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Abstract. This paper proposes a novel concept and practice to engage
the BIM model as a control system of building energy performance
service. This issue can be divided into two sub-issues including the
development of more eco-friendly façade which can interact with its
local environment, and the related active control system which can
process the environmental parameters for eco-friendly actions. This
research designs the Parametric Adaptive Skin System (PASS) to engage the adaption of natural sunlight use for higher building performance. PASS consists of kinetic façade components dominated by the
BIM-based parametric engine called Dynamo. The PASS prototype
demonstrates that the workflows is successful in using a real light sensor plus simulated solar terms to drive the interaction of virtual Revit
model and physical PASS model.
Keywords. Building information modelling (BIM); adaptive building;
energy consumption; building performance; kinetic façade.

1. Introduction
The operation of buildings accounts for 40% of global CO2 emissions. These
emissions are directly linked to the energy a building consumes in order to
maintain its usability (Schlueter, 2009). Due to the rising awareness of climate change and eco-friendly living, building designers increasingly have to
consider the energy performance of their building designs. Recent developments in computational design tools are providing methods for improved design practices. Building Information Modelling (BIM) combining with third-
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party analysis software is currently one of the major paradigm shifts for designing an eco-friendly building. Early design studies based on those computational tools can test the effectiveness of building systems before they are
actually built. However, it still has a grant gap between “as built” and
“built”. Once buildings are actually built, they immediately switch to the operation phase and need to face real climate conditions. Unfortunately, the
climate conditions are diverse and dynamic, especially in the complex urban
context. Buildings need to present more adaption than their as-built simulated phase.
The concept of adaptive building for more eco-friendly building approach
is not new (Guillemin, 2001); rather what makes it currently possible are
sensor technologies to detect environmental parameters, computer power to
process big data, and the automated control system to drive buildings’ operations. Adaptive building could collect real-time data, compare them with
scenarios we define in advance, and choose a strategy to optimise the building performance. This form of cognitive optimisation benefits from the
“Adaptive” façade controlled by the intelligent building system to interact
with environmental conditions.
This paper demonstrates the integration of environment sensors, building
scenarios, and interactive façade components by using BIM-based control
system. The BIM-based system is programmed with Dynamo software and
works as the building brain to determine the interactive control scenarios.
2. Literature review
2.1. INTELLIGENT BUILDINGS WITH HIGH PERFORMANCE
Designers have both passive and active control methods to make buildings
respond to changing environmental conditions. Most of passive control solutions are simulated before buildings are really built to assistant designers’
decision making. Many historic examples exist that show the use of passive
control methods using natural features to manage daylight amounts of buildings, or mitigating seasonal heat and wind variation by the use of mass position. For example, the traditional houses in Taiwan are designed to face
south in order to acquire better climate conditions. The passive control
methods may provide the effective solutions for buildings to adapt the longterm climate conditions. However, the effect of micro-climates is dynamically changed after buildings are built and operated. It causes the users’ comfort
level and building performance over time. The buildings that only adopt passive control methods are unable to reach benefits during the operation stage.
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One of the valid ways to solve this problem is to integrate active control
methods. Active systems are incorporated into building design and facilitate
the interactive control during building operation stage. This has evolved into
the concept of intelligent buildings and intelligent building facades. In the
early development, the concept and technologies of HCI (Human-Computer
Interaction) have been added and studied at a much smaller and experimental scale, such as dECOi’s Hyposurface (2000), Michael Fox’s Bubbles
interactive pneumatic environment project (2009).
However, there is a lack of integration with multiple conditions that represent the complex of environment. Designed properly, an intelligent building should be able to dynamically adapt in changeable environments and to
address the different environmental conditions over its lifetime due to seasonal and even climatic change. The intelligent building façade itself acts as
the interface between the inside and the outside, re-adjusting itself based on
building performance conditions, responding to the interaction of humans
and the environment. For example, the Media ICT project, led by Enric
Ruiz-Geli, is formed by large iron beams covered in a plastic coating of inflatable bubbles, which offer glimpses of the fluorescent structure of the
building. The inflatable bubbles called ETFE skin acts as an external covering and a mobile sunscreen that helps light to penetrate and affords heat savings. The interaction of ETFE skin is controlled by computer which monitor
the light and temperature balance between indoor and outdoor environment.
Another intelligent building example, Al Bahr Towers, is covered by protective skin of 2,000 triangle elements that automatically open and close depending on the intensity of sunlight and related climatic data. According to
the active control system, each triangle is programmed to respond to the
movement of the sun as a way to reduce solar gain and glare. It is estimated
that the dynamical adjusting of building facade based on climate changes
will reduce solar gain by more than 50 percent, and also reduce the building’s need for energy-draining air conditioning.
2.2. BUILDING PERFORMANCE ANALYSIS
Recent progress in CAAD for green buildings put forwards the research and
applications of simulation-based optimisation methods in the building sector
(Nguyen, 2014). Building performance simulation (BPS) or Building performance analysis (BPA) has the potential to provide relevant design information by indicating directions for decision making of design solutions
(Hopfe and Hensen, 2011). A major challenge in simulation tools is how to
deal with difficulties through large variety of parameters and complexity of
factors such as non-linearity, discreteness, and uncertainty. BPS or BPA in
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general is used to calculate, through predictive simulation, a variety of outcomes of the proposed design, such as energy consumption, building performance of heating and cooling systems, distribution of air borne contaminants, dynamic control scenarios for smart building technologies, and others
(Augenbroe and Hensen, 2004).
The aim of BPS or BPA is to predict real physical conditions in a building by using a computational model. Building simulation, according to Morbitzer (2003), expands the concept of performance prediction. With the help
of BPS or BPA, the user can specify parameters that have an influence on
the overall building performance. The simulation results achieved in the prediction are as close to reality as possible. BAS or BPA is a multidisciplinary, problem oriented, dynamic tool using numerical methods that
approximate a solution of a realistic model.
The decision making between competing design option and design optimisation can be enhanced by including the effect of uncertainties in simulation outcomes that are presented to the decision makers, or used in the optimisation strategy. Current simulation tools can be enhanced to deliver this
new functionality in a way that it is practical and acceptable to design practice. Some BPS or BPA software such as Ecotect, Green Building Studio
(GBS) and Virtual Environment are engaged in the design process for BIMbased sustainability analysis. Furthermore, it is useful to initially connect
BIM-based BPS or BPA to physical sensors for more appropriate and accurate analysis. The integrated solution can acquire more immediate and spatial representation of building performance.
3. The framework of BIM-based system design
This paper proposes the “Parametric Adaptive Skin System” (PASS) based
on BIM aided computation. In this project we focus on the building façade
design and make it play an active interface to mediate between the building
and its located environment. It aims to create the eco-friendly building which
can transform itself according to diverse climate conditions. The PASS develops kinetic façade components which have self-adjust ability to response
the dynamic changes of micro-climate. The main framework of PASS consists of kinetic components, environmental parameter, and interactive adaption.
(1) Kinetic components
The kinetic components are attached to the whole façade to become the
interface between the building and its located environment. With the kinetic
components layer, building can adjust the façade opening to adapt the diverse micro-climate changes. The design of kinetic components is modular-
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ised in order to repeat and cover the whole façade face. Besides, the environmental sensors can be embedded in each modular kinetic component systemically to equip sensing functions. Thus the whole façade is turned into
the ambient sensing network via distributed modular kinetic components.
According to the distributed sensing network, the building can determine the
regional distinctions of microclimate conditions.
(2) Environmental parameter
The environmental climate conditions are dynamically changed over time
during the building operation stage. Taking the advantage of natural energy
to decrease the consumption of electric power is necessary for the high performance building. The active control system may support a good solution
both in the low maintain cost and high building performance. The physical
climate conditions such as sunlight, wind force, or rainfall are translated into
serial quantitative values regarded as environmental parameters. In addition,
the virtual climatic conditions which are simulated via software, such as solar term, weather forecast, and so on, are also adopted as environmental parameters. Those environmental parameters are associated with the discriminants of scenarios in event triggering. The integration of physical and virtual
parameters ensures that the interaction of active control can both satisfy instant changes of microclimate and the permanent constraints of season.
(3) Interactive adaption
The main purpose of active control system is to enhance the building performance via interactive adaption. The façade and related facilities controlled by the active control system change their status to adapt the microclimate variation instantly. The workflow of interactive adaption is divided
into three phases including 1.input, 2.process, and 3.output. In the beginning,
the micro-climate conditions are detected and translated into quantitative parameters. The parameters are delivered to the computing engine as references. Base on the reference of multi-parameters, the computing engine
dominates the comparison of scenarios in the database. Then the matched
scenario triggers the following events including the kinetic adjustment of
building facades.
4. The practice of PASS
4.1. DYNAMO: A PARAMETRIC PLUGIN FOR THE REVIT API
The Autodesk Revit API (Application Programming Interface) allows users
to add features and create customised plugins. Dynamo is under develop-
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ment by users as a plugin to Revit using the Revit API. As a parametric
modelling engine, Dynamo is designed to extend Revit’s parametric functions by adding a level of associativity that does not exist. It can drive parameters based on external inputs, such as by sensors delivered from Arduino or by data taken from Revit’s analysis. Through the Dynamo engine,
we can map the appropriate parameters derived from the input source and
dynamically generate the script results. In addition, Dynamo engine also allows us to output the control commands and trigger the change of simulated
models or physical electric components.
In the PASS project Dynamo has been used as the primary engine of
adaptive façade control system. The main functions include the connection
between the Arduino board, a light sensor, a servo motor, and the compiler
of BIM-based interactive scenario. The elements with which users interact in
Dynamo engine are referred as “nodes”. Each node can have a number of
com ports, which enable communication between nodes along connecting
line. Com ports can only be connected to other com ports whose output type
matches the input type, or to any com port whose output type is further up
the inheritance hierarchy of the com port’s input type. The connected elements in Dynamo engine create the data workflow to define the interactive
scenario. The interactive scenario called “dynElement” provides the framework on which all elements function together. It consists of three steps including destroy, build, and update. The destroy step is used to clean up elements’ temporary data. The build step is used to re-generate Revit elements
based on the input connections. And the update step is used to build downstream nodes to execute their own loops. Successive downstream nodes are
evaluated until either an exception is raised on a node or there are no more
nodes to process.
In order to distinguish the internal and external dataflow, Dynamo engine
classifies nodes as “transactional” or “non-transactional”. Transactional
nodes open a database transaction during their build step, and all elements
created during that step are committed updating to the database; Nontransactional nodes cease transactions as they do not need to change the
Revit database. An example of a transactional node would be one that creates a group of family instances. A non-transactional node, by comparison,
could be one that interacts with serial data such as an Arduino sensor, allows
the input of a numeric value, or provides an output command to a query
about the database without changing anything in the database. Based on the
Dynamo engine nodes, designers can pre-define the scenarios which link
with the Revit simulated data and the real-world sensing data. In addition,
the trigged scenario also delivers its commands to the Revit model and the
physical building.
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4.2. INTERACTIVE CONTROL SCENARIO OF PASS
The simulated façade model with modular kinetic components is created in
the Revit. Each component is linked to the instant light level parameter from
distributed Arduino photoresistor. The photoresistor provides a value from 0
to 255 received from the ambient environment and delivered to Dynamo engine via Arduino. It supports the lower hierarchical control of components’
opening degree. Except the actual value from photoresistor, the sun position
in Revit also provides the higher hierarchical control to affect the components’ opening degree. The reason we define two parameters, one higher and
anther lower hierarchical controls, is to simulate the real world daylight condition. The sunlight in Revit simulates the correct solar terms and daytime. It
limits the range of opening degrees preliminarily to prevent inappropriate
opening scenarios. For example, the window should not reach the full opening in the winter due to the cold issue. Since so far we do not adopt the other
environmental parameters such as wind, the short-term expedient provided
by higher hierarchical controls is helpful. The lower hierarchical controls
dominated by real sensor values allow us to simulate the instant changes of
daylight. For example, sometime even in the similar daytime, the light level
may different due to the weather issue. Hence lower hierarchical controls
need to connect the real-time micro-climate conditions. The scenario with
higher and lower hierarchical controls is programmed by Dynamo engine
(Figure 1 Right).

Figure 1: Left: the simulated results of Revit model; Right: The scenario of higher and lower
hierarchical controls in Dynamo engine.

Dynamo engine is successful for mediating between the photoresistor and
Revit model. The next step is to build the connection between the virtual
Revit model and the physical PASS model. In this step Dynamo engine de-
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livers commands back to the Arduino board to trigger the servo motor. We
design the folding structure in each kinetic component. The rotation of servo
motor can drive the folding motion to increase or decrease the opening degree. The prototype is developed as Figure 2.

Figure 2: The folding structure of kinetic component.

Although the physical PASS model shown is simple in construction, it
demonstrates that the workflows is successful in using a real light sensor
plus simulated solar terms to drive the interaction of virtual Revit model and
physical PASS model.
5. Discussion and conclusion
5.1. DISCUSSION
The workflow of Dynamo engine demonstrates a method of dynamically repositioning the virtual and physical components in response to an environmental stimulus. So far this paper only focuses on the light parameter. However, as we know, the real world micro-climate conditions have complex influence to building performance analysis. Adding more environmental
parameters is the necessary approach in the future. Fortunately, the open
structure of Dynamo engine allows the further augment of sensing inputs. In
addition, although virtual data from simulation or prediction do not exist in
the real world, they also paly the significant role to prevent overreaction of
active control system; moreover, the service of precautionary measures or
reactions can be triggered according to the simulation or prediction. It provides macro-control scenario for the build operation and management.
Therefore, the integration of real light sensor plus simulated solar terms in
this paper illustrates the potential picture of BIM-based service for the high
building performance.
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5.2. CONCLUSION
This paper proposes a novel concept and practice to engage the BIM model
as a control system of building energy performance service. This issue can
be divided into two sub-issues including the development of more ecofriendly façade which can interact with its local environment, and the related
active control system which can process the environmental parameters for
eco-friendly actions. The Parametric Adaptive Skin System (PASS) engages
the dynamic sunlight adaption for higher building performance. PASS consists of kinetic façade components dominated by the BIM-based parametric
engine called Dynamo. The Dynamo engine works as the building brain to
determine the interactive control scenarios between buildings and surrounding micro-climate conditions. The PASS prototype has been developed and
installed in the real field for the pilot study. The light parameters inputted to
Dynamo engine include real-time sunlight from physical sensors, and the
simulated solar term from Revit. The integration of physical and virtual sunlight parameters ensures that the interaction of PASS can both satisfy instant
changes of microclimate and the permanent constraints of season. The PASS
prototype demonstrates that the workflows is successful in using a real light
sensor plus simulated solar terms to drive the interaction of virtual Revit
model and physical PASS model. The further development of PASS will address on the integration of complete micro-climate conditions which also affects the building performance and users
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