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 
ABSTRACT 
 
A crucial area in today’s situation is to provide efficient 
vertical transportation to an increasing population. There is a 
necessity to install multiple lifts in the building instead of a 
single elevator to satisfy all passenger requests. People face 
many transportation problems when one of the elevators shut 
down its working. To minimize the passenger's 
inconvenience, there is a necessity of an efficient mechanism 
to reschedule the elevators according to the installed 
algorithm. The proposed study focuses on elevator scheduling 
in the Elevator Group Control System (EGCS) with proactive 
and reactive risk management techniques. The proposed 
EGCS handles the situations that may occur due to the 
elevator shut down and hiring elevators. Once the system 
detects elevator failure or elevators are booked for a particular 
period, the signal sends automatically or manually by the 
administrator. After receiving the message, the EGCS 
reconfigures installed elevator scheduling algorithms and 
dynamically reschedule the elevators. 
  
Key words:  EGCS, rescheduling, emergency evacuation, 
even-odd system, risk management. 
 
1. INTRODUCTION 
 

  Providing efficient transportation to an increasing 
population is a crucial area in today’s situation. The 
transportation problem needs to be addressed by providing a 
solution either in a horizontal direction or in a vertical 
direction. The horizontal transportation problem is resolved 
by transportation mediums like buses, trains, cars, etc. The 
vertical transportation problem occurs in buildings when 
people want to move from one level to another. People use the 
staircase to travel between floors. The problem arises when 
the building height increases. The use of stairs to move to the 
higher levels is not possible for all people. 

Along with stairs, elevators can be used as vertical 
transportation medium in tall buildings. The building floors 
may contain schools, offices, shopping malls, and residential 

 
 

apartments. Using a single elevator to provide vertical 
transportation is not the right choice. To satisfy all passenger 
requests, there is a need to install numerous elevators in the 
building. With multiple elevators, the problem of elevator 
coordination and dispatching occurs. This problem is solved 
by introducing the EGCS. Based on the type, height, and 
population in building, the mandatory quantity of elevators 
can be installed in EGCS. According to the nature of the 
building, the builder may opt for different elevator 
configurations. In the traditional elevator (lift) system, all lifts 
stop at each floor, resulting in more stops and maximum 
waiting time. Reducing the amount of lifts/elevator stops 
minimizes the passengers waiting time and improves system 
performance. 

The proposed studies focus on different scheduling 
algorithms in EGCS like even-odd scheduling, traffic, and 
time-based floor priority and scheduling during emergencies. 
The proposed research focuses on EGCS with one or all of the 
above scheduling types. Based on the applied scheduling 
algorithm, the EGCS handles incoming hall call and car call 
requests. 

The even-odd scheduling approach divides the building 
floors into two sections, even floors, and odd floors. The 
even-numbered elevators are allotted to satisfy even floor 
calls, and odd-numbered lifts are assigned to fulfill odd floor 
requests [26]. The proposed study [27] focuses on commercial 
buildings with schools, shopping malls, and offices located on 
different floors.  More traffic levels/floors are identified based 
on the respective floor requests. Traffic based floor priority is 
assigned to the upper traffic floors. Maximum elevators are 
allotted to high traffic floors, and fewer bins are allocated to 
fewer traffic floors. The study [28] focuses on EGCS with 
time-based floor priority elevator scheduling. The study 
emphasizes the usage of elevators to serve requests of high 
priority floors at a specific period. Based on school or office 
opening and closing time, elevator scheduling is proposed to 
minimize the excess waiting time of passengers. During 
morning time, the elevators are allocated to serve the calls 
between ground floor to school or office floor only. 

Similarly, during the evening, the elevator allocation is 
between school/office floors to the ground level/floor only. 
There are no intermediary calls except one elevator during 
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these peak periods. Once the peak period is over, the elevator 
scheduling is regular. 
Emergency scheduling is used once an emergency like fire, 
flood, or bomb detected in buildings [29]. The dynamic 
allocation of elevators does the population evacuation. The 
study proposes the usage of lifts along with stairs during 
emergencies. Once the EGCS detects emergency in the 
building, the elevators stop the normal execution and reach to 
the affected floor for population evacuation. After the crisis is 
under control, the lifts operate normally. 
 

Due to any reason, the elevators may stop working. People 
face many problems if one of the lifts shut down its working 
and become fails. The overall elevator scheduling gets 
collapsed. There is a need of a mechanism that will take care 
of such situations. If any of the elevators not available in 
service, then EGCS needs to reschedule the lifts according to 
the installed algorithm so they can minimize the 
inconvenience.  

The proposed scheme focuses on the elevator scheduling in 
EGCS to handle the situations that occurred due to the 
elevator shut down. Once the failure detected, the signal 
needs to send automatically or manually by the administrator. 
Once the EGCS detects one or more lifts failed and stopped 
working, then it reconfigures installed elevator scheduling 
algorithm and dynamically reschedule the elevators.  
The proposed system focuses on elevator scheduling when 
one of the elevators is allotted for a particular floor during the 
marriage function or any program. 
 
2.  LITERATURE SURVEY  
 

The proposed study [1] detects the elevator fault, sends 
information on the cloud and gives intimation to the 
maintenance department to repair the elevator. Elevator 
scheduling during the failure of the lift is not discussed. The 
study [2] focuses on the usage of Hadoop and big data 
approaches like apriori and k-means algorithms to analyze 
the elevator data from the remote location database.  The 
study examines and predicts the probability of elevator 
failure, so the maintenance team can focus on these elevator 
faults to minimize elevator accidents. The research [3] focus 
on aircraft fault control system where if the actuator or 
elevator fails the backup actuator or lift is replaced. The study 
[4] focuses on the monitoring system using IoT. 

The various sensors located in elevators detects the faults 
that occurred (if any) in the bins and sends information (the 
type of failure, elevator ID) to the system. The communication 
module sends a notification along with the address of building 
to technicians and Elevator Company mobile phones — the 
study focus on fault detection. The scheduling during elevator 
failure is not discussed. The elevator system is monitored by 
using IoT, camera, and audio system [5]. The failure of the 
elevator is monitored. By mounting various sensors in the 

elevator, the information about the elevator status, whether it 
is operating or failed if failed, then information about trapped 
passengers are sent to the residential monitoring system. The 
system then intimates about the failure of the maintenance 
team [6]. The study [7] focuses on packet rerouting procedure 
for a 3D network on chips, which are connected partially 
vertically. The study does not consider a building example to 
resolve the elevator-scheduling problem. The router has 
shared index tables of all elevators. If one of the bins fails, 
then the router reroutes the packets of the faulty elevator to the 
neighboring elevator. This type of rerouting leads to deadlock 
conditions as the lifts are arranged in 3D on NOC’s. The 
study proposes other solutions to an increasing amount of 
elevators, which is not practical in high buildings as it may 
increase the hardware cost and complexity in the construction 
design. 

The study [8] proposes a dynamic elevator allocation 
algorithm where the faulty elevator can reroute the incoming 
packets to nearby elevators. The research focuses on packet 
rerouting algorithms for a 3D network on chips, which are 
connected partially vertically. The study does not consider a 
building example to resolve the failure-scheduling problem. 
The elevator operations are divided as critical and 
non-critical operations in the study [9]. By using sensors, the 
software identifies whether one of the components in the 
group fails. If any element fails, then the operation is 
controlled by other components of the group. The study [10] 
introduces a fault-tolerant system to handle the inverter fault. 
If one of the three inverters fail, then remaining inverters 
provide the necessary power supply. In the study[11] software 
toll is designed in c# to insert the faults in the system and to 
detect whether the software can identify the injected faults. 
The presented study [12] analyzes the historical and survey 
data to determine the elevator failure so the maintenance team 
can use this information and recover the failure avoiding the 
risks. The study [13] focuses on the fault analysis method in 
the elevator door system.   

The research [14] Focus on developing a pulley 
maintenance schedule to avoid the failures in the elevator 
system. The study [15] concentrates on an induction motor 
error analysis in an elevator (lift) system.   

 
The approach [16] uses sensors and wireless antennas to 

transmit elevator status continuously to PC and mobile 
applications. Once the elevator failure occurs, then the 
responsible person can notice the sent data and take the 
necessary measure to overcome that failure. The study [17] 
focuses on an elevator monitoring system.  If the timer in the 
controller fails, then the controller will not operate accurately. 
The controller responds to the hall calls by resetting the list 
after every three minutes interval. Once the times or 
controller fails, the private elevators are removed from the 
group control system, and elevators respond to the hall calls 
individually.  
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The study [18] focus on a safe monitoring elevator system, 
where if some of the microcomputers fail, then the elevator 
controlling by abnormal microcomputer continues its service 
by other microcomputers. If the elevator car controller fails, 
then the elevator group is connected to other elevator 
controllers [19]. The study [20] focuses on a system with at 
least two system processors operating cooperatively. If one of 
the processors is not working properly, then the system 
reinitializes. After initialization, if the system does not work 
properly, then the system automatically allows the individual 
lifts to function independently. If one of the floor controllers 
fails, then another remote controller [21] directs elevators. 
Elevator control programs control the elevators [22]. If the 
first elevator control program fails, then the function is 
bypassed to other elevator control programs, and the elevator 
continues its working by another program when one of the 
elevator risers fails the elevator, control transfers to other 
risers, and continues its operation [23].  
Previous studies propose the solution to handle emergencies 
in the building but not focuses on the answers to schedule 
elevators when one of the elevator failures detected by the 
system. 
 
RFID sensors are used to collect floor population data. The 
studies focus on zoning based algorithm to handle emergency 
conditions [24] [25]. The studies do not focus on elevator fault 
emergency scheduling. 
 
3.  PROPOSED SYSTEM  
 

The proposed method focuses on emergency scheduling 
when elevator failure occurs. Once the EGCS detects elevator 
failure, all elevators stop working immediately, completes the 
current operation, and arrive at the ground level/floor to serve 
the calls with the new rescheduled algorithm. 

Consider a 20-floor commercial building with offices, 
hospitals, and schools located on different floors. Assume a 
school arranged a conference on a 10th floor on a particular 
date. The registered participants want to reach the 10th floor 
on the conference date. As per the installed elevator 
configurations, the lifts may stop either at each level, 
even/odd floor, or at a particular story. The participants may 
face inconvenience and long waiting times for the elevator. 
The conference manager may book a single lift or multiple 
lifts for conference floors for a specific period in advance.  

 
Consider a case if an emergency occurs in the hospital due to 
the unavailability of an elevator or fewer elevators, the 
situation may become worse.  The suggested method resolves 
this problem by presenting a new approach to proactive risk 
management to handle such type of risk that may occur in the 
hospital or at any level of the building. The proposed 
scheduling method offers the facility of hiring an elevator for 
a particular period and rescheduling of available elevators to 

minimize the people's inconvenience and to reduce the risk. 
As in advance, the information of unavailable elevators is 
available with administrator he/she can send a signal to 
EGCS about this and allots the required lift cars to demanded 
floors. Accordingly, the EGCS detects the working elevators 
and reschedules the elevators as per the installed 
configurations. 
 

 
 

Figure 1:  Proposed EGCS block diagram  
 

The same scenario can happen when a marriage or birthday 
party organized on a particular floor. For more comfort and to 
diminish the waiting time of guests, the family can book the 
number of elevators on function for floor/level for the specific 
time and date. Therefore, the administrator can book the 
elevators to the demanded floor on the demanded schedule. 
Once the period over, the scheduling will be regular.  
 
Figure 1 shows the components of the proposed EGCS. The 
fault detection module is responsible for the recognition of the 
failure that occurred in the system. Once the failure is 
detected, the information is sent to the identification module. 
This module identifies the number and ID of the failed 
elevator. By using this information, the EGCS calculates the 
count of working lifts.  Scheduler does elevator allocation 
based on installed scheduling algorithms, working elevators, 
and failed elevators. Emergency controller dispatches 
elevators to respective destinations according to new 
assignments received from the scheduler.  
Figure 2 shows the working of EGCS. The EGCS receives a 
failure signal and detects the failure elevator count and ID, 
and using this information reschedules the elevators. 
 
In a building with even-odd scheduling, people may cause 
inconvenience if one of the elevators stops working. The 
failure occurred in even-odd elevators increases the waiting 
time of passengers. Consider a building with twenty 
floors/stories and four elevators installed with an even-odd 
scheduling approach. Elevators 1 and 3 are odd and supposed 
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to serve odd levels of the building. Elevator 2 and 4 are even 
elevators assigned to serve even floor services. Consider a 
situation where an odd elevator stops working. People who 
wish to move on odd floors face tremendous problems, as 
there is only one odd elevator in service. The passengers 
either need to wait for the arrival of an odd elevator, or ride 
the even elevator, reach even floor and climb up or down to 
the expected destination floor. This practice usually not good, 
as many passengers need to wait for an elevator, and it may 
not be possible to climb staircases to most of the passengers. If 
the hospital or school located on an odd floor, then it leads to 
very risky situations, as there may be an emergency in the 
hospital. 
 
Consider another situation; elevator 1 and 3 fails; people wish 
to move on odd floors face many problems as odd elevators 
stopped working. Similarly, if elevator 2 and 4 fail, it causes 
problems for people who want to proceed on even floors.  
To handle such types of situations, when one or more 
elevators stop working, there is a need for dynamic 
rescheduling of lifts. The proposed system suggests the 
reactive risk management technique to handle emergency 
conditions that may occur in even-odd scheduling. The 

proposed elevator scheduling methodology is as follows.  
Count of Elevators – N, Number of failed elevators – m, 
working elevators –n, even elevators E 
Odd elevators O, Normal Elevators W  
n= (N-m), 
 E=n/2,  
O=n/2,  
W=n%2 

In a building with time-specific floor priority scheduling, 
school/office positioned on the 10th floor. EGCS allocates n-1 
elevators to serve the 10th floor and one elevator to assist all 
floors. People face inconvenience if one of the elevators stops 
working. The projected system allocates three elevators E1, 
E2, E3 to 10th floor during school/office opening & closing 
time, and fourth elevator E4 as a normal elevator. If one of the 
elevators from E1, E2, and E3 shuts down, it's working; then, 
two elevators will be available to serve the school or office 
floor and one elevator to assist all floors. This situation will 
not affect the overall performance of the system, as all 
passenger's requests get satisfied. 

 
 
 

Figure 2:  working of risk management elevator scheduling in ECGS 
 



Malan D. Sale et al., International Journal of Emerging Trends in Engineering Research, 8(4), April 2020, 1135 - 1141 

1139 
 

 

If E4 stops working, this causes incontinence to people 
those wish to go to intermediate floors. As during morning 
and evening time E1, E2, E3 dedicatedly allocates to the 10th 
floor, these elevators are not accessible to passengers.  
The passengers need to wait for time over and availability of 
elevators or climb the staircases to move at the required 
destination. Both solutions are not acceptable as it results long 
wait, and not all the passengers can climb the stairs. 

The suggested system to handle emergency conditions 
occurred in a time-based scheduling approach: reschedules 
n-1 elevators to 10th floor and one as a regular elevator. 

In a building with traffic based floor priority scheduling, 
shopping malls located on 10th, 15th, and 17th floors. EGCS 
finds the call range and allocates elevators. People face 
inconvenience if one of the elevators stops working. The 
proposed system allocates three elevators E2, E3, E4 to 10th 
and 17th floor, all four elevators to 15th floor, and E1 elevator 
to remaining floors as per the intensity of incoming calls. If 
E1 stops working, this causes incontinence to people those 
wish to go to intermediate levels. The people cannot use the 
E2, E3, and E4 to travel on intermediate floors as these 
elevators are explicitly allocated to the 10th, 15th, and 17th 
floor.  

In an emergency (Fire or Flood or Bomb attack at floor), do 
not use lifts use staircase is the todays scenario. The people 
need to climb the stairs to reach the destination, but not all the 
passengers can climb the stairs [29]. 

In an emergency scheduling like a bomb threat detection, 
Flood prediction, and fire detection at a particular floor, the 
EGCS calculates the required trips to perform on the affected 
floor and accordingly allocates the elevators to the affected 
location for the evacuation of human’s stuck on the floor. If 
some of the elevators fail or may be booked for function, then 
the overall scheduling fails to the effective evacuation of the 
passengers from the affected floor. Number of trips are 
derived by formula- 

 
     
 

Where 
 
C - Total passenger capacity of the elevator,  
Ne – Total floors in the building,  
Nt  - Number of required trips,  
Np – Total Passenger count,  
Pi - Passenger count at each floor 
 
When the elevator fault occurs the proposed system finds 
working elevators ‘n’ and calculates the number of trips 
required evacuating the people from respective floors. 
 
The scheduling of elevators during emergencies is as shown 
in table 1. The building with 20 floors and 4 elevators 
considered in the simulation. 

 

Table 1: Emergency scheduling of the elevators [29] 
 

Sr
.N
o. 

Thre
at 

type 

Floor 
affect

ed 

Popu
latio

n 

Eleva
tor 

alloc
ation 

Fro
m 

floo
r 

To 
Floor 

Tri
ps 

1 Fire 10 300 4 10 6 5 
2   300 4 11 7 5 
3   100 2 12 8 4 
4   100 2 9 4 4 
5 Bomb 10 300 4 10 6 5 
6   300 2 11 15 10 
7   100 2 9 5 4 
8 Flood 1 100 4 1 4 2 
9   100 2 2 5 4 
10   50 2 3 6 2 
 
The proposed system provides a solution by detection of 
working elevators and rescheduling of available elevators for 
emergency evacuation. 

4. RESULTS 
 

A building with ten elevators has five even and odd 
elevators. Table 2 shows the scheduling in the even-odd 
system and dynamic reconfiguration during the failure of the 
elevators. The simulation consists of a 20-floor building, and 
four elevators and results are calculated accordingly. 

 
Table 2: Even-odd dynamic reconfiguration during failure of the 

elevators 
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Table 3 shows the Time based dynamic reconfiguration 
during the failure of the elevators and the time-based elevator 
scheduling. In the emergency scheduling, if one of the 
elevator fails then EGCS finds the working elevators, 
calculates the required number of trips and performs the 
elevator scheduling. 
 
Table 3: Time based dynamic reconfiguration during failure of the 

elevators 

 
 
Table 4: Traffic based dynamic reconfiguration during failure of the 

elevators 

 

The proposed system to handle emergency conditions in a 
traffic priority system gives results as table 4. Results show 
that emergency scheduling during elevator failure gives better 
results as compared to regular scheduling. 
To handle emergencies the risk management EGCS shows 
the results as per the table 5. 
 
Table 5: dynamic reconfiguration during failure of the elevators to 

handle emergencies 
Sr
.N
o. 

Thre
at 

type 

Floor 
affect

ed 

Eleva
tor 

alloc
ation 

1 
Elev  
fail 

2 
Elev 
fail 

3 
Elev 
fail 

4 
Elev 
fail 

1 Fire 10 4 3 2 1 0 
2  11 4 3 2 1 0 
3  12 2 2 1 1 0 
4  9 2 1 1 1 0 
5 Bomb 10 4 3 2 1 0 
6  11 2 2 1 1 0 
7  9 2 1 1 1 0 
8 Flood 1 4 3 2 1 0 
9  2 2 2 1 1 0 
10  3 2 1 1 1 0 
 
The results shows that the risk management EGCS gives best 
results to handle the risks occurred due to elevator failure by 
rescheduling the working elevators. The system reduces 
people inconvenience, as they need not to wait for elevators 
and can use rescheduled elevators.  

5. CONCLUSION 
The proposed study focuses on elevator rescheduling in EGCS 
with proactive and reactive risk management techniques. The 
proposed EGCS handles the situations that may occur due to 
the elevator shut down and hiring elevators. The proposed 
system presents an innovative approach for the elevator 
rescheduling in case of elevator failure. If one of the elevators 
fails due to any of the reasons, then the proposed elevator 
scheduling reconfigures the installed elevator system and 
reallocates the bins. The results generated gives better 
elevator allocation and reduces passenger inconvenience. 
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