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APPARATUS FOR DETERMINING FRUIT BUNCH RIPENESS

FIELD OF INVENTION
The present invention relates to an apparatus for determining the ripeness of fruit
bunch. More particularly, the present invention relates to an apparatus for

determining the ripeness of fruit bunch by detecting the fruit abscission.

BACKGROUND OF THE INVENTION ,
Individual fruit of an oil palm fruit bunch ripen in varying time. Fruits at the end
of each spikelet ripen first than those at the base. For extracting an optimum amount |
and quality of oil content from a fruit bunch, hérvesting rﬁust be dohe at the correct
time to prevent it from being too early that the oil accumulation in thé fruit bunch is
not complete or rather too late that the Free Fatty Acid (FFA) content of the oil
accumulated in the fruit bunch increases while the oil quality declines. Fruit
abscission is one method to determine oil palm fruit bunch ripeness. However, this
method of determining the oil palm fruit bunch ripeness is time consuming and

requires rigorous amount of labour to monitor the fruit abscission.

Other method of determining fruit ripeness is through spectral assessment as
disclosed in Japan Pat No. JP8122250. The sunlight scattered by sarcocarp by
passing through the rind of a fruit comes to have spectral characteristics based on
quality information on sarcocarp due to an integrating sphere effect by the rind of the
fruit, and is reradiated to an external space with almost uniform intensity from the
whole surface of the rind of the fruit. Then, a light condensing part is pushed against
surfaces of measuring object fruits and vegetables emitted by the sunlight, and the
transmitted light of the sunlight is taken out. The taken-out transmitted light is taken
out as near infrared two wave length components by spectral filters, and is converted
into two electric signals by photo-detectors. Its two electric signals are amplified by -
variable gain amplifiers, and are inputted to an output indicating part, and the output
intensity ratio of the electric signals is calculated by a 'comparator, and is displayed

on a display unit.

Another apparatus that uses spectral assessment of fruit to determine fruit
ripeness is disclosed in PCT Pat No WO0167073. The apparatus comprises a sensor

head positioned adjacent a near infrared light source, the sensor head being coupled
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to a spectrometer via fibre optics, the sensor head being positioned close to the
periphery of fruit substantially parallel with the light from the light source so that the
fibre optics sense only the internally reflected or refracted light emanating from the

fruit.

However, none of the prior arts abovement_ioned relates to detecting fruit
abscission to determine the ripeness of a fruit bunch. Therefore, there is a need to

provide an apparatus to detect fruit abscission as an indication of fruit ripeness.

SUMMARY OF INVENTION

The present invention relates to an apparatus (100) for determining the
ripeness of a fruit bunch by detecting the fruit abscission. The apparatus (100)
comprises of an inner top rihg (110) clamped to a tree trunk; at least two support
structures (120) with one end attached to the inner top ring (110) and another end
attached to a middle ring (130) or a bottom ring (140), and wherein the two support
structures (120) having an outer top ring (121); the middle ring (130) clamped to the
tree trunk beneath the inner top ring (110); the bottom ring (140) clamped to the tree
trunk beneath the middle ring (130); a plurality of emitters (150) mounted on the inner
top ring (110); a plurality of receivers (160) mounted on the outer top ring (121) and
aligned to the plurality of emitters (150); a processing means configured to determine

the fruit bunch ripeness after detecting fruit abscission; and a power supply.

Preferably, the emitters (150) and receivers (160) are infrared emitters and

receivers.

Preferably, the apparatus (100) further comprises a wireless module (170)
mounted on the bottom ring (140). The wireless module (170) is used for relaying -

data from the plurality of receivers (160) to the processing means.

Preferably, the processing means is a decision support system and it is

located at a remote location.

Preferably, each of the at least two support structures (120) comprises an
arm structure (122) with one end attachable to the inner top ring (110) and another
end attached to a swivelling means (124); a leg structure (123) with one end

PCT/MY2011/000072
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attachable to the middle ring (130) or the bottom ring (140) and another end attached
to the swivelling means (124); the swivelling means (124) for allowing the arm
structure (122) and the leg structure (123) to rotate vertically for collapsing and
expanding the apparatus (100); and an outer top ring part (121a) affixed on the
swivelling means (124), wherein the outer top ring part (121a) is able form a singlé

unitary circular structure (121) when the apparatus (100) is assembled together.

Preferably, the middle ring (130) and the bottom ring (140) have a belt-like '

structure for clamping around a tree trunk.

A method of determining fruit bunch ripeness by detecting fruit abscission
using the apparatus (100) comprises the steps of setting up and clamping the
apparatus (100) to a tree trunk; emitting light from the plurality of emitters (150) to the
plurality of receivers (160) to create a detection area (190); detecting a fruit
abscission by detecting light interruption in the detection area (190) when a fruit
passes through the detection area (190); identifying the location information of the
occurrence of the fruit abscission; transmitting a notification of the occurrence of the
fruit abscission and its location to the processing means; and determining by
processing means of whether the number of fruit abscised for the location provided is
equivalent to the required count of fruit abscission for the fruit bunch to ripen. ‘

Preferably, the identification of the location information further includes the
steps of assigning coordinate to each emitter (150); dividing the detection area (190)
into sectors (191), wherein each sector (191) is relative to each emitter (150);
identifying the sector (191) that the light has been interrupted due to the fruit passes
through the detection area (190); and identifying the coordinate of the emitter (150)
which is relative to the identified sector (191). :

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates. an apparatus (100) of determining fruit bunch ripeness in

accordance with an embodiment of the present invention.
FIG. 2 illustrates a top view of the apparatus (1 00) of FIG. 1.

FIGS. 3(a-b) illustrate an inner top ring (110) of the apparatus (100) of FIG. 1.

PCT/MY2011/000072
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FIG. 4 illustrates a support structure (120) of the apparatus (100) of FIG. 1.

FIG. 5 illustrates a side view of the apparatus (100) with the inffared receivers (150)

- aligned to the infrared emitters (150) to create a detection area (190). .

FIG. 6 illustrates a middle ring (130) of the apparatus (100) of FIG. 1.

FIG. 7 illustrates a wireless module (170) attached to a bottom ring (140).

FIGS. 8(a-b) illustrate the apparatus (100) of FIG 1 in expanded and collapsed

positions.
FIG. 9 illustrates the apparatus (100) of FIG. 1 clamped to a tree trunk (180).
FIG. 10 illustrates the detection area (190) divided into sectors (191).

FIGS. 11(a-c) illustrate the detection of fruit abscission within the detection area
(190) of the apparatus (100) of FIG. 1.

FIG. 12 is a flowchart of the operation of the apparatus (100) in accordance with an

embodiment of the present invention.

DESCRIPTION OF THE PREFFERED EMBODIMENT

A preferred embodiment of the present invention will be described herein
below with reference to the accompanying drawings. In the following description, well
know functions or constructions are not described in detail since they would obscure

the description with unnecessary detail.

Reference is made initially to FIG. 1 which illustrates an apparatus (100) fof
determining fruit bunch ripeness by detecting the fruit abscission. The apparatus
(100) comprises of an inner top ring (110), six support structures (120) forming an
outer top ring (121), a middle ring (130), a bottom ring (140), a plurality of infrared
emitters (150) mounted on the inner top ring (110), a plurality of infrared receivers

-(160) mounted on the outer top ring (121), a wireless module (170) mounted on the

PCT/MY2011/000072
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. bottom ring (140), a power supply (not shown), and a-decision support system (not

shown). The apparatus (100) is attached to a tree trunk. When a fruit from a fruit
burv\c'h drops, the infrared receivers (150) detect the event and transmit it to the
decision support system located at a remote area to determine the readiness of the
fruit bunch to be harvested and the location of the fruit bunch. A top view of the -
apparatus (100) is shown in FIG 2. Preferably, ,thevap'paratus (100) is made out of

“material suitable for harsh environment such as but not limited to Acrylonitrile

butadiene styrene (ABS) material with acrylic lens and indicator cover to prbtect the

infréfed receivers (160) and emitters (150).

Referring now to FIG. 3a, the inner top ring (110) can be dismantled into two
parts (110a, 110b). Both of the parts (110a, 110b) are clamped together to a tree
trunk through at least two fastening means (111) to produce a single unitary device
as illustrated in FIG 3b. The at least two fastening means (111) are located at the
end of each part (110a, 110b). At the bottom portion of the inner top ring parts (110a,
110b), six brackets (112) are provided to attach the support structures (120) to the
inner top ring (110). The plurality of infrared emitters (150) are mounted and
positioned peripherally around the inner top ring (110). This allows the infrared lights
to be emitted outwardly from the inner top ring (110). The infrared emitters (150) and
infrared receivers (160) are configured to operate at a specific frequency to filter out
any other infrared light emitted from other sources during detection of fruit
abscission. Preferably, the infrared emitters (150) and receivers (160) operate at a

frequency of 40 KHz.

FIG. 4 illustrates a supporting structure (120) which includes an arm structure
(122), a leg structure (123), a swivelling means (124), and an outer top ring part
(121a). The arm structure (122) has one end connected to the swivelling means
(124) for vertically rotating the arm structure (122). At another end of the arm
structure (122), there is provided a connecting portion (125) for slotting into the -
bracket (112) of the inner top ring (110). Similarly, the leg structure (123) has one
end connected to the swivelling means (124) and another end having a connecting
portion (126) to affix to either the middle ring (130) or bottom ring (140). The
swivelling means (124) allows the arm structure (122) and the leg structure (123) to
rotate vertically for collapsing and expanding the apparatus (100). The outer ring part
(121a) is affixed to the swivelling means (124). The outer top ring part (121a) forms a
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single unitary outer top ring (121) when the supporting> structures (120) are

assembled together as illustrated in FIG. 1.

The outer top ring part (121a) is mounted with a plurality of infrared fece’ivers '
(160). The infrared receivers (160) are positioned peripherally around the inner layer
of the outer top ring part (1 21a) and are aligned to receive the infrared light emitted

by the infrared emitters (150) of the inner top ring (110). The alignment of the infrared .

receivers (160) of the outer top ring (121) is done by adjusting the leg structure (123)

"so that the arm structures (122) are perpendicular to the tree trunk. FIG. 5 illustrates

a side view of the apparatus (100) with the infrared receivers (160) aligned to the
infrared emitters (150) to create a detection area (190) for detecting fruit abscission
from the fruit bunch. The infrared receivers (160) include a band-pass filter to reject
any other light energy or unwanted data signals which are not modulated at a specific
band-pass filter center frequency and thus, detecting only the infrared light emitted by
the infrared receivers (160) at a specific frequency. The infrared emitters (150) and
receivers (160) are also configured to have an adaptive power output levels to
compensate for variations in ambient lighting conditions. In dark lighting condition,
the infrared receivers (160) increase the gain of its internal amplifier circuit whereas
in bright lighting condition, the infrared receivers (160) reduce the gain of its internal
amplifier circuit to filter out false output pulses from the inffared receivers (160)

output.

Referring now to FIG. 6, the middle ring (130) has a belt-like structure. The
middle ring (130) has a locking tab at one end portion and another end portion having
a plurality of longitudinally spaced apart openings extending ffom the end back to a .
desired distance. The locking tab is slotted through one of the openings to facilitate

" proper adjustment of the encircled middle ring (130) around a tree trunk.

The bottom ring (140) has a similar stfucture to the middle ring (130) and it is
attached with the wireless module (170) as illustrated in FIG. 7. The wireless module
(170) is configured to relay a sensing data from the infrared receivers (160) to the
decision support system for further processing to determine the ripeness of the fruit
bunch. The sensing data includes event notification data of the light interrupted due
to fruit abscission, and location coordinates Qf the fruit abscission that occurred. The

PCT/MY2011/000072
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sensing data can either be relayed directly to the decision support systém or through

a base station.

~ When the apparatus (100) is clamped to a tree trunk (180), the apparatus
(100) can be configured to an expanded position or a collapsible position. FIG. 8a

illustrates the apparatus (100) in an expanded position whereby the arm structures

(122) are perpendicular to the tree trunk (180). Thus, this aligns the infrared receivers
(160) to the infrared emitters (150) for detecting the emitted infrared light. In the
expanded position, the apparatus (100) is readily detecting the fruit abscission froma -

fruit bunch.

During non-active operation, the apparatus (100} is configured to a collapsible
position as illustrated in FIG. 7b. In such position, the middle ring (130) and bottom
ring (140) are pulled downwards and thus, the outer top ring parts (121) are

separated from each other and deforming a unitary circular structure.

When the apparatus (100) is clamped to a tree trunk (180) and it is in
expanded position as illustrated in FIG. 9, the detection area (190) is created' in
between the infrared receivers (160) and the infrared emitters (150). The detection
area (190) can further be divided into sectors (191) as shown in FIG. 10. The number
of sectors (191) is dependent on the number of infrared emitters (150) used. Each -
emitter (150) is assigned with a coordinate and preferably, a Cartesian coordinate
system is used to define the position of each infrared emitter (>1 50) relative to the tree

position. Each sector (191) is defined from each infrared emitter (150). -

Referring now to FIG. 11a, when a fruit (181) drops from its fruit bunch (182),
the fruit (181) passes through the detection area (190) of the apparatus (100). In the
detection area (190), the fruit (191) interrupts the infrared light emitted from an
infrared emitter (150) to the infrared receivers (160) as illustrated in FIGS. 11(b-c).
This changes the intensity of light received by the infrared receivers (160) and thus,
the sector (191) that the fruit (181) dropped is determined. Since each sector (191) is
relative to each infrared emitter (150), the coordinate of the infrared emitter (150)
from which the light has been interrupted is identified and transmitted to the decision
support system. If a particular sector (191) has detected at least 10 fruit abscission,

PCT/MY2011/000072
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the decision support system notifies that the |ocation'information of the ripen fruit

bunch.

FIG. 12 is a flowchart of the operation of the appa'ratus (100) to determine
fruit bunch ripeness. Initially, as in step 201, the apparatus (100) is clamped to a tree
trunk (180) and positioned near the fruit bunchi '("182). The apparatus (100) is
positioned in @ manner that the detection area (190) covers most of the possible fruit
(181) drop zones. Step 201 also includes aligning the infrared receivers (160) to the
infrared emitters (150). Thereon, in step 202, all electrical connections of the
apparatus (100) is established which includes supplying power to the electrical
connection, establishing the wireless connection between the apparatus (100) and
the decision support system, configuring the detection of infrared light emitted by the
infrared emitters (150) to the infrared receivers (160), and establishing the
connection between the infrared receivers (160) to the wireless module (170). Once
all of the connections have been established, the infrared emitters (150) emit infrared

light to the infrared receivers (160) to create the detection area (190).

In decision 203,A if there is no fruit abscission detected within the detection
area (190), the infrared emitters (150) remain emitting infrared light to the infrared

receivers (160) as in step 204.

if a fruit (181) abscises from its fruit bunch (182) into the detection area (190),
the infrared light within a sector (191) of the detection area (190) is interrupted and :
the coordinate of the infrared emitter (150) from which the Iight has been interrupted

'is determined (decision 203 and step 205). Thereon, the coordinate of the infrared

emitter (150) is transmitted to the wireless module (170) as in step 206. In step 207,
the wireless module (170) transmits a sensing data which includes event notification
data of fruit abscission, and the coordinate of the infrared emitter (150) to the
decision support system. The decision support system analyses the data into

coordinate tracking system as depicted in step 208.

If the decision support system determines that the infrared emitter's
coordinate has detected at least 10 fruit abscission, the decision support system

notifies the location information of the ripen fruit bunch (decision 209 and step 210).
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Otherwise, the decision support system records the count of fruit abscission for the '

infrared emitter's coordinate (decision 209 and step 21 1).

During harvesting of the ripen fruit bunch, the apparatus (100) is collapsed by
sliding the bottom and middle rings (130, 140) downwards. This is to prevent
damaging the apparatus (100) or bruising the fruit bunch (182) when fruit bunch
(182) drops during harvesting. ' '

Although described in the description that the infrared emitters (150) and
infrared receivers (160) are used to detect the fruit abscission, the infrared emitters
(150) and receivers (160) can be substituted with any other sensor device capable of
detecting an opaque object passing through a detection area. Non-limiting example

of the device may include ultrasound sensor, capacitive sensor.

Furthermore, although in the description, the apparatus (100) is described of
having six supporting structures (120), the apparatus (100) can be provided with at
least two supporting structures (120) as long as the number of supporting structures
(120) are capable to form a circular structure of the outer top ring (121) and are
capable to collapse when the bottom ring (140) a_nq middle ring (130) are pulled

downwards.

Furthermore, although described in the description that the decision support
system counts 10 fruit abscission to determine the fruit bunch ripeness, the count is

exemplary only and may be modified as required within the scope of the invention.

While embodiments of the invention have been illustrated and described, it is
not intended that these embodiments illustrated and describe all possible forms of
the invention. Rather, the words used in the specifications are words of description
rather than limitation and various changes may be made without departing from the

scope of the invention.

PCT/MY2011/000072
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CLAIMS
1. An apparatus (100) for determining the ripeness of a fruit bunch characterized
in that the apparatus (100) comprising: o
a. an inner top ring (110), wherein the inner top ring (110) is clamped to

5 a tree trunk;

b. at least two support structures (120), wherein one end of the at least
two support structures (120) are attached to the inner top ring (110)
and another end is attached to a middle ring (130) or a bottom ring ‘
10 (140), and wherein the two suppbrt structures (120) having an outer
top ring (121);

c. the middle ring (130), wherein the middle ring (130) is clamped to the

tree trunk;
15 _
d. the bottom ring (140), wherein the middle ring (140) is clamped to the
tree trunk;
e. a plurality of emitters (150), wherein the plurality of emitters (150) are
20 mounted on the inner top ring (110);
f. a plurality of receivers (160), whereih the plurality of receivers (160)
are mounted on the outer top ring (121), and wherein the plurality of
receivers (160) are aligned to the plurality of emitters (150);
25
g. a processing means, wherein the processing means is configured to
determine the fruit bunch ripeness after detecting fruit abscission; and '
h. a power supply.
30

2. An apparatus (100) as claimed in claim 1, wherein the emitters (150) and

receivers (160) are infrared emitters and receivers.

3. An apparatus (100) as claimed in claim 1, wherein the apparatus (100) further

35 comprises a wireless module (170) mounted on the bottom ring (140), and
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wherein the wireless module (170) is for relaying data from the plurality of

receivers (160) to the processing means.

An apparatus (100) as claimed in claim 1, wherein the processing means is a
decision support system, and wherein the processing means is provided at a

remote location.

An apparatus (100) as claimed in claim 1, wherein each of the at least two

support structures (120) comprising:
a. an arm structure (122), wherein one end is attachable to the inner top
ring (110) and another end attached to a swivelling means (124);

b. a leg structure (123), wherein one end is attachable to the middle ring
(130) or the bottom ring (140) and another end attached to the

swivelling means (124);

c. the swivelling means (124), wherein the swivelling means (124) allows
the arm structure (122) and the leg structure (123) to rotate vertically

for collapsing and expanding the apparatus (100); and

d. an outer top ring part (121a), wherein the outer top ring part (121a) is
affixed on the swivelling means (124), and wherein the outer top ring
part (121a) is able form a single unitary circular structure (121) when

the apparatus (100) is assembled together.

An apparatus (100) as claimed in claim 1, wherein the middle ring (130) and
the bottom ring (140) have a belt-like structure for clamping around a tree

trunk.

A method of determining fruit bunch ripeness by detecting fruit abscission
using the apparatus (100) as claimed in any of the claims 1 to 5,
characterized by the steps of:

a. setting up and clamping the apparatus (100) to a tree trunk;

PCT/MY2011/000072
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b. emitting light from the plurality of emitters (150)‘to the plurality of
' receivers (160) to create a detection area (190);
c. detecting a fruit abscission by detecting light interruption in the
5 detection area (190) when a fruit passes through the detection area
(190); '
d. identifying the location information of the occurrence of the fruit
abscission;
10
e. transmitting a notification of the occurrence of the fruit abscission and
its location to the processing means;
f. determining by processing means of whether the number of fruit
15 abscised for the location provided is equivalent to the required count
of fruit abscission for the fruit bunch to ripen. '
8. . A method as claimed in step d of claim 7, wherein identiﬁcaﬁon of the location -

information further includes the steps of:

20 ~ a. assigning coordinate to each emitter (150);

25 C.

30

dividing the detection area (190) into sectors (191), wherein each

sector (191) is relative to each emitter (150);

identifying thé sector (191) that the Iight has been interrupted due to
the fruit passes through the detection area (190);

identifying the coordinate of the emitter (150) which is relative to the
identified sector (191).
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