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Built in the early seventeenth century, the Chapel of
Our Lady Guia (Our Lady of the Snow) is one of
the most important heritage sites in the historic
centre of Macao. Despite its small size, the Chapel
remains a landmark of the region due to its location
at the top of Guia Hill.

The mural painting in the Chapel was discovered
during a renovation project conducted by the Macao
Portuguese government in 1996. All the interior
walls and ceiling are decorated with mural paintings.
The themes are mainly Biblical characters and
stories, decorated with plant and animal patterns,
painted using Chinese painting techniques. This com-
bination of Chinese and Western art and culture makes
it an unusual work of art in southern China (Fig. 1).

The Chapel has been well preserved in the three
hundred years since it was built. The structure
remains intact and without any serious damage,
though signs of deterioration have been observed on
the murals in recent years. The Cultural Heritage
Department of the Cultural Institute of the Macao
S.A.R. Government therefore asked the Laboratory
for Conservation of Heritage Architecture of Tonji
University (LCHA) to study, record, monitor, and
evaluate the environmental condition and conserva-
tion problems of the Chapel, and to devise an improve-
ment plan for conserving the architecture [1].

The LCHA combined the study of historical con-
struction materials and the building environment
with modern specialist technologies to analyse and
identify the causes of mural deterioration in order to
devise a conservation methodology. These techniques
included using three-dimensional laser scanning to
survey accurately the current state of the Chapel and
murals [2], high definition digital photography to
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record the details of interior space as well as the overall
and detailed views of the murals, digital sensors to
collect the temperature (T), and relative humidity
(RH) of the murals and the environment, infrared
imaging to study the distribution and extent of moist-
ure in the murals, microwave scanning to detect the
change in water content, and a penetration resistance
test to study the characteristics of the material of the
internal walls.

Preliminary studies indicated that the murals were
painted onto a lime ground while it was still wet.
The present flaking and detachment of the paint
layer from the lime ground may have been caused by
the expansion and contraction of the lime ground in
response to fluctuations in T and RH. The changes
in T and RH inside the Chapel were complicated.
Aside from seasonal and diurnal changes, the oper-
ation of air conditioning and visitors also affected
the indoor environment. In addition, the distribution
of T and moisture level varied in different positions
and depths in the paintings. Therefore, it was necess-
ary to install a system for collecting, storing, and
analysing the environmental data relating to T and
RH [3].

Based on the spatial composition and the mural dis-
tribution in the Chapel, the design layout of the T and
RH monitoring system was 32 sensors in six groups in
different locations. Three groups of sensors were
installed at the narrow and long corridor and the
front hall; one group at the worship hall; one group
at the sacristy where a relay device was added to trans-
mit far-end signals, and one group was installed
outside the Chapel. Each group had more than one
sensor to record the data [4].

As it was not convenient to collect data on-site reg-
ularly, the system was designed to be an unattended
automatic remote monitoring system. The operation
status of the sensors and the data collected were trans-
mitted through a wireless network and stored on a
main computer for regular data transmission through
mobile communication 3G network to an internet
server. A Dell OptiPlex 760 computer (specifications:
Intel E5300/2.6 G Hz, Intel Q43 Express mainboard,
2G RAM DDR?2 800, Samsung SSD 840 EVO 120GB
solid state hard disk) was used for data collection,
storage, and transmission. The cooling and safety pro-
tection of this host computer were enhanced.

It was necessary to consider the special requirements
for a heritage building while selecting the hardware for
monitoring: small size, high stability, and low power
consumption were the criteria for consideration.
Since the Chapel was not suitable for installation of
the large T and RH sensors currently available in the
market, the LCHA developed wireless sensors for
the project. The sensors were made from the SHT
series digital T and RH data collection chip with
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Figure 1

Murals inside the Chapel
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Zigbee wireless transmission module. The SHT sensor
utilised patented CMOSens technology to integrate a
thermo-humidistat comprising a single-capacitor
humidity sensor, and a bandgap temperature sensor,
a 14-bit A/D converter, and a two-wire digital connec-
tor. These sensors were small, had low power con-
sumption, were fast in response, simple to connect
and strong in interference resistance, thus meeting
the requirements of reliability and long-term stability
for monitoring.

As the spatial arrangement of the interior of the
Chapel is very simple, the sensors installed were
placed in such a way as to minimise their visibility
(Fig. 2). Original decorative lines and existing steel
reinforcing bars were used to install and secure them.
The main computer was placed in the position of the
original choir chair in the hall above the entrance of
the Chapel, which was not open to the public. A sep-
arate entrance to this area facilitated maintenance.

The monitoring system has undergone fine-tuning
and test-running since the hardware was installed. T
and RH data were collected every 10 minutes by the
32 sensors. From April to October 2013, nearly a
million pieces of data were collected. This indicated
that the interior T of the Chapel ranged from 15.1°C
to 29.3°C while RH ranged from 67 to 100%.
Detailed analytical studies will be carried out by build-
ing environment specialists after the monitoring
system has been in operation for a sufficient period
of time.

The weather in Hong Kong, Macao and Southeast
Asia region is relatively high in T and RH, and air con-
ditioners are widely used in urban areas. The rapid
alternating cycles of cooling/heating and dehumidify-
ing/humidifying has a great impact on building heri-
tage. The T and RH monitoring system installed in
the Chapel will be used for long-term environmental
monitoring inside and outside the Chapel and study-
ing the effect of environmental changes on heritage
conservation. It can also be used as a reference for
the conservation of similar built heritage.
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Figure 2 The locations of the installed sensors
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