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The lack of caregivers in an aging society is a major social problem. Without assistance, many of the elderly and
disabled are unable to perform daily tasks. One important daily activity is shopping in supermarkets. Carrying heavy
weighted goods or pushing a shopping cart and moving it from shelf to shelf is tiring and laborious, especially for

customers with certain disabilities or the elderly.

Many researchers develop person following robot for supporting elderly in shopping mall but just following may not
sufficient or good enough for supporting elderly. Considering the body orientation of the customer it is better to find the
appropriate positional relation between the customer and the robot.In addition to the robust person-following, the robot
can more support the user if it can act in advance to meet the user's next move. For example, when the user picks up a
product from a shelf, it is convenient if the robot automatically comes to the user's right hand side (if the user is right-
handed) so that he or she can put it easily in the basket. To realize such functions, the robot needs to recognize the user's

behavior.

The first part of the work is on developing body orientation based shopping support robot. To do that, we address the
problem of real-time human pose-based robust person tracking system. We achieve this by cropping the target person's
body from the image and then apply a color histogram matching algorithm for tracking a unique person. After tracking
the person, we used an omnidirectional camera and LiDAR sensor to find the target person's location and distance from
the robot. When the target person stop in front of shopping shelves our robot finds the target person's body movement
orientation using our proposed methodology. According to the body orientation our robot assumes a suitable position
so that the target person can easily put his shopping product in the basket. Our proposed system was verified in real
time environments and it shows that our robot system is highly effective at following a given target person and provides

proper support while shopping the target person.



The next step was to develop an intelligent shopping support robot that can carry a shopping cart while following
its owners and provide the shopping support by observing the customer's DNN-based human pose estimator called
OpenPose is used to extract the skeleton of 18 joints for each detected body. Using this extracted body joints
information, we built a datasetand developed a novel Gated Recurrent Neural Network (GRU) topology to classify
different actions that are typically performed in front of shelves: reach to shelf, retract from shelf, hand in shelf, inspect
product, inspect shelf. Our GRU network model takes series of 32frames skeleton data then gives the prediction. Using
cross-validation tests, our model achieves an overall accuracy of 82%, which is a significant result. Finally, from the
customer's head orientation, body orientation and shopping behavior recognition we develop a completesystem for our

shopping support robot.

To operate our robot in a practical environment we must ensure three requirements such asspeed, accuracy and cost.
OpenPose based model does not fulfill these requirements. For this reason, we replace OpenPose model with Kinect V2
depth camera. Kinect camera can detect 3D skeleton with approximately 30 frames/sec whereas OpenPose model detect
skeleton approximately 5 frames/sec. The accuracy of 3D skeleton based shopping action recognition is high and it is
95% using our GRU network. Using Kinect camera we can measure the distance from robot to tracked person so extra

LiDAR sensor does not need. So, Kinectbased model is cost effective and does not need extra processing.

Finally, we develop a person following shopping support robot using a Kinect camera that can recognize customer
shopping actions or activities. Our robot can follow within a certaindistance behind the customer. Whenever our robot
detects the customer performing a “hand in shelf” action in front of a shelf it positions itself beside the customer with a
shopping basket so that the customer can easily put his or her product in the basket. Afterwards, therobot again follows
the customer from shelf to shelf until he or she is done with shopping.We conduct our experiments in a real supermarket

to evaluate its effectiveness.
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