



[bookmark: _Hlk111444648]A FRUIT HARVESTING APPARATUS

Technical Field

[0001] The present disclosure generally relates to a fruit harvesting apparatus. 

Background

[0002] [bookmark: _Hlk48574383]The following discussion of the background to the invention is intended to facilitate an understanding of the present invention. However, it should be appreciated that the discussion is not an acknowledgment or admission that any of the material referred to was published, known or part of the common general knowledge in any jurisdiction as at the priority date of the application.

[0003] Palm oil is a highly versatile product and is found in a wide range of products including foods, beauty products, and cleaning liquids such as detergents. The palm oil industry is the largest contributor to world production of oils and fats. In recent years, with the search for a sustainable energy source, palm oil has been used to make biofuel. The global palm oil supply has been dominated by Malaysia, Indonesia, Nigeria, Thailand, and Colombia and is a major agricultural sector commodity in these countries. It is estimated that over 85% of the total production of crude palm oil worldwide comes from Malaysia and Indonesia.

In 2010, the World Bank highlighted that the occupational safety and health of palm oil industry workers posed a challenge for the future sustainability of the palm oil industry. Studies by research institutes and organizations have brought to light the occupational hazards, hazardous and risky work conditions that workers are faced with every day. Generally, the work done by oil palm plantation workers are cutting fresh fruit bunches (FFBs), collecting, loading and unloading FFBs to be sent to the processing plant. Due to the physical nature of the work, workers are exposed to various hazardous tasks, ergonomics problems and hazardous task are unavoidable.

Particularly, among the workers, oil palm harvesters who harvest fresh fruit bunches (FFB) face the highest risk of musculoskeletal disorders as their work is physically challenging. The harvesters use a mechanical tool to cut the FFB located on the base of the frond. Depending on how tall the oil palm is, the harvester uses either a chisel or sickle attached to a long pole to cut the FFB with either a pull cutting motion or a push-cutting motion. As the weight of each FFB ranges from 10-50kg depending on the age of the palm, the harvester exerts extreme physical strength and is often in an awkward position most of the time to control the sickle, leading to musculoskeletal disorders such as lower back pain. Several major ergonomic risks factors were found during performing working activities such as high repetitive wrists and hands movements, awkward hand and body postures during cutting and carrying of FFB and long working hours with short rest periods.

There appears to be no attempt to address this problem. As such, the present invention attempts to overcome at least in part some of the disadvantages and to provide for an improved approach for addressing the foregoing challenge. 

Summary of the Invention 

The following presents a simplified summary of one or more aspects in order to provide a basic understanding of such aspects. This summary is not an extensive overview of all contemplated aspects, and is intended to neither identify key or critical elements of all aspects nor delineate the scope of any or all aspects. Its sole purpose is to present some concepts of one or more aspects in a simplified form as a prelude to the more detailed description that is presented later. 

According to a first aspect of the present disclosure, there is provided a fruit harvesting apparatus comprising an extraction timing detection device for automatically determining when to activate or deactivate a power source for cutting a fruit, the power source operably connected to the extraction timing detection device such that the power source is activated or deactivated based on the determination of the extraction timing detection device. The apparatus includes a controller in electrical communication with the extraction timing detection device and the power source, a support member operably attached to the extraction timing detection device at its end and a harvesting means in electrical communication with the power source for extracting the fruit.

According to one embodiment, the extraction timing detection device comprises a housing including a slider slidably movable on a pair of supporting frame members aligned with the longitudinal axis of the support member and movable between a first position and a second position, a reciprocating member slidably received by the support member at one end and operably connected to the slider such that the reciprocating member moves in a reciprocating motion with the movement of the slider, and the reciprocating member is connected to the harvesting means at the opposed end and a first position sensor located at the first position for determining the presence of the slider in the first position.

According to one embodiment, the first position sensor is in electrical communication with the controller, so that when the first position sensor determines that the slider is in the first position, a control signal is generated to cause the controller to activate the power source for driving the harvesting means. 

According to one embodiment, a downward movement of the harvesting means by the user causes an upward movement of the reciprocating member and the resulting reciprocating movement of the slider to the first position to cause the power source to be activated.
According to one embodiment, the extraction timing detection device further includes a second position sensor located at the second position for determining if the slider is in the second position.

According to one embodiment, the second position sensor is in electrical communication with the controller, so that when the second position sensor determines that the slider is in the second position, a control signal is generated to cause the controller to deactivate the power source for driving the harvesting means. 

According to one embodiment, an upward movement of the harvesting means by the user causes a downward movement of the reciprocating member and the resulting reciprocating movement of the slider to the second position to cause the power source to be deactivated.

According to one embodiment, the extraction timing detection device further includes a current sensor in electrical communication with the harvesting means, wherein the current sensor is activated upon initiation of a harvesting action. 

According to one embodiment, the current sensor detects a change in detected current sensor value relative to an initial current sensor value, wherein a transition to the initial current sensor value from a maximum current sensor value corresponding to engagement of the fruit during the process of the harvesting action causes the power source to be deactivated.

According to one embodiment, the apparatus further comprises a handle connected to the support member at the other end for a user to operate the fruit harvesting apparatus.

According to one embodiment, the apparatus further comprises an inclinometer sensor for determining whether to supply power to the power source based on the angle of orientation of the support member relative to the ground level.

According to one embodiment, the supply of power to the power source is deactivated when the angle of orientation is between 0 degrees and approximately 60 degrees relative to the ground level. 

According to one embodiment, the power source comprises an electric motor and a battery unit.

According to one embodiment, the power source comprises an electric motor, and a sensor for detecting the number of revolutions of the motor wherein the controller is in electrical communication with the sensor such that the controller will cause the motor to be deactivated upon detecting a predetermined number of revolutions. 

According to one embodiment, the support member includes retractable members for allowing the length of the support member to be adjustable. 

According to one embodiment, the apparatus comprises a visual indicator in communication with the controller for indicating the state of readiness of the apparatus, wherein the visual indicator includes a ready state for indicating that the harvesting means is ready for harvesting action
.
According to one embodiment, the electric motor rotates in a first direction to cause the harvesting means to extract the fruit and a second direction to cause the reciprocating member and the reciprocal movement of the slider to move the slider to the second position. 

According to one embodiment, a detection of a maximum current sensor value for a predetermined period of time causes the controller to transmit a stop signal to power source to be deactivated. 

According to one embodiment, the apparatus includes a current profile indicative of the change of detected current sensor values over a period of time, wherein a detected current profile that exceeds a predetermined threshold current profile is indicative of repair of the apparatus. 

Brief Description of the Drawings

[0004] In the drawings, like reference characters generally refer to the same parts throughout the different views. The drawings are not necessarily to scale, emphasis instead generally being placed upon illustrating the principles of the invention. The dimensions of the various features or elements may be arbitrarily expanded or reduced for clarity. In the following description, various embodiments of the invention are described with reference to the following drawings, in which:

[0005] FIG. 1 is an illustration of a fruit harvesting apparatus in accordance with an embodiment of the invention; 

FIG. 2 is a block diagram schematically showing the hardware components of the fruit harvesting apparatus in accordance with embodiments of the present invention; 

FIG. 3 is an illustration of a section of fruit harvesting apparatus in accordance with embodiments of the present invention; 

FIG. 4 illustrates an embodiment of a section of the present invention in accordance with embodiments of the present invention;  

FIG 4a illustrates a section view of an extraction timing detection device in accordance with embodiments of the present invention; 

FIG 4b illustrates a cross section of a side view of the extraction timing detection device in accordance with embodiments of the present invention; 

FIG. 5 is a block diagram illustrating the interaction between the hardware components of the extraction timing detection device and harvesting means in accordance with an embodiment of the present invention;

FIG. 6 is a block diagram illustrating the interaction between the hardware components of the extraction timing detection device and harvesting means in accordance with another embodiment of the present invention; and

FIG. 7 is a block diagram illustrating the interaction between the hardware components of the extraction timing detection device–and harvesting means (or sickle )  when in operation in accordance with an embodiment of the present invention.

Detailed Description

[0006] [bookmark: _Hlk59715978]Reference will now be made in detail to an exemplary embodiment of the present invention, examples of which are illustrated in the accompanying drawings. While the invention will be described in conjunction with the embodiment, it will be understood that they are not intended to limit the invention to these embodiments. On the contrary, the invention is intended to cover alternatives, modifications, and equivalents, which may be included within the spirit and scope of the invention as defined by the appended description. Furthermore, in the following detailed description of embodiments of the present invention, numerous specific details are set forth in order to provide a thorough understanding of the present invention. However, it will be recognized by one of ordinary skill in the art that the present invention may be practiced without these specific details. In other instances, well-known methods, procedures, components, and circuits have not been described in detail as not to unnecessarily obscure aspects of the embodiments of the present invention.

[0007] In the specification the term “comprising” shall be understood to have a broad meaning similar to the term “including” and will be understood to imply the inclusion of a stated integer or step or group of integers or steps but not the exclusion of any other integer or step or group of integers or steps. This definition also applies to variations on the term “comprising” such as “comprise” and “comprises”.

[0008] Throughout the specification and claims, the following terms take the meanings explicitly associated herein, unless the context clearly dictates otherwise. The phrase “in one embodiment” as used herein does not necessarily refer to the same embodiment, though it may. Furthermore, the phrase “in another embodiment” as used herein does not necessarily refer to a different embodiment, although it may. Thus, as described below, various embodiments of the invention may be readily combined, without departing from the scope or spirit of the invention.

[0009] In addition, as used herein, the term “or” is an inclusive “or” operator, and is equivalent to the term “and/or,” unless the context clearly dictates otherwise. The term “based on” is not exclusive and allows for being based on additional factors not described, unless the context clearly dictates otherwise. In addition, throughout the specification, the meaning of “a,”“an,” and “the” include plural references. The meaning of “in” includes “in” and “on.”

[00032] The term “coupled” (or “connected”) herein may be understood as electrically coupled or as mechanically coupled, for example attached or fixed, or just in contact without any fixation, and it will be understood that both direct coupling or indirect coupling (in other words: coupling without direct contact) may be provided.

[00010] Some portions of the description which follows are explicitly or implicitly presented in terms of algorithms and functional or symbolic representations of operations on data within a computer memory. These algorithmic descriptions and functional or symbolic representations are the means used by those skilled in the data processing arts to convey most effectively the substance of their work to others skilled in the art. An algorithm is here, and generally, conceived to be a self-consistent sequence of steps leading to a desired result. The steps are those requiring physical manipulations of physical quantities, such as electrical, magnetic or optical signals capable of being stored, transferred, combined, compared, and otherwise manipulated.

[00011] A conventional motorized or engine-based fruit harvesting apparatus used by a harvester has several problems. The harvester starts the engine of the fruit harvesting apparatus before he reaches the first tree to harvest the fruits at a certain height above the ground. He typically spends about 30 to 60 second to complete the task of cutting 2 fronds and one or 2 fronts per tree and moves on to locate ripe fruits from other trees around him. At times, the next tree with ripe fruits may be nearby or further away, and he could take about 2-5 minutes to search for ripe fruits. All this time, the harvester keeps the motor of the fruit harvesting apparatus running because it is a hassle to stop and restart the engine-based harvesting tool as it is mostly a rope pull start type engine each time he moves on to another tree.   As a result, the harvester will feel the constant vibration of the motor on his hand which can lead to musculoskeletal disorders. 

[00012] The motor based apparatus does not have a quick start and stop problem but the motor based apparatus consumes a lot power from batteries and even few seconds of early start  and delay off of motor is enough to deplete the battery. Additionally, the motor-based apparatus is power hungry, heavy and requires the harvester to carry extra batteries in the field to keep replacing or charging the battery.   

[00013] There are other electrical motorized fruit harvesting apparatus which provides a button conveniently located on the handle to allows the harvester to stop and restart the motor each time he moves on to another tree. This minimizes the vibrations experienced by the harvester. However, anecdotal evidence indicates that harvester would typically leave the motor running because he can only visually see if the cutting process is completed when the frond falls on the ground. 

[00014] Conventionally, the fruit harvesting apparatus has the motor / engine located at the handle end to lower the handling weight experienced by the harvester. This, however, leads to mechanical link or coupling losses from transmitting the power from the motor at one end of the elongate rod / telescopic pole  to the cutting end, and the motor / engine  is typically overpowered to compensate for these losses. The link losses also result in battery / fuel inefficiencies and battery power depleting quickly, leading to interruptions in the work operations of the harvester, and lower yield.  

[00015] [bookmark: _Hlk111444627]To achieve the stated features, advantages and objects, the present invention is directed to a fruit harvesting apparatus that can address some the problems in the aforesaid paragraphs. More particularly, the fruit harvesting apparatus is able to automatically activate the motor when the harvester is ready to cut the fruit, and to deactivate the motor immediately when the harvester has completed the cutting action. This not only minimizes the vibrations experienced by the harvester handling the apparatus, but significantly improves the battery efficiency of the fruit harvesting apparatus, resulting in less work injuries for the harvester and greater harvesting yield. A single battery charge is sufficient to complete the whole day of harvesting and be recharged during night. 

Due to the significantly reduced working time of the motor to harvest the fruits, this results in reduction of the size and power requirements of the motor, leading to the overall reduction of overall power required to harvest the fruit. The reduced size and power requirements of the motor in turn leads to a compact and relatively lightweight motor which enables the motor to be located at the top end of the apparatus close to the cutting means or sickle. This further results in a reduction of losses associated with the transmission of power if the motor is installed at the lower end of apparatus. 

FIG. 1 shows a fruit harvesting apparatus in accordance with an embodiment of the invention. The fruit harvesting apparatus comprises an extraction timing detection device 100 for automatically determining the activation or deactivation of a power source for cutting the fruit, an power source 160 operably connected to the extraction timing detection device 100 such that the power source 160 is activated or deactivated based on the determination (decision making algorithm will be defined later)   of the harvesting timing device, a controller 160 ( takes the command or signal from extraction timing detection device 100 ) in electrical communication with the extraction timing detection device 100 and the power source 160. In some embodiments, the power source 160 is electronically controlled. The fruit harvesting apparatus 1000 includes a support member 300, for example, an elongate member or telescopic pole, that is attached to the extraction timing detection device 100 at one end, and a handle at the other end for a person to securely hold the apparatus. The extraction timing detection device 100 determines the start and end time of the power source 160. It also includes a harvesting means and or sickle  200 that is in electrical communication with the power source 160 so that the harvesting means or sickle 200 is ready to cut the fruit at the suitable time as determined by the controller and the extraction timing detection device. The fruit harvesting apparatus 1000 includes a support member 300 operably attached to the extraction timing detection device 100 at one end for elevating the fruit harvesting apparatus for access to fruits on the tree. A handle 400 is connected to the support member 300 at the other end for a user to handle and operate the fruit harvesting apparatus. In some embodiments, the extraction timing detection device 100 includes a reciprocating member 110 is operably connected to the harvesting means or sickle 200 at one end and to the harvesting timing device 100 at the other end. In some embodiments, the harvesting apparatus 1000 includes an inclinometer sensor 170 in electrical communication with the controller 150 that determines when the power source 160 is activated, details of which will be provided hereinafter.  

The harvesting apparatus 1000 is preferably usable as a harvesting apparatus to harvest an oil palm bunch or frond. With this harvesting apparatus,  the reduced size of the motor and weight and the elimination of linked power transmission losses helps increase the sickle reciprocal movement which results in  the speed and ease of efficiency in cutting the fruit of a tree is greatly increased and the battery level of the power source can last a significantly longer time. The harvesting apparatus also provides a greater degree of safety to the workers handling the apparatus by preventing long term chronic physical issues and musculoskeletal disorders. 

FIG. 2 is a block diagram schematically showing the hardware components of the fruit harvesting apparatus in which the hardware components of one embodiment of an environment in which the invention may be practiced. Not all the components may be required to practice the invention, and variations in the arrangement and type of the components may be made without departing from the spirit or scope of the invention. As shown, the extraction timing determination device 100 determines the most efficient time at which the power source 160 is automatically activated to power the harvesting means 200 for cutting the fruit and automatically deactivated to improve battery life and ensure sustainability of the harvesting apparatus throughout the working day. With this feature in place, there is no necessity to have a power button that the user has to turn on and off every time. The structure and the function of the harvesting timing determination device 100 will be described below in detail. 

[00033] The controller 150 is a semiconductor integrated circuit (LSI) and may be realized by, for example, a discrete electronics logic or analog circuit, or a microcontroller unit (MCU). The controller 150 may provide the central processing unit (CPU) functions of a computing device on one or more integrated circuits. As used herein, the term ‘processor’ broadly refers to and is not limited to single or multi-core general purpose processor, a special purpose processor, a conventional processor, a graphical processing unit, a digital signal processor (DSP), a plurality of microprocessors, one or more microprocessors in association with a DSP core, a controller, a microcontroller, one or more Application Specific Integrated Circuits (ASICs), one or more Field Programmable Gate Array (FPGA) circuits, any other type of integrated circuit, a system on a chip (SOC), and/or a state machine. Any other kind of implementation of the respective functions, which will be described below in further detail, may also be understood as the controller 150. The controller 150 executes instructions for determining the operations of the fruit harvesting apparatus 1000. For example, the controller 150 is electrically connected with each of, for example, the extration timing detection device 100, the power source 160, the inclinometer sensor 170, and controls the operation of the harvesting apparatus 1000. For example, the controller 150 determines whether or not to supply power generated by the power source 160 to the harvesting means 200 based on the determination of the extraction timing detection device 100. In some embodiments, there are at least two controllers 150, one that is electrically connected to the extraction timing detection device, and the another controller 150 that is electrically connected to the battery, the power source and an activation button. 

[00034] In some embodiments, the inclinometer sensor 170 determines whether or not to supply power to the power source 160 based on the orientation of the fruit harvesting apparatus 1000. The inclinometer sensor 170 generates a control signal for turning on or turning off the power source for driving the harvesting means 200 based on the determination result of the inclinometer sensor 170. If the inclinometer sensor 170 detects that the support member 300 or the fruit harvesting apparatus 1000 is at an angle of between  0 degrees to approximately 50-60 degrees relative to the ground level, the inclinometer sensor 170 will generate a control signal to turn off the power source for driving the harvesting means 200, regardless of the determination  result of the extraction timing detection device 100. In other words, the control signal generated by the inclinometer sensor 10 overrides other control signals generated by the other hardware components. This provides an improved safety feature for the fruit harvesting apparatus and prevents undue injury to users caused by erroneous or unintentional operation of the fruit harvesting apparatus by untrained users.  This feature provides the advantage that the power source can only be turned on when the harvesting means 200 is above a predetermined height above the ground level or when it is above a height where the user cannot accesss the harvesting means. 

[00035] The power source 160 may be, for example, a gasoline engine, a diesel fuel engine, an electric motor, an electric motor and a battery, or a set of an electric motor and a solar cell. The power source 160 generates power for driving the harvesting means 200. For example, the electric energy accumulated in the battery is converted into a mechanical energy by the electric motor, and the mechanical energy is transmitted as the power to the harvesting means 200 via a gear (not shown). The power source 160 may, for example, include an MCU (not shown) usable to communicate with the controller 150. In some embodiments, the power source 160 is removably detachable from the fruit harvesting apparatus in order to allow the user to swap a depleted battery unit with another recharged battery unit. 

[00036] The support member 300 is a rod-like member . In some embodiments, the support member 300 is an extendable rod-like member. For example, the support member 300 includes telescopic retractable members for allowing the support member to be retracted to a shorter length. With such an arrangement, the length of the harvesting apparatus 1000 is adjustable in accordance with the distance (height) to the fruit of the harvesting target.

[00037] The harvesting means 200 is configured to reap the base, frond and limb of the fruit, and has a shape of, for example, a sickle or a chisel. The harvesting means 200 is operable automatically by the power, not manually, to reap the fruit or the like. The harvesting means 200 may be realized by, for example, an engine chainsaw, an electric saw, electric scissors, or an electric cutter. For example, the harvesting means 200 is provided at the distal end of the support member 300, namely, on the opposite end to the handle 400. The extraction timing detection device 100, the controller 150 and the power source 160 is located in the vicinity of the tip of the harvesting apparatus 1000. Preferably, the extraction timing detection device 100 is located in the vicinity of the harvesting means 200. With such an arrangement, this provides the most efficient work of harvesting the fruits as power link losses from transmission of power from a power source located at the handle end are reduced significantly and the determination of the harvesting timing of the fruit and the power source can be performed concurrently. 

[00038] In some embodiments, the battery is kept at the lower end of harvesting devie 1000 and kept relatively heaverier than the extraction timing detection device 100 at the top to balance the weight so the centre is gravity is closer to where harvester is holding  the harvesting device 1000. This balance helps the harvester to manuever the sickle in the palm tree so as to obtain the right cutting angle and place in the fruit and fronds. 

[00039] In some embodiments, the extraction timing detection device 100 may be detachable from the fruit harvesting apparatus 1000. In this case, the harvesting apparatus 1000 may further include an attachment unit that is separate from the support member 300 and allows the extraction timing detection device 100 to be attached thereto.

[00032] In some embodiments, a current sensor 190 is in electrical communication with the harvesting means 200 and the controller 150 for determining current sensor values of the power source 160 when the power source is turned on to drive the harvesting means. The current sensor detects the change in current sensor value relative to an initial current sensor value corresponding to the cutting cycle of the harvester upon engagement with the fruit to the point when the fruit is released from the harvesting means. For example, before engagement of the harvesting means 200 with the fruit, the current sensor registers an initial current sensor value or a no-load value. At the point of engaging the fruit with the harvesting means, the current sensor will detect increased current sensor values for cutting the fruit such that the current sensor values increase to the point where it will hit a maximum current sensor value before tapering off. The point where the current sensor value tapers off is when the harvesting means is no longer engaged with the fruit and the current sensor value drops to a no-load value. This means that the current profile will flatline to a constant current. The current sensor generates a signal for receiving by the controller 150 when the current profile reaches a constant current. The controller 150 will in turn automatically turn off the power source to stop the harvesting means 200.

[00033] FIG. 3 is an illustration of an upper section of fruit harvesting apparatus in accordance with an embodiment of the present invention. At the distal end of the support member 300 opposite the handle 400, the controller 150 and the power source 160 are in electrical communication with the extraction timing detection device 100. A reciprocating member 110 is operably connected to the extraction timing detection device 100 at its lower end and operably connected to the harvesting means 200 at the upper end. The function and details of the reciprocating member 110 will be described in detail later.

[00034] Conventionally, a harvesting apparatus has a single sliding bush to support reciprocation of harvesting means 200. However, the twisting and multi-angle load caused by the sickle affects the overall efficiency of the arrangement up to motor or driving engine. It also affects the life of harvesting mean. 

[00035]  FIG. 4 is an illustration of the extraction timing detection device in accordance with an embodiment of the present invention. The extraction timing detection device 100 comprises a housing that includes supporting frame members 171, 172, a slider 170 received by the supporting frame members 171, 172 at each side of the slider 170 and movable between a first position and a second position on the supporting frame members 171, 172. The supporting frame members 171, 172 are connected to the housing such that it allows the slider 170 to have freedom of movement between the first position and the second position. In some embodiments, the first position and the second position are indicative of the extreme end positions at which the slider 170 can move. Each of the supporting frame member 171, 172 have rubber-like end caps 171a, 171b, 171c, 171d which helps the slider 170 to move freely and keep the whole movement aligned in the case of multi-angled forces excreted at harvesting means 200. In some embodiments, the end caps 171a, 171b, 171c, 171d are shock absorbers and compensates for mechanical misalignment (developed over the time with rear and tear of moving mechanical parts) between a slider bush 170b, supporting frame members 171, 172 and the slider 170. The slider 170 includes a bridge member connecting the slider to the supporting frame members 171, 172 to deliver the reciprocal cutting movement to the harvesting means 200. The objective of the slider arrangement comprising slider 170 and its supporting frame members 171, 172 is designed to reduce friction for the sliding movement. The supporting frame members 171, 172 absorb the multi-angle titling and twisting forces experienced by the harvesting means 200 during the cutting process and keep the supporting members 171, 172 move effortlessly and also prevent the harvesting means 200 from getting stuck and eventfully break. 

[00036] FIG 4a illustrates a section view of an extraction timing detection device in accordance with embodiments of the present invention. The reciprocating member 110 is operably connected to the slider 170 at its lower end such that the slider 170 moves in reciprocating motion with the movement of the reciprocating member 110. The reciprocating member 110 is operably connected to the harvesting means 200 at its upper end. A pair of position sensors 120, 180 is located along the longitudinal axis of the supporting member 300. The position sensors are in electrical communication with the controller 150 and generates a control signal when it senses the presence of the slider. The position sensor 120 corresponds to the first position of the slider at the upper end of the housing and the position sensor 180 corresponds to the second position of the slider at the lower end of the housing. 
 
[00037] As position sensors are part of the state of the art and are known by skilled persons, they will not be described in detail. For purposes of illustration, and as illustrated in Figure 4b showing a cross section of a side view of the extraction timing detection device, the position sensors can include a Hall sensor assembly or reading back emf or voltage developed across the motor terminals or any other position sensing sensor which includes a hall sensor magnet 181  located at slider 170 midway between the first position sensor and the second position sensor interacting with the magnet by using a magnetic field to perform a hall sensing function. The components are arranged in a manner to determine if the slider is present on top of the position sensor. The Hall sensor also includes electronic circuitry that detects a signal in the presence of the slider and transmit another signal to the controller 150 which determines whether to activate the power source to drive the harvesting means 200. 

[00038] FIG. 5 is a block diagram illustrating the interaction between the hardware components of the extraction timing detection device and harvesting means in accordance with an embodiment of the present invention. The slider 170 is movable between a first position and a second position on the supporting members 171, 172 (not shown). The first position (position 1) and the second position (position 2) are indicative of the extreme end positions at which the slider can move within the housing and limited by the structure of the supporting members. The reciprocating member 110 is slidably received by the supporting member 300 and is operably connected to the slider 170 at its lower end such that the slider 170 moves in reciprocating motion with the movement of the reciprocating member 110. 

[00039] In operation, when the power source 160 is activated, the controller 150 initializes all its sensors and sends a signal to the power source to activate a motor to initiate rotation in a first direction resulting in the start of the reciprocal movement of the slider 170. 

[00040] When the slider 170 reaches the second position where the second position sensor 180 is located, the second position sensor 180 sends a signal to the controller 150 which in turn sends a stop signal to the power source to deactivate the power source 160. When the harvesting means 200 is released at the end of the harvesting action, and is free from the fruit, the weight of the harvesting means will fall downwards due to gravity and in turn causes the reciprocating member 110 to move downwards. This causes the slider to move in a reciprocal manner towards the second position corresponding to the location of the second position sensor.  

[00041] In some embodiments, due to mechanical inertia or friction, the reciprocating member 110 and its corresponding reciprocal movement of the slider 170 results in the slider 170 stopping in a position above position sensor 2, and the power source cannot be deactivated. The controller 150 sends a signal to the power source 160 to initiate rotation of the motor in a second direction (a reversed direction from the first direction) to facilitate the movement of the reciprocating member 110 and its slider 170 to position 2. This will enable the controller 150 to send a stop signal to the power source to deactivate the power source 160 and to stop operation of the motor. 

[00042] In some embodiments, a visual indicator is located on the fruit harvesting apparatus 1000 for providing a visual indicator to the user on the state of readiness of the apparatus. The visual indicator is a light emitting device (LED) or audio bipper  or LCD with text  in electrical communication with the controller 150. The visual indicators provide useful information to the user as to the state of readiness of the apparatus for harvesting the fruit. In some embodiments, the visual indicator may indicate to the user that the apparatus is ready for extracting or harvesting action (i.e., cutting the fruit).  For example, the visual indicator may indicate a flashing green colored light to indicate that it is in a ready state for harvesting action. In some embodiments, the visual indicator may indicate to the user that the apparatus is not in a ready state and requires action from the user to bring it to the ready state. For example, the visual indicator may flash a red colored light to indicate to the user to perform an action to bring it to the ready state. In some embodiments, the visual indicator may indicate varying battery levels and when the power source requires to be charged. This signals to the user that the battery level may be depleting and requires charging. For example, the visual indicator may flash an orange light to indicate that the battery levels are low and require recharging. 

[00043] In some embodiments, due to machinal friction of slider and associated gear assembly friction, the reciprocating member 110 and the reciprocal movement of the slider 170 enables the slider 170 to stay at position 2. 

[00044] In some embodiments, if the harvesting means 200 is pulled down unintentionally by the user, the controller 150 will bring it back to the ready state position as it did when the apparatus was initially turned on. 

[00045] When the user places the harvesting means 200 on a fruit or frond and pull supporting member 300 downwards, this results in the reciprocating member 110 and its reciprocal movement of slider 170 being pulled upwards and towards position 1. Once the slider 170 reaches the location of the first position sensor 120, the controller 150 receives a ready signal from the first position sensor which in turn puts the harvesting apparatus in a ready state for harvesting action. 

[00046]   In some embodiments, the controller 150 subsequently receives subsequent ready signals from the first position sensor 120 to confirm that the user intends to start the harvesting action. For example, the user may pull down on the harvesting means 200 two or three times in a short space of time to provide the confirmation that the user intends to start the harvesting action. This results in the controller 150 receiving two or to three ready signals to register a ‘go’ state for harvesting action.  For example, the visual indicator may indicate a green colored unblinking light to indicate that the apparatus is a ‘go’ state. This feature provides a safety feature for the user in that it avoids an unintentional starting of the power source 160 when the user is not ready. When a ‘go’ state is detected, the power source is activated, the motor starts, and the cutting process can be initiated. In some embodiments, and as illustrated in Figure 1, there is an activation button 500 on the handle of the apparatus 1000. The activation button 500 is electrically connected to the controller 150. The activation button 500 is depressed by the user only at the point when the user has confirmed that the harvesting means 200 or the sickle is in the right position and right angle for cutting. By doing so, the activation button 500 provides an advantage of improving the efficiency and battery life of the battery so that the harvesting apparatus 1000 can be powered throughout the day. Once the activation button 500 is depressed, the controller 150 receives the ready signal to register a ‘go’ state for the activation of the motor and cutting action. In some embodiments, when the controller is in the ‘go’ state for harvesting action upon receiving the ready signals from the first position sensor, the user will depress the activation button 500 to confirm that the harvesting means is in the right position for cutting the fronds. In some embodiments, the activation button 500 overrides the inclinometer sensor by ensuring that the motor will not be activated even when the inclinometer sensor is activated. 

[00047] At the initiation of the cutting process, the current sensor 190 starts to log the current profile of the cutting process and controller 150 reads and store the initial current sensor value in its internal memory. The initial current sensor value is a no-load current sensor value since the cutting process has not yet started. Once the cutting process starts, the current sensor 190 transmits the current sensor value at predetermined short time intervals. During the cutting process, the transmitted current sensor values are compared with the no-load current sensor value. These transmitted current sensor values during the cutting process are always higher than the no-load value. The transmitted current sensor values will gradually increase to the point where it reaches the maximum current sensor value before it tapers off and approaches the initial current sensor value at the completion of the cutting process.   

[00048] When the controller 150 detects no change in current sensor value or flat line profile of current sensor and its value is close to a no-load value, this indicates that cutting is completed successfully and the controller 150 generates a stop signal to stop the power source and bring the apparatus back to the initial state (slider at position 2 ) for the next harvesting action.    

[00049] In some embodiments, if the controller 150 detects that a maximum current sensor value for a prolonged predetermined period, this indicates that the harvesting means may be stuck on the fruit and unable to complete the extraction process. In order to avoid wasting unnecessary battery life, the controller 150 sends a stop signal to deactivate the power source, and the user will have to perform remediation methods to remove the harvesting means from the fruit. The maximum current sensor value for a prolonged predetermined period is indicative that the maximum current sensor is constant for a period of time.

[00050] In some embodiments, if the controller detects a current profile that is not within a predetermined threshold current profile, this indicates that more power is required for a given profile that exceeds the predetermined threshold current profile. This is also indicative that the harvesting apparatus may need repair or the harvesting means may need sharpening. 

[00051] In some embodiments, the physical location of position sensor is slightly moved upwards in such way that the slider is out of bottom dead center of reciprocation mechanism lock situation. In some embodiments, only a single position sensor is required to be used at position 1. The location of the slider at Position 2 can be determined by calculating the rotation of motor or engine shaft responsible for generating cutting action. In some embodiments, a digital encoder, potentiometer, optical detectors, or a sensor for counting the motor rotation is electrically connected to the controller for detecting the number of revolutions. For example, once the controller detects a count of 50 revolutions of the motor, the controller will send a signal to deactivate the motor and power source accordingly. 

[00052] The motor is kept in break position during ready state by adding breaking resistor or DC injection technique across the motor terminal to provide the extra force the harvester needs to assert to pull it down to avoid errors in the ‘go’ signal. Sometimes harvester move some leaves using harvesting dive to have a good view of fruit which may trigger the harvesting action. 

[00053] FIG. 6 is a block diagram illustrating the interaction between the hardware components of the extraction timing detection device and harvesting means when in operation in accordance with an embodiment of the present invention. In operation, when the harvester engages the harvesting means 200 against the frond or fruit and pulls the fruit harvesting apparatus in a downward motion, this action causes the harvesting means 200 to be pushed upwards due to the sliding movement of the reciprocating member 110 within the supporting member. The upward movement of the reciprocating member 110 in turn causes the reciprocal motion of the slider 170 upwards towards the first position which corresponds to the location of the first position sensor 120. When the first position sensor 120 detects the presence of the slider 170, a control signal is generated and transmitted to the controller 150 which in turns activates the power source to drive the harvesting means 200 to cut the fruit. In some embodiments, the extraction timing detection device 100 may disregard the first downward motion of the fruit harvesting apparatus, and only takes into account the second downward motion of the fruit harvesting apparatus. This is done to secure confirmation that the harvester is in a ready position to cut the fruit, and to activate the power source only on the second downward motion of the fruit harvesting apparatus. 

[00054] FIG. 7 is a block diagram illustrating the interaction between the hardware components of the extraction timing detection device and harvesting means when in operation in accordance with an embodiment of the present invention. Once the harvesting means 200, for example, the sickle, reaches the end of the downward pull of the harvester, or at the end of the cutting cycle upon which the fruit is cut, this corresponds to the location of the extreme end of the reciprocating member 110 and the extreme end of the position of the slider within the housing. The harvester will naturally release the harvesting means 200 from the fruit and push the fruit harvesting apparatus in an upward motion to get it ready in a position to cut another fruit. This will cause the reciprocating member 110 to move downwards due to gravity and at the same time, the slider 170 to move downwards in a reciprocating manner. The reciprocating member 110 will eventually drop to the location of the second position (position 2) corresponding to the location of the second position sensor 180 at the lower end of the housing. At this point, the second position sensor 180 generates a control signal to confirm detection of the slider on the second position sensor 180, and transmits this signal to the controller 150 to deactivate the power source to cut the supply of power to the harvesting means 200. The harvester does not need to manually operate the fruit harvesting apparatus in order to cut the power supply to the harvesting means. 

[00055] While the invention has been particularly shown and described with reference to specific embodiments, it should be understood by those skilled in the art that various changes in form and detail may be made therein without departing from the spirit and scope of the invention as defined by the appended claims. The scope of the invention is thus indicated by the appended claims and all changes which come within the meaning and range of equivalency of the claims are therefore intended to be embraced.




CLAIMS

1. A fruit harvesting apparatus comprising: 
	an extraction timing detection device for automatically determining when to activate or deactivate a power source for cutting a fruit, the power source operably connected to the extraction timing detection device such that the power source is activated or deactivated based on the determination of the extraction timing detection device; 
	a controller in electrical communication with the extraction timing detection device and the power source;
	a support member operably attached to the extraction timing detection device at its end; and
	a harvesting means in electrical communication with the power source for extracting the fruit.

2. The fruit harvesting apparatus according to claim 1, wherein the extraction timing detection device comprises a housing including the following: 
	a slider slidably movable on a pair of supporting frame members aligned with the longitudinal axis of the support member and movable between a first position and a second position; 
	a reciprocating member slidably received by the support member at one end and operably connected to the slider such that the reciprocating member moves in a reciprocating motion with the movement of the slider, and the reciprocating member is connected to the harvesting means at the opposed end; and  
	a first position sensor located at the first position for determining the presence of the slider in the first position.

3. The fruit harvesting apparatus according to claim 2, wherein the first position sensor is in electrical communication with the controller, so that when the first position sensor determines that the slider is in the first position, a control signal is generated to cause the controller to activate the power source for driving the harvesting means. 

4. The fruit harvesting apparatus according to claim 2, wherein a downward movement of the harvesting means by the user causes an upward movement of the reciprocating member and the resulting reciprocating movement of the slider to the first position to cause the power source to be activated.

5. The fruit harvesting apparatus according to claim 2, wherein the extraction timing detection device further includes a second position sensor located at the second position for determining if the slider is in the second position.

6. The fruit harvesting apparatus according to claim 5, wherein the second position sensor is in electrical communication with the controller, so that when the second position sensor determines that the slider is in the second position, a control signal is generated to cause the controller to deactivate the power source for driving the harvesting means. 

7. The fruit harvesting apparatus according to claim 5, wherein an upward movement of the harvesting means by the user causes a downward movement of the reciprocating member and the resulting reciprocating movement of the slider to the second position to cause the power source to be deactivated.


8. The fruit harvesting apparatus according to claim 1, wherein the extraction timing detection device further includes a current sensor in electrical communication with the harvesting means, wherein the current sensor is activated upon initiation of a harvesting action. 

9. The fruit harvesting apparatus according to claim 9, wherein the current sensor detects a change in detected current sensor value relative to an initial current sensor value, wherein a transition to the initial current sensor value from a maximum current sensor value corresponding to engagement of the fruit during the process of the harvesting action causes the power source to be deactivated.

10. The fruit harvesting apparatus according to claim 1, further comprising a handle connected to the support member at the other end for a user to operate the fruit harvesting apparatus.

11. The fruit harvesting apparatus according to claim 1, further comprising an inclinometer sensor for determining whether to supply power to the power source based on the angle of orientation of the support member relative to the ground level.

12. The fruit harvesting apparatus according to claim 7, wherein the supply of power to the power source is deactivated when the angle of orientation is between 0 degrees and approximately 60 degrees relative to the ground level. 

13. The fruit harvesting apparatus according to claim 6, wherein the power source comprises an electric motor and a battery unit.

14. The fruit harvesting apparatus according to claim 2, the power source comprising an electric motor, and a sensor for detecting the number of revolutions of the motor wherein the controller is in electrical communication with the sensor such that the controller will cause the motor to be deactivated upon detecting a predetermined number of revolutions. 

15. The fruit harvesting apparatus according to claim 1, wherein the support member includes retractable members for allowing the length of the support member to be adjustable. 

16. The fruit harvesting apparatus according to claim 2, further comprising a visual indicator in communication with the controller for indicating the state of readiness of the apparatus, wherein the visual indicator includes a ready state for indicating that the harvesting means is ready for harvesting action. 

17. The fruit harvesting apparatus according to claim 13, wherein the electric motor rotates in a first direction to cause the harvesting means to extract the fruit and a second direction to cause the reciprocating member and the reciprocal movement of the slider to move the slider to the second position. 

18. The fruit harvesting apparatus according to claim 9, wherein a detection of a maximum current sensor value for a predetermined period of time causes the controller to transmit a stop signal to power source to be deactivated. 

19. The fruit harvesting apparatus according to claim 9, further including a current profile indicative of the change of detected current sensor values over a period of time, wherein a detected current profile that exceeds a predetermined threshold current profile is indicative of repair of the apparatus. 
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