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Introduction 
 

This  booklet  is  a  commentary  on  vi r tual  real i ty  (VR) v ideos  
express ing  the  characteri s t ics  of  vis ion  in  animals .  The VR videos 
were  produced as  a  part  of  the  act ivi t ies  of  the  CoSTEP 
(Communicat ion  in  Science & Technology Educat ion  & Research 
Program) Media  Design Pract ice  in  Hokkaido Univers i ty  and were 
used  at  the  Animal  Glasses  Laboratory  held  as  a  par t  of  Sapporo 
Creat ive  Convention  No Maps  2018 held  on  October  14 ,  2018 and 
held  during  Equimonia  2018 f rom December  1st  to  2nd,  2018,  at  
the  Animal  Glasses  Park ,  an  ICT event ,  held  in  the  underground 
walking space near  Sapporo  Sta t ion  on  December  16 ,  2018 and at  
a  v is i t ing  lecture for  a  hospi ta l  classroom, “Himawari  Branch”,  of  
Hokkaido Univers i ty  Hospi tal  on  Apri l  23 ,  2019.  

The f ive  senses  of  humans  and other  animals  di ffer  f rom each 
o ther.  The ques t ion  ari ses  as  to  how humans  can  understand the 
manner  in  which  animals  perceive  the  surrounding world  by  using 
thei r  own five senses .  Pr ior  researches  on  the  v isual  
character is t ics  of  animals  have been conducted  using  both  of  
anatomical  and behavioral  methods .  Based on these  scient i f ic  
v iewpoints ,  we expressed  the  vis ion  of  non-human animals .  To 
understand how animals  actual ly  see  the  world ,  we must  undergo 
the  experiences of  that  animal .  We at tempted  to  provide 
opportuni t ies  for  imagining and cons ider ing  the  s t ructure  of  the 
eye and the  process  of  evolut ion  by  present ing  par t icipants  wi th 
the  di fferences  in  v is ion  between that  of  humans  and o ther  animals .  
We provided VR videos  to  part ic ipants  through the  use  of  VR 
headset ,  as  th is  type of  video is  immersive .  For  these  VR videos ,  
we recorded  panoramic v ideos  of  s ix  di fferent  animals:  dogs ,  ca ts ,  
geckos ,  f rogs ,  turt les  and tor to ises .  Visual  characteri s t ics  are  then 
d iv ided in to  three  types  ( i .e . ,  visual  acui ty,  co lor  vis ion ,  and 
dynamic vis ion)  and ta i lored  for  each animal .  

(Hokkaido Univers i ty  CoSTEP Media  Design Pract ice:  Machiko 
Ohashi ,  Haruka Kasuga,  Haruna Ki tamura,  Yusuke Konishi ,  
Masataka Yamamoto,  Yuichi ro  Ikeda;  di rector  of  Animaware Co.,  
Ltd .）Correspondence to:  Takashi  Murai  (E-mai l  address:  
murai@costep .hucc.hokudai .ac . jp)  

mailto:murai@costep.hucc.hokudai.ac.jp
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Eyesight 
   

Eyes ight  or  v isual  
acui ty refers  to  the 
l imi t  of  sensory 
abi l i t ies  or  the  extent  
to  which  you can 
d is t inguish  small  
v isual ized  deta i l s .  
The eyesight  of  an 
animal  can be 
measured  using  b lack 
and whi te  s t r ipe 
pat terns ,  as  shown in 
Figure  1 .  As the 
number  (dens i ty)  of  
s t r ipes  i s  increased,  
b lack  and whi te  are 
averaged,  eventual ly 
making the  s tr ipes 
invis ib le as  i f  the 
pat tern  were even 
gray.  Eyesight  is  def ined by the  l imi t  unt i l  which  these  s t r ipes  can 
be  seen ,  and the  number  of  s t r ipes  per  visual  angle  i s  ca l led  the 
spat ial  f requency [1] .  

Behavioral  exper iments  are  often  ut i l ized  when measuring 
eyesight  using  s tr ipes ,  as  shown in  Figure  1 .  For  example ,  a  cat  is  
t ra ined us ing food to  push  a  lever wi th i t s  mouth  when a  s t r iped 
or  gray  pat tern  is  ident if ied  (Figure 2) ,  whereas  a  falcon i s  t ra ined 
using  food in  a  s imi lar  manner  to  f ly  when a  s t r iped  pat tern  is  
noted [4] .  There  are  also  o ther  methods ,  such as  anatomical  
calculat ion  and physio logical  measurement .  

Figure  3  shows the  resul t s  of  research  summariz ing  the  degrees 
of  eyesight  (spat ia l  f requency)  for  var ious  animals .  These  values 
may vary  cons iderably  depending on the  measurement  and 
calculat ion  methods  used .  General ly,  diurnal  animals  and humans 
tend to  have good eyes ight ,  compared to  that  of  nocturnal  animals .  
I t  i s  a lso  said  that  there  is  a  c lose  re la t ionship  between an  animal’s  

F i g u re  2 .  E x p e r i me n t  f o r  m e as u r em e n t  
o f  a  c a t ’s  e y e s i g h t  [ 3 ]  

F i g u re  1 .  M e as u r eme n t  o f  ey e s ig h t  u s i n g  s t r i p e s  [1 ]  
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height  and i t s  eyes ight .  From an ecological  poin t  of  v iew,  as  a  tal l  
creature’s  point  of  v iew is  higher for  i t  to  see  farther  away,  i t  is  
bel ieved that  good eyesight  is  essent ia l  to  see long d is tant  objects .  
From a  s t ructural  poin t  of  v iew,  as  the  body i s  larger,  the  eyes  a lso 
become larger  in  proport ion  to  i t .  Eyes ight  can  be  improved when 
the  number  of  photoreceptor  cel l s  i s  large .  

I t  i s  noteworthy that  many animals  do  not  f i t  the 

abovementioned ru le .  Animals ,  such as  predatory b i rds ,  tend to 
have good eyes ight  in  proport ion  to  thei r  height  to  f ind  thei r  prey,  
such as  ra ts  on  the  ground,  when they are  h igh  up in  the  sky.  On 
the  o ther  hand,  animals  l iving  in  dark  places ,  such as  moles  and 
bats ,  develop a  sense  other  than s ight ,  such as  o l fact ion  and 
hear ing ,  to  locate thei r  prey.  Bats  are  known to  “see” the  world  by 
the  use  of  u l t rasonic  sounds .  The possession  of  bet ter  eyes ight  
does  not  make one superior,  whi le  having a  worse eyesight  does 

F i g u re  3 .  R e l a t i o ns h i p  b e t w e en  e y e  d i a me t e r  a n d  t h e  e y e s i g h t  o f  v a r i o u s  
a n i ma l s  [ 2 ]  
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not  make one infer ior.  There  is  d iversi ty  in  s ight ,  which  serves  as  
a  c lue  for  understanding the  l iv ing  s t ra tegies  of  creatures .  

The eyes ight  VR videos  were  focused on chelonian .  Some turt les  
and tor toises  are popular  as  pets ,  and I  had  two of  my own as  a  
chi ld .  When the  chelonian  approached my f inger,  I  would  not ice 
that  i t  would  move i t s  mouth .  I t  lef t  me wondering  i f  the  chelonian 
could  see  my face  and f ingers .  

In  th is  movie ,  we appl ied  a  blurring  process  by  us ing  a  Gauss ian 
funct ion  whi le  referr ing  to  the  eyes ight  of  a  pond s l ider  measured 
using  a  phys io logical  method cal led  the  v isual  evoked potent ial  
(VEP) [5] .  From the  graphical  data  shown in  Figure  3 ,  we note  that  
a  tur t le’s  eyes ight  i s  about  one- tenth  t imes  that  of  humans .  Three 
of  my fr iends  with  eyes ight  ranging between 2 /20 to  4 /20  vis ion 
par t ic ipated  in  the  research  on  the b lurr ing  condit ion  of  the  world 
wi th  a  v isual  acui ty  of  2 /20  to  4/20 .  I t  i s  sa id  that  when you have 
poor  eyes ight ,  you can  see  nearby objects  c learly,  whereas  dis tant  
objects  would  appear  b lurry.  Unfor tunately,  we were  unable  to  
reproduce th is  phenomenon by using  th is  process .  

We hope this  VR video wi l l  enable you to  perceive  how a  turt le  
may dimly  see  the  face  and f ingers  of  a  person outside  i ts  aquarium.  

Furthermore,  a  quest ion is  asked when the  VR video ends  to 

t r igger  the  considerat ion  of  the  poss ib i l i ty  of  ecological  factors  
that  can  inf luence the  eyes ight  by observing the  chelonian  habi tat  
of  both  turt les  and tor to ises  f rom the  chelonian’s  perspect ive 
(Figure  5) .  To the  best  of  my knowledge,  there  i s  no  accurate 
answer  with  regard  to  tur t les .  This  i s  because  there  has  not  been 
any detai led  research  on  the  aspect  of  ter rest r ial  tor to ise’s  
eyesight .  I  suppose there  are  various  ways  to  unders tand this :  “ the 
eyesight  of  tor toises  i s  l ikely  to  be  bet ter  because  i t  i s  eas ier  to  
see  when on land” and “aquat ic  tur t les  often  come on land so  there 
i s  hardly  any di fference in  the  v is ion  of  two different  chelonian 

F i g u re  4 .  B e f o re  s h ad i n g  ( l e f t )  a n d  a f t e r  t h e  p r oc e s s  ( r i g h t )  
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species .”  We hope you wi l l  not  only  come to  unders tand that  the 
world you see is  not  common among animals ,  but  also  take interest  
in  the  fact  that  the  way the  world  looks  and how one feels  may 
di ffer  for  di fferent  people .  
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Color Vision   

 
Color  is  not  a t tached to  the 

objects  around us ,  but  ra ther 
perceived depending on the 
wavelength  of  the  l ight  
ref lected  f rom objects .  Color 
v is ion  i s  the  abi l i ty  to  detect  
and analyze changes  in  the 
wavelength  composi t ion  of  
l ight  [1] .  As  shown in  Figure 
1 ,  l ight  of  d i fferent  
wavelength  is  perceived as  
d i fferent  colors  when i t  is  
absorbed by cone cel l s  of  the  eye.   Color  appearance f rom a 
physical  descr ip t ion  of  the  s t imulus  i s  s t rongly  affected  by  the 
context  in  which  i t  is  seen .  Humans  have three  types  of  cones  that  
are  most  sens i t ive  to  l ight  of  short ,  medium, and long wavelengths ,  
and are  cal led  S,  M, and L cones .  They are  a lso  cal led  blue ,  green,  
and red  cones ,  respect ively.  This  i s  so  because,  for  example ,  we 
perceive  short -wavelength  l ight  as  b lue  l ight  when i t  s t imulates  S 
cones  of  the  eye,  but  not  M or  L cones .  However,  not  a l l  creatures  
can  perceive  color  this  way.  As  shown in  Table  1 ,  there  are 
creatures  wi th  two or  fewer  types  or  four  or  more  types  of  cone 
cel ls .  Even i f  the  number  is  the  same,  the  character is t ics  of  the  
d is t inguishable  wavelengths  may di ffer.  I t  i s ,  therefore ,  assumed 
that  the  di fferent  world  appears  different ly  to  each creature .  

 The d is t inct iveness  of  colors  i s  bel ieved to  have 

Birds Swal lowtai l  
but terf l ies  Honeybees Dogs 

Four Six 
T h r e e  t y p e s  

( d i f f e r i n g  f r o m  
t h o s e  o f  
h u m a n s )  

Two 

Ta b l e  1 .  Ty p e s  o f  p y ra m i da l  c e l l s  f o r  o th e r  c r e a t u r e s  
[ 1 , 2 ]  

F i g u re  1 .  C o l o r  pe r ce i v e d  ac c o r d i n g  t o  
w a v e l e n g t h  l e n g t h  

The Sun  

S h o r t  

w a v e l e n

 

Vis ib l e  l i gh t  

L o n g  

w a v e l e n
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evolved based on the  l i fe  of  each creature .  For  example ,  there  is  a  
wel l -known assumpt ion  that  human ances t ry  has  evolved to 
d is t inguish  the  color  of  leaves  f rom that  of  f rui t  to  make f rui ts  
eas ier  to  f ind  l ike  shown in  Figure  2  ( left )  [3] .  On the  o ther  hand, 
i t  is  more  di ff icul t  for  dogs  and cats  to  d is t inguish  between red 
and green objects  despi te  being  able  to  easi ly  d is t inguish  between 

b lue  and yel low objects  l ike  shown in  Figure  2  ( r ight )  [4 ,5] .  This  
could  be  based on the  assumption that  dogs  and cats  may not  

need to  d iscr iminate  between green and red  objects  when it  
comes  to  hunting  and l iving.  From th is  

predic t ion ,  we t r ied  to  express  the  color  vis ion 
of  dogs .  Based on the  resul ts  of  previous 
researches ,  i t  can  be  seen  that  the  color 
v is ion  of  dogs i s  s imilar  to  that  of  a  
deuteranope wi th missing  M cones  (Figure 

4) .   

F i g u re  4 .  Wa v e le n g th  c h a r a c t e r i s t i c s  
o f  d e u t e r a n o p i a  

F i g u re  3 .  Wa v e l e n g th  c h a r a c t e r i s t i c s   
o f  t r i c h ro m ac y  i n  h um a n s  

F i g u re  2 .  T h e  p h o t o  o n  t h e  r i g h t  de p i c t s  a  s t a t e  i n  w h i c h  r e d  a n d  g r e e n  i s  
d i f f i c u l t  t o  b e  d i s t i ng u i s h e d  f r om  e a c h  o th e r  w h i l e  t h a t  o n  t h e  l e f t  

d e p i c t s  a  s t a t e  i n  w h i c h  t he y  c a n  b e  d i s t i n g u i s h e d .  
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As a  convers ion process  f rom color  vis ion  of  t r ichromacy in 
humans  to  that  of  deuteranopia ,  we u t i l ized  the  calculat ion  that  is  
summarized  on the  next  page.  The color  v is ion  of a  deuteranope 
wi th  missing  M or  L cones  i s  often  expressed  as  blue  and yel low. 
However,  the  s ta te  of  the  color  actual ly  seen can  only  be 
understood by people  and dogs  wi th  deuteranopia .  Meanwhile ,  

a l though they do not  reproduce color  v is ion ,  these  color  vis ion 
express ion  at tempts  can  be  used  for  color  barr ier- free  des igns  that  
can  be  eas i ly  recognized by a l l  color  vis ion  types .  In  o ther  words,  
i t  is  considered  to  be  effect ive  as  a  t r igger  for  understanding the 
way dogs  see  the  world .  We created  v ideos  wi th VR to  enhance the 
immers ive  feel ing  and create  a  deeper  unders tanding of  the  color 
v is ion  of  dogs .  Figure  5  shows a  screenshot  of  the  actual  VR video.  
I t  i s  observed that  the  red  color  of  the  food bag for  cats  and the 
t ra in ing  equipment  looks  yel low wi th  the  color  vis ion  of  dogs.  
Addit ional ly,  the p ink  ( l ight  purpl i sh  red  or  magenta)  color  of  the 
bag that  the  woman is  holding in  her  lef t  hand appears  b lue.  
However,  in  Figure  3  ( lef t ) ,  you can  see  that  there  i s  no  l ight  
wavelength  corresponding to  magenta  color.  People  with 
t r ichromacy perceive  the  color 
as  magenta  when red  and b lue 
l ights  are  mixed,  that  i s ,  when L 
and S cones  are  s t imulated  to 
the  same degree .  I t  i s  bel ieved 
that  there  are  cel ls  that  compare 
s ignals  of  L cones  and M cones 
and cel l s  that  compare  s ignals  
f rom S cones  and added signals  
f rom L and M cones  in  the  color 
v is ion model  of  the  human brain 

F i g u re  5 .  T h e  p h o to  o n  t h e  l e f t  d e p i c t s  t r i c h r om a c y,  w h i l e  t h a t  o n  t h e  r i g h t   
d e p i c t s  t he  c o l o r  v i s i o n  o f  d o gs .  

F i g u re  6 .  I n t e r f a c e  fo r  g u i d e  a n d   
a s s i s t a n ce  f o r  d o g s  [8 ]  



 
 

10 

with  t r ichromacy [6] .  However,  in  the  case  of  deuteranopia ,  M-L 
opponent  cel ls  are  less  l ikely  to  work ,  and only  S-(M+L) opponent  
cel ls ,  that  i s ,  blue-yel low opponent  cel ls  are  cons idered  to  be  the 
basis  of  color  v is ion  according to  the  opponent-process  theory.  For 
dogs ,  magenta  objects  appear  as  a  color  close  to  b lue  i f  the  l ight  
f rom that  object  s t imulates  S cones  more s t rongly  than  L cones .  

This  shows that ,  when cons idering the  envi ronment  for  dogs ,  we 
should  not  consider  the  color  e lement  in  the  same way that  we do 
for  humans .  When you play  with  a dog using  a  red  bal l  on  a  lawn, 
i t  can  be  d i ff icul t  for  the dog to  dis t inguish  the bal l  f rom the  lawn, 
as  shown in  the example  consis t ing  of  apples  and leaves  (Figure 
2) .  Of  course ,  you can  ut i l ize the  aspects  of  nature for  dogs  l ike 
o l factory  t ra ining  that  you make the  dog f ind  the  t reasure  ( in  this  
case ,  the  bal l ) .  On the  o ther  hand,  there are  also  s i tuat ions  that  i t  
i s  bet ter  for  dogs  to  dis t inguish  objects  eas i ly  especial ly  for  
t ra in ing  or  working.  For  examples ,  tools  for  dog agi l i ty  are  colored 
using  a  combinat ion  of  b lue  and yel low,  and so  on ,  so  that  dogs 
can  easi ly  ident ify  those  tools  v isual ly.  Furthermore,  interfaces 
for  working dogs have been developed in  recent  years ,  and they 
are  designed using  a  combinat ion  of  colors  such as  blue  and yel low, 
as  shown in  Figure  6 ,  which  can  be  eas i ly  d is t inguished based on 
the  color  vis ion  of  dogs .  

I f  you l ike  dogs ,  you may al ready know that  i t  i s  d i ff icul t  for  
them to  dis t inguish  between red  and green objects .  This  kind  of 
problem exists  for  o ther  creatures  as  wel l .  I f  you can  s imulate  the 
color  v is ion ,  i t  may give  humans  a  chance to  th ink  about  the 
feel ings  of  dogs  and o ther  creatures .  
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Conversion process  

for the color v ision of dogs (deuteranopia) [7]  

 
1 .  After  normaliz ing  f rom 8-bi t  values ( I ,  J ,  K) ,  cancel  the 

correct ion  such as  gamma correct ion ,  e tc . ,  and set  the  (R,  G,  B)  
value 

�
𝑅𝑅
𝐺𝐺
𝐵𝐵
� = �

0.957237 ∗ (𝐼𝐼 255⁄ )2.2 + 0.0213814
0.957237 ∗ (𝐽𝐽 255⁄ )2.2 + 0.0213814
0.957237 ∗ (𝐾𝐾 255⁄ )2.2 + 0.0213814

� 

2 .  Convert  f rom RGB color  space to  LMS color  space 

�
𝐿𝐿
𝑀𝑀
𝑆𝑆
� = �

17.8824 43.5161 4.11935
3.45565 27.1554 3.86714

0.0299566 0.184309 1.46709
��

𝑅𝑅
𝐺𝐺
𝐵𝐵
� 

3 .  Convert  to  deuteranopia  in  LMS color  space 

�
𝐿𝐿𝑑𝑑
𝑀𝑀𝑑𝑑
𝑆𝑆𝑑𝑑
� = �

1 0 0
0.494207 0 1.24827

0 0 1
��

𝐿𝐿
𝑀𝑀
𝑆𝑆
� 

4 .  Inversely  conver t  deuteranopia  f rom LMS color  space to  RGB 
color  space 

�
𝑅𝑅𝑑𝑑
𝐺𝐺𝑑𝑑
𝐵𝐵𝑑𝑑
� = �

0.80944 −0.130504 0.116721
−0.0102485 0.0540194 −0.113615
−0.000365294 −0.00412163 0.693513

��
𝐿𝐿𝑑𝑑
𝑀𝑀𝑑𝑑
𝑆𝑆𝑑𝑑
� 

5 .  Remove the  gamma correct ion  and return  to  the  8-bi t  value 

�
𝐼𝐼𝑑𝑑
𝐽𝐽𝑑𝑑
𝐾𝐾𝑑𝑑
� = �

255𝑅𝑅𝑑𝑑
(1 2.2⁄ )

255 ∗ 𝐺𝐺𝑑𝑑
(1 2.2⁄ )

255 ∗ 𝐵𝐵𝑑𝑑
(1 2.2⁄ )

� 
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Dynamic Vision 
 

The abi l i ty  to  see  moving th ings  i s  cal led  dynamic vis ion.  
Dynamic vis ion  can  be  d iv ided in to  two categories :  the  v isual  
sense  of  Kinet ic Visual  Acuity  (KVA) for  ident i fy ing  a  broken 
Landolt  r ing  approaching you f rom a  d is tance and the  v isual  sense 
of  Dynamic Visual  Acuity  (DVA) for  ident i fy ing  the  broken r ing 
moving in  the  hor izontal  di rect ion f rom lef t  to  r ight .  For  example ,  
the  measurement  of  dynamic vis ion  a t  a  driver ’s  l icense  lecture for  
the  e lderly  corresponds  to  the  abovementioned KVA.  In  these 
e lderly  lecture  classes ,  a  broken r ing  approaches  at  a  h igh  speed,  
and when the  d irect ion  of  the  break of  the  broken r ing  can  be 
determined,  a  but ton  i s  pushed to measure  the  dynamic vis ion  of 
the  par t ic ipants  [1] .  

General ly,  i t  i s  sa id  that  dynamic v is ion  di ffers  f rom creature  to  
creature ,  and by us ing  the  technique of  measur ing  the  cri t ical  
f l icker-fus ion  f requency (CFF),  we can  determine the  dynamic 
v is ion  of  d i fferent  creatures .  In  s imple  terms,  dynamic v is ion  i s  
examined depending on the  number  of  t imes  you can  ident i fy  the 

F i g u re  1 .  S c h em a t i c  d i a g r am  o f  r e s o l u t i on  p e r  h o u r  o f  v i s u a l  p e r c e p t i o n  o f  
a n i ma l s  [ 2 ]  
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f lashing of  l ight  in  one 
second [5] .  For example ,  in  
the  case  of  humans ,  i t  is  sa id 
that  the  CFF is  approximately 
60  Hz,  or  the f lashing of 
about  60  l ights  per  second,  in  
an  opt imal  s i tuat ion  [6] .  Some 
scient i s t s  proposed that  for  
small  an imals  wi th  a  bet ter  
metabol ic  ra te ,  the  f requency 
i s  higher  than  that  of  large 
animals .   I t  can  be  general ly 
assumed that  smal l  an imals  
are  able  to  move quickly 
because they  v iew large 
animals  as  moving more 
s lowly than themselves [2] .  In  
Figure  1 ,  the  ver t ical  axis  
represents  the  pos i t ion  of  the 
animal  while  the  horizontal  
ax is  represents  t ime.  When 
moving quickly,  the  mot ion 
curve becomes complex,  as  
seen  in  (a) .  Here ,  i f  the  curve 
of  (a)  is  the  movement  of  a  
squi r rel ,  i t s  movement  as  seen 
f rom the  same species  of  
squi r rel  wil l  be  as  shown in 
(b) .  I t  can  a lmost  catch  the 
movement  of  the or iginal  (a) ,  
but  th is  i s  because  the  visual  
resolut ion  of  a  squi r re l  per  
hour  i s  h igh .  On the  other  
hand,  when an  owl  wi th  a  low 
resolut ion  per  hour  looks  a t  
the  movement  of  the  squi r re l  
in  (a) ,  i t  can  only  be  regarded as  a  rough movement  l ike  (c) .  

A team at  Trini ty College Dubl in  (TCD) in  I re land observed the 
CFF for  more  than  30 animals ,  such as  dogs ,  l izards,  p igeons ,  and 
chelonian  [2] .  As the  table  summariz ing  the  animals  that  served as  
observat ion  targets  i s  publ ished in a  thes is  wri t ten  by  the  team at  

F i g u re  3 .  ( a )  R e l a t i on s h i p  b e t w e e n  
b o d y  w e i g h t  a n d  c r i t i c a l  f l i c k e r-

f u s i o n  f r e q ue n c y  ( C F F )  
( b )  R e l a t i o n s h i p  b e tw e e n  m e t a b o l i sm  

a n d  C F F.  L i g h t  l e v e l  r e f e r s  t o  t h e  
i n t e ns i t y  o f  l i g h t  i n  t h e  i n ha b i t e d  

e n v i r o nm e n t .  [ 2 ]  

F i g u re  2 .  Tr a f f i c  l i gh t  [ 4 ]  
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TCD [2] ,  we recommend taking a  look a t  i t .  For  example ,  the  CFF 
for  dogs  was  80  Hz,  the  CFF for  geckos  was  20  Hz,  the  CFF for 
lea therback sea  tur t les  was  15  Hz,  and the  CFF for  squi r rels  and 
p igeons  exceeded 100 Hz.  Al though i t  might  be  d i ff icul t  to  
interpret  these  resul ts ,  i t  can  be  unders tood that  LED t raff ic  l ights  
b l ink  for  squi r rels  and p igeons .  Al though humans  wi th  a  CFF of 
approximately  60 Hz  general ly  do not  unders tand i t ,  LED t raff ic  
l ights  f l icker  approximately  100 t imes  per  second [3] .  In  par t icular,  
i t  is  proposed that  there  is  a  corre la t ion  between metabol ism and 
CFF,  as  shown in Figure  3(b) .  In  Figure  3(b) ,  the  CFF increases  as  
metabol ism increases .  
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Column –  A quick glance at  image processing  

Al though sl ight ly  di fferent  f rom dynamic vis ion ,  f rogs  hardly 
recognize  s ta t ionary  objects  and can  only  see  moving objects  [7] .  
This  makes  i t  poss ib le  for  them to  sens i t ively  perceive  and capture 
fas t -moving insects ,  such as  f l ies  that  they  eat .  However,  the 
ques t ion  ari ses  as  to  why frogs  do  not  recognize  s tat ionary  objects . 

We created  a  VR video based on a  f rog’s  v is ion .  In  this  video,  
we used a  motion  detect ion a lgori thm based on a method cal led 
MOG 2 [8 ,9]  to  complete ly  blur  non-moving objects .  MOG 2 i s  a  
type of  background subt ract ion  that  is  used  as  an  approach for  
detect ing  a  moving object  by sequent ial ly  cons t ruct ing  a 
background model  f rom a  pas t  f rame us ing  mixed normal  
d is t r ibut ion  and taking the  d ifference f rom the current  f rame. 
Creat ing  of  sequentia l  background models  prevents  areas  without  
moving objects  f rom being detected  as  di fferences  due to 
i l luminat ion  changes ,  the  reflect ion  of shadows, and so  on .  In 
o ther  words ,  in  order  to  detect  a  moving par t  f rom a  f rame in  a 
moving p icture  as  shown in  Figure  4  (a) ,  i t  is  only  necessary  to 
know the  part  that  i s  not  moving for  a  speci f ied  number  of  past  
f rames .  As  a  resul t ,  Figure  4  (b)  shows a  d i fference image in  which 
the  port ions  assumed to  be  moving are  represented  in  white .  As  the 
d i fference image contains  noise  due to  detai led  changes  such as  
l ight ing ,  i t  i s  necessary  to  remove noise  by  open process ing  of 

( a )  O r i g i n a l  
 

( b )  D i f f e r e nc e  im a g e  g e n e r a t e d  

( c )  A f t e r  m o r p ho l o gy  
i  

( d )  B l u r r i n g  o f  n o n - m o v i n g  

F i g u re  4 .  P r o c es s i ng  p r o c e s s  o f  a  f r o g ’s  v i s i o n  i n  V R  v i d e o s  
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morphological  t ransformat ions .  Addit ional ly,  in  the  di fference 
generated  with  MOG 2,  only the out l ine  of  the  moving object  is  
detected ,  and hence,  i t  i s  necessary  to  f i l l  in  the  undetected  par ts  
ins ide  the  contour  by  a  clos ing processing  of  morphological  
t ransformations ,  e tc .  As  a  resul t ,  as  shown in  Figure  4  (c) ,  i t  is  
possible  to  ext ract  the  moving area  f rom the  moving image,  and 
complete ly  b lurring  only  the  unmovable  area  as  shown in  the 
eyesight  sect ion  of  this  book.  I t  then  becomes  poss ib le  to  express  
the  f rog’s  v is ion as  shown in  Figure  4  (d) .  With regard  to  the 
implementat ion  of  MOG 2,  i t  i s  recommended to  refer  to  the 
background difference sect ion  of the  image processing  l ibrary 
OpenCV commonly  used  in  programming languages such as  C ++ 
and Python.  There  are  var ious o ther  methods a lso  for  the 
background subt ract ion  approach.  I f  you are  interested ,  p lease  t ry 
out  var ious  methods  depending on the video that  you want  to  
process .  In  a  s imi lar  manner,  OpenCV can be used  to  conduct  
morphological  t ransformat ions .  Each parameter  var ies  depending 
on the  video that  you want  to  process .  

As this  video created  using  the  above method lacks  accuracy 
owing to  camera  resolu t ion  and other problems,  i t  does  not  
represent  the  actual  f rog  v is ion .  However,  we can catch  a  g l impse 
of  the  world  that  f rogs  exper ience in  terms of  seeing  only  moving 
objects .  Although i t  seems l ike  a  d isadvantage to  res t r ict  ex t ra 
informat ion  to  such an  extent ,  i t  becomes  easier  to  c lear ly  perceive 
the  insects  that  they  feed  on and the  natural  enemies  that  may 
a t tack  them. I  bel ieve that  VR’s  s t rength  l ies  in  i ts  ab i l i ty  to  make 
people  aware  of  the  fact  that  the  eyes ight  of  each creature  has 
evolved as  requi red  based on the  requi rements  of  the  creature .  I f  
you are  in terested  in  th is  video,  please  examine the  v is ion  of  your 
favori te  creature and t ry  implementing  i t  whi le  referr ing  to  th is  
book.  
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Conclusion 
 

As mentioned in the  in troduct ion,  the  VR videos  were  used  a t  
four  events .  

We were  able  to  hold  these  events  thanks  to  the t remendous 
cooperat ion  of  the  No Maps  Committee ,  Sapporo  Maruyama Zoo, 
the  Equimonia 2018 Execut ive  Committee ,  the  Sapporo 
Information  Technology Promotion  and Diffusion  Council  
(UNISON),  teachers  in  the  Himawari  Branch and al l  part ic ipants  
in  those  four  events .  In  addi t ion,  many people  provided us  wi th 
help  in  shooting  footage of  animals ,  thereby enabl ing  us  to  
successful ly  create  these  VR videos .  We great ly  apprecia te  Takashi  
Murai  (Specia l ly  Appointed  Professor  of  CoSTEP Communicat ion 
in  Science & Technology Educat ion & Research  Program, 
Hokkaido Univers i ty)  for  providing us  with  a  great  deal  of  advice 
on  management  through these events  and Makoto  Mizunami 
(Professor  of  Behavioral  Neuroethology,  Department  of  Biological  
Sciences ,  Facul ty  of  Science,  Hokkaido Univers i ty)  for  
supervis ing  the content  of  the  VR videos  as  wel l  as  the 
commentary  for  par t ic ipants  and th is  book.  
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