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Abstract 

In this project paper, the authors are going to utilize and use the knowledge, techniques, and skills of the 
industrial engineering department courses that can be applied to design and implement an automated parcel 
sorting system that utilizes OCR (Optical Characteristic Recognition), ASR (Automatic Speech 
Recognition), and robot arm. The Authors are aiming to improve the productivity and the efficiency of the 
sorting process and provide an economic and ergonomic system. Also, the Authors are going to improve 
the recognition accuracy since the OCR work very well with flat objects, but the performance decreases 
and the error rate increases with the parcels (due to curvature). The Authors are going to combine between 
the OCR and the ASR to improve the accuracy. In addition, in order to reduce the high cost of manual 
workers the Authors are going to utilize a robot arm, which is faster, efficient, and functional. 

Key Words: Automatic mail sorting, postal automation, optical character recognition, automatic speech 
recognition, robot arm.  

1. Introduction

Nowadays, E-commerce has become widely used and the orders from the E-commerce increase in every day in 
proportion to its popularity. Moreover, because of the increase of the orders, the sorting of the parcels become such a 
hard process especially at the annual events when the orders multiply such as the Pilgrim day and Eid's events. In 
addition, as the manual way in sorting the parcels has a high error rate, low productivity, low performance rate and 
uncomfortable for the worker. For example, according to Saudi post four workers sort 200 parcels in one hour. The 
Authors are going to design and implement an automated parcel sorting system that will replace the manual parcel 
sorting system in order to increase the productivity, performance rate, decrease the error rate and increase 
comfortability. This system can be classified as an artificial intelligence system by utilizing OCR, ASR, and Robot 
Arm. 

The system the authors proposing start with the OCR process. The OCR will take a photo for the label address in the 
parcel. If the input of the OCR is recognized, the robot arm will deliver the parcel to the destination shelf. If the input 
from the OCR is not recognized, the robot arm will deliver the parcel to the error shelf. The system will keep working 
and all the parcels that are not recognized will be hold in the error shelf. As it is shown in the figure. 
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Figure 1 The prposed system part 1 

 

 
As shown in figure 2 below, before the end of the shift, the OCR process will be paused. And the conveyer belt that 
coming from the error shelf will take all the parcels in the error shelf to the worker. The worker will use the ASR 
instead of the OCR to recognize the parcel city name. and then the parcel will be sorted to the destination shelve based 
on the ASR input.  

 
Figure 2 The prposed system part 2 
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2. System Description 

Optical character recognition (OCR) is the use of technology to allow the machine to recognize printed or handwritten 
text characters on the physical documents. The function of (OCR) in parcel sorting system is to identify each parcels 
city. The first step is to capture the postal address. After that, the image is going to the software then the software is 
used to scan the postal address of the image to find the needed text according to the database. The OCR output will 
be compared with database of cities names to get the most accurate result (Singh, A., Sangwan, A., & Hansen, J. H. 
2012, January).  

Automatic Speech Recognition is the process or the technology that converts the speech signals to identical sequence 
of words. The function of the ASR in the automated parcel sorting system is as the OCR, to identify each parcel city. 
The first step in the ASR process is reading the city name from the label address by the worker. The ASR will take 
the worker voice signals while reading the city name from the parcel label address as an input. The input will be 
processed and converted to digital words. Then, it will be compared with the database that existed. (Do, M. 2014).  

The robot arm is a mechanical arm that can be programmed to do several jobs. The robot arm will replace the manual 
worker in the sorting process. The robot arm process will come after the recognition process with the OCR and ASR. 
The robot arm will sort the parcels to the destination shelves based on the output of the OCR and ASR. (Juang, J. G., 
& Cheng, I. H. (2017). 

3. Methodology  

An automated parcel sorting system used to sort and place the parcels in a specified location. The automated parcel 
system is more accurate, faster, efficient, functional, and lower in cost. The main pillar in this system is the automated 
recognition for the address information on every single parcel. It becomes easier with the use of OCR which is widely 
used for text recognition and it works very well with the flat objects, but when the object have a curves such as parcels, 
it becomes harder to recognize the text on it, which lead to high error rate and lower performance. Also, in the address 
labels there are many factors that may affect the OCR performance such as, the background color, the text font, and 
the text consistency. And what makes the recognition hard for the OCR and the performance lesser is irregularly shape 
of parcels and text inconsistency.  

In the first phase of this project, which was a capstone project in the 2018-2019. An automated parcel system that 
operated by a single person was utilizing the OCR only. The system was coming as a first job to recognize the address 
labels on the parcels by using the OCR and when the city name recognized, a LED (light-emitting diode) will light up 
in the destination (the shelf that specified for the city). After that, the operator come as a secondary job, after the LED 
lighted up, the operator will take the parcel to the destination by following the LEDs lights. In the second phase of the 
project, the Authors intend to improve the recognition of the OCR and ASR with using of the robot arm in parcels 
sorting system that will show in more details in the next points.  

The multimodal system utilizes all the OCR, ASR and robot arm. Both OCR and ASR are used in the process of 
recognizing the parcel label address in order to find the city name. The robot arm will be programmed to sort parcels 
according to the result of the combination of the OCR and ASR system. In the first step, the parcel picked up by the 
worker. After that, the worker will read the city name from the label address on the parcel, and the audio of the worker 
will be recognized by the ASR. After that, the parcel will continue to the second step which is the process of 
recognizing the parcel by OCR. In this process, the OCR captures the parcel label address and recognize the city name. 
After that, a comparison between the output of the OCR and the output of the ASR will occur in a software. Next step 
is the process of sorting by a robot arm. After confirming the result that came from the OCR and ASR, the robot gets 
commands from the software. These commands are coordinates which represents city's shelf. Finally, the robot arm 
takes the parcel and move it to its destination. (Singh, A., Sangwan, A., & Hansen, J. H. 2012, January). 
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EXPERIMENTAL SETUP 
 
4.1 ASR Process 

4.1.1 ASR setup time 

In the ASR process, the manual worker has to read the city name from the label address on the parcel, and after that, 
the ASR will process the inputs from the worker. And in order to find out the right time for the manual worker to 
grasp the parcel, search for the city name in the label address, find the city name, and finally read the city name. The 
Authors has printed about 60 label addresses from the internet. And did the experiment on three people each one with 
20 different label addresses. The first step at the experiment is to pick the label address from the ground, the second 
step is to search on the label address to find the city name, and finally when the city name found, the last step is to 
read the city name. The Authors used a stopwatch to find the time for each one of the 20 samples, and after that the 
Authors calculated the average for each experiment of the three in order to find the average time for the manual worker 
to read the city name. 
 
Note: The ASR MIC Used: voice recognition module v3. 
 
 

 
Figure 3 Setup time for ASR 

4.1.2 ASR Statistical Analysis 

For the ASR the authors have done 1000 test in order to determine the error rate and the processing time. At the 
beginning, the voiceprint for the person who is going to do the experiment has recorded while reading the cities name. 
The experiment done in a quiet room without any noise around. The mean time for recognizing the worker voice after 
reading the city name was 0.037 seconds at standard deviation equal 0.106 and the total defects per 1000 parcels was 
5 defects. 
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This figure shows the processing time of ASR with 1000 number of trials. As figure shows 900 of trials of ASR 

processing time in 0.00 s, and 100 of trials of ASR processing time in 0.36 s. 

 

Figure 5 Histogram of ASR processing time 

 
This figure represents the number of recognized voiceprints by ASR which is 995 out of 1000, while unrecognized 
voiceprints is 5. 
 

 
Figure 6 recognized and unrecognized voiceprint by ASR 
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4.2 OCR Process 

4.2.1 OCR setup time  

The Authors has done an experiment to calculate the OCR setup time which is the time from the point when the worker 
start moving his hand toward the parcel, grasp it, hold it, move it to the conveyor belt and release it. The authors took 
20 readings by using a stopwatch. with three replicate each one with a different worker. 
 
Note: OCR camera used: Logitech HD pro webcam C920E. 
 
 

 
Figure 7 Setup time for OCR 

4.2.2 OCR Statistical Analysis 

For the OCR here is 1000 test for the OCR with take of consideration the challenges that affect the OCR efficiency 
which are the distance between the camera and the parcel, the angle of taking picture, the lighting and the camera 
quality. In this test, the authors used the digital camera with HD quality and one light bulb with 9 watts at angle of 90° 
from the parcel. Also, the angle of taking picture in range between (0°and 20°) and the distance between the camera 
and the parcel in no more the 15 cm. The result as follows: the total time for recognizing the parcel was 2.76 seconds 
at standard deviation equal 1.06 and the total defects per 1000 parcels was 13 defects. 
 
 
 
 
 
 
 
 
 
 
 

0

5

10

15

20

25

123456789101112131415161718192021

Ti
m

e

Test Number

Setup Time for OCR

First Experiment in Second Experiment in Seconds Third Experiment in Seconds

2146



Proceedings of the International Conference on Industrial Engineering and Operations Management 
Dubai, UAE, March 10-12, 2020 

© IEOM Society International 

This figure represents the number of recognized and unrecognized label addresses by OCR. Total number is 1000, 
984 of label addresses are recognized while 13 of label addresses unrecognized. 

Figure 8 OCR test for label addresses 

Figure 9 OCR processing time test 

The figure shows the normality test. The goal of this figure is to show if your data have a specific pattern. 
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Figure 10 probability plot of time for OCR 

 

The figure shows the time series for the OCR. Where X-axes is the number of data and the Y-axes is the spent time 
for each one. 

 

Figure 11 time series plot of time for OCR 
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The figure shows histogram that the time for the test of OCR per frequency and the maximum time was 1.75 s and 
minimum was 0.50 s. 

 

Figure 12 Histogram of OCR processing time 

 

4.3 Processing time of Robot arm  

After the parcel get recognized by OCR or ASR the robot arm function comes next. As mentioned above according to 
Saudi post four workers sort 200 parcels in one hour. But here after did a real experiment by using an educational 
robot arm in the process of parcels sorting the Authors found that the robot can sort 863 parcels in one hour with mean 
processing time equal 2.9 second. 

5. Simulate the System 

By using Arena software, which is a software can simulate any system; the authors built the system 
model in the Arena and used all the data from the experiments on the ASR, OCR and the robot 
arm. This step is done to simulate the system for eight hours since the experiments is done while 
having a lack of resources. And from the Arena results we found that the sorted parcels in the eight 
hours shift is 7123 parcel, and the value added time for each parcel is 5.6 seconds. 

6. Conclusion  

In this project paper, the authors has described clearly the importance of automatic sorting process. It is more 
productive, ergonomic and functional than the manual sorting. Also, the authors has represented a multimodal system 
for an automated parcel sorting system which includes OCR, ASR, and Robot Arm. In addition, the Authors has done 
some experiments related to processing time and error rate for ASR and OCR in order to find statistical data using 
Minitab software. Also the authors used Arena software to simulate the system for eight hours since the experiments 
is done while having a lack of resources. 
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