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Milking apparatus and process

Field of the invention

The present invention relates to a milking apparatus and a milking

process.

Background to the invention

Robotic milking apparatus is known. Such known apparatus is operative

to attach teat cups to the teats of a cow that is to be milked by means of a

robot arm or the like. WO 2005/015985 describes a teat locating sensor

that is operative to determine locations of the teats of a cow that is to be

milked. A robot arm of the robotic milking apparatus is operative to move

to the teats and to attach the teat cups to the teats in dependence on the

thus determined locations of the teats.

Cows vary in size and shape and are liable to move when in a milking

parlour. Hence, it can be problematic to move an arm of robotic milking

apparatus to a cow's udder so that the teat locating sensor of WO

2005/015985 can be brought into operation. Approaches to moving a

robotic arm to a cow's udder are known. For example, WO 00/41559

describes a method of determining the general position of a cow's udder

by measuring the cow in advance of the milking process and assigning the

cow to one of a predetermined number of classes. The robotic milking

apparatus of WO 00/41559 is operative in dependence on the assigned

classification to move to the udder and to attach teat cups to the teats of

the udder.



The present inventor has appreciated shortcomings of known approaches

to providing for movement of a robotic milking arm to an udder of an

animal.

Therefore it is an object for the present invention to provide improved

milking apparatus having a robot arm that is operative to move towards an

udder of an animal.

It is a further object for the present invention to provide an improved

milking process in which a robot arm of milking apparatus moves towards

an udder of an animal.

Statement of invention

The present invention has been devised in the light of the inventor's

appreciation of the shortcomings of the above mentioned known

approaches. Thus, according to a first aspect of the present invention

there is provided milking apparatus comprising:

sensor apparatus operative, in use of the milking apparatus, to

determine a location in a lateral direction with respect to an animal of at

least one anatomical feature of the animal, the at least one anatomical

feature being other than an udder of the animal, the sensor apparatus

comprising image capture apparatus that is operative to acquire at least

one image of at least part of the animal; and

a robot arm located, in use of the milking apparatus, either behind

or in front of the animal, the robot arm being operative to move towards

the udder in dependence upon the determined location of the anatomical

feature.



The apparatus of WO 00/41 559 comprises a robot arm that is located to

one side of an animal in the milking apparatus. Thus, the reach of the

robot arm of WO 00/41559 towards the udder is unimpeded by the

anatomy of the animal. The present inventor has appreciated that if the

robot arm of WO 00/41 559 were to be located either behind the animal,

e.g. as may be desirable in a rotary milking parlour, or in front of the

animal, the classification approach of WO 00/41559 may be incapable of

taking movement of the animal with respect the milking apparatus or

movement of one anatomical feature of the animal in relation to another

into account in providing for unimpeded movement of the robot arm to the

udder. The present invention addresses these problems by determining a

location in a lateral direction of an anatomical feature of the animal other

than the udder and moving the robot arm in dependence on the

determined location. The at least one anatomical feature may, for

example, be at least one leg of the animal. The image capture apparatus

is operative to acquire at least one image of at least part of the animal,

e.g. an image of the rear and the hind legs of the animal.

Thus, the sensor apparatus may be operative to determine the location of

at least one leg, such as at least one hind leg, of the animal in a lateral

direction. More specifically, the location of at least one leg in relation to

one of the sensor apparatus and the robot arm may be determined. Thus,

movement of the robot arm may take account of movement of the animal

in relation to the milking apparatus. Where the location in relation to the

sensor apparatus is determined, a location of the robot arm in relation to

the sensor apparatus may be determined, whereby the location of the

robot arm in relation to the at least one leg may be determined. In use,

determining the location of at least one leg may allow for the robot arm to

pass the at least one leg unimpeded and towards the udder.



Alternatively or in addition, the sensor apparatus may be operative to

determine a separation between two legs, such as the hind legs, of the

animal. In use, determination of the separation between the legs may

allow, for example, for a determination as to whether or not the reach of

the robot arm is impeded by the legs or for a determination as to how

much room there is for passage of the robot arm between the legs.

Alternatively or in addition, the sensor apparatus may be further operative

to determine a height of the udder of an animal in relation to one of the

sensor apparatus and the robot arm.

Alternatively or in addition, the sensor apparatus may be further operative

to determine a distance between the udder of an animal and one of the

sensor apparatus and the robot arm.

Alternatively or in addition, the sensor apparatus may be operative to

determine the location of the at least one anatomical feature in relation to

the sensor apparatus.

Alternatively or in addition, the robot arm may be operative to move in

dependence on a location of the robot arm in relation to the sensor

apparatus.

The robot arm may be configured such that it can be located behind or in

front of the animal. The robot arm may be configured, for example, by

having dimensions such that it can pass between legs of the animal

towards the udder or by having a reach sufficient that a distal portion of

the robot arm can reach the udder.



Alternatively or in addition, the sensor apparatus may be operative to

provide an electronic signal corresponding to the determined location of

the anatomical feature and the robot arm may be operative to move in

dependence on the electrical signal provided by the sensor apparatus.

Alternatively or in addition, the sensor apparatus may be operative to

determine the location of the anatomical feature without touching the

animal.

More specifically, the image capture apparatus may be operative to

acquire an image in at least two dimensions. Thus, for example, the

image capture apparatus may comprise a two-dimension visual or thermal

camera.

Alternatively or in addition, the image capture apparatus may be operative

to acquire an image in three dimensions. Thus, for example, the image

capture apparatus may comprise a laser triangulation sensor, a laser

scanner or a time of flight camera.

Alternatively or in addition, the milking apparatus may comprise

processing apparatus that is operative to process electronic signals from

the sensor apparatus. The processing apparatus may comprise a

microprocessor that forms part, for example, of an embedded

microprocessor arrangement.

More specifically, where the sensor apparatus comprises image capture

apparatus, the processing apparatus may be operative to process at least

one image acquired by the image capture apparatus.



More specifically, the processing apparatus may be operative to define at

least one region in an acquired image.

More specifically, the processing apparatus may be operative to define

initial and searching regions in the acquired image.

More specifically, the initial region may be smaller than the searching

region.

Alternatively or in addition, the processing apparatus may be operative to

define an initial region in an acquired image, the initial region lacking

electronic data, e.g. pixels, corresponding to a part of the animal. The

initial region may be at or towards a centre of the image. If an initial region

lacking electronic data corresponding to a part of the animal cannot be

defined, the processing apparatus may be operative to cease operation of

the milking apparatus. For example, if an animal is lying down no initial

region lacking electronic data corresponding to a part of the animal may

be defined and thus the milking procedure is discontinued.

Alternatively or in addition, the processing apparatus may be operative to

determine whether or not the initial region is substantially clear. If the

initial region is not substantially clear processing apparatus may be

operative to cease operation of the milking apparatus. The lack of an

initial region that is substantially clear may, for example, indicate the

presence of a milking cluster that is either properly or improperly attached

to the teats, whereby the teats are not yet ready for disinfection.

Alternatively or in addition, the processing apparatus may be operative to

define a searching region in the acquired image and to carry out a search

within the searching region for electronic data corresponding to a part of



an animal. If a search of the searching region determines no electronic

data corresponding to a part of an animal, the processing apparatus may

be operative to cease operation of the milking apparatus. For example, if

there is no animal present no electronic data corresponding to a part of an

animal may be determined and thus the milking procedure is discontinued.

More specifically, the processing apparatus may be operative to carry out

a search from a first part of the searching region towards a second part of

the searching region, the first part corresponding to a lower part of a view

of the image capture apparatus and the second part corresponding to an

upper part of the view of the image capture apparatus. Following this

approach may reduce the risk, for example, that the teats of an animal are

confused for legs of the animal.

More specifically, the processing apparatus may be operative to determine

a representation of at least part of at least one leg in the searching region

as the search progresses from the first to the second part.

More specifically, the processing apparatus may be operative to determine

a representation of at least part of an udder in the searching region after

determination of the representation of at least part of at least one leg as

the search progresses further from the first to the second part.

Determination of a feature, such as a part of a leg or an udder, may be

achieved by the processing apparatus by means of a thresholding

process. More specifically, the thresholding process may comprise

comparing a change in amplitude of electronic data, e.g. pixels, from one

part of the searching region to another with a threshold value and if the

change in amplitude is greater than the threshold value determining that a



feature is represented by one of the first and second parts of the searching

region.

Alternatively or in addition, the processing apparatus may be operative to

carry out a search from substantially a centre of the searching region

towards a periphery of the searching region.

Alternatively or in addition, the processing apparatus may be operative to

filter an acquired image. Filtering may, for example, be used to remove

noise present in an acquired image.

More specifically, electronic data, e.g. pixels, in at least a part of the

acquired image may be averaged.

Alternatively or in addition, electronic data in at least a part of each of a

plurality of acquired images may be averaged from acquired image to

acquired image.

Alternatively or in addition, electronic data in at least a part of the acquired

image may be filtered using a median filter. A median filter may be used

to remove or at least attenuate salt and pepper noise.

Alternatively or in addition, the processing apparatus may be operative to

pre-process an acquired image.

More specifically, at least one portion of the acquired image smaller than a

predetermined size may be removed from the acquired image.

More specifically and where image capture apparatus is operative to

acquire the image in three dimensions, the processing apparatus may be



operative to determine objects between spaced apart distances from the

image capture apparatus. The processing apparatus may be further

operative to remove determined objects smaller than a predetermined

size, e.g. 40 pels.

The milking apparatus may further comprise at least one stall configured

to accommodate an animal and to maintain the animal in a predetermined

orientation in relation to the stall, at least one of the robot arm and the

sensor apparatus being disposed in relation to the stall such that the at

least one of the robot arm and the sensor apparatus is either behind or in

front of the animal.

The robot arm may be further operative to perform at least one of: pre-

milking teat disinfection; pre-milking teat cleaning; teat cup attachment;

and post-milking teat disinfection.

The milking apparatus may further comprise a teat locating sensor. The

teat locating sensor may comprise an image capture apparatus that is

operative to determine the location of at least one teat on the basis of an

acquired image. The teat locating sensor may be of a kind as described in

WO 2005/015985. Thus, the robot arm of the milking apparatus may be

operative to perform an action, such as teat cup attachment, in

dependence upon operation of the image capture apparatus and after

movement of the robot arm towards the udder.

The milking apparatus may comprise a rotary milking parlour. More

specifically, the robot arm may be located behind an animal in a stall of the

rotary milking parlour. Alternatively or in addition, the sensor apparatus

may be located generally behind an animal in a stall of the rotary milking

parlour.



According to a second aspect of the present invention, there is provided a

milking process comprising:

determining a location in a lateral direction with respect to an

animal in a milking apparatus of an anatomical feature of the animal by

means of sensor apparatus, the anatomical feature being other than an

udder of the animal, the sensor apparatus comprising image capture

apparatus that is operative to acquire at least one image of at least part of

the animal; and

operating a robot arm located either behind or in front of the animal

such that the robot arm moves towards the udder in dependence upon the

determined location of the anatomical feature.

Features of the second aspect of the present invention may comprise one

or more features of the first aspect of the present invention.

According to a third aspect of the present invention, there is provided

milking apparatus comprising: a robot arm; and sensor apparatus

operative, in use of the milking apparatus, to determine a height of an

udder of an animal in relation to the robot arm, the robot arm being

operative, in use of the milking apparatus, to move towards the udder in

dependence upon the determined height of the udder.

Features of the third aspect of the present invention may comprise one or

more features of the first aspect of the present invention.

According to a fourth aspect of the present invention, there is provided

milking apparatus comprising: a robot arm located, in use of the milking

apparatus, either behind or in front of an animal; and sensor apparatus

operative, in use of the milking apparatus, to determine a location in a



longitudinal direction with respect to the animal of an udder of the animal

in relation to the robot arm, the robot arm being operative to move towards

the udder in dependence upon the determined location of the udder.

Embodiments of the fourth aspect of the present invention may comprise

one or more features of the first aspect of the present invention.

The term lateral direction with respect to an animal as used herein means

in a direction substantially orthogonal to a longitudinal direction with

respect to the animal, the longitudinal direction extending between the

head and the rear of the animal.

Alternatively or in addition, the term lateral direction with respect to an

animal may mean in a direction substantially orthogonal to a longitudinal

direction and orthogonal to a vertical direction with respect to the animal.

According to a further aspect of the present invention there is provided

milking apparatus comprising:

sensor apparatus operative, in use of the milking apparatus, to

determine a location in a lateral direction with respect to an animal of at

least one anatomical feature of the animal, the at least one anatomical

feature being other than an udder of the animal; and

a robot arm located, in use of the milking apparatus, either behind

or in front of the animal, the robot arm being operative to move towards

the udder in dependence upon the determined location of the anatomical

feature.

Embodiments of the further aspect of the present invention may comprise

one or more features of the first aspect of the present invention.



Brief description of drawings

Further features and advantages of the present invention will become

apparent from the following specific description, which is given by way of

example only and with reference to the accompanying drawings, in which:

Figure 1 is representation of a milking apparatus according to the

present invention;

Figure 2 is a detailed view of a stall of the milking apparatus shown

in Figure 1;

Figure 3 is a view as seen by the camera of the milking apparatus

of Figures 1 and 2; and

Figure 4 is a flow chart representation of the operation of the

apparatus shown in Figures 1 and 2.

Figure 1 is a representation of a milking apparatus 10 according to the

present invention. The milking apparatus comprises a rotary milking

parlour 12 of conventional form and function, which rotates so as to

position one or more cows held within stalls of the milking parlour at a

robotic milking station (not shown). The milking apparatus of Figure 1 also

comprises a robot teat disinfection apparatus 14 of conventional form and

function except as described herein. The robot teat disinfection apparatus

is operative after milking is complete to disinfect a cow's teats. The robot

teat disinfection apparatus 14 is shown and described for the purposes of

describing the present invention. The invention is operable with apparatus

other than robot teat disinfection apparatus, such as pre-milking teat

disinfection and cleaning apparatus and teat cup attachment apparatus.

Such apparatus comprises a robot arm of conventional form and function

that bears operative apparatus, such as teat disinfection apparatus.



The milking apparatus of Figure 1 also comprises a time of flight camera

16 (which constitutes image capture apparatus) that is oriented such that it

has a view of a rear of a cow in a stall of the rotary milking parlour 12. The

time of flight camera is a PhotonICs® PMD 1k-S 3D Time-of-Flight camera

from PMDTechnologies GmbH, Am Eichenhang 50, D-57076 Siegen,

Germany. In addition, the milking apparatus also comprises processing

apparatus 18 that receives images acquired by the time of flight camera

16 and processes the received images before providing control signals to

the robot teat disinfection apparatus 14. The processing apparatus

comprises embedded microprocessor apparatus of conventional form and

function.

Figure 2 provides a more detailed view of apparatus of the present

invention. Figure 2 shows a single stall 20 of the rotary milking parlour 12

of Figure 1, which holds a cow with the time of flight camera disposed

behind the cow and oriented such that the camera has a view of the rear

of the cow 30 and the surrounding structure of the stall 32, as shown in

Figure 3. The processing apparatus is also shown in Figure 2. The robot

teat disinfection apparatus 14 is disposed behind the cow such that a

robot arm of the robot teat disinfection apparatus can extend between the

cow's legs 34, 36 towards the cow's udder 38.

The operation of the apparatus of Figures 1 and 4 will now be described

with reference to Figure 3 and the flow chart 50 of Figure 4. An image as

shown in Figure 3 is acquired 52 by means of the time of flight camera 16.

An initial region 40 is defined 54 within the acquired image. The initial

region has dimensions that reflect the space required for movement of the

robot arm towards the udder. If no initial region lacking pixels

corresponding to a part of the cow can be defined 56, the process stops

58. This is because the lack of an initial region containing no pixels



corresponding to a part of the cow is indicative of a condition that would

prevent extension of the robot arm towards the cow's udder, e.g. a cow

lying down in the stall. Also, if no initial region that is substantially clear

can be defined, the process stops. This is because the lack of an initial

region that is substantially clear indicates the presence of a milking duster

that is either properly or improperly attached to the teats, whereby the

teats are not yet ready for disinfection.

The processing apparatus is operative to filter pixel values of each

acquired image. Averaging is over 7 x 7 pixel regions and over three

successive frames. A 3 x 3 median filter is used to remove salt and

pepper noise. Each image is pre-processed to detect and remove regions

smaller than 40 pels. Objects within a predetermined range of distances

from the image capture apparatus are determined. Then, the processing

apparatus is operative to remove such determined objects where they are

smaller than 40 pels.

Next a searching region 42 is defined 60. The searching region 42 is

appreciably larger than the initial region 40. The searching region is of

dimensions that the searching region is likely to contain at least part of

each of the hind legs of the cow. A search 62 is performed on the pixels

of the searching region from the centre of the rows of the searching region

outwards and from the bottom row of pixels upwards row by row until

pixels corresponding to spaced apart parts of the cow are determined.

The search of the searching region and the determination as to whether or

not the initial region contains pixels corresponding to an animal part is

accomplished by means of a thresholding approach. The thresholding

approach involves comparing a change in amplitude from one pixel to

another or one group of pixels to another. If the change is greater than a

predetermined amount this indicates the presence of pixels corresponding



to an edge of a part of the cow. Thresholding is performed on the depth

information in acquired images. More specifically, information contained in

an image that is closer to the image capture apparatus than a

predetermined value (or threshold) is removed and information contained

in an image that is further away from the image capture apparatus than a

predetermined value is removed. For example, the predetermined values

may be set such that the front legs of the cow are removed. Where a

thermal camera is used, the predetermined values are set to allow for

removal of pixels that are either too hot or too cold to be an anatomical

feature of a cow. Where a visual spectrum or NIR (near infrared) camera

is used, groups of pixels are characterised by the distribution of their pixel

values as corresponding to cow anatomy or not.

When pixels corresponding to spaced apart parts of the cow are found this

indicates that the hind legs 34, 36 of the cow have been found. The

distance between the spaced apart parts and the location of each of the

spaced apart parts is determined 68. If the search uncovers no spaced

apart parts 64 the process stops 66. This is because uncovering no

spaced apart parts is indicative of a fault condition, such as the stall being

empty.

The search of the searching region 42 is continued further upwards 70

until pixels corresponding to a further animal part are found. Such pixels

are sought by means of the thresholding approach described above. The

finding of such pixels indicates that the udder 38 has been found. The

height of the further animal part (i.e. the udder) is determined along with

the distance between the time of flight camera 16 and the udder 38 by

means of the three-dimension imaging capability of the camera.



Having determined the location of the legs, the distance between the legs,

the height of the udder and the distance to the udder, electrical signals are

provided by the processing apparatus 18 to the robot teat disinfection

apparatus 14 so that the robot arm moves in an appropriate direction so

as to pass between the legs and at an appropriate height and for an

appropriate distance such that the robot arm is positioned nearby the

cow's udder.

Although not shown in the drawings appended hereto, the robot teat

disinfection apparatus comprises a teat locating sensor of the kind

described in WO 2005/015985. Thus and as described in detail in WO

2005/015985, having been positioned nearby the udder by means of the

present invention, the robot arm of the teat disinfection apparatus is

operative to perform teat disinfection in dependence upon operation of the

teat locating sensor.



CLAIMS:

1. Milking apparatus comprising:

sensor apparatus operative, in use of the milking apparatus, to

determine a location in a lateral direction with respect to an animal of at

least one anatomical feature of the animal, the at least one anatomical

feature being other than an udder of the animal, the sensor apparatus

comprising image capture apparatus that is operative to acquire at least

one image of at least part of the animal; and

a robot arm located, in use of the milking apparatus, either behind

or in front of the animal, the robot arm being operative to move towards

the udder in dependence upon the determined location of the anatomical

feature.

2. Apparatus according to claim 1, in which the image capture

apparatus is operative to acquire an image in at least two dimensions.

3. Apparatus according to claim 1 or 2, in which the image capture

apparatus is operative to acquire an image in three dimensions.

4. Apparatus according to claim 3, in which the image capture

apparatus comprises a time of flight camera.

5. Apparatus according to any preceding claim, in which the sensor

apparatus is configured such that it is operative to determine the location

of the anatomical feature without touching the animal.



6. Apparatus according to any preceding claim, in which the sensor

apparatus is operative to determine the location of at least one leg of the

animal in a lateral direction.

7. Apparatus according to claim 6, in which the sensor apparatus is

operative to determine the location of at least one leg in relation to one of

the sensor apparatus and the robot arm.

8. Apparatus according to any preceding claim, in which the sensor

apparatus is operative to determine a separation between two legs of the

animal.

9 . Apparatus according to any preceding claim, in which the sensor

apparatus is further operative to determine a height of the udder of the

animal in relation to one of the sensor apparatus and the robot arm.

10. Apparatus according to any preceding claim, in which the sensor

apparatus is further operative to determine a distance between the udder

of the animal and one of the sensor apparatus and the robot arm.

11. Apparatus according to any preceding claim, in which the sensor

apparatus is operative to determine the location of the at least one

anatomical feature in relation to the sensor apparatus.

12. Apparatus according to any preceding claim, in which the robot arm

is operative to move in dependence on a location of the robot arm in

relation to the sensor apparatus.



13. Apparatus according to any preceding claim, in which the milking

apparatus comprises processing apparatus that is operative to process at

least one image acquired by the image capture apparatus.

14. Apparatus according to claim 13, in which the processing apparatus

is operative to define initial and searching regions in the acquired image.

15. Apparatus according to claim 14, in which the initial region is

smaller than the searching region and the initial region is wholly contained

within the searching region.

16. Apparatus according to any one of claims 13 to 15, in which the

processing apparatus is operative to define an initial region in an acquired

image, the initial region lacking electronic data corresponding to a part of

the animal.

17. Apparatus according to claim 16, in which the processing apparatus

is operative to determine whether or not the initial region is substantially

clear.

18. Apparatus according to any one of claims 13 to 17, in which the

processing apparatus is operative to define a searching region in the

acquired image and to carry out a search within the searching region for

electronic data corresponding to a part of an animal.

19. Apparatus according to claim 18, in which the processing apparatus

is operative to carry out a search from a first part of the searching region

towards a second part of the searching region, the first part corresponding

to a lower part of a view of the image capture apparatus and the second



part corresponding to an upper part of the view of the image capture

apparatus.

20. Apparatus according to claim 19, in which the processing apparatus

is operative to determine a representation of at least part of at least one

leg in the searching region as the search progresses from the first to the

second part.

2 1. Apparatus according to claim 20, in which the processing apparatus

is operative to determine a representation of at least part of an udder in

the searching region after determination of the representation of at least

part of at least one leg as the search progresses further from the first to

the second part.

22. Apparatus according to any one of claims 18 to 2 1, in which the

processing apparatus is operative to carry out a search from substantially

a centre of the searching region towards a periphery of the searching

region.

23. Apparatus according to any preceding claim, further comprising at

least one stall configured to accommodate an animal and to maintain the

animal in a predetermined orientation in relation to the stall, at least one of

the robot arm and the sensor apparatus being disposed in relation to the

stall such that the at least one of the robot arm and the sensor apparatus

is either behind or in front of the animal.

24. Apparatus according to any preceding claim, in which the robot arm

is configured and is further operative to perform at least one of: pre-milking

teat disinfection; pre-milking teat cleaning; teat cup attachment; and post-

milking teat disinfection.



25. Apparatus according to any preceding claim, further comprising a

teat locating sensor, the robot arm being operative to perform at least one

of pre-milking teat disinfection, pre-milking teat cleaning, teat cup

attachment and post-milking teat disinfection, in dependence upon

operation of the image capture apparatus and after movement of the robot

arm towards the udder.

26. Apparatus according to any preceding claim, further comprising a

rotary milking parlour.

27. A milking process comprising:

determining a location in a lateral direction with respect to an

animal in a milking apparatus of an anatomical feature of the animal by

means of sensor apparatus, the anatomical feature being other than an

udder of the animal, the sensor apparatus comprising image capture

apparatus that is operative to acquire at least one image of at least part of

the animal; and

operating a robot arm located either behind or in front of the animal

such that the robot arm moves towards the udder in dependence upon the

determined location of the anatomical feature.
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