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A B S T R A C T

This paper presents an algebraic solution of erroneous sensor’s undetectable boundary to

evaluate the sensitivity of chiller sensor fault detection based on principal component analy-

sis. Q-statistic of PCA is normally applied as a collective statistical index to detect sensor

fault by comparing its value with the threshold. However, Q-statistic has no specific physi-

cal meaning and cannot evaluate the sensitivity of the provided method for sensor fault

detection. We analyzed the definition of Q-statistic and derived the numerical value of the

minimum range not to detect sensor fault. Bias sensor fault of a fielded screw chiller was

studied for each sensor in PCA model by introducing different severity levels. Results showed

that each sensor has different fault detection sensitivity using the same PCA model. The

undetectable boundary can be a criterion used to evaluate the detection sensitivity of PCA-

based method easily.
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1. Introduction

Sensor faults, including bias and drift, are inevitable situa-
tions that existed in the HVAC&R system due to long term
operation and severe working environment. Because of the un-
reliable measurement data, the system would be controlled
ineffectively and deviated from normal operation mode, which
would lead to higher, unreasonable energy consumption (Kao
and Pierce, 1983; Lee and Yik, 2010; Yoon et al., 2011). There-
fore, research on sensor fault detection, diagnosis and erroneous
sensor data reconstruction (FDDR) for HVAC&R system is of
great importance and has been paid more attention to in the
recent years.

FDDR can be simply classified as two typical methods, the
model-based and the data-driven, respectively. Due to the dif-
ficulty in developing accurate models by model-based method
in the real applications, the data-driven methods were applied
in a wide range for the development of building energy man-
agement. Sensor data in HVACR&R system are highly coupled
by following the principle of energy balance principle and some
other basic principles. Due to the variation on the cooling load
and the ambient conditions, HVACR&R system normally op-
erates under a wide range. It is difficult to diagnose any faulty
sensor just from the observation on the historical data.There-
fore, various multi-dimensional data-based methods have been
introduced to the FDDR of HVAC&R system in the recent years.

A common flowchart of a multi-dimensional data-driven
sensor FDDR strategy is illustrated in Fig. 1. Firstly, training data
are selected from original operational data before data pre-
process, including data cleaning and normalization. Training
data are used to establish fault indicators and corresponding
boundary to detect a fault condition or diagnose any fault source
in detail. Many data-driven FDDR methods were employed in

Nomenclature

Tchws chilled-water supply temperature [°C]
Tchwr chilled-water return temperature [°C]
Mchw chilled-water flow rate [m3 min−1]
Tcws condenser-water supply temperature [°C]
Tcwr condenser-water return temperature [°C]
Mcw condenser-water flow rate [m3 min−1]
Mref mass flow rate of refrigerant [%]
W chiller electrical-power input [kW]
X0 original matrix
X normalized original matrix
R covariance matrix
U eigen vector matrix
FDDR fault detection, diagnosis and reconstruction
HVAC&R heating, ventilating, air-conditioning and

refrigeration
PC principal component
PCA principal component analysis
Qα threshold of the Q-statistic

�
x normalized sample column vector
�
x normalized sample vector
�̂
x estimate of a sample
��x residual of a sample
P PC subspace projection matrix
�P Residual subspace projection matrix
YRS Residual subspace projection matrix
Yi

RS
,: ith row vector of YRS

Ξ diagonal matrix
ei ith entry of residual

yij
RS jth entry of the row vector Yi

RS
,:

xi ith entry of the normalized sample vector
�
x

ξij ith entry in the jth row of Ξ

Greek letters
μ mean
σ standard deviation
λ1, ···, λn eigenvalues

Fig. 1 – Flowchart of a data-based sensor fault detection,
diagnosis and reconstruction.
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