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POTENCIAL DO METODO UNIDADE DE MEDIDA INERCIAL NA
DETECCAO DE BOCADOS:

Autora: Jusiane Rossetto
Orientador: Paulo César de Faccio Carvalho

RESUMO

Para ampliar os conhecimentos relacionados a avaliagdo do comportamento
ingestivo em pastejo, foram realizados dois estudos. O primeiro estudo com o
objetivo de desenvolver um algoritmo de codigo aberto que permite detectar
bocados no dominio do tempo utilizando unidade de medida inercial (IMU) de
um celular. Foram testados os sinais da taxa de rotagao ao longo dos eixos y e
X (Ry e Rx, respectivamente) e aceleracdo do usuario ao longo dos eixos y e X
(Uy e Ux, respectivamente). Os principais parametros que foram considerados
foram o valor minimo de cada pico (h) e o intervalo minimo entre dois picos (d)
fixado em 0,4 segundo. A partir do conjunto de dados de calibracdo, a
porcentagem de bocados corretamente detectadas quando comparado ao
observado foi maior para a taxa de rotacéo ao longo do eixoycomh=0,2e h =
0,3 rad. s* (82 e 85%) em relacdo aos outros sinais (Rx, Uy e Ux). Apés a
validacdo do algoritmo, ndo houveram diferengas entre os valores de h para a
percentagem de bocados corretamente detectados e a taxa de falsos positivos.
Houveram diferencas para a taxa de falso negativo, onde h = 0,2 obteve a menor
taxa (2.88%). A taxa rotacdo do eixo y obteve os melhores resultados para
deteccdo dos bocados com uma acuracia entre 76.48 e 91.1%. No segundo
estudo, o objetivo foi avaliar se diferentes estruturas do pasto podem influenciar
na qualidade de detec¢éo dos bocados pelos métodos IMU e IGER (Registrador
de comportamento IGER). O experimento foi conduzido na Estacdo
Experimental da Universidade Federal do Rio Grande do Sul, Brasil, em maio de
2018. Os tratamentos consistiram de diferentes alturas do pasto pré-pastejo: 20,
40 e 60 cm de altura em pastagem de Urochloa brizantha cv Marandu. As
diferentes alturas de entrada influenciaram de forma linear e negativa a
qualidade de deteccao dos bocados. Nao houve relacdo entre a altura do pico
(taxa de rotacdo ao longo do eixo y) e a massa dos bocados, no entanto, a altura
do pico diminuiu com o aumento da altura do dossel. Quando comparados 0s
métodos de deteccdo de bocados o método IMU foi superior ao IGER nos
tratamentos de 20 e 60 cm, ndo havendo diferengas no tratamento de 40 cm. O
tratamento com 60 cm de altura do dossel foi menos acurado na deteccéo dos
bocados nos dois métodos de deteccdo aplicados. Portanto, a estrutura da
pastagem influencia a qualidade de deteccdo dos bocados. O método IMU
mostrou-se eficaz na deteccdo de bocados em experimentos de pastejo.

Palavras chave: bocado, bovinos, pecuaria de precisdo, sensor, unidade de
medida inercial

1Tese de Doutorado em Zootecnia - Producdo Animal, Faculdade de Agronomia,
Universidade Federal do Rio Grande do Sul, Porto Alegre, RS, Brasil. (98 p.) Marco,
2019.



POTENTIAL OF THE INERTIAL MEASUREMENT UNIT IN THE
DETECTION OF BITES?

Author: Jusiane Rossetto
Advisor: Paulo César de Faccio Carvalho

ABSTRACT

To improve our knowledge on the evaluation of ingestive behavior two studies
was performed. The first one with the objective to develop an open-source
algorithm that allows to detect bites in the time domain using the inertial
measurement unit (IMU) of a smartphone. The signals of the rotation rate along
the y and x axis (Ry and Rx, respectively) and user acceleration along the y and
x axis (Uy and Ux, respectively) were tested. The main parameters that were
considered are the minimum value of each peak (h) and the minimum interval
between two peaks (d) fixed in 0.4 second. From the calibration data set, the
percentage of bites correctly detected when compared to observed was higher
for the rate of rotation along the y-axis with h = 0.2 and h = 0.3 rad. s (82 and
85%) in relation to the other signals (Rx, Uy and Ux). After the validation of the
algorithm, there were no differences between the values of h for the percentage
of correctly detected bits and the false positive rate. There were differences for
the false negative rate, where h = 0.2 obtained the lowest rate (2.88%). The y-
axis rotation rate obtained the best results for detecting bits with an accuracy
between 76.48 and 91.1%. In the second study the objective was to evaluate if
different pasture structures can influence the quality of detection of the bites by
IMU and IGER (IGER Behavior Register) methods. The experiment was
conducted at the Experimental Station of the Federal University of Rio Grande do
Sul, Brazil, in May 2018. Treatments consisted of different pre grazing intended
sward heights (20, 40 and 60 cm) of Urochloa brizantha cv Marandu pasture. The
different sward height influenced in a linear and negative way the detection quality
of the bites. There was no relationship between peak height (rate of rotation along
the y axis) and mass of the bites, however, the height of the peak decreased with
increasing of sward height. When comparing the methods of detection of bites,
the IMU method was superior to the IGER in the treatments of 20 and 60 cm,
without differences in the treatment of 40 cm. The treatment with 60 cm of height
of the sward was lower accurate in the detection of the bites in the two methods
of detection applied. Therefore, the structure of the pasture influences the
detection quality of the bites. The IMU method was effective in detecting bites in
grazing experiments.

Keywords: bite, cattle, livestock precision, sensor, inertial measurement unit

1Doctoral thesis in Animal Science, Faculdade de Agronomia, Universidade Federal do
Rio Grande do Sul, Porto Alegre, RS, Brazil. (98 p.) March, 2019.
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1. INTRODUCAO

Pastejo, ruminacdo e Ocio sdo as principais atividades diarias dos
ruminantes (Gregorini, 2012) e desempenham papel fundamental na regulacéo
da ingestdo de forragem. O monitoramento dessas atividades é importante para
a tomada de decisdes no manejo de sistemas pastoris (Giovanetti et al., 2017).
Na escala diaria, o monitoramento dos movimentos mandibulares permite a
mensuracdo confidvel dos distintos ciclos de pastejo e ruminacdo. O
monitoramento preciso do comportamento ingestivo dos animais € necessario
para assegurar que 0s requisitos mais basicos de saude e bem-estar animal
sejam atendidos e consistentes com praticas que possam assegurar 0 USO
sustentavel e eficiente dos recursos forrageiros (Chelotti et al., 2016).

Desta maneira, € possivel entender como a estrutura e a composicao da
vegetacao influenciam a taxa na qual os animais ingerem material vegetal e,
portanto, nutrientes (Bonnet et al., 2015). Contudo a mensuragdo direta e
acurada dos movimentos mandibulares ainda ndo é realidade. Para ser de uso
corrente, o monitoramento deve ser realizado de forma totalmente automatica e
nao invasiva, de modo a ndo perturbar o comportamento normal do animal. Além
disso, o sistema deve ser capaz de funcionar continuamente e realizar medi¢cdes
precisas de dias & semanas (Vanrell et al., 2018).

Assim, ao longo do tempo varias técnicas foram desenvolvidas para
monitorar os movimentos mandibulares dos ruminantes (Andriamandroso et al,
2016). Podendo ser realizada através de sensores de pressdo (Rutter et al.,
2000; Ungar & Rutter, 2006), monitoramento acustico (Laca & Wallis DeVries,
2000, Chelotti et al., 2016, Vanrell et al., 2018), e mais recentemente com
acelerébmetros (Tani et al., 2013; Oudshoornet al., 2013), mas os resultados
disponiveis indicam que essa classificacdo requer desenvolvimento adicional
para ser confiavel e automético (Chelotti et al., 2018).

Os acelerbmetros registram somente a aceleragdo linear baseada na
vibracdo do dispositivo. No entanto, unidades de medida inercial (IMU)
compreendem dois ou trés sensores que medem e registram a forca especifica

do corpo, a taxa angular e o campo magnético ao redor do corpo, sendo
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composto por acelerémetro, giroscopio e um magnetdmetro (Ahmad et al.,
2013). Os IMUs podem medir muitos parametros fisicos dentro de dois ou trés
eixos (Debauche et al.,, 2018) e medir tanto a aceleracdo estatica devido a
gravidade, o componente de baixa frequéncia da aceleracdo (Almeida et al.,
2013), e a aceleragdo dinamica devido a movimentos impressos pelo animal
(Brown et al., 2013).

Guo et al., (2018) utilizou unidade de medida inercial para classificar o
comportamento em pastejando e ndo pastejando com acuracia de 97% em uma
janela de 10 segundos. J& Andriamandroso et al., (2017) desenvolveu um
algoritmo booleano de cédigo aberto baseado em IMU registrado em celular para
classificar as atividades de pastejo e ruminacéo de vacas, com acuracia de 91%
e 93%, respectivamente. Este algoritmo foi desenvolvido combinando limites
maximos e minimos de diferentes sinais, que discriminaram os comportamentos
numa janela de segundo, assumindo que os animais realizam diferentes grupos
de movimentos de cabeca e intensidade dos movimentos mandibulares
(Andriamandroso et al., 2017). No entanto, ambos os trabalhos foram realizados
em escalas diarias e de refeicdo, ndo gerando informac¢fes da maneira como os
animais realizavam a colheita dos alimentos, ou seja, avaliacbes a nivel do
bocado.

Diante do exposto, propde-se desenvolver um algoritmo de cddigo aberto
para detectar com acuracia os bocados desferidos no pasto através da
interpretacdo do registro dos movimentos da cabeca através do método unidade
de medida inercial (IMU).
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2. REVISAO BIBLIOGRAFICA

O pastejo € um processo fundamental que afeta a dindmica e o
funcionamento dos ecossistemas pastoris. O comportamento ingestivo é
consequéncia da relacdo entre o0 animal, seus recursos alimentares e o meio
ambiente (Shipley, 2007). Esta relacionado a busca e coleta do alimento e o
processo digestivo dos tecidos vegetais (Carvalho 2013), através dos
movimentos e atividades realizadas em diferentes escalas temporais e espaciais
(Larson-Praplan et al., 2015). O comportamento ingestivo pode fornecer detalhes
sobre as condicfes do pasto que maximizam a ingestdo de nutrientes e o
desempenho animal, conforme descrito na Figura 1.

Ao longo da vida de um animal, a ingestédo de nutrientes é regulada para
atender as demandas de manutencdo e producéo (Shipley et al., 1994). Em
escalas diarias, a taxa de ingestdo € limitada pela digestdo e excrec¢do, pela
quantidade de tempo que um animal pode investir na alimentacéo, e pela taxa
de consumo de curto prazo alcangada enquanto o animal se alimenta. Ainda
numa escala mais fina, a taxa de consumo é limitada pelas propriedades
espaciais e morfologicas das plantas e pela capacidade de coleta e mastigacéo
dos animais (Shipley et al., 1994).

O processo de pastejo é, a0 mesmo tempo, causa e consequéncia da
estrutura de um ambiente pastoril (Carvalho, 2013). Mudancgas na estrutura do
pasto tém como causa o pastejo. De forma concomitante, a estrutura do pasto
resultante afeta o processo de pastejo, disso decorrendo um ciclo continuo de
relacdo causa-efeito (Carvalho et al., 2016). No entanto, diferentes animais tém
necessidades alimentares diferentes, relacionadas a fase crescimento, nivel de
producédo, reproducdo, condi¢des climéticas, estado fisioldgico, entre outros
(Gonzalez et al., 2018) e usam estratégias diferentes para adquirir seus
alimentos. Laca (2008) descreveu que a heterogeneidade esta presente em
diferentes niveis dentro de cada escala. Em nivel de detalhe espacial, a
heterogeneidade da vegetacao esté presente dentro da comunidade (mosaicos
com diferentes espécies, densidade, altura das plantas) e a nivel de individuo
(relacdo folha: colmo, estagio de crescimento, arquitetura dos componentes

morfologicos) (Laca, 2008).
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Face ao exposto, tanto as plantas quanto os animais sGo componentes
dindmicos e complexos no processo de pastejo. Deste modo, o0 monitoramento
do comportamento ingestivo em nivel individual é fundamental, pois ele permite

compreender a complexidade da interacéo planta-animal (Carvalho et al., 2009)

Escala Escala
temporal espacial

Atributos do animal

Ano Propriedade

‘ Desempenho animal ‘

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, {,;,_____________________________,_ U

Dia ‘ Consumo diario ‘ '—‘ Tempo de pastejo ‘ Piquete
I Patch -
Minutos l Taxa de ingestdo ‘ <—{ Tempo por bocado ake
t 1 1m2alha
Movimentostotais Estagdo
Segundos
€ — | Tamanhodo bocado ’—" da mandibula por alimentar
bocado 0,1a1m?

Volume do bocado

‘ Profundidade do bocado ‘ ‘ Area do bocado ‘
v\></

Efeito barreira
(Colmo ou
pseudocolmo)

Altura do pasto,
densidade

Atributos do pasto

Figura 1: Atributos do pasto e sua relagdo com parametros de ingestdo e
desempenho animal (adaptado de Gordon e Benvenutti, 2006).

Uma questao central nos estudos em pastejo é entender como a estrutura e
a composicao da vegetacao influenciam a taxa na qual os animais ingerem
forragem e, portanto, nutrientes (Bonnet et al., 2015). Em resposta a diferentes
estruturas de pasto, os animais alteram sua dinamica de aquisicéo de forragem,
os padrdes de movimentacgao e a utilizacdo de estacdes alimentares (Carvalho,
2013). Em ofertas de forragens limitantes, o nimero de estacfes alimentares
pastejadas € similar ao numero de estacdes alimentares existentes. No entanto,

em ofertas de forragem mais altas, a proporcdo de estacGes alimentares
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efetivamente pastejadas diminui, indicando que animais expressam maior
selecdo nas estacdes alimentares que serdo utilizadas (Mezzalira et al., 2013).
Em geral, herbivoros em pastejo selecionam plantas e componentes
morfolégicos para otimizar a ingestdo de nutrientes, além de minimizar o custo
energético e a ingestao de fitoquimicos prejudiciais (Carvalho 2013).

O consumo individual de pasto pode ser determinado através do produto
entre a massa do bocado, a taxa em que 0s bocados sédo formados e o tempo
dedicado a atividade de pastejo (Spalinger e Hobbs, 1992). Muitas dessas
decisdes sdo baseadas a nivel de estacao alimentar e sdo feitas na escala de
tempo de segundos ou minutos (Bailey e Provenza, 2008). O bocado é a unidade
fundamental do consumo (Ungar, 1996), sendo considerado o atomo de pastejo
(Laca e Ortega, 1996).

O bocado pode ser definido pelo momento que o animal remove a
vegetacéao (Gibb, 1998). A quantidade de material removida do pasto a partir do
bocado € uma funcdo do volume de pasto coletado, limitado pela &rea do bocado
e pela profundidade em que o animal insere sua boca no pasto (profundidade do
bocado) (Cangiano, 1999). Os animais frequentemente pastejam a um ritmo de
um bocado a cada 1-2 segundos (Carvalho et al., 2008), sendo que bovinos
dispendem em média 0,68 segundos para completar um movimento mandibular
(abrir e fechar a boca) (Laca et al., 1994). Nesse sentido, os herbivoros avaliam
a relacdo custo: beneficio entre a quantidade e a qualidade do alimento, para a
realizacdo do bocado dentro e entre os patches (Shipley, 2007). Em outras
palavras, o custo de aquisicdo da forragem é sempre contraposto ao beneficio
em obté-la (Prache, 1997). O sucesso com que 0s animais selecionam o0s
alimentos tera impacto sobre o seu desempenho produtivo e reprodutivo
(Provenza et al, 2015).

2.1 Monitoramento do comportamento ingestivo

O controle e monitoramento dos rebanhos em nivel individual possibilita o
controle sanitario e produtivo. Por exemplo, o uso de acelerbmetros para
identificar com antecedéncia e/ou na fase inicial de doencas como, acidose

(Nogami et al., 2017), claudicacéo (Barwick et al., 2018a; Weigele et al., 2018),



18

bem como o estro dos animais (Reith & Hoy, 2017), ciclos de amamentagcédo em
bezerros (Kour et al., 2018) e variaveis do comportamento ingestivo, como
pastejo e ruminacdo (Andriamandroso et al., 2017; Barwick et al., 2018b; Guo et
al., 2018). Desta forma, integrando o conhecimento de comportamento animal e
a tecnologia podemos aumentar a eficiéncia dos sistemas produtivos.

Controlar o comportamento individual de forrageamento animal em pastagem
significa monitorar os comportamentos de pastejo, ruminagao e Ocio, que juntos
representam 90% a 95% do tempo diario. O restante do tempo, de 5 a 10%, sdo
ocupados exibindo comportamentos sociais e outros (Walker et al., 2008). O
monitoramento preciso do comportamento ingestivo dos animais € necessario
para assegurar que oS requisitos mais basicos de salude e bem-estar animal
sejam atendidos e consistentes com praticas que possam assegurar O USO
sustentavel e eficiente dos recursos forrageiros (Chelotti et al., 2016).

O monitoramento individual dos animais em pastejo € baseado no registro
de trés principais parametros: a localizacdo do animal para identificar a estacéo
de pastejo; a postura do animal que representa o0 elemento estatico como a
posicao da cabeca ou das costas, e 0 movimento do animal, o elemento dindmico
que compfe um comportamento como mover as pernas ou a mandibula
(Andriamandroso et al., 2016). Os movimentos mandibulares podem servir como
mensuracao confiavel dos distintos ciclos de pastejo e ruminacéo (Chelotti et al.,
2016).

Os eventos mastigatérios podem ser classificados como bocado, quando
a forragem € apreendida e cortada, mastigacdo, quando a forragem €
fragmentada; e um movimento composto chamado mastigacdo-bocado, quando
a forragem é cortada e fragmentada no mesmo movimento mandibular (Laca et
al., 1992; Ungar e Rutter, 2006; Chelotti et al., 2018). Durante o pastejo, 0s
eventos de bocado, mastigacdo e mastigacdo-bocado apresentam interrupgcdes
e sdo heterogeneamente distribuidos no tempo (Vanrell et al., 2018).

Ha diferencas na formacao do bocado entre as espécies de herbivoros no
uso dos labios (e.g. ovinos) e da lingua (e.g. bovinos) para apreender forragem.
A apreensdo em bovinos é realizada com o auxilio de movimentos circulares da

lingua para agarrar a forragem na cavidade oral, antes de ser cortado,
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acompanhado de um movimento da cabeca (Galli et al., 1996). O movimento da
cabeca em bovinos tipicamente envolve alguns movimentos circulares, enquanto
em ovinos 0 movimento da cabeca € essencialmente para tras e para frente no
eixo longitudinal do corpo (Chambers et al., 1981). E os bovinos podem
direcionar o movimento da cabeca de acordo com a condicao fisica da forragem
apreendida (Hongo et al., 2003). Os ruminantes geralmente evitam materiais
vegetais rigidos, de alta resisténcia estrutural, devido aos altos custos de
manuseio e baixo valor nutritivo (Benvenultti et al., 2009).

Os movimentos mandibulares de animais em pastejo podem ser medidos
por observacdo direta ou com gravacbes em video. No entanto, essas
metodologias sédo extremamente laboriosas e inviaveis para grandes rebanhos.
Assim, desde a década de 50, pesquisadores vém tentando desenvolver
equipamentos e dispositivos para identificar, classificar e interpretar os
movimentos mandibulares (Duckwort & Shirlaw, 1955). Para ser de uso pratico,
o monitoramento deve ser realizado de forma totalmente automética e néo
invasiva, de modo a néo perturbar o comportamento normal do animal. Além
disso, o sistema deve ser capaz de funcionar continuamente e realizar medi¢des
precisas durante dias ou semanas (Vanrell et al., 2018).

De acordo com Andriamandroso et al. (2016), os dispositivos automaticos
utilizados para a deteccédo de movimentos mandibulares podem ser classificados
em cinco grupos: interruptores de mandibula, sensores de presséo,
monitoramento acustico, acelerbmetros e eletromiografia, sendo que o0s
sensores de pressdo e 0 monitoramento acustico sdo 0os mais utilizados para
monitorar 0os movimentos mandibulares, e o uso de acelerbmetros esta
aumentando rapidamente nos ultimos anos. No decorrer do manuscrito, sera
realizada breve descricdo dos sensores de monitoramento acustico, registrador
de comportamento IGER e de acelerdmetros.

A biotelemetria acustica foi usada pela primeira vez para registrar o
comportamento de porcos-espinho em cativeiro (Alkon e Cohoen, 1986). Além
de identificar a vocalizacdo dos animais também foi possivel detectar os
componentes da alimentacdo (mastigacdo e bocado) em diferentes tipos de

alimentos, e de forma remota. Desde entdo, o método de monitoramento
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acustico, utilizando microfones, tem sido aplicado para analisar os movimentos
mandibulares ingestivos de ruminantes em pastejo, e permite contagens
precisas do bocado, mastigacdes e eventos complexos de mastigacdo-bocado
(Lacaetal., 1992; Laca e Wallis De Vries, 2000; Galli et al., 2006; Ungar & Rutter,
2006; Galli et al., 2017; Vanrell et al., 2018. No entanto, este método apresenta
alguns entraves, pois sao propensos a interferéncia de fontes externas de som
(Navon et al., 2013), com necessidade de automatizacdo do método de
monitoramento acustico (Chelotti et al., 2018).

Penning (1983) desenvolveu um transdutor de pressédo que registra os
movimentos mandibulares através de um sensor que fica localizado abaixo da
maxila do animal. A resisténcia elétrica muda enquanto as maxilas abrem e
fecham, e essas mudancas séo registradas como um sinal analégico. Este
equipamento permitia a identificacdo do tempo de pastejo, ruminacdo e écio.
Posteriormente, Penning et al. (1984) desenvolveram um algoritmo com
informacgdes do formato da onda para classificar os movimentos mandibulares
em mastigacdo e apreensao. Posteriormente, Rutter et al., (1997) propuseram
melhorias para o registrador de comportamento IGER (IGER), como registro
digital do sinal elétrico e propds o software GRAZE® (Rutter et al., 2000) para
analise automatica dos dados, que utiliza os critérios distancia minima entre dois
picos e altura minima do pico para identificar os movimentos mandibulares. E
utiliza os critérios de formato do pico e a presenca de um sub-pico ao pico
principal para classificar os movimentos mandibulares como bocado e
mastigacdo (Rutter et al.,, 2000). O procedimento apresentou concordancia
média de 91% comparado com observacdes visuais dos eventos de mastigacao
e bocado. No entanto, Ungar & Rutter (2006) identificaram que o IGER
superestimou a taxa de bocados em todas as sessdes de pastejo, com média de
24,6%, variando de 8,8% a 58,1%. Além de erroneamente classificar mastigacéo
como bocado durante o pastejo, também identificou bocados durante os bouts
de ruminacao.

InUmeros trabalhos vém sendo realizados utilizando acelerémetros, com
um ou mais eixos, para identificar o comportamento ingestivo (Alvarenga et al.,
2013; Vanrell et al., 2018; Tani et al., 2013; Oudshoorn et al., 2013; Nielsen,
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2013). Em trabalho pioneiro, Chambers et al. (1981) avaliaram a qualidade de
transdutores (Figura 2) adaptados a ovinos e bovinos para descrever 0s
movimentos mandibulares e da cabeca associados ao pastejo e ruminacao, em
pastagem de Lolium perenne. Os autores observaram que o formato das ondas
da saida do acelerébmetro durante o pastejo foram semelhantes entre ovelhas e
vacas, com taxa de variagado de aceleragéo e valor dos picos maiores em ovinos
(7.5 a 8.8 m/s?) comparado a bovinos (4.5 a 5.2 m/s?), e a proporgdo de
movimentos mandibulares representados pelo movimento de cabeca sempre foi
maior, tanto para ovinos como para bovinos. No entanto, a taxa de bocados
(movimentos de cabeca) foi significativamente menor em dossel mais alto do que
em dossel mais baixos, demonstrando potencial de utilizar esse tipo de

dispositivo para registrar a taxa com que 0s bocados séo realizados.

{a) {&] el

Figura 2: Posicionamento de um (a) interruptor de mercurio, (b) interruptor
mandibular e (c) do acelerémetro no lado direito do bucal de um ovino (Chambers
et al., 1981).

Dispositivos contendo unidades de medida inercial que compreendem
dois ou trés sensores registram a velocidade, orientagdo e forga gravitacional
usando acelerébmetros e giroscopios (tipo I) (Ahmad et al., 2013). Em dispositivos
mais recentes (Tipo II), um magnetébmetro é adicionado para medir o desvio
magnético (rotacdo do angulo de yaw) melhorando as medidas do giroscépio.
Os IMUs podem medir muitos parametros fisicos dentro de trés eixos, como
aceleracdo linear, angulo de rotagdo (pitch, roll e yaw) e velocidade angular
(Ahmad et al., 2013). As IMUs sao consideradas vantajosas quando comparado

com o0s sensores eletromecanicos individuais, pois os pontos fortes de cada
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componente individual podem ajudar e compensar as limitagdes de outro (Schall
Jr. et al., 2016).

Os celulares, particularmente o iPhone, podem ser instrumentos
relevantes para pesquisadores porque estdo prontamente disponiveis no
planeta, contém muitos sensores e nao necessitam de desenvolvimento de
hardware (Debauche et al., 2018). Bem como, esses dispositivos sdo equipados
com sensores de movimento e localizacdo capazes de gravar sinais em alta
frequéncia (Tabela 1), apresentando grande potencial para identificar o
comportamento ingestivo com precisédo (Andriamandroso et al., 2017).

Tabela 1: Lista de sinais capturados pela IMU do iPhone 4S/5S usando o

aplicativo SensorData® (Adaptado Debauche et al., 2018).

Sensor Sinal Unidade

Acelerbmetro  Aceleragdoemx,ye z Gravidade
Angulo de Euler (pitch, roll, yaw) Radiano
Atitude quatérnionsemx,y e z Radiano

Matriz de rotagao [3x3] -
Componente gravitacional da

Giroscopio ~ Gravidade
aceleracdoemx,ye z
Componente do usuario da .
P ~ Gravidade
aceleracdoemx,yez
Taxa de rotacdoem x,y e z Radiano por segundo
Magnetometro Dados magn,e FICOS . uT
Rumo magnético e verdadeiro -
Latitude e longitude -
Altitude e acuracia Metros
Localizacéo Curso Metros
Velocidade Metros por segundo
Sensor de proximidade [0,1]

Andriamandroso et al. (2017) desenvolveram um algoritmo de cddigo
aberto que identifica com precisdo os eventos de pastejo e ruminacdo de
bovinos, ao interpretar unidades de medida inercial capturadas e armazenadas
pelo aplicativo SensorData® instalado em iPhone 4S. O principio discriminatorio
entre as atividades de pastejo e ruminacao € baseado na posi¢cao da cabeca do

animal (para baixo ou para cima) e a intensidade dos movimentos mandibulares.
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Desta maneira, a hipotese € que a unidade de medida inercial registradas
durante a atividade de pastejo permitira detectar com acuracia os bocados
desferidos por ruminantes em pastejo, bem como, permitira detectar a influéncia
da estrutura do dossel na qualidade de deteccdo dos bocados pelos métodos

IMU e o registrador de comportamento IGER.
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3. HIPOTESE
1) Ao isolar as sequéncias onde o0 animal esta realizando somente a atividade
de pastejo € possivel detectar com acuracia os bocados desferidos no pasto
através do registro de unidade de medida inercial (IMU).
2) A estrutura do dossel influencia a qualidade de deteccdo dos bocados pelo
método IMU, sendo que o IMU tem a mesma capacidade de detectar bocados
que o IGER.

4. OBJETIVOS
1) Desenvolver um algoritmo de codigo aberto dedicado a interpretar sinais de
unidade de medida inercial para identificar os bocados desferidos durante a
atividade de pastejo;
2) Avaliar o efeito de diferentes estruturas do pasto sob a qualidade de deteccéo

dos bocados desferidos por bovinos pelos métodos IMU e IGER.
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Abstract

Bite scale constitutes the elementary level of the interaction between grazing
animals and the forage. The aim was developed an open-source algorithm allows
detecting bites by grazing cattle using the inertial measurement unit (IMU) of a
smartphone with signals recording data at 100 Hz. The signals of the rotation
rate along the y and x axis (Ry and Rx, respectively) and user acceleration along
the y and x axis (Uy and Ux, respectively) were tested. The main parameters that
were considered are the minimum value of each peak (h) and the minimum
interval between two peaks (d) fixed in 0.4 second. From the calibration data set,
the percentage of bites correctly detected when compared to observed was
higher for the rate of rotation along the y-axis with h = 0.2 and h = 0.3 rad. s (82
and 85%) in relation to the other signals (Rx, Uy and Ux). After the validation of
the algorithm, there were no differences between the values of h for the
percentage of correctly detected bits and the false positive rate. There were
differences for the false negative rate, where h = 0.2 obtained the lowest rate

(2.88%). The y-axis rotation rate obtained the best results for detecting bites

Keywords: cattle, grass intake, pasture, sensor, bites
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1. Introduction

Grasslands are unique components of agroecosystems. They cover 26%
of total land and 69% of agricultural areas in the world supporting grazing
livestock as the least expensive way to feed ruminants such as cattle, for both
milk and meat productions (O’Mara, 2012). Traditional pasture management uses
static tools. Itis based on the balance between pasture production and its usage
by the animal by manipulating variables such as stocking rate, type of animals or
type of grazing method (Carvalho et al., 2018, Holechek et al., 2011). However,
since both plants and animals are complex dynamic components of the grazing
process. Farmers who rely on pastures require new tools specifically targeted at
the accurate measurement of pasture biomass, its nutritional value and
valorization by ruminants and how they change in time (French et al., 2015).

Concerning the monitoring of grazing behavior at its individual level, there
are advances in sensor technology allowing remote monitoring of many physical
variables for research or practical farm level applications (Berckmans, 2014).
Different type of sensors are proposed to automatically detect behaviors such as
grazing, ruminating, resting, and walking from recordings of posture, movements
and location of animals (Andriamandroso et al., 2016). As grazing combines
spatially and temporally variable movements and activities, more attention should
be paid to the smallest scale of this process, the bite, as it determines intake
regulation of the animal from the short term intake on a feeding station to the
exploitation of an entire paddock over a whole grazing season (Ungar et al., 2006;

Carvalho, 2013; Andriamandroso et al., 2016).
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The combination of bite rate, bite mass, and time spent grazing allows the
calculation of intake (Spalinger and Hobbs, 1992) which is actually the least
accurately measured variable in the whole grazing process (Hills et al., 2016).
Although, it is the most important one. To identify bites and chews, jaw
movements can be detected over time-windows ranging from seconds to minutes
using pressure, associated with changes in electrical resistance (Rutter et al.,
1997; Rutter, 2000), acoustic (Chelotti et al., 2018), electromyography (Rus et
al., 2013) or accelerometer sensors (Oudshoorn et al., 2013).

In this way, the hypothesis is that the inertial measurement unit recorded
during the grazing activity will to accurately detect the bites of grazing ruminants.
For this purpose, building on the open-source algorithm classifying grazing and
ruminating behaviors of cattle based on signals acquired from an inertial
measurement unit (IMU) (Andriamandroso et al., 2017), we developed a
complementary analysis protocol to detect automatically bites performed when

cow grazing mixed temperate pastures.

2. Material and methods
All experimental procedures performed on the animals were approved by

the Committee for Animal Care of the University of Liege (Belgium, experiment

n°14-1627).

2.1 Data acquisition and grazing experiments
A grazing experiment was performed in May 2017 on the dairy farm of the

Centre des Technologies Agronomiques (Strée, Belgium). Eight dairy cows with
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weight 580 =40, production of 18I of milk and with 314 days in lactation (in
average), were set to graze a pasture dominated by perennial ryegrass (Lolium
perenne), rough meadow grass (Poa trivialis), dandelion (Taraxacum spp.) and
white clover (Trifolium repens), with average height 7.9 + 2.63 cm. The animals
entered in the paddock at 9 AM and stayed for 24 hours.

As described by Andriamandroso et al. (2017), during experiments each
cow was fitted with a halter containing an iPhone 4S (Apple, Cupertino, CA, USA)
inside a waterproof box (Otterbox Pursuit series 20, 152.4 x 50.8 x 101.6 mm,
142 g, Otter Products, LLC, USA) (Figure 1B). Each mobile phone was equipped
with SensorData (Wavefront Labs) downloaded from Apple Store (Apple,
Cupertino, CA, USA) which captures and stores data from the IMU of the iPhone
at 100 Hz. The IMU of the iPhone 4S uses STMicro STM33DH 3-axis as an
accelerometer, STMicro AGDI 3-axis as a gyroscope (STMicroelectronics,
Geneva, Switzerland) and AKM 8963 3-axis electronic compass as a
magnetometer (Asahi Kasei Microdevices Corporation, Tokyo, Japan). To extend
the data recording duration from 8 to 24 hours, the original 3.7V 1420mAh Li-
Polymer battery was connected to an additional external battery (Anker Astro E5
16000mAh portable charger, 150 x 62 x 22 mm, 308 g, Anker Technology Co.
Limited, CA, USA) and attached as a collar around the neck of the animal (Figure

1C).
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(1) Box containing the iPhone, (2) Halter, (3) Bag
containing a supplementary battery

Figure 1: Inertial measurement unit (IMU) device description, (A) IMU 3-D axis
representation on a grazing cow, x-axis is aligned with the tail to head symmetry
axe of the animal, y-axis describes lateral movements (right-left), and z-axis gives
up and down movements; (B) iPhone 4S and its IMU placed in a waterproof box;
(C) all equipment components including the iPhone box (1), the halter (2) and the

supplementary battery (3).

Video recording sessions of cattle behaviors were performed. Eight videos
were taken to allow the development of the algorithm for bite detection by

zooming on the head of the cows during the recording sessions.
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2.2. Data analysis
2.2.1. Detection of grazing behaviors
Cattle grazing behaviors were determined using an open-source algorithm
dedicated to interpreting IMU signals from iPhone into behaviors: grass intake

(GRA), ruminating (RUM) and others (OTHERS) (Andriamandroso et al., 2017).

2.2.2. Detection of bites

During the grazing experiments, eight fifteen minutes videos were
observed in total using CowlLog 3.0.2 (Pastell, 2016) at two times slower than the
normal speed. Each bite performed by the cow was recorded and it constituted
the basis of the detection (matrix of observation, MO). A bite was considered as
the action performed by the cow when she uproots the grass from the ground
(Gibb, 1998). The time spent searching, masticating and swallowing the grass
was not taken in account as bite although these activities are part of the grazing
behavior.

The complete dataset was then divided into two, one for calibrating the
detection algorithm exclusively and the other for its validation. The choice of the
IMU signal corresponding to each observed bite was made with two fifteen-
minute videos dedicated for building and calibration of the algorithm. A bite was
observed to be represented by a peak in the time-domain series of rotation rate
signal along the y- and x-axis and user acceleration signal along the y and x-axis
of the IMU (Figure 1). in order to clean the raw signal and keep only the peaks
related to grazing jaw movements, the Fast Fourier Transform was applied to
identify the frequency range with the greatest amplitude. This frequency range

was isolated by a second order Butterworth bandpass filter. That way, Ry was
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filtered between 0.5 Hz and 2 Hz, Rx was filtered between 0.5 Hz and 1.5 Hz, Uy
was filtered between 1 Hz and 4 Hz, and Ux was filtered between 1 Hz and 2 Hz.

An automated detection of each of the hypothetical bites, thus of each peak,
was afterwards performed in Matlab R2015a (Mathworks, NL) creating the matrix
of detected bites using the “findpeaks” function. The parameter peak height or
amplitude, noted as h, was firstly assessed with the calibration dataset and
minimum time distance between two consecutive peaks d fixed to 0.4 seconds.
Bite rates are usually close to 1 bite s but to avoid missing bites, we prioritized
the detection of more presumed peaks and chose the minimal possible value of
distance with two peaks as half of the normal average distance of 0.8 second
(Rutter et al., 2002).

Following the determination of h, the main purpose of the method was the
reduction of the distance between observed and detected peaks. To match a
detected peak with an observed one, differences between matrix of observed
bites and matrix of detected bites were assessed using k-nearest neighbors
method to find the minimum delay between two peaks from matrix of observed
bites and matrix of detected bites. As one observed bite must correspond to one
detected bite, all peaks with too long delay compared to observation (>0.5
second) were eliminated and classified into false positive (representing
incorrectly detected bites while there is no bite observed on the video at that
moment) or false negative (representing incorrectly undetected bites while they
are observed on the video).

The quality of the detection was assessed with the validation dataset

composed of six independent grazing sequences by comparing observed with
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detected bites in order to obtain the highest percentage of correctly detected bites
(%Correctly = 100-(FPR+FNR)). False positive rate (FPR=100*(FP/(FP+TN) and
false negative rate (FNR=100*(FN/ (FN + TP) completed the quality assessment

of the algorithm.

2.3. Statistical analyses

Analyses of variance (ANOVA) for variables of FNR, FPR and %Correctly was
performed with JMP software (v.14.0., SAS Institute Inc., Cary, NC, USA) and
when presented significance effect, test t Student was used at level of 5%.
3. Results
3.1. Bites detection

3.1.1. Determination of parameters for bites detection

The observed increasing signal, represented by a peak (Figure 2), is
considered as a response to the abrupt head movement in addition to the jaw
movement associated to the severing of the grass, which is theoretically a bite.
Although it is distinguishable at low speed and when reconstruction of the signal
after the filter was applied, the exact time of a bite might have some delay. To
detect the peak, the main parameter that should be considered were the minimum

value of each peak (h) and the minimum fixed distance (d) of 0.4 seconds.
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Figure 2: Example of the correspondence between location in time of observed
bites and the presumed peaks observed in the rotation rate along the y-axis (Ry)

of the IMU placed on the neck of a cow.

From the observed peaks, different values of h were tested in order to have
the best detection of the bite. The amplitudes of h tested were different for each
signal. Values used were chosen from the lowest possible value when visualizing
the signals from the calibration data set, and the highest value was selected so
that the maximum rate of correctly detected bite was achieved.

Table 1 details the percentage of correctly detected bites when compared
to the reality on calibration dataset. From these results, the rotation rate along y-

axis on the h=0.2 e h=0.3 rad.s*was used for bite detection on validation dataset.

Table 1. Comparison of different signals and different minimum peak heights in
terms of percentage of correctly detected bites when compared to observations

(N=300 bites; Cow: 6631 e 5444).

19.5
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signal h %Correctly

0.1 78.58

: . 1 0.2 85.39
Rotation rate y-axis (rad.s™) 03 82 88
0.4 79.22

0.1 74.55

. . 4 0.2 73.99
Rotation rate x-axis (rad.s™) 03 71.73
0.4 72.91

0.02 69.28

0.04 67.00

User acceleration y-axis (Q) 0.06 67.59
0.08 70.66

0.1 68.77

0.01 71.28

0.02 73.21

User acceleration x-axis (Q) 0.03 76.75
0.04 76.01

0.05 78.46

3.2. Peak detection quality

Using the most promising signal previously determined (i.e. the rotation

rate along the y-axis), false positive rate, false negative rate and the percentage

of bites detected correctly applied was evaluated in the independent validation

database reported in Table 2.

Table 2: Assessment of the quality of bite detection by finding peaks on Ry signal

compared to observation using three parameters with the validation dataset

(N=6).
h observed detected 1 2 o 3
cow (rad.s) bite bite FNR FPR YoCorrectly
2 .02 23.01 73.97
5423 0 291 365 3.0 3.0 3.9
0.3 320 6.98 16.56 76.48
0.2 646 4.63 8.20 87.17
5457 598
0.3 623 1557 7.06 77.36
5478 0.2 515 614 0.78 16.78 82.45



0.3 569 5.6 14.6 79.8
6636 0.2 684 737 2.78 9.77 87.45

0.3 650 1199 7.38 80.63

0.2 466 2.03 6.87 91.10
1514 443

0.3 395 14.22 3.8 81.98
5432 0.2 392 435 408 13.52 82.36

0.3 352 16.07 6.53 77.39
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1) FNR: false negative rate representing incorrectly detected bites while there is no bite observed
on the video at this moment. 2)FPR: false positive rate representing incorrectly undetected bites

while they are observed on the video. 3) %Correctly: percentage of correctly detected bites.

Table 3: Analyses of variance of minimal height peaks (average of all animals

evaluated) using three parameters with the validation dataset.

Height (rad.s

1) FPR? %Correctly?
0.2 13.02 84.08
0.3 9.32 78.94

P value 0.0009 0.2784 0.0755

1) FNR: false negative rate representing incorrectly detected bites while there is no bite observed
on the video at this moment. 2)FPR: false positive rate representing incorrectly undetected bites

while they are observed on the video. 3) %Correctly: percentage of correctly detected bites.

There was no difference between heights of the peaks of 0.2 and 0.3 for

the variables %Correctly and FPR. For the variable FNR was different between

the height with 0.2 presented a mean value of 2.88 and 0.3 a mean value of

11.73%. This result shows that only 2.88% of observed bite were not detected by

IMU. The procedure detailing the bites detection is presented on Figure 2 and

descript in appendices 1.
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Figure 3: Grazing bites detection process starting from isolation of grass intake
behavior sequences and validation by comparison with observations.

4. Discussion

The method of detecting bites is performed in two steps. A detection of forage
intake behavior performed before detecting individual bites, identifying each time
sequence this behavior was performed. Most of the head movements during the
search for new feeding stations are not included because of the use of the
simultaneous criteria of the gravitational acceleration signals along the x-axis and
rate of rotation along the y axis, so limiting the movements performed to the
apprehension of forage (head down) (Andriamadroso et al., 2017). In the second
step for the bite detection algorithm, the ‘findpeaks’ function of MatLab was
applied with the 0.4 seconds fixed distance criteria between two peaks (d) and
the minimum height of the peak (h). However, when the h and d criteria were
simultaneously applied, the “findpeaks” function did not identify peaks with values

higher than 1 rad.s*. Thus, for several grazing sequences it was necessary to
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perform the peaks in two stages. First selecting all peaks with less than 0.99
rad.s’. Secondly, selecting all the peaks greater than 1 rad.s'. However, this
problem did not compromise the quality of detection of peaks in the time domain.
The maximum amplitude of the Ux and Uy signals did not show values above
0.99 g because these signals have a lower amplitude. Hence, all peaks could be
correctly detected by the “findpeaks” function.

Herbage prehension in cow is performed with circular movements of the
tongue to grasp the forage into the oral cavity, before being severed,
accompanied by a head movement (Galli et al., 1996). The lips, the teeth as well
as the tongue, are all used to grab and move the forage into the mouth (Phillips,
2002). It results in typical circular movements of the head (Chambers et al., 1981)
and some are longitudinal to the animal body. Rotation rate along the y-axis
presented higher correctly detected bites compared to other tested signals (Table
1) because Ry registers the angular velocity of the head movements, which is the
better representation of the movements related to the bites performed.

Therefore, the way of the bite formation influences the quality of detection.
Since a wide circular movement of the head occurs, all observed bites are
detected, but when an observed bite is characterized by a short, sharp jerk of the
animal's head, it may not be recorded or be represented by a peak of small
amplitude, not detectable by the algorithm within values of h 0.2 (corresponding
to FN). This bite is characterized by a small apprehension of the leaf blade and
its frequency is heterogeneous in time. In addition, the smaller peaks (<0.199
rad.s') are head movements before the bite is realized, perhaps related to

herbage manipulation. In this sense, there is a trades-off between the
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identification of all observed bites beyond the movements of the head associated
to the herbage manipulation (corresponding to FP).

The percentage of correctly detected bites ranged between 76.5 to 91.1%,
largely due to presence of the FP, because during a grazing sequence some
head movements are related to the search of new locations, inside and between
feeding stations, to perform the bite. These detected peaks show similarity to the
bite peak, both in shape and height (h).

Jaw movements performed by the GRAZE software (Rutter et al., 1997;
Rutter, 2000) allows to classify a bite when the main peak followed by a small
subpeak. For chewing, the peaks are more symmetrical in shape, with equal rise-
times and fall-time (Rutter, 2000), nevertheless, there is an overestimate average
rate of 24.6% due to incorrect classification of the chews as a bite (Ungar and
Rutter, 2006).

The simultaneous use of the open algorithm for detection of ingestive behavior
(GRA, RUM), and the detection bite algorithm, allows for a complete description
of the ingestive behavior. It is accurate to provide information from daily scales
(meals) to the finer scale, the bite. It can be used to improve understanding of the

interactions between plants and herbivores.

5. Conclusion
The signal rotation rate y-axis is the better representation of the movements

related to the bites performed.

The algorithm developed was able to identify bites performed by grazing

cattle, with accuracy between 76.5 to 91.1%.
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Resumo

O objetivo do estudo foi avaliar se diferentes estruturas de pasto podem
influenciar na qualidade de deteccéo dos bocados pelos métodos IMU (unidade
de medida inercial) e IGER (Registrador de comportamento IGER). O
experimento foi conduzido na Estacdo Experimental da Universidade Federal do
Rio Grande do Sul, Brasil, em maio de 2018. Os tratamentos consistiram em

diferentes alturas do pasto: 20, 40 e 60 cm, em pastagem de Urochloa brizantha
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cv Marandu. As diferentes alturas influenciaram de forma linear e negativa a
qualidade de deteccao dos bocados. Nao houve relacdo entre a altura do pico
(taxa de rotacéo ao longo do eixo y) e a massa dos bocados. No entanto, a altura
do pico diminuiu com o aumento da altura do pasto. Quando comparados 0s
métodos de deteccdo de bocados, o método IMU foi superior ao IGER nos
tratamentos de 20 e 60 cm, ndo havendo diferenca no tratamento de 40 cm. A
deteccdo de bocados no pasto mais alto, de 60 cm, foi a menos acurada em
ambos os métodos de deteccdo aplicados. Os resultados demonstram que a
estrutura do pasto influencia a qualidade de deteccdo dos bocados, e que o

método IMU é superior ao IGER na amplitude de estrutura de pastos estudadas.

Palavras chave: bovinos, massa do bocado, taxa de bocados, sensor

Abstract

The objective was to evaluate if different pasture structures can influence the
quality of detection of the bites by IMU and IGER (IGER Behavior Register)
methods. The experiment was conducted at the Experimental Station of the
Federal University of Rio Grande do Sul, Brazil, in May 2018. Treatments
consisted of different pre grazing intended sward heights (20, 40 and 60 cm) of
Urochloa brizantha cv Marandu pasture. The different sward height influenced in
a linear and negative way the detection quality of the bites. There was no
relationship between peak height (rate of rotation along the y axis) and mass of
the bites, however, the height of the peak decreased with increasing of sward

height. When comparing the methods of detection of bites, the IMU method was
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superior to the IGER in the treatments of 20 and 60 cm, without differences in the
treatment of 40 cm. The treatment with 60 cm of height of the sward was lower
accurate in the detection of the bites in the two methods of detection applied.
Therefore, the structure of the pasture influences the detection quality of the bites.
The IMU method was effective in detecting bites in grazing experiments. The IMU

method is greater than the amplitude of IGER studied pastures structure.

Keywords: bite mass, bite rate, cattle, sensor

1. Introducéao

Pastejo € um processo complexo pelo qual os herbivoros buscam seus
alimentos, e caracteriza-se pelas acdes do animal na busca, selecéo e colheita
da forragem. O bocado é o atomo do processo de pastejo (Laca e Ortega, 1996),
e resulta de uma série complexa de decisdes tomadas pelo animal (Carvalho et
al., 2018). A linha de tempo da atividade mandibular permite que a duracéo e o
padréo diurno do comportamento animal sejam inferidos, e € um meio importante
para compreender a mecanica do processo de pastejo (Ungar e Rutter, 2006).

Mudancas na estrutura do pasto tém como causa o pastejo. De forma
concomitante, a estrutura do pasto afeta o processo de pastejo, disso decorrendo
um ciclo continuo de relacdo causa-efeito (Carvalho et al., 2016). Os animais
interagem com a estrutura do pasto ajustando as dimensdes do bocado (Prache
et al., 1997). A taxa com que os bocados sdo formados, e sua massa, sado
determinantes da taxa de ingestédo de curto prazo pelos herbivoros (Laca, 2001)
e parametros para identificar a estrutura 6tima que maximiza a colheita do pasto

pelos animais. Portanto, 0 monitoramento do comportamento em pastejo deve
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possibilitar o rastreamento indireto da condi¢cdo do pasto e a utilizagdo dessas
informacdes na tomada de decisdes (Ungar et al., 2018).

Dentre as diferentes metodologias de avaliagdo do processo de pastejo,
a observacao visual (Altman, 1974, Agreil e Meuret, 2004, Bonnet et al., 2015) é
tida como laboriosa e impossibilita 0 acompanhamento de varios animais. Como
alternativa, sensores individuais ou combinados podem identificar o
comportamento ingestivo dos animais. Sensores de pressao, como o registrador
de comportamento IGER (Rutter, 2000; Ungar e Rutter, 2006), identificam
eventos de bocados e outros movimentos mandibulares. J& o monitoramento
acustico (Laca e WallisDeVries, 2000; Chelotti et al., 2018) apresenta
sensibilidade na identificacdo de eventos de bocado, mastigacéo e mastigagéo-
bocado. Nos ultimos anos, o uso de acelerdmetros tem crescido devido aos
avancos tecnoldgicos, a reducdo do tamanho dos equipamentos e dos custos
para implementacao. Eles tém diferentes aplicacdes, tais como na saude animal
(Weigele et al., 2018), no manejo reprodutivo (Reith e Hoy, 2017), e mais
recentemente na identificacdo dos comportamento ingestivo (Guo et al., 2018;
Peng et al., 2019; Andriamandroso et al, 2017). Por exemplo, Oudshoorn et al.
(2013) investigaram o uso do acelerébmetro para estimar o tempo de pastejo, que
foi posteriormente combinado com dados de frequéncia de bocados para
modelar a ingestéo de pasto.

Segundo Ahmad et al. (2013), é possivel utilizar uma combinacdo de
sensores, tais como acelerdmetro, giroscopio e magnetémetro, que compdem a
unidade de medida inercial (IMU). A IMU permite a identificacdo da velocidade

linear e angular dos movimentos de cabeca relacionados com os bocados
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desferidos. Desta maneira, a hipétese é que a unidade de medida inercial
registradas durante a atividade de pastejo permitira detectar com acurécia os
bocados desferidos por ruminantes em pastejo, bem como, permitira detectar a
influéncia da estrutura do dossel na qualidade de deteccdo dos bocados pelos
métodos IMU e o registrador de comportamento IGER.

Portanto, este trabalho teve como objetivo testar a qualidade de deteccéo
dos bocados de animais pastejando pastos de braquiaria. Uma ampla faixa de
alturas de pasto procurou provocar situacdes extremas de tipos de bocado. Por
ter desempenho conhecido e estar sendo utilizado ha muitos anos, utilizou-se o
IGER behaviour recorder para fins de contraste de desempenho de sensores na

deteccao dos bocados.

2. Material e Métodos

Todos os procedimentos experimentais realizados nos animais foram
aprovados pelo Comité de ética do uso de animais da Universidade Federal do
Rio Grande do Sul (Brasil, protocolo de n ° 33970)

O experimento foi desenvolvido na estacéo experimental da Universidade
Federal do Rio Grande do Sul localizada em Eldorado do Sul, Brasil (30°05°27”’S,
51°40’18”W), em maio de 2018. Os tratamentos consistiram em diferentes
alturas do dossel de Urochloa brizantha cv Marandu: 20, 40 e 60 cm. Os
tratamentos foram alocados aleatoriamente em seis piquetes de
aproximadamente 500m?2 cada, com duas repeticoes de area. Antes de iniciar o
pastejo, foram realizadas duzentas medi¢des de altura da superficie do pasto em

cada unidade experimental, utilizando-se um bastdo graduado conhecido como
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sward stick (Barthram, 1986). A massa de forragem pré-pastejo foi medida
cortando ao nivel do solo usando um quadrado de 0,25 m2 (0,50 x 0,50 m) e
replicado em quatro amostras por piquete. Cada amostra foi separada em dois
estratos (superior e inferior) que compuseram a massa total da forragem. Todas
as amostras de forragem foram secas em estufa (55 °C por 72 h) e,
posteriormente, os componentes foram separados em laminas de folhas, colmo

+ bainha. As carateristicas do pasto sdo apresentadas na tabela 1.

Tabela 1: Caracteristicas do pasto de capim braquiaria sob diferentes

manejos de altura de pasto.

Altura do dossel (cm)
20 40 60

Altura média real 22,66 38,10 64,95

Massa de forragem total (MF) (kg ha?) 2148,17 3934,10 7479,48

MF — Estrato superior (kg ha't) 832,21 1698,34  2859,36
MF — Estrato inferior (kg ha?) 1307,38 2245,58  4641,48
Relacéo colmo/folha 1,90 1,29 0,84

2.1 Animais e equipamentos
Foram utilizadas trés vacas adultas (60 + 2 meses) da ra¢ca Red Brangus,
com peso médio de 684,05 +88,88kg em ensaios de 45 minutos de pastejo.
Durante os periodos onde ndo havia avaliacbes, os animais foram mantidos em

uma area proxima as areas experimentais, com acesso a agua, sombra e pastos
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de Urochloa brizantha cv Marandu. Deste modo, 0s animais entravam nos
piquetes experimentais somente para 0s ensaios de pastejo, ndo sendo
realizado previamente jejum de soélidos e liquidos.

Antes dos ensaios de pastejo, todos os animais foram equipados com
bucal contendo um Registrador de Comportamento IGER (IGER) (Rultter,
Champion, & Penning, 1997) com o objetivo de registrar 0os movimentos
mandibulares. Os dados foram registrados em frequéncia de 20Hz (Rutter,
2000). Adicionalmente, foi fixado um iPhone 4S (Apple, Cupertino, CA, EUA)
dentro de uma caixa impermeavel e posicionado na parte superior do pescoco.
Em cada aparelho celular foi instalado o aplicativo SensorData (Wavefront Labs),
que captura e armazena dados de unidades de medida inercial (IMU), em
frequéncia de 100 Hz.

O IMU do IPhone 4S usa STMicro STM33DH 3 eixos como um
acelerédmetro, STMicro AGDI 3 eixos como um giroscopio (STMicroelectronics,
Genebra, Suica) e AKM 8963 bussola eletronica de 3 eixos como um
magnetdmetro (Asahi Kasei Microdevices Corporation, Toquio, Japao). O eixo X
representa 0s movimentos verticais (para cima e para baixo), o eixo y representa
0s movimentos laterais (direita-esquerda) e 0 eixo z representa 0s movimentos
longitudinais (para frente e para tras). O pastejo de dois animais por unidade
experimental foi registrado em video, uma camera por animal. O registro foi feito
de com zoom na cabeca do animal de modo que os bocados pudessem ser
identificados para compor a matriz de bocados observados com o objetivo de

comparar com a matriz de bocados detectados pelos métodos IMU e IGER.
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2.2 Analise dos dados
2.2.1 Deteccao dos bocados

Os bocados realizados pelos animais foram observados nos videos e
transcritos usando o programa Cowlog 3.0.2 (Pastel, 2016) em velocidade duas
vezes mais lenta que a normal, compondo a matriz de bocados observados no
dominio do tempo. Doze videos com duracao aproximada de 10 minutos foram
utilizados para validar o algoritmo de deteccdo de bocados. O bocado foi
considerado como a acéo realizada pela vaca quando ela remove material
vegetal do dossel (Gibb, 1998). O tempo gasto procurando, mastigando e
engolindo a forragem ndo foi considerado como bocado, embora essas

atividades sejam parte do comportamento de pastejo.

2.2.1.1 Método IMU de deteccédo dos bocados

Para realizar a deteccdo dos bocados pelo método IMU é necesséario
identificar e isolar os intervalos de tempo em que o animal realiza somente as
acOes de pastejo. Caracterizado pelo momento que o animal baixa a cabeca e
desfere um bocado, até o0 momento que o animal levanta a cabeca (maiores
detalhes podem ser encontrados em Andriamandroso et al., 2017). A segunda
etapa compreende a identificacdo dos bocados durante as sequéncias de
pastejo (descrito no capitulo 1l desta tese).

Desta maneira, os intervalos de tempo em que o animal realizou somente
as acoes de pastejo foram identificadas usando o algoritmo de cédigo aberto
dedicado a interpretar os sinais IMU do iPhone descrito por Andriamandroso et

al., 2017 sendo realizado em Matlab R2015a (Mathworks, NL).
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Para se detectar bocados utilizou-se o sinal da taxa de rotagao ao longo
do eixo y (Ry) registrado pelo iPhone, filtrado entre 0,5 e 2 Hz. Uma deteccéo
automatizada de cada bocado hipotético, ou seja, de cada pico registrado nas
sequéncias de pastejo, foi realizada em Matlab R2015a (Mathworks, NL). Criou-
se uma matriz de bocados detectados no dominio do tempo, usando a fungéo
“findpeaks” com os critérios de distancia minima entre dois picos de 0,4
segundos e altura minima dos picos de 0,2 radiano s, conforme descrito no
Capitulo Il e no apéndice 1 desta tese.

Com o objetivo de relacionar a altura dos picos (bocados hipotéticos) com
as diferentes alturas do dossel, foi gerado uma matriz contendo a amplitude de
Ry para cada bocado detectado para cada unidade amostral.

Durante os ensaios de pastejo, foi realizado o registro visual instantaneo
dos bocados pelo método do monitoramento continuo de bocados (Monitoring,
Agreil & Meuret 2004; Bonnet et al., 2015) para monitorar a diversidade de
bocados realizados pelos animais. Antes do inicio do experimento, foi realizado
um periodo de familiarizacdo, onde dois observadores foram treinados para
identificar e descrever os tipos de bocados sem influenciar o comportamento dos
animais. Os bocados foram codificados considerando origem, tipo e disposicao
do tecido vegetal coletado e as dimensdes do bocado.

Apés a observacéo visual, foram realizadas as simula¢des de cada tipo
de bocado executado pelo animal, realizando-se coletas por simulacdo de
pastejo de 20 amostras por cada tipo de bocado (Bonnet et al.,, 2011).

Posteriormente, as amostras foram secas em estufa com circulagcdo de ar
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forcado a 55°C por 72 horas, para compor o peso seco médio (massa do bocado)

por cada categoria de bocado

2.2.1.2 Método IGER de detecc¢do dos bocados

Em cada ensaio com os animais foi identificado os possiveis eventos de
pastejo dos arquivos .BIN correspondentes ao momento de inicio e fim dos
ensaios de pastejo e 0s movimentos mandibulares no programa de andlise de
dados GRAZE (Rutter, 2000). A classificagdo dos movimentos mandibulares em
bocados e ndo bocados foi realizada pela selecao dos valores mais apropriados
para os critérios de “minimal rise:total ratio for mastication (%)” e “minimal
prehension sub peak’ (Rutter et al., 1997; Rutter, 2000). As analises no programa
GRAZE foram realizadas sem referéncia a matriz de bocados observados.

Posteriormente, foi exportado um vetor com o tempo da ocorréncia dos
movimentos mandibulares e sua classificacéo (preensdo e mastigacédo). Apenas
um dos ensaios de pastejo realizado no tratamento 40 cm, um equipamento
apresentou problemas e ndo realizou nenhum registro dos movimentos

mandibulares, havendo uma unidade amostral perdida.

2.2.1.3 Sincronizacéao
O momento exato em que os equipamentos foram ligados e configurados
foram registrados em video, em escala de segundos, possibilitando construir

uma linha do tempo para cada animal a partir do tempo “zero” de cada
equipamento. Além disso, foi adicionado na linha do tempo o momento exato em

gue cada vaca desferiu os primeiros dez bocados e realizou o primeiro intervalo
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intra refeicdo (inicio e fim). Posteriormente, quando necessario, foi realizado
ajustes em centésimos de segundos na sincroniza¢éo entre a matriz de bocados

observados e detectados pelos diferentes métodos.

2.2 Analises dos dados

Para verificar a correspondéncia entre um bocado detectado e um bocado
observado, para ambos os métodos de deteccdo, diferencas entre a matriz de
bocados observados e a matriz de bocados detectados foram avaliadas usando
0 método de k-vizinhos mais préximos. Como um bocado observado teve que
corresponder a um bocado detectado (verdadeiro positivo, TP), todos os picos
com atraso maior que 0,5 segundo em comparacdo com a observacao foram
eliminados e classificados como falsos positivos (FP) representando bocados
detectados incorretamente, enquanto ndo ha bocado observado no video, ou
falso negativo (FN) representando bocados incorretamente ndo detectados
enquanto sao observados no video. A percentagem de bocados corretamente
detectados (QF), o Fator Branching (BF) representa a relacéo entre os bocados
detectados incorretamente (FP) e os bocados corretamente detectados(TP), e 0
Fator Miss (MF) que representa a relacéo entre os bocados ndo detectados (FN)
e os bocados corretamente detectados (TP) foram considerados. As equacdes

sao descritas a seguir:

TP

QF = ——— 100 (1)

= *
TP+FN+FP

FP
BF =20 2
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FN
MF = (3)

2.3 Anédlise estatistica

Foi realizada andlise da variancia e testada regressao para as variaveis
BF, MF e percentagem de bocados corretamente detectados (QF) e intensidade
do sinal taxa de rotacédo ao longo do eixo y (Ry) entre as diferentes alturas do
dossel. Foi testada regresséo entre os valores de altura do pico (sinal Ry) e a
massa do respectivo bocado por tratamento.

Foi realizada analise da variancia dentro de cada tratamento entre os
métodos de deteccdo de bocados sobre a percentagem de bocados
corretamente detectados (QF), MF, QF e a taxa de bocados
detectados/observados. As médias foram comparadas pelo teste t de Student

5% de significancia no programa estatistico JMP (versdo 14.0., SAS Institute Inc.,

Cary, NC, USA).

3. Resultados
3.1 Método IMU para deteccéo dos bocados
A altura do dossel apresentou relagéo significativa e positiva com a taxa
de ocorréncia de falso positivo (BF), indicando que a medida que aumenta a
altura, maior a proporcdo de outros movimentos da cabeca que séo
erroneamente classificados como bocado. Consequentemente, houve relagcéo
negativa entre a percentagem de bocados corretamente detectados com o

aumento da altura do dossel (Figura 1). No entanto, a amplitude dos movimentos
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da cabeca diminui com a altura do dossel, representados pela amplitude dos

picos na taxa de rotacdo do eixo y (Figura 2).
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(1.a), Fator Miss (MF) e Fator Branching (BF) (1.b) pelo método IMU (unidade de
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Figura 2: Relacdo entre a altura média dos picos (radiano s) nas diferentes

alturas do dossel.

N&o houve relagédo entre diferentes amplitudes dos picos (bocados) e a

massa dos bocados para nenhuma das alturas do dossel testadas (Figura 3).
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Figura 3: Relagdo entre a altura dos picos (radiano s') e a massa do bocado
(gramas de matéria seca) por alturas do dossel (N=1500 bocados). T20: altura
do pico (AP) =0,4346942+ 0,0074392* massa do bocado (MB) R=0; T40: AP
=0,3332794+ 0,1030671* MB R=0,004; T60: AP=0,3332794+0,1030671*MB
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3.2 Comparacao entre os métodos IMU e IGER na detec¢do dos bocados
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N&o houve diferenca significativa entre os métodos de deteccdo dos
bocados dentro de cada tratamento para os valores de MF (Tabela 2). No
entanto, houve diferenca para o BF e para a percentagem de bocados
corretamente detectados (QF), mostrando que independente da altura do dossel,
o método IMU apresenta maior porcentagem de bocados corretamente
detectados. Ambos os métodos superestimam a taxa em que os bocados séo
desferidos. No entanto o método IMU apresenta menor proporgcéo que o método

IGER no tratamento 40cm.

Tabela 2: Comparacéao entre os métodos de detec¢éo dos bocados, unidade de
medida inercial (IMU) e IGER behaviour recorder (IGER) na correta deteccao

dos bocados dentro das diferentes alturas do dossel.

Altura do . Bocados
dossel Método MF! BF? QF3 detectados/
observados
IMU 0.07 0.11 85.33 1.04
20 cm IGER 0.09 0.24 75.27 1.14
P=0.304 P=0.023 P=0.027 P=0.080
IMU 0.09 0.14 81.67 1.05
40 cm IGER 0.07 0.28 73.89 1.20
P=0.635 P=0.018 P=0.072 P=0.011
IMU 0.11 0.32 70.11 1.18
60 cm IGER 0.28 0.63 52.52 1.28
P=0.055 P=0.004 P=0.003 P=0.287

1) MF: Fator Miss; 2) BF: Fator Branching; 3) QF: percentagem de bocados
corretamente detectados.

4. Discusséo
O pastejo é uma atividade complexa que engloba um conjunto de varios

movimentos da cabeca, pescoco e corpo (Becciolini e Ponzetta, 2018). Os
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movimentos de cabeca realizados durante o pastejo sdo tipicamente circulares
para bovinos (Chamber et al., 1981). No entanto, em pastos altos esses
movimentos ndo sao tao evidentes, pois 0s animais selecionam a direcdo dos
movimentos de cabeca de acordo com a estrutura da forragem colhida (Hongo
e Akimoto, 2003), e o0 angulo da posicéo da cabeca em relacdo aos membros
dianteiros aumenta com a altura do dossel. Portanto, os animais realizam trés
tipos de movimentos de cabeca: cabeca para frente (tipo I) ou para tras (tipo 1),
e em poucos bocados sdo necessarios dois movimentos de cabeca (sequencial
para frente e paratras) (tipo Ill) (Hongo e Akimoto, 2003), porque a for¢ca exercida
somada a distancia maxima do deslocamento da cabeca para uma direcdo néao
foi suficiente para o rompimento de todas as fibras vegetais. Ao visualizar os
videos em baixa velocidade, os bocados do tipo Il foram registrados com mais
frequéncia no tratamento 60 cm. Hongo e Akimoto, (2003) identificaram que a
forca aplicada para a realizagdo dos bocados muda em funcdo da direcdo do
movimento da cabeca, sendo que bovinos realizam duas vezes mais forca
(Newton) para desferir um bocado para frente do que para tras. Essas interacoes
refletiram em uma relacdo linear e negativa entre a intensidade da taxa de
rotacao do eixo y com o0 aumento da altura do dossel (Figura 2).

Alguns bocados ndo séo detectados pelo método IMU, pois apresentam
altura do pico menor que 0,2 radiano s?'. Esses bocados sdo realizados
principalmente por um movimento de cabeca mais sutil e longitudinal ao corpo.
A taxa com que esses bocados sao formados ndo tem relagcdo com a altura do
dossel, compondo em média 9% (MF) dos bocados desferidos. No entanto, ao

modificar os valores do critério ‘altura minima do pico’ para 0,1 radiano s, por
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exemplo, todos os bocados poderiam ser identificados. Entretanto, a diminuicé&o
deste critério de selecdo acarretaria na deteccao de picos (FP) que representam
movimentos da cabeca relacionados com a mastigacéo e/ou a selecéo de novos
locais para desferir 0 bocado, 0 que aumentaria os valores de fator Branching,
reduzindo a percentagem de bocados corretamente detectados.

Os valores do fator Branching representam a taxa de movimentos de
cabeca que ndo sao relacionados com um bocado desferido e que sé&o
registrados pelo sensor. Estes valores apresentaram relagéo linear e negativa
em consequéncia ao aumento da altura do dossel.

Os herbivoros respondem a mudancas estruturais do pasto por meio de
estratégias de pastejo (Laca e Demment,1992), intensificando os processos de
busca e apreenséo da forragem em pastos manejados com baixa altura e menor
massa de forragem (Baggio et al., 2009). Em pastos mais altos (e.g. 60 cm), os
animais realizam mais do que apenas um movimento de lingua e mandibula por
bocado como estratégia para aumentar a area do bocado, pois as laminas
foliares sdo mais esparsas, além de maior densidade de colmos no estrato
superior, limitando a formacéo do bocado (Benvenutti et al., 2009).

Outro fator que dificulta a manipulacéo do bocado pelo animal é o fato das
laminas foliares serem mais longas (Soder et al.,, 2009) e com maior teor de
parede celular, que demanda mais tempo para mastigacao da forragem antes da
degluticdo. Desta maneira, pastos de braquiaria manejados com altura do dossel
entre 20 cm e 40 cm de altura do pasto, apresentam acuracia de 85,3 e 81,7%,
respectivamente, ou seja, a maioria dos movimentos de cabeca registrados pelo

sensor IMU sao relacionados com um bocado realizado. Ja em alturas de dossel



63

proximas de 60 cm, ou acima, o método IMU apresenta valores de QF em torno
de 70% e superestima em média o niumero de bocados desferidos em 18%.

A massa do bocado é a varidvel do comportamento ingestivo mais
importante, pois explica a maior porcentagem da variagdo no consumo diario de
forragem (Laca, 2001). No entanto, a intensidade dos movimentos de cabecga
nao sao preditores da massa do bocado (Figura 3). Todavia, a velocidade com
gue as vacas movimentam a cabeca pode estar relacionada com a arquitetura,
e densidade dos componentes do pasto, e com a resisténcia das fibras vegetais
(Hongo e Akimoto, 2003), além do angulo da posicéo da cabeca em relacao aos
membros dianteiros.

O método IMU foi superior ao método IGER na correta detec¢cdo dos
bocados nos tratamentos 20 e 60 cm de altura do dossel. Na classificacdo dos
bocados pelo IGER, foi observado que eventos de mastigacdo foram
erroneamente classificados como bocado (FP), resultando em menor acuracia.
Isso ocorre porque picos secundarios associados aos bocados em bovinos
provavelmente estdo sendo confundidos como picos primarios dos movimentos
mandibulares (Rutter, 2000), principalmente no tratamento 60 cm de altura, pois
apresentou QF de 52,5%. Em alturas mais altas, o animal realiza bocados
maiores e necessitam maior tempo de manipulacdo e movimentos mastigatorios.
Ungar e Rutter, (2006) observaram que o método IGER superestima em média

28% o namero de bocados, podendo variar de 8 a 54%, dependendo do animal.

Conclusao
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A estrutura do pasto influencia a qualidade de detec¢ao dos bocados tanto
para o método IMU quanto para o método IGER. A acurdcia na deteccdo
utilizando o método IMU foi de 85,3 e 81,7%, para os tratamentos 20 e 40 cm,
respectivamente e 70,1% para o tratamento 60 cm.

O método IMU mostrou-se eficaz na deteccdo de bocados em

experimentos de pastejo.
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CONSIDERACOES FINAIS

Com um algoritmo simples, utilizando dados de unidade de medida
inercial, é possivel identificar o momento em que os bocados séo desferidos,
permitindo o conhecimento do nimero e a taxa com que os bocados sao
formados ao longo do tempo, deste modo, compreendendo a interface planta-

animal na menor escala do comportamento ingestivo de bovinos em pastejo.

A unidade de medida inercial também registra dados sobre a localizacao
geogréfica dos animais e o seu deslocamento no tempo. Permitindo explorar o
comportamento ingestivo individual e compreender as estratégias dos animais

em diferentes condicbes no tempo e no espago.

Outros celulares equipados com unidade de medida inercial ou mesmo
dispositivos feitos sob medida também podem ser usados com o mesmo
algoritmo, supondo que eles fornegam as mesmas caracteristicas em termos de
sensibilidade e frequéncia de registro. Bem como, o futuro do manejo do
pastoreio dependera muito do crescimento de tecnologias, incluindo o uso de
sensores, transferéncia e armazenamento de informagdes mais rapidas, ja que
as informacgdes sao altamente valiosas para a compreensdo do mecanismo de

comportamento.
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APENDICE

Apéndice 1. Algoritmo de codigo aberto dedicado a detectar bocados

partir de unidade de medida inercial

function [pks,d=tected,yZ]=detectbites(x,hheight,distance]
8The function allow to find the peak=s in the By signal that are assocciased
Bto uprroting bites during grazing

#x = a vector with the By =ignal isoclated during the grasing events [(thi
Bis done with ssaguence grasing and subsegquent isclation of the columm th

Byvou need (usually 28 or the one with the header Bot Pate v

#height = minimal peak he t (uswally 0.2 rad/s
#distance = minimum time distance between Z peaks (usually 0.4 =

#8This function yields two vectors: a time vector (pkal displaying where the peaks

L

o

peaks

detected=[];

pk==[1;

¥2=01;

wl=[1;

listpeaks=[];

85ignal filtering
[d,c]=butter {1, 6/ (100/2), "1low");

[b,al=buttec (1, [D.5/{100/2}) 2/(100/2)], "bandpa=="};

wl=filter({d,c,x) ;#x=rotation rate on yaxis=

yi=filter(b,a,¥yl)];

yi=-yi;

?nn:n_;i =[1;

¥norm y2 = normalise war(y2,0,1);

#findpeaks on filtered rotation =ignal

[pEks, detectad] =findpeaks (y2, '"MinPeakieight'  height, "HinFeakDistance",,distance) ;

listperaks=[detected (-, 1) pksi(z,1)];
for n=length{listpeaks):—-1:1;
if listpeaks(m,2)>1;
listpeaks(n, -} =[];
and
mrd
detected=listpeaks{:,1);

pk==listpeaks{:,2Z);
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are observed and a corresponding vector (detected] with the height of the detected
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Apéndice 2. Normas para elaboragdo e submisséo de trabalhos cientificos
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and only if approved by the journal Editor. To request such a change, the Editor must
receive the following from the corresponding author: (a) the reason for the
change in author list and (b) written confirmation (e-mail, letter) from all authors
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that they agree with the addition, removal or rearrangement. In the case of addition
or removal of authors, this includes confirmation from the author being added or
removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor
considers the request, publication of the manuscript will be suspended. If the
manuscript has already been published in an online issue, any requests approved by
the Editor will result in a corrigendum.

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing
Agreement' (see more information on this). An e-mail will be sent to the
corresponding author confirming receipt of the manuscript together with a 'Journal
Publishing Agreement' form or a link to the online version of this agreement.

Subscribers may reproduce tables of contents or prepare lists of articles including
abstracts forinternal circulation within their institutions. Permission of the Publisher
is required for resale or distribution outside the institution and for all other derivative
works, including compilations and translations. If excerpts from other copyrighted
works are included, the author(s) must obtain written permission from the copyright
owners and credit the source(s) in the article. Elsevier has preprinted forms for use
by authors in these cases.

For gold open access articles: Upon acceptance of an article, authors will be asked
to complete an 'Exclusive License Agreement' (more information). Permitted third
party reuse of gold open access articles is determined by the author's choice of user
license.

Author rights

As an author you (or your employer or institution) have certain rights to reuse your
work. More information.

Elsevier supports responsible sharing
Find out how you can share your research published in Elsevier journals.

You are requested to identify who provided financial support for the conduct of the
research and/or preparation of the article and to briefly describe the role of the
sponsor(s), if any, in study design; in the collection, analysis and interpretation of
data; in the writing of the report; and in the decision to submit the article for
publication. If the funding source(s) had no such involvement then this should be
stated.

Funding body agreements and policies

Elsevier has established a number of agreements with funding bodies which allow
authors to comply with their funder's open access policies. Some funding bodies will
reimburse the author for the gold open access publication fee. Details of existing
agreements are available online.

This journal offers authors a choice in publishing their research:

Subscription
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¢ Articles are made available to subscribers as well as developing countries and

patient groups through our universal access programs.

e No open access publication fee payable by authors.

e The Author is entitled to post the accepted manuscript in their institution's

repository and make this public after an embargo period (known as green Open

Access). The published journal article cannot be shared publicly, for example on

ResearchGate or Academia.edu, to ensure the sustainability of peer- reviewed

research in journal publications. The embargo period for this journal can be found

below. Gold open access

e Articles are freely available to both subscribers and the wider public with
permittedreuse.

e A gold open access publication fee is payable by authors or on their behalf, e.g.

by their research funder or institution.

Regardless of how you choose to publish your article, the journal will apply the same
peer review criteria and acceptance standards.

For gold open access articles, permitted third party (re)use is defined by the
following Creative Commons user licenses:

Creative Commons Attribution (CC BY)

Lets others distribute and copy the article, create extracts, abstracts, and other
revised versions, adaptations or derivative works of or from an article (such as a
translation), include in a collective work (such as an anthology), text or data mine
the article, even for commercial purposes, as long as they credit the author(s), do
not represent the author as endorsing their adaptation of the article, and do not
modify the article in such a way as to damage the author's honor orreputation.

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)

For non-commercial purposes, lets others distribute and copy the article, and to
include in a collective work (such as an anthology), as long as they credit the
author(s) and provided they do not alter or modify the article.

The gold open access publication fee for this journal is USD 2800, excluding taxes.
Learn more about Elsevier's pricing policy:
https://www.elsevier.com/openaccesspricing.

Green open access

Authors can share their research in a variety of different ways and Elsevier has a
number of green open access options available. We recommend authors see our open
access page for further information. Authors can also self-archive their manuscripts
immediately and enable public access from their institution's repository after an
embargo period. This is the version that has been accepted for publication and which
typically includes author-incorporated changes suggested during submission, peer
review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to
subscribing customers before an article becomes freely available to the public. This
is the embargo period and it begins from the date the article is formally published
online in its final and fully citable form. Find outmore.

This journal has an embargo period of 24 months.

Elsevier Researcher Academy

Researcher Academy is a free e-learning platform designed to support early and
mid-career researchers throughout their research journey. The "Learn" environment
at Researcher Academy offers several interactive modules, webinars, downloadable
guides and resources to guide you through the process of writing for research and
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going through peer review. Feel free to use these free resources to improve your
submission and navigate the publication process with ease.

Language (usage and editing services)

Please write your text in good English (American or British usage is accepted, but
not a mixture of these). Authors who feel their English language manuscript may
require editing to eliminate possible grammatical or spelling errors and to conform to
correct scientific English may wish to use the English Language Editing service
available from Elsevier's WebShop.

Submission

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
source files to a single PDF file of the article, which is used in the peer-review
process. Please note that even though manuscript source files are converted to PDF
files at submission for the review process, these source files are needed for further
processing after acceptance. Authors can upload their article as a LaTex, Microsoft
(MS) Word, WordPerfect, PostScript or Adobe Acrobat PDF document. All
correspondence, including notification of the Editor's decision and requests for
revision, takes place by e-mail removing the need for a paper trail.

Referees

Please submit, with the manuscript, the names, addresses and e-mail addresses of
4 potential referees. Note that the editor retains the sole right to decide whether or
not the suggested reviewers are used.

Additional Information

Manuscripts should be prepared with numbered lines, with wide margins
and double- spacing throughout, i.e. also for abstracts, footnotes and
references. Every page of the manuscript, including the title page,
references, tables, etc. should be numbered. However, in the text no
reference should be made to page numbers; if necessary, one may refer to
sections. Avoid excessive use of italics to emphasize part of the text.

PREPARATION

Submission to this journal proceeds totally online and you will be guided stepwise
through the creation and uploading of your files. The system automatically converts
your files to a single PDF file, which is used in the peer-review process.

As part of the Your Paper Your Way service, you may choose to submit your manuscript
as a single file to be used in the refereeing process. This can be a PDF file or a Word
document, in any format or lay- out that can be used by referees to evaluate your
manuscript. It should contain high enough quality figures for refereeing. If you
prefer to do so, you may still provide all or some of the source files at the initial
submission. Please note that individual figure files larger than 10 MB must be
uploaded separately.

References

There are no strict requirements on reference formatting at submission. References
can be in any style or format as long as the style is consistent. Where applicable,
author(s) name(s), journal title/ book title, chapter title/article title, year of
publication, volume number/book chapter and the article number or pagination must
be present. Use of DOI is highly encouraged. The reference style used by the journal
will be applied to the accepted article by Elsevier at the proof stage. Note that
missing data will be highlighted at proof stage for the author to correct.

Formatting requirements
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There are no strict formatting requirements but all manuscripts must contain the
essential elements needed to convey your manuscript, for example Abstract,
Keywords, Introduction, Materials and Methods, Results, Conclusions, Artwork and
Tables with Captions.

If your article includes any Videos and/or other Supplementary material, this should
be included in your initial submission for peer review purposes.

Divide the article into clearly defined sections.

Please ensure the text of your paper is double-spaced and has consecutive
line numbering

- this is an essential peer review requirement.

Figures and tables embedded in text

Please ensure the figures and the tables included in the single file are placed next to
the relevant text in the manuscript, rather than at the bottom or the top of the file.
The corresponding caption should be placed directly below the figure or table.

This journal operates a single blind review process. All contributions will be initially
assessed by the editor for suitability for the journal. Papers deemed suitable are
then typically sent to a minimum of two independent expert reviewers to assess the
scientific quality of the paper. The Editoris responsible for the final decision regarding
acceptance or rejection of articles. The Editor's decision is final. More information on
types of peer review.

Use of word processing software

Regardless of the file format of the original submission, at revision you must provide
us with an editable file of the entire article. Keep the layout of the text as simple as
possible. Most formatting codes will be removed and replaced on processing the
article. The electronic text should be prepared in a way very similar to that of
conventional manuscripts (see also the Guide to Publishing with Elsevier). See also
the section on Electronic artwork.

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and
'grammar-check’ functions of your word processor.

Subdivision - numbered sections

Divide your article into clearly defined and numbered sections. Subsections should
be numbered

1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section
numbering). Use this numbering also for internal cross-referencing: do not just refer
to 'the text'. Any subsection may be given a brief heading. Each heading should
appear on its own separate line.

Introduction

State the objectives of the work and provide an adequate background, avoiding a
detailed literature survey or a summary of the results.

Additional sections Background and/or Literature may be necessary, but
only if these aspects of the work cannot be adequately covered in the
Introduction.

materials and methods
This section is necessary if your paper involves experimentation. Provide sufficient
detail to allow the work to be reproduced. Methods already published should be
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indicated by a reference: only relevant modifications should be described. However,
work published in Computers and Electronics in Agriculture will often not comprise
a straightforward experimental investigation or testing of a hypothesis. Therefore,
rather than Materials and Methods, other section headings may be appropriate.

e.g. one or more of:

Design Requirement

Measurement Requirement

Control Requirement

Specification of . . .

Development of . . .

Software Development

A section headed Performance Evaluation or Validation or Assessment may then be
appropriate.

results

is expected for all experimental work. Results should be clear and concise; and report
only your work,

i.e. comparisons with other work from cited literature should be set out in the
subsequent section Discussion.

Discussion

This should explore the significance of the results of the work, not repeat them. A
combined Results and Discussion section may be appropriate, but if this is adopted
it is essential to maintain clarity as regards which results/achievements are your work
and which are the work of others. Avoid extensive citations and discussion of
published literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section.

Appendices

If there is more than one appendix, they should be identified as A, B, etc. Formulae
and equations in appendices should be given separate numbering: Eq. (A.1), Eq.
(A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and
figures: Table A.1; Fig. A.1, etc.

e Title. Concise and informative. Titles are often used in information-retrieval
systems. Avoid abbreviations and formulae where possible.

e Author names and affiliations. Please clearly indicate the given name(s) and
family name(s) of each author and check that all names are accurately spelled. You
can add your name between parentheses in your own script behind the English
transliteration. Present the authors' affiliation addresses (where the actual work
was done) below the names. Indicate all affiliations with a lower-case superscript
letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and,
if available, the e-mail address of each author.

e Corresponding author. Clearly indicate who will handle correspondence at all
stages of refereeing and publication, also post-publication. This responsibility
includes answering any future queries about Methodology and Materials. Ensure
that the e-mail address is given and that contact details are kept up to
date by the corresponding author.

e Present/permanent address. If an author has moved since the work described
in the article was done, or was visiting at the time, a 'Present address' (or
'Permanent address') may be indicated as a footnote to that author's name. The
address at which the author actually did the work must be retained as the main,
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affiliation address. Superscript Arabic numerals are used for such footnotes.

Highlights are mandatory for this journal. They consist of a short collection of bullet
points that convey the core findings of the article and should be submitted in a
separate editable file in the online submission system. Please use 'Highlights' in the
file name and include 3 to 5 bullet points (maximum 85 characters, including spaces,
per bullet point). You can view example Highlights on our information site.

Abstract

A concise and factual abstract is required which should not be longer than 400
words. The abstract should state briefly the purpose of the research, the principal
results and major conclusions. An abstract is often presented separately from the
article, so it must be able to stand alone. For this reason, References should be
avoided, but if essential, then cite the author(s) and year(s). Also, non- standard or
uncommon abbreviations should be avoided, but if essential they must be defined at
their first mention in the abstract itself.

Graphical abstract

Although a graphical abstract is optional, its use is encouraged as it draws more
attention to the online article. The graphical abstract should summarize the contents
of the article in a concise, pictorial form designed to capture the attention of a wide
readership. Graphical abstracts should be submitted as a separate file in the online
submission system. Image size: Please provide an image with a minimum of 531 x
1328 pixels (h x w) or proportionally more. The image should be readable at a size
of 5 x 13 cm using a regular screen resolution of 96 dpi. Preferred file types: TIFF,
EPS, PDF or MS Office files. You can view Example Graphical Abstracts on our
information site.

Authors can make use of Elsevier's Illustration Services to ensure the best presentation
of theirimages and in accordance with all technical requirements.

Immediately after the abstract, provide a maximum of 6 keywords, using American
spelling and avoiding general and plural terms and multiple concepts (avoid, for
example, 'and', 'of'). Be sparing with abbreviations: only abbreviations firmly
established in the field may be eligible. These keywords will be used for indexing
purposes.

Abbreviations

Define abbreviations that are not standard in this field in a footnote to be placed on
the first page of the article. Such abbreviations that are unavoidable in the abstract
must be defined at their first mention there, as well as in the footnote. Ensure
consistency of abbreviations throughout the article.

Acknowledgements

Collate acknowledgements in a separate section at the end of the article before the
references and do not, therefore, include them on the title page, as a footnote to the
title or otherwise. List here those individuals who provided help during the research
(e.g., providing language help, writing assistance or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's
requirements:

Funding: This work was supported by the National Institutes of Health [grant
numbers xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number
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zzzz]; and the United States Institutes of Peace [grant humber aaaa].

It is not necessary to include detailed descriptions on the program or type of grants
and awards. When funding is from a block grant or other resources available to a
university, college, or other research institution, submit the name of the institute or
organization that provided the funding.

If no funding has been provided for the research, please include the following
sentence:

This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Nomenclature and units
1. Authors and Editor(s) are, by general agreement, obliged to accept the rules
governing biological nomenclature, as laid down in the International Code of
Botanical Nomenclature, the International Code of Nomenclature of Bacteria, and
the International Code of Zoological Nomenclature.

2. All biotica (crops, plants, insects, birds, mammals, etc.) should be identified by
their scientific names when the English term is first used, with the exception of
common domesticanimals.

3. All biocides and other organic compounds must be identified by their Geneva
names when first used in the text. Active ingredients of all formulations should be
likewise identified.

4. For chemical nomenclature, the conventions of the International Union of Pure
and Applied Chemistry and the official recommendations of the IUPAC-IUB
Combined Commission on Biochemical Nomenclature should be followed.

Formulae

1. All formulae should be presented consistently and clearly with regard to the
meaning of each symbol and its correct location. Formulae must be typed
throughout.

2. All unusual symbols must be collected in a separate list in the appendix, giving a
clear explanation of each symbol.

3. Please try to keep the notation as simple as possible, and avoid ambiguities. Do
not use special typefonts if there is no urgent need to do so.

4. Different formulae should be clearly separated in the manuscript, at least by
punctuation marks, if not by words. Avoid breaking formulae if breaking is not
strictly necessary (i.e., if the equation is less than one typed line). Never let a
sentence consist of formulae alone (i.e., without any connection with the preceding
text).

5. Do not use complicated juxtapositions of symbols. Also, try to avoid complicated
subscripts and superscripts; third-order indices especially present difficulties as to
their size and position, and fourth- order indices are taboo.

6. The manuscript must show a clear distinction between similar symbols, (e.g.,
between zero (0) and the letter O, between one (1) and the letter |, and between
multiplication (x) and the letter x).
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7. Important formulae (e.g.definitions) must be displayed. All formulae which are
to be referred to later on must be displayed and numbered consecutively
throughout the paper; the number should appear on the right-hand side of the

page.

8. In chemical formulae the valence of ions must be given as, for example, ca’*
and C032 rather than as Ca®* and CO3™".

18

9. Isotope numbers should precede the symbols (e.g., ~~0).

Footnotes

Footnotes should be used sparingly. Number them consecutively throughout the
article. Many word processors build footnotes into the text, and this feature may be
used. Should this not be the case, indicate the position of footnotes in the text and
present the footnotes themselves separately at the end of the article.

Electronic artwork
General points
e Make sure you use uniform lettering and sizing of your original artwork.
e Preferred fonts: Arial (or Helvetica), Times New Roman (or Times), Symbol,
Courier.
e Number the illustrations according to their sequence in the text.
e Use a logical naming convention for your artwork files.
e Indicate per figure if it is a single, 1.5 or 2-column fitting image.
e For Word submissions only, you may still provide figures and their captions, and
tables within a single file at the revision stage.
e Please note that individual figure files larger than 10 MB must be provided in
separate source files. A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information
are given here.

Formats

Regardless of the application used, when your electronic artwork is finalized, please
'save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given
below):

EPS (or PDF): Vector drawings. Embed the font or save the text as 'graphics'.

TIFF (or JPG): Color or grayscale photographs (halftones): always use a minimum
of 300 dpi. TIFF (or JPG): Bitmapped line drawings: use a minimum of 1000 dpi.
TIFF (or JPG): Combinations bitmapped line/half-tone (color or grayscale): a
minimum of 500 dpi is required.

Please do not:

e Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); the
resolution is too low.

e Supply files that are too low in resolution.

e Submit graphics that are disproportionately large for the content.

Color artwork

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS
(or PDF), or MS Office files) and with the correct resolution. If, together with your
accepted article, you submit usable color figures then Elsevier will ensure, at no
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additional charge, that these figures will appear in color online (e.g., ScienceDirect
and other sites) regardless of whether or not these illustrations are reproduced in
color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted
article. Please indicate your preference for color: in print or online only. Further
information on the preparation of electronic artwork.

Figure captions

Ensure that each illustration has a caption. A caption should comprise a brief title
(not on the figure itself) and a description of the illustration. Keep text in the
illustrations themselves to a minimum but explain all symbols and abbreviations
used.

Tables
1. Authors should take notice of the limitations set by the size and lay-out of the
journal. Large tables should be avoided. Reversing columns and rows will often
reduce the dimensions of atable.

2. If many data are to be presented, an attempt should be made to divide them
over two or more tables.

3. Tables should be numbered according to their sequence in the text. The text
should include references to all tables.

4. Each table should be typewritten on a separate page of the manuscript. Tables
should never be included in the text.

5. Each table should have a brief and self-explanatory title.

6. Column headings should be brief, but sufficiently explanatory. Standard
abbreviations of units of measurement should be added between parentheses.

7. Vertical lines should not be used to separate columns. Leave some extra space
between the columns instead.

8. Any explanation essential to the understanding of the table should be given as
a footnote at the bottom of the table.

References
References 1. All publications cited in the text should be presented in a list of
references following the text of the manuscript. The manuscript should be carefully
checked to ensure that the spelling of author's names and dates are exactly the same
in the text as in the referencelist.
2.In the text refer to the author's name (without initial) and year of publication,
followed - if necessary
- by a short reference to appropriate pages. Examples: "Since Peterson (1993) has
shown that "
"This is in agreement with results obtained later (Peterson and Kramer, 1993, pp.
12-16)".
3. If reference is made in the text to a publication written by more than two authors
the name of the first author should be used followed by "et al.” This indication,
however, should never be used in the list of references. In this list names of first
author and co-authors should be mentioned.
4. References cited together in the text should be arranged chronologically. The list
of references should be arranged alphabetically on authors' names, and
chronologically per author. If an author's name in the list is also mentioned with
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co-authors the following order should be used: publications of the single author,
arranged according to publication dates - publications of the same author with one
co-author - publications of the author with more than one co-author. Publications
by the same author(s) in the same year should be listed as 1994a, 1994b, etc.
5. Use the following system for arranging your references:
5.1 For periodicals
Yang, Q., 1993. Classification of apple surface features using machine vision and
neural networks. Comput. Electron. Agric. 9, 1-12.
5.2 For entire (special) issue of journal
Glaser, R., Bond, L. (Eds). 1981. Testing: Concepts and Research (special issue).
American Psychologist 36 (10).
5.3 For books
Peart, R.M., Brooks, R.C. (Eds.), 1992. Analysis of Agricultural Energy Systems.
Energy in World agriculture, 5. Elsevier, Amsterdam.
5.4 For multi-author books Price, D.R., Chen, T.H., Peart, R.M. 1992. Acknowledge-
based decision system for control of waste heat for a greenhouse-aquaculture
complex. In: Peart, R.M., Brooks, R.C. (Eds.), Analysis of Agricultural Energy
Systems. Energy in World Agriculture, 5. Elsevier, Amsterdam, pp. 33-46.
5.5 For unpublished reports, departmental notes, etc. Deshazer, J.A., Moran, P,,
Onyango, C.M., Schofield, C.P., 1988. Imaging systems to improve stockmanship
in pig production. Div. Note 1549, AFRC Institute of Engineering Research, Silsoe,
UK.
6. Do not abbreviate the titles of periodicals mentioned in the list of references;
alternatively use the
International List of Periodical Title Word Abbreviations.
7. In the case of publications in any language other than English, the original title
is to be retained. However, the titles of publications in non-Latin alphabets should be
transliterated, and a notation such as "(in Russian)" or "(in Greek with English
abstract)" should be added.
8. Work accepted for publication but not yet published should be referred to as "in
press".
9. References concerning unpublished data and "personal communications" should
not be cited in the reference list buy may be mentioned in the text.

Reference links

Increased discoverability of research and high quality peer review are ensured by
online links to the sources cited. In order to allow us to create links to abstracting
and indexing services, such as Scopus, CrossRef and PubMed, please ensure that
data provided in the references are correct. Please note that incorrect surnames,
journal/book titles, publication year and pagination may prevent link creation. When
copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any
electronic article. An example of a citation using DOI for an article not yet in an
issue is: VanDecar J.C., Russo R.M., James D.E., Ambeh W.B., Franke M. (2003).
Aseismic continuation of the Lesser Antilles slab beneath northeastern Venezuela.
Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884. Please
note the format of such citations should be in the same style as all other references in
the paper.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript
by citing them in your text and including a data reference in your Reference List. Data
references should include the following elements: author name(s), dataset title, data
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repository, version (where available), year, and global persistent identifier. Add
[dataset] immediately before the reference so we can properly identify it as a data
reference. The [dataset] identifier will not appear in your published article.

[dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data
for Japanese oak wilt disease and surrounding forest compositions. Mendeley Data,
v1. http://dx.doi.org/10.17632/ xwj98nb39r.1.

Reference management software

Most Elsevier journals have their reference template available in many of the most
popular reference management software products. These include all products that
support Citation Style Language styles, such as Mendeley. Using citation plug-ins
from these products, authors only need to select the appropriate journal template
when preparing their article, after which citations and bibliographies will be
automatically formatted in the journal's style. If no template is yet available for this
journal, please follow the format of the sample references and citations as shown in
this Guide. If you use reference management software, please ensure that you
remove all field codes before submitting the electronic manuscript. More information
on how to remove field codes from different reference management software.

Users of Mendeley Desktop can easily install the reference style for this journal by
clicking the following link:
http://open.mendeley.com/use-citation-style/computers-and-electronics-in-
agriculture

When preparing your manuscript, you will then be able to select this style using the
Mendeley plug- ins for Microsoft Word or LibreOffice.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word
Abbreviations.

Elsevier accepts video material and animation sequences to support and enhance
your scientific research. Authors who have video or animation files that they wish
to submit with their article are strongly encouraged to include links to these within
the body of the article. This can be done in the same way as a figure or table by
referring to the video or animation content and noting in the body text where it
should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation
material is directly usable, please provide the file in one of our recommended file
formats with a preferred maximum size of 150 MB per file, 1 GB in total. Video and
animation files supplied will be published online in the electronic version of your
article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with
your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your
video data. For more detailed instructions please visit our video instruction pages.
Note: since video and animation cannot be embedded in the print version of the
journal, please provide text for both the electronic and the print version for the
portions of the article that refer to this content.

Include interactive data visualizations in your publication and let your readers
interact and engage more closely with your research. Follow the instructions here
to find out about available data visualization options and how to include them with
your article.
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http://citationstyles.org/
http://citationstyles.org/
http://www.mendeley.com/features/reference-manager
https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
https://service.elsevier.com/app/answers/detail/a_id/26093
http://open.mendeley.com/use-citation-style/computers-and-electronics-in-agriculture
http://open.mendeley.com/use-citation-style/computers-and-electronics-in-agriculture
https://elsevier.staging.squiz.co.uk/about/press-releases
https://elsevier.staging.squiz.co.uk/about/press-releases
https://www.sciencedirect.com/
https://www.elsevier.com/authors/author-schemas/artwork-and-media-instructions
https://www.elsevier.com/authors/author-resources/data-visualization
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Supplementary material such as applications, images and sound clips, can be
published with your article to enhance it. Submitted supplementary items are
published exactly as they are received (Excel or PowerPoint files will appear as such
online). Please submit your material together with the article and supply a concise,
descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide
an updated file. Do not annotate any corrections on a previous version. Please switch
off the Track Changes' option in Microsoft Office files as these will appear in the
published version.

This journal encourages and enables you to share data that supports your research
publication where appropriate, and enables you to interlink the data with your
published articles. Research data refers to the results of observations or
experimentation that validate research findings. To facilitate reproducibility and data
reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or
make a statement about the availability of your data when submitting your
manuscript. If you are sharing data in one of these ways, you are encouraged to cite
the data in your manuscript and reference list. Please refer to the "References" section
for more information about data citation. For more information on depositing, sharing
and using research data and other relevant research materials, visit the research
data page.

Data linking

If you have made your research data available in a data repository, you can link your
article directly to the dataset. Elsevier collaborates with a number of repositories to
link articles on ScienceDirect with relevant repositories, giving readers access to
underlying data that gives them a better understanding of the research described.

There are different ways to link your datasets to your article. When available, you
can directly link your dataset to your article by providing the relevant information in
the submission system. For more information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next
to your published article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the
text of your manuscript, using the following format: Database: xxxx (e.g., TAIR:
AT1G01020; CCDC: 734053; PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data
(including raw and processed data, video, code, software, algorithms, protocols, and
methods) associated with your manuscript in a free-to-use, open access repository.
During the submission process, after uploading your manuscript, you will have the
opportunity to upload your relevant datasets directly to Mendeley Data. The datasets
will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data in Brief
You have the option of converting any or all parts of your supplementary or


https://www.elsevier.com/authors/author-resources/research-data
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https://www.elsevier.com/authors/author-resources/research-data/data-base-linking
https://www.elsevier.com/authors/author-resources/research-data/data-base-linking#repositories
https://www.elsevier.com/books-and-journals/enrichments/mendeley-data-for-journals
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additional raw data into one or multiple data articles, a new kind of article that houses
and describes your data. Data articles ensure that your data is actively reviewed,
curated, formatted, indexed, given a DOI and publicly available to all upon
publication. You are encouraged to submit your article for Data in Brief as an
additional item directly alongside the revised version of your manuscript. If your
research article is accepted, your data article will automatically be transferred over
to Data in Brief where it will be editorially reviewed and published in the open access
data journal, Data in Brief. Please note an open access fee of 500 USD is payable for
publication in Data in Brief. Full details can be found on the Data in Brief website.
Please use this template to write your Data in Brief.

MethodsX

You have the option of converting relevant protocols and methods into one or
multiple MethodsX articles, a new kind of article that describes the details of
customized research methods. Many researchers spend a significant amount of time
on developing methods to fit their specific needs or setting, but often without getting
credit for this part of their work. MethodsX, an open access journal, now publishes
this information in order to make it searchable, peer reviewed, citable and
reproducible. Authors are encouraged to submit their MethodsX article as an
additional item directly alongside the revised version of their manuscript. If your
research article is accepted, your methods article will automatically be transferred
over to MethodsX where it will be editorially reviewed. Please note an open access
fee is payable for publication in MethodsX. Full details can be found on the MethodsX
website. Please use this template to prepare your MethodsX article.

Data statement

To foster transparency, we encourage you to state the availability of your data in
your submission. This may be a requirement of your funding body or institution. If
your data is unavailable to access or unsuitable to post, you will have the
opportunity to indicate why during the submission process, for example by stating
that the research data is confidential. The statement will appear with your published
article on ScienceDirect. For more information, visit the Data Statement page.
AFTER ACCEPTANCE

Corresponding authors will receive an e-mail with a link to our online proofing
system, allowing annotation and correction of proofs online. The environment is
similar to MS Word: in addition to editing text, you can also comment on
figures/tables and answer questions from the Copy Editor. Web-based proofing
provides a faster and less error-prone process by allowing you to directly type your
corrections, eliminating the potential introduction of errors.

If preferred, you can still choose to annotate and upload your edits on the PDF version.
All instructions for proofing will be given in the e-mail we send to authors, including
alternative methods to the online version and PDF.

We will do everything possible to get your article published quickly and accurately.
Please use this proof only for checking the typesetting, editing, completeness and
correctness of the text, tables and figures. Significant changes to the article as
accepted for publication will only be considered at this stage with permission from
the Editor. It is important to ensure that all corrections are sent back to us in one
communication. Please check carefully before replying, as inclusion of any
subsequent corrections cannot be guaranteed. Proofreading is solely your
responsibility.
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The corresponding author will, at no cost, receive a customized Share Link providing
50 days free access to the final published version of the article on ScienceDirect.
The Share Link can be used for sharing the article via any communication channel,
including email and social media. For an extra charge, paper offprints can be ordered
via the offprint order form which is sent once the article is accepted for publication.
Both corresponding and co-authors may order offprints at any time via Elsevier's
Webshop. Corresponding authors who have published their article gold open access
do not receive a Share Link as their final published version of the article is available
open access on ScienceDirect and can be shared through the article DOI link.
AUTHOR INQUIRIES

Visit the Elsevier Support Center to find the answers you need. Here you will find
everything from Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your
accepted article will be published.

© Copyright 2018 Elsevier | https://www.elsevier.com
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