
328   Ki Hak Kim et al. © 2015             ETRI Journal, Volume 37, Number 2, April 2015 
http://dx.doi.org/10.4218/etrij.15.2314.0081 

This paper applies acceleration/deceleration control–
based velocity profiles to an infeed control algorithm for a 
cross-belt-type sorting system to improve the accuracy 
and performance of the system’s infeed. The velocity 
profiles are of a trapezoidal shape and often have to be 
modified to ensure that parcels correctly synchronize with 
their intended carriers. Under the proposed method, an 
infeed line can handle up to 5,600 items/h, which indicates 
a 40% increase in performance in comparison with its 
existing handling rate of 4,000 items/h. This improvement 
in performance may lead to a reduction in the number of 
infeed lines required in a sorting system. The proposed 
infeed control algorithm is applied to a cross-belt-type 
sorting system (model name: SCS 1500) manufactured by 
Vanderlande Industries. 
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I. Introduction 

Recently, parcel volumes have been increasing year upon 
year, and this has meant that the parcel delivery service 
industry has had to expand to keep up with demand. As a result, 
more and more mail or distribution centers are turning towards 
the use of parcel sorting systems to efficiently sort parcels. 
Nowadays, sorting machines such as the cross-belt and E-Tray 
have been developed and commercialized to increase a sorting 
system’s maximum capacity and its ability to handle all sizes of 
parcels. In particular, the E-tray- and cross-belt-type sorting 
machines have been developed and used in such a way so as  
to provide sorting systems employing these devices with an 
overall performance of 10,000 or more items/h. However, 
since the track speed of a parcel sorting system can be up to  
2.5 m/s or more, it is difficult to accurately input parcels to 
track carriers (or trays). Therefore, the infeed control in a 
sorting system is a demanding technical control task and an 
essential factor for the optimization of a sorting system.  

The infeed of a sorting system is usually controlled using one 
of two methods. The first method usually involves the halting 
of all of the system’s variable control belts (VCBs) when either 
track carriers are unavailable or it is not possible to synchronize 
a parcel with a carrier, whereas the other is to control the 
VCBs’ rates of acceleration or deceleration so as to maintain 
the availability of track carriers and thus reduce the number of 
times the system has to temporarily come to a complete halt. 
Low-performance sorters, such as a mechanical tilt tray and 
slide-shoe, use the former, whereas high-performance sorters, 
such as the cross-belt sorter and E-tray sorter, use the latter.  

To make sure that a load can be moved to a specified 
position at a specified time along the infeed line, it is necessary 
to design the desired velocity profiles of the infeed’s VCBs 
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beforehand [1]–[9]. One of the most commonly used velocity 
profiles is that of a trapezoidal velocity profile [10]–[12]. It 
includes the following three parts: constant acceleration, 
constant velocity, and constant deceleration. However, to 
improve the efficiency of a high-speed sorting system and to 
ensure that parcels synchronize correctly with their intended 
carriers, it is often necessary to use modified trapezoidal 
velocity profiles. In Section II, we explain how the infeed 
control process works in terms of how parcels on conveyor 
belts and track carriers are synchronized. Then, in Section III, 
we show when it is necessary to apply a modified trapezoidal 
velocity profile and the reasons for doing so. Finally, the 
proposed infeed control algorithm is implemented in a cross-
belt-type sorting system (model name: SCS 1500) 
manufactured by Vanderlande Industries [13]. 

II. Typical Trapezoidal Velocity Profile 

As show in Fig. 1, the velocity profile shown has a trapezoidal 
shape, which consists of ramp-up, steady, and ramp-down parts. 
A trapezoidal velocity profile can be basically obtained from 
the relation among a position, velocity, and acceleration.  

Figure 2 shows the trapezoidal velocity profiles for three 
distinct cases; that is, when the total movement distance, Dtotal, 
is greater than the sum of the total movement distance covered 
under both the acceleration segment (atotal) and the deceleration 
segment (dtotal) (that is, when Dtotal > atotal + dtotal); when Dtotal = 
atotal + dtotal; and when Dtotal = atotal + dtotal but Vmax has not yet 
been reached. 

In Fig. 2, case (a) consists of acceleration, constant velocity, 
and deceleration segments and is of a trapezoidal shape. Case 
(b) has only acceleration and deceleration segments because 
the total movement distance is equal to the sum of the 
acceleration/deceleration segments. Case (c) is similar to case 
(b); the only difference is that in (c) the maximum velocity is 
not reached. 

For Fig. 2, at an arbitrary time instant t, the velocity in case 
(a) can be expressed as 
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where a is the acceleration in cases (b) and (c). 
As indicated by Figs. 1 and 2, it is possible to control the 

motion/velocity of motors in automatic guided vehicles 
(AGVs) through the relation between the total movement of an 

 

Fig. 1. Trapezoidal velocity profile. 
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Fig. 2. Velocity profiles in terms of relation between Dtotal and 
atotal + dtotal : (a) Dtotal > atotal + dtotal, (b) Dtotal = atotal + dtotal, 
and (c) Dtotal = atotal + dtotal but Vmax has not yet been 
reached. 
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object and its acceleration/deceleration. Therefore, trapezoidal 
velocity profiles have been widely applied to high-accuracy 
applications, such as motion control, robotics, and so on.  

III. Modeling of Velocity Profiles for Infeed Control 
of Sorting System 

1. Infeed Control Process in Sorting System 

Figure 3 shows the configuration for the infeed line of a 
sorting system. The infeed line consists of a measurement 
conveyor belt, five VCBs, and a transition conveyor belt 
(TCB). The measurement conveyor belt, which has a constant 
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Fig. 3. Configuration for the infeed line of sorting system. 
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velocity, is responsible for the measuring of a parcel’s diagonal 
size (top face of parcel) through a photo sensor (Sem). The 
VCBs are used to synchronize parcels and track carriers. The 
TCB, which also has a constant velocity, only moves parcels to 
track carriers. An encoder system tracks the locations of the 
track carriers and continuously measures the velocity of the 
track, which is assumed to be constant. A photo sensor is 
located at the beginning of each VCB so that the infeed control 
system knows when a parcel is about to enter a particular VCB. 
This allows the infeed control system to manage the VCBs’ 
starting times of acceleration/deceleration. Among the three 
types of conveyor belt, only the VCBs have the ability to 
accelerate/decelerate; the velocities of the transition and 
measurement conveyor belts are always constant. It is this 
ability that enables our system to improve the handling rate of 
the infeed system.  

Figure 4 shows the flowchart for the infeed control process 
for each infeed parcel. The infeed control starts by detecting a 
parcel by the sensor Sem. Synchronization of a parcel and track 
carrier starts as soon as a parcel is detected by the sensor Ses.  
At the same time, the main controller is always monitoring 
whether the carrier is occupied by a parcel. If there are no 
available track carriers, then all VCBs come to a halt. When an 
empty track carrier is available, then all VCBs begin to 
accelerate once again in accordance with their respective newly 
generated velocity profiles.  

2. Velocity Profile for Single Parcel in Infeed Control of 
Sorting System 

Figure 5 shows the velocity changes for each VCB as a 
parcel moves along the infeed line in the specific case where 
the PE of a selected track carrier is set to a value of one (out of 
twenty nine). The PE value is the remainder after dividing the 
number of real-time pulses by the number of encoder sensors. 
Real-time pulses are generated by encoder sensors, which are 
activated whenever a track carrier passes through them. 

Unlike in AGVs where trapezoidal velocity profiles having 
an initial velocity of zero are used, the VCBs in this system are 
considered to always have an initial velocity, Vinitial. The sensors 
(Se1 to Se5) located respectively at the end of each of the VCBs 
(VCB 1 to VCB 5) play a role in detecting the position of   
the parcel. Just as a parcel has completely left a VCB, the 
respective VCB immediately begins to decelerate at maximum 
velocity. The position of the parcel dictates when a VCB will 
first begin to accelerate. In the figure, VCBs 1 and 2 have the 
same acceleration starting point; that is, they simultaneously 
begin to accelerate just as the parcel reaches the location of  
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Fig. 5. Each VCB’s velocity changes as the parcel moves along 
the infeed line (position encoder (PE) = 1). 
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sensor Ses. 

To transfer a parcel from one VCB to the next in a smooth 
fashion, it is essential that during this transfer stage, denoted by 
Ptransfer in Fig. 5, the velocities of the parcel-carrying VCB and 
the receiving VCB be the same throughout this period. In 
addition, in the figure, the area under the velocity curve 
represented by DVCB1 is the total movement distance of the 
parcel for that period of time, which equates to the length of 
VCB 1. Likewise with DVCB2 to DVCB5. The period of time 
from when the parcel first enters VCB 1 until it first enters 
VCB 2 is denoted by ΔtVCB[0]1-VCB2. Likewise with ΔtVCB[0]2-

VCB3, ΔtVCB[0]3-VCB4, and ΔtVCB[0]4-VCB5. The period of time 
from when the parcel first enters VCB 5 until it first enters the 
TCB is denoted by ΔtVCB[0]5-TCB. 

Figure 6 shows the velocity profiles of VCB 1 for various PE 
values as a single parcel travels along the infeed line. The 
starting time of VCB 1’s acceleration is represented by tVCB1acc. 
The moment in time when a parcel first enters VCB 1 is 
denoted by tPVCB1. Likewise with tPVCB2, tPVCB3, tPVCB4, tPVCB5, 
and tPTCB. The variables tVCB1acc, ΔtVCB[0]1-VCB2, and Ptransfer (the 
period of time from when the parcel first enters VCB 2 until it 
has completely left VCB 1) are assigned beforehand according 
to the real-time positions of track carriers and parcels’ diagonal 
sizes; the real-time positions of track carriers is detected by the 
PE. Moreover, tVCB1acc, ΔtVCB[0]1-VCB2, and Ptransfer will have to 
be readjusted whenever the distance between two consecutive 
parcels is narrow enough to affect the initial velocity of a VCB,   

 

Fig. 6. Velocity profiles of VCB 1 for a single parcel according to 
various PE values: (a) PE = 1, (b) PE = 10, and (c) PE = 
29. 
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Vinitial. It is this necessary readjustment that leads to the creation 
of a modified trapezoidal velocity profile, which in turn, 
ensures that a parcel will be able to synchronize correctly 
(following the readjustment) with its intended carrier. 

The velocity profile of Fig. 6(a), where PE = 1, represents the 
case where VCB 1 accelerates to Vmax in the quickest time 
possible and remains at that velocity for as long as possible; 
thus, this would mean that the whole system is operating at 
maximum speed. 

Figure 7 shows the velocity profiles of a single parcel 
according to different PE values. In Figs. 7(a)–(c), the total 
distance travelled by a parcel along the infeed line from the 
point Sem to the end of TCB, Dtotal, is a fixed distance (that is, 
Dtotal = (DVCB1 + DVCB2 + DVCB3 + DVCB4 + DVCB5 + DTCB). The 
moment in time when the parcel first enters its intended track 
carrier is denoted by tFinal. The total movement time of a parcel 
(ΔtPE) and acceleration starting time of VCB 1 (tVCB1acc) are 
assigned according to the PE value. The total distance travelled 
by a parcel along the infeed line, Dtotal, in Figs. 7(a), (b), and (c) 
is given by 

max

max
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where V1 is the velocity of the parcel during tPVCB1 to tVCB1acc, V2 
is the velocity of the parcel during tVCB1acc to tVmax, and V3 is the 
velocity of the parcel during tVmax to tFinal; tVmax is the moment in 
time when the parcel reaches Vmax. In the cases where tPVCB1 = 
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Fig. 7. Velocity profiles of a single parcel according to various
PE values. 
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0 and where a parcel experiences no acceleration during tPVCB1 
≤ t ≤ tVCB1acc and tVmax ≤ t ≤ tFinal, V1, V2, and V3 can, respectively, 
be expressed as follows: 
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Thus, using (4), (3) can be expressed as follows: 

max

max

2

max

max ma

2
max

total initial VCB1acc initial initial VCB1acc

2
                    VCB1acc max Final max

VCB1acc
               initial max Final

       
2

     

(  )
   (  

2

V

V

V

V V

atV
D V t V t V t

at V t V t

a t t
V t V t t

   

  


   

x
).

(5) 

Multiplying both sides of (5) by two and simplifying, we 
obtain the following: 
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where tFinal = ΔtPE. In (6), ΔtPE is determined by means of PE. 
By replacing “2VinitialtVmax + atVmax

2 +2Vmax(ΔtPE – tVmax) – 2Dtotal” 

with “C,” we can reduce (6) to the following quadratic 
function: 

max

2
 VCB1acc VCB1acc2   0.Vat at t C           (7) 

Thus, (7) can be solved to give the following solutions for 
tVCB1acc: 

 
max max
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In (8), tVmax is a constant determined by (Vinitial + Vmax)/a. 
However, tVCB1acc needs to be altered if the distance between 
the first and second parcels is narrow enough to affect Vinitial. If 
such an event arises, then this can lead to inaccurate infeed 
control or failure of synchronization between the second parcel 
and its intended track carrier. This problem is analyzed in the 
next section.  

3. Two Parcels with Narrow Interval 

Figure 8 shows how ΔtVCB[0]1-VCB2 and Vinitial can change in 

accordance with the value of “VCBwidth + ΔI” in the case where 

PE = 1 for both the first and second parcels. The variable 

VCBwidth, as its name suggests, represents the width of one of 

the VCBs (all VCBs are of the same width). To control 

multiple parcels individually, it is a necessary condition that 

only one parcel exist on a VCB at any given time. Given this 

condition, the minimum permitted distance between two 

parcels is VCBwidth. In reality, it is extremely unlikely that 

multiple parcels will enter the infeed line at exactly a distance 

of VCBwidth between them. Therefore, the distance between 

two consecutive parcels entering the infeed line is modeled by 

“VCBwidth + ΔI,” where ΔI is some variable additional distance 

beyond that of the minimum permitted (VCBwidth). 

Figure 8(b) shows the velocity profile of VBC 1 for the first 

parcel when PE = 1. Figure 8(c) shows the velocity profile of 

VBC 1 for the second parcel in the case of ΔI = 0, where Vx is 

the velocity of VCB 1 at tPVCB1 of the second parcel. In other 

words, the second parcel begins to move onto VCB 1 as soon 

as the first parcel has completely left VCB 1. Figure 8(d) 

shows the velocity profile of VCB 1 for the second parcel in 

the case of ΔI = 35 cm. Figure 8(e) shows the velocity profile 

of VBC 1 for the second parcel in the case of ΔI = 70 cm. 

Figure 8(e) shows that ΔtVCB[0]1-VCB2 and Vinitial of the second 

parcel are unaffected by “VCBwidth + ΔI.” Hence, it is not 

necessary to create a modified velocity profile for the second 

parcel. This parcel will simply move along the infeed line 

using the velocity profile associated with its PE value at the 

time.  

In Fig. 8(b), the interval ΔI without changing ΔtVCB[0]1-VCB2 

and Vinitial of the second parcel is given by  
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where Vmax is 2.9 m/s and a is 4.6 m/s2. The time tPVCB2 is given 
by (Vmax – Vinitial)/a, where Vinitial is 1.4 m/s. By inserting the 
values from Vinitial, a, and tPVCB2 into (9), the interval ΔI without 
changing ΔtVCB[0]1-VCB2 and Vinitial of the second parcel should 
be more than 70 cm. As shown in Figs. 8(c) and 8(d), a narrow 
interval among parcels leads to a change in the values of 
ΔtVCB[0]1-VCB2 and Vinitial for the second parcel. This can cause a 
change in the total movement time ΔtPE of the second parcel, 
which in turn, would mean that the parcel would fail to 
synchronize correctly with its intended track carrier.  

In our study, there are 29 possible PE values, which means 
that the total movement time ΔtPE of a parcel will correspond to 
one of these values. This is true of all parcels passing through 
the system — each will have its own ΔtPE value that 
corresponds to one of 29 possible PE values. However, the ΔtPE 
of the second parcel is dependent upon the interval “VCBwidth + 
ΔI” and its size. If 70 cm ≤ VCBwidth + ΔI ≤ 140 cm, then the 

resulting change to ΔtPE of the second parcel leads to the 
creation of a time error, Δte. The time error Δte is generated 
when ΔtVCB[0]1-VCB2 and Vinitial of the second parcel are changed. 
The Δte of the second parcel indicates that the second parcel 
will fail to synchronize correctly with its intended track carrier; 
hence, a modified velocity profile for the second parcel will 
have to be created accordingly. 

4. Modified Velocity Profile for Two Parcels with Narrow 
Interval 

In the cases of two or more parcels, where the interval 
between any two consecutive parcels is 70 cm ≤ VCBwidth + ΔI 
≤ 140 cm, it is necessary to model a modified velocity profile 
to accurately synchronize the parcels with their intended track 
carriers. Figure 9 shows an infeed control model using a 
modified velocity profile. In this infeed control model, the 
inputs are the interval between two consecutive parcels 
(“VCBwidth + ΔI”), a parcel’s diagonal size (d), and the PE value. 
Using these inputs, a controller is able to then generate a 
modified velocity profile and determine tVCB1acc and ΔtPE in 
advance. The controller decides the type of velocity profile by 
means of the following factors: 
“VCBwidth + ΔI,” where “VCBwidth” is the minimum 

acceptable distance between parcels. 
ΔtPE by PE of the first parcel. 
ΔtPE by PE of the second parcel. 
The value of tPVCB1 for the second parcel. 

Figure 10 shows the velocity profiles of the second parcel 
under the assumption that PE = 1 for both the first and second 
parcels, in the cases where ΔI = 0 and ΔI ≥ 70 cm.     
Figure 10(b) shows the velocity profile of the second parcel 
in the case where the distance between the first and second 
parcels is greater than 140 cm. In other words, this velocity 
profile indicates that the first parcel has no effect on the 
velocity profile of the second due to the fact that ΔI ≥ 70 cm. 
Figure 10(c) shows the velocity profile of the second parcel in 
the case where ΔI = 0. This velocity profile generates a time 
error, Δte, which indicates that the second parcel will not 
synchronize correctly with its intended track carrier. As 
shown in Fig. 10(c), the interval ΔI < 70 cm leads to a change  

 
 

Fig. 9. Infeed control model using modified velocity profile. 
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Fig. 10. Velocity profiles of the second parcel in the case where
PE = 1 for both parcels: (a) interval between parcels; (b)
velocity profile of the second parcel when ΔI  70 cm;
(c) velocity profile of the second parcel when ΔI =
0 cm; and (d) modified velocity profile for the second
parcel to offset Δte. 
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in the original ΔtPE. 

Figure 10(d) is the modified velocity profile of the second 
parcel, which is created in such a way so as to offset Δte. The 
starting time of the acceleration for VCB1, tVCB1acc, is the most 
important factor because the original ΔtPE can be optimized by 
tVCB1acc. In Fig. 10(d), the total movement distance Dtotal is given 
by 

max

max

Final
total

PVCB1

VCB1acc Final
 1 2 3

PVCB1 VCB1acc

( ) d

( ) d ( ) d ( ) d ,V

V

t
D V t tt

t t t
       V t t V t t V t tt t t



  



  
(10) 

where tPVCB1 = 0 and a = 0 ( tVmax ≤ t ≤ tFinal). Therefore, V1, V2, 
and V3 are expressed, respectively, as follows: 
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              (11) 

Equations (10) and (11) can be expressed as follows: 
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(12) 

In Fig. 10(d), we can obtain the relation of 2tVCB1acc = tVmax 
because the acceleration time of VCBs is equal to the 
deceleration time of those. The relation of Vx and tVCB1acc is as 
follows: 

max VCB1acc .xV V at               (13) 

By inserting tVmax = 2tVCB1acc, tFinal = ΔtPE, and Vx  = Vmax – 
atVCB1acc into (12), we obtain the following: 

2
 VCB1acc max PE total  Δ     0.at V t D          (14) 

Then, (14) can be solved to give 

  max PE total
VCB1acc

4 ( Δ   )
 .

2

a V t D
t

a

  
         (15) 

In (15), ΔtPE is assigned according to the PE value. The values a, 
Dtotal, and Vmax are constant regardless of PE or ΔI. Therefore, a 
modified velocity profile can be generated from the derived 
tVCB1acc so as to correctly synchronize a parcel with its intended 
track carrier.  

IV. Experimental Results 

To verify the use of modified velocity profiles in the infeed 
control, experiments are conducted on a cross-belt-type  
sorting system (model name: SCS 1500) manufactured by 
Vanderlande Industries. The specifications of the cross-belt-
type sorting system are as follows: 
Track velocity, VT, is equal to 2.5 m/s. 
Carrier width is 800 mm. 
Infeed line consists of one measurement belt, five variable 

belts, and one transition belt.  
Vmax = 2.9 m/s and Vinitial = 1.4 m/s. 
A VCB’s rate of acceleration or deceleration is constant at 

4.6 m/s2. 
Figure 11 shows the configuration of a parcel and carrier for 

the purposes of experiment. In the figure, W is the width of the  
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Fig. 11. Configuration of parcel and carrier for experiment. 
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Fig. 12. Picture of sorting system’s infeed line used in experiments.  
 
parcel and ΔSd is the indicator judging success or failure for 
synchronization between the parcel and its intended track 
carrier. In other words, ΔSd indicates how far the center of the 
parcel is from the center of the carrier. Figure 12 shows a 
picture of an infeed line of the sorting system used in the 
experiment. Figure 13 shows the changes in ΔSd in terms of ΔI 
before applying the proposed algorithm. The experiment 
conditions are as follows: 
The PE of the first parcel is fixed at a value of one. 
The PE of the second parcel is varied (PE = 1, PE = 14, and 

PE = 29). 
ΔI ranges from 0 cm to 70 cm. 
As can be seen from Fig. 13, the larger the value of ΔI, the 
smaller ΔSd becomes. A stable synchronization between a 
second parcel and its intended track carrier can be achieved 
when ΔI is greater than 70 cm. 

Figure 14 shows the changes in ΔSd in terms of ΔI before 
applying the proposed infeed control algorithm. The 
experimental conditions are the same as those for Fig. 13, 
except that the PE of the first parcel is fixed now at a value of  

 

Fig. 13. ΔSd in terms of ΔI before applying proposed algorithm:
first parcel’s PE value is always set at one. Second
parcel’s PE value is varied (PE = 1, PE = 14, and PE =
29). 
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Fig. 14. ΔSd in terms of ΔI before applying proposed algorithm:
first parcel’s PE value is always set at 29. Second
parcel’s PE value is varied (PE = 1, PE = 14, and PE =
29). 
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29. As shown in Fig. 14, the range of values for ΔSd indicates 
the success for synchronization between the second parcel and 
its intended track carrier. Although there is a slight acceleration 
of VCB1 for the first parcel when PE = 29, ΔSd is within the 
tolerance range. Figure 15 indicates the changes in ΔSd in terms 
of ΔI after applying the proposed algorithm. The experiment 
conditions are the same as those for Fig. 13, except that the 
modified velocity profile is applied to offset the time error Δte. 

As shown in Fig. 16, to verify the infeed capacity of one 
infeed line by mathematics and a field test, the following 
conditions are introduced: 
“VCBwidth + ΔI” is about 140 cm if the proposed algorithm 

is not used. 
“VCBwidth + ΔI” is about 70 cm if the proposed algorithm is 

used. 
A parcel’s width is about 40 cm. 
Va is set at 2.7 m/s.  
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Fig. 15. ΔSd in terms of ΔI after applying proposed algorithm:
first parcel’s PE value is always set at 1. Second parcel’s
PE value is varied (PE = 1, PE = 14, and PE = 29). 

–0.2 

–0.1 

0 

0.1 

0.2 

0.3 

0.4 

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75

PE of 1st and 2nd parcel = 1:1 
PE of 1st and 2nd parcel = 1:14 
PE of 1st and 2nd parcel = 1:29 

ΔI (cm) 

Δ
S d

 (
m

) 

 

 

     

  

 

 
 

 

 

 
 

 
 

Average Va = 2.7 m/s 

IT 

2 1

V
T = 2.5 m/s P = 1,600 mm

C
10

C
9

C
8

C
7

C
6

C
5

C
4

C
3

C
2

C
1

Fig. 16. Configuration of field test for performance of one infeed
line. 

 
The infeed capacity per hour for a sorting system is given by 

 T 3,600
Infeed capacity  ,

V

P


            (16) 

where VT is the track’s speed (2.5 m/s) and P is the distance 
between the centers of two carriers having parcels. In the case 
where each carrier is occupied by a single parcel, the infeed 
capacity is maximized at 11,250 per hour. In the case where 
every other carrier is occupied by a parcel, the infeed capacity 
is reduced to 5,625 per hour. In other words, P becomes    
160 cm. In (16), the infeed capacity is determined by the value 
of P. The value of P can be changed by (17) below 

T T 

a

Δ
 ,

I V
P

V


                 (17) 

where Va is the average speed of the five VCBs and transition 
belt and ΔIT is the distance between the centers of two 
consecutive parcels. In addition, the conditions in (18) below 
are applied for stable infeed. 

0 m 0 8 m :    0 8 m,

0.8 m 1 6 m :    1 6 m,

1.6 m 2 4 m :   2 4 m.

P . P .

P . P .

P .  P .

  
  
  

         (18) 

In (17) and (18), P is 2.4 m under the following conditions: 
The proposed algorithm is not used. 
ΔIT is about 1.964 m and “VCBwidth + ΔI” is 1.4 m (ΔI  = 

0.7 m).  
As a result, the infeed capacity per hour is 3,750 parcels. In 
addition, P is 1.6 m under the following conditions: 
The proposed algorithm is applied.  
ΔIT is about 1.264 m and “VCBwidth + ΔI” is 0.7 m (ΔI =  

0 m).  
Consequenctly, the infeed capacity per hour is 5,625 parcels.  

Field tests to measure the infeed capacity are implemented 
with the cross-belt-type sorting system installed at a Korea Post 
mail distribution center. The infeed capacity without applying 
the proposed algorithm is around 4,000 parcels per hour. The 
infeed capacity with the proposed algorithm applied is around 
5,600 parcels per hour. However, there are some discrepancies 
between the mathematics and field test results. This is because 
Va in the field test is a variable value from 1.4 m/s to 2.9 m/s 
depending on the value of PE. 

V. Conclusion 

This paper explained how modified trapezoidal velocity 
profiles are applied to the infeed control algorithm of a parcel 
sorting system. The proposed algorithm can eliminate the time 
error Δte, which is generated by the narrow interval ΔI and 
lower PE values of the first parcel. To be specific, ΔtPE is 
derived through a mathematical modeling of the acceleration 
starting time of VCB 1, tVCB1acc.  

To validate the use of modified velocity profiles, a cross-belt-
type sorting system (model name: SCS 1500) manufactured by 
Vanderlande Industries is used. Under the proposed method, 
synchronization between a parcel and its intended track carrier 
is accurately achieved. In addition, the performance of an 
infeed line can be improved by up to 40%, at a rate of    
5,600 items/hr. This improvement in performance means that it 
may well be possible to reduce the required number of indeed 
lines for a parcel sorting system; hence maximizing the sorting 
system’s performance. 
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