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 Baking process is an important unit operation in the food industry. A good 

understanding on the dynamic behavior during baking process is important to ensure 

proper control.  This study aims to develop the empirical model of the cake baking 
process using laboratory scale convection oven. Set point temperature was chosen as 

the manipulated variable and actual oven temperature was the controlled variable. No 

disturbance was considered in this process. Empirical model is developed by applying 
step change in the set point temperature. The model is represented using second order 

plus time delay (SOPTD). By increasing the operating temperature, there is a 

significantly decreases of process gain of the system and the damping coefficient, and a 
significantly increases of natural damping coefficient and time delay. The developed 

model fits well with the validated data, R2 > 0.9. 
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INTRODUCTION 

 

 Baking process is the transformation of batter or 

dough into a light, readily digestible and flavorful 

product under the influence of heat. Maintaining 

product quality is one of the primary objectives of 

process control in food processing industry yet is a 

great challenge in baking process (Feyissa et al., 

2012). Too high oven temperature might cause high 

crust color, small volume, peaked tops, close or 

irregular crumb, and probably all the faults due to 

under baking. However, too cold oven temperature 

will cause poor crust color, large volume and weak 

crumb that will be very dry when eaten.  

 In baking process control system, the control of 

oven temperature is the key to maintain the baked 

product quality including color, volume, moisture 

content and texture of the baked product (Selman, 

1990). However, uniformity of heat in the 

conventional oven chamber is difficult to achieve. 

This is due the dominant radiation heat transfer as 

compared to convection heat transfer (Sanchez et al., 

2000). There are several alternative to increase the 

heat uniformity such as introducing airflow  into the 

oven chamber (Scarisbrick et al., 1991). Eventually, 

the dynamic of the oven temperature is changes thus 

give significant effect to the baking process. 

Therefore, controlling the parameter that has direct 

significant effect on the product quality is very 

important in baking process.  

 The design of a good control system rests on 

appropriate understanding of the dynamic behavior 

of the oven temperature. The development of 

effective dynamic model is necessary and can be 

developed theoretically (Abraham and Sparrow, 

2004; Ryckaert et al., 1999; Feyissa et al., 2012; 

Sanchez et al., 2000; Trystram, 2012; 

Navaneethakrishnan et al., 2010) or empirically. This 

paper focuses on the development of the dynamic 

model empirically for control purpose in baking 

process. The objective of this work is to develop 

empirical model of baking process using laboratory 

scale convection oven. 

 

Methodology: 

 A standard cake batter recipe was used which 

produced batter with initial weight 446g ± 4g. The 

oven used was a laboratory scale convection oven, 

2.6kW power, 66.2 L working volume, with the 

overall outer dimensions: 60 x 59.5 x 56cm
3
, from 

Gierre Ik-Interklimat S.P.A (Milano).  

 A step test was conducted to develop the 

dynamic model. The prepared cake batter was 

inserted in the preheated oven chamber, operates 

with 100% airflow velocity (1.88 m/s) and PI control 

algorithm (Kc=10, τi=233). The oven temperatures at 

hot airflow exit location (T3) were measured using 



229                                                             Farah Saleena Binti Taip et al, 2015 

Journal of Applied Science and Agriculture, 10(5) Special 2015, Pages: 228-232 

PT100 temperature sensor and recorded every 2 

seconds using Yokogawa paperless recorder. After 

the oven reached nearly steady temperature 

(approximately 15 minutes), a step change was made 

during baking process. The set point temperature was 

changed at magnitude of +10°C. There are three set 

of step changes, which are from 150°C to 160°C, 

160°C to 170°C and 170°C to 180°C. The oven 

temperatures were recorded until reach the new 

steady state value (approximately 25 to 30 minutes). 

The experiments were carried out in 6 replicates. The 

data obtained was plotted using 'ident' command in 

MATLAB software. The model resembles second 

order process with time delay (SOPTD). The model 

parameters were estimated using 'ident' command in 

MATLAB software.  

 The obtained model needs to undergo diagnostic 

evaluation and was verified with additional data 

before being used for process control. The obtained 

model and the six set of experimental data (used in 

dynamic model development) were plotted using 

'cftool' command in MATLAB software. Moreover, 

the model was verified by comparing it with new set 

of experimental data that was not used in the 

parameter estimation to ensure that the variation in 

operation does not significantly degrade the model 

accuracy (Marlin, 2000). For verification purpose, 

the obtained model and new data set were plotted 

using 'cftool' command in MATLAB software.  

 

RESULTS AND DISCUSSIONS 

 

 A number of replicates are needed to compare 

the difference between the samples and to draw an 

accurate conclusion. Therefore, the experiment is 

repeated six times rather than minimum three so that 

it can helps determine if the data was a fluke, or 

represents the normal case. It also helps guard 

against jumping to conclusion without enough 

evidence. The experiment also including covariates, 

that are the presence of airflow (1.88 m/s) and 

product (butter cake) during step test. Three step 

changes from 150°C to 180°C are made to increase 

the sample size and to compare each of the models. 

 

 
(a) 

 
(b) 
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(c) 

 

Fig. 1: Experimental data for step test from a) 150°C to 160°C, b) 160°C to 170°C and c) 170°C to 180°C. 

 

 Fig. 1 shows the experimental data for step test 

from 150°C to 160°C, 160°C to 170°C and 170°C to 

180°C. The pattern of the response is almost the 

same for these three step changes. However, there is 

deviation of data for the experiment number 4 during 

step change from 150°C to 160°C, experiment 

number 6 during step change from 160°C to 170°C 

and experiment number 5 during step change from 

170°C to 180°C as compared to other experimental 

data of the same step change. This might due to 

variation of uncontrolled environmental temperature. 

The model parameter of those samples is expected to 

have a deviation and thus might influence the 

average model for each step change.  

 The experiment for system identification is 

conducted under PI controller due to the equipment 

safety and sensors limitation. Therefore, the response 

produce is classified as closed-loop system. Based on 

Fig. 1, several assumptions are made. Firstly, the 

model structure is second order and exhibit under-

damped process response. Secondly, there is time 

delay in the process. The models most probably have 

higher order transfer function.  

 
Table 1: Estimated parameters of SOPDT model using Matlab software. 

Run Parameters 

K Τw ζ Τd R2 

Step test 150 °C to 160 °C 

1 0.9990 49.50 1.25 4.65 0.9390 

2 0.9990 47.14 1.31 3.54 0.9437 

3 0.9999 48.34 1.29 4.28 0.9434 

4* 1.0047 84.38 1.02 4.93 0.8887 

5 1.0019 49.51 1.45 4.46 0.9423 

6 1.0013 48.07 1.42 4.23 0.9414 

Step test 160 °C to 170 °C 

1 0.9996  

50.38 

 

1.20 

 

4.78 

0.9474 

2 0.9995 50.36 1.29 5.05 0.9455 

3 0.9994 46.41 1.37 4.79 0.9167 

4 0.9997 50.40 1.29 4.87 0.9502 

5 0.9996 51.67 1.22 5.04 0.9375 

6* 0.9994 45.93 1.37 4.29 0.9305 

Step test 170 °C to 180 °C 

1 0.9989  

51.35 

 

1.21 

 

5.22 

0.9276 

2 0.9986 52.40 1.19 5.06 0.9434 

3 0.9992 51..22 1.26 5.45 0.9458 

4 0.9997 50.75 1.27 4.65 0.9421 

5* 0.9996 47.79 1.43 3.87 0.9444 

6 0.9988 51.73 1.19 5.06 0.9280 
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 The model parameters are estimated and 

tabulated in Table 1. Gain of the system, K is 

dimensionless. K value is relatively similar for all 

models, range from 0.9986 to 1.0013. However, K is 

decreasing as operating temperature increased. 

Natural frequency, τw of step change from 150°C to 

160°C have a significant variation because of the 

sample experiment 4 that deviates from the other 

experimental data. If this value is taken into account, 

the average τw becomes quite large as compared to 

the other step change. Supposedly, the trend of τw 

value is increases as the operating temperature 

increased.  

 Initially, the assumption made was the system 

exhibit under-damped response. However, the 

estimation of the parameters results in zeta, ζ value 

larger than 1, in which can be classified as over-

damped response. This probably because of the 

oscillation is very small that can be neglected, the 

response quite slow and exhibited simple decay. 

From the estimated parameters, ζ is decrease as the 

operating temperature increased. Temperature 

process usually have time delay, τd. The estimation 

of delay for this present process refers to the time 

taken for the hot air exit stream to increase in 

temperature when the set point temperature of the 

heater is increased. The result shown that the higher 

the operating temperature, the longer is the time 

delay.  

 The average values for all the parameters of each 

step change are calculated. However, the data of 

experiment with * is eliminated from the group so 

that the average is more precise.  Three models are 

developed representing the average of each step 

change. The model parameters are given in Table 2. 

This model is then validated with the new data. Fig. 

2 shows the comparison between the model and the 

new experimental step test data. The coefficient of 

determination, R
2
 is a number that indicate the fitness 

of the data to the model range 0 to 1. All the three 

models have R
2
 > 0.9 as given in Table 2, in which 

represent a good fit with the data and therefore can 

be accepted and considered as a valid model.

  

 
(a) 

 
(b) 
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(c) 

 

Fig. 2: Comparison between the average model and new experimental data for step test from a) 150°C to 160°C,  

b) 160°C to 170°C and c) 170°C to 180°C  
 

Table 2: Average model parameters. 

Step test K Τw ζ Τd R2 

150°C to 160°C 1.0002±0.0013 48.51±1.01 1.34±0.09 4.23±0.42 0.9276 

160°C to 170°C 0.9995±0.0001 49.84±1.99 1.27±0.07 4.91±0.13 0.9530 

170°C to 180°C 0.9991±0.0004 51.49±0.62 1.22±0.04 5.09±0.29 0.9381 

 
Table 3: Estimated parameters for closed-loop control system. 

Kc Kp τi τp τd 

10 0.09995 233 10.66 4.91 

 

 Among the three models, model of step change 

from 160°C to 170°C has a higher R
2
 value. This 

model also can predict the range of temperature from 

150°C to 180°C very well (R
2
 > 0.9). Therefore, this 

model is chosen to be used in the estimation of 

closed-loop model parameter as given in Table 3. 

Closed-loop model serves as the initial estimation for 

the tuning of model parameter in future work. Value 

of process gain, Kp and process time constant, τp is 

very small as compared to the controller gain, Kc and 

integral time, τi. 

 

Conclusion: 

 Three empirical model of oven temperature 

during baking were developed by taking the average 

value of several runs of each step test. These models 

had relatively similar dynamic behavior and can be 

represented as second order plus time delay 

(SOPTD) models. Increasing the operating 

temperature had slightly decreases K and ζ value, but 

slightly increases τw and τd. These models were valid 

(R
2
 >0.9) not only for experiment data that used in 

calculating its parameter, but also for the additional 

data that are not used in the parameter estimation.  
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