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(57) Abstract

An apparatus for near infrared

quantitative analysis with an infrared
emittig diode (IRED) source (10) uti-
lizes narrow bandpass filters (12) and
silicon detectors (20) to provide high-
ly accurate and inexpensive measure-
ment. A narrow bandpass filter (12) in
the light path of the IRED (10) passes
wavelengths outside the half power
bandwidth points of the IRED (10). A
silicon detector (20) together with a
sensitive amplifier (22) is used to ac-
curately measure linearly up to six de-
cades of light sensitivity at desired wa-
velengths.
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APPARATUS FOR NEAR INFRARED QUANTITATIVE ANALYSIS

Background

Field of the Invention

The invention relates to improvements in apparatus
for near infrared (NIR) analysis for measuring chemical
constituents in a quantitative fashion. More particularly,
the impréyements of this invention allow accurate measure-

ments with inexpensive instruments.

Prior Art

There are known in the prior art instruments which
measure chemical constituents in a product by means of
either reflecting near infrared radiant energy off the
product or transmitting infrared energy through the product.
These instruments use the phenomenon that certain organic
substances absorb energy in the near infrared portion of the
spectrum. By measuring the amount of energy absorbed by
the product at certain specific wavelengths, precise quan-
titative measurements of the constituents in a product
become available. For example, the measurement of protein
content in wheat can be performed in this manner. For
general introduction to near infrared quantitative analysis,
see the paper presented by Robert D. Rosenthal to the 1977
Annual Meeting of American Association of Cereal Chemists
entitled "An Introduction to Near Infrared Quantitative
Analysis." Such analysis can be performed on samples within
only a few seconds without special sample preparation except
for grinding the sample.

Current commercial near infra;ed instruments use the
same generic technology for developing the near infrared
energy. The commercial instruments use a tungsten light
source that provides radiant energy through the visible, the
near infrared as well as the longer infrared portions of
the spectrum. This broad spectrum of energy is modified by
the use of warrow band optical filters (or gratings or
prisms) to allow only a small selected portion of the total

spectrum to fall on the object being measured. Thus,
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current instruments are not efficient in the use of illum-
inating energy because only such a very small portion of
the total energy provided by the tungsten lamp is used in
the measurement. The great. majority of the radiated energy
from the tungsten lamp is deliberately not used and is
dissipated to heat. This causes temperature problems and
other penalties in instrument design.

The instrument laboratory of the U.S. Department of
Agriculture in Beltsville, Maryland, several years ago,
performed studies on the use of another type of "light
source." In those studies infrared emitting diodes (IRED's
are solid state devices that yield energy at very mnarrow
regions of the spectrum compared to a conventional tungsten
bulb) were used. The U.S.D.A. work was summarized in the
technical paper entitled "Fat Measurement of Ground Beef
with a Gallium Arsenide Infrared Emitter" (ASAE publication
1-76 "Quality Detection im Foods"). 1Imn the U.S.D.A.'s
technical paper there is mentioned the possibility of
narrowing the region of infrared energy by putting narrow
bandpass filters in front of the IRED. This, however, was
directed to an effort for measurement of wavelengths between
920 and 970 nanometers (um). )

In 1978 U.S.D.A. research discovered that precise
measurement of the constituents in grain (e.g., protein) can
be made at wavelengths slightly longef than discussed in the
1976 paper. The desired wavelengths for protei; measurement
in grain are between 1000 and 1060nm.

Previously protein measurement in grain required
ﬁeasurement at wavelengths above 1200nm. These longer
wavelengths forced the use of poor-performing PbS light
detectors. Thus, the U.S.D.A. discovery that precise
measurement of protein in graim can be wavelengths shorter
than 1200nm appears to be of great value because it allows
the use of lower cost, and more stable, silicon detectors.

- The U.S.D.A. began to search for IREDs with center
wavelengths between 1000 and 1060nm. Unfortumately, only

very expensive indium gallium agenide ARED's are available
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in this wavelength. Conventional IREDs of gallium arsenide
provide peak energy well below 1000nm; normally about
940nm. Therefore, although the conventiomal IREDs are of
low cost (about a third of 1% of the indium gallium arsenide
IRED's) they are not considered useful for protein measure-
ment because the half power bandwidth was limited to between
910 and 970nm. Half power bandwidth refers to the wave-
length that has one-half of the output power as the center
wavelength. Normally, IREDs are never used outside the

half power bandwidth points.

Summary of the Invention

This invention utilizes a combination of the properties
of conventional IREDs and of silicon detectors to allow the
conventional low cost IREDs to be used outside their half
power bandwidth up to (at least) 1060nm. Conventional IREDs
that have a peak radiation.at 940nm only emit about 1 to
10%Z of their power at 1000nm as the wavelength gets longer,
toward 1060nm, the amount of energy radiated falls even
lower.

Silicon detectors are well known for having the
unique property of being sensitive and linear over seven
decades pf light level. This invention, involving the
combining of a conventional IRED and silicon detector,allow
six decades of light sensitivity at wavélengths between
1000 and 1060nm to be measured linearly. )

In specific application, a narrow bandpass optical
filter is positioné& in the light path of a conventional
IRED and the energy transmitted through the narrow bandpass
is measured with a silicon detector which together with
sensitive amplifiers (e.g., logarithmic amplifiers) allows
the IRED to provide a specific measurement wavelength of up
to 1060nm. _

In some cases, many wavelengths are simultaneously
needed. Thus, the preferred embodiment of the invention
includes multiple numbers of IREDs each with its own
specific bandpass filter. The IREDs are rippled, i.e.,

turned on one at a time consecutively, thereby allowing a
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single silcon detector to measure many wavelengths., The
IRED has low cost and extremely low power dissipation
property. Thus, this invention having for example 12
IREDs, the total power dissipation is-stili less than 17
of what would be used with a normal tungsten lamp of the
prior art. '
Another embodiment of the invention involves mounting
a number of bandpass filters on a flat spinning wheel and
using a single IRED to accomplish the functional equivalent
of the multiple IRED arrangement descriﬁedt

Brief Description of the Drawings

Figure 1 is a curve of a typical, spectral radial flux
from a commercial infrared emitting diode showing the five
wavelengths required for wheat protein measurement;

Figure 2 illustrates a preferred embodiment of an
apparatus of this invention:

Detailed Description of the Préferred Embodiment

The preferred embodiment will be described with regard
to making accurate protein measurements of wheat by means of
the magnitude of near infrared light aBsorbed passing
through the wheat.

Research at the U.S. Department of Agriculture
(USDA) has shown that the protein content of wheat can be
measured by transmitting selective wavelengths of mnear
infrared light through the wheat and determining the magni-
tude of light absorbed at each of selected wavelengths.

The USDA research demonstrated that accurate protein

measurement can be made using the following algorithm:

- 1 1 1
Percent Protein = ko + kl log T1-2 log Tp+ log T3
1 1 1
log T4 - 2 log Tz + log T5
where ko & k1 are proportionality constants
T1 = percent light transmitted through the wheat sample
at 1007.5 nanometers (nm)
T, = percent light transmitted through the wheat sample
at 1022 nm
T3 = percent light transmitted at 1036.5 nm

2
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T# = percent light transmitted at 997 nam

T57= percent light transmitted at 1057 am

Figure 1 shows the spectrum distribution of the light
emitted by typical commercial infrared emitting diodes
(IRED). Also shown in Figure 1 are the five wavelengths
required for wheat protein measurement. Most of the
required wavelengths are in the region where the IRED emits
very little optical energy. However, a finite amount of
usable energy is still emitted at such wavelengths even
though the wa@elengths are outside the half power bandwidth
points of the IRED as shown in Figure 1.

Figure 2 illustrates the preferred embodiment in
schematic form.

In Figure 2 eight commercial IREDs are sequentially
pulsed on and off by signals from a micrfoprocessor 1l. The
microprocessor is programmed to allow only one of the IREDs
to be turned on at a time and automatically sequences

through all eight IREDs. In additiom the time the IRED is

‘on is controlled by the microprocessor. The IREDs are

pulsed so that éhey aré driven with much more current than
in a DC state. This is necessary because of the small
amount of optical energy that is radiated at the wavelengths
of interest. )

The infrared light emitted from each IRED 10 is trans-
mitted through an accompanying narrow bandpass optical filter
12. The optical filter 12 absorbs all wavelengths of light
except those near its center wavelength. These eight
filters all have aifferent center wavelengths. ive are
used for wheat protein measurement wavelengths of Figure 1
and the remaining three wavelengths are used to measure
additional parameters such as the moisture content of wheat.
Light baffles 14 between each set of IREDs and narrow
bandpass filters prevent the light from ome IRED being
transmitted through an adjacenf narrow bandpass filter.

Each of the specific wavelengths are transmitted _
through a wheat sample WS that is held in an opaque cup 16.
The cup has a glass bottom 18 so that the light energy can

V. WIPO
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pass through and impact on a silicon photodetector 20. This
silicon detector is especially designed to measure extremely
low light levels. Thé light impacting on the silicon
detector is converied by the detector into an electrical
current which is amplified by a low noise amplifier 22. The
output of this amplifier is fed to and further amplified

by a log amplifier 23. The amplified signal is then
converted to a digital signal for inputting into a miecro-
computer by means a 12 bit analog-to-digital comnverter 24,

The microprocessor 11 records in its memory the amount
of transmitted energy obtained from each of the IREDs. It
then uses the equation set forth above to calculate the
émount by weight of protein in the sample of wheat. The
result is displaye& on a digital meter 26 built into the
instrument.

The combination of the microprocessor and the IRED
array allows large numbers of measurements to be made and
simultaneously a#eraged in less than a second to thereby
reduce error as compared to using a single or small number
of like measurements. '

In one specific example in an instrument comnstructed in
accordance with this invention, the IREDs 10 are General
Electric Company part No. 1N6264. The microprocessor 11
is an Intel 8085 system. The silicon detector 20 is a
Silicon Detector Corporation part SD-444-11-11-251, The
amplifier 22 is an Analog Devices Corp. ADS517, the log
amplifier 23 is an Analog Devices Corp. AD755N, and the
analog-to-digital converter 24 is an Analog Devices Corp.
AD574. Although the preceding discussion described a system
using é silicon detector, other types of detectors with sim-
ilar operating characteristics can be used, e.g., cadmium

sulfide, or germanium.
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Claims

l. An apparatus for near infrared quantitative
analysis of the type particularly useful for but not
limited to measurements of quantitative analysis of chemi-
cal constituents within grain and being of the type having
an infrared emitting source, an infrared detector positioned
to receive infrared energy transmitted by the source
toward a sample, and a filter selected to allow passage of
a.preselected wavelength band through it positioned between
the source and the detector with the improvements comprising
and characterized by the source being a pulsed infrared
emitting diode (IRED) of a specific one-half power band-
width, and the filter being a stationary bandpass filter
selected to allow passage of a preseleéted wavelength
band through it, which selected band is outside the
one-half power bandwidth of -the IRED.

2. An apparatus as defined in Claim 1, wherein the
detector is a silicon detector and further comprising a
sensitive amplifier connected to the silicon detector. -

3. An apparatus as defined in Claims 1 or 2, wherein
there are a plurality of IREDs and a plurality of station
bandpass filters, ome for each IRED.

4., An apparatus as defined in Claims 1-3, wherein
each of the IREDs are turned on one at a time consecutively
and are detected by a single silicon detector.

5. An apparatus as defined in Claims 3 and 4 wherein
a microprocessor is used to control the IREDs and provide
a large number of averaged measurements in less than a
second. ] )

6. An apparatus as defined in Claim 5 wherein the
microprocessor utilizes the amplified output of the silicon
detector to compute with a preselected algorithm and
includes means to display the réSults of the computation.

7. An apparatus as defined in Claims-l—é wherein the
preselected wavelength bands of the bandpass filters

include those wavelengths set out in Figure 1.

'/“’i [ R.EA 0
/ CHFL
IETR

LrraTions




WO 81/00775 PCT/US80/01166
-8~

8. An apparatus as claimed in Claims 2-7 further
comprising an amplifier connected to the silicon detector
feeding a logarithmic amplifier whose output in turmn is

converted to digital signals used to input a microprocessor.




10

15

20

25

30

35

WO 81/00775 PCT/US80/01166
-9.

AMENDED CLAIMS
(received by the International Bureau on 11 February 1981 (11.02.81))

1. An apparatus for near infrared quantitative
analysis, particularly for measurements of chemical
constituents in grain, and including an infrared emitting
sourcé, an infrared detector positioned to receive )
infrared energy transmitted by the source through a sample,
and a filter selected to allow passage of a preselected
wavelength band through it positioned between the source
and the detector, characterized by:

a) a plurality of infrared emitting sources, each

comprising a pulsed infrared emitting diode
(IRED) having a specific one-half power
bandwidth, and )

b) an equal plurality of stationary bandpass filters

individually associated with the plurality of
IREDs, each filter having a different preselected
wavelength band lying outside the one-half power
bandwidth of the IREDs.

2. An apparatus as defined in Claim 1, wherein the
detector is a silicon detector and further comprising a
sensitive amplifier connected to the silicon detector.

3. An.- apparatus as defined in Claims 1l or 2, wherein
each of the IREDs is turned on one at a time comsecutively
and is detected by a single silicon detector.

4. An apparatus as defined in any of the preceding
Claims, wherein a microprocessor is used to control the.
IREDs and provide a large number of averaged measurements
in less than a second. '

5. An apparatus as defined in Claim 4, wherein the
microprocessor utilizes the amplified output of the silicon
detector to compute with a preselected algorithm and
includes means to display the results of the computation.

6. An apparatus as defined in any of the preceding
Claims wherein the preselected wavelength bands of the
bandpass filters include those wavelengths set out in

Figure 1.




WO 81/00775 PCT/US80/01166

-10-

7. An apparatus as claimed in Claim 1, further
comprising an amplifier connected to a silicon detector
feeding a logarithmic amplifier whose output in turn is

converted to digital signals used to input a microprocessor.
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EDITORIAL NOTE

The applicant failed to renumber the amended claims in accordance with Section
205 of the Administrative Instructions.

In the absence of any specific indication from the applicant as to the correspon-
dence between original and amended claims, these claims are published as filed and as
amended.
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