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ABSTRACT 

This project is part of our on-going research effort that aims to improve well-being 
and care of young pigs by exploring an innovative means to assess and control thermal 
comfort of the animals. In simple terms, the method uses “body language” of pigs to 
determine their thermal comfort state (i.e., cold, comfortable, or hot).  This “body 
language” is simply the resting pattern or behavior of group-housed pigs, which is an 
inherent, comprehensive response integrating the effects of not only air temperature but 
all other influencing environmental factors. The method emulates the practice of 
dedicated caretakers who observe the resting behavior of pigs and then make the 
appropriate environmental adjustments. The difference here is that instead of relying on 
human observation, the proposed approach will use an intelligent computer vision 
system (a video camera, a host PC with image grabber and image processing and 
analysis programs) to automatically and continuously obtain and assess the behavioral 
patterns. Our previous studies had demonstrated promising results of the approach. In 
the meantime, numerous challenges emerged that face the implementation of such a 
behavior-based pig welfare controller. One of the challenges is to better define the 
relationship between resting behavior and comfort level, which may lead to some sort of 
behavioral index or indexes that can be used in the assessment and control process. 
Pursuit of such a relationship or the behavioral indexes was the focus of this study. The 
study further quantified the effects of air temperature (Ta) and velocity (V) on the 
effective environmental temperature (EET) – the environmental temperature felt by the 
pigs.  

Nursery pigs ranging from 4 to 7 weeks of age (weighing 16 to 32 lb.) were 
exposed to 20 Ta and V combinations. The combinations resulted from a factorial 

arrangement of five Ta ’s at 68, 75, 82, 90, and 97°F by four V’s at 20, 100, 200, 300 
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ft/min. An infrared (IR) thermal imager system was used to simultaneously record 
resting pattern and surface temperature of the pigs. Three quantitative behavioral 
indexes were examined for efficacy in representing thermal comfort level of the pigs. 
These indexes included a) the ratio of occupied floor area (OFA) to total surface area of 

the pigs − index Ia, b) the ratio of OFA to its maximum theoretical value − index If, and c) 

OFA per 100 kg body weight − index Ap(100kg).  The results showed that nursery pigs of 
this age or weight range shared a common range for behavioral indexes Ia and If. 
Specifically, Ia of 0.20 to 0.24 and If of 0.75 to 0.84 correspond to the resting pattern of 
the pigs under thermal comfort conditions. The corresponding surface temperature of 

the pigs in the thermal comfort zone ranges from 94.1 to 97.3°F. The range of index 
Ap(100kg) for the thermal comfort zone was more dependent on pig age/body weight and 
would not be an effective index for the assessment and control process. Using the 
behavioral index as a measure of thermal comfort, the effects of V on EET of the pigs 
can be seen. The EET data will be helpful in assessing the effect of drafts on the pigs at 
cool to hot Ta.  
 
 

INTRODUCTION 

Conventional, temperature-based environmental controllers have the inherent 
pitfalls of not being interactive with the thermal needs of the animals. This mismatch 
stems from the fact that air temperature represents only a part of the micro-environment 
that is also contributed to by other thermal and physical factors such as air velocity, 
radiation, and floor type and condition. Such mismatch may lead to reduced animal well-
being, health, and overall production efficiency (Gears et al., 1986). Yet, it is neither 
possible nor practical to measure all these environmental parameters to produce a 
comprehensive thermal comfort index for the control process. The best indicator to the 
environmental suitability is the animal itself, the ultimate integrator of all the external and 
internal factors. Thermal comfort level of group-housed animals is expressed via their 
resting behavioral patterns. Huddling, nearly touching one another, and spreading apart 
are resting patterns of animals undergoing cold, comfortable, and warm/hot sensations, 
respectively (Mount, 1968). The dedicated animal caretakers have been using such 
behaviors to determine the suitability of the microenvironment and to make adjustment 
on the control devices. However, the manual process of observation and adjustment 
has its apparent limitations.  

One way to overcome the pitfalls of the air temperature – based control and the 
imitations of manual observation and adjustment would be to automate the process of 
the behavior – based assessment and control. The idea is to use a computer imaging 
system that can automatically and continuously capture and analyze the relevant 
behavioral patterns of the pigs. By “relevant” we mean that only certain images will 
reflect the thermal comfort of the pigs and thus the adequacy of the microenvironment.  
For example, a picture involving pigs in motion (feeding, drinking or simply moving 
around in the pen) would not be eligible for analysis and thus must be discarded, 
automatically. Therefore, pursuit of this automatic behavior – based assessment and 
control of the pig thermal comfort has been one of our research focuses for the last two 
years. To begin with, we investigated the feasibility of this approach, and the results 
were promising (Shao et al., 1997). We then continued to develop algorithms and some 
pigpen hardware for automatic image selection (i.e., select only the relevant, resting 
images and discard the other) and automatic image segmentation (i.e., separate pigs 
from their background such as feeder, floor, surrounding wall, manure on the floor, etc) 
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Figure 1–Schematic of the testing facility.  

(Hu, 1998; Hu and Xin, 1998). During this process, it became apparent that a better, 
quantitative behavioral representation of the thermal comfort level is needed for 
improved performance in the classification process.  This is particularly the case when 
fuzzy neural network (FNN) is used to classify the thermal comfort level of the pigs. The 
advantage of FNN, as compared to conventional neural network (CNN) is that FNN not 
only classifies the thermal comfort state (cold, comfortable, or hot), as does CNN, it also 
tells how cold or warm the pigs are – the degree of thermal comfort. The implication is 
that FNN can specify how much the set point should be changed, as opposed to be a 
fixed increment or decrement.  

OBJECTIVES 

1. To determine quantitative relationship between the resting behavior and thermal 
comfort of group –housed young pigs. This information will be used to enhance the 
training of FNN, thus improving subsequent accuracy of behavioral classification by 
the network.  

2. To determine the behavioral and physiological responses of pigs to changes in 
microclimate conditions, particularly to air velocity at various ambient temperatures. 
This will provide a guideline for selection of proper sampling intervals of the 
behavioral images following an environmental modification. The data will also 
facilitate understanding the role of air velocity on the thermal comfort of the pigs.  

PROCEDURES 

Twenty young pigs with the same birth date at an initial age of 3 wk were used in 
the study. While not exposed to the testing conditions (described below), the pigs were 
kept in 4-pig groups at thermal comfort conditions in an environment-controlled room. 
The tests started when the pigs were 4 wk old, and were performed for two age groups 

− 4 to 5 wk of age (16.7 ± 0.6 lb. body weight) and 6 to 7 wk of age (32.3 ± 3.4 lb.). The 
pigs were exposed in 4-pig groups to the testing conditions for the 4- to 5- wk age 
group, and in 3-pig groups for the 6- to 7- wk age group. Selection of group sizes was 
based on the size of floor area inside the wind tunnel.  

To induce cold- to warm- postural behaviors of the pigs, a factorial combination 
of five air temperature (Ta) levels by four velocity (V) levels was formed. The five Ta 

levels were 68, 75, 82, 90, and 97°F, and the four V levels were 20, 100, 200, 300 
ft/min. For a given Ta, the series of V was imposed successively, from low to high, to the 
pigs. Each Ta/V exposure lasted for 20 min and the pigs were given 40 to 50 min for 
acclimation in the wind tunnel before start of the exposure series. Surface temperature 
(Ts) of the pigs became stable within 10-min exposure to a new V setting. Hence the 
last 10-min data were used in the analysis. The trials followed a randomized sequence 

of 82, 90, 97, 68, and 75°F. Each Ta/V 
exposure was repeated four times.  
 An infrared (IR) thermal imaging 

system (0.1°F sensitivity) and a video 
imaging system were used (fig. 1). Both 
thermal and video cameras were mounted 
above the pigpen floor, viewing the entire 
floor area. The thermographs, simultaneously 
depicting postural behavior and Ts of the 
pigs, were recorded at 2-min intervals. The 
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video imaging system, recording behavior images at 5-s intervals, supplemented the IR 
imaging analysis of the postural behavior of the pigs.  

Occupied floor area (Ap) and Ts of the pigs were determined from the 
thermographs. More than 800 thermographs were analyzed. Based on the measured 
Ap, three postural indexes were derived. The idea was to search for an index or indexes 
that quantitatively describe thermal comfort level of the pigs with minimal dependence 
on body weight. 

1) Index Ia – the ratio of Ap to the total surface area of the pigs (A, m2): 

   
A

Ap
I a =     A = N*0.0974W0.633    (Brody, 1945) 

where W is the mean body weight of the pigs (kg) and N is the number of pigs in the 
group.  

2) Index If  – the ratio of Ap to the maximum occupied floor area (Afmax): 

   
maxf

f
A

Ap
I =   Afmax = N*0.025W 3

2

    (Boon, 1981) 

3) Index Ap(100kg) –  Ap per 100 kg body weight: 

   100*
*

)100(
MN

Ap
A kgp =  

Thresholds of the postural indexes for thermoneutral zone (TNZ) were defined as 
their values corresponding to the lower and upper critical temperature (LCT, UCT) of the 
pigs. LCT and UCT (table 1) were calculated from the Bruce and Clark (1979) and 
CIGR (1992) models.  

RESULTS 

 An example of the thermographs is shown in figure 2. Both the postural behavior 
(resting pattern) and the surface temperature of the pigs can be visualized from the 
thermographs. 

As shown in figures 3 to 6, Ia and If decreased linearly with increase in V. The 
rate at which Ia or If decreased with V was greatly influenced by Ta, with greater rates at 
lower Ta. As expected, for a given V, higher Ta led to higher index values as a result of 
increased larger Ap. Index Ap(100kg) had rather poor regression relationships with V, and 
its graphical presentation was omitted.  

Using the LCT and UCT at V = 20 ft/min as the criterion for defining TNZ of the 
pigs, the TNZ thresholds of the postural indexes were identified and shown in table 2 as 
well as in the respective figures of 3 to 6. The results showed that pigs at 4 to 7 wk of 
age (16 to 32 lb.) had similar TNZ thresholds of Ia and If. For practical purposes (e.g., 
development of the behavior-based environmental assessment and control logic), the 

TNZ range of the indexes may take the values of Ia = 0.20 ∼ 0.24 and If = 0.75 ∼ 0.84 for 
this weight range of pigs. The question of which index to use as the postural indicator is 
an interesting one. If did have a larger TNZ range and thus might be more tolerant to 
temporary fluctuations in postural behavior. This speculation, however, remains to be 
further tested during real-time evaluation of the behavior-based thermal comfort 
assessment and control system (currently being developed by our group at ISU). By 
comparison, a large difference in Ap(100kg)  of TNZ existed between 4-wk-old pigs and 6-
wk-old pigs. Specifically, Ap(100kg) range of TNZ was about 0.95 to 1.11 for 4-wk-old pigs 
but 0.70 to 0.90 for 6-wk-old pigs. The higher Ap(100kg) values for the smaller (4-wk-old) 
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pigs attributed to the fact that Ap(100kg)  was inversely proportional to the body weight (W) 
as compared with 0.097W0.667 (for Ia) or 0.025W0.667 (for If). Hence, from the practical 
standpoint of control logic development, Ap(100kg) would not be as effective as Ia or If 
because of its strong dependence on pig age or body weight.  

If as a function of Ts for 4- and 6-wk-old pigs are plotted in figures 7 and 8, 
respectively. Linear relationship between If and Ts was found for 4-wk-old pigs, while 
quadratic relationship was found for 6-wk-old pigs. Based on the respective TNZ ranges 
of If for 4-wk-old and 6-wk-old pigs, Ts range of TNZ could be defined (figures 7 and 8; 

table 4). Specifically, Ts range of TNZ was 94∼98°F for 4-wk-old pigs and 94∼97.3°F for 

6-wk-old pigs. Thus, for practical purposes, a common Ts range of 94∼97.3°F would 
indicate TNZ conditions for 4- to 7-wk-old (16 to 32 lb.) pigs. 

If index If is used as the postural indicator of the pigs’ sensation to thermal 
conditions, the effects of V on EET can be illustrated. For instance, the following 

combinations of Ta /V (°F, ft/min) would yield a similar EET for 4-wk-old pigs: 68/20, 
75/60, and 82/140.  Similarly, the following Ta/V combinations would yield a similar EET 
for 6-wk-old pigs: 68/20, 75/90, and 82/180.  The EET results show that 6-wk-old pigs 
are slightly more tolerant to V as compared with 4-wk-old pigs. The LCT and UCT for V 
greater than 20 ft/min obtained using If as the guide were reasonably similar to those 
simulated from the models of Bruce and Clark (1979) and CIGR (1992). Some 
differences that did exist between the two methods could have attributed to the 
assumptions involved in the simulation models that might not completely reflect the true 
environmental and biological conditions of the experiment.  

Results from this study will enhance our development of the behavior-based 
animal welfare controller. The data on EET as a function of air temperature and velocity 
provide a useful reference for swine management.  
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OTHER DELIVERABLES 

This report contains only the highlights of the project. Detailed description of all 
aspects can be found in the following publications (available upon request). The work 
was presented at the 1999 ASAE (American Society of Agricultural Engineers) Annual 
International Conference. 

Ye, W. 1999. Quantifying thermal comfort behavior of young pigs using thermography.  
M.S. Thesis. Iowa State University, Parks Library, Ames, Iowa.  

Ye, W. and H. Xin. 1999. Thermographical measurement of physiological and 
behavioral states of group-housed pigs. ASAE paper 99-3190. St Joseph, MI: 
ASAE  

Ye, W. and H. Xin. 1999. Measurement of surface temperature and postural responses 
of group-housed pigs to thermal conditions by thermography. Transactions of the 
ASAE (In review). 
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Table 1. Calculated lower critical temperature (LCT, °°°°F) and upper critical temperature 

(UCT, °°°°F) of 4- and 6-wk-old pigs exposed to different air velocities (Group Size = four for 

4-wk-old pigs and three for 6-wk-old pigs. Floor type: plastic slat).  

Age  Body Weight   Air Velocity (ft/min) 

(wk)  (lb.)   20 100 200 300 

4  16  LCT 70 78 81 83 

    UCT 86 90 92 93 

6  32  LCT 67 75 78 80 

    UCT 85 89 91 92 

 

 

 

Table 2. Thermoneutral thresholds of postural indexes and surface temperature (°°°°F) of the 

experimental pigs.  

Postural Index Pig Age, wk (Body Weight, lb.) Common 

or Ts 4-5 (16) 

 

6-7 (32) Range 

Ia 0.20 - 0.24 0.20 - 0.24 0.20 - 0.24 

If 0.75 - 0.85 0.74 - 0.84 0.75 - 0.84 

Ap 0.95 - 1.11 0.70 - 0.90 N/A 

Ts 94.1 – 98.1 93.9 - 97.3 94 - 97.3 
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(a)  68oF air temperature.
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Figure 2–Example thermographs depicting postural behavior and surface temperature of 4- to 5-

wk old pigs exposed to 68 or 90
o
F air temperature and four air velocities. (Conversion 

from degree C to degree F: °F = °C*1.8 +32. 
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Figure 3–Postural index Ia (ratio of occupied floor area to the total surface area) for 4-wk-old pigs (16 lb.) 

  subjected to different air velocity and air temperature (Ta). 
 

 

 

Figure 4–Postural index Ia (ratio of occupied floor area to the total surface area) for 6-wk-old pigs (32 lb.) 

subjected to different V and air temperature (Ta). 
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Figure 5–Postural index If (ratio of occupied floor area to its max theoretical value) for 4-wk-old pigs (16 

lb.) subjected to different air velocity and air temperature (Ta).  
 

 

 

 

 

Figure 6–Postural index If (ratio of occupied floor area to its max theoretical value) for 6-wk-old pigs (32 

lb.) subjected to different air velocity and air temperature (Ta). 
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Figure 7–Relationship between postural index If (ratio of occupied floor area to its max theoretical value) 

and the mean surface temperature (Ts) for 4-wk-old pigs (16 lb.). The Ts band between the 

vertical lines corresponded to the TNZ If range. 

 

Figure 8–Relationship between postural index If (ratio of occupied floor area to its max theoretical value) 

and the mean surface temperature (Ts) for 6-wk-old pigs (32 lb.). The Ts band between the 

vertical lines corresponded to the TNZ If range. 
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