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ABSTRACT
Energy storage for updating of a new building represents an opportunity to estimate the costs that this
issue should be considered in efficient buildings. Most old buildings have a lot of energy dissipations
due to inappropriate control system and building components. According to the sustainable and
durable development, repair of the buildings reduces energy consumption and improves the overall
condition of the building. To attract the long-term saving of money and convenience of residents,
technical innovation has been enhanced as a potential solution of this issue for many years and only
computer tools are collected and their information is provided for required examinations. This paper
explains improvement in the control and supervision of building services in Building Management
System (BMS) and Building Information Modeling (BIM).
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INTRODUCTION
In recent years, construction work has been boosting the innovation of building and repairing them.
Technical innovation has always created better building management. Modern technologies have friendly
user interfaces, such as successful management of building systems and relevant cost reductions. For more
energy performance in existing building, Building Management System (BMS) and Building Information
Modeling (BIM) play a major role in saving energy and cost of living. BMS is used for monitoring of energy
performance in the buildings and convenience of customers. This system supports real-time data collected
from wired/wireless sensors. These data contain temperature and CO2 and they can read LUX level. The
collection of real-time data is essential for shaping of building implementation. This project emphasizes the
use of information and communication technology in supporting mandatory maintenance of building and
improvement of their performances. Not only does BIM support BMS, but also it uses building performance
analysis.

BUILDING MANAGEMENT SYSTEM (BMS)
Building Management System (also called the Building Automation System) is a system which has
automatic monitoring and service control such as light, pumping, service, heating, cooling and ventilation
and supports the energy performance and welfare. The purpose of the BMS is to increase condition,
supervision and control of the building. BMS has often an effective solution for smart building management
strategies and makes it possible for residents to have more efficiency. According to a research of Atlanta
association and Ashrae project, investment in BMS is able to save more than 14% of annual cost of
productivity and it is useful for heating and improving of weather conditions engineering. [1-3]. The building
management system reduces energy consumption and increases internal comfort. When a building with BMS
is compared with a building without BMS, The building with optimal BMS stores energy costs in the range
of 15%-20% [4-6].
The primary motivation to do this project is the use of BMS to monitor the implementation of building and
energy performance. These systems are capable to collect real-time data (such as temperature, CO2 and
humidity, etc.) from wired/wireless sensors. Real-time data collection not only has a definite form of
building performance, but also they are used for evaluation and 3D models in BIM.
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2-1- Fundamental Structure of BMS
In general, the BMS statement includes all control components such as hardware, controller, link networks
and central controllers[7]. The control system consists of three fundamental components: sensor, controller,
and controlled instruments. Organization of different components for comprehensive BMS is in the system
design. Each component in this design connects to each other and to the communication system [8-10].
BMS includes the level of the field layer, the level of the automation layer and the management level [1113]. For working with BMS, the central system is the automation layer and it requires the implementation of
systems and communications[14]. There are the field controllers to control the transfer of data from one
section to another. Moreover, field sensors have signals and simulators and they respond to this sensors in
separate modes. Eventually, system interfaces (Web Search Engine) is a program which controls the display
for users and it shows system response. Building applications programs are specified to turn off a light
automatically and HVAC for users. The fundamental structure of building management system is presented
in Fig.1.

Fig.1. the fundamental structure of building management system
2-1-1- Field Layer Level (FLL)
The file controllers are associated with sensors and triggers in the field layer level and they take real-time
data and connect it to automated layer which is at the management level and user interfaces[15]. If data is
suitable for predefined parameters, no performance will occur at the level of the automation layer.
Otherwise, communication controllers will control the system and its changes which are accordance with the
system conditions such as turning on a boiler until it reaches room temperature, and so on[2, 16].
2-1-2- Automation Layer Level (ALL)
Automation layer level includes smart control distribution networks (communication controllers) which
relates to field controllers. Smart controllers come with smart systems. Each controller is able to control
various system by fixed distribution points of I/O. Likewise, communication controllers are able to run
automatically and independently from management level. In addition, the entire system should be able to
operate automatically without interfaces and with management level.
2-1-3- Management Level
Management level information is accessible via automation layer level and it has a wide access to the
network sections. Hence, management level makes a possibility to exchange the successful information with
independent systems in the building[17, 18]. Successful, efficient, flexible information communication is an
important tendency factor used in design and building management. The control function is limited at the
management level because most of these functions occur in “ALL”. In addition, the management level has
the same overview on the systems with the user interface. Control systems play a crucial role in energy
management [15] and the control of the main parts, cooling, ventilation and light, consumer estimates, access
control, location alert, and alert of companies are related to the systems[19].
Owners of the building and facility managers respond to user interfaces and they control the implementation
of the buildings. For instance, information of building conditions (current temperature, humidity, and level of
CO2) and application of building energy (total energy consumption per year, month and day) are available
for obtaining more efficiencies in the buildings.
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There are many benefits for implementing of BMS which are mentioned in the following.
 Center controller, remote controller, and supervision of construction operations
 Fewer operating costs
 Increasing of the indoor air quality
 Keeping of comfort conditions
 Efficient using of building resources and services
 Sign of quick alert and fault detection
 Possibility to control a separate space
Researchers and partners of the industrial section are able to successfully accomplish BMS in Environmental
Research Institute at Cork University and currently it has completely operational applications. In the next
section, this issue will be discussed with the details.
2-2- An example of application of building management system
An environmental research institute (eri) accomplished a research on three-story building which consists of
meeting rooms, computer laboratories, web laboratories, clean rooms and controlled temperature rooms at
University College Cork (UCC). Moreover, owners of the buildings have some experiences in green building
operations. These buildings are reinforced by concrete structure and contain a high level of thermal mass. In
addition, they provide mechanical and natural ventilation with night cooling as needed. In the eri building,
BMS is within Cylon control range [14, 16, 20, 21]. BMS runs for different sensors and its estimation is for
temperature, humidity, CO2 sensor, bypass valves, and heat valves of building floor that are used for
environmental control conditions in the building. Supervisory items include internal and external estimations
which consist of air temperature, water temperature, CO2 ppm, relative humidity, pumps, light intensity,
wind speed, wind direction, etc.
Figure 2 represents a part of the first floor in BMS, and most of the rooms contain a temperature sensor
which shows temperature set points and temperature sensitivity level and they are indicated by magnetic
signs. Most booths represent the heat situation and valves in the room. Moreover, temperature sensors have
real-time temperature at the surface of the field layer. The temperature set points in the input section are in
advanced mode, and then the communication controllers automatically display the temperature at the level of
the automatic layer. If the light is on for the valves, they will be open, and steam condition also indicates
FCX.XX where X.XX represents different digits. Specific booths contain RH (Relative Humidity sensor), CO 2
ppm, and Bright Temperature sensors. These lights are next to the windows and indicate open window (on)
and closed window (off). For instance, the current temperature is 23.8 °C and facility management has
adjusted the temperature at 20.5 °C with temperature sensitivity of 0.5 °C. Hence, no function is operated
and lights will turn off [22-24]. Otherwise, if the temperature is below the temperature set points of 20 °C,
the valves should be opened to increase the room temperature which is suitable with comfort of the residents.

Fig.2. the first western floor in BMS
It can be proven by this example that BMS is appropriate for user to mention the recovery information. The
main information is related to performance of the buildings which are available at any time. In addition,
energy estimation and sensors are more suitable and effective for greater efficiency. The network of sensors
is one of the basic components in BMS and it shows the required accuracy specified in the scheme [25].
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Building information modeling has a great opportunity to design sensor networks and store sensor
characteristics.

BUILDING INFORMATION MODELING
Building information modeling is an implementation process and data managements of the buildings during
the life cycles [26-28]. Generally, modeling software of dynamic buildings has used three-dimensional realtime for increasing the efficiency of building design and construction [29-31]. The complete digital system
illustrates the components of creating modeling and their relationships [32-34].
In general, creating of the information modeling has two main components:
 It remains the essential design information in a digital forms which simplifies the information
updating that has collaborative and valuable parts for researchers to study on this field.
 The relationship is defined based on the real-time between data of digital design and based on the
technology of innovated and parametric construction modeling[30-31]. In other words, the results of
this relationship are saving significant amounts of time and money and increasing the efficiency and
quality of the project [35-37]. In this chapter, two functional aspects of the BIM are presented. In the
beginning, BIM is utilized to design the sensor network and store the BMS data. Another important
application is use of the performance analysis in energy simulation modeling which has been
repaired based on the old buildings.
3-1- DEFINITION OF THE SENSOR CONDITIONS
Building Information Modeling is an integrated database for coordinate information that many participants
put together this information in distribution of design process [38, 39]. It is an appropriate way to store and
use the data for light sensor condition during the BMS process. The geometry of buildings, HVAC system
and light systems should be installed in BMI. Their performance shows the sensor condition in the buildings.
It should be specified and performed for sensor network design. In addition, as shown in Fig 3, sensor
characteristics are stored in BIM after completion of the sensor network design [40-42].

Fig.3. the role of BIM in this system
3-2- Energy simulation model
There is a stable analysis method to obtain successful improvement of building efficiency and cost reduction.
BIM provides key information of buildings which is suitable for performance analysis. Geometric sections,
HVAC system, and light systems in BIM of virtual buildings are saved as 3D model. Simulation models are
defined as a data source to generate simulation performance. BMS can be utilized to continuously monitor
organizations and provide the related data for calibration and simulation model. Autodesk Revit and Revit
MEP software application are applied to create the model with details.
The existing geometry of the building not only is created in Revit scheme, but also HVAC and light systems
are created by Revit MEP. The other section of the software (limited IES VE and Integrated Environment
Solution) are located in Revit MEP, and this section is used for heat simulation in available models. Energy
consumption is illustrated by BMS and energy simulation, and also, evaluation of 3D model is shown in
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BIM. In addition, simulation model is created for ERI buildings. Figure 4 shows a 3D model for energy
simulation. After simulating, a detailed report about loading and warming is provided for each section.

Fig.3. 3D model of ERI building
Simulation loads report shows the real thermal load (includes heat and electrical application at 218.7 kW) for
ERI building. This numerical values are obtained by hourly operation of 2096 hours with 80% efficiency of a
boiler. Hence, (1) shows the total energy consumption during a year, and (2) is formulated for ERI building.
218.7 kW  2096 hr
 572994 kWhrs
80%
(1)

kWhrs
kWhrs
yr
 175 2
2
3258 m
m  yr

572994

(2)
At this time, the data has energy usage for BMS, and then it shows that energy consumption contains gases
and EBS which is 182

kWhrs
m 2  yr

. It is obvious that the obtained results completely resemble the simulated

results for BMS.

CONCLUSION
There are many smart technologies which help reduce energy consumption and also, construction costs for
this issue is considered. The BMS method is essentially a solution in the buildings that represents a
comfortable, safe, and energy-efficient environment. Residents can use BMS for application of automated
buildings such as lightening system and HVAC, and it allows managers to prevent customers’ complaints to
reduce operation costs in the range of 15%-20%. Moreover, BMS shows historical data and real-time data.
The previous state is important because owners and managers provide piece of information about this
process named maintenance which requires parts of the device and energy application for users such as
tenants and residents. Based on the intelligent decisions, it can be concluded that the part of information,
their replacement, and other required resources in terms of performance are essential. Historical data are also
important because they are capable for calculation of the costs and budgeting. Identifying of the energy
supply costs is very useful to look at the energy supply forms and check them out. In the last case, real-time
data give owners and managers the chance to make decisions that it sometimes occurs only if the
convenience for the customers is very crucial issue. In addition, there is question that it needs to specify
management facilities, and owners should find an alternative to make it easy to use. BIM allows managers of
sensors to create the data which is needed for making decisions. There is also a graphical display which is
easily understood and performed by owners and managers, and it indicates the use of UCC ERI building.

REFERENCES
[1]
[2]

[3]

[4]

C. Holbeck, "Maximizing ROI in an Integrated BMS," Buildings, vol. 101, no. 11, p. 24, 2007.
A. R. Sadat, S. Ahmadian, and N. Vosoughi, "A novel torque ripple reduction of switched reluctance motor
based on DTC-SVM method," in 2018 IEEE Texas Power and Energy Conference (TPEC), 2018: IEEE, pp. 16.
A. Esmaili Torshabi and L. Ghorbanzadeh, "A Study on Stereoscopic X-ray Imaging Data Set on the Accuracy
of Real-Time Tumor Tracking in External Beam Radiotherapy," Technology in cancer research & treatment,
vol. 16, no. 2, pp. 167-177, 2017.
C. Lockwood, "Building the green way," harvard business review, vol. 84, no. 6, pp. 129-137, 2006.

Copyright ⓒ 2016 IJCRM

| Page 23 |

BUILDING MANAGEMENT SYSTEM FOR SUPPORTING THE REPAIRED BUILDING
[5]

[6]
[7]

[8]
[9]

[10]
[11]
[12]
[13]

[14]
[15]
[16]
[17]

[18]
[19]

[20]

[21]

[22]
[23]

[24]

[25]
[26]
[27]

[28]

M. Khatibi, H. Zargarzadeh, and M. Barzegaran, "Power system dynamic model reduction by means of an
iterative SVD-Krylov model reduction method," in 2016 IEEE Power & Energy Society Innovative Smart Grid
Technologies Conference (ISGT), 2016: IEEE, pp. 1-6.
M. Seyedi, G. Dolzyk, S. Jung, and J. Wekezer, "Skin Performance in the Rollover Crashworthiness Analysis
of Cutaway Bus," in Special Topics in Structural Dynamics, Volume 5: Springer, 2019, pp. 127-136.
I. Aminzahed, M. M. Mashhadi, and M. R. V. Sereshk, "Investigation of holder pressure and size effects in
micro deep drawing of rectangular work pieces driven by piezoelectric actuator," Materials Science and
Engineering: C, vol. 71, pp. 685-689, 2017.
H. Mustafa and P. Bansal, "Building management systems: Beyond electronics," AIRAH Journal, vol. 7, no. 4,
pp. 22-27, 2002.
N. Ghanbari, P. M. Shabestari, A. Mehrizi-Sani, and S. Bhattacharya, "State-space modeling and reachability
analysis for a dc microgrid," in 2019 IEEE Applied Power Electronics Conference and Exposition (APEC),
2019: IEEE, pp. 2882-2886.
O. Salari, M. Nouri, K. H. Zaad, A. Bakhshai, and P. Jain, "A Multi-Source Inverter for Electric Drive
Vehicles," in 2018 IEEE Energy Conversion Congress and Exposition (ECCE), 2018: IEEE, pp. 3872-3879.
V. Bradshaw, Building control systems. John Wiley & Sons, Inc., 1993.
M. Ketabdar, "Numerical and Empirical Studies on the Hydraulic Conditions of 90 degree converged Bend
with Intake," International Journal of Science and Engineering Applications, vol. 5, no. 9, pp. 441-444, 2016.
O. Salari, K. H. Zaad, A. Bakhshai, and P. Jain, "Hybrid Energy Storage Systems for Electric Vehicles: MultiSource Inverter Topologies," in 2018 14th International Conference on Power Electronics (CIEP), 2018:
IEEE, pp. 111-116.
N. Ghanbari and S. Bhattacharya, "Battery State of Charge Management by Voltage Feedback Modification,"
in 2019 IEEE Transportation Electrification Conference and Expo (ITEC), 2019: IEEE, pp. 1-5.
F. Safdarian and A. Kargarian, "Time decomposition strategy for security-constrained economic dispatch," IET
Generation, Transmission & Distribution, 2019.
A. Khalkhali, M. Afroosheh, and M. Seyedi, "Modeling and Prediction of FRP Composite Cylinder tubes
Crashworthiness Characteristics," 2014.
I. Aminzahed, Y. Zhang, and M. Jabbari, "Energy harvesting from a five-story building and investigation of
frequency effect on output power," International Journal on Interactive Design and Manufacturing (IJIDeM),
vol. 10, no. 3, pp. 301-308, 2016.
H. Mehrabi and I. Aminzahed, "Design and testing of a microgripper with SMA actuator for manipulation of
micro components," Microsystem Technologies, pp. 1-6.
H. Mehrabi, M. Hamedi, and I. Aminzahed, "A novel design and fabrication of a micro-gripper for
manipulation of micro-scale parts actuated by a bending piezoelectric," Microsystem Technologies, journal
article December 03 2019, doi: 10.1007/s00542-019-04696-6.
F. Rahmani, F. Razaghian, and A. Kashaninia, "Novel Approach to Design of a Class-EJ Power Amplifier
Using High Power Technology," World Academy of Science, Engineering and Technology, International
Journal of Electrical, Computer, Energetic, Electronic and Communication Engineering, vol. 9, no. 6, pp. 541546, 2015.
M. Khatibi and S. Ahmed, "Optimal resilient defense strategy against false data injection attacks on power
system state estimation," in 2018 IEEE Power & Energy Society Innovative Smart Grid Technologies
Conference (ISGT), 2018: IEEE, pp. 1-5.
J. Kavanagh, "Performance Objectives and Metrics for the ERI Building’s Hybrid Energy Systems," Minor
Research Thesis, University College Cork, 2006.
L. Ghorbanzadeh and A. E. Torshabi, "An Investigation into the Performance of Adaptive Neuro-Fuzzy
Inference System for Brain Tumor Delineation Using ExpectationMaximization Cluster Method; a Feasibility
Study," Frontiers in Biomedical Technologies, vol. 3, no. 1-2, pp. 8-19, 2016.
S. Ahmadian, H. Malki, and A. R. Sadat, "Modeling time of use pricing for load aggregators using new
mathematical programming with equality constraints," in 2018 5th International Conference on Control,
Decision and Information Technologies (CoDIT), 2018: IEEE, pp. 38-44.
N. Ebrahimi, "Simulation of a Three link-Six Musculo Skeletal Arm Activated by Hill Muscle Model," 2019.
G. Lee, R. Sacks, and C. M. Eastman, "Specifying parametric building object behavior (BOB) for a building
information modeling system," Automation in construction, vol. 15, no. 6, pp. 758-776, 2006.
A. Hamedi, M. Ketabdar, M. Fesharaki, and A. Mansoori, "Nappe Flow Regime Energy Loss in Stepped
Chutes Equipped with Reverse Inclined Steps: Experimental Development," Florida Civil Engineering
Journal, vol. 2, pp. 28-37, 2016.
M. R. Seyedi, S. Jung, and J. Wekezer, "Characteristic Analysis of Modified Dolly Test: A Sensitivity Study of
Initial Conditions on Rollover Outcomes," in Model Validation and Uncertainty Quantification, Volume 3:
Springer, 2020, pp. 107-115.

Copyright ⓒ 2016 IJCRM

| Page 24 |

BUILDING MANAGEMENT SYSTEM FOR SUPPORTING THE REPAIRED BUILDING
[29]
[30]
[31]

[32]
[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]
[41]
[42]

F. Rahmani, F. Razaghian, and A. Kashaninia, "High Power Two-Stage Class-AB/J Power Amplifier with
High Gain and Efficiency," Journal of Academic and Applied Studies (JAAS), vol. 4, no. 6, pp. 56-68, 2014.
M. Ketabdar and A. Hamedi, "Intake Angle Optimization in 90-degree Converged Bends in the Presence of
Floating Wooden Debris: Experimental Development," Florida Civ. Eng. J, vol. 2, pp. 22-27.2016, 2016.
H. Shadabi, A. R. Sadat, M. H. Nabavi, M. A. Azari, and M. B. Sharifian, "Dynamic performance
improvement of linear induction motor using DTFC method and considering end-effect phenomenon," in 2014
Australasian Universities Power Engineering Conference (AUPEC), 2014: IEEE, pp. 1-6.
Z. Hu, J. Zhang, and Z. Deng, "Construction process simulation and safety analysis based on building
information model and 4D technology," Tsinghua Science & Technology, vol. 13, pp. 266-272, 2008.
L. Ghorbanzadeh, A. E. Torshabi, J. S. Nabipour, and M. A. Arbatan, "Development of a synthetic adaptive
neuro-fuzzy prediction model for tumor motion tracking in external radiotherapy by evaluating various data
clustering algorithms," Technology in cancer research & treatment, vol. 15, no. 2, pp. 334-347, 2016.
M. Khatibi and S. Ahmed, "Impact of Distributed Energy Resources on Frequency Regulation of the Bulk
Power System," arXiv preprint arXiv:1906.09295, 2019.
H. Pourgharibshahi, M. T. Andani, Z. Ramezani, K. Yousefpour, T. Pourseif, and L. Ghorbanzadeh,
"Controller Design of Voltage Source Converter Using Nyquist Array," in 2018 Clemson University Power
Systems Conference (PSC), 2018: IEEE, pp. 1-6.
A. K. Moghaddam, M. Ketabdar, S. Amir Ahmadian, P. Hoseini, and M. Pishdadakhgari, "Experimental
survey of energy dissipation in nappe flow regime in stepped spillway equipped with inclined steps and sill,"
2017.
M. Khatibi, T. Amraee, H. Zargarzadeh, and M. Barzegaran, "Comparative analysis of dynamic model
reduction with application in power systems," in 2016 Clemson University Power Systems Conference (PSC),
2016: IEEE, pp. 1-6.
A. Hamedi and M. Ketabdar, "Energy loss estimation and flow simulation in the skimming flow regime of
stepped spillways with inclined steps and end sill: A numerical model," International Journal of Science and
Engineering Applications, vol. 5, no. 7, pp. 399-407, 2016.
N. Ebrahimi, S. Nugroho, A. F. Taha, N. Gatsis, W. Gao, and A. Jafari, "Dynamic Actuator Selection and
Robust State-Feedback Control of Networked Soft Actuators," in 2018 IEEE International Conference on
Robotics and Automation (ICRA), 2018: IEEE, pp. 2857-2864.
N. Ebrahimi, "Modeling, Simulation and Control of a Robotic Arm." engrXiv, preprint, Aug. 2019.
F. Rahmani, "Electric Vehicle Charger based on DC/DC Converter Topology," International Journal of
Engineering Science, vol. 18879, 2018.
A. Mc Gibney, M. Klepal, and J. T. ODonnell, "Design of underlying network infrastructure of smart
buildings," in 2008 IET 4th International Conference on Intelligent Environments, 2008: IET, pp. 1-4.

Copyright ⓒ 2016 IJCRM

| Page 25 |

