Automated Cleaning System with Collaborative Robot and AI Vision for F&B Kitchen Automation


FIELD OF THE INVENTION

The present invention relates to an automated cleaning system and method with context-aware sensing and multi-sensor data fusion that can be used to enable self-service dish washing applications for all sorts of kitchen utensils.


BACKGROUND OF THE INVENTION

The Food and Beverage (F&B) industry has been confronting “three high”: high cost of rental, high cost of goods and high cost of labor.  To cope with such high costs, F&B owners and managers have been striving to find ways to overcome the above challenges.  Particularly for labor, it is not just about the high cost but also the shortage of manpower.  F&B owners and managers find it especially hard to hire labour to perform the relatively dull and repetitive tasks as most prefer to work in roles with growth potential or under a more comfortable environment. 

Particularly for jobs like dishwashing, it is often hard to recruit labor and the turnover rate used to be high too.  Apparently, the use of commercial dishwashing machines is one measure to alleviate the labor shortage problems.  But the process of washing dishes still require substantial human involvement.  Starting from when the dishes are placed into the washing rack, the dirt on the dishes have to be wiped off manually and different kinds of kitchen utensils like plates or bowls are also required to be sorted into the associated types of racks etc.  Still it requires the human to manually place the dishes onto the correct positions.  All such processes still require much labor to manually handle.  

In the prior art, some techniques have been used to automate the repetitive tasks that are currently handled by human labor.  Through enhancing the commercial dishwashing machines, the process of washing can be made largely automated based on more advanced rotating scrubber heads with electronic controls and pre-set programs for processing the cleaning process. As the kitchen utensils (e.g. plates, bowls or cups) are in different shapes or form factors, the processing requires careful handling and precise transport of the dishes into the washing machine.  Otherwise, the dishes that are fragile could be subject to the risk of damage.  

There are other ways for the F&B industry to address the above issues.  For example, there are increasing number of fast food and quick serve F&B go for the use of disposable tableware.  However, this is extremely environmental unfriendly.  On the other hand, some larger scaled kitchens especially Chinese restaurants have tried to work with third party dish-cleaning service operators for central cleaning.  However, the logistics handling can be highly costly for small kitchens especially for those F&B operating in scattered locations.  It can be seen the dishwashing operation is still underserved and how we can automate the dishwashing process is highly desirable.

On the environmental perspective, some improvements have been deployed to reduce the water usage and energy consumption in the washing process.  This makes sense for commercial dish washing process as it incurs a lot of wastage and over utilization of power.  It is mostly desirable to implement some innovative ways of water recycling or energy conservation for optimizing the washing process.  Apparently some types of sensors can be integrated to capture data for real-time analysis and remote diagnosis.  More advanced configuration allows predictive analysis and ensures the continuous operation of the machine with self-calibration.


But how to link up the different sensors for automatic data collection as well as device checking, and further aggregate these data and translate between different protocols for data exchange can be challenging.  Making things more difficult to comprehend is the diverse characteristics of the sensing data.  So in some cases, multiple sensors are used to measure a specific signal and based on multi-sensor fusion to make a more accurate estimation.  As such, a novel algorithm or protocol for mixed signal data classification is required to enhance the data aggregation, fusion and interpretation. 

As can be seen from the above, the prior art have obvious limitations in practical applications, so it is desirable to make an improvement and propose an integrated method and hybrid model to overcome the noted disadvantages of the current approaches.


SUMMARY OF THE INVENTION

Embodiments of the present invention are directed towards an apparatus for automated cleaning system to enable the self-service dish washing applications.  The invention enables an automated cleaning platform with robotic arm control, 3D camera sensing, two-way conveyor mechanism, environmental-friendly cleaning technique and multi-sensor fusion control.  With this novel method of dish cleaning, F&B managers can offload the human tasks to this automated machine for dish cleaning so that the kitchens can remain focused on food preparation and cooking.
 
According to the present invention, the apparatus for automated cleaning is based on a robotic arm which is a collaborative robot with an extension and retraction mechanism that also comprises a reflection photoelectric sensor that controls the precise pickup and release positions.  A 3D depth camera is integrated to determine whether the dishes are present, the type of dishes, the posture of the dishes, the position for pickup, and the position for release.

The conveyor-type mechanism comprises a few parts: the first part to move the dishes into the washing machine for cleansing; the second part to move the washed dishes for inspection by AI vision algorithm and then move to pickup area for “passed” dishes; and a relay mechanism to move the “unpassed” dishes back to the washing machine until it passed the inspection test.

The washing machine chamber comprises a few key zones namely pickup, washing and inspection to enable the main dishwashing processes: rotating scrubbed heads to get rid of the surface dirt; recycled water jets with air flow to thoroughly wash the dishes; and disinfection light such as UV–C to disinfect the dishes for providing add-on purification.

The multi-sensor fusion controller comes with various sensors at different control points that are used to automatically capture the status signals and device conditions through dedicated communication protocols for data integration and real-time analysis to support self-calibration and alert monitoring.

In one preferred embodiment, this self-contained cleaning system can be installed into a standard cargo-like container.  Coupled with a control panel and additional sensors and monitoring, such container-based cleaning system can become a moveable dish cleaning store that can be mobilized and deployed easily in desirable locations. 

In another preferred embodiment, this automated cleaning system can be installed inside a dedicated store inside shopping malls or food courts similar to a self-operated laundry store where the F&B stores nearby can bring their cart of dishes for self-service cleaning.  

In one other embodiment, some of the modules of this automated cleaning system can be adapted and installed inside the kitchen of a relatively large-sized F&B store for in-house automation of the dish cleaning process that can reduce the involvement of human labor.

In the above or all other embodiments, the multi-sensor fusion engine is deployed to enhance the data classification and state prediction for self-calibration and remote monitoring as large volumes of data are captured from multiple sensors installed at different positions. 

Other features and applications of the invention will become apparent from the following detailed description, taken in conjunction with the accompanying drawings which illustrate, by way of example, the features in accordance with embodiments of the invention, which should be construed in an illustrative and not limiting sense.


BRIEF DESCRIPTION OF THE DRAWINGS

FIG.1 is a block diagram that shows the key components of the automated cleaning system integrated with robot arm, 3D camera sensing, multi-layered washing, AI vision inspection and disinfection lamps with an embodiment of the present invention.

FIG.2 is a schematic diagram that shows the mechanical structure and different chambers of the system with front, side and top views with an embodiment of the present invention.

FIG.3 is a schematic diagram illustrating the concept design of the key components of the automated cleaning system with an embodiment of the present invention.


DESCRIPTION OF VARIOUS EMBODIMENTS

Referring to FIG.1, a high level illustration is provided showing how the key modules are combined to enable the self-service dish cleaning and automated process monitoring.  In accordance with the present invention, the automated dish cleaning platform consists of robot arm control, 3D camera sensing, two-way conveyor mechanism, environmental-friendly cleaning technique and multi-sensor fusion control.  With this novel method of dish cleaning, F&B managers can offload the human tasks to automated machine for dish cleaning so that the kitchens can remain focused on food preparation and cooking.

Typical commercial dishwashers are space consuming and still require substantial human involvement such as manual dirt removal and dining utensils sorting.  These bulky machines also consume excessive amount of water which are both operational costly and environmental unfriendly.  Other applications based on central cleaning service, the logistics handling can be highly costly especially for small kitchens that are located in scattered stores.  It is time consuming for transportation, and not flexible for demand change.  It requires the F&B stores to make avail of sufficient stock of dishes for the turnaround.  

The present invention addresses the above issues in a smart way by enabling a robotic cleaning system with AI vision which is fully automated with minimum human involvement while ensuring high quality cleaning suitable for any size of restaurants or F&B stores.  FIG.2 illustrates the typical structure and different views of the present invention.  It comprises different zones including the waiting and pickup zone where the robot arm shall be complemented by a 3D camera to auto-sort and micro-align the different types of dishes such as plates, bowls or cups; the washing zone where pre-washing removes the dirt and main-washing uses different ways of scrubbing and air jet washing mechanisms to clean the dishes; the inspection zone is where the AI vision algorithm being deployed to ascertain the cleanliness; the drying and disinfection zone to assure the hygienic conditions.; the dispensing zone where another robot arm is used to pick and place the dishes onto the racks.

FIG.3 illustrates more clearly the concept design of the key components of the automated cleaning system.  First and foremost, when the rack of dishes is inserted, the main operation shall automatically start with sorting and pickup.  The robot arm being adopted comes with extension and retraction mechanism and comprises a reflection photoelectric sensor to allow the controls of precise pickup and release positions.  The 3D depth camera augments the precise pickup by offering the AI object recognition engine to recognize the type of dishes, the posture of the dishes, the position for pickup and the position for release. 

When it comes to the washing processes, different types of rotating scrubbed heads shall be used to get rid of the surface dirt based on the dish type.  The recycled water jets with air flow shall then be used to thoroughly wash the dishes.  Multi-sensor fusion control and self-calibration is key to eliminate the deficiencies of each individual sensor and simultaneous input from multiple sensors which create an out of brushing action.  The ultimate goal is to apply the best brushing methods according to the dish’s characteristics to maximize the cleaning efficiency and to reduce the speed of the brush to minimize the risk of damage to the machine and the dishes.

To maximize the efficiency of the washing process, the food residue will be removed, filtered and aggregated into the adjacent tank so that the recycled or reclaimed water can be reused. This water recycling process enables the food waste to be discharged from the machine from the beginning that reduces the chance of blockage, and further allow the recycled water to be reused in the pre-washing process as the first step of eliminating the food waste on dish.  This environmental friendly way of handling shall lead to the consumption of less water.

Another aspect of the environment conservation aspect is the heat recovery module that allows the heat captured and channeled back into the system so that less energy consumption for the heating pipe in the operation.  On the other hand, the air flow design allows the air mobility so that no additional need for exhaust air connection and better dish drying performance can be achieved with less energy consumption.

The AI inspection is a key part that makes use of the AI vision algorithm that supports visual dirt detection for imbalanced light reflection and dirt pattern segmentation to determine the dishes’ cleanliness.  If it fails to pass the pre-defined score, the dishes will be moved back to the washing machine again until it passed the inspection test.  The AI model shall continue to learn and build up a more accurate model for precise recognition.

Disinfection with UV-C light can be effective for air, surfaces, objects and water that can help mitigate the risk of acquiring an infection and has been used for more than 40 years.  All bacteria and viruses including various corona viruses respond to UV-C disinfection.  A clear indication that UV-C can play a valuable part in the automated cleaning system.

The foregoing description of various and preferred embodiments of the present invention has been provided for purposes of illustration only, and it is understood that numerous modifications, variations and alterations may be made without departing from the scope and spirit of the invention as set forth in the following claims.


What is claimed is:

1. A system for automated dish cleaning monitored with context-aware sensing and multi-sensor data fusion for self-service cleaning and remote diagnosis, said system comprising various types of robotics and automation including robotic arm control, 3D camera sensing, two-way conveyor mechanism, AI inspection technique, environmental-friendly cleaning technique and multi-sensor fusion control. 

2. As according to claim 1, the said robotics include a collaborative robot with an extension and retraction mechanism that also comprises a reflection photoelectric sensor augmented by a 3D depth camera that controls the precise pickup and release positions.

3. As according to claim 2, the said 3D depth camera is integrated with the collaborative robot to determine whether the dishes are present, the type of dishes, the posture of the dishes, the position for pickup, and the position for release.

4. As according to claim 1, the said two-way conveyor mechanism comprises a few parts: the first part to move the dishes into the washing machine for cleansing; the second part to move the washed dishes for inspection by AI vision algorithm and then move to pickup area for “passed” dishes; and a relay mechanism to move the “unpassed” dishes back to the washing machine until it passed the inspection test

5.	As according to claim 4, the said AI vision algorithm supports visual dirt detection for imbalanced light reflection and dirt pattern segmentation to determine the dishes’ cleanliness.  If it fails to pass the pre-defined score, the dishes will be moved back to the washing machine again until it passed the inspection test.  The AI model shall continue to learn and build up a more accurate model for precise recognition.

6.  As according to claim 1, the said washing machine chamber comprises a few key zones namely pickup, washing and inspection to enable the main dishwashing processes: rotating scrubbed heads to get rid of the surface dirt; recycled water jets with air flow to thoroughly wash the dishes; and disinfection light such as UV–C to disinfect the dishes for providing add-on purification.

7. 	As according to claim 6, the said rotating scrubbed heads come in various forms and different speeds with sensor control to apply the best brushing methods according to the dishes’ characteristics so as to maximize the cleaning efficiency and to minimize the risk of damage to the machine and the dishes.

8. 	As according to claim 6, the said recycled water jets are used to remove, filter and aggregate the food residue into the adjacent tank so that the recycled or reclaimed water can be reused in the pre-washing process as the first step of eliminating the food waste on disk.  This enables the food waste to be discharged from the beginning that can reduce the chance of blockage.

9. 	As according to claim 6, the said disinfection light such as UV-C helps mitigate the risk of acquiring an infection and can be effective for cleaning and killing the bacteria and viruses through illuminating the air, surfaces, objects and water for providing add-on purification.

10.	As according to claim 1, the said environmental-friendly cleaning technique is not only about the conservation of recycled water for pre-washing process but also about applying the heat recovery module that allows the heat captured and channeled back into the system so that less energy consumption for the heating pipe in the operation.

11. 	As according to claim 1, the said multi-sensor fusion controller comes with various sensors at different control points that are used to automatically capture the status signals and device conditions through dedicated communication protocols for data integration and real-time analysis to support self-calibration and alert monitoring.

12. 	As according to claim 11, the said multi-sensor fusion engine is a novel algorithm or protocol for mixed signal data classification for enhancing the data aggregation, fusion and interpretation to make a more accurate estimation of self-calibration and remote monitoring as large volumes of data with diverse characteristics are captured from multiple sensors installed at different positions.
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