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Detection mMAP (%) Precision (%) Recall (%)

Single 9.1 (£80) 91.0(£55) 87.3(£99)
Average 97.3 (& 2.5) 954 (& 4.7) 91.1 (£65)
Maximum 975 (2.2 95.4 (+2.7) 912 (+7.9)

Performance is shown for both average and maximum voting schemes. The performance
of the single-frame detector is included for comparison. Note tht the maximum voting
scheme achieves the best performance across all evaluation metrics.
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Proportion of training data
10% 20% 40% 80%
MAP 7544 (£122) 8255(£9.94) 90.14(£6.66)  92.02(7.42)

The performance of the single-frame detector is included for comparison. Note that the
maximurm voting scheme achieves the best performance across all evaluation metics (as
shown in bold).
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Name Sex Age (years) Rearing type
Jock M 35 Parent
Kera F 13 Hand
Touni F 10 Parent
Kala F 8 Parent
Kukena F 7 Parent
Afia F 2 Hand
Ayana F 1 Parent
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Gorilla name Training Validation Total images
Afia 614 157 771
Ayana 489 126 615
Jock 387 101 488
Kala 578 148 726
Kera 776 196 972
Kukena 747 190 937
Touni 732 187 919
Total 4,323 1,105 5,428

The dataset comprises 628 video segments and 5,428 annotated facial images (sampled

from the corresponding video segments).
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Gorilla AP (%) Precision (%) Recall (%)
Afia 913 850 87.0
Ayana 749 84.0 680
Jock 985 98.0 920
Kala @7 9.0 8.0
Kera 972 9.0 920
Kukena @29 89.0 830
Touni 9.9 9.0 95.0
Mean 9.1 (£8.0) 91.0(£55) 87.3(£99)

The table depicts testing results for each of the individual gorillas.
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Mental wellbeing

Nutrition | Environment | Health Behavior
Choice Choose Abilty to
between choose
alternative environments
auditory suited to
environments or eg. resting,
stimuli sleeping,
interactivity
Control Abilty to Abiity to Abiity to
change minimize rest, sleep,
8 the auditory | exposureto | interact etc.
% environment distressing when
£ auditory stimul | desired
8 | Variety Greater variety
of auditory
stimuli, less
predictabilty
Complexity Greater
complexity of
auditory
environment to
avoid
habituation

Bold border indicates opportunities identified as high priority for animal welfare.
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Precision Recall F1 N

Female 091 091 091 )
Unknown 095 095 095 164
Accuracy - E 093 262
Macro Avg 093 093 093 262
Weighted Avg 093 098 093 262

Metrics are defined by Equations (1)~(3). N is the number of observations these are
based on.
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Mental wellbeing
Nutrition Environment |Health Behavior
Choice |Opportunity to |Moreand | Reduce | Choice in
choose different self-harming | food
between | features behaviors | acquisition
alemative  |relatedto | (€.g. behavior
foods foragingto | overgrooming)
choose from | through
increasing
foraging
Control | Agency in Agency in
feeding, acquiring
including food,
8 timing including
5 timing
& [Variety Wider variety | Greater variety Greater
£ offoods  |in variety of
9 environmental food
features acquisition
refated to tasks
foraging
Complexity |Complexity of | Greater Musoular
diet,including | complexity of | fitness for
weeklyor | envionmental |food
seasonal | features acquisition
variance related to
foraging

Bold border indicates opportunities identified as high priority for animal welfare.
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Mental wellbeing

Nutrition | Environment | Health Behavior
Choice Choice of Achoiceof | Ability to
objectsand | waystomeet | choose
surfacesto | groomingand | between
interact with in | scratching | grooming-
the environment | needs related
behaviors
Control Agencyover  [AbTy 16 Freedom to
whenandhow [goomand  [perform
tointeract with  [scratch at wil, [grooming
8 diferent objects [e.g.. in and
H andsuface  |responseto  [scratching
2 tches or for  [behaviors at
§ stross any time.
Variety Wider variety of [Abiity to Allow for
grooming groom all parts [greater
related objects of the body  |variety of
and surfaces grooming/
scratching
behavior.
Allow for
individual
preferences
Complexity

Bold border indicates opportunities identified as high priority for animal welfare.
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Feature

Time until approach

Duration of approach

Speed of first
approach
Trajectory length
Trajectory length
until first approach
Area

Intensity of use

Total contact

Straightness

Straightness unti
first approach

Contact ratio

Unit

Seconds

Seconds

Pixels/Seconds
Pixels
Pixels

Pixels?

Integer

Seconds

Decimal

Decimal

Decimal

Description

Time from start to first approach of
stranger

Time from start of the approach to
coming in close proximity to stranger

Average speed of first approach

Length of all traveled trajectory
Length of the trajectory from start to
coming to the stranger's proximity
Approximation of the area

covered by the dog, using convex
hull approximation

Ratio between the total trajectory
and the square root of the area
covered by the trajectory

Time spent in proximity to stranger
Ratio between the distance from
start point S to endpoint F,

and trajectory length from S to £
Ratio between the distance from
start point S to approach point A,
and trajectory length from S to A
Percentage of frames in proximity to
stranger
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Filtered

Scenario PC num S-score ' cluster  Num of samples
num num

1 1 o0sw 4 2 21 14(c-0), 7(c-3)

2 2 osu4 4 3 27-1160,8(1,8(3)

3 3 o2 s 2 23-8(-0) 14 (c-1)

4 4 oz 6 3 24-6(0,10(c-1),8(c3)

Bold are the chosen clusters for analysis.
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Ethics
standard

5. Very high

4. High

3. Moderate

2. Low

1. Very low

RELEVANCE to partakers

Procedure is directly
relevant and highly
beneficial for partakers
Procedure is relevant but
benefits may not be direct
or immediate

Procedure has some
relevance but benefits are
only indirect and only in
future

Procedure has little
relevance and benefits are
only indirect and only in
future

Procedure has no relevance
‘whatsoever and no benefits
for partakers even indirectly
orin future

Compliance with principles of animal-centered research

IMPARTIALITY toward
partakers

Indlvicuals receive highest
consideration regardless of
their capacities

Indivicuals receive high
consideration but not as
much as others with more
capacities would
Individuals receive some
consideration but notably
less than more capable
ones would

Individuals receive
significantly less
consideration than more
capable ones would
Individuals receive very little
or no consideration
compared to more capable
ones

WELFARE of partakers

Procedure enhances
partakers’ welfare

Procedure does not impact
negatively on partakers’
welfare

Procedure has minor impact
on partakers’ welfare

Procedure has significant
negative impact on
partakers' welfare

Procedure has severe
negative impact on
partakers’ welfare

CONSENT of partakers

Partakers are enabled to
choose whether and how to
engage with procedure
Partakers are mostly able to
choose whether and how to
engage with procedure

Partakers have limited ability
to choose whether and how
to engage with procedure

Partakers are mostly not
allowed to dissent or
withdraw from procedure

Partakers are not allowed to
dissent or withdraw from
procedure in any way
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Procedure is relevant but
benefits may not be
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Procedure has little
relevance and benefits are
only indirect and only in
future

Procedure has no relevance
‘whatsoever and no benefits
for partakers even indirectly
orin future

Compliance with four principles of animal-centered research

IMPARTIALITY toward
partakers

Individuals receive
highest consideration
regardless of their
capacities

Indivicuals receive high
consideration but not as
much as others with more
capacities would
Individuals receive some
consideration but notably
less than more capable
ones would

Indivicuals receive
significantly less
consideration than more
capable ones would
Individuals receive very little
or no consideration
compared to more capable
ones

WELFARE of partakers

Procedure enhances.
partakers’ welfare

Procedure does not
impact negatively on
partakers’ welfare

Procedure has minor impact
on partakers’ welfare

Procedure has significant
negative impact on
partakers’ welfare

Procedure has severe
negative impact on
partakers' welfare

CONSENT of partakers

Partakers are enabled to
choose whether and how
to engage with procedure

Partakers are mostly able to
choose whether and how to
engage with procedure

Partakers have limited ability
to choose whether and how
to engage with procedure

Partakers are mostly not
allowed to dissent or
withdraw from procedure

Partakers are not allowed to
dissent or withdraw from
procedure in any way
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4. High
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1. Very low

RELEVANCE to partakers

Procedure s directly
relevant and highly
beneficial for partakers
Procedure is relevant but
benefits may not be direct
orimmediate

Procedure has some
relevance but benefits are
only indirect and only in
future

Procedure has litle
relevance and benefits are
only indirect and only in
future

Procedure has no relevance
whatsoever and no benefits
for partakers even indirectly
orin future

Compliance with four principles of animal-centered research

IMPARTIALITY toward
partakers

Indiividuals receive highest
consideration regardless of their
capacities

Individuals receive high
consideration but not as much as
others with more capacities would
Individuals receive some
consideration but notably less
than more capable ones would

Individuals receive significantly
less consideration than more
capable ones would

Individuals receive very litle or no
consideration compared to more
capable ones

WELFARE of partakers

Procedure enhances partakers’
welfare

Procedure does not impact
negatively on partakers’
welfare

Procedure has minor impact on
partakers’ welfare

Procedure has significant negative
impact on partakers’ welfare

Procedure has severe negative
impact on partakers’ welfare

CONSENT of partakers

Partakers are enabled to choose
whether and how to engage with
procedure

Partakers are mostly able to
choose whether and how to
engage with procedure
Partakers have limited abilty to
choose whether and how to
engage with procedure

Partakers are mostly not allowed
to dissent or withdraw from
procedure

Partakers are not allowed to
dissent or withdraw from
procedure in any way
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4. High
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1. Very low

RELEVANCE to partakers

Procedure is directly and
highly beneficial for
partakers

Procedure is relevant but
benefits may not be direct
or immediate

Procedure has some
televance but benefits are
only indirect and only in
future

Procedure has little
relevance and benefits are
only indirect and only in
future
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relevance whatsoever
and no benefits for
partakers even indirectly
or in future

Compliance with principles of animal-centered research

IMPARTIALITY toward
partakers

Individuals receive highest
consideration regardess of
their capacities

Individuals receive high
consideration but not as
much as others with more
capacities would

Indivicuals receive some
consideration but notably
less than more capable
ones would

Individuals receive
significantly less
consideration than more
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Individuals receive very little
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ones
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Procedure has severe
negative impact on
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Partakers are enabled to
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engage with procedure

Partakers have limited abiliy
to choose whether and how
to engage with procedure

Partakers are mostly not
allowed to dissent or
withdraw from procecure

Partakers are not allowed
to dissent or draw
from procedure in any
way






OPS/images/fanim-03-800186/crossmark.jpg
©

2

i

|





OPS/images/back-cover.jpg
Frontiers in
Veterinary Science
Transforms how we investigate and improve.
anima heaith

The third most-cite inary sc
d human b

bridging animal

dical challenges. It

innovative biotechnology and therapy for
improved health outcomes.

Discover the latest
Research Topics






OPS/images/fanim-03-834634/fanim-03-834634-t004.jpg
Proactive machines  Machine type

(Partially) Autonomous  Automat/Support robot
system for households

Autonomous system  Support
for deer protection robot/Monitoring drone

Rescuers in natural and  Support robot
environmental disasters

(Partially) Autonomous  Support robot
system for reserves

Development status

Vision

Vision

Vision

Vision

Problem solution

Feeds and takes care of
pets in the absence of the
owner

Prevents the chopping of
fawns in the field

Provides and cares for
wildlife during a disaster

Provides and cares for
wildife in reserves

Animal welfare

Provides pets

Human contact is missing
Animels must get used to automat/robot
Protects fawns in fields

Robot could scare animals
Robot may hurt other animals
Provides widife

Robot could scare animals
Robot may hurt other animals
Provides wildiife

Robot could scare animals
Robot may hurt other animals
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Active machines

Automatic feeding
machines

LADYBIRD

HAPPY HEDGEHOG
Angsa robot

Wildife vehicle collision
avoidance system
Robocar

DTBird

Super monster wolf

Robotic shepherd

Machine type

Automat

Vacuum cleaner robot
Robotic lawn mower
Lawn cleaning robot
Warning system
Modeling

Warning and
intervention system

Scare robot

Shepherd robot

Development status

Product (standard solution)

Prototype
Prototype
Prototype/Product
Concept/Prototype
Concept

Product

Prototype

Prototype

Problem solution

Feeds pets and farm
animals in the absence of
the owner

Prevents the sucking in of
insects such as ladybugs

Prevents chopping
hedgehogs

Prevents harming insects
and other small animals

Warns of approaching deer

Allows braking for small
animals

Warns of birds and stops
wind turbine

Scares away wid animals
from the field

Helps herding herds

Animal welfare

Provides pets
Human contact is missing
Animals must get used to automat

Protects insects like ladybugs

Protects hedgehogs
Robot may hurt other small animals

Protects insects and other small animals
Robot may hurt other small animals

May disturb and initate animals with light signals
Protects small animals

Protects birds

System may hurt other animals

Protects fields with its plants and animals

Protects sheep or goats
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Passive machines
Flying wildlife rescuer
Animal observation

cameras
Robot spies

Machine type
Monitoring drone
Monitoring cameras

Robot with cameras

Development status
Prototype
Prodiuct (standard solution)

Product (indivicual solution)

Problem solution

Prevents the chopping of
fawns in the field

Helps to observe and count
wildlife

Helps to observe and fim
wildife

Animal welfare

Protects fawns in fields

May disturb other animals like birds

May disturb wildlife when setting up and changing
memory card

May disturb widife when setting up and changing
memory card
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(Partially) Autonomous.
system for households
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for deer protection
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environmental disasters
(Partially) Autonomous
system for reserves
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Application Positive or negative?  Explored yet? References

(Revenge) celebrity pornography Negative Yes (56)
Spreading fake news Negative Yes ©7)
Creative editing for entertainment Positive Yes ©8)

Recreating handwriting and/or voices Positive or negative Yes 59
Manipulating images Positive or negative Yes (©0)
Human disease identifying, monitoring, and predicting progress; diagnostic information preservation  Positive Initial stages ©1)
Farm animal disease identifying, monitoring, and predicting progress Positive No =

Data augmentation for machine learning for low quality or quantity images Positive Initial stages ©2)
Data augmentation for machine learning in livestock farming Positive Initial stages (31)
Improving therapy —Cyberpsychology Positive Initial stages ©3)
Identification and classification of weed species in agriculture Positive Initial stages (1)

Identification and classification of animal emotions Positive No -
Creating digital twins to monitor behavior and physiology of farm animals. Positive Only in theory -

Creating virtual conspecifics to increase mental well-being of farm animals Positive No -
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Dog  Sex  Breed/type Age (1) Height to withers (cm) ~ Weight (ko) Number of scale completions*

sft 5.5t 6ft
1 M Working sheep dog 8 59.0 237 3 3 3
2 M Border colie 4 495 217 3 4 3
3 M Labracor retriever 5 57.0 277 4 3 3
4 F Labrador retriever 3 51.0 210 3 3 4
5 M Working sheep dog 3 565 241 7 3 3
6 M Border colie 7 565 233 5 3 3
7 M Working sheep dog 8 53.0 17.8 3 3 3
8 M German shepherd 6 65.0 400 1 o 0
9 F Labrador retriever 5 55.0 2486 4 4 4
10 F Border colie 2 483 17.2 3 3 3
11 M Labracor retriever 5 57.0 313 3 3 3
12 M Labracor retriever 4 57.0 258 4 3 3
18 M Spaniel/Labrador retriever cross 6 47.0 232 3 3 3
14 M Border colie 3 56.0 252 4 3 3
15 F German shepherd 5 No data™ 302 3 3 3
16 F Working sheep dog 3 520 186 3 3 3
17 M Border coliie 2 55.0 213 3 6 6
18 F German shepherd 3 565 263 3 6 4
19 M Malinois No data" 540 266 3 3 3
20 M Working sheep dog 7 520 217 3 3 3
21 M Working golden retriever 4 57.0 208 4 3 3

“Dogs traversed the scale height until they were considered to have landed successfully on the pressure mat three times (visual assessment from the project team). Continued traversing
f the scale to achieve three successtul landings on the pressure mat was at the discretion of the handier
Where no data was collected, this was due to omission or due to difficulty in measuring height.
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Physical separation mechanisms

Hiding during labour to protect themselves and offspring from potential danger

Avoiding contacts with group members to nurse
Spending time away from mates’ sight
Orienting themselves away from observers to cache food

Caching in out-of-sight sites from observers or after experiencing pilferage

Hiding caching activties from observers
Courting females in concealed areas

Information management mechanisms
Comouflage to sneak into others’ nest surrepolitiusly
Disguise interest to deceive competitors in mating

Suppressing calls to hide presence, position and identity
Mating overtly or covertly depending on partners’ rank
Directing ‘quiet’ calls and trills to potential mates
Advertising territorial boundaries

Sharing caching locations with mating partners
Selective transmission of vocal information

Group-specific calls and dialects for private communications.

Species

Various mammals, E.g.: Mice African lions

Bottlenose dolphins
Rhesus monkeys

Squirrels

Kangaroo rats Western scrub-jays

Rooks Ravens

Guppies Sticklebacks

Three-spined sticklebacks
Guppies Atlantic mollies

African lions
Chimpanzees
Blackbirds

African lions

Ravens

Dolphins, killer whales

African elephants Weddell seals
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