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Abstract — In order to improve the efficiency of tobacco sorting warehouse system and implement accurate displacement control of 
the sorting system, PLC technology has been applied. In this paper we introduce time inverse methodologies in the distance 
distribution models for automatic sorting system. We propose a design for an automatic sorting control system, including cigarette 
packets recognition and transmission, channel length calculation, robotic handling and classification storage and various other 
functions. The results show that this system can not only conveniently control the sorting system correctly and identify a range of 
cigarette packets but also precisely controls robot time for accurate position of the cigarette packets travel distance. At the same 
time it: i) can dramatically reduce labor costs, ii) the system is more flexible and modular in design, iii) it benefits from the 
development of open and transparent structure, and iv) has broad application prospects. 
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I. INTRODUCTION  

Currently using automation and information technology 
home and abroad has further studied on cigarette production 
logistics system and initially formed a set of systematic study 
methods. But for the Logistics Automation and information 
technology in tobacco purchase link's research is still at an 
artificial stage[1]. As users demand develops to small batch 
and diversity directions, the kinds and number of diversify 
distribution centre cigarettes is rapidly increase. The 
proportion of picking job in distribution centre job is 
increasing, it becomes the most labor-intensive and time job. 
However, the efficiency of sorting operations directly affects 
the operational efficiency and operational effectiveness of 
the distribution centre and distribution centre services. 
Therefore, the buy link in the sorting system planning and 
design in all aspects of the distribution centre operations 
become very important part. The possibility of establishing 
an efficient and intelligent modern logistics system to apply, 
it becomes the core of the whole distribution centre operating 
system design [2]. 

II. CURRENT LOGISTICS SITUATION 

OF TOBACO PURCHASE 

Logistics costs are one of the key concepts, this is not 
only related to understand logistics status of the macro-
tobacco industry from macrocosm, but also it relates to 
account and evaluates concrete practice. At present logistics 
situation of domestic tobacco purchasing are as the follows. 
Logistics cost awareness is not strong. There are many 
extensive management and outdated technology. Scientific 
and reasonable evaluation of job cost accounting system has 
not yet been established. The advantage of regional logistics 
and overall resources were not fully played. Internal quality 
management and performance evaluation methods are not 
perfect. Resource allocation is extremely unreasonable and 

degree of automation is relatively low [3]. Through technical 
transform cross-regional of the country and improve the 
degree equipment automation, the cost of mining space is 
very large. Statistics have shown that in 2013 China tobacco 
logistics management costs as a proportion of the total cost is 
higher than 8%. Therefore reducing logistics management 
cost has great significance to business total cost reduction. 
Logistics management cost is close to the degree of 
enterprise's automation, intelligent and information. And the 
degree of enterprises information directly affects normal 
production activity in all aspects of the enterprise. Relying 
the construction on automation intelligence and information 
technology, it is possible to use relatively small amounts of 
money achieve optimization in logistics management process 
and obtain "third profit source" as return [4]. 

Traditional closed tobacco station is built according to 
isolation principle of three rooms and one area (pre 
inspection room, main inspection room, measuring rooms, 
storage areas). Leaf tobacco purchasing is purchase 
according to coding areas, classification areas, secretary 
pounds areas and storage areas [5]. Tobacco leaf is placed to 
tobacco leaf storage area according to different grades after 
coding region hamper and grading in rating area and 
weighing in secretary pounds areas. Current tobacco 
acquisition automation equipment is almost all in tobacco-
grading. But inspection grading workshop is farther from the 
warehouse; at the end of warehousing it almost rely on man 
put the different levels of cigarette packs into storehouse 
with different areas of stacked storage. Due to transport and 
human intervention, it often leads to loss cigarette package 
labels and mixed stack different levels of cigarette packs, but 
also in the subsequent production processes it cannot be 
amended. So how to improve the mechanization and 
automation of leaf tobacco is purchase and achieve full 
process pipeline operations and automatic transmission and 
weighting and reduce labor intensity of workers and shorten 
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cycles and improve the efficiency of leaf tobacco purchasing, 
it has become the urgent issue tobacco purchase link. 

III. PRESENT TRADITIONAL SORT EQUIPMENT SITUATION 

Along with increasing demand for logistics services, 
classification as an important link in the logistics operation is 
paid more and more attention by people. Studies have shown 
that sorting work is a labor-intensive, time, most expensive 
link. Using human labor costs 50% per cent of total logistics 
centre and operation time accounts for more than 60% and 
job cost 40% per cent of the total cost of logistics centre. 
Therefore automatic sorting system is essential facility to the 
modern advanced distribution centre. The main function of 
the system is implementing to move, sort, disks and other 
functions. Sorting systems have been put into use in the 
logistics industry since 2000. After ten years development, 
through constant innovation and advancement, from 
electronic tags chosen model to the vertical and channel-semi 
automatic distribution machines and even automatic 
replenishment, picking and packing and sorting technology 
and performance has been greatly improved and perfect. It 
can better serve consumers with a stronger platform, as well 
as provide an effective guarantee to improve logistics level. 

A. Bar Code Recognition And Sorting Technology 

In airport baggage-sorting system, it usually uses bar 
code of luggage and parcel to identify and sort. The whole 
system consists of bar code reader, computer departure 
control system and PLC control module. The sorting system 
is shown in figure 1 as below. 

 

 

Figure 1.  Airport Bar Code Identification Baggage Handling Systems 
Scheme 

When passengers transport delivery luggage, computer 
generated a barcode label which posted in luggage package, 
attendant scan barcode label with handheld scanner to 
specify it walk according to designated fairway. While 
passengers arrives destinations, delivery of luggage again is 
scanned by artificial. System check the information with 
away from port control system through serial number and 
flight no and destination code in bar-code label.  The legal 
luggage package is pushed into designated luggage channel 
and eventually delivered to passengers. 

Although barcode recognition system is stable and 
reliable, but the barcode print quality requirement is very 

high. If printing is bad, the live print label is damaged in 
midway. It is easy caused read code rate decline and luggage 
lost package. Laser source will occurred power attenuation in 
using process. It must replace after using certain period. It 
not only effects read code rate, but also increase running 
cost. 

In the tobacco sort process, it often requires sorting speed 
with 3 packets per 10 seconds. So the manual scan packets 
cannot meet the requirements. At the same time, 
irregularities of the cigarette packs and abrasion during 
transport can easily lead to breakage of the barcode labels. It 
also increases barcode reading error. Therefore, the use of 
printed bar code sorting of tobacco is not feasible. 

B. Sorting Technology of Visual Identification 

Hand-eye vision uses robot technology. The camera is 
installed on the robot end effecter. Through vision guide 
actuators realizes displacement of robot visual technology. 
Due to its convenient site layout, the operation is flexible. So 
hand-eye vision technology is widely used in industrial 
production systems. With the development of intelligent 
technology, work piece pickup this intricate work is 
gradually shifted from time-consuming manual operations to 
high efficient operations of industrial robot systems. Hand-
eye vision technology will be applied to the work piece. It 
can not only solve the inherent problem of programmed 
robots, but also can effectively improve the efficiency and 
reduce production costs. 

Vision module is made up of cameras, processors, light 
source and locating software. Its main functions are to 
identify and locate target objects and guides the robot 
implement sorting operation. 

But the existing sorting system based on vision robot 
requires saving the graphic library of related artifacts. For 
differences size of cigarette packs, there exists a lower 
calculation precision and lower recognition rate. Meanwhile, 
as camera identification characteristics causes the system 
harsh requirements to background, complex calibration 
process and other problem. Therefore, it cannot use vision 
identification technology process in tobacco sorting process. 

IV. STUDY ON DISTANCE DISTRIBUTION SYSTEM ON 

TIME INVERSE 

But on closer examination, it is not difficult to find that 
this sorting system set the smart reader and photoelectric 
sensors and limit switch and image scanning technology to 
identify targets in order to achieve accurate sorting for each 
sorted channels. Though it raises the precision to identify the 
object in the process of sorting and positioning, the system 
must increase the necessary sensor components according to 
branch channel. This leads to increase costs and the failure 
rate [6]. 

In order to as possible as reduce sensor parts and 
occurrence of fault point, the design idea of system is not add 
positioning part and uses walking time calculate distance 
conversions. Using programmable logic controller (PLC), 
the design cost is low and high efficient material can 
automatic sorts. Based on PLC controller and combined with 
transmitter devices and limit switch technology, spot 
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cigarette package automatic sort in accordance with pre-
mark grade. System is made up of loading and unloading 
modules, buffer module, accurate sorting module and 
automatic storage module.  

 (1) Load and unload modules: Using 10 meters loading 
and unloading machine, it includes mechanical or automatic 
load and unload platforms. Modern logistics centre is not 
mainly for "store goods" but is the hinge of faster turnover 
cargo. So load and unload modules assume an important 
function of logistics centre. They are the interfaces between 
storage centre and external logistics systems.  

(2) Buffer module: It is the buffer zone between 
warehouse function area and load and unload module in the 
pickup transmission. In order to make the sorting system 
correctly read the cigarette packet, the interval between two 
cigarette packets need larger than 50cm. It requires cigarette 
packets separated in front of the pickup channel segment in 
order to avoid because cigarette package label could not be 
read because of cigarettes superposition. 

(3) Label read module: Using RFID technology, it 
implements cigarette package number according to the 
grade. 

(4) Precise sorting module:  Based on the current 
through the smoke bag tag data, calculation of smoke in the 
export of conveyor belt location to calculate delivery time, in 
order to realize the cigarette package in the specified export 
be automatic sorting. 

(5) Automatic storage module: Using traditional ASRS 
automatic vertical warehouse and automatic storage based on 
shuttle, it realizes the automatic storage of cigarette packs. 

A. Time Slices Definition 

This system has achieved by a global timer. The timer 
begins to count time from the PLC. Interval time instruction 
read the built-in 1 millisecond counter's current value. The 
maximum time interval of double word value milliseconds of 
is 32 powers of 2 or 49.7 days. According to the 
characteristics of the system, equipment should purchase 
tobacco within 1 month. Under normal circumstances, it will 
turn off the device at the end of day, so the timer can meet 
the system requirements. The input/output type definition is 
shown in figure 2 as below. 

 

 

Figure 2.  PLC Input / Output Type Definition 

B. Sort Strategy  

Due to smoke package sorting speed is need 4 seconds 
sort. So using traditional single thread for timing sorting 
cannot meet this system requirement. It has designed and 
implemented using multithreaded concept in sorting strategy. 
According to measurement, the total number of smoke 
package on channel is not more than 5. That is, it starts 
sorting algorithm for 5 smoke packages so it designs 5 unit 
sorting algorithm according to requirement. Due to the 
release after sorting queue if not order, so here it cannot use 
offset for single function [7]. 

When using 5 pre-thread sort cigarette package for 
sorting unit, there needs sorting unit recovery and callback. 
When does it trigger the sorting? When does it accurately 
recovery? How to avoid the tobacco packages have no 
allocation unit after entering? These need to consider. 

Equipment has subtle differences in hardware, the 
diametric differences of channel roller and the differences of 
frequency converter and the differences of motor and so on; 
it can lead to differences of cigarette package trip [8]. In 
order to make the PLC system adapts the equipment 
difference of various brands, this system need to adopt the 
way of parameter definitions to achieve reunification of 
many kinds of hardware equipment on the design. So it sets 
parameter implement precise schedule control and 
implements the precise distance calculation in each channel. 
The sorting equipment flow chart is as shown in figure 3. 

 

Figure 3.  Sorting Equipment Flow Chart 
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When the system has an empty and available address, 
pre-processing packets are assigned to the appointed sorting 
unit. It called sorting unit to sort process, while package 
sorting process track abnormal packets. Here abnormal 
cigarette packets refers to the cigarette packets which PLC is 
not properly get RFID tag or the specified channel has no 
action and lead to loss [9] . 

C. Time Inverse Distance Calculation Model 

The running track of cigarette packs in this system can 
be represented by piecewise uniform motion model. It is 
shown in figure 5. When the cigarette package leaves the 
tunnel machine, it walks along the two transmission belt. The 
first transmission belt is driven by tunnel motor. It starts 
from the tunnel and end to the sorting units 1. The second 
transmission belt starts from the sorting units 1 and end to 
the abnormal channel 7.Because two motor is different, the 
walking speed of cigarette packages is different and every 
time calculation is different too. The time inverse distance 
model is as follows in figure 4. 

 

 

Figure 4.  Time Inverse Distance Model 

Cigarette packet is as exit signal when it leaves from the 
tunnel machine and the time is as starting time point. There 
are 2 meters, assume that the motor drive speed is v0 in this 
part distance, so walking time needs t0=s0/v0. The 
subsequence entered the sorting unit part, assume that the 
sorting motor drive speed is for v1, then according to the 
pushed tunnel label n, it calculates the needed time is : tx = 
(n mod 2)×sx/v1. Which it can calculate the total needed 
time Δt is as follows: 



In order to ensure that the cigarette packets in various 
sorting unit can be pushed down to accurate, timely, it needs 
specify sorting unit of motor when the cigarette packet 
arrived the sorting unit area. At the same time in order to 
ensure that subsequent cigarette packet is not affected, it 
needs timely stop push after push motor has finished push. 
Suppose the push width of sorting unit in this system is Δsy 
and the motor driver rate in sorting phase is v1,  then the 
push time length is :  



Therefore any cigarette packet walking distance and the 
control of the push action in the system can be calculated in 
accordance with the above equation 1 and equation 2. It is as 
shown in equation 3 and equation 4. 

ΣTstart =Δt +δt= s0/v0 +(n mod 2) × sx/v1                  (3) 

ΣTstop=Δt +δ t= s0/v0 +(n mod 2) × sx/v1+Δsy/v1   (4) 

Due to the system precision requirements is very high. 
According to the characteristics of the Siemens PLC-200 
series, it adopted 100 ms timer to count time. Through the 
actual spot calculation, testing and adjusting, the push time 
sequence is as follows in figure 5. 

 

 

Figure 5.  Push Time Sequence 

D. Distance Calculation Using Time Inverse 

As reading the RFID tag is the key to system distance 
calculation. Only label is correctly read, the system can 
define the cigarette package push to the channel according to 
the content of RFID. In order to keep the label is not 
damaged in transmission; this system adopts the plastic card 
RFID tags attached to the cigarette package. Due to the 
advantages of RFID are contact recognition, it can penetrate 
snow, fog, ice, paint, dirt and the bad environment of reading 
labels which bar code can't use. And the reading speed is 
very fast and in most cases it is less than 100 milliseconds. 
Therefore, although the irregularity of tobacco package 
shape and conveyance in transport will not affect the normal 
reading of the RFID tag.  

According to the conclusions of the inverse calculation in 
long distance model, it sets up walking time series of various 
channels and makes effective control to the tobacco package 
and makes the cigarette package access to specify sorting 
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channel according to the level. The flow chart is as follows 
in figure 6. 

SIMATIC S7-200 series PLC using in the system has 
strong control function and powerful computing capacity. Its 
processing speed can reach 0.8 ~ 1.2 millisecond. It not only 
can finish the logic operation, triangle function operation, but 
also can perform complex index operation and PID 
operation. Its work speed is very fast, and the number of 
input/output module is very plenty and input/output module 
is comprehensive. The ladder diagram of time inverse 
calculation is as shown in figure 7: 

 
Figure 6.  Sorting Process Flow Chart 
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Figure 7.   Distance Calculation Using Time Inverse Ladder Figure 

V. CONCLUSIONS 

At present, most of the automatic identification of sorting 
system in China adopts relay control. It has existed low 
degree of digitization and higher failure rate and so on 

disadvantages. For traditional relay circuit, it is difficult to 
realize complicated logic function and digital control. And if 
it will achieve a certain size logic control function, it needs 
not only excessively detailed design and it difficultly achieve 
upgrading, but also it easily happens fault and complex 
maintenance. Now it has been abandoned by the large 
medium-sized equipment control system. 

According to the above problem, this study has made full 
use of PLC in the control of outstanding performance and the 
working principle of the inverter. In the original automatic 
sorting system it adopts ac frequency conversion variable 
pressure drag technology in order to realize the grading 
production line start steady and reliable operation and 
performance of reducing energy consumption. It can work 
out walking distance through precise time inverse series, at 
the same time it reduces the risk of failure with the 
traditional positioning sensors. Through the long-term use at 
the scene, it shows that system has a high automatic 
program, stable operation, high precision and easy to control 
characteristics. It can adapt different objects and widely uses 
various places of life. 
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