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Abstract: The article presents an overview of common trends in the evolution of rail operations control as well as the factors 
stipulating the existing approaches to the design of Rail Operations Control Centres (ROCCs) around the world. Based on the 
comparative analysis of various ROCCs and traffic parameters, the authors propose some classification of global traffic control 
models. The article outlines further steps towards a more detailed analysis of ROCCs in terms of their effectiveness by introducing 
a number of additional criteria and performance indicators to be taken into account. 
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Introduction  
In 2021, NIIAS completed a research “Role, De-

sign Methods and the Future of Rail Operations Con-
trol Centres in Asia” commissioned by the Interna-
tional Union of Railways (UIC) [1]. Presumably, this 
was the first global international research that cov-
ers a variety of aspects related to the design, con-
struction and operation of Rail Operations Control 
Centres (ROCCs). The research presents the evolu-
tion of Rail Operations Control Centres in terms of 
traffic control and dispatching functionality, while 
taking into account such factors as the role of ROCC 
in traffic control, key life cycle stages, ergonomic de-
sign principles and technical requirements for ROCC 
hardware and software. 

The research gives an overview of general prin-
ciples pertaining to the design and construction of 
ROCCs in different countries (ROCC models), ap-
proaches to comparative analysis of ROCCs and pos-
tulates mid-term and long-term trends as regards 
the further evolution of ROCCs. This article pres-
ents some results of the research primarily related 

to the analysis of traffic control models in different 
countries as well as the approaches to ROCC perfor-
mance evaluation.

Rail traffic control models
There are different traffic control models, and 

they are defined by the specifics of a particular rail-
way network and may depend on a wide range of 
variables, including the geographical location, the 
railway network size, the railway infrastructure 
manager status (public, private or both), the prevail-
ing type of traffic (freight, passenger or mixed), the 
transportation management process structure (cen-
tralized, decentralized), the controlled facilities, the 
level of the network’s technical capabilities, etc.

For example, in the United States, a significant 
part of the railway network is owned by large pri-
vate freight companies, within whose boundaries 
the main control centres operate. The tasks of the 
BNSF ROCC are determined by freight traffic in the 
first place, and by the operation of Amtrak passen-
ger trains on the BNSF network in the second place. 
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Unlike the USA, in Europe the railways are owned by 
the state. In Europe, the tasks of ROCCs are deter-
mined primarily by passenger traffic, and as regards 
freight traffic, they can be limited by train graph is-
sues. 

In a number of countries, including such the 
Asia-Pacific states as China, Russia, South Korea, the 
network operator and traffic controller are the same 
company, while in other countries the railway mar-
ket is in part or completely regulated by individual 
agencies responsible for the infrastructure and traf-
fic management, while privatized or competing op-
erators (primarily those of freight rolling stock) use 
the railway network competing for train paths. The 
three-tiered centralized traffic control structure ap-
pears to be the most conventional, and includes the 
network, regional and local levels that are typical for 
many countries. The traffic management system of 
JSC RZD is usually divided into four levels: network, 
regional, local levels and areas combining several 
railways. At each level, traffic control has its own 
features, which are taken into account when creat-
ing management information systems for ROCC at 
different levels [2].

As a result of the comparative analysis, the fol-
lowing traffic control models were identified:

• “American model”: ROCCs belong to big pri-
vate rail freight companies; operating staff 
is situated in a large operations control cen-
tre, which is supported by auxiliary centres; 
typically, the “American model” ROCC controls 
bigger areas comparing to the other models;

• “European model”: the traffic control is cen-
tralized within the entire railway network and 
has two levels (network and regional OCCs); 
the regional OCCs are characterized by rela-
tively small control areas and volumes of traf-
fic comparing to the other models;

• “Chinese model”: the traffic control is central-
ized within the entire railway network and 
has two levels (network and regional OCCs); 
the regional OCCs are characterized by in-
creased volumes of traffic comparing to the 
other models;

• “Russian model”: can be characterized as a 
hybrid model combining the features of the 
“American and Chinese models” and currently 
tending towards the “Chinese model”.

Today’s ROCC is typically a spacious and well-lit 
master control room with rows of automated work-
stations of operating personnel arranged in an am-
phitheater or horizontally and oriented towards the 
“videowall”, an Operational Visual Display System 
(OVDS), that visualizes a large amount of operation-
al and analytical information on the transportation 
process overlaid on the layout of a railway or net-
work. Each workstation is ergonomically designed 
and equipped with a modern personal computer 
with a number of monitors, telephones or a multi-
purpose touch-screen control panel. Normally, a 
ROCC is situated in a building of its own, and its 
master control room hosts a single dispatching shift 
that manages train traffic 24 hours a day, 7 days a 
week, and 365 days a year.

For the purpose of the illustration, below are giv-
en photographs of the ROCC master control rooms 
from around the world: the ROCC of BNSF, the larg-
est US railway company, in Fort Worth, Texas (in 
terms of its size, the Centre is comparable to a foot-
ball field), the Sydney Trains ROCC in the southern 
Sydney (Australia), the RZD ROCC (South Ural Rail-
way) in Chelyabinsk [3].

Photo 1: ROCC of BNSF (USА)

Photo 2: ROCC of Sydney Trains (Australia)

70        Journal of Information Technology and Applications        www.jita-au.com



Rail OpeRatiOns COntROl CentRes JITA 12(2022) 2:69-76 

Comparative analysis of ROCCs in the world

In the research, a comparative analysis of public 
railways was made in terms of ROCC efficiency eval-
uated on the basis of key performance indicators of 
the railway complex.

For the analysis we selected the countries with 
the most developed railway network: USA (BNSF, 
Union Pacific), Germany (DB), Austria (ÖBB), Swit-
zerland (SBB), France (SNCF), Spain (ADIF), South 
Africa (Transnet Freight Rail, PRASA), South Korea 
(KORAIL), Russia (Russian Railways), China (CR). 

It should be noted that in the examined coun-
tries not the entire railway network is “covered” by 
ROCCs. For example, in France, 1500 signal boxes 
combined into 16 ROCCs that control traffic over 14 
ths km (out of 30 ths km) of the national railway net-

work, which accounts for 90% of all railway traffic 
in the country. However, this factor was not taken 
into account in the analysis.

Network-level ROCCs were not taken into ac-
count as they generally perform coordination and 
monitoring functions. In cases there are no regional 
ROCCs, the only network-level ROCC that controls 
traffic is considered as a regional ROCC. At the first 
stage, the correlation between such parameters 
as the network traffic density and the number of 
ROCCs was analyzed.

The network performance (or network traffic 
density) in terms of transported freight-passengers 
per 1 km of track per year was calculated using for-
mula:

Dn = (Tn1+C·Tn2)/Ln,

where Dn is the network traffic density, t per km of 
track; 
Tn1 is the annual freight turnover of the railway net-
work, t-km; 
Tn2 is the annual passenger turnover of the railway 
network, pass-km; 
Ln is the length of the railway network, km; 
C is the passenger to freight turnover equivalence 
factor, С=2.

For the assessment, the initial data for 2019 were 
taken (as the most complete), which are given in Ta-
ble 1, where N is the number of ROCCs.

Photo 3: ROCC of Russian Railways in Chelyabinsk

Table 1. Initial data for assessing the correlation between the average network density and the number of ROCCs
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Table 2 shows the results of the calculation in 
terms of transported cargo passengers per 1 km of 
the network.

The diagram (Fig. 1) shows railway networks 
according to the average traffic density and the 
number of ROCCs. In order to see whether there is 
a possible correlation between these parameters, 
a correlation analysis was made. The resulting cor-
relation coefficient (r = 0.3) indicates the absence 
of any noticeable relationship between the average 
traffic density and the number of ROCCs. However, it 
can be seen that the railway networks are arranged 

in several groups located in different corners of the 
diagram.

The first group (marked in blue) includes low-
density networks with a large number of ROCCs. 

The second group (marked in green) includes high-
density networks with a large number of ROCCs. The 
third group (marked in grey) includes low-density 
networks with a small number of ROCCs. Further re-
search might focus on identifying the characteristics 
pertaining to each group of railway networks with the 
additional parameters of transportation management 
models involving ROCCs taken into account.

Table 2. Results of the calculation of average network density

Fig. 1. Relations between ROCCs numbers (N) and average network density
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The initial data for the analysis is given in Table 3.
The resulting diagram (Fig. 2) presents the rail-

way networks according to the average length of a 
single ROCC’s control area and the average freight-
passenger turnover per ROCC. In order to see 
whether there is a possible correlation between 
these parameters, a correlation analysis was made. 
The resulting correlation coefficient (r = 0.75) might 

potentially suggest a relationship between the aver-
age length of a ROCC’s control area and the average 
freight-passenger turnover per a ROCC.

The graph allows us to assume that BNSF, Union 
Pacific, CR and RZD have achieved a higher level of 
traffic control centralization, as one regional ROCC 
supervises a longer railway network with a higher 
freight-passenger turnover. The American model 

Table 3. Initial data for assessing the relationship between the length of ROCC controlled area and its passenger-freight turnover

Fig. 2. Relations between the length of a ROCC controlled area and the average passenger-freight turnover per one ROCC
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of centralized traffic control is characterized by an 
increased ROCC controlled area as compared to the 
other models, while the Chinese model involves a 
higher traffic managed by a single ROCC. The Rus-
sian traffic control model may probably be charac-
terized as hybrid as it combines the features and 
trends of both models, yet currently tends towards 
the Chinese model. 

The European railways as well as the railways of 
South Korea and South Africa can be characterized 
as less centralized, as one regional ROCC operates 
a smaller network with a lower freight-passenger 
turnover (Germany being evidently an exception). 

This classification is rather indicative and cer-
tainly requires the consideration of additional fac-
tors affecting the transportation process manage-
ment. For instance, the following factors should 
probably be taken into consideration: the ROCC’s 
geographical coverage, the length of controlled ar-
eas, the number and roles of the ROCC’s personnel, 
the number of controlled facilities, the functional-
ity of track-side assets and the HW/SW system de-
ployed in the ROCC, additional (besides traffic con-
trol) functions performed by the ROCC, etc.

Evaluation of ROCC efficiency 
If one looks at a ROCC from the point of view of its 

performance indicators, one might probably com-
pare the ROCCs currently existing around the world 

by evaluating their effect on the transportation pro-
cess in terms of Key Performance Indicators (KPI). 
In the conventional sense, KPIs are a metric system 
for measuring a company’s performance that takes 
into account the overall performance according to a 
certain scale. In this case, the KPI is calculated using 
the formula, in which all the indicators are averaged, 
while the passenger turnover is reduced to freight 
turnover:

Where Io is a ROCC’s operations key performance in-
dicator (KPI);
L1 is the length of a ROCC’s controlled area (ths. km);
L2 is the length of a ROCC’s controlled area in the 
sample (ths. km);
D1 is the traffic density of the infrastructure con-
trolled by a ROCC (t per 1 km);
D2 is the traffic density of the infrastructure con-
trolled by a ROCC in the sample (t per 1 km);
T1 is the freight turnover attributed to a ROCC (mln 
t-km);
T2 is the freight turnover attributed to a ROCC in the 
sample (mln t-km).

It should be noted that L1, D1 and T1 indicators 
are calculated using the following formulas:
                                           while L2, D2, T2 indicators are 
calculated as arithmetic mean primes. 

Table 4. Summarized data on ROCC KPI calculation
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A summarized data on ROCC KPI calculation in 
different countries is given in Table 4.

The calculation shows that the maximum KPI is 
7.55. Harrington’s scale can be used for constructing 
a metric system for estimating (ranking) KPIs taking 
into account the obtained maximum KPI value.

The final modified scale with estimated indica-
tors is shown in Table 5.

As it can be seen from the Table 4, four railway 
networks significantly differ from the rest of the 
sample. Given the obtained maximum KPI and the 
proposed ranking system, the obtained results of 
a ROCC’s “performance ranking” for the selected 
countries are shown in Table 6.

The above data do not enable a rigorous math-
ematical analysis due to the insufficiency of open-
source information, yet they might indicate the av-
enues of future research. In fact, the comparative 
analysis of ROCCs of various countries is a multi-cri-
teria task that requires not only a more complete set 
of reliable data, but the use of factor analysis as well.

Conclusion
As part of possible further research of the role 

and efficiency of ROCCs in different traffic control 
models, it might be suggested that one should ex-
tend the ROCC evaluation criteria. It is also obvious 
that further research should take into account at 
least the following aspects: 

• number and length of dispatcher-controlled 
areas as well as their density;

• minimum and maximum traffic management-
related workload of a traffic controller;

• spatial allocation of Operations Control Cen-
tres;

• structure of the short-term transportation 
planning and assignment of adequate num-
bers of traffic control personnel;

• systems for automation traffic control and su-
pervision, including automatic train supervi-
sion.

Table 5. Ranking KPIs

Table 6. Assessment of ROCC efficiency level
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Despite the differences in traffic control models, 
it should be noted that there is a general trend in all 
developed countries towards a greater centraliza-
tion of operational management in control centres 
and the strengthening of the role of ROCCs in ensur-
ing the sustainability of the transportation process. 
In this sense, such ROCCs’ functions as situational 
awareness and forecasting implemented on the ba-
sis of predictive analytics methods are becoming in-
creasingly important. In addition, the development 
of ROCC is linked with improving workforce produc-
tivity in railways and optimizing CAPEX and OPEX 
associated with the transportation process [4].

In general, it can be said that modern ROCCs are 
developing in the direction of the target state of 
ROCC 4.0. This trend should also be taken into ac-
count when assessing the efficiency of ROCCs and 
updating the requirements for ROCCs as part of the 
development and improvement of the existing traf-
fic control system. 
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