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Abstract. Meat production needs of accurate measurement of livestock
weight. In lambs, traditional scales are still used to weigh live animals,
which is a tedious process for the operators and stressful for the animal.
In this paper, we propose a method to estimate the weight of live lambs
automatically, fast, non-invasive and affordably. The system only requires
a camera like those that can be found in mobile phones. Our approach is
based on the use of a known Convolutional Neural Network architecture
(Xception) pre-trained on the ImageNet dataset. The acquired knowledge
during training is used to estimate the weight, which is known as transfer
learning. The best results are achieved with a model that receives the
image, the sex of the lamb and the height from where the image is taken.
A mean absolute error (MAE) of 0.58 kg and an R? of 0.96 were obtained,
improving on current techniques. Only one image and two values specified
by the user (sex and height) allow to estimate with a minimum error the
optimal weight of a lamb, maximising the economic profit.
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1 Introduction

Intelligent systems have been applied to many fields to assist daily routines and
make them easier and faster [I4]. This is also the case of animal production,
where traditional farms are optimising their production, improving animal wel-
fare and increasing their benefit [9].

There are many works in the literature that propose approaches based on
the use of intelligent techniques to assist farmers in their daily routines. So,
there are studies to analyse the behaviour of the animals to detect diseases or to
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achieve a better understanding about the most influence aspects to improve the
animal welfare [2I4]. However, most of them are focused on species like pigs or
cows as it is a more profitable industry. On the contrary, there are not so many
applications for lambs, perhaps because they present more difficulties due to their
fast movements and a lower economic profit. As this economic profit is directly
related to determining the proper time for slaughter, it is crucial to identify when
a lamb has reached its optimum weight. In order to weigh animals automatically,
computer vision techniques have been employed to different species like pigs [1],
cows [I5] or sheep [7].

Regarding the techniques used, most of them apply traditional computer
vision techniques like morphological operations [I2[TOJTII7]. More recently, Con-
volutional Neural Networks (CNN) have been also employed to estimate body
weight of pigs [16].

Although some methods are based on the use of certain cameras like laser [18]
or thermal ones [§], most of them employ traditional cameras or depth-cameras
like Kinetic [I] or Intel®) Real Sense™ [I7]. It is important to notice that most
of these methods require special infrastructures to acquire the images named
walk-over weighing (WoW) systems. For that reason, they are not so widely
adopted by farmers as they require an important investment, specially in lamb
industry [I1].

This paper proposes a method for weighing lambs automatically using com-
puter vision techniques. This proposal only requires a system to acquire images
from a zenithal view, which can be a mobile phone or other electronic device. So,
the implementation cost is really reduced and can be easily adopted by farmers.
By using the proposed approach, lamb weight is estimated using a CNN that
extracts the body contour of the lamb and assesses its weight. As a result, farm-
ers can use a friendly application to determine automatically the proper time
for slaughter based on the weight of the lamb. In addition to this, as lambs do
not suffer stress since the image acquisition employs an indirect process, animal
welfare is increased. Farmers also avoid the use of traditional scales which is a
tedious and physical demanding process.

This paper is structured as follows. Section [2| explains the dataset and how
it has been acquired. Section [3| gives details of the proposed architecture and
Section [] shows the results obtained that validate the proposed architecture.
Finally, Section [5| gathers the achieved conclusions.

2 Image acquisition and data preparation

Zenithal images of the Rasa Aragonesa breed lambs were taken during the ex-
periments of [I7]. This breed is usually distributed in the northeast of Spain and
these farms require to maximise the number of births so as to sell more lambs
and increase the benefit. A decisive factor that affects the number of births is
the weight.

For each image, we know the sex (Male or Female), the live weight and an
identifier of the lamb. The acquired system is equipped with a 3D Intel Camera,
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which allows the acquisition of color images (RGB channels) and depth images.
Figure[I]shows the process to estimate the distance from them lamb at which the
image was taken (we name it height). Firstly, the depth image is binarized with
a threshold (900, which is the mean distance to the lamb). Secondly, a mask is
used to detect the region of the image where the lamb is (the bounding box that
comprises the body lamb). Then, the bounding box is expanded by 50 pixels and
this new area is used to crop the image and get the region of interest. Finally,
intrinsic camera parameters are used to get the relationship between a stream’s
2D and 3D coordinate systems. This process is known as deprojection, which
consists on converting pixels of two dimensions (z,y) to points of the real world
with three dimensions (x,y,z), being z the distance between the camera and
the ground. This value is converted to meters and called Height. In a simplified
and affordable acquisition system as a mobile phone, the farmer must introduce
manually the height at which the image was taken.

meters

Threshold Bounding Box Deproject
Binarization and Border  Crop BFOU"d pixel to point
the border

Depth image

Fig. 1. Scheme of the lamb’s height computation. Depth image is binarized to detect
the lamb (Bounding Box). Image is cropped with a border of 50 pixels around the
bounding box. Deprojection of pixels is used to calculate the height of the camera.

For this experiment, 54 lambs and a total of 2030 images were taken into
account. Figure [2| shows the distribution of the 2030 images according to its sex
(Female or Male) according to the weight of the lamb (between 13.5 kg and 27.7
kg) and the height of the camera (between 1.16 m and 1.55 m). Some sample
images of the dataset with the weight and calculated height of the camera can
be seen in Figure

3 Proposed architecture

In this paper, we propose the use of CNN to estimate the weight lamb from
images. Our approach consists in the use of transfer learning, which is a technique
that considers the weights of a pre-trained model as well as the extracted features
and knowledge and apply all of them to a new task. We have used the Xception [5]
architecture which has 22.9 millions of parameters and a depth of 81 layers. This
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Fig. 2. Distribution of the images divided by sex (Male or Female) according to the
weight of the lamb and the height of the camera.
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Fig. 3. Image samples of the dataset for both female (left) and male (right) lambs with
their weight and calculated height.

architecture has been trained on the ImageNet dataset [6] which has 3.2 million
of images and counts with a subtree category of mammals (862K of images). For
this dataset, Xception achieves an accuracy of the 79%, and a Top-5 accuracy
(which checks the top 5 predictions with the target label) of 94.5%.

Figure [4]shows the proposed architecture, which uses the knowledge acquired
during the training of Xception to classify ImageNet images. Fully-Connected
layers are removed and then a fully connected layer of 128 neurons and ReLu
activation is added. In addition to this, a last layer with one neuron which
estimates the weight is also included. In our approach, inputs are formed by
color images with a resolution of 240 x 424 pixels. Using CNN, features from the
images are extracted. These features are the inputs of the fully connected layer.
Besides that, two more inputs are considered: the sex of the lamb and the height
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that is defined as the distance from the camera to the ground. By applying this
model a regression output is obtained that yields the lamb weight.

240x424x3
RGB Image L
Pretrained Network
S — R
Relu
Height
‘Conmlution ' Max-Pooling ' Global Average Pooling | Dense

Fig. 4. Network architecture defined for weight estimation where the Xception model
trained on ImageNet is employed to extract the features from the image that are
combined with sex and height features to estimate the lamb weight

Let N be the number of samples, y the real weight and ¢ the predicted weight,
there are multiple regression metrics used to evaluate results:

— R Squared (R2), also known as coefficient of determination, measures the
variability of a dependent variable. Values can go from 0 to 1, although can
be interpreted as a percentage.

2 i (Wi —9i)?
BT i p? M

— Mean Absolute Error (MAE) is the mean of the absolute error between the
predicted and real values.

1 — .
MAE—N;M'—ZM (2)

— Mean Squared Error (MSE) is the mean of the square error between the
predicted and real values.

n

1 .2
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— Mean Absolute Percentage Error (MAPE) is the ratio of the mean error to
real values.

1 =y — il
MAPFE = — - 4

4 Experimental results

The goal of the following experiment is to estimate the weight of a lamb auto-
matically using an affordable system for farmers, such as a mobile phone.

The proposed architecture, explained in the previous Section, has been trained
during 50 epochs using a batch size of 16 images. The pre-trained model has been
frozen to avoid losing the previously acquired knowledge. Adam [I3] is used as an
optimizer, the learning rate is 1074, and the loss function is MAE. The dataset
explained in Section [2| was split into training set (70% of the data) and test set
(30% of data).

Multiple experiments were carried out: a model with just the image as input,
a model with one additional input besides the image (sex or height) and a model
with both additional inputs (sex and height). As the height values range between
1.16 m and 1.55 m, a normalisation has been done by subtracting one unit (0.16-
0.55).

Table [1| summarises all the experiments and their results. Best results were
achieved with the model that includes as inputs the image, the lamb sex and
the normalised height, getting a MAE of 0.48 kg, a MAPE of 2.22% and an R?
of 0.97 in the training set. The results of the test set provide evidence of the
generalisation of the proposed system with a MAE of 0.59 kg, a MAPE of 2.84%
and an R? of 0.96.

Table 1. Results of the experiments taken with our proposed architecture.

Basic |[Model with Model with Model with Model with Model with sex and
Model sex height  normalised height|sex and height normalised height

MAE (0.5877| 0.4965 0.5207 0.5293 0.4817 0.4760
Train MSE [1.0430| 0.7708 0.8257 0.8509 0.6966 0.6664
MAPE|2.6963| 2.2979 2.4020 2.4405 2.2388 2.2174
R2 [0.9534| 0.9656 0.9631 0.9620 0.9689 0.9703
MAE (0.7077| 0.6135 0.6319 0.6681 0.6010 0.5896
Test MSE [1.3692| 1.0468 1.1064 1.1721 0.9610 0.9223
MAPE|3.3696| 2.9437 3.0224 3.2224 2.9108 2.8471
R2 1]0.9412| 0.9551 0.9525 0.9497 0.9587 0.9604

These results outperform the ones obtained in [I7], where the estimation
weight was applied using a depth camera, as their method yielded a MAE of
1.37 kg and a R? of 0.86. Therefore, our proposal achieves better results with
a more affordable system that can be supported by a regular mobile phone. All
experiments are available in [3].
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5 Conclusions

This paper proposes a deep learning model to help farmers to estimate the
weight of live lambs. The presented system can be used in devices with camera,
such as mobile phones, to take zenithal pictures of a lamb. A CNN architecture
named Xception trained on ImageNet dataset has been considered to use transfer
learning. This allows to take advantage of the previous knowledge to apply it to
a regression problem, like the estimation of weight. Some external information
can be included by the mobile application, such as the sex of the lamb and
the distance from the mobile phone to the ground (named height), what has
improved the obtained results. Model evaluation achieves a MAE of 0.59 kg
(which corresponds with a MAPE of 2.84 %) and an R? of 0.96 on the test
set. If additional data is not included and the estimation is made just with the
acquired image, MAE is 0.71 kg and R? is 0.94. Experts consider these results
adequate for the need of livestock farms in terms of accuracy, as well as the
benefits of the easy implementation as it just requires a mobile device. Another
remarkable advantage of the proposed method is that it reduces the human-
animal interaction which increases the animal welfare.

Acknowledgements

This research was funded by the Aragonese government and the “Asociacién
Nacional de Criadores de Ganado Ovino de Raza Rasa Aragonesa (ANGRA)”
through the “Programa de Desarrollo Rural de Aragén para el periodo 2014-2020
(GCP2017 - 2700)”. Virginia Riego would like to thank Universidad de Leén for
its funding support for her doctoral studies.

References

1. Alsahaf, A., Azzopardi, G., Ducro, B., Hanenberg, E., Veerkamp, R.F., Petkov, N.:
Estimation of Muscle Scores of Live Pigs Using a Kinect Camera. IEEE Access 7,
52238-52245 (2019). |https://doi.org/10.1109/ACCESS.2019.2910986

2. Byrne, D.T., Esmonde, H., Berry, D.P., McGovern, F., Creighton, P.,
McHugh, N.: Sheep lameness detection from individual hoof load. Com-
puters and Electronics in Agriculture 158(August 2018), 241-248 (2019).
https://doi.org/10.1016/j.compag.2019.01.048

3. Riego del Castillo, V.: Transfer Learning to estimate lamb weight, https://
github.com/uleroboticsgroup/transfer_learning lamb_weight

4. Chen, C., Zhu, W.,; Guo, Y., Ma, C., Huang, W., Ruan, C.: A kinetic en-
ergy model based on machine vision for recognition of aggressive behaviours
among group-housed pigs. Livestock Science 218(April 2017), 70-78 (2018).
https://doi.org/10.1016/j.1ivsci.2018.10.013

5. Chollet, F.: Xception: Deep learning with depthwise separable convolutions (2016).
https://doi.org/10.48550/ ARXIV.1610.02357


https://doi.org/10.1109/ACCESS.2019.2910986
https://doi.org/10.1016/j.compag.2019.01.048
https://github.com/uleroboticsgroup/transfer_learning_lamb_weight
https://github.com/uleroboticsgroup/transfer_learning_lamb_weight
https://doi.org/10.1016/j.livsci.2018.10.013
https://doi.org/10.48550/ARXIV.1610.02357

10.

11.

12.

13.

14.

15.

16.

17.

18.

Virginia Riego et al.

Deng, J., Dong, W., Socher, R., Li, L.J., Li, K., Fei-Fei, L.: Ima-
genet: A large-scale hierarchical image database. In: 2009 IEEE Confer-
ence on Computer Vision and Pattern Recognition. pp. 248-255 (2009).
https://doi.org/10.1109/CVPR.2009.5206848

Gonzdlez-Garcia, E., Alhamada, M., Pradel, J., Douls, S., Parisot, S., Boc-
quier, F., Menassol, J., Llach, I., Gonzilez, L.: A mobile and automated
walk-over-weighing system for a close and remote monitoring of liveweight
in sheep. Computers and Electronics in Agriculture 153, 226-238 (2018).
https://doi.org/https://doi.org/10.1016/j.compag.2018.08.022

Halachmi, I., Klop¢i¢, M., Polak, P., Roberts, D., Bewley, J.: Auto-
matic assessment of dairy cattle body condition score using thermal
imaging. Computers and Electronics in Agriculture 99, 35-40 (2013).
https://doi.org/https://doi.org/10.1016/j.compag.2013.08.012

Hostiou, N., Fagon, J., Chauvat, S., Turlot, A., Kling-Eveillard, F., Boivin, X.,
Allain, C.: Impact of precision livestock farming on work and human-animal in-
teractions on dairy farms. a review. Biotechnology, Agronomy and Society and
Environment 21(4), 268-275 (2017). https://doi.org/10.25518/1780-4507.13706
Jun, K., Kim, S.J., Ji, H.W.: Estimating pig weights from images without con-
straint on posture and illumination. Computers and Electronics in Agriculture
153(August), 169-176 (2018). |https://doi.org/10.1016/j.compag.2018.08.006
Kaler, J., Ruston, A.: Technology adoption on farms: Using normalisation process
theory to understand sheep farmers’ attitudes and behaviours in relation to using
precision technology in flock management. Preventive Veterinary Medicine 170,
104715 (2019). |https://doi.org/https://doi.org/10.1016/j.prevetmed.2019.104715
Kashiha, M., Bahr, C., Ott, S., Moons, C.P., Niewold, T.A., Odberg, F.O.,
Berckmans, D.: Automatic weight estimation of individual pigs using im-
age analysis. Computers and Electronics in Agriculture 107, 38-44 (2014).
https://doi.org/https://doi.org/10.1016/j.compag.2014.06.003

Kingma, D.P., Ba, J.: Adam: A method for stochastic optimization. In: Bengio,
Y., LeCun, Y. (eds.) 3rd International Conference on Learning Representations,
ICLR 2015, San Diego, CA, USA, May 7-9, 2015, Conference Track Proceedings
(2015), http://arxiv.org/abs/1412.6980

Niloofar, P., Francis, D.P., Lazarova-Molnar, S., Vulpe, A., Vochin, M.C., Suciu,
G., Balanescu, M., Anestis, V., Bartzanas, T.: Data-driven decision support in live-
stock farming for improved animal health, welfare and greenhouse gas emissions:
Overview and challenges. Computers and Electronics in Agriculture 190, 106406
(2021). |https://doi.org/https://doi.org/10.1016/j.compag.2021.106406

Nir, O., Parmet, Y., Werner, D., Adin, G., Halachmi, I.: 3D Computer-vision sys-
tem for automatically estimating heifer height and body mass. Biosystems Engi-
neering 173, 4-10 (2018). |https://doi.org/10.1016/j.biosystemseng.2017.11.014
Rodriguez Alvarez, J., Arroqui, M., Mangudo, P., Toloza, J., Jatip, D., Rodriguez,
J.M., Teyseyre, A., Sanz, C., Zunino, A., Machado, C., Mateos, C.: Body
condition estimation on cows from depth images using convolutional neu-
ral networks. Computers and Electronics in Agriculture 155, 12-22 (2018).
https://doi.org/https://doi.org/10.1016/j.compag.2018.09.039

Samperio, E., Lidén, 1., Rebollar, R., Castején-Limas, M., Alvarez-Aparicio, C.:
Lambs’ live weight estimation using 3D images. Animal 15(5), 100212 (2021).
https://doi.org/10.1016/j.animal.2021.100212

Yoshida, K., Kawasue, K.. Robust 3D pig measurement in pig farm. Lec-
ture Notes in Computer Science (including subseries Lecture Notes in Artifi-


https://doi.org/10.1109/CVPR.2009.5206848
https://doi.org/https://doi.org/10.1016/j.compag.2018.08.022
https://doi.org/https://doi.org/10.1016/j.compag.2013.08.012
https://doi.org/10.25518/1780-4507.13706
https://doi.org/10.1016/j.compag.2018.08.006
https://doi.org/https://doi.org/10.1016/j.prevetmed.2019.104715
https://doi.org/https://doi.org/10.1016/j.compag.2014.06.003
http://arxiv.org/abs/1412.6980
https://doi.org/https://doi.org/10.1016/j.compag.2021.106406
https://doi.org/10.1016/j.biosystemseng.2017.11.014
https://doi.org/https://doi.org/10.1016/j.compag.2018.09.039
https://doi.org/10.1016/j.animal.2021.100212

Estimation of Lamb Weight Using Transfer Learning and Regression 9

cial Intelligence and Lecture Notes in Bioinformatics) 11129, 387-400 (2019).
https://doi.org/10.1007/978-3-030-11009-3_23


https://doi.org/10.1007/978-3-030-11009-3_23

	Estimation of Lamb Weight Using Transfer Learning and Regression

