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Measurement of properties of an organic material

This invention relates to a system and method for measuring the properties of an

organic material for example being subject to an external influence altering certain

optical properties of the material. The invention is especially related to organic

materials like meat, including fish and white meat, being heated.

Monitoring meat or similar during cooking has traditionally been performed by

measuring the temperature of the meat and comparing the temperature with known

properties of the meat, e.g. stating that the meat is considered to be medium rare at

65°C. This is, however, a slow measurement and thus the processing may be stopped

too late. Also it is not sufficiently reliable as it depends on the position of the sensor and

the kind of meat being prepared, and often the meat is cut in order to inspect the colour

before it is decided that it is at the desired endpoint.

WO2004/1 06899 describes a method for measuring the colour of the meat by

transmitting light into the meat and measuring the specter of the light reflected by the

material. Although the solution is close to the practical, manual inspection it has some

disadvantages as the measurement is very local close to the sensor and the spectrum is

difficult to measure as the reflection will vary to a large degree depending on meat type

as well as age and general conditions. Similar solutions are also discussed in

EP0416658, EP0402877, US5239180, US61 18542 and DE10109246, while US6563580

measures the direct transmission through a short path length through the meat.

Thus it is an object of the present invention to provide a measuring system and method

providing a reliable optical method for monitoring and inspecting materials like meat,

fish etc. This is obtained as described in the accompanying claims.

Thus due to the increased speed of the measurement in comparison to traditional

temperature measurements it is possible to measure the desired properties continuously

as the probe is inserted. Furthermore, it is possible to include depth sensing for profiling

the measured properties along the depth.



Thus the present invention both takes advantage of measuring only the parts of the

spectrum relevant for the chemical reactions or scattering properties relating to another

processes such as denaturisation of proteins in the organic material as well as

investigating a volume of the material by monitoring light having passed through it a

predetermined length.

The invention will be described more in detail with reference to the accompanying

drawings, illustrating the invention by way of examples.

Figure la,b illustrates a probe according to the invention

Figure 2a-f illustrates different embodiments of the probe used for the measurements

according to the invention.

Figure 3 illustrates the measuring unit according to one embodiment of the

invention.

Figure 4a,b illustrate two possible measuring sequences for selectively measuring the

spectrum ranges..

Figure 5a,b illustrates an example of chemical reaction and the changes in the

spectrum related to one known reaction in heated meat.

Figure 6a,b illustrates differences between spectra in beef and chicken meat.

Figure 7 is a flow chart illustrating a preferred use of the present invention.

As is illustrated in figure l a and b the present invention primarily relates to a system or

unit for measuring the properties of an organic material using a fork, ferrule or similar

1,2,3 to be introduced into the material. The ferrules may have thickness making it easy

to introduce into the material, 2-5mm for practical reasons, but possibly down to 1mm.

The required thickness makes it preferable to use light guides such as optical fibres in

the ferrules conducting the light to and from an electronics unit 6 .

In figure l a the unit is constituted by a fork having two ferrules 3 each including light

guides 1,2 for conducting light into the organic material and from it into a handle

comprising light source unit 4, light detector unit 5 and electronic circuitry 6 such as

analyzing unit, display, etc. By positioning the electronics outside the ferrules and in the

electronics unit 6 is to avoid exposing the circuitry to the temperate variations that may

be applied on the organic material.



As will be discussed below both the light source unit and the detector unit may be of

different types, the important aspect being that it is transmitted and received at the

wavelengths necessary to provide relevant measurements. Thus the light source unit 4

may be a single light source emitting light with a large range of wavelengths and the

corresponding receiver unit may include a number of detectors being filtered or

otherwise adapted to receive light within the specified wavelengths. Compatible pairs of

sources and detectors may be used or a multiplexing scheme as discussed below. If

some properties of the organic material are known, e.g. being red meat, the detection

may be limited to a subset of the wavelength ranges selected for measuring of the

desired spectral features so as to make the detection easier.

In figure lb a flexible light guide bundle 7 is used between the fork 3 and the detector

and processing unit, e.g. to the light source, detector and processing unit 4,5,6. The unit

may then also be implemented as a part of existing equipement such as an oven.

In figure 2a,b,c three embodiments of the invention are illustrated showing different

light propagations through the material. In figure 2a an implementation with separate

ferrules for illumination and detection, as in figure la,b, showing how the light

propagates through the material 8 from the first ferrule 1 coupled to the light source 4 to

the second ferrule 2 coupled to the detectors. The tip can be slanted to enable easier

insertion. As can be seen from the drawing the light guide ends are not aimed directly at

each other, so it is not only light transmitted directly though the material that is

measured but also light scattered in the material (this is often described as 'interactance'

or "transflection" in literature). The direction of the light guide ends may be chosen

depending on the situation but should preferably not be aimed directly at each other

(this is often described as transmission in literature).

The quality of the measurement will depend on the distance between the illumination-

and detection fiber. A long distance will increase the volume that is measured, making

the result less sensitive to random variations in the object. Weak features in the

spectrum will also become more prominent and easier to measure. The intensity of the

light (signal strength) will however be strongly reduced when the distance increases, in



particular in wavelength regions where the scattering and/or absorption is large. The

optimal distance can therefore depend on selected wavelength ranges and properties of

the measured material, and the selected distance should be a compromise giving

reasonable performance for the desired materials and wavelength ranges. Tests have

shown that distance above 15mm gives very low signal, and if the distance is below

lmm the result will be closer to a reflection measurement with less prominent features.

For many measurement situations, a distance of 3-8mm will be preferable, but

dependent on the material and situation.

In figure 2b only one ferrule is used where the light enters into the material at the ferrule

end and scattered light is received by a second light guide 2 on the side of the ferrule. In

addition, figure 2b illustrates the light guide bundle 7 as also mentioned in relation to

figure lb.

In figure 2c an additional receiving fibre makes it possible to measure at two path

lengths. A possible implementation is to connect the additional light receiving fiber 2 to

a separate detector unit such that both paths can be measured simultaneously, i.e. two

detector unit/one source configuration. This can also be done vice versa, i.e. one

detector unit/two illumination sources configuration Since the optimal distance is

dependent on the wavelength range and material to be measured, as discussed above, an

instrument with two distances will be more flexible and it will be possible to extract

more accurate information about the measured material, e.g. based on local differences

in the material or if the spectrum depends on the scattering distance (e.g. if the material

is relatively transparent). Using for example one light source point and two detector

points being positioned at different distances along the ferrule from the light source

extracts more scattering information. Alternatively, using for example one light source

point and two detector points being positioned at equal distances along the ferrule but

on opposite sides of the source point an indication of the profile may also be

measured.Fig 2d illustrates a simplified model of a highly scattering medium. The

directions of the photons are randomized after a short distance. The relative orientation

(angle) of the emitting and receieving means is of less importance when the distance

between them is sufficiently long compared to the mean free path of the photons.



Fig 2e is essentialy similar to figure 2d. A much larger number of rays are traced, but

only the rays reaching the detecting means with remaining energy more than 1% are

shown, which will amount to about 1 out of 1000 rays in this example.

Figure 2f illustrates a situation with little or no scattering in the material, which is a

situation that is not suitable for our invention.

Figure 3 illustrates the preferred embodiment of the invention using by multiplexing

LEDs with different wavelengths into one waveguide, and using a simple detector on

the other waveguide. The light source unit 4 comprises a number of LEDs 11 being

coupled into the light guide 1 through suitable optics 10. A controller 15 is coupled to

the LED driver 9 in order to emit light from the LEDs in a sequence. If the LEDs have

difference spectra a sequence of different wavelength ranges will be transmitted into the

organic material and received through the receiving light guide 2 to a detector 12,

amplifier 13 and ADC circuitry 14 in the detector unit 5 . The signals are then processed

by the controller 15 and the result displayed on user interface such as a display. This

provides an efficient means for calibration, background correction and distinguishing

the different wavelength ranges as well as will be discussed below.

Figure 4a illustrates this possible scheme, using time-multiplexing of the LEDs, and

including a period when all LEDs are off to compensate for surrounding light. The

lower four traces 1 shows the signals for controlling four LEDs, the upper trace 18

shows the resulting detector signal. Some or all of the LEDs can be replaced with

suitable laser diodes, for example in cases where narrower bandwidths are required or if

more efficient fibre-coupling is required.

The analysis of the data in the example shown in figure 4a may include averaging, e.g.

for 10 cycles for SNR. The LEDs relate to wavelength selection, the typical cycle time

may be in the range of 10ms, with a total measurement of 100ms. Calibration periodes

may also be included in the sequence, measuring background levels and white balance.

Fig 4b illustrates an example of a part of a sequence with 3 LEDs, showing four cycles.

These cycles will be repeated for the complete measurement. The traces 1 shows the



controlling signal for each LED. 18 shows the resulting detector signal, including noise

and varying background. The background adds to all the measurements and includes

contributions from ambient light, dark current in the detector, offset in the amplifier and

low frequency electrical noise. At least one dark period with all LEDs off should be

included for each cycle such that this background can be calculated and then subtracted

from the LED measurements. In figure 4b, a dark period is included between each LED,

giving a total of 3 dark measurements for each cycle. The dotted line 19 is calculated

from these dark measurements and shows the average level from ambient light,

amplifier offsets etc, while the three dotted lines 20 shows the average level when each

of the 3 LEDS are turned on. The resulting measured levels are the differences between

each of the 3 levels (20) and the dark level (19), averaged over the desired number of

cycles. The quality of the measurement is greatly improved by measuring the

background signal and calculating these differences, the most important aspect being

correction of the unpredictable contribution from ambient light that penetrates the piece

to be measured.

Other solutions for discriminating between the wavelength ranges may be used, e.g.

using a broad band light source and filtered detectors in the detector unit. A small

incandescent bulb and a miniature grating spectrometer could be a good combination

for a more advanced instrument, Resent development in low-cost spectrometers could

make this feasible, for example the Mini-spectrometer MS series CI 1708MA from

Hamamatsu (http://www.hamamatsu.com/eu/en/Cl 1708MA/index.html).

Figure 5a illustrates a flow chart for reduced myoglobin to oxymyoglobin to

metmyoglobin formation, the chemical processes that cause colour in red meat. There

are 3 chemical states of myoglobin: Oxymyoglobin (OMb), Deoxymyogiobin (DMb)

and Metmyoglobin (MMb), depending o whether meat has been exposed to oxygen or

not. The colours for these are: OMb red, DMb- purple, MMb-brown. When beef is

cooked, a hemichrome pigment is created which gives meat its brown cooked colour.

This hemichrome is comprised of denatured globin and oxidized heme iron (MMb) and

is a permanent state i the globin is f ll denatured.). The spectra for these three states

are illustrated in figure 5b illustrating the reflectance at three different wavelengths



21,22,23, and as may be seen the first reflectance 2 1 at about 500nm is reduced during

the transition from OMb or DMb to MMb. The second reflectance 22 is increased at

about 570nm from OMb or DMb to MMb, and at 620nm the third reflectance 23

decreases from DMb or OMb to MMb. The similar relative changes will apply for

interactance or transmission.

This illustrates how measurements at these three wavelengths will make it possible to

measure the state of the meat by recognizing the differences between how the different

parts of the spectrum evolves during the processing. In use the system may signal that

the meat has reached a specific state when the change at all three wavelengths each has

reached a certain value, or cluster analysis or other techniques may be used for

providing a measure based on the relative changes between the different measurements.

Figure 6a illustrates the spectrum at a number of different temperatures in beef. In

spectral regions with relatively low absorption of light, e.g. 700-1000nm for beef, a

distance of 6-10mm between the fibres can be desirable to amplify the absorption from

weaker features in the spectrum. For other wavelengths, e.g. 450-650nm for beef, the

light loss due to absorption and scattering is much higher, and a shorter distance of e.g.

3-5mm will give more useful information from the measurement in this wavelength

range.

In figure 6b a corresponding spectrum is shown for chicken and as can be seen the

differences are sufficiently large to make it possible to distinguish between the different

types of meat. Thus when preparing a meal the system may automatically choose the

correct mode depending on the detected type of meat, and for example suggest the

preparation to the user.

The flow chart in figure 7 shows an example of a measurement sequence where 4 LEDS

are used, e.g. as illustrated in figure 4a, to illuminate and there is one background

reading per cycle. N defines the number of cycles to be averaged in one measurement.

One LED and thus wavelength range, is illuminated at a time in a sequence while the

others are turned off, and the sequence is followed by a dark period for acquiring a

detector signal relating to background, light from the surroundings etc. Additional dark



periods might be inserted between the LEDs to improve the background correction, as

shown in figure 4b.

Several measurements can be made at a fast rate and this creates a measurement

sequence. To allow profiling at a typical insertion speed, the measurement should be

calculated and displayed approximately every 100ms. This will be perceived as instant

and continuous by the user. This high update-speed is much faster than existing food

thermometers and allows for identification of the least-cooked point in the material if

inserted all the way through the thickest part, and makes it possible to display the

profile in some graphical manner. For continuous monitoring of the cooking process at

a single position a much slower measurement time is sufficient.

In the end an average of the sampled measurements may be calculated, the

measurements is compared with known data concerning the relevant meat types and

related chemical reactions, and an output signal may provide an indication to the user,

e.g. indicating the status of the material.

Thus to summarize the present invention relates to a measuring system for measuring

the properties of an organic material, e.g. meat. The system comprising a light source

unit, preferably constituted by at least two LEDs, emitting light within at least one

chosen range of wavelengths. The light source unit may be constituted by one source

emitting light within a wavelength range including all the relevant ranges to be

measured, or any suitable number of sources covering the necessary ranges. The light

source unit is being coupled to a light guide in a ferrule being adapted to be introduced

into said material so that the light guide transmits light to at least one point within the

material.

The system also comprises detector means for being adapted to receive light within

said at least two wavelength ranges comprised within said emitted range of

wavelengths, having passed through a chosen length in said material. The detector

means thus receiving the light from at least one point within the material. Preferably the

detector means is constituted by at least one light guide extending from at least one



point in a ferrule chosen so as to be inside the material toward at least one light sensor

for measuring light within the wavelength ranges to be measured.

The system also comprises analyzing means for repeating the measuring of the light

received at the detector(s) over time in a predetermined sequence, and evaluating the

condition of the material based on the measured attenuation due to the combination of

scattering and absorption in the material in said at least two differently-evolving ranges

of wavelengths. Thus the relative variation in the attenuation between the wavelengths

may be used to evaluate the condition of the material.

The wavelength ranges are chosen based on known chemical reactions in the material

during heating, so as to provide an indication of state of condition during the heating.

Preferably the material is red meat or fish and the chemical reactions are related to the

preparation of meat, e.g. indicating the colour of the prepared meat.

The wavelength ranges may be in the ranges being optimized for the for measuring

protein denaturation during heating, including near IR, especially 900-1000nm, or

possibly in the ranges of 600-650nm, 700-720nm, 750-780nm and 790-840nm.

The analysis is based on a cluster analysis based on the measured optical characteristics

of the material, or other methods for analyzing and comparing a number of parameters.

The light source unit may be constituted by a light bulb or other broad spectrum source,

e.g. when using a spectrometer at the receiver as discussed above, but may alternatively

be constituted by at least one light emitting diode emitting light within said chosen

wavelength ranges., and the at least one detector for measuring the received light within

each wavelength range.

Using at least two detectors or light sources for each wavelength range it is possible to

define a number of different propagation lengths through the material between the light

sources and detectors by choosing the relative positions of the light source points

transmitting the light into the material and the point light is received in the material and

transmitted to the sensors.



While the drawings illustrate the light source and detector positioned in the handle

outside the meat one embodiment of the invention may include at least one light

source and at least one detector are positioned in one ferrule adapted to be introduced

into said material, or corresponding light guides conducting light to or from the sources

and detectors.

Alternatively at least one light source and said at least one detector, or corresponding

light guides are positioned in separate ferrules being adapted to be introduced into said

material. The ferrules may then be mounted on a common unit having a predetermined

distance between them, e.g. constituting a pronged configuration, or may be mounted on

a common unit having an adjustable distance between them.

The analysis means may comprise a storage including a number of different

characteristics, e.g. distinguishing types of meat, fish, etc, and being adapted to indicate

the condition of a selected material. It may also be used to detect the type of material or

properties such as fat- or water content or age of the material, and thus may be

programmed to use different conditions, e.g. when barbequing a piece of meat,

depending on the initial condition of the meat.

In addition the system may include temperature measuring means on the ferrule for

measuring the temperature inside the material, and /or moisture measuring means for

measuring the moisture of the material. This way the information about the status is

increased and user control over the status of the material, e.g. meat, is improved.

The present invention thus also comprises a method for measuring the properties of an

organic material, e.g. meat, comprising at least one light source such as LED, lasers of

a wide band source, emitting light within at least two chosen wavelength ranges. As

discussed above the light source unit is coupled to a light guide in a ferrule being

adapted to be introduced into said material, the light sources emitting light into the

material in a chosen sequence. The light within the emitted light ranges is received

after having passed through a chosen length in said material, where the signal may be

received by separate detectors or a spectrometer capable of separating the wavelength



ranges. The received signals are analysed for monitoring the attenuation at each

wavelength ranges and the relative changes between them, thus evaluating the condition

of the material based on the measured attenuation due to the combination of scattering

and absorption in the material in said at least two differently-evolving wavelength

ranges.

The low power consumption of the LEDs, detectors, and supporting electronics makes a

battery powered, self-contained and handheld unit possible, which is similar in size to a

common electronic thermometer.

As the optical measurements may be performed faster than the traditional temperature

measurements the unit may be used to measure the conditions at different places and/or

depths in the material essentially in real time. It may also be provided with means of

any known type for measuring the depth in which it is inserted into the material and

thus provide a profile of the material during the insertion. Thus for example crust

thickness may be measured. The measurements may also be recorded in the unit or

associated equipment for future reference.



C l a i m s

1. Measuring system for measuring the properties of an organic material, e.g.

meat, comprising a light source unit emitting light within at least two chosen ranges of

wavelengths, the light source unit being coupled to a light guide in a ferrule being

adapted to be introduced into said material,

the system also comprising detector means for being adapted to receive

light within said at least two wavelength ranges comprised within said emitted range of

wavelengths, having passed through a chosen length in said material, and

analyzing means measuring said received light in a predetermined

sequence for evaluating the condition of the material based on the measured attenuation

due to the combination of scattering and absorption in the material in said at least two

differently-evolving ranges of wavelengths.

2 . Measuring system according to claim 1, wherein said detector means

comprises a light guide extending at least part of ferrule length for guiding light from

said material to at least one light sensor.

3 . Measuring system according to claim 1, wherein the wavelength ranges

are chosen based on known chemical reactions in the material during heating, so as to

provide an indication of state of condition during the heating.

4 . Measuring system according to claim 3, wherein the material is meat and

the chemical reactions are related to the preparation of meat, e.g. indicating the colour

of the prepared meat.

5 . Measuring system according to claim 4, wherein the wavelength ranges

are in the ranges being optimized for measuring protein denaturation during heating,

including near IR, especially 900-1000nm.

6 . Measuring system according to claim 4, wherein the wavelength ranges

are in the ranges of 600-650nm, 700-720nm, 750-780nm and 790-840nm.



7 . Measuring system according to claim 1, wherein the analysis is based on a

cluster analysis based on the measured optical characteristics of the material.

8. Measuring system according to claim 1, wherein the light source unit is

constituted by at least two light emitting diodes (LEDs), each emitting light within one

of said chosen wavelength ranges.

9 . Measuring system according to claim 1, comprising at least one detector

for measuring the received light within each wavelength range.

10. Measuring system according to claim 1, comprising at least two detectors

or light sources for each wavelength range, being positioned so as to define a number of

different propagation lengths through the material between the light sources and

detectors.

11. Measuring system according to claim 1, wherein said at least one light

source and at least one detector are positioned in one ferrule adapted to be introduced

into said material.

12. Measuring system according to claim 1, wherein said at least one light

source and said at least one detector are positioned in separate ferrules being adapted to

be introduced into said material.

13. Measuring system according to claim 12, wherein the ferrules are mounted

on a common unit having a predetermined distance between them, e.g. constituting a

pronged configuration.

14. Measuring system according to claim 12, wherein the ferrules are mounted

on a common unit having an adjustable distance between them.

15. Measuring system according to claim 1, wherein said analysis means

comprises a storage including a number of different characteristics, e.g. distinguishing



types of meat, fish, etc, and being adapted to indicate the condition of a selected

material.

16. Measuring system according to claim 1, also including temperature

measuring means for measuring the temperature of the material.

17. Measuring system according to claim 1, also including moisture

measuring means for measuring the moisture of the material.

18. Method for measuring the properties of an organic material, e.g. meat,

comprising at least one light source, emitting light within at least two chosen

wavelength ranges, the light source unit being coupled to a light guide in a ferrule being

adapted to be introduced into said material, said light sources emitting light into the

material in a chosen sequence,

receiving light within said at least two wavelength ranges comprised

within said emitted range of wavelengths, having passed through a chosen length in said

material, and

analyzing the received signals for monitoring the attenuation at each

wavelength ranges and the relative changes between them, thus evaluating the condition

of the material based on the measured attenuation due to the combination of scattering

and absorption in the material in said at least two differently-evolving wavelength

ranges.
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