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Abstract. The aim of this study is to try to develop fuzzy expert system for predicting live body weight in 

hair goats. As material, 81 hair goats grown in Siirt Province, Turkey were used. A fuzzy expert system 

was designed using heart girth, body depth and body length measurements of the animals. Fuzzy Logic 

Toolbox of MATLAB Software was used for fuzzy expert system development. The Mamdani inference 

method was used as inference method and the Centroid method was chosen as the defuzzification method. 

A correlation r = 0.95 was found between the live body weight predicted by the developed system and the 

live body weight data obtained by actual weighing. The determination coefficient of the model was 

calculated as R2 = 0.90. As a result, we can say that fuzzy expert systems have better results in livestock 

with uncertainties and incomplete data and the development of these kinds of systems in the future is 

recommended. 
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Introduction 

Regression models are generally used to predict prospective yield in animal 

breeding, or to estimate data that are difficult to measure with data that are measured 

more easily. The data must provide some assumptions to apply regression models 

(Graybill and Iyer, 1994). However, data in real life do not always meet these 

requirements. Instead of conventional statistical analysis, fuzzy logic models based on 

fuzzy set theory are more appropriate for such data. Fuzzy Logic (FL) approach was 

introduced in an article published by Lotfi Zadeh from University of California, 

Berkeley in 1965. Since then, fuzzy logic can be defined as a solid mathematical model 

set to explain and work with uncertainties. As it is known, statistics and probability 

theories work with certainties rather than uncertainties, however, the world of human is 

laden with vagueness. Therefore, mankind has been required to work with uncertainties 

to develop the ability of reasoning. The most significant feature of fuzzy sets is its 

capability to model verbal and digital information and data containing uncertainties 

concurrently in closest way to the human brain. Expert systems based on fuzzy logic 

play a role of consultant, expert while facilitating the works of breeders. There are some 

expert systems that have been developed in animal husbandry (Ferreira et al., 2007; 

Alizadeh et al., 2008; Jampour et al., 2011; Agbonifo and Ajayi, 2012; Menesatti et al., 

2014; Dağ et al., 2015). 

An expert system (ES) is one of the programming methods that, like expert people, 

can decide, so people aiming to solve these problems by modeling (Nabiyev, 2005). The 

purpose of an expert system is to solve problems that can be solved by a human expert. 

An expert system can be expressed as a transition from data processing to knowledge 

processing. In data processing, when the database is processed efficiently depending on 
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an algorithm, in information processing for example heuristic (experience-based) 

method issues rules and facts which consists of the knowledge base is efficiently 

processed without being bound by any algorithm (Allahverdi, 2002). 

One of the important issues in animal husbandry is to provide body weight data from 

the animal without stressing it. It is possible to estimate the animal's live body weight 

by using body measurements. For this purpose varied works have been done with 

conventional methods (Keskin and Dağ, 2006; Pesmen and Yardimci, 2008; Sowande 

and Sobola, 2008; Abegaz and Awgichew, 2009; Tadesse and Gebremariam, 2010; 

Yılmaz et al., 2012; Iqbal et al., 2014). 

The number of goats in Turkey is close to the number of goats in whole Europe. 

Figure 1 reveals how important goat breeding is in Turkey (FAOSTAT, 2016). 

 

 

Figure 1. Production of goats by country (Average 1994 – 2016) 

 

 

The objective of livestock is to maintain and even to increase profitability. For this 

purpose, fuzzy expert systems (FES) can help the farmers to achieve their goals. 

In the current study FES and some applications in livestock were introduced and a 

sample FES design for live weight prediction in hair goats was developed. 

Materials and Methods 

Material 

The material of the study was provided from a private farm in Siirt Province, Turkey. 

The data were collected from 81 female hair goats. The Hair goat, Turkish Native Black 

Hair or Anatolian Black (Mason, 1996) is the most numerous breed and probably 

accounts numerically for more than 90 percent of the national goat flock. They are part 

of the Syrian type and while usually black they are sometimes seen in brown, gray or 

pied. It is the hardest of all Turkish goat resources, well adapted to climatic extremes, to 

rough and rocky terrain, to poor feed and resistant to local diseases and to managerial 

indifference. This is mainly a meat goat with a low milk yield and low growth rate. 

(Olfaz et al., 2011; Yılmaz et al., 2012). 
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Heart girth (HG), Body depth (BD), Body length (BL) and Live body weight (LBW) 

parameters were recorded after 8 hours of feed restriction. The age of the goats ranged 

from 10 to 36 month. Body measurements were taken by a tape measure (Fig. 2) and 

body weight was taken using a digital scale (Chacon et al., 2011): 

 

 

1. Body depth (BD) 

2. Heart girth (HG) 

3. Body length (BL) 

Figure 2. Body measurements of female goats (Chacon et al., 2011) 

 

 

1. Body Depth: For this parameter, the height between the very end of the goat’s 

front leg and its back was measured. The stability of the goat is very important 

during these measurement processes. 

2. Heart Girth: is a circumferential measure taken around the chest just behind the 

front legs and withers. During the measurement, the animal should be kept 

stable and the accuracy of the reading was double checked. 

3. Body Length: refers to the distance from the base of the ear to the base of the 

tail. It can also be measured as the distance from the base of the tail to the base 

of the neck (first thoracic vertebrae), or to the front of the chest or to the tip of 

the nose (Mahmud et al., 2014). 

4. Body Weight: The goat which body parameters were measured was weighed 

according to its body weight by digital scale and the values were noted down. 

Husbandry system influences body measurements. Development of animals can be 

influenced by management and feeding. HG and BD are not significantly influenced by 

husbandry system (Riva et al., 2004). 

Method 

A typical process in developing the fuzzy expert system incorporates the following 

steps (Negnevitsky, 2005): 

1. Specify the problem and define linguistic variables. 

2. Determine fuzzy sets. 

3. Elicit and construct fuzzy rules. 

4. Encode the fuzzy sets, fuzzy rules and procedures to perform fuzzy inference 

into the expert system. 

5. Evaluate and tune the system. 
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Linguistic variables 

Input and output crisp numerical data were fuzzified and converted into linguistic 

variables (Table 1). 

 
Table 1. Linguistic terms used for the body measurements 

Heart Girth range (cm) Linguistic terms Membership functions 

74 – 80 Short trapezoidal 

78 – 85 Medium triangular 

83 – 90 Long triangular 

88 – 96 Very Long trapezoidal 

Body Depth range (cm) Linguistic terms Membership functions 

73 – 80 Short trapezoidal 

78 – 90 Medium triangular 

88 – 95 Long triangular 

93 – 105 Very Long trapezoidal 

Body Length range (cm) Linguistic terms Membership functions 

56 – 65 Short trapezoidal 

63 – 70 Medium triangular 

68 – 74 Long triangular 

72 – 82 Very Long trapezoidal 

Live Body Weight range (kg) Linguistic terms Membership functions 

22 – 32 Low trapezoidal 

30 – 42 Medium triangular 

39 – 48 High triangular 

45 – 57 Very High trapezoidal 

 

Fuzzy sets 

Triangular and trapezoid membership functions were set for the fuzzy variables as 

inputs and output. The fuzzy sets and membership functions for each of the 3 input 

variables and 1 output variable were determined (Figs. 3-6). 

 

  

Figure 3. Membership function graphic for HG 
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Figure 4. Membership function graphic for BD 

 

 

  

Figure 5. Membership function graphic for BL 

 

 

 

Figure 6. Membership function graphic for LBW 
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Fuzzy rules 

The system knowledge base was constituted from 29 rules. Some of the rules are 

given in the Table 2. 

 
Table 2. Rule sets for the FES 

Rule No  HG  BD  BL  LBW 

1 IF Short AND Medium AND Short THEN Low 

…         

6 IF Medium AND Medium AND Medium THEN Medium 
…         

10 IF Medium AND Very long AND Long THEN High 

…         

16 IF Long AND Medium AND Medium THEN High 
…         

23 IF Very long AND Very long AND Very long THEN Very high 

…         
29 IF Very long AND Long AND Very long THEN High 

 

 

For example, Rule 10 from the table can be explained as follows: If HG is medium 

and BD is very high and BL is long then LBW is high. 

Inference method 

Mamdani inference method was chosen as the inference method (Mamdani and 

Assilian, 1975). Due to Mamdani max - min method is applied, the λ accuracy ratios for 

each rule are determined. 

 

   

   

   

   

   

   

   

   

   

   

 

Performance criteria 

The estimated performance was calculated with Mean Percentage Error (MPE), 

Mean Absolute Percentage Error (MAPE), Determination coefficient (R2), Root Mean 

Squared Error (RMSE). The results of FES predicted LBW were compared with the 

actual weighed values (Taşdemir et al., 2011). 
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where, Yi – observed value,  – predicted value, Y  – Arithmetic mean, n – the total 

number of observations. 

Results and Discussions 

Descriptive statistics concerning body measurements and LBW of hair goats are 

shown in Table 3. Correlation coefficients between body measurements and live body 

weight are shown in Table 4. 

 
Table 3. Descriptive statistics of the obtained data 

Morphological Traits N Mean ± S Minimum Maximum 

Heart Girth (cm) 81 85.84 ± 5.605 74 96 

Body Depth (cm) 81 88.43 ± 7.586 73 105 

Body Length (cm) 81 67.64 ± 4.293 56 82 

Live Body Weight (kg) 81 39.16 ± 7.131 22.40 56.60 

 

 
Table 4. Correlation coefficients between body measurements and LBW 

 LBW HG BD 

HG 0.852**   

BD 0.767** 0.764**  

BL 0.776** 0.744** 0.650** 

**: p<0.01 

 

 

The general structure of the developed FES is shown in Figure 7. 
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Figure 7. Structure of the developed FES 

 

 

Three dimension graphics explaining the FES are shown in Figure 8. 

 

   
(a) (b) (c) 

Figure 8. 3D representation of LBW (a) by BD and HG; (b) by BL and HG; (c) by BD and BL 

 

 

In the defuzzification process, crisp outputs were obtained by using the Centroid 

method according to the degree of accuracy. For example, 43.8 kg LBW was achieved 

in the developed fuzzy expert system in response to 95 cm HG, 95 cm BD and 70 cm 

BL. The actual weight of this animal was 43.6 kg. The fuzzy expert system result 

obtained for these inputs is given in Figure 9. 

For the inputs 95 cm HG, 95 cm BD and 70 cm BL just Rule No 23 was fired. In 

another example, the following measurements of the animal: HG is 85 cm, BD is 86 cm 

and BL is 64 cm, LBW=39.9 kg were achieved from the developed fuzzy expert system. 

The fuzzy expert system result obtained for these values is shown in Figure 10. For 

these inputs 3 rules was fired at the same time. Rule 15 and Rule 16 will be fired at the 

same time. LBW for Rule 15 is Medium, for Rule 16 is High. In this case, the inference 

will be calculated as the maximums of the accuracy grades of two fired rules: 

 

Rule 15:  

Rule 16:  

 = max {0.2, 0.2} = 0.2 

 

Then using Centroid method we can calculate the BWL as 39.9 kg. 
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Figure 9. Result of FES 

 

 

 

Figure 10. Case, where two rules are fired at the same time 

 

 

After performing this simulation for all goats, it was possible to compare values 

obtained from FES with the weighed LBW (Fig. 11). 

Pearson correlation coefficient between the actually and predicted data calculated as 

0.95, which represents a high positive correlation between these sets and indicates that 

the proposed method is suitable for the LBW prediction (Fig. 12). 
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Figure 11. Comparison of Actual and FES predicted LBWs 

 

 

 

Figure 12. Correlation between Actual and FES predicted LBWs 

 

 

Determination coefficient of the model was calculated as 90%. The MPE, MAPE and 

RMSE values calculated as, 1.31, 4.73 and 6.91, respectively. In the study of Menesatti 

et al., 2014 the correlation coefficient between observed and predicted weight using 

body length, withers height and chest depth measurements taken by the web-camera 

system was found as 0.7946. The study of Akkol et al. (2017) tried to predict live body 

weight by means of body measurements like chest width, rump height, withers height, 

back height, chest depth, chest girth and body length with the artificial neural network 

(ANN) and multiple linear regression (MLR) models. The R2, RMSE and MAPE values 

of the models estimated as, 89.8%-91%, 3.84-4.10, 4.80-4.90 for ANN models and 

88.4%, 3.79 and 4.87 for MLR model. Based on the all age group of Highland sheep, 

heart girth and body length was found enough to estimate body weight with R2=73% in 

the study of Tadesse and Gebremariam, 2010. The R2 value of the FES developed by 

Taşdemir et al., 2011 for predicting LBW of Holstein cows with the inputs like wither 

height, hip height, body length and hip width was estimated as 98%. 
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Conclusions 

In this study, 81 experimental data were used to estimate live body weight, with 

linear body measurements (heart girth, body depth and body length). Experimental data 

were compared with results obtained with the fuzzy expert system. It was observed that 

the designed FES results were highly correlated with the experimental data and 90% 

was confirmed. Much better results can be obtained in the subsequent studies with increasing 

the number of input and output parameters and the number of linguistic variables. 
The usage of FES modeling may be highly recommended to predict LBW instead of 

time consuming experimental studies. 
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