
    ISSN: 04532198 

Volume 62, Issue 11, December, 2020 

  

6429 
 

Optimal Mapping Trajectory for Autonomous Robot 

Waiter 
 

Faikul Umam1, Sri Wahyuni2, Hairil Budiarto3, Robi Maulana Putra4  

 

Department of Mechatronic Engineering, University of Trunojoyo Madura, Indonesia1,2,3,4 

 
 

ABSTRACT— In the midst of the Covid-19 pandemic, the world has been attacked at this time, food delivery 

robots are one of the solutions to reduce connectivity between people in restaurants. Droplet is the 

transmission of Covid through coughing, sneezing, talking and also breathing out of the mouth and nose. This 

research has developed a prototype of a waiter robot that can run autonomously without markers to replace 

the role of humans in delivering food. A waiter robot can pass a previously mapped path. Track mapping is 

formed by moving the robot manually throughout the work area. The robot can generate path nodes and robot 

coordinates (x, y) from rotary sensors both encoder and odometry. After all trajectories of the work area have 

been mapped, the robot can determine the shortest path using Dijkstra's algorithm. The optimization of the 

movement of the autonomous waiter robot is built using three omni-directional. The results obtained through 

a series of tests with Dijkstra are that it is able to work well in finding the destination node from the origin 

node even though there are changes in the work area and the smooth movement generated by the three omni-

directional trajectories. 
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1. INTRODUCTION 

Indonesia has many types of regional specialties with different flavors and characteristics. This is very 

beneficial for the economy of the Indonesian people with the nation's cultural diversity towards prosperity by 

developing the food industry, such as cafes and restaurants. However, at the end of 2019, the world was 

affected by a catastrophic virus that spread rapidly to all corners of the world, this was no exception by 

Indonesia. This virus is called Covid-19. The largest transmission of Covid-19 is identified through droplets 

when coughing, sneezing, talking and even breathing out of the mouth or nose. Various business sectors were 

affected, hitting the international economy, including the culinary sector. The government has disseminated 

several preventive measures to the public to minimize the spread of the virus through the use of masks, 

washing hands frequently, providing hand sanitizers, spraying disinfectants, maintaining distance and 

avoiding crowds. In order to avoid crowds and maintain a distance in certain spaces such as cafes and 

restaurants, food delivery robots are one solution to reducing human connectivity [1]. As a substitute for the 

role of humans in delivering food, this research has developed a prototype waiter robot that is able to walk 

autonomously without markers [2], [3]. Robot is in charge of bringing food and drinks ordered by customers 

from one table to another [4]. Research on waiter robots generally focuses on discussing navigation [5], 

mapping, for example those generated from the SLAM (Simulation Localization and Mapping) algorithm, or 

the use of line follower model robots [6]. In the navigation process, the robot tracks a line with a predetermined 

path so that the robot reaches the specified target [7]. But the drawback is that it really depends on the thickness 

of the color of the line that is passed. And the problem is that the color of the line will fade if the robot cannot 

detect the trajectory, so the line tracking robot cannot reach the destination point. In addition to navigation, 

waiter robots must also provide a system or features that make it easier for customers to order food [8]. These 

features can be in the form of buttons and an LCD that displays a list of food menus and a food order button 

[9]. Autonomous waiter robots have been developed based on the mapping of the work area to add strengths 

and review the weaknesses of previous research. Tests are carried out with several different work areas or 
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node changes on various track models. There are several chairs and tables where customers wait for orders. 

At first, the work area was mapped to get a reference for the robot to carry out its duties. Odometry is used to 

estimate the change in robot position over time by mapping the robot's position on the cartesian axis. The data 

generated from the mapping activity is the position of the robot in the form of a coordinate point (node) and 

the direction of the robot (heading). The data is then used as parameters for the robot's navigation. The shortest 

path from the origin table to the destination table is obtained from a series of paths that have been mapped by 

applying Dijkstra's algorithm. The movement to carry out the navigation will be charged to three omni-

directional so that the robot moves more flexibly and smoothly. 

 

2. The Waiter Robot 

The prototype of an autonomous waiter robot as in Figure 1 which was developed in this study has supporting 

parameters, including: the robot has a size of 60 x 60 cm, and it has the ability to navigate, path planning and 

control systems. The part of the autonomous waiter robot consists of a tray, external rotary encoder, omni- 

directional sensor, omni-directional, motor and IMU sensor. An external rotary encoder is used for mapping 

the robot's path. In order for the robot movement to be smooth [10], this robot uses an omni-directional wheel 

[11], [12]. This robot has two types of Omni-directional wheels, (1) omni-directional wheel to move the rotary 

encoder sensor, which records all robot displacements, (2) omni-directional wheels as a robot wheel that will 

receive action from the motor. 

 

 
Figure 1. Design of Autonomous Waiter Robot 

 

This robot has a mapping mode and a serve mode. If the work area is new and unmapped, the user must first 

map the area by selecting the mapping mode. Area mapping is done by manually pushing the robot over the 

entire work area trajectory until it returns to the starting point. Each displacement, the change in the position 

value of the robot is known using a rotary encoder sensor which is processed by odometry. If the work area 

mapping process is at the intersection point, the user must press the node button, and if the robot arrives at the 

customer table, the user must press the table button. This path data is then converted into a graph consisting 

of edges and nodes. 

 

 
 

1. Tray 

2. External rotary encoder 

3. Omni-directional sensor 

4. Omni-directional wheels 

5. Motor 
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Figure 2. Flowchart System of Mapping Process 

  

If the work area is not a new area, then the robot works as in Figure 2. The user can press the 'serve' button 

and the table number of the intended customer. Then the robot will move towards the target via the shortest 

path that has been mapped. And if the robot has arrived at the target, the customer can take the order and send 

the robot back by pressing the 'back' button, and the robot will automatically return to the starting place 

(kitchen) to carry out the next task. 

 

3. Odometry 

Odometry is used to estimate the coordinates of the position relative to the initial position [13], [14]. In the 

wheeled robot odometry system, the sensor used is a rotary encoder which calculates the number of wheel 

rotations. There are three main parameters in calculating the coordinates of the robot position [15], namely 

the diameter of the free wheel wheel (DW), the number of encoder resolutions (〖resolution〗 _enc), and the 

number of pulses generated by the encoder sensor (pulse). To find out the change in coordinates in millimeters 

(mm), it is necessary to know in advance the circumference of the free wheel (KW) wheel has been presented 

in equation (1), after that to find out the position of X (xTempuh), and Y (yTempuh) coordinates can be 

calculated using equations (2) and (3). 

 

𝐾𝑊 = 𝐷𝑊 × 𝜋 (1) 

𝑥𝑇𝑒𝑚𝑝𝑢ℎ =  
𝑝𝑢𝑙𝑠𝑒𝑥

𝑟𝑒𝑠𝑜𝑙𝑢𝑠𝑖𝑒𝑛𝑐
𝐾𝑊 (2) 

𝑦𝑇𝑒𝑚𝑝𝑢ℎ =  
𝑝𝑢𝑙𝑠𝑒𝑦

𝑟𝑒𝑠𝑜𝑙𝑢𝑠𝑖𝑒𝑛𝑐
𝐾𝑊 (3) 

 

For the bearing target (β) it can be calculated by equation (4), while to find out the value of the distance 

(distance) from the current point to the target point, the data is calculated by equation (5). 

 

𝛽 =  tan−1 𝑦𝑇𝑢𝑗𝑢𝑎𝑛−𝑦𝑇𝑒𝑚𝑝𝑢ℎ

𝑥𝑇𝑢𝑗𝑢𝑎𝑛−𝑥𝑇𝑒𝑚𝑝𝑢ℎ
 (4) 

𝑗𝑎𝑟𝑎𝑘 =  √(𝑥𝑇𝑢𝑗𝑢𝑎𝑛 − 𝑥𝑇𝑒𝑚𝑝𝑢ℎ)2 − (𝑦𝑇𝑢𝑗𝑢𝑎𝑛 − 𝑦𝑇𝑒𝑚𝑝𝑢ℎ)2 (5) 

 

4. Dijkstra 

Based on the mapping data that has been done, to find the shortest path so that orders arrive at the customer 

quickly, this research requires an optimization method. In this study, the search for the shortest path was using 

Dijkstra's algorithm [16]. Dijkstra's algorithm is used to determine the shortest path [17], [18] which will be 
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used as the planning trajectory by the robot to run. The Dijkstra process requires some data, including (1) Path 

graph (2) Weights between nodes or vertices. Graph data is obtained from the results of the mapping of the 

positions of all nodes that have been done. Dijkstra's algorithm performs calculations on all possibilities to 

find the smallest weight from one node to another. Figure 3 (a) is an example of Dijkstra's implementation 

using a path graph design. Table 1 is the process of calculating Dijkstra's algorithm in the form of data planning 

trajectory. 

 

 
Figure 3. (a) Plan and Path Graph; (b) Path Graph of Dijkstra's Calculation Result 

 

Table 1. Dijkstra's calculations for the shortest path 

No Unvisite Visited 

C
u

rren
t 

A B C D E F G H I J K 

0 ABCDEFGHIJK ~ ~ (0,~)n (,~)n (,~)n (,~)n (,~)n (,~)n (,~)n (,~)n (,~)n (,~)n (,~)n 

1 BCDEFGHIJK A A  (2,A)1 (,A)1 (,A)1 (,A)1 (,A)1 (,A)1 (,A)1 (,A)1 (,A)1 (,A)1 

2 CDEFGHIJK AB B   (7,B)2 (,B)2 (7,B)2 (,B)2 (,B)2 (,B)2 (,B)2 (,B)2 (,B)2 

3 DEFGHIJK ABC C    (14,C)3 (7,B)2 (,C)3 (,C)3 (,C)3 (,C)3 (,C)3 (,C)3 

4 DFGHIJK ABCE E    (14,C)3  (12,E)4 (,E)4 (,E)4 (,E)4 (,E)4 (,E)4 

5 DGHIJK ABCEF F    (14,C)3   (17,F)5 (,F)5 (17,F)5 (,F)5 (,F)5 

6 GHIJK ABCEFD D       (17,F)5 (,D)6 (17,F)5 (,D)6 (,D)6 

7 HIJK ABCEFDG G        (22,G)7 (17,F)5 (,G)7 (,G)7 

8 Hxz JK ABCEFDGI I        (22,G)7  (22,I)H (,I)H 

9 JK ABCEFDGIH H          (22,I)H (27,H)9 

10 K ABCEFDGIHJ J           (27,H)9 

11               

 

The results of calculating the distance from the selected node to its neighboring nodes are stored in a variable, 

then the results are used as weights for calculations in Dijkstra. If the selected node has no neighbors, the 

value is equal to 0. The calculation will continue to be made to all nodes. The mapping results are then 

converted into a path graph as shown in Table 2. Figure 3 (b) is the result of the path graph that has been 

calculated using Dijkstra. Furthermore, this path graph will be used by the robot in delivering food to the 

customer's table. 

 

Table 2. Graph for the Path 

 0 1 2 3 4 5 6 7 8 

1 0 506 0 0 0 0 0 0 0 

2 506 0 411 0 0 0 0 0 657 

3 0 411 0 703 0 0 0 0 0 

4 0 0 703 0 527 0 639 0 0 

5 0 0 0 527 0 0 0 0 0 

6 0 0 0 0 0 0 636 0 0 

7 0 0 0 639 0 636 0 594 0 

8 0 0 0 0 0 0 594 0 418 

 

5. Experimental Result and Discussion 
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The first thing that must be ensured before the robot delivers the order to the customer table is the robot's 

ability to walk straight. This test must be done because the robot moves without a track marker. In addition, 

it aims to determine the error heading. Testing is done by giving orders to the robot to walk straight forward 

150cm. In Figure 4 (a) the robot moves using the IMU sensor and Figure 4 (b) the robot moves without the 

IMU sensor. 

 

 
Figure 4. (a) Using IMU Sensor; (b) Without IMU Sensor 

 

Based on the mapped path, the waiter robot trial has been carried out in the laboratory with the position 

adjusted as in a restaurant environment as in Figure 5. From several experiments the robot has succeeded in 

delivering food to the customer's table using the shortest path. For example, orders must be delivered to table 

3, then the path chosen by the robot is 0-1-8-7 with a route length of 1581. No food and drinks are delivered 

even though there is a vibration from the robot mechanic. 

 

 
Figure 5. Robot Trial 

  

6. Conclusion 

Autonomous Waiter Robot that uses omni-directional wheels to produce smooth movement. The application 
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of the odemetry method and the djikstra algorithm is running well. The robot moves to the destination table 

with the shortest route, the fastest. The IMU sensor is very helpful in determining the robot heading 

parameters, so that the robot remains in the correct position on the destination table and does not rotate. This 

automatic food delivery robot will continue to run in the track route position according to the initial mapping 

results, even though the robot is tried to be kept away from the mapping route.  
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