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  HIGHLIGHTS
● An automatic weighing system for monitoring
bodyweight of broilers was developed.

● The new system was compared to the
established live-bird sales weighing system data
and tested in various conditions.

● The system demonstrated superior accuracy and
stability for commercial houses.
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  GRAPHICAL ABSTRACT
 

  ABSTRACT
Bodyweight  is  a  key  indicator  of  broiler  production  as  it  measures  the
production  efficiency  and  indicates  the  health  of  a  flock.  Currently,  broiler
weight  (i.e.,  bodyweight)  is  primarily  weighed  manually,  which  is  time-
consuming and labor-intensive, and tends to create stress in birds. This study
aimed  to  develop  an  automatic  and  stress-free  weighing  platform  for
monitoring  the  weight  of  floor-reared  broiler  chickens  in  commercial
production. The developed system consists of a weighing platform, a real-time
communication terminal,  computer  software and a  smart  phone applet  user-
interface.  The  system  collected  weight  data  of  chickens  on  the  weighing
platform  at  intervals  of  6  s,  followed  by  filtering  of  outliers  and  repeating
readings.  The  performance  and  stability  of  this  system  was  systematically
evaluated under commercial production conditions. With the adoption of data
preprocessing  protocol,  the  average  error  of  the  new  automatic  weighing
system  was  only  10.3  g,  with  an  average  accuracy  99.5%  with  the  standard
deviation  of  2.3%.  Further  regression  analysis  showed  a  strong  agreement
between  estimated  weight  and  the  standard  weight  obtained  by  the
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established  live-bird  sales  system.  The  variance  (an  indicator  of  flock
uniformity)  of  broiler  weight  estimated  using  automatic  weighing  platforms
was  in  accordance  with  the  standard  weight.  The  weighing  system
demonstrated  superior  stability  for  different  growth  stages,  rearing  seasons,
growth rate types (medium- and slow-growing chickens) and sexes. The system
is  applicable  for  daily  weight  monitoring  in  floor-reared  broiler  houses  to
improve feeding management, growth monitoring and finishing day prediction.
Its application in commercial farms would improve the sustainability of poultry
industry.

© The Author(s) 2023. Published by Higher Education Press. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0)

  

1    INTRODUCTION
 
Broiler bodyweight is a key indicator in the commercial rearing
process.  Monitoring  the  weight  of  a  broiler  flock  and
integrating  the  data  in  farm  management  benefit  the
sustainability  and  poultry  welfare  improvement[1].  The
obtained  real-time  weight  (i.e.,  bodyweight)  can  be  compared
with  expected  growth  curve  and  for  determining  the  best
finishing  day  to  avoid  unnecessary  feed  consumption  and
reduce cost[2,3].  Farmers can also respond to abnormal  weight
gain  and  uniformity  change  events  by  promptly  investigating
the causes and accordingly improve management by changing
feeding  practices,  enhancing  the  environmental  control  and
conducting  disease  prevention[4,5].  The  weight  monitoring  of
broiler  flocks  will  therefore  benefit  feeding  management  and
the  maintenance  of  broiler  health  as  a  guide  for  best
management[6].

The  most  common  procedure  for  weight  measurement  is  a
manual  process,  where  chickens  are  manually  caught  one  by
one  and  weighed  on  electronic  scales  with  a  precision  of
± 20 g[1].  The protocol requires a suitable timing and location
for  sampling,  and  a  sample  size  of  about  2%  of  chicken
population. This method also requires the chicken to be left on
a  scale  for  a  period  before  a  stable  weight  can  be  read.  In  the
cage-free  environment,  chickens  are  mobile,  random  and
difficult  to  catch[7–9],  which  makes  the  procedure  time-
consuming  and  is  a  source  of  stress  to  chickens[10,11].  In
comparison,  automatic  weighing  systems  can  accurately
monitor  weight  in  real-time  while  avoiding  stress  responses.
Therefore,  there  is  a  clear  need  to  develop  an  automatic  scale
system  for  monitoring  weight  of  broiler  chickens  in
commercial. Automatic weighing systems are now increasingly
used  to  assess  average  weight  in  studies  such  as  flock  growth
control[12],  weight  gain  prediction[13] and  finishing  weight
prediction[14].

Automatic chicken weighing research started in the 1980s and
achieved  an  accuracy  approaching  97.5%,  but  the  data
pretreatment  and  analysis  was  insufficient,  and  wide  testing
trials  for  different  rearing  stages  and  conditions  were  not
sufficiently  conducted[15–17].  Mollah  et  al.[18] in  2010  used
digital  images  acquired  with  a  standard  camera  to  determine
top-view surface area, and established a linear regression model
between the area and predicted weight.  Mortensen et  al.[19] in
2016 used a depth camera for 3D modeling to calculate weight
by  automatically  capturing  images  of  chickens  in  commercial
flocks, but the results had an error of 7.8%. The machine vision
method  has  a  large  error  in  measurement  results  due  to  the
small  sampling  size  and  variable  body  posture  of  chickens  as
well  as  the  complex  rearing  environment.  Fontana  et  al.[20] in
2015  used  sound  analysis  to  automatically  determine  the
bodyweight  of  broilers  and  to  establish  a  regression  model
between  broiler  calls  and  bodyweight  but  it  is  not  technically
mature at present.

In response to the shortcomings of the existing technology, this
study  developed  an  intelligent  system  for  the  weight
monitoring of cage-free chickens based on chicken perch habit,
and systematically evaluated the performance of  the system in
various  commercial  broiler  houses.  In  a  floor  rearing
environment,  chickens  tended  to  stand  or  sit  on  a  weighing
platform.  The  system  was  based  on  a  weighing  platform
equipment  integrated  with  weight  data  collection,
transmission,  storage,  analysis  and  display.  The  equipment
automatically collected the weight data at a sampling frequency
of  5  s  and  uploaded  the  data  to  a  cloud  server  in  real-time
through  a  multilevel  wireless  network.  The  data  pretreatment
and  analysis  module  regularly  processed  the  raw  data  to
removed outliers and leave effective data, and analyzed the data
to obtain the daily mean weight and uniformity.
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2    MATERIALS AND METHODS
  

2.1    Automatic weighing system
The automatic weighing system was originally designed by the
joint  research group of  the  authors.  It  had been tested for  the
performance of proof-of-concept prototypes, and was modified
and  moved  to  the  pilot  test  of  engineering  prototypes  in  this
study. The hardware of the weighing platform (CZ-PYJ20PM-
03 by Hefei Shenmu Information Technology Co.,  Ltd.,  Hefei,
Anhui,  China)  included  a  weighing  platform  and
communication  terminal  (Fig. 1).  Two  strain-gauged  sensors
were  installed  under  each  weighing  platform  for  weight
sensing. The equipment had a weighing range of about 200 g to
20  kg,  powered  by  220  V  AC  with  a  rated  power  of  5  W  and
IP54  degree  of  protection.  During  the  weighing  procedure,
weight  sensors  automatically  read  at  10  Hz  and  recorded  a
reading when a relative error of less was than 2% of the average
value  of  the  most  recent  10  readings.  The  difference  between
two  consecutive  stable  readings  was  considered  a  weight  data
point  generally  yielding  10  data  points  every  minute.  After  a
predetermined period of weight recording (24 h in this study),
the  raw  weight  data  were  subject  to  a  protocol  termed
“Processing  of  Original  Records  of  Weight  Information”
(PORWI)  to  detect  and  remove  repeating  weight  data  and
outliers  as  data  preprocessing  (beyond a  threshold  of  the  pre-
estimated average weight of a chicken breed on particular days;
the thresholds were kept confidential). The rationales were that
the  weight  of  chickens  was  normally  distributed,  and  most
chickens were close to the average weight, the seriously lighter
or  heavier  readings  were  considered  to  be  noise  or  not
representative, and were removed to reduce error, and a weight

of two chickens or more deviated from the distribution with a
weight  gap.  The  detailed  algorithm design  was  available  in  an
earlier work of the joint research group[21].

The  software  (Fig. 2)  supported  a  real-time  data  transmission
network and a user interfaces (smart phone WeChat applet and
other software). Monitored weight data was transmitted to the
software  through  the  real-time  built-in  transmission  network.
This  real-time  transmission  network  consisted  of  self-
assembled  sensor  network,  local  area  network  and  remote
transmission  network,  which  realized  data  collection  of
multiple  scales  within  monitoring  areas.  The  self-assembled
sensor network was able to communicate with a WeChat applet
to  provide  practical  outcomes  such  as  configuration  and  on-
site  inspection  of  monitoring  nodes  by  smart  phones.  After
acquiring  data,  the  data  processing  module  of  the  software
calculated  and  verified  the  data,  and  provided  it  to  users
through various functional modules. The WeChat applet is able
to  interact  with  the  backend  of  the  software  through  the
network  so  that  users  can  complete  various  queries  and
modifications of weight data and system management data.
 

2.2    Manual weighing using the live-bird sales
system
Average  weight  of  the  birds  in  a  flock  obtained  by  automatic
weighing  system  needed  to  be  compared  to  standard  average
weight  of  the  birds  (as  established  by  the  established  live-bird
sales system). For the latter, the standard weight was manually
collected as follows.  Chickens were captured from the floor of
production  houses,  transferred  to  transportation  cages,  and
transported to  the  live-bird sales  system,  where  chickens  were

 

 
Fig. 1    Weighing platform (a) and communication terminal (b) of the broiler weighing system.
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transferred  to  standard  weighing  cages  with  about  eight  birds
in each. Depending on customer demand, varying numbers of
standard  weighing  cages  were  manually  weighed  before
transaction.  For  comparative  purposes,  the  weight  data  and
numbers  of  chickens  were  recorded  and  converted  to  average
weight,  and  designated  as  the  standard  chicken  weight.  The
detailed  process  for  the  mean  and  variance  estimation  was
presented in Section 2.4.1 below.

 

2.3    Weight data collection in commercial
production facilities
From July, 2019 to April, 2020 across the four seasons of a year,
124  trials  of  chickens  of  different  growth  rate  types  and  sexes
were  tested,  and  101  of  these  trials  collected  sufficient  valid
data  (over  100 data  points)  after  data  preprocessing.  Of  these,
there were 29 trials of medium-growing (finished at about 8−10
weeks of  age)  and 72 trials  of  slow-growing (finished at  about
12 weeks of age) chickens according to their growth rate. There
were 50 trials with cocks and 51 trials with hens. One weighing
platform was usually installed per 5000 chickens. The weighing
platforms  were  installed  away  from  feed  and  water  lines  to
avoid  interference  from  the  activity  of  the  chickens.  The
communication  terminal  was  fixed  at  about  1.2  m  high.  To
ensure the horizontal stability of the main body of the weighing
platform, the equipment was placed on a flat and solid ground
(Fig. 3). 

2.4    Data analysis
 

2.4.1    Weight indicators
For  the  trials  with  automatic  weighing  platform,  the  mean
weight  (wa)  and  standard  deviation  of  the  population  were
estimated  based  on  each  weight  data  point  representing  the
weight  of  one  chicken  after  PORWI  protocol, w1, w2,  ..., wn,
where n was  about  2%  to  5%  of  the  total  number  of  farm
chickens  in  a  trial.  The  weight  uniformity  (u10%)  was  defined
and  calculated  as  the  ratio  of  the  number  of  chickens  falling
within ± 10% of the average weight of the sampled chickens to
the  total  number  of  sampled  chickens.  Those  indicators  were
calculated as:

Mean weight
 

wa =

∑n
i=1 wi

n
(1)

Standard deviation
 

σa =

√∑n
i=1 (wi −wa)2

n
(2)

Coefficient of variation
 

cv =
σa

wa
(3)

wa

Weight uniformity (among w1, w2, ..., wn, assuming there were
in  total m points  of  weight  data  within  ±  10%  of  the  mean
weight )
 

wa × (1−10%) ⩽ wm1 ,wm2 , · · · ,wmm ⩽ wa × (1+10%) (4)

 

 
Fig. 2    Weighing system workflow (a) and screenshots of data display on the user interface (b).
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u10% =
m
n
×100% (5)

The mean weight calculated from the information collected by
the  live-bird  sales  system  was  defined  as  standard  average
weight  (ws),  calculated  by  dividing  the  total  weight  by  the
number  of  chickens.  For  each  trial,  the  absolute  and  relative
errors were calculated as:
 

Ea = wa −ws (6)
 

Er =
wa −ws

ws
×100% (7)

rli ,1

rli ,2 rli ,p

It  is  important  to  note  that  on  the  live-bird  sales  system  the
study could not control the sales process such as the number of
birds  each  customer  would  purchase,  the  standard  deviation
(σs)  was  calculated  according  to  the  protocol  of  multiple
samplings  and  pooling  standard  deviation.  Among  the
chickens weighed in cages on the live-bird sales system, and the
weight  data  were  divided  into p categories  according  to  the
number of chickens weighed at once, as l1, l2,  ..., li,  ..., lp (li ≠ lj
for i ≠ j). The number of weighing events for each of p category
was a1, a2,  ..., ai,  ..., ap,  therefore,  with  the  weight  of  a  single
weighing  event  for  weighing  category  of li defined  as ,

, …, .

Average weight of a chicken of a weighing event of a category li
 

wli ,n =
rli ,n

li
(8)

The mean value of the average weight of a chicken of a category
li
 

wli =

∑ai

n=1wli ,n

ai
(9)

Variance of the sampling mean of the weight of a chicken of a
category li
 

s2
li
=

(
wli ,1−wli

)2
+
(
wli ,2−wli

)2
+…+(wli ,ai −wli

)2
ai −1

=
∑ai

n=1

(
wli ,n−wli

)2
ai −1

(10)
The  estimated  overall  variance  of  the  sampling  weight  of

s2li
chicken flocks based on 
 

σ̂2population,li
= li×s2li

=
li×
∑ai

n=1
(
wli ,n −wli

)2
ai −1

(11)

σ̂2population,li

The estimated overall  variance of  the weight  of  chicken flocks
with the method of pooled variance based on 

 

σ̂2
population = σ̂

2
pooled

=
(a1−1)×σ̂2

population,l1
+(a2−1)×σ̂2

population,l2
+. . .+

(
ap−1
)×σ̂2

population,lp

(a1 −1)+ (a2 −1)+ · · ·+ (ap −1)

=

∑p
i=1

[
li ×
∑ai

n=1

(
wli ,n −wli

)2]∑p
j=1 ai − p

(12)
 

2.4.2    Statistical analysis
Linear  regression  was  used  to  model  the  relationship  between
absolute  error,  standard  average  weight  and  estimated  weight
by fitting a linear equation according to least-squares method.
Analysis  of  variance  (ANOVA)  was  used  to  analyze  the
differences among means of errors in terms of rearing season,
chicken growth rate type and sex. A two-tailed t-test was used
to test the equality of mean weight of methods. A two-tailed F-
test  was  used  to  determine  the  equality  of  the  variances  of
chicken  weights  from  the  automatic  weighing  platforms  and
the live-bird sales system.
 

3    RESULTS AND DISCUSSION
  

3.1    Performance of the automatic weighing
platforms
 

3.1.1    Weight comparisons
Figure 4 shows  the  automatic  weighing  platform  data  as
histograms before and after PORWI preprocessing protocol for
three  trials.  The  scales  sensed  and  collected  raw  data  at  high

 

 
Fig. 3    The installation of weighing platform (a) and communication terminal (b) in real applications.
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frequency  and  may  include  noises  induced  by  environmental
disturbance  such  as  chickens  touching  the  weighing  platform
and pecking activities[22,23]. Therefore, a high proportion of the
raw  data  clustered  in  the  first  peak  of  the  histograms.  The
PORWI  protocol  effectively  removed  those  noises  and
repeating readings from the raw data for further calculation.

For  the  three  trials,  weight  estimation  according  to  the  raw
data,  data  after  PORWI,  and  data  from  the  live-bird  sales
system  were  compared  (Fig. 5).  It  also  shows  the  PORWI
protocol  was  necessary  and  effective  as  the  estimates  of  the

average weight and standard deviation were not in accordance
with  the  other  two  groups.  For  each  trial,  the  estimates  of
average weight based on the automatic weighing platform and
the live-bird sales system were close, i.e., 3085 vs 3077 g for the
first trial, 2812 vs 2788 g for the second trial, and 2250 vs 2205 g
for  the  third  trial.  The  relative  errors  for  the  three  trials  were
only  0.24%,  0.83%,  and 2.0%,  and all  the  absolute  errors  were
less than 50 g. Results of t-test further confirmed the equality as
it  failed  to  reject  the  null  hypothesis  that  the  means  were  the
same. Therefore, the automatic weighing platform can be used
as  an  appropriate  tool  to  monitor  and  estimate  the  average
flock  weight  at  the  live-bird  sales  system,  i.e.,  the  standard
average weight.

The  similarity  of  the  standard  deviations  estimated  from  the
automatic  weigh  platform  and  the  live-bird  sales  system  were
compared  according  to  the  strict F-test  as  a  tool  of
homogeneity  of  variance  test.  Of  the  three  trials,  the  first  and
third passed the test, and the second failed. When looking into
the  calculated  uniformity  values  of  the  second  trial  from  the
two  approaches, u10% was  52.5%  based  on  the  automatic
weighing platform, and 29.0% (very low uniformity)  based on
the  live-bird  sales  system.  As  the  farmer  did  not  observe  or
complain about the chicken grades of this particular flock, the
value  52.5%  seemed  closer  and  realistic.  The  above  analysis
indicates that the automatic weighing platform provided more

 

 
Fig. 4    Histograms of automatic weighing platform data before (a–c) and after (d–f) POWRI preprocessing protocol for three broiler houses (a
and d, b and e, and c and f for the same house, respectively).

 

 

 
Fig. 5    Average  weight  estimation  according  to  the  raw  data,
data  after  PORWI,  and  data  from  the  live-bird  sales  system.
Note:  the  error  bars  represent  the  estimated  standard
deviations.
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accurate estimates for uniformity of chicken weight compared
to the data from the live-bird sales system. It may be attributed
to  the  fact  that  the  live-bird  sales  system  did  not  control
consumer  need  on  chicken  numbers  which  had  an  impact  on
standard deviation estimation; therefore, it yielded less accurate
data.  The  automatic  demonstrated  its  suitability  and
superiority  in  the  estimation  of  standard  deviation.  The
accurate  estimation  of  standard  deviation  indicates  accurate
estimation  of  uniformity  and  coefficient  of  variation  of  chick
flocks, both of which are important management indicators in
chicken farming[24].
 

3.1.2    Regression analysis
Among the  101  trials,  the  error  between  the  estimated  weight
by  automatic  weighing  platform  and  the  standard  average
weight  ranged  between –109  and  94  g  and  averaged –10.3  g
(σ =  39.5  g).  The  relative  error  ranged  between –6.21%  and
4.88% and averaged –0.54%, i.e., an average accuracy of 99.5%
(σ =  2.3%).  Pearson’s  correlation  analysis  (Table 1)  further
shows  a  strong  (r =  0.990)  and  highly  significant  linear
relationship  between  standard  average  weight  and  estimated
weight. A small but significant correlation between the absolute
value  of  error  and  the  standard  average  weight,  and  a  slight
correlation  between  the  absolute  value  of  error  and  the
estimated  weight  were  found.  This  may  be  attributed  to  the
sensitive range of  weight  sensors,  or  different  activity  patterns

of  small  and  large  chickens[25].  The  scatter  plot  of  standard
average weight compared to the estimated weight by automatic
weighing platform showed clear agreement (Fig. 6).
 

3.2    Stability of the automatic weighing platform
 

3.2.1    Monitoring of a growing period
The growth curve of a rearing cycle (Ross 308 broiler hens) was
monitored  starting  from  the  age  day  seven  when  chicks  were
imported  to  cage-free  house  (Fig. 7).  The  number  of  effective
readings  after  PORWI  was  between  61  to  1613  per  day,
indicating an adaption period for the first few days.  After that
period,  the  number  of  daily  readings  shows  a  clear  linear
decrease (R2 = 0.7393) that is in accordance with an early study
observing  a  decrease  in  the  number  of  roosting  chickens[16],
which can be attributed to a decreased mobility with growth or
the  fact  that  heavier  chickens  less  visited  the  scales[26].
Nevertheless,  even  for  the  final  day  (166  data  points),  the
number of readings from a single automatic weighing platform
was  enough  for  weight  estimation  for  8300  chickens
guaranteeing  the  commonly  required  sampling  proportion  of
2% of the population, within the limit of the recommendation
of  one  weighing  platform  per  5000  birds.  A  normal  growth
curve  and  daily  weight  gain  can  be  derived  by  weight
monitoring,  indicating  its  potential  use  for  forecasting  the
finishing weight and monitoring abnormal growth events.

 

  

Table 1    Pearson’s correlation of standard average weight, estimated weight, and absolute value of error

Standard average weight Estimated weight Absolute value of error

Standard average weight 1 0.990** 0.201*

Estimated weight 0.990** 1 0.155

Absolute value of error 0.201* 0.155 1

Note: **, correlation is significant at the 0.01 level; *, correlation is significant at the 0.05 level.

 

 

 
Fig. 6    Scatter plots of standard average weight vs estimated weight (a), absolute value of error vs standard average weight (b), and absolute
value of error vs estimated weight (c).
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3.2.2    Influence of season, growth rate type and sex
The  growing  seasons,  chicken  growth  rate  types  and  chicken
sexes  may  have  an  influence  on  the  accuracy  of  an  automatic
weighing platform. The samples were divided into four groups
according  to  seasons  (spring,  summer,  autumn  and  winter),
two  groups  according  to  the  growth  types  (medium-growing
and slow-growing chickens),  and two groups according to the
sexes of chickens (hens and cocks),  to determine if  there were
any  significant  difference  in  the  absolute  errors  of  the  weight
data  in  each  group.  To  test  the  stability  of  scale  performance,
the  weight  data  of  101  rearing  trials  growing  at  different
seasons, growth rate types and sexes were statistically analyzed
for  effects  (Table 2).  The  absolute  error  of  the  equipment  was
less  than 10 g  and the absolute  value of  relative  error  was less
than  0.62%  in  all  four  seasons,  with  the  largest  absolute  and
relative  errors  in  summer.  The  absolute  and  relative  errors  of
the  equipment  for  medium-growing  chickens  were –27  g  and
–1.45%,  respectively,  larger  than  those  for  slow-growing
chickens. The absolute and relative errors of the equipment for
cocks  were –10  g  and –0.62%,  and –4  g  and –0.23% for  hens.

Among  all  the  categories  of  variables,  the  absolute  error  was
less  than  27  g  and  the  relative  error  less  than  1.45%,  showing
clear  agreement  between  the  estimated  average  weight  using
the  automatic  weighing  platforms  and  the  standard  average
weight.  As  shown  by  the  ANOVA  (Table 2),  there  was  no
significant difference for season and sex for the absolute error
of  the  weights.  There  was  a  significant  difference  in  the
absolute error of weights between medium- and slow-growing
chickens at α = 0.001, but the effect size was small and does not
indicated  any  substantive  implications.  The  automatic
weighing platform is therefore suitable for varying categories of
these variables of growing seasons, growth rate types and sexes.

 

3.2.3    Comparison to established systems
Broiler  weighing  is  a  useful  process  in  chicken  rearing  to
evaluate  the  growth  performance  of  a  flock.  The  obtained
average weight and uniformity can reflect the daily growth rate,
feed-to-meat  ratio,  health  conditions,  and  finishing  day
prediction.  The  standard  protocol  is  to  manually  sample  and

 

 
Fig. 7    Number of effective weight readings (a), growth curve (b), and daily weight gain (c) of a broiler flock monitored over 29 days.

 

  

Table 2    The standard average weight, estimated weight, absolute error and relative error in different production conditions of rearing season,
breed and sex

Variables Standard average weight
mean (SD) (g)

Estimated weight
mean (SD) (g)

Absolute
error (g)

Relative
error (%)

Season (p = 0.658) Spring 1883 (259) 1879 (260) –4 –0.21

Summer 1623 (322) 1613 (305) –10 –0.62

Autumn 1561 (134) 1554 (134) –7 –0.45

Winter 1751 (191) 1750 (188) –1 –0.06

Growth rate type (p < 0.001) Medium-growing 1864 (376) 1837 (370) –27 –1.45

Slow-growing 1644 (202) 1642 (203) –2 –0.12

Sex (p = 0.442) Hen 1616 (153) 1606 (153) –10 –0.62

Cock 1738 (305) 1734 (305) –4 –0.23

Note: p-values indicate the result of one-way ANOVA for absolute errors of two weighing methods.
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weigh a certain ratio of a flock one by one (e.g., 2% of the flock
population  or  50  birds,  whichever  is  larger).  Technology
development  is  steadily  replacing  time-consuming  and
inaccurate  manual  weighing  protocols,  focusing  on  machine
vision-based  approach[19,27,28],  electronic  scale  algorithm

optimization[29–31],  or  hybrid  systems[32] for  the  purpose  of
better  accuracy  and  stability  under  varying  conditions.
Established  mature  technologies  in  commercial  contexts  are
mostly  electronic  scales  (Table 3)  manufactured  by  Fancom,
Big  Dutchman,  Veit  and  the  like  (Fig. 8).  Most  products

  

Table 3    Comparison of existing products

Products Lumina 47 Fancom 747 Swing 20 Swing 100 DWS-3-ZW DWS-4-ZW PS1 and BAT2

Manufacturer Fancom Fancom Big Dutchman Big Dutchman Hotraco Agri Hotraco Agri DACS and Veit

Poultry types Broilers, turkeys Broilers, turkeys Broilers, ducks,
turkeys

Turkeys Turkeys Broiler hens and
roosters

Broilers, turkeys

Weight range Up to 150 kg Up to 150 kg Up to 20 kg Up to 100 kg Up to 100 kg Up to 12 kg Up to 50 or 100 kg

Installation Consisting of a
control
computer with
2 scales

Consisting of a
control
computer with
a maximum of
8 scales

Consisting of a
load cell and a
platform made
of plastic
material;
adjustably
suspended from
ceiling

Consisting of a
1 m × 1 m
plastic plate that
is attached
directly to the
load cell by
suspension
ropes

Consisting of a
1 m × 1 m ×
1.5 m cage and
suspended in
the poultry
house

Consisting of
hooks, chains, a
load cell and a
platform

Memory capacity up
to 1 year for the
number of weighed
heads, the average
weight, the standard
deviation, CV,
uniformity, daily
increment and sex

Accuracy 97% 97% Not available Not available Not available Not available 99.9%

 

 

 
Fig. 8    Common chicken weighing scales: (a) Lumina 47; (b) turkey weighing scales (a part of Lumina 47 and 747 weighing system); (c) turkey
weighing scales in a house for turkey production; (d) Swing 100 in a house for turkey production; (e) Swing 20 in a broiler house; (f) Swing 20
in a house for duck production; (g) DWS-3-ZW; (h) DWS-4-ZW; and (i) BAT 2 GSM.
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require  installation  suspended  from  ceilings,  which  tends  to
create  an  installation  difficulty  for  workers.  Those  products
usually  have  high  precision  ranging  between  97%  and  99.9%,
but do not  consistently  compare to live-bird sales  system data
for  the equality  of  mean and variance of  methods or  tested in
practical production conditions.
 

4    CONCLUSIONS
 
This  study  developed  a  stress-free,  real-time,  remote  and
precise automatic weighing platform for obtaining the average
weight and uniformity of broiler flocks based on the biological
perching  habit  of  chickens.  The  performance  and  stability  of
this  weighing  platform  were  systematically  evaluated  in
commercial chicken production systems. With the adoption of
the  PORWI  protocol,  the  value  of  average  error  between  the
estimated  weight  using  the  automatic  weighing  platform  and

the  standard  average  weight  assessed  using  the  live-bird  sales
system  was  5.4  g  among  101  trials,  and  the  value  of  relative
error  averaged  0.54%  (an  average  accuracy  99.5%  with  a
standard  deviation  2.3%).  The t-test  of  three  monitored  trials
confirmed the equality of the average weight of birds in broiler
flocks  estimated  using  the  automatic  weighing  platform  and
the  live-bird  sales  system,  and  the  F-test  confirmed  the
similarity of the standard deviations,  which indicated accurate
estimation  of  average  weight,  uniformity  and  coefficient  of
variation  of  chicken  flocks  using  the  automatic  weighing
platforms.  This  novel  weighing  systems  also  had  superior
stability  in  terms  of  growth  stage,  rearing  season,  growth  rate
type (medium- and slow-growing chickens)  and sex.  The new
automatic  weighing  platform  can  be  used  for  daily  cage-free
broiler  weight  monitoring,  potentially  benefiting  breeding,
feeding  management,  growth  monitoring  and  finishing  day
prediction, therefore enhancing the sustainability of the poultry
industry with this smart poultry farming tool.
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