consistent

scene field-of-view between image captures, despite the images being captured at

different times and/or using different devices. This allows a series of images to have

consistent apparent scale, allowing consistent visual scale appearance. To achieve

this consistent scene size the image may be captured at a defined range (and/or

zoom factor for devices incorporating a zoom lens), determined via the camera

angular field-of-view. This can be achieved by several of the methods disclosed

herein, including guiding the user with an image or guide overlay, guiding the user

with a projected guide, and/or guiding the user to move the device closer or further to

the surface until a desired range is achieved.

[0245] In any of the embodiments described herein it may be assumed that the

surface feature and surrounding skin all lie in a plane. For many applications, this is

expected to be sufficiently accurate. It may also be assumed that the device's optical

axis or optical axes is / are perpendicular to that plane. Alternatively, in some

embodiments no such assumption is made, and appropriate corrections may or may

not be made.

[0246] The Applicant's methods and devices allow for assessment of skin

features, especially skin features of human patients. The methods may rely on

ubiquitous consumer electronics devices, such as smartphones or tablets, allowing



assessment data to be obtained conveniently using relatively cheap and readily

available devices. Data can be captured in an intuitive manner.

[0247] In some embodiments, executed within the facility, an auxiliary device or

module (or "widget") including additional hardware may be used. In the case of

auxiliary devices containing optical elements the alignment of the widget to the

onboard camera within the capture device may be important. If the exact alignment of

the auxiliary device to the host optical system cannot be guaranteed by design, it may

be estimated or calibrated. The auxiliary device may communicate with the capture

device using any appropriate wired, physical or wireless link.

[0248] The physical attachment of an auxiliary device to the capture device may

be difficult due to the lack of mounting points available. However, an auxiliary device

may be 'clipped on' to the capture device or built into a replacement case, or cover.

The alignment of the auxiliary device to the capture device's optical system may be

difficult to reproduce exactly between installations (especially where the auxiliary

device is used with, or designed for use with, a multitude of device types). In such

cases automatic alignment detection may be advantageous.

[0249] In one embodiment an auxiliary device may include a camera. In another

embodiment an auxiliary device may include a camera and a range-finding device.

This range finding device may be a direct range finder (ultrasonic, optical time-of-

flight, microwave radar, etc.), or a structured light or triangulation based device using

one or more laser points or lines etc.

[0250] An auxiliary device including a camera may have a field-of-view

overlapping that of the camera in the capture device. By imaging a scene with both

the camera in the capture device and the auxiliary device simultaneously or in quick

succession, the relative geometry of the cameras can be determined by comparing

the two frames in conjunction with the intrinsic parameters of each camera and the

position of common points in the scene. This provides improved accuracy over an

auxiliary device including no camera, since it allows the geometry between the

auxiliary device and the capture device to be determined.

[0251] The position of the points in common is given by the auxiliary range-finder

subsystem and the cameras' intrinsic parameters. The extrinsic parameters of the two

cameras can be determined by determining the alignment of the two camera frames.



[0252] Here, 'intrinsic' parameters refer to the known internal geometry of the

camera, eg: lens focal length, lens focal distance, sensor pitch, geometric

distortion, etc. In general the degrees per pixel (or the solid angle subtended by a

pixel) will be known. However, because the range is unknown, the size of an area on

an image object corresponding to a pixel on the sensor is not known.

[0253] 'Extrinsic' parameters refer to the geometrical relationship between two

components, for example the angle and offset of the laser plane relative to the

camera's optical axis. The extrinsic parameters of the components within the auxiliary

device can be determined to the required degree of accuracy either by design or by a

calibration step in the factory prior to being supplied to the user of the smart device.

[0254] The camera within the auxiliary device may not be high resolution

assuming there is sufficient scene overlap with the capture device camera. This

allows on-the-fly calibration of the geometry between the auxiliary device and the

capture device (ie: extrinsic parameters) by using an inexpensive low-res camera in

the auxiliary device. The capture device's high resolution camera may be used for

determining the 3D model and/or measurements as well as for producing the texture

image.

[0255] In one embodiment an auxiliary device may include three line generating

lasers surrounding a low-resolution camera connected to a low-power processor and

battery subsystem. The auxiliary device may project a light pattern similar to that

disclosed in the Applicant's US Patent No. 9,179,844.

[0256] Communications with the capture device may be provided by Bluetooth,

or other wireless, or wired communication link.

[0257] In one embodiment, executing within the facility, data may be captured in

the following sequence, described with reference to Figure 28. In other embodiments

other capture sequences may be used, and the capture sequence may be adapted to

the type of capture device and/or auxiliary device used. Capture from the 3D camera

and other cameras may be simultaneous or sequential. Simultaneous capture may be

appropriate when the spectra do not overlap, eg; capture from an IR 3D camera and a

visible RGB camera. Simultaneous capture may be preferred since it avoids the need

for registration when there is motion of the device. Sequential capture may however



be needed in some cases, for example in the case of capture of a texture image and a

fluorescence image.

[0258] At block 250 a user initiates the data capture sequence. At block 251 the

guide may be projected. At block 252 the user aligns the capture device with

the scene using the projected guide (e.g. bringing the capture device to a desired

range and/or position and/or orientation). At block 253 a preview may be shown on

the capture device's display (if the device includes a display), using image data from

the capture device's texture camera. At block 254 a user may trigger capture, for

example by pressing a button or touch screen on the capture device, or by any other

suitable mechanism for issuing a capture instruction.

[0259] At block 255 one or more image frames may be captured. For example,

using the capture device 3D camera 3D image data may be captured with the guide

switched off. Using the thermal camera, thermal image data may be captured. Using

a texture camera and switching the UV source on and off as necessary, fluorescence

image data may be captured.

[0260] At block 256, a registration between the 3D data, thermal data and

fluorescence data may be performed, as discussed above.

[0261] The Applicant's capture device may provide patient identification or

selection functionality. A patient may be identified or selected by scanning a code

associated with the patient, for example on a hospital wristband. The code may be a

barcode, QR code, RFID code or any other suitable code. Alternatively, a patient may

be identified or selected by scanning biometric information, such as a fingerprint, iris,

or retina. Alternatively, a patient may be identified or selected by facial recognition.

Where the device includes a 3D camera, facial recognition may be based on three-

dimensional image data. Alternatively, a patient may be identified or selected by voice

recognition. Similarly, a user, carer or healthcare provider may also be identified or

selected by any of these methods. User, carer or healthcare provider identification or

selection may form the basis of decisions as to which functions are provided or

permitted. For example, some users may be permitted to obtain only partial data sets,

or use only certain functions of the device. Some users may be permitted to edit data.

[0262] The device may also be arranged to cross-check the patient identification

by analysis of captured data. For example, a determination may be made by



comparison of data sets that e.g. the wound dimensions or shape, or the patient's skin

tone or anatomical fiducials, or the apparent progress in wound development or

healing, or any other feature of the data currently being captured are inconsistent with

the selected or identified patient and their previously captured data.

[0263] Various measurement technologies are disclosed herein. Some

measurements or detections may be based on only one type of measurement

technology. However, others may be based on two or more measurement

technologies. For example, some bacteria or biofilms may be apparent in both

thermal and fluorescence images. Similarly, perfusion may be measurable in thermal

images, RGB images (e.g. by analysing laser speckle), pulse oximeters and Doppler

ultrasound.

[0264] Further sensors may be included in the capture device, or as auxiliary

sensors for attachment to the capture device. Further sensors may include smell or

odor sensors, pulse oximeters, pulse sensors, pH sensors. Other sensors may be

provided in smart bandages, or in local sensors configured to be positioned near the

wound under a conventional bandage. Such sensors may measure one or more of:

pressure, temperature, pH, odor, color change, exudate volume, moisture and pulse

sensors, sensors dedicated to specific chemicals, DNA, bacteria etc. Such external

sensors or smart bandages may communicate with a capture device 102, 102a, 102b,

102c, or with any other part of the facility of Figure 1. The sensors can also be used

to analyse biological material accumulated onto the dressing. This communication

may be over a suitable wireless link. Data may be captured periodically or

continuously, and may be stored in storage local to the sensor. This provides further

data in-between captures with a capture device 102, 102a, 102b, 102c.

[0265] Contrast agents and dyes may be added in some applications. These

may assist in identifying tissue types, or particular bacteria, or in measurement of pH

(where a pH-sensitive indicator dye is used). pH may be measured by detection of

indicator dye colour in the texture image data.

[0266] In some embodiments the Applicant's methods may take advantage of

existing device capabilities without the need for separate hardware attachments. In

some embodiments the Applicant's methods may avoid any physical contact with the

wound. In some embodiments the Applicant's methods may provide a mechanism for



determining the scale of an image without requiring a reference object to be placed

near the wound. In some embodiments the Applicant's methods may enable the

determination of both area and depth or volume of a wound or dimensions of other

anatomical surface features.

[0267] Where data from different devices (e.g. from one or more cameras and

one or more sensors) or a plurality of sets of data from a single device (e.g. two or

more images from a single camera) are required to be captured, all such data may be

captured simultaneously or sequentially in response to a single capture instruction.

[0268] In some embodiments macro and/or wide angle images may be captured.

Macro and/or wide angle images may be captured in addition to images at other

ranges and/or focal lengths. One or more macro and/or wide angle images may be

captured in addition to any number of images at other ranges and/or focal lengths,

including any image or number of images according to any embodiment described

above.

[0269] In some embodiments, a macro image may provide a more detailed view

of a surface of an anatomical surface feature. For example, a macro image may

provide a more detailed view and allow assessment of features or characteristics

within awound bed.

[0270] In some embodiments, a wide angle image may provide a broader view of

a surface. For example, a wide angle image may provide a large field of view

(encompassing an entire limb, or foot or torso, or even a whole body) to provide a

context for where on the body the wound or wounds are.

[0271] Any of the guiding arrangements described above may be adapted to

guide a user to position the device at a suitable range and/or position and/or

orientation for capturing a macro image. In some embodiments the capture device

may be arranged to guide the user to two or more desired ranges for capture of

different images.

[0272] Thermal, 3D or other data gathered by the device may be used to

automatically distinguish the patient from the background.



[0273] Any of the capture devices may be implemented as modular devices

configurable through software and/or hardware plugins or modules to provide various

levels of capability, performance and/or price.

Examples

[0274] Several aspects of the present technology are set forth in the following

examples.

1. A method of assessing a feature on a patient's skin surface, including:

1. receiving a three-dimensional data set representative of the patient's

skin surface;

ii. determining a boundary of the feature in the three-dimensional data set;

and

iii. determining with a processor a three-dimensional surface area of the

feature within the boundary.

2 . A method as described in example 1 including identifying a plurality of

sub-regions within the boundary and identifying one or more tissue types in each sub-

region.

3 . A method as described in example 2 including a processor automatically

identifying the plurality of sub-regions.

4 . A method as described in example 3 wherein the processor

automatically identifies the plurality of sub-regions by analysis of one or more of:

a . three-dimensional image data;

b. thermal image data;

c . fluorescence image data; and

d . texture image data.

5 . A method as described in any one of examples 2-4 including a user

manually identifying the plurality of sub-regions via a user interface.



6 . A method as described in any one of examples 2-5 including a user

manually identifying one or more of the plurality of sub-regions via a user interface

and a processor automatically identifying one or more others of the plurality of sub-

regions.

7 . A method as described in any one of examples 2-6 including

determining for each sub-region a proportion of a surface area of that sub-region

occupied by each tissue type identified in that sub-region.

8 . A method as described in any one of examples 2-7 including

determining for each sub-region a proportion of a surface area of that sub-region

occupied by each tissue type identified in that sub-region; determining a surface area

of each sub-region; and aggregating the determined proportions of tissue types to

determine one or more of: an aggregated surface area occupied by each tissue type;

and an aggregated proportion of the surface area of the feature occupied by each

tissue type.

9 . A method as described in any one of examples 2-8 including

determining for each sub-region a proportion of a surface area of that sub-region

occupied by each tissue type identified in that sub-region; determining a surface area

of each sub-region; aggregating the determined proportions of tissue types and

aggregating the tissue types into tissue classes, to determine one or more of: an

aggregated surface area occupied by each tissue class; and an aggregated proportion

of the surface area of the feature occupied by each tissue class.

10. A method as described in example 9 wherein the tissue classes include

a viable tissue class and a non-viable tissue class.

11. A method as described in any one of examples 1-10 wherein the feature

is a wound and the surface area is a wound bed area.



12. A method as described in any one of examples 1-1 1 including capturing

three-dimensional image data of the patient's skin surface and processing the

captured image data to form the three-dimensional data set.

13. A method of assessing a feature on a patient's skin surface using a

handheld capture device that includes a three-dimensional imaging system, including:

capturing a first data set using the handheld capture device at a first device

pose, and capturing a second data set using the handheld capture

device at a second device pose, each of the first and second data sets

including three-dimensional image data of the patient's skin surface

captured by the three-dimensional imaging system; and

processing at least the first and second data sets to form a three-dimensional

model of the patient's skin surface including the feature.

14. A method as described in example 13 wherein:

the handheld capture device includes a thermal camera;

the first data set and the second data set each includes thermal image data;

and

processing at least the first and second data sets includes registering the

thermal image data with the three-dimensional model.

15 . A method as described in either example 13 or 14 wherein:

the handheld capture device includes a texture camera;

the first data set and the second data set each includes texture image data;

and

processing at least the first and second data sets includes registering the

texture image data with the three-dimensional model.

16 . A method as described in any one of examples 13-1 5 wherein:

the first data set and the second data set each includes fluorescence image

data; and

processing at least the first and second data sets includes registering the

fluorescence image data with the three-dimensional model.



17. A method of displaying data representative of a feature on a patient's

skin surface, including:

displaying a first representation of the feature based on first data captured at a

first time; and

displaying a second representation of the feature based on second data

captured at a second time.

18. A method as described in example 17 including displaying an animation

including at least the first and second representations.

19. A method as described in either example 17 or 18 including creating and

displaying a third representation of the feature based at least in part on an

interpolation or extrapolation from at least the first and second data.

20. A method as described in example 19 including displaying an animation

including at least the first, second and third representations.

2 1. A method of displaying data representative of a feature on a patient's

skin surface, including:

displaying a first representation relating to the feature based on first data

captured at a first time;

displaying a second representation relating to the feature based on second

data captured at a second time; and

creating and displaying a third representation relating to the feature based at

least in part on an interpolation or extrapolation from at least the first and

second data.

22. A method as described in example 2 1 including displaying an animation

including at least the first, second and third representations.

23. A method as described in either example 2 1 or 22 wherein the

representation is an image.



24. A method as described in example 23 wherein the image includes a

representation of a three-dimensional model including the feature.

25. A method as described in example 24 wherein the image further

includes one or more of:

a . a representation of thermal image data overlaid on the representation of

the three-dimensional model;

b. a representation of fluorescence image data overlaid on the

representation of the three-dimensional model;

c . a representation of texture image data overlaid on the representation of

the three-dimensional model; and

d . one or more wound dimensions.

26. A method of displaying data representative of a feature on a patient's

skin surface, including:

displaying a three-dimensional model of the skin surface including the feature;

and

on the displayed surface, displaying one or more indicators of a further

parameter associated with the feature.

27. A method as described in example 26 wherein the one or more

indicators comprise one or more of:

a . a representation of thermal image data overlaid on the representation of

the three-dimensional model;

b. a representation of fluorescence image data overlaid on the

representation of the three-dimensional model;

c . a representation of texture image data overlaid on the representation of

the three-dimensional model; and

d . one or more wound dimensions.

28. A method of assessing a patient's skin including:

projecting UV light onto a patient's skin surface during a first time period;



capturing a plurality of images of the patient's skin surface over at least a

second time period immediately following the first time period;

analysing fluorescence in each of the plurality of images to determine a

fluorescence lifetime or fluorescence decay profile.

29. A device configured to perform any one of the examples 1-28.

30. A device comprising a memory and a processor, the memory storing

instructions configured to cause the processor to perform any one of the examples 1-

28.

3 1 . A system configured to perform any one of the examples 1-28.

32. A system comprising a memory and a processor, the memory storing

instructions configured to cause the processor to perform any one of the examples 1-

28.

33. A handheld skin assessment device including:

a three-dimensional image capture unit;

a thermal image capture unit;

the device having a desired capture range at which three-dimensional image

data and thermal image data of a patient's skin surface will be captured

by the three-dimensional image capture unit and the thermal image

capture unit; and

a guide arrangement configured to guide the user to position the device at the

desired capture range from the patient's skin surface.

34. A handheld skin assessment device including:

a UV light source;

a three-dimensional image capture unit;

the device having a desired capture range at which three-dimensional image

data and fluorescence image data of a patient's skin surface will be

captured; and



a guide arrangement configured to guide the user to position the device at the

desired capture range from the patient's skin surface.

35. A device as described in example 34 wherein fluorescence image data

is captured by the three-dimensional image capture unit.

36. A device as described in either example 34 or 35 including a

fluorescence camera, wherein the fluorescence image data is captured by the

fluorescence camera.

37. A device as described in any one of examples 34-36, including one or

more optical filters arranged to filter light during capture of the fluorescence image

data.

38. A handheld skin assessment device including:

a source of UV light arranged, in use, to project UV light onto a patient's skin

surface;

an image capture device configured to capture a plurality of image frames of

the patient's skin surface, at an image frame capture rate; and

electronics configured to modulate the UV light at a function of the image frame

capture rate.

39. A handheld skin assessment device including:

a UV light source arranged, in use, to project UV light onto a patient's skin

surface;

a three-dimensional image capture device arranged, in use, to capture three-

dimensional image data of the patient's skin surface;

a controller configured to control at least the UV light source and the three-

dimensional image capture device to capture:

a three-dimensional image data set with the UV light source off; and

a fluorescence image data set with the UV light source on.



40. A device as described in example 39, including a processor configured

to determine one or more range values from the three-dimensional image data, and to

correct intensity values in the fluorescence image data set based on the one or more

range values.

4 1. A device as described in example 39 or 40 wherein fluorescence image

data is captured by the three-dimensional image capture unit.

42. A device as described in any one of examples 39-41 including a

fluorescence camera, wherein the fluorescence image data is captured by the

fluorescence camera.

43. A device as described in any one of examples 39-42, including one or

more optical filters arranged to filter light during capture of the fluorescence image

data.

[0275] While the present technology has been illustrated by the description of the

embodiments thereof, and while the embodiments have been described in detail, it is

not the intention of the Applicant to restrict or in any way limit the scope of the

appended claims to such detail. Additional advantages and modifications will readily

appear to those skilled in the art. Therefore, the present technology in its broader

aspects is not limited to the specific details, representative apparatus and method,

and illustrative examples shown and described. Accordingly, departures may be

made from such details without departure from the spirit or scope of the Applicant's

general inventive concept.



CLAIMS

I/We claim:

1. A method of assessing a feature on a patient's skin surface, including:

1. receiving a three-dimensional data set representative of the patient's

skin surface;

ii. determining a boundary of the feature in the three-dimensional data set;

and

iii. determining with a processor a three-dimensional surface area of the

feature within the boundary.

2 . A method as claimed in claim 1 including identifying a plurality of sub-

regions within the boundary and identifying one or more tissue types in each sub-

region.

3 . A method as claimed in claim 2 including a processor automatically

identifying the plurality of sub-regions.

4 . A method as claimed in claim 3 wherein the processor automatically

identifies the plurality of sub-regions by analysis of one or more of:

a . three-dimensional image data;

b. thermal image data;

c . fluorescence image data; and

d . texture image data.

5 . A method as claimed in claim 2 including a user manually identifying the

plurality of sub-regions via a user interface.

6 . A method as claimed in claim 2 including a user manually identifying one

or more of the plurality of sub-regions via a user interface and a processor

automatically identifying one or more others of the plurality of sub-regions.



7 . A method as claimed in claim 2 including determining for each sub-

region a proportion of a surface area of that sub-region occupied by each tissue type

identified in that sub-region.

8 . A method as claimed in claim 2 including determining for each sub-

region a proportion of a surface area of that sub-region occupied by each tissue type

identified in that sub-region; determining a surface area of each sub-region; and

aggregating the determined proportions of tissue types to determine one or more of:

an aggregated surface area occupied by each tissue type; and an aggregated

proportion of the surface area of the feature occupied by each tissue type.

9 . A method as claimed in claim 2 including determining for each sub-

region a proportion of a surface area of that sub-region occupied by each tissue type

identified in that sub-region; determining a surface area of each sub-region;

aggregating the determined proportions of tissue types and aggregating the tissue

types into tissue classes, to determine one or more of: an aggregated surface area

occupied by each tissue class; and an aggregated proportion of the surface area of

the feature occupied by each tissue class.

10. A method as claimed in claim 9 wherein the tissue classes include a

viable tissue class and a non-viable tissue class.

11. A method as claimed in claim 1 wherein the feature is a wound and the

surface area is a wound bed area.

12. A method as claimed in claim 1 including capturing three-dimensional

image data of the patient's skin surface and processing the captured image data to

form the three-dimensional data set.

13. A method of assessing a feature on a patient's skin surface using a

handheld capture device that includes a three-dimensional imaging system, including:

capturing a first data set using the handheld capture device at a first device

pose, and capturing a second data set using the handheld capture



device at a second device pose, each of the first and second data sets

including three-dimensional image data of the patient's skin surface

captured by the three-dimensional imaging system; and

processing at least the first and second data sets to form a three-dimensional

model of the patient's skin surface including the feature.

14. A method as claimed in claim 13 wherein:

the handheld capture device includes a thermal camera;

the first data set and the second data set each includes thermal image data;

and

processing at least the first and second data sets includes registering the

thermal image data with the three-dimensional model.

15. A method as claimed in claim 13 wherein:

the handheld capture device includes a texture camera;

the first data set and the second data set each includes texture image data;

and

processing at least the first and second data sets includes registering the

texture image data with the three-dimensional model.

16. A method as claimed in claim 13 wherein:

the first data set and the second data set each includes fluorescence image

data; and

processing at least the first and second data sets includes registering the

fluorescence image data with the three-dimensional model.

17. A method of displaying data representative of a feature on a patient's

skin surface, including:

displaying a first representation of the feature based on first data captured at a

first time; and

displaying a second representation of the feature based on second data

captured at a second time.



18. A method as claimed in claim 17 including displaying an animation

including at least the first and second representations.

19. A method as claimed in claim 17 including creating and displaying a third

representation of the feature based at least in part on an interpolation or extrapolation

from at least the first and second data.

20. A method as claimed in claim 19 including displaying an animation

including at least the first, second and third representations.

2 1. A method of displaying data representative of a feature on a patient's

skin surface, including:

displaying a first representation relating to the feature based on first data

captured at a first time;

displaying a second representation relating to the feature based on second

data captured at a second time; and

creating and displaying a third representation relating to the feature based at

least in part on an interpolation or extrapolation from at least the first and

second data.

22. A method as claimed in claim 2 1 including displaying an animation

including at least the first, second and third representations.

23. A method as claimed in claim 2 1 wherein the representation is an image.

24. A method as claimed in claim 23 wherein the image includes a

representation of a three-dimensional model including the feature.

25. A method as claimed in claim 24 wherein the image further includes one

or more of:

a . a representation of thermal image data overlaid on the representation of

the three-dimensional model;



b. a representation of fluorescence image data overlaid on the

representation of the three-dimensional model;

c . a representation of texture image data overlaid on the representation of

the three-dimensional model; and

d . one or more wound dimensions.

26. A method of displaying data representative of a feature on a patient's

skin surface, including:

displaying a three-dimensional model of the skin surface including the feature;

and

on the displayed surface, displaying one or more indicators of a further

parameter associated with the feature.

27. A method as claimed in claim 26 wherein the one or more indicators

comprise one or more of:

a . a representation of thermal image data overlaid on the representation of

the three-dimensional model;

b. a representation of fluorescence image data overlaid on the

representation of the three-dimensional model;

c . a representation of texture image data overlaid on the representation of

the three-dimensional model; and

d . one or more wound dimensions.

28. A handheld skin assessment device including:

a three-dimensional image capture unit;

a thermal image capture unit;

the device having a desired capture range at which three-dimensional image

data and thermal image data of a patient's skin surface will be captured

by the three-dimensional image capture unit and the thermal image

capture unit; and

a guide arrangement configured to guide the user to position the device at the

desired capture range from the patient's skin surface.



29. A handheld skin assessment device including:

a UV light source;

a three-dimensional image capture unit;

the device having a desired capture range at which three-dimensional image

data and fluorescence image data of a patient's skin surface will be

captured; and

a guide arrangement configured to guide the user to position the device at the

desired capture range from the patient's skin surface.

30. A device as claimed in claim 29 wherein fluorescence image data is

captured by the three-dimensional image capture unit.

3 1 . A device as claimed in claim 29 including a fluorescence camera,

wherein the fluorescence image data is captured by the fluorescence camera.

32. A device as claimed in claim 29, including one or more optical filters

arranged to filter light during capture of the fluorescence image data.

33. A handheld skin assessment device including:

a source of UV light arranged, in use, to project UV light onto a patient's skin

surface;

an image capture device configured to capture a plurality of image frames of

the patient's skin surface, at an image frame capture rate; and

electronics configured to modulate the UV light at a function of the image frame

capture rate.

34. A method of assessing a patient's skin including:

projecting UV light onto a patient's skin surface during a first time period;

capturing a plurality of images of the patient's skin surface over at least a

second time period immediately following the first time period;

analysing fluorescence in each of the plurality of images to determine a

fluorescence lifetime or fluorescence decay profile.



35. A handheld skin assessment device including:

a UV light source arranged, in use, to project UV light onto a patient's skin

surface;

a three-dimensional image capture device arranged, in use, to capture three-

dimensional image data of the patient's skin surface;

a controller configured to control at least the UV light source and the three-

dimensional image capture device to capture:

a three-dimensional image data set with the UV light source off; and

a fluorescence image data set with the UV light source on.

36. A device as claimed in claim 35, including a processor configured to

determine one or more range values from the three-dimensional image data, and to

correct intensity values in the fluorescence image data set based on the one or more

range values.

37. A device as claimed in claim 35 wherein fluorescence image data is

captured by the three-dimensional image capture unit.

38. A device as claimed in claim 35 including a fluorescence camera,

wherein the fluorescence image data is captured by the fluorescence camera.

39. A device as claimed in claim 35, including one or more optical filters

arranged to filter light during capture of the fluorescence image data.
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