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ABSTRACT

As the coronavirus pandemic has shown, it is extremely

important to create special services for operational assis�

tance to the population. The rapid, uncontrolled growth of

emergency call traffic determines the relevance of resource

pooling emergency call centers within the framework of

System 112(system 112 is fully used in the territory of the

Russian Federation, an analogue of this system is 911 in the

USA). The effective use of the combined resource of oper�

ators in an emergency is an urgent scientific task. The arti�

cle discusses the organization of the reception of emer�

gency calls from the population and the distribution of

applications between specific duty dispatch services.

We study the following approaches to the organization of

emergency services:

Redirecting excess traffic to a common rapid response

center;

Implementation of a distributed response center;

Formation of an operational reserve of operators in serv�

ice areas.

The stages and the main functionality of the method of

combining and efficient use of resources of the emergency

call service system are determined in order to minimize the

loss of operational information.

KEYWORDS: Emergency, emergency services, 

interactive voice menu, call centers, operational reserve.

INTRODUCTION

We will consider the possibility of using an additional

resource of emergency response service center (ERSC) to

service emergency calls in an emergency. Part of the calls

from call centers in the emergency zone can be routed to

the emergency response center. The prospects and the pos�

sibility of using emergency response service centers are

reflected in a number of documents of ITU�T and the gov�

ernment of the Russian Federation [1, 2, 3]. The purpose

of organizing such centers is to ensure the receipt of emer�

gency calls from the population with minimal failures, as

well as the preliminary processing of emergency informa�

tion by operators. Under failure understood the direction

of the call to the IVR system (IVR � interactive Voice

Response) due to the busyness of all operators at the time

of the emergency call. Such calls may be served with a

delay. The speed of obtaining information from the emer�

gency zone is reduced.

When developing a mathematical model and research the

characteristic of complex communication systems in the

theory of teletraffic, an approach is often used that offers to

divide the system into separate modules. Imagine the sys�

tem under study as a combination of several separate mod�

ules. This is a decomposition method [4, 5].
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We denote the total number of call centers in the 
system by the value W, j = 1.2 ... W and the unified duty 
dispatch service by the UDDS (see Fig. 1). A dedicated 
rapid response center is an additional resource.For calcu-
lations, the RDA method was used. The name of the 
RDA method is formed by the system of indicators used: 
the value of R indicates the average value of the excess 
load; D is its scattering(i.e., the difference between the 
variance and the average value);A - load intensity. 

A special program is developed to calculate the 
characteristics of the system according to the method 
RDA. Table 1 presents the results of calculating the re-
quired number of operator jobs V_ERSC,received for the 
given requirements for call losses, namely for 
P_ERSC≤0.001 and P_ERSC≤ 0.01. It was assumed that 
the average traffic level in the districts is at 10 Earl. In 
fact, the case of eight-fold growth in growth traffic in the 
emergency area is considered. 

Figure 1. Variant of the implementation of the emergency 
response service center (solid lines – the path of service  

requests, dashed lines – the return path of processed  
electronic requests) 

Table 1  

The results of the calculation of the required number of 
workplaces of operators in the call center ERSC in case 

of emergency in one area (CC-Emg) 

Table 2 presents the results of calculating the re-
quired number of workplaces of operators V (reqERSC) 
obtained for P ERSC  0.01 in conditions when there is a 
sharp increase in emergency traffic in two regions. 

Table 2  

The results of the calculation of the required number  
of workplaces of operators in call center ERSC in case 

of emergencies in two regions when P ERSC  0.01 

Analyzing the obtained results, we can draw a pre-
liminary conclusion that the organization of emergency 
response service center allows efficient service of excess 
traffic from several call centers (CC). For example, with 
a four-fold increase in traffic in each of the two districts 
of the emergency, it will be necessary to employ a signif-
icantly smaller number of jobs in the call center ERSC, 
all other things being equal (up to 60 jobs instead of 78 
with eight-fold increase in traffic in the only emergency 
area). 

We list the negative aspects of organizing a call cen-
ter ERSC: 

In irrational use of the resources of ERSC (only dur-
ing emergency situations); 

The throughput of the entire system can increase 
due to the organization of additional operator jobs in 
ERSC. At the same time, the positive aspects are: 

The possibility of operational mutual assistance to 
several call centers at the same time. 

The ability to take into account the geographical 
factor, including call centers of regions and settlements 
distant from each other in the ERSC, which reduces the 
risk of critical overloads when the simultaneous occur-
rence of several emergencies. 

As shown in Fig. 2, besides the excess traffic from 
the CC-Emg, the ERSC can serve the emergency call 
traffic of its area with intensity I (I – intensity of calls 
arriving), and it is also possible to use the call center 
(ERSC) resources for outsourcing in the absence of 
emergency. 

In case of emergencies in one or several areas, addi-
tional traffic will be arrived on it, excess for these areas. 
Table 3 presents the results of calculating the required 
number of workplaces for operators of V(reqERSC) ob-
tained for the given requirements for call losses, namely 
for P ERSC ≤ 0.001 and P ERSC≤ 0.01. 

Figure 3 shows the dependence of the number of 
jobs in the call center ERSC, which need to be highlight-
ed additionally Vadd, on the amount of incoming traffic, 
expressed through the intensity of the loadAEmg.Also 
presents the dependence of VreqERSC on the value of 
the AEmg obtained for the first version of the organiza-
tion of the ERSC.Both of these dependencies are linear, 
which reflects the extensive nature of increasing the 
throughput of the system as a whole. 
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Table 3  

The results of the calculation of the required number  
of workplaces of operators in ERSC in case  

of emergency in one area and the implementation  
of ERSC based on call center (CC j) 

Figure 2. Implementation option of call center ERSC  
based on call center of the j-th region 

Figure 3. Dependencies Vreq ERSC (first option) 
and Vadd (second option) on the intensity  

of the ASF load at RCAF OR≤ 0.001 

Modern info communication technologies allow ex-
panding the capabilities of communication systems and 
networks.In particular, we will consider a promising op-
tion for organizing mutual assistance by combining the 
capabilities of emergency call centers in a single re-

source. To implement this option in the call center-
emergency(ERSC) should be programmatically imple-
mented opportunity of the pseudo-random distribution of 
emergency calls to call centers of the mutual assistance 
system taking into account the available resource of op-
erators (see Fig. 4). Practically, we are talking about the 
implementation of a distributed response center, the re-
sources of which are distributed over separate call ser-
vice centers of different duty dispatch services. 

Describe its functioning, we use the results of calcu-
lations by the RDA method. 

Figure 4. A promising variant of the organization of mutual 
assistance 

When combining several call centers that make up 
the UDDS into a mutual assistance system, the question 
arises of organizing an operational reserve in each of the 
call centers in order to maintain the high quality of ser-
vice for residents of those service areas at which excess 
traffic is directed from the emergency call center (ECC).  

The requirement must be met – a significant deterio-
ration in the quality of service in the j-th service area is 
unacceptable if the resource (or part of the resource) of 
the operator’s workplaces in the j-th call center becomes 
available for excess traffic from the emergency call 
center. 

Practically, talking about that aresource of operator 
jobs in the call center of the j-th district (operational re-
source) will be available only to residents of the j-th dis-
trict (servicing “internal” calls). Only a part of the opera-
tor’s workplaces in the call center of the j-th district is 
provided for general needs in a mutual assistance system. 
Moreover, they can be transmitted on an ongoing basis 
(they will only serve “external” emergency calls), or can 
be used both for “external calls” and for “internal calls” 
of the j-th district.  

To investigate the influence of the operational re-
source on the throughput of the emergency services 
system in emergency mode, a mathematical model of 
the functioning of the mutual assistance system is de-
veloped. 

The calculation results for a mutual assistance sys-
tem combining four call centers are presented in table 4.  
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During the calculations, it was assumed that an 
emergency could occur in the area of responsibility of 
one UDDS (see Fig. 4).Excess traffic from the emergen-
cy call center can be directed to the other three call cen-
ters of the system (W = 3).It is required to maintain a 
sufficiently high quality of emergency call service in the 
area of responsibility of those EDDS where there is no 
emergency, but where excess traffic is redirected from 
the emergency zone.To this end, it is proposed to allocate 
part of the resource of operator systems for internal 
needs, providing as a general emergency resource only 
part of the available funds.In table 4, the number of oper-
ator positions allocated to the operational reserve is de-
noted by Vjrez, and varied from 0 to 6 (up to 30% of the 
available resource). 

As shown in Fig. 5, the dependences of Pivr (the 
proportion of the excess traffic directed to the IVR)) and 
Pivrj (the proportion ofthe trafficarriving in the zone j 
directed to the IVR) on the value of the operational 
reserve are multidirectional, namely, an increase in Vjrez 
reduces the efficiency of the entire system (the percent-
age of failures in excess emergency traffic increases), but 
a high level of emergency call service remains in areas 
outside to the emergency zone. 

Table 4  

Results of calculating the probability of direction calls 
from the emergency area Pivr Emg to IVR,  

and the probability of direction calls from the j-th service 
area to IVR depending on the operational reserve Vjrez 

We fix the requirements for the quality of emergen-
cy call service in the mutual assistance system at a high 
level. Namely, we will set the requirement for the proba-
bility of failures for calls from the emergency zone at the 
level PivrEmg ≤ 0.01.Table 5 presents the results of cal-
culating the maximum allowable value of the operational 
reserve Vjrez max.Part of the emergency traffic is served 
in the emergency call center (CC-Emg), and some of it 
with intensity exec is directed to other CCs of mutual 
assistance system. If the condition Vjrez≤ Vjrez max is 
not satisfied, then, accordingly, the set PivrEmg ≤0.01 
requirement will not be fulfilled. 

The value of AEmgalow – this is the permissible 
load on the call-emergency, the excess of which does not 
allow to fulfill the requirement PivrEmg≤ 0.01. 

Figure 5. Dependencies PivrEmg and Pivrj on the value 
of the operational reserve Vjres 

Analyzing the data of table 5, we can conclude that 
the allocation of a large operational reserve in the call 
center (СС) of the system limits the effect of mutual as-
sistance in emergency mode.For example, if in a call 
center with a capacity of Vj = 30, for the operational 
reserve will be left Vj res = 10 operator jobs at 
Aj = 10 Earl, then in the j-th area, almost trouble-free 
service of emergency calls will be implemented, and for 
calls from the emergency zone, the requirement is 
Pivr Emg ≤ 0.01 will only be executed if the AEmg does 
not exceed 29.38 Erl. Otherwise, we can expect a sharp 
increase in the value of PivrEmg. 

Table 5  

The results of calculating the probabilities of PivrEmg 
and Pivrj at W = 3 of the value of the operational reserve 

Vjmax, if the requirement is PivrEmg ≤0.01  
and at Aj = 10 Erl 

We will make a demand for emergency calls service 
in areas where there are no emergencies, to the call ser-
vice centers of which the excess traffic is routed 
Pivrj ≤ 0.01, setting the requirement PivrEmg ≤ 0.01 for 
calls from the emergency zone. 

The purpose of the calculation is to clarify the value 
of the permissible intensity of excess traffic A_excess, as 
well as the permissible value of the traffic intensity in the 
emergency call center AEmg_allow. The calculation re-
sults are presented in table 6 and Fig. 6. 
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Table 6  

The results of calculating the permissible excess load A 
excess depending on the maximum number of channels 

of the operational reserve Vjrez with the initial data:  
Vj = 30 W = 3 and Aj = 10 Earl; PivrEmg ≤ 0.01  

and Pivrj≤ 0.01 

The analysis of the obtained dependence shows that, 
subject to the set requirements for the values of PivrEmg 
and Pivrj, the value of AEmg _allow and the value of the 
operational reserve Vjrez max are interrelated. 

For this variant, it may be recommended to limit 
Vjrez max to Vjrez max = 4.If we choose an operational 
reserve of Vjrez = 5 or more, then we get almost trouble-
free emergency call service in the j-th area (CCj is not 
loaded), and the coefficient of potential stability of the 
CC-Emg to overloads h does not rise above the value h = 
4.718 at Vjrez = Vjrezmax = 4.It should be noted that the 
inclusion in the mutual assistance system of 26 call cen-
ter operators of the j-th service zone out of thirty means 
that all thirty center operators will also be available to 
residents of the j-th service zone, and in addition, 26 op-
erators will be included in the mutual assistance system 
in case of emergency . 

Part of the available resource of operators on call 
centers should remain in the operational reserve.The val-
ue of  can also be used, which characterizes the 
number of jobs in CCj included in the mutual assistance 
system minus the operational reserve. 

We present in table 7 the option of resources distri-
bution to individual call centers of the system, converting 
the data of table 1.Required aggregate resource of opera-
tor jobs to service excess traffic in the system and was 
defined as V_system = Vreq-emg and was performed for 
two versions of the given requirements of the 
P_system ≤0 .001 and the P_system ≤ 0.01 (where 
P_system – the probability of failure of excess traffic in 
the system).Next, the number of operators included in the 
mutual assistance system at each of the call centers was 
determined. 

Figure 6. Dependence of the maximum allowable number  
of channels of the operational reserve on the permissible excess 

load at Vj = 30, W = 3, Aj = 10 Erl 

In this case 

Vreq-emg= .        (1) 

Accordingly, the operational reserve in each of the  
call centers of the system is 

Vjrez =Vj - V ,      (2) 

Where V  - number of channels dedicated to serv-
ing excess traffic. 

It was assumed that the average level of traffic 
in the area is at 10 Erl. In fact, the case of a fivefold in-
crease in traffic in the emergency area to the ASF = 50 Erl 
was considered. 

Analyzing the result, we can conclude that the sys-
tem will provide a quality of service of the P system ≤ 
0.01 with a fivefold increase in traffic if 4-5 operator jobs 
are allocated as an operational reserve in each call center 

Table 7  

Results of calculating the required number of operator 
jobs in the mutual assistance system in case of  

emergencies in one area. The number of channels  
in CC-EmgVcc-Emg=20, V1=V2=V3=20 

The implementation of the presented variant of the 
organization of mutual assistance involves the presence 
of two modes of operation of the system. 

1. In the absence of an emergency, call service cen-
ters within the UDDS, combined into the system, operate 
independently of each other. 
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2. When the emergency mode is fixed, excess traffic
is directed from the emergency call center (CC-Emg) to 
the other call centers (CC) of the system, being distribut-
ed in a pseudo-random manner, and taking into account 
the available operator capacity in each call center. 

Note the special requirements: 
– It is necessary to quickly enough determine the

onset of emergency, allowing you to switch to the second 
mode of operationin the CC-Emg.There should be infor-
mation about available operators in other call centers 
included in the mutual assistance system; 

– Since it is not known in which region the emer-
gency will occur, such information should be in each call 
center of the system; 

– It is also necessary to provide protection against
possible collisions of the simultaneous occupation of the 
same resources, the occurrence of which is possible with 
a significant removal of call centers from each other. 

Commercial emergency call centers with a high 
technical level can be included in the mutual assistance 
system of emergency services. As the experience of work 
of call centers of various telecom operators shows, ex-
ceeding the value of using the operator’s workplace 
U > 0.6 increases staff turnover and staff retraining 
costs.Let us calculate the AEmg_allow because the value 
Aj is fixed at the level Aj = U * Vj = 0.6 *Vj. 

The results of calculating the coefficient of potential 
stability of the CC-Emg for overloads h at P system 
0.01 are presented in table 8.Analyzing the results, we 
can conclude/ 

The degree of influence of the value of W in the 
mutual assistance system on the coefficient h decreases 
when the requirement Aj = 0.6 *Vj is met. For example, 
at Vj = 40, an increase in W from unity to four ensures a 
1.4-fold increase in the coefficient h. In the presence of 
four combined call centers (W = 3), the choice of Vj = 30 
ensures stability h = 2.05. 

Table 8  

The results of calculating the permissible load intensity 
of AEmg _allow, at which the conditions of the 

P_system≤ 0.01 will be satisfied at Aj = 0.6 *Vj. Erl 

Thus, on the one hand, the system's resilience 
to emergencies, subject to the requirements Aj = U *Vj = 
= 0.6 *Vj is significantly lower than with the previously 
considered option, when call center resources are used 
only for emergency calls. One should take into account 
the influence of such a factor as unpreparedness for 
emergency mode. The low level of traffic in the absence 
of emergencies causes a desire to save on labor re-
sources. Therefore, in emergency mode, the actual num-
ber of operators can be significantly lower than that stat-
ed in the design and operational documentation. 

On the other hand, actual and possible variant of 
quickly switching call center operators from momentary, 
traditionally solved tasks to emergency call receiving 
tasks is relevant and possible. Therefore, when assessing 
the sustainability of the emergency services system to 
overloads and choosing the option of combining call cen-
ter resources, one should proceed from assessments of 
the functioning of the emergency service system for the 
option when call center resources are used only for 
emergency calls, given the need and the possibility of 
quickly mobilizing the resource of operator subsystems 
in emergency mode. 

Let us present the results of developing a method for 
increasing the capacity of an emergency call service sys-
tem. 

The developed method takes into account the fol-
lowing factors [6, 7]: 

The availability of material - technical resources for 
organizing the interaction (mutual assistance) of emer-
gency call service centers. 

The need for "location" in order to determine the 
number of emergency call centers in the system; 

The availability of statistics data on emergency ser-
vices in a given region or territorial entity characterizing 
emergency services traffic (including the supposed level 
of traffic in emergency mode). 

We define the stages and the main functionality of 
the method of combining and efficient use of resources 
of the emergency call service system: 

– The first stage involves the analysis of the above
factors to assess the prospects of combining the resources 
of emergency call centers in a distributed mutual assis-
tance system, and to clarify their number.Also, to deter-
mine the possibility and necessity of organizing a dedi-
cated center for operational response.It should be borne 
in mind the possibility of including in the emergency 
services system of a number of call centers of third-party 
telecom operators (a possible option in the Republic of 
Yemen). 

– The second stage suggests the preliminary selec-
tion of option or options for organizing mutual assistance 
(including with the use of ORR and COR traffic man-
agement methods).The most promising is the following 
option. Part of the load is served in the (СС-Emg) call 
center, in the service area of which the emergency is rec-
orded.Excess traffic from it is directed to the call centers 
of the mutual assistance system using a distributor, the 
volume of such traffic is set in proportion to the real ca-
pacity of these call center ES. 



22 No. 1. 2020SYNCHROINFO JOURNAL

The simplicity of its implementation has several ad-
vantages: in the work of the distributor, one can take into 
account such a factor as combining call centers of differ-
ent capacities into a mutual assistance system (a possible 
option in the Republic of Yemen). 

Operational redistribution of traffic flows during 
overload or failure of individual emergency call centers 
is possible. 

Mutual assistance can be implemented on an ongo-
ing basis: 

– At the third stage, it is necessary to analyze the
statistics on the increase in the number of emergency 
calls in emergency mode, specifying the requirements for 
the value of h - the coefficient of potential resistance of 
the CC-Emg to overloads. Further, taking into account 
the value of h, the capacity of the operator services and 
the number of emergency call centers to be included in 
the mutual assistance system should be determined. 

– The fourth stage involves the selection of a specif-
ic option for the operational reservation of operator sys-
tem resources to maintain an acceptable level of emer-
gency call service in the areas of responsibility of the 
UDDS, which are part of the mutual assistance system, 
but are not covered by emergencies. 

– The five stages involves the choice of variant of
building an emergency call service system, taking into 
account the results of calculating the system work indica-
tors, subject to the general requirement of minimizing 
costs and efficient use of resources (including involving 
the resources of a commercial call center). 

CONCLUSION 

1. Research and analytical calculation of the char-
acteristics of the mutual assistance system of emergency 
services allowed to determine the positive and negative 
sides of each of the options considered. 

2. The stages of combining and efficient use of re-
sources of the emergency call service system are deter-
mined. 

3. Clarification of the requirements for the value of
h – the coefficient of potential stability – a necessary 
condition for choosing the option of building a mutual 
assistance system. 

4. Formation of an operational reserve of operator
jobs in an emergency call center allows maintaining a 
high level of service quality, but reduces the effective-
ness of the mutual assistance system as a whole. 
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