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Abstract
Experimental research on crop performance or climate control in
greenhouses requires accurate measurement of climate conditions. Despite the use of
calibrated sensors, afterwards it may appear that the collected climate data are
incorrect. Then the question arises whether we need to repeat the experiment or
whether we can reconstruct the correct climate data from the incorrect
measurements. In this paper we show how correct data of temperature and air
humidity could be reconstructed from incorrect data. In a large research project on
Botrytis development and energy use in the greenhouse cut flower
gerbera, measuring boxes were installed in 12 commercial greenhouses. The
measuring box consisted of a temperature sensor, an air humidity sensor and a CO2
sensor and on top a PAR sensor. Before the start of the experiment all sensors were
taken out the measuring box for calibration by the supplier of the sensors.
Subsequently the measuring box containing the sensors was tested at different
temperatures and air humidity’s in a climate chamber. Nevertheless the
temperature and air humidity data gathered in the greenhouses appeared to be
erroneously. Temperature was overestimated up to 1-2°C while relative air humidity
was underestimated by 10-20%. Detailed analysis afterwards showed that the
climate in the measuring box was affected by irradiance, mainly due to insufficient
ventilation of the measuring boxes. The measurement error depended on the
irradiance and the rate of change in climate conditions. To analyze this error,
simultaneous measurements with certified measuring devices and the measuring box
were performed in a greenhouse under a wide range of dynamically varying
conditions. The measured temperature was determined by a first order effect of the
temperature of the greenhouse air as well as a first order effect of irradiance.
Similarly measured air humidity showed first order relations to humidity of the
greenhouse air and to irradiance. The data with the certified sensors were used to
estimate the parameters of the first order relations. Subsequently these relations
were used successfully to reconstruct the temperature and air humidity from the
incorrect data gathered at the 12 commercial growers. After correction the accuracy
of the achieved temperature was approx. +/- 1.0°C, the relative humidity approx. +/3% similar to the technical specifications of the sensors.
INTRODUCTION
In 2006 and 2007 a research project was executed to investigate the performance
of the fungus Botrytis cinerea in the cut flower crop gerbera under different climate
parameters in the greenhouse. The project was set up at 12 different nurseries (Slootweg
et al., 2005), to achieve correlative information about factors which stimulated or retarded
the performance of Botrytis (Marcelis, 2005). At forehand it was known that there were
big differences in Botrytis damage between the individual growers, while certain climate
parameters were similar, while other factors were different. The assumption was made
that growers spoiled energy because to avoid problems with Botrytis they heated the
greenhouse to decrease the air humidity, but it was unknown if they found the cause in
this manner.
A set-up was made to compare the traditional climate computer data with data
collected by an additional measuring system, which was placed between the gerbera
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flowers (Fig. 1). It was known that a certain inaccuracy could appear (Bontsema et al.,
2008) but both measuring methods made it possible to achieve indications about the
microclimate around the flowers and the differences with measurements at a central place.
Consequently, local conditions for sporulation and mycelium growth of Botrytis could be
different from traditional climate computer measurements. The additional measuring
system consisted of a box with a data logger and four sensors measuring temperature (˚C),
relative humidity (%), radiation (W/m2) and CO2 (ppm). After the first measuring session
differences in temperature (T) and relative humidity (RH) appeared between the climate
computer and the additional measuring system which were inexplicable (Fig. 2). The
observation was not done at one single nursery but at several ones but were variable in
size.
After the observation that there were differences in T and RH the process started
to investigate the cause of these differences and if the collected data were still useful after
reconstruction or had to be eliminated. This paper will present an overview of the
theoretical background and the steps to be taken to come to a considered conclusion about
the value of the data collected.
MATERIAL AND METHODS
Preliminary Investigation
As differences in T and RH were observed at several nurseries and all showed a
higher temperature and a lower RH compared to the climate computer measuring box the
additional measuring box with data logger (Eltek, Squirrel SQ-451) and sensors (T, RH)
was suspicious. It appeared that the sensors (Humitter 50; temperature sensor Pt 1000 IEC
751, range -10 – +60oC, accuracy at 20oC +/- 0.2oC; RH, Vaisala Intercap, range 0-98%,
accuracy at 20oC +/- 3% from 0-90% and +/- 5% from 90-98%) had an approved
calibration report (Kalibratierapport Humitter 50, 2007) but that the housing of the
sensors was even more suspicious. Therefore one of the data loggers was modified by
giving it a larger fan to cool the housing. In Fig. 3 the result is shown, where not only the
temperature steps can be seen, but also the influence of the artificial lighting (between 12
and 15h) in the old data logger. The modified data logger follows the climate chamber
measuring equipment accurately.
From this experiment it could be concluded that the sensor in the old housing was
heated by radiation from the lamps and by internal heat production of the batteries in the
housing (at night there is also a temperature difference), probably due to the fact that the
fan was too small or polluted by dust or other rubbish. It was also concluded that there is
not only an offset but also a time lag (the slope of the old and the modified data logger are
not the same, see Fig. 3 around 5h and 19h). A final conclusion was that old data could be
corrected by use of a filter at which all data loggers were compared in one room with a
calibrated and certified data logger.
Theoretical Background
Based on the experiences mentioned above a model was made (Fig. 4) to correct
the data. First the old data loggers had to be corrected, they were placed in a climatised
greenhouse (Fig. 5) together with an approved data logger (Escort logger, 2007) as a
reference. The difference between the individual data loggers and the reference results in
the parameters needed to fill the model. After that the model can be applied on the old
datasets available. As output there will be a modified data set which can be used for
further research.
The model is based on a first order filter (Stephanopoulos, 1984) for correction of
temperature and radiation (fig. 6), characterized by gains K and a time lag τ . It is
assumed that both filters F1 and F2 have the same time lag but different gains. In Fig. 6
the greenhouse temperature measured by the data logger (T greenhouse, data logger) is presented.
The relation between the latter and the real temperature in the greenhouse (Tgreenhouse real)
can be described by using a “system identification” method to determine K1, K2, and τ .
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The last part consists of the reconstruction of the old data. Then:

Tgreenhouse,data logger − F 2⋅I radiation= F 1⋅T greenhouse−real⇒
−1

−1

T greenhouse−real = F 1 ⋅T greenhouse, data logger − F 1 ⋅F 2⋅I radiation
K
Since F1 and F2 have the same time lag: F 1 ⋅F 2 = 2
−1

, so the relation between
K1
radiation and greenhouse temperature is known. The relation between temperature inside
the data logger and the greenhouse temperature is given by the filter F1-1 , however such a
filter is physical not realizable. Therefore the filter F1-1 is modified with an extra lag filter
with a time constant of 0.1 τ . A condition for the use of a filter is that during the
measuring period the gain or time lag does not change. The parameters of the model were
determined with the first half of the data set. After that the model was validated with the
appropriate parameters at the second half of the data set.
RESULTS AND DISCUSSION
The comparison of the data loggers with the Escort reference logger in one
greenhouse resulted in values for K1, K2, and τ . It appeared that one general fit for all the
12 data loggers was insufficient. Besides, temperature and RH had to be separated.
Results of this modification for temperature and RH are presented in Table 1 for three
random chosen data loggers as an example. Here, data of six subsequent days are
averaged. Fig. 7 presents for the same 6 days the data of one measuring box (no. 2 in
Table 1). In Fig. 7 the deviation of each measure point is shown between the reference
and the estimated values. After modification temperature correction stays within the
limits of +/- 1oC and RH within +/- 3%.
After this the parameters K1, K2, and τ for each individual data logger were used
for reconstruction of the correct climate from two old data sets (Autumn 2006 and Spring
2007) where the same data loggers had collected incorrect data during two periods of 8
weeks.
This study stresses the importance of correct calibration of sensors before start of a
research. This calibration should be performed not only on the sensors separately, but also
when built into a measuring box, the measuring system as a whole. Sensor calibration in
climate chambers with relatively low irradiance and constant conditions is insufficient.
The calibration must also be performed in dynamically varying climate conditions in a
greenhouse with high irradiance levels.
CONCLUSIONS
Data collected with an additional measuring system appeared to be incorrect
because of heating of the housing of the measuring sensors due to insufficient ventilation.
The incorrect data could be corrected by the use of a filter at which parameters had to be
set for correction of the greenhouse temperature, the irradiance and a time lag. For this the
incorrect data loggers were compared with a reference logger in the same greenhouse
under strong variable conditions. After the reconstruction of the data temperature stayed
within the limits of +/- 1oC and air humidity within +/- 3% compared with the reference.
The reconstructed data could be used now for further research.
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Tables
Table 1. Overview of average temperature and relative humidity for the old and the
reference data logger and for the modified data with the estimated parameters (June
18-25, 2007).
Data
logger
1
2
3
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Old
23.0
24.0
23.1

Temperature
Reference Estimated
22.1
22.2
22.1
22.3
22.1
22.1

Old
62.6
55.7
60.4

Relative humidity
Reference Estimated
69.6
68.6
69.6
68.7
69.6
69.6

Figures

Fig. 1. Additional data logger placed between gerbera flowers.
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Fig. 2. Differences in temperature and relative humidity at one of the nurseries (lower 2
lines at y1-axis; upper 2 lines at y2-axis).
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Fig. 3. Temperature measurement of old and modified data logger compared with climate
chamber.
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Fig. 4. Schematic view for the correction of data.
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Reference
measuring box

Fig. 5. Position of the 12 old measuring boxes in the greenhouse together with one
reference box.
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Fig. 6. Model of the measuring box.
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Fig. 7. Temperature and relative humidity for the old and the reference data logger and for
the modified data with the estimated parameters (Day, June 18-25) in left graphs
and with error estimation in right graphs.
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