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Abstract

This   project   is   a   study   of   the   impor tance   of   anatomy   in   character   design.   The
pract ical   s ide   is   essentia l ly   s ix   d i f ferent   characters   created   out   of   the   exact
same mesh,  each with  a d i f ferent  physique based on a   real  body structure,  wi th
only   s l ight   changes   made   to   create   a   character      thus   the   character   is   largely
def ined   by   i ts   anatomy.   By   morphing   between   these,   the   f ina l   product   (a   th ir ty
second   animat ion)   displays   how   the   body   changes.   This   mean   that   the   v iewer
can   see   the   muscles   weakening,   or   the   bones   growing,   or   fat   forming,   or
whatever   change   they   are   v iewing,   thus   help ing   them   to   understand   how   many
di f ferent   characters   can   be   created   out   our   exist ing   natural   design,   and
hopeful ly  educat ing   them  in  an  enter ta in ing way.   I t   should  be  stressed   that   th is
is  not  a  study   into  character  des ign    any  of   the characters   in   th is  project  could
be   inf in i tely   more   f leshed   out ,   but   one   of   the   ideas   behind   the   project   was   to
have as minimal  change  f rom real i ty  as possib le,   to  show how real  anatomy can
be the basis  of  many characters.  

The   fo l lowing   repor t   is   largely   intended   for   other   students   who   wish   to   create
bel ievable   characters   in   their  work,  or  understand  how   to  go  about  doing  so.   I t
documents   the   f indings   made   about   the   appearance   of   each   body   structure,
and   the   reasons   for   why   the   characters   look   l ike   they   do.   Reference   pic tures
are   not   included,   as   they   were   too   numerous   to   be   included,   but   in format ion
about  where   to  acqui re  usefu l   reference   for  each  character   can  be   found   in   the
repor t .  Since most body  types are  covered  in  some way by  the s ix  characters,   i t
is   hoped   that   th is   overal l   documentat ion   of   the   model l ing   process   would   be   of
use   to  anyone   t r y ing   to   create  a   real ist ic   character.  Given   the  ar t ist ic  nature  of
the   repor t ,   i t  was  considered more appropriate   to  wr i te   i t  s l ight ly   informal ly  and
thus make  i t  more approachable .

Introduction

I t   was   not   the   intent ion   of   th is   project   to   just   model   c lones   of   real ist ic   body
types,   s ince   you   are   a lready   surrounded   by   reference   more   accurate   and
real ist ic   than   I   could   ever   hope   to   ach ieve   in   a   model   (your   own   body,   for
example).   Instead,   I   have   t r ied   to   demonstrate   how  we  can  use   the  anatomy  of
the human body as a  base  f rom which  to  evolve our  own characters .   I  cover   the
ext remes   of   most   d i f ferent   human   body   types   (normal,   muscu lar,   obese,
old/ th in,   young),   and   touch   upon   borrowing   tra i ts   f rom   other   creatures.   I t
should   be  noted   that   this   is  not  a  guide   to   human   anatomy,   there   are  p lenty  of
those  already   ( for  detai ls ,   check   the   reference  sect ion  at   the  end) ,   and  a  basic
understanding   of   human   anatomy   is   expected   i f   the   reader   wishes   to   create
the ir  own characters.   Included  (f igure 1)   is  a  page  f rom “Anatomy  for   the Ar t ist ”
(see   re ference)   showing   the   super f ic ia l   muscles   of   the   body,   to   use   as
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reference when reading  th is  repor t .

For   those   interested   in   morphing,   the   techniques   used   are   also   covered   at   the
end  of   the   repor t .   I   fee l   that   these  are  a  sol id  base   from which   to  explore  more
advanced morphing  techniques.  

f ig 1 (Superficial  muscles of the human body front and back)
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Building the mesh

Although  th is   is  a  project   in  anatomy,  and   thus st r ict ly  speaking  the  topology  of
the   3d   mesh   is   i r relevant,   bui lding   a   good   topology   based   upon   an
understanding   of   the   human   body   makes   the   model l ing   task   eas ier,   as   the
edges f low along  the contours of   the body.  So understanding why the  topology  I
made  is   the  way   i t   is  wi l l  help   in  understanding  why  the  characters  are   the  way
that   they   are,   and   visa   versa.   Also   i t   is   l ike ly   that   i f   you   are   reading   th is   for
reference,  you are  bui ld ing  a  character   for  animat ion,  and  thus  a  good  topology
is   v i ta l .   Figures   1.1   and   1.2   show   the   way   that   the   edges   in   the   base   model
fo l low the def in ing  features of   the human body.

Fig 1.1 above, fig 1.2 below, outlining the reasons for certain edgeloops
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Creating the Characters

This   sect ion   wi l l   out l ine   why  each   character   looks   the   way   they  do.   For   c lar i ty,
the  pic tures  are  screenshots   from  the  or iginal  models  created   in  Zbrush,   rather
than   renders   in   Maya,   which   lost   some   of   the   detai ls   (see   conclusion) .   This
does   mean   that   cer ta in   elements   (most   notably   eyes   and   teeth)   which   were
created   in   Maya   are   not   seen   in   these   pic tures.   Please   also   note   that   they   are
or thographic,  so  there  is no perspect ive distor t ion.

The   descr ipt ion   of   the   creation   process   is   broken   down   in   the   fo l lowing   way   –
First ly   the   age   and   body   type   of   the   character   is   def ined,   so   that   i t   is   c lear
what   type   of   physique   has   been   the   inf luence   for   that   character.   Then,   i f
appropr iate,   a   v isual   example   of   how   th is   body   type   looks   in   real i ty.   Each
notable   par t   of   the   anatomy   wi l l   then   be   expla ined   wi th   reference   to   the
f in ished   models,   so   that   the   reader   may   fu l ly   understand   what   def ines   the
shape of   the characters .

The   actual   model ing   i tsel f   is   touched   upon   in   the   morph ing   sect ion,   but
essent ia l ly  each  model   is  based  on   the  same   low  poly  mesh,  which   is  posed   in
maya   and   the   pose   is   then   taken   to   Zbrush   for   shaping.   Impor tant ly,   a l l
characters   were   model led   asymmetr ical ly,   to   create   a   more   natural   look   ra ther
than   the   per fect   symmetry   of ten   seen   in   cg.   This   involved   model l ing   the   two
halves   of   the   body   ent i rely   separately,   ra ther   than   model l ing   them   with
symmetry   and   then   changing   them   to   make   them   asymmetr ical ,   which   I   fe l t
could  be rather   forced. 
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Christ ian the Human

Age    28
Body type    Ath let ic

The man was  intended  to  be as c lose  to a   real  man as  could  be model led g iven
the   t ime   constraints   of   the   pro ject.   I t   was   impor tant   for   him   to   anatomical ly
correct ,   because   this   a l lows   the   audience   to   fol low   the   progress ion   of   h is
bones,   fat  and muscles,  and observe how they change  in d i f ferent  body  types.  

The   star t ing   man   was   made   to   be   an   ath let ic   bui ld   for   a   couple   of   reasons.
First ly,   i t  was appropr iate   to  make a  topology  that  catered   for   the main  muscles
in   the   body,   as   most   of   the   characters   in   the   pro ject   wi l l   have   some   degree   of
muscle   def ini t ion.   Secondly,   the   audience   is   able   to   c lear ly   see   the   forms   and
shapes   created   by   the   human   body,   and   t rack   this   as   he   morphs   into   d i f ferent
phys iques.   For   the   purpose   of   th is   repor t ,   I   wi l l   go   through   the   landmark
shapes   created   by   the  ath let ic   human   body  and  why,   so   that   the   shapes   of   the
other  characters  may be better  understood. 

Fig 2 (Human front)

Front
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From   the   f ront   ( f ig   2) ,   we   see   wel l   def ined   abdominal   muscles.   I t   is   easy   and
tempt ing   to   over   define   th is   area,   but   outs ide   of   very   muscular   or   very   th in
phys iques   there   is   normal ly   not   a   lot   of   sharp   def in i t ion   here,   and   a  “s ixpack”
in a  re laxed f igure  is   rare.

Above   them   are   the   pectora ls.   I t   should   be   noted   that   these   inser t   underneath
the  del toid  muscles   ( the  shoulder),  and   thus  are  af fected by  arm movement.  As
the   character   has   his   arms   outstretched   here   we   see   the   pictor ia ls   are
stretched   too,   as   they   are   be ing   pul led   upwards.   I f   the   character   had   his   arms
by his  s ide,  we would  expect   to see s l ight ly  bulk ier looking pectorals.

The  sternoc le idomastoid  muscle   runs   f rom  the  behind   the  ear   to   the  c lav ic le  at
the  f ront,  creat ing a curve  in  the s ide of   the neck.

From   the   f ront   of   the   legs,   we  can   see   the  shapes  created   by   the   quadr iceps   
three  of   them  form shapes vis ible  on  the  sur face.  The  bu lge  above   the  knee on
the   inside  of   the   leg   is   the  vastus  medial is,   in   the  middle   is   the   rectus   femor is,
a l though   strong   defin i t ion   of   th is   would   only   be   not iceable   in   very   muscular
legs,   and   the   vastus   lateral is   on   the   outside   of   the   leg,   def in ing   the   curved
shape  of   the   leg   there.  Also  note   the  diagonal   l ine   s l ight ly   v is ible   running   f rom
the  outer  h ip   region across   the  leg,  down  to   the knee.  This   is   the shape  formed
by   the   quadriceps,   as   they   attach   to   the   outer   region   of   the   h ip.   The   sar tor ius
muscle   runs   along   this   l ine ,   super f ic ia l ly   separat ing   the   quadriceps   f rom   the
muscles   on   the   ins ide   of   the   thigh.   The   muscles   on   the   inside   are   much
smal ler,   thus   creat ing   the   appearance   of   that   d iagonal   l ine.   I f   you   look   on   the
ins ide  of   the  knee,   you  can   see   the  shape   created  by   the  sar tor ius  as   i t  wraps
around the vastus media l is  and  inser ts   just  below the knee.

The   quadr iceps   are   less   def ined   in   most   people,   and   we   would   note   expect   to
see  their  shapes so clear ly,  especia l ly as most  people have a deposi t  of   fat   just
above   the  knee,  but   thei r   s ize  def ines   the  shape of   the upper   leg  on  al l   but   the
most obese of  characters.  

Back
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Fig 2.2 (Human back)

I  have  found  the back ( f ig  2.2)  to be  the most d i f f icu l t  par t  of   the body  to create
real ist ical ly.   The   problem   here   is   that   i t   looks   very   d i f ferent   depending   on   the
bui ld   of   the   character,   and   the   pos i t ion   of   the   body.   In   this   instance   I   def ined
the   scapula   s l ight ly   ( the   shoulder   bone      creating   the   two   bulges   in   the   top   of
h is  back,   just   lower   than  the arms) because of   the posi t ion of   the arms. We can
also   see   the  shape   of   h is   trapezius  muscle,   which  goes   up   his   neck,  across   to
the  de l to ids,  and  down   to   the  centre  of  h is  back.  There   is   very   s l ight  def ini t ion
of   the   spine   in   the   cent re   of   the   very   top   of   h is   back   where   i t   meets   the   neck.
Th is   is  an  area  not  covered  by   the   t rapezius,  and  of ten  v is ible.  Underneath  h is
scapula,   we   can   see   his   lat issimus   dorsi .   This   is   genera l ly   not   massively
def ined,  but   i t   is   impor tant   to  understand   that   i t   inser ts  underneath   the   t r iceps
of  the arm,  meaning  that   i t   is  very  much af fected by  the movement of   the arm. 

The   upper   arm   is   def ined   by   the   biceps,   the   del toid,   and   the   t r iceps.   As   the
name   suggests,   the   t r iceps   has   three   heads,   and   two   of   these   wi l l   be   c lear ly
separate   in  a  muscular   f igure,  but   then  both  at tach   to   the   t r iceps   tendon  which
runs  up   f rom  the  elbow  region  along   the  back  of   the  arm.  Note   that   there   is  no
muscular  def in i t ion  in  th is   region.

The   bulk   of   the   forearm   is   created   by   the   brach ioradial is   and   the   extensor
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carpi radia l is   muscles,   which   wrap   around   the   arm,   or ig inat ing   at   that   back   of
the   arm   by   the   elbow,   and   inser t ing   near   the   thumb.   This   is   impor tant   to   note,
because   i t   creates   the  curve  vis ib le   in   the   re laxed   forearm.  Also  note   that   they
or ig inate   s l ight ly   h igher   than   the   elbow,   and   higher   than   the   inser t ion   poin t   of
the   biceps.   This   means   that   there   is   a f low   from   the   upper   arm   to   the   forearm,
and they should not  be seen as  two completely  separate body par ts.

Reference

There are  many books  that  cover  exactly   th is  sor t  of   th ing,  so  reference  is easy
to   obtain.   The   most   useful   I   found   was  “Anatomy   for   the   ar t ist ” .   “Drawing   the
head and  f igure”  was usefu l   too,  and also sculpture books are  a  good  reference
as  f igure sculptors  understand  the  human  form better   than  most.   “Model l ing  the
f igure   in   c lay”  is   par t icular ly   good,   as   i t   goes   through   bui lding   a   human   from
the  skeleton   to   the  muscles  and   then   f inal ly   the  skin.  Medical   books  are  usefu l
for   understand ing   the   purpose   and   or iginat ion   and   inser t ion   points   o f   al l   the
muscles,   but   more   impor tant   is   to   understand   the   shapes   that   they   create   on
the   human   f igure,   and   for   th is   there   is   reference   everywhere,   especia l ly   for
nude   or   seminude   men   and   women   aged   2030.   Fi tness   magazines   and
websites are  a  good star t ing p lace.  See  reference  for  more  deta i ls  of   the books
ment ioned (and other  books used  in  the production of   th is  project) .

10



Serrakor the Daemon

Age     over 1000 (a l though ref lect ing  the body of  a 2535 year  old human)
Body type    Very muscular
Example of body type in real i ty  – 
(sources:  bbpics.com and the DVD “Pumping  I ron” .  See reference page)
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Fig 3(Deamon front and back)

Front

Excluding   the  head  and  hooves,  we  can  see   that   the   f ront  of   the  daemon   is  not
too   di f ferent   to   an   extremely   muscular   person.   In   fact ,   there   is   very   l i t t le
“des ign”   to   speak   of .   Reference   for   h is   muscles   was   largely   taken   of f
bodybui lders.   I   fe l t   that   in   order   to   keep   a   degree   of   real ism   in   the   character,
no   matter   how   muscular   they   are,   we   should   not   go   down   the   route   of   just
def in ing  every  s ingle   super f ic ial  muscle   in   the  human body.  We have   to  bear   in
mind how much  fat ty   t issue  the character  has   ( in   th is  case not  a   lot ,  but  some),
the   thickness of   the skin   ( in   th is  case  thick) ,  and what  muscles are   tensed  (th is
of   course   is   something   that   should   be   handled   at   the   r igging/skinning   stage   in
an   animated   character,   but   was   impor tant   for   th is   st i l l ,   posed   character) .     For
example,   the   sar tor ius   muscle   that   wraps   f rom   the   outside   of   the   hip   to   the
ins ide   of   the   knee   is  not   normal ly   v is ib le,   but   in   an  extremely  muscular   person
it   would   be.   However,   the   muscles   on   the   inside   of   the   th igh   are   covered   with
fat ,   and   thus   not   nearly   as   wel l   def ined.   Also,   i f   you   watch   bodybui lding
compet i t ions  you  wi l l  not ice  a  massive  di f ference   in   the appearance  of  muscles
depending   on   which   ones   are   tensed.   In   th is   pose,   I   fe l t   the   daemon’s   hands,
arms,   and   upper   body   would   be   tensed,   and   so   we   can   f ind   more   muscle
def in i t ion   there.   Relat ively   speaking,   there   is   a   lot   less   defin i t ion   around   his
obl iques   and   serratus   anter ior   ( the   muscles   on   the   side   of   h is   torso),   because
these   are   not   especia l ly   tensed,   and   his   is   bent   forward,   which   would   sof ten
the def in i t ion of   them somewhat.

I t  should be noted  that  on a very muscular  physique such as  the daemon’s,
understanding  the muscle groupings  is  as  impor tant  as knowing what  and
where  the muscles are.  Muscles are  made up of  many f ibres,  and these al l   f low
in a cer ta in d irect ion a long each muscle.   In muscular  phys iques,   they  form
qui te  not iceable  c lumps.  To  the unknowing eye,   i t  might  appear  that  he has  lots
of  muscles a long his shoulders and chest ,  but   these are actual ly   just  groupings
of h is  del to id and pector ia l  muscles.  These groupings appear  to be especial ly
not iceable a long the chest,  shoulder  and back.

Not ice  that  his  veins are not iceable on a  large por t ion of  his  body.  Th is   is aga in
something  that   I  observed  in body bui lders (and even toned  i t  down a  l i t t le,
s ince some reference of  showed body bu i lders covered  in veins  that   i t   looked a
bi t  over   the  top).  The very  large veins were based on  the posi t ion of   real  veins
within  the body,  as  I   fe l t  people may subconsciously  not ice  something as wrong
if   these were wrong. The smal ler ones (which are on his  arms,  chest ,
shoulders,   legs,  and head) are  approximations based on photographic
reference.
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Fig 3.1 (Daemon face front and chest)
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Fig 3.2 (Daemon Back)

Fig 3.3 (Daemon face side)

Face

I   fel t   the daemon’s  face ( f ig  3.1,  3.3)  needed to be changed signi f icant ly  f rom a
human face  in order   to def ine h im as someth ing other   than human.   In order   to
make him scary,   I   t r ied  to p lay on our  natural   fear  of  death by making his  head
qui te  skeletal .  However,  s ince he  is so hugely  bui l t ,   i t  would  look qui te odd  i f  he
were  to have a head that  was  too heavi ly  inf luenced by a skul l ,  so  instead I   just
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borrowed a  few skul l  l ike  features.  

From the  f ront   ( f ig  3.1)  we can see that  he has no nose,  just  ho les di rect ly  in
the skul l .  His  cheek bones are very noticeab le and clear ly def ined,  and around
his  mouth,   the skin  is  d impled  in  the same way that   the under ly ing skul l   is   to
accommodate  the  teeth.  However his  brow  is angry and furrowed, which
indicates  that   there  is enough skin  and muscle  there  to achieve  th is   look.  Also
creases ei ther  s ide of   the nose reveal  a reasonable amount  of   f lesh.

Here we can’ t  see  the  teeth ( they were made as separate objects  in Maya),  but
they are   fa i r ly  sharp  in order   to al low the daemon  to b i te  through f resh meat
with ease (unsurpr is ing ly,  he  is carnivorous) .  As wi th most predators  (even
humans),   the canines are  larger  and sharper.  This was exaggerated  in  the
daemon,  to g ive h im s imi lar  canines  to a  l ion,  s ince he  is  a hunter.  

From the side ( f ig  3.3)  we see that  he has no ear,   just  a hole  di rect ly   into  his
head    the same as on a skul l .  
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Fig 3.3 (Deamon Hooves)

Hooves

The choice  to g ive him hooves was par t ly   to  get  away f rom just  creat ing a body
bui lder,  and par t ly  as a considerat ion of  h is  envi ronment .  Since he comes from
hel l ,  we can assume the ground wi l l  be hot  enough to scorch  f lesh,  and so wi th
a  l i t t le   imaginat ion  i t   is   feasib le  that  one might  evolve  to grow hooves  i f   l iv ing
there.  The t rans i t ion  f rom lower  leg  to hoof  requ ired some considerat ion.   In  the
real  world,  hoofed an imals  are a l l  quadrupeds,  and since  thei r  weight   is
dist r ibuted across  four  legs rather   than  two,   their   lower  legs have relat ively
less muscle mass  than humans. Since  the daemon has only   two  legs,   I  decided
to  leave his  lower  legs with  the or iginal  human muscles.   I  def ined  the peroneus
longus and t ibia l is  anter ior  mucles,  which are v is ib le running down the outs ide
front  of   the  lower  legs,  and  in ret rospect   I   th ink  i t  may be wor th  taking  these
out,  as  their  purpose  is  to a id mobi l i ty   in  the  foot ,  which would not  be needed.
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Fig 3.4 (Daemon hands)

Hands

As wi th most of   the daemon,   the hands ( f ig  3.4)  are qui te  human. However,
s ince he his head  is based on a ske leta l  shape,  I  wanted  to ref lect   th is   in h is
hands   so al though they are very b ig and muscular,   the shapes of   the bones
are qui te v is ible  in  the  f ingers.  Something not  seen here are h is c laws,  which,
l ike  the  teeth,  were made as separate objects   in Maya.  They are  huge and
sharp,  as  the daemon uses  them in catching prey.  

Reference

As might  be expected,   the bulk  of   reference for   the daemon came from
bodybui lders,  especia l ly  as showing of f   their  bodies  is   thei r   job.  As always,   the
internet   is  a good source of   reference, and also any books made to  instruct
wouldbe bodybui lders.  Most of  my photographic  reference came from a DVD
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ent i t led “Pumping  I ron”,  which  fol lows a young Arno ld Schwarzenegger as he
competes  for  his  6th Mr.Olympia  t i t le.   I t  has great   reference of  Schwarzenegger
and many others  t ra ining and compet ing.  For   indepth anatomical   reference,
“Strength Training Anatomy”  is  an excel lent  book  f i l led with  i l lust ra t ions of   the
posi t ions of  people ’s muscles (male and female)  as  they weight   train.  Th is   is
also a useful  book  for any anatomy study.

Gruncher Swamp Trol l

Age     47
Body type    Obese with strong underly ing muscula ture
Example of body type in real i ty –
(source:  photot rave ls.net,  see reference page)

The t ro l l  was  f i rst ly a study of   the overweight /obese body  type,  and how we can
use   i t   to   def ine   a   cer ta in   type   of   character.   Secondly,   I   wanted   to   show   that
subt le   changes   to   the   anatomy,   borrowed   from   elsewhere   in   nature,   can   help
make a character  s l ight ly   less human,  and  ref lect   the envi ronment   i t ’s  grown up
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in ,  and what   i t ’s  evo lved  f rom.

Although   he   is   substant ia l ly   larger   than   the   average   human,   the   overal l
propor t ions   of   the   t rol l   are   fa i r ly   dumpy      he   is   a   long   way   f rom the   ideal   e ight
heads  in height.  This   is  because I  wanted him to  look c lumsy and  lumber ing.

Whi lst   the  tro l l  was a  study  into  the overweight/obese phys ique, as a character
he  is a  f ighter,  and so his body has a  fa ir  degree of  under ly ing muscle   making
i t  more akin  to a sumo wrest ler   than a couch potato .

Fig 4 (Trol l   f ront,  side and back views)

Front 

From  the   f ront ,  we  can  see   that   the   forms  his  body  creates  are  most ly  dic ta ted
by  his   large   fat ty  deposi ts.  His  bel ly   is   large  and  smooth      in  a   less  overweight
person,  we  would   see   "rol ls"  of   fat ,   especia l ly   in   th is  hunched  pose,  but  wi th  a
cer tain  amount of   fat   the stomach gets  pushed out   to create a  b ig  smooth bel ly.
The   fat   in   h is   pectoral   region   is   substant ia l ,   and   creates   breasts   which   droop
over  the stomach.

There   is   enough   muscle   in   h is   arms   and   legs   to   define   a   recognisable   shape
there      the   bu lges   created   by   the   del toids   (shoulder   muscles),   biceps,   and
forearm muscles can be seen,  but  are wel l   rounded of f  by  the general  body  fat.  
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Fig 4.1 (Back with scale detai l)
Back

The rol l  of   fat  created by  the  t ro l l 's  breasts  cont inues round and up  the back.
A point  of   in terest   in creat ing  fat  people  is  that   the sk in  fo lds curve upwards
from the side as  they get  c loser   to  the centre of   the back.  General  bumps and
indentat ions   fo l low   this  curve  as  wel l .  The  upper  back   is   covered  by  scales  –  a
smal l  deta i l   le f t  over   f rom his  ancestors.  Cel lu l i te  is  v is ib le  a long the bum and
legs.

Fig 4.2  (Trol l   face and chest)

Face

As always,   the  face ( f ig  4.2) was a good oppor tuni ty   to br ing out   the personal i ty
of   the   character.   Out   of   the   s ix   characters,   I   made   the   t ro l l   the   most
asymmetr ical   –   I  wanted   i t   to   show   the   to l l   of   years   of  get t ing  smashed  around
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and  general   bad   t reatment .  The   features  of   the   face  were  designed   to  g ive  h im
an ai r  of  stupid i ty,   so   I  p layed on  the cl iché  and  based  them on an  exaggerated
Neander thal   man      heavy   set   brow,   protruding   under   b i t ing   jaw   and   a   wide
nose.   To   integrate   i t   in to   the   rest  of   h is   body,   I   added   a   few   f ish   l ike  qua l i t ies,
the   most   notable   of   which   is   h is   eyes   are   set   wide   apar t   and   point   s l ight ly   to
the   side   of   his   head.   His   ears   are   f loppy   and   f in  l ike,   and   he   has   a   f in   which
runs down  the middle  of  his  head.  L ike on many  f ish   for  example  the Porgy,   the
f in  c losest   to   the  head  has   th ick  and  wel l  def ined   f ins,  whereas   the  ones  along
the back are
f iner.

 
Fig 4.4  (Trol l   foot)  Fig 4.5 (Trol l  hands)

Hands and Feet

His hands and  feet   ( f ig  4.4 and  f ig 4.5)  were more  inf luenced by h is amphibious
ancestr y  than his   fat .
They   are   abnormal ly   large   re la t ive   to   h is   l imbs   and   torso,   which   is   to   make
them
more  useful   for  movement   through  water.  The  webbing  between  the   f ingers  and
toes also a ids  in   th is.

As  in other  amphibians,   there  is  ver y  l i t t le   fat  stored  in   the hands and feet
and so  the bones are qui te not iceable  beneath  the skin.
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Wizard

Age     93
Body type    Old,   th in,  and frai l
Example of body type in real i ty –
(sources:  Waking Ned, DVD, and www.agavemedia.no  .  See reference page)

The   wizard   was   a   study   of   an   old   and   qui te   frai l   body   structure.   Out   of   a l l   the
characters ,   I   fel t   that   the   wizard   was   the   one   least   def ined   by   h is   anatomy,   as
we   are   accustomed   to   seeing   wizards   wel l   covered   up   in   robes.   However,   I
thought   i t   was   necessary   to   include   an   old   body   type   in   order   to   ful ly
invest igate as many di f ferent  ones as possib le   and  the human body changes a
lot  wi th age.

Fig 5 (Wizard from front,  size,  back) 

Body
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The main changes  in appearance  in an old  person are dr iven by a number of
things   much smal ler  amounts of  muscle,  smal ler amounts of   fat  and  looser
skin.  This  means that   the skeleton plays a  larger  par t   in  def in ing  the shape of
an old person compared to  a younger person. 

For example,   f rom the  front   ( f ig  5),   the wizard ’s h ip bones  jut  out ,  creat ing a
clear ly  def ined shape there.  The r ibcage  is v is ib le,  and the r ibs are v is ib le
along the side and back.  The arms and  legs  look  th in and f ra i l      th is   is  just  due
to  the reduct ion of  muscle and fat.  

The muscles are  smal l  but  of ten c lear ly def ined,  we can see the muscle
groupings of   the pector ia l  muscles creat ing  indentat ions along the chest ,  and
his  b icep and forearm muscles are qu i te d ist inct .  

As a rule of   thumb,  sk in wi l l  wr inkle and sag wherever  i t  has  the chance   we
can see that   the posi t ion of   the wizard’s head causes wr ink les  in  his neck,   the
skin around his pector ia ls  has sagged,  creat ing smal l  drooping breasts,  and
simi lar ly  the skin around his  but tocks has sagged and creates wrink les easi ly.

Also note  that   the body  loses a  lot  of   i ts  natural  curves,   far  example  the
outward curve created by  the deposi ts of   fat   in   the but tocks has decl ined
signi f icant ly wi th  the reduct ion of   fat   there.  Overal l ,   the body  is  more angular,
as  i t ’s  shape  is def ined more by bone than muscle or  fat .

The pot  bel ly   is of ten seen  in old people,  but  not  a lways.   I t  would depend on
the  type of   l i festyle  that   the character  was  l iv ing or had  l ived  in  the past .   I
found that   i f  my old character  did not  have a  l i t t le  b i t  of  a be l ly,  he came across
a  lot  more  f ra i l .  As wi th  the rest  of   the body,   the skin wrink les here,  but   i f   the
bel ly  was  larger,  we would see  less wr ink les as  the skin got  pushed out .   I f   i t
was not   there,  we could expect   to see many more wr ink les.
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Fig 5.1 (Wizard head, without beard)

Head

As wi th  the rest  of   the body,   the bone,  so  in  th is case  the skul l ,  has a  large
impact on  the  look of   the head. The temples appear  to d ip  in,  whereas  in a
younger character   the  tempora l is  muscle  there would  have given  i t  a  l i t t le  b i t  of
bulk,   the cheekbones are  c lear ly  v is ib le,  and the skul l  c reates a raised  l ine
from the eye  to  the ear.  The  jaw  is   less v is ib le,  as  the  loose skin  hangs of f   i t .
The  loose skin  also causes wrinkles around the eyes,   forehead,  and mouth.
The upper  l ip  has  lost  volume,  and  is  barely v is ib le.  The ears and nose appear
larger.  The sk in sags a great  amount around the neck.  

The face was an oppor tun i ty   to  give  the wizard some character,   I  wanted him to
come across as mental ly   tough and dr iven,  despi te h is  f ragi le body.  This  was
par t ly  achieved through his expression,  but   I  a lso based gave him a skul l   that
would,   in  ear l ier  years,  have shown through as a very male one,  with  a
chisel led  jaw. His  bushy eyebrows are  fa i r ly   typical  of  an old man, but  add to
his  s l ight ly stern  look.
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Trevor the Zombie

Age     30,  p lus 4 months dead.
Body type    Rot t ing

Fig 6 (Zombie front,   lef t ,  and zombie back,  right)
The zombie character  was  made  to  explore  how we can  take an ordinary human
f igure,   and   by   reveal ing   some   of   the   under ly ing   anatomy,   make   i t   a   horror
character.   This   re l ies   on   most   peoples’   avers ion   to   death   and   gore,   so   by
creat ing   a   character   that   displays   both,   we  should   be  able   to   create   something
that  most  people wi l l   f ind unpleasant or horr i f ic   to  look at .
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The   base   propor t ions   of   the   zombie   are   the   same   as   the   normal   man,   and   the
adjustments   were   just   made   on   the   basis   of   what   dec ided   might   happen   to   our
man  i f  he had died,  been bur ied  for a whi le,  and come back  f rom the dead. 

In  f i lm,   there are  two types of  zombie    those  that  have come back  from the
dead af ter   rot t ing  for  a whi le,  and those who have  just   recent ly d ied and been
zombi f ied.  For a more  interest ing character,   th is zombie has been dead and
buried  for   four  months.

Fig 6.1 (Zombie head right side,  and zombie head front)

With a character   l ike a zombie,   there  is  a huge amount of  scope for  adding
things  to  the character   just  because people   f ind  them unpleasant .  So  for
example,   the most notable  th ing when we v iew the head f rom one side ( f ig  6.1,
lef t )   is   the brain   there.  Why his  bra in  is are v is ib le   is  not   impor tant ,   i t  cou ld be
in  the  incident   that  k i l led  the man  in  the  f i rs t  place,  or perhaps  i t  was
something  that  happened to him  in  his zombif ied sta te.  Regardless,  as  long as
i t   reads as a brain,   i t  should  have the des ired ef fect  as people are  general ly
uncomfor table seeing  the  insides of  a human body.  One th ing  to bear   in mind
with brains  is   that  even  though there  is  a  lot  of   in tr icate detai l  created by  i t ,   the
sur face  is general ly   fa i r ly  smooth,  and  i f  we si lhouetted  i t ,  we would see that   i t
is   less bumpy than we might  bel ieve.  The ef fect   is  s imi lar   to packing a  lot  of
sausages  t ight ly  into  a smal l  compar tment   we see a  lot  of  deta i l ,  but   the
shape  is  roughly   that  of   the compar tment.  Again,   I  was  t r y ing  to  imagine how  i t
would  look  i f   th is  was an  injur y  in real i ty,  and so we see that   the skul l   is  v is ib le
al l  around the brain,  and around that  we see sk in,  which has come away from
the very edges of   the skul l .  On the other s ide of   the head we can see the skin
has  rot ted,   leaving  the shapes of   the under ly ing muscles around the eyes and
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running along the cheek  to   the mouth.

One  idea that   is   repeated  in  several  p laces around the zombie  is  the  idea  that
his  sk in been torn of f  complete ly  f rom cer ta in  areas of  h is  body  to reveal   the
muscles underneath,  and  the neck ( f ig  6.1,  6.2)   is a n ice area since we have
qui te  a  few  l i t t le  muscles  there  to detai l   in ,  and  the sternocle idomastoid muscle
cuts  across  i t  d iagonal ly,  creat ing an aesthet ical ly   interest ing ef fect .  One
impor tant   th ing  to not ice here,  however,   is   I  chose not   to show the muscles
exact ly  how they would appear  i f  we took  the skin  of f .   In real i ty   there  is  a sheet
muscle cover ing  the ent i re sur face of   the neck ( the pla tysma),  which  i f   i t  was
lef t   in  would  in a l l   l ike l ihood confuse people ,  s ince most are not   fami l iar  wi th
i ts  presence. Also,   the muscles on  the  f ront  of   the neck were removed to  reveal
the  t rachea (windpipe).  Again,   th is was because I   fel t   i t  would be something
more recognizable  to most ,  and also more aesthet ical ly  interest ing.  Essent ia l ly
the po int   is   that  we should   feel   f ree  to p lay with anatomy to make  i t  serve  the
purpose we want   af ter  a l l ,   th is   is  about  creat ing characters,  not   repl icat ing
ourselves.

                                                         
Fig 6.2

Figure 6.2 shows us  the back of   the neck,  where we can see the sk in  is
miss ing,   reveal ing  the underly ing  t rapezius muscle,  as wel l  as  the  top of   the
spine,  s ince  the muscle doesn ’ t  complete ly  cover  the spine.  
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Fig 6.3 (Zombie r ight hand,  showing missing skin around wrist
and finger)

Fig 6.4  (Zombie right arm, on lef t ,  and zombie  lef t  arm, on right)

I  chose to go  in  complete ly  d i f ferent  di rect ions on  the arms (and hands)  ( f ig
6.3,  6.4) ,  explor ing  two di f ferent  possib i l i t ies  that  may occur   to an undead
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being.  With h is   lef t  arm ( f ig 6.4,   r ight  s ide) ,   I  dec ided that   the muscles had
almost  complete ly  wasted away,   leaving only bone defin i t ion on  the  forearm and
hand. To add to  the unpleasantness,   I  decided that   the veins may st i l l  have
blood pumping  through them, and coupled with   the now very wasted away sk in,
these would  be very v is ib le across  the whole area.  As with most of   the veins on
these characters,   the main ones are anatomica l ly  correct ,  and  the smal ler  ones
are educated guesses based on reference.

With h is r ight  arm (f ig 6.3,  6.4  r ight  s ide),   I  decided that   the muscles have not
complete ly wasted away. Why they would waste on one s ide and not   the other
is  anybodies guess (maybe he was  ly ing s trangely  in h is cof f in) ,   in   fact   i t  may
add too much asymmetry   to   this character.   I  gave him fa ir ly  st rong muscle and
bone def in i t ion however,  s ince  the skin would a lso be qui te   thin and reveal   the
under ly ing structure  more.  This  was also an area  that   I  chose to remove some
skin.  Underneath we can see the  tendons of   the  forearms muscles  inser t ing
into  the hand ( the  forearm muscles  turn  to  tendons roughly  hal f  way down the
forearm. The t ip of   the  index  f inger  a lso has  the skin removed,  just  as a  l i t t le
ghoul ish detai l .  The tendon can be seen on  top of   the bone (and sl ight ly
expla ins why the bones haven’t   just   fal len of f ) .

 
Fig 6.5  (Zombie torso front)              Fig 6.6 (Zombie torso back)

From the  f ront   ( f ig  6  lef t  s ide,  6.5)  we can see that  h is   intest ines are c lear ly
vis ib le.  One th ing  that   is miss ing  f rom this  p icture (because  i t  was added as a
separate object   in Maya)  is  some of  h is  intest ines are hanging out .  The  lef t
s ide of  his  body (h is   lef t )   is  cons iderably   thinner   than his r ight ,  because th is  is
where  the hole  is ,  and so  th is   is  where most of  h is organs have al ready
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dropped out .  Missing skin reveals h is r ibs (on his  lef t ) ,  and  the diagonal  muscle
f ibers of   the pectoral  muscle  (on his r ight) .

From the back  ( f ig  6 r ight  s ide,  6.6)we can see a s l ight   ind icat ion of  h is
r ibcage.  This  is not  normal   for  a male (un less  they are underweight) ,  but   I  put   i t
in  because his  skin  is so  thin and his muscles are so wasted  that   i t   is   l ike ly   that
the r ibs would show through. His  scapula (shoulder  bones)  are prominent
because of   the pos i t ion of  h is arms, and also because of   the  th in  skin and
muscle cover ing  them. The missing skin on his   lower back reveals a mound
where his spine  is   ( in retrospect   I   feel   i t  would have been nice  to have his
actual  spine showing  through  current ly  i t   is   just  a bump caused by  the spine
being covered by muscle and fascia) .  The missing skin around his  lef t  scapula
reveals  the muscles  there ( the  t rapezius,  and underneath  the  infraspinatus and
teres major).  His but tocks are  devoid of   fat  and  thus shows the shape of   the
under ly ing gluteus maximus muscle.  The sores on his  bot tom were added
because he probably  carr ies an untold  number of  d iseases,  and these were a
way of  showing  them that  would hopeful ly  make the audience uncomfor table.

Fig 6.7  (Lef t  – back view, middle – three quar ters outside view,  right –
three quar ters  inside view)

His  legs were made fai r ly  th in and f ra i l .  The  inside of   the  th igh carr ies a  large
amount of   fat ,  and since  I  did not  want  the zombie  to carr y any  fat ,   th is  was
most ly  taken away which  th inned out   the  leg considerab ly.  His   lef t   leg ( f ig  6.7)
had a  large amount of  skin missing.   I  chose th is  area as  the  largest  area with
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miss ing skin because I   f ind  the muscle so  interest ing around there.  From the
front ,  we can see his  quadriceps,  held  together  by h is  sar tor ius muscle ( the
long r ibbon l ike one that  wraps around the  ins ide of   the  th igh.  Looking  to  the
ins ide of  h is   th igh,  we see the muscles  there,  such as  the graci l is ,   inser t ing by
the knee, and f rom the back we see his hamstr ings (b iceps  femor is  and semi
tend inosus),  and  just   the  top of   the  two heads of  h is  cal f  muscle
(gastrocnemius).  On the back and f ront  of  h is  knee we would  expect   to see
some fat ,  but   this  is  long gone. The  impor tant   lesson here  is   that  not  only  is
anatomy  impor tant   i f  we want an aud ience to bel ieve our  characters ,   i t  a lso
makes our  job a  lot  eas ier.  Designing such a  fasc inating and  interest ing pattern
of  muscles as can be  found  in  the  leg would be a very d i f f icu l t  process,  but
for tunately  nature has already created  th is des ign  for  us.

Fig 6.7  (Zombie foot,  showing tendons)

His  feet  were,   l ike  the rest  of  h im, wasted away and thus vis ib ly  more skeleta l
than  the rest  of  h im. His r ight   foot  has some skin missing,   reveal ing  the
tendons  that   inser t   into each toe.  

Reference

Zombie  f i lms are  useful  of  course (anything by George Romero),  but  are not
necessary,  s ince when you understand the anatomy you can f reely create your
own zombie wi thout ever  needing  to see someone else’s creat ion.   I f  you can
stomach  i t ,  corpses are an obv ious,   i f  unpleasant,  source of   reference. Gunther
Von Hagen’s  l ive anatomy studies are very useful ,  as he uses  fai r ly   recent ly
deceased bodies,  and also cuts  them open to reveal   the organs,  a l l   the  t ime
descr ibing  the var ious par ts of   the body,  making  i t  useful   for  body and organ
reference. His  book “Bodywor lds”  (based on  the exh ib i t ion)  a lso contains organ
reference and descr ipt ions.    
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Marco the Cherub

Age     18 months
Body type    Chi ld
Example of body type in real i ty   (s l ight ly  o lder   than 18 months)  –
(source:  own picture)

A   good   looking   baby   can   be   guaranteed   to   make   most   people   smi le   and   coo.
Understanding   what   i t   is   that   provokes   th is   react ion   is   ver y   impor tant   when
creat ing   any   young   character,   f ic t ional   or   real .   I t   can   also   help   wi th   creat ing
more at t ract ive  adults .  As  a   ru le  of   thumb,   the c loser  a  person’s   facia l   features
are   to   baby   features,   the   more   a tt ract ive   they   are.   I ’ve   found   this   more
appl icable   to   woman   and   “pret ty”   males   ( i .e .   males   wi th   more   feminine
features) .
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Fig 7   (Cherub without  wings.  3  quar ter   front  view,  side  view,  and 3 quar ter
back view)

Head

The f i rst   thing  to not ice  is  the head size  in  re lat ion  to  the rest  of   the body.   I f  we
measure  the propor t ions by  ideal  human propor t ions (e ight  heads  in height ) ,  we
can   only   ever   end   up   with   something   that   looks   adul t ,   no   matter   how   smal l   we
make   the   character.   Figure   7.2   shows   us   Andrew   Loomis’s   researched   ideal
baby   propor t ions,   and   we   can   see   that   by   h is   reckoning,   a   one   year   old   baby
wi l l   only   be   around   four   heads   high,   and   the   s ize   of   the   head   is   only   around
three   inches   shor ter   than   an   adul t   head.   Th is   is   ver y   impor tant ,   because   i t   is
this   comparat ively   large   head   in   compar ison   to   the   body   that   a l lows   us   to
inst inct ively   read   i t   as  a  baby  at  a  g lance.  To  highl ight   th is,   f igure  7.3   shows  a
si lhouetted   baby   and   a   scaled   down   si lhouet ted   male .   Hopeful ly   i t   wi l l   be
immediate ly  apparent  which  is which.

Also   note   the   re lat ive   s ize   of   the   fac ia l   features   of   a   baby’s   head   –   re la t ively
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large  ears,   large  eyes   (s ince   the  eyebal ls  do  grow,  but  only  s l ight ly) ,  and  smal l
nose   and   mouth.   These   are   things   that   should   be   noted   when   tr y ing   to   create
an at t ract ive adul t  character.

Fig 7.2 (Loomis proport ions diagram) Fig   7.3   (si lhouette   of   baby   and
adult)

Torso and limbs

The   torso   and   arms   bear   a   c loser   correlat ion   to   an   adult   body   than   the   head   
the   arms   are   re la t ively   s l ight ly   shor ter,   and   rest   s l ight ly   higher   up   re lat ive   to
the  thigh  than  in an adul t ,  and  the relaxed elbows can be marked sl ight ly  h igher
above the bel ly but ton  than on an adult .  

The   legs,   however,   are   considerably   shor ter   re lat ive   to   the   rest   of   the   body.   In
a   fu l l   grown   adul t ,   we   can expect   the   legs   to   be   roughly   hal f   the   length   of   the
body   ( four   adu lt   heads   in   length).   In   a   baby,   the   legs   are   general ly   under   four
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(baby   sized)   heads   in   length,   and   th is   is   what   lends   them   the ir   “dumpy”   look.
One   th ing   that   should   be   wor th   bear ing   in   mind   is   the   fact   that   babies   (and
general ly  young people ’s)  bodies change drast ical ly  over  a shor t  per iod of   t ime,
and   Loomis   notes   that   the   legs   grow   near ly   twice   as   fast   as   the   torso.   This
largely   accounts   for   the   large   di f ference   in   the   propor t ions   of   chi ldren
depending   on   their   age   ( for   example,   a   one   year   o ld   baby,   an   eighteen   month
old   baby,   and   a   three   year   old   are   al l   qui te   d i f ferent ) ,   so   remember   that   an
older   chi ld   is   not   just   a   “scaled   up”   baby,   but   that   the   torso   and   head   wi l l   only
grow   s l ight ly,   and   the   major i ty   of   change   is   to   be   found   in   the   legs.   Coupled
with  the head,  the s ize of   the  legs are  one of   the most  impor tant   th ings  for  your
character   to  instantly  “ read”  as a baby.

In   young   chi ldren,   chubbiness   is   regarded   as   an   at tract ive   thing,   the   s ign   of   a
healthy   baby.   I f   your   baby   character   does   not   have   an   ample   amount   of   baby
fat ,   i t ’s   going   to   look   i l l   or   star ving,   rather   than   cute.   Of   course,   th is   may   be
desirable   for  your  character,  but   in  the case of   th is  cherub  I  wanted a character
that  would  make  people   inst inct ively   smi le  when   they  saw   i t ,   and   for   th is,   baby
fat   is  a must.    

Fig 7.4 (Cherub hands)

Fig 7.5 (Cherub feet)
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Hands and feet

The hands and  feet  of  a baby  ( f ig  7.4,  7.5) are  a lso s l ight ly  smal ler compared  to
the   rest   o f   thei r   body.   For   example,   by   my   measurements,   a   human   hand   wi l l
only   f i t   around   one   and   a   hal f   t imes   into   the   forearm,   whereas   a   baby’s   wi l l   f i t
around  two and a hal f   t imes.  As with  the  l imbs and torso,   the appearance of   the
hands   and   feet   are   large ly   d ic tated   by   baby   fat   –   note   the   lack   of   bone
def in i t ion   in   the   f ingers   and   toes,   they   are   more   “sausage l ike”   than   most
adults.  A lso   there   is  of ten  a   v is ib le   crease  around   the  wr is ts  and  ankles  where
the  fat  over laps.

Wings

Whilst   of   course   human’s   don’ t   have   wings,   to   create   a   bel ievable   character   I
fel t   that   the   wings   needed   to   grounded   in   a   degree   of   anatomical   correctness,
but   a lso   be   able   to   carry   a   human.   A   l i t t le   research   into   bird   anatomy   reveals
that   there   are   four   types   of   wing   (source:
ht tp: / /or ion.animalt racks.net /winga.html  )     

From  there,  we  see   that  one   type   in  par t ic le   f i ts   the descr ipt ion  for   the  Cherub:
( taken f rom source)

“The slotted highl i f t  wing .  

Birds   that  soar  over   the   land,   such  as  owls ,  vul tures,  eagles,  and  hawks
have   long,   wide   wings   wi th   many   slots .   The   design   combines
manoeuvrabi l i ty   wi th   ef f ic ient   g l id ing,   enabl ing   the   birds   to   c irc le   in
thermals   (smal l   updraf ts   of   warm   air   that   occur   over   land. )   This   wing
shape,   in   an   area   wi th   good   thermals,   can   al low   a   f ly ing   creature   to   be,
by   design,   far   bigger   and   heavier   than   they   could   be   in   other
envi ronments.   I t 's   the same shape  imita ted by hanggl iders.”  

(end of  source)

Prov ided   we   can   assume   that   our   audience   wi l l   not   have   a   great   knowledge   of
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these   di f fe rent   wing   types,   i t   would   be   over t ly   pedantic   to   insist   that   i f   our
characters   have   wings   that   would   best   sui t   thei r   envi ronment,   especia l ly   i f   our
characters   are   humanoid   in   nature   ( i f   we   were   creat ing   a   bi rd l ike   character,
however,   i t   would   be   wise   to   g ive   i t   a   wing   type   that   we   can   expect   i t   have).
When   designing   the   wings   for   the   cherub,   I   wanted   something   that   would   su i t
h is   body   s tructure,   which   was   the   shor ter   wing   types,   and   the   “s lot ted   high l i f t
wing”   would   seem   best   sui ted   to   carry ing   a   whole   human,   and   also   have   the
look   that   I  was  going   for.  Overa l l ,   though,   i t  was  more   impor tant   to  observe   the
recognisable   character ist ics   of   a   wing   –   these   being   the   genera l   shape,   the
di f ferent   types/s izes  of   feather  depending   on   the   location   of   the   feather   on   the
wing,  and  the over lap on  the  feathers  ( f rom  the  front   the upper  feathers over lap
the   lower   ones,   and   f rom   the   back   this   is   reversed).   These   character ist ics   can
be seen  in   f igures 7.6  and 7.8.  One change  I  made  from a normal  b i rd  wing was
the  def in i t ion  of   the  large  bones  in   the wings.  The actual  skeletal  s tructure  of  a
wing   is   very   s imi lar   to   that   of   an   arm,   so   I   based   the  shape  of   the   main  bones
in   the   wings   on   the   humerus   bone   ( that   of   the   upper   arm),   and   the   size   is
roughly   the same as   the humerus  bone   in   the Cherub’s  arms.  This  was  to  make
it   look   l ike   they   could   feas ibly   l i f t   a   human.   Since   they   requi re   a   lot   of   detai l ,
they  could  not  morph   from  the   main  body   wi th   the   morph ing  method   I   used,   so
they   were   a   separate   ob ject .   I t   would   be   an   interest ing   exercise   to   work   out
how wings  would  at tach   to  a   human,  and  what   the  muscular   layout  would  be   to
make  i t  possib le .      

Fig 7.6 (Wings from the front)
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Fig 7.7 (Wings from the back)

Technical  Issues

The   cherub   was   the   hardest   of   the   s ix   characters   to   model,   because   i t   had   to
be  created  out  of   a  mesh   that  was  des igned   for  an  adul t   body.  This  meant   that
a   large  amount  of  detai l  had   to  be   forced   into  a  smal l   space,  and   that   topology
designed   for  def in ing  muscles  had   to  be  smoothed  out  because  of   the  cherub’s
low   muscle   def ini t ion.   The   wings   were   also   very   hard      a   decis ion   had   to   be
made   whether   to   make   them   out   of   dupl icat ing   lots   of   feathers,   or   model l ing
them   out   of   a   s ing le   p iece.   I   chose   to   model   them   out   of   a   s ingle   p iece   as   i t
was   a   more   enjoyab le   and   ar t ist ic   process,   but   for   real ,   animatable   wings,   I
would recommend having  lots  of  s ingle   feathers.

Gett ing reference

I   found   that   get t ing   reference   for   babies   was   fa ir ly   easy,   as   of ten   people   wi l l
dedicate   whole   pages   on   the   internet   to   photos   of   their   young   chi ldren,   but
of ten   there   is   no   easy   way   of   te l l ing   how   old   a   chi ld   is   in   a   p icture,   and   since
chi ldren   grow   so   fast ,   i t   is   qui te   of ten   di f f icul t   to   te l l   what   s ize   the   character
you’re   making   would   be.   This   is   why   i t ’s   helpfu l   to   understand   how   chi ldren
grow,  and  what  par ts  grow  fastest,   so   that  you  can  make  an  educated  guess  at
the   propor t ions   of   your   character.   Other   useful   sources   of   reference   were
pic tures   of   myself   and   s ib l ings   a   chi ld,   baby   care   magazines,   and
statues/paint ings   of   cherubs   (a l though   here   you   are   rely ing   on   another   ar t ists
work   to  be   correct,   so   care   should  be   taken).  Wing   reference   is  easy   to  get   on
the  internet   ( for  example google.com).
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A note on props

For   the   f inal   animat ion,   each   character   had   a   “prop” ,   wh ich   was   an   object   that
helped   f lesh   them   out   and   give   them   character,   but   couldn’ t   be   created   out   of
the   base   mesh.   However,   bar   the   Cherub’s   wings,   these   were   not   real ly
relevant   to   inc lude   here   as   i t   is   an   anatomy   project .   For   the   sake   of
completeness,   I   include   a   l is t   of   props,   which   can   be   seen   in   the   f inal
animat ion:

Human – Head hai r
Daemon – Large c laws
Trol l  – Hammer
Wizard – Beard,  staf f
Zombie –  Intest ine hanging  f rom stomach
Cherub  Wings
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Creating the morphs

Whilst   th is   project   is   at   hear t   an   anatomy   study,   to   rea l ize   i t   a   lot   of   research
and  t ime had  to  be spent   in   f inding  out  how best   to  achieve  a  morph   in  3d,  and
I  feel   that   th is  is wor th document ing here.

In   a   previous   project   I   had   researched   into   morphing,   and   managed   to   achieve
i t   wi th   a   s ingle   b lendshape   alone.   This   was   done   by   ef fect ive ly   model l ing   one
shape   out   of   the   or iginal ,   so   that   the   ver t ices   can   just   l inear ly   interpolate
between posi t ions.  Whi ls t   th is  worked,   i t  made animat ion  di f f icu l t ,  as   the  whole
morph  was  contro l led  by  a   s ingle  blendshape,  and  so  any  secondary  an imat ion
became   di f f icul t ,   as   there   was   no   r ig.   To   achieve   some   sor t   of   real ist ic   and
bel ievable   movement   dur ing   the   morph,   a   r ig   would   be   needed   that   could
handle   the   animat ion   whi ls t   the   b lendshape   moved   the   ver t ices   on   top   of   th is,
ef fect ively creat ing a  two layered morph. 

A r ig needed to  be created  that  cou ld handle   the extreme changes  in s ize of   the
morphing  character,   so  be  able   to  squash  and  stretch.   I  d id   th is  by  us ing  ut i l i ty
nodes   (expressions   would   a lso   work,   but   would   be   less   ef f ic ient)   which   found
the   overal l   d is tance   of   a   given   set   of   bones   (e.g.   spine   or   legs),   and   would
sca le  each  bone  along   i ts   x  axis   so   that   i t  would  be  equivalent   in   length   to   the
average  length  of  each bone,  g iven   the  tota l   length  of   that  set  of  bones.  Th is   is
a method out l ined  in “The Ar t  of  Rigging:  Volume 1”   (see bib l iography).

Of course,   th is   r ig only creates a squashed or  stretched human,  there  is no way
to,   for   example,   push   out   the   stomach   for   a   fa t   character   or   create   hooves   for
the   daemon.   An   ideal   r ig   would   be   able   to   handle   as   much   of   the   morph   as
poss ib le,   to   keep   i t   animatable,   but   s ince   th is   is   not   a   r igging   or   a   morphing
project  such a r ig was unnecessary.

The  character  was  skinned,  and   the   r ig  was  animated  going   f rom pose   to  pose,
and   at   each   pose   (which   would   of   course   be   a   new   character) ,   the   mesh   was
dupl icated   and   taken   into   ZBrush   where   i t   could   be  scu lpted   into   the
appropr iate shape.

Zbrush was necessary  for   th is  project  was  i t  a l lows us  to change the shape of  a
character   much   more   quickly   than   in   maya,   and   of ten   the   blendshapes   that
would   be   taken   of f   the   r ig   (especia l ly   in   areas   where   the   r ig   has   squashed)
would  be   a   crumpled  mess  of  polygons,  which  would  have   taken  a   long   t ime   to
smooth out  us ing Maya’s  model l ing  tools  alone. 

The   mesh   created   was   fai r ly   l ight   in   terms   of   polygonal   densi ty   (around   6000
polygons) ,   which   was   necessary   to   be   able   to   create   new   shapes   with   re lat ive
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ease   (any   deta i l   that   was   character   speci f ic   would   have   made   the   other
characters  harder   to  model) .  However,  such a   l ight  mesh  did  mean  that   there  is
no  way  i t   could  ho ld   the  higher   levels  of  detai l   for   the  characters   (veins,  brains
and   intest ines   for  example) ,  and  so   this   is  where displacement  maps needed  to
be  generated   for  each  character.  Again,  ZBrush  was used   for   th is  process  as   i t
a l lows   the   user   to   “sculpt ”   d isplacement   maps   and   expor t   them   as   greyscale
images,   rather   than  having  to  paint   them as  greyscale   images and  est imate   the
ef fect   they wi l l  have when translated  into 3d space.

The   idea   was   to   have   a   layered   texture   plugged   into   the   displacement   for   the
shader   wi th   each   displacement   map   plugged   into   i t   and   layered.   As   the   morph
progressed,   the   textures   would   become   more   t ransparent   to   reveal   the
under ly ing   ones,   thus   creating   a   t ransi t ion   between   maps,   and   a   morphing
ef fect .  One major  problem with   th is  was  the  issue of  UVs.  For   the displacement
maps   to   render   accurate ly,   the   character ’s   UVs   had   to   be   la id   out   wel l .
However,   the polygons change shape so much  in  the process of   the morph,   that
a   s ingle   UV   set   wi l l   s imply   d is tor t   too   much   and   not   be   usable   for   more   than
one   character.   Therefore,   i t   is   necessary   to   create   a   separate   UV   set   per
character.  Given  that   there were  s ix  characters,   i t  would  be   ideal   to  use Maya’s
automat ic   mapping   to   prevent   the   need   to   UV   al l   the   characters   by   hand.
Unfor tunately,   when   taking   displacement   maps   out   of   Zbrush,   there   are
somet imes  s l ight ly  not iceab le   seams   that  need   to  be   touched  up   in  Photoshop.
With   an   automat ic   mapping,   there   would   be   hundreds   of   seams,   potent ia l ly
creat ing  an  undesirab le  ef fect .  This  meant   that  a l l   s ix   characters  needed   to  be
UVed   by   hand,   which   was   cost ly   in   terms   of   the   large   amount   of   t ime   that   i t
took,  but  necessary  to be able   to  render out   the detai ls of   the characters.

However,   th is   then   leads   to   another   large   stumbl ing   block.   At   the   t ime   of
wri t ing,   Maya   (version   6.5)   is   unable   to   handle   UV   sets   suf f ic ient ly   wel l   to
blend  between  displacement  maps.   I t   is   incapable  of   render ing  any  UV set   that
is   not   the   defaul t   one.   The   way   around   th is   was   a   custom   mental   ray   shader
(see   appendices),   wr i t ten   by   J immi   Gravesen   speci f ical ly   for   th is   project .   I t
essent ia l ly   blends   between   textures,   and   l inks   these   to   the   appropr iate   UV
maps. The shader can be  found  in  the appendices.

To   summarise,   the   morph   was   ach ieved   through   three   separate   techniques      a
r ig   for   an imat ion,   b lendshapes   for   accurate   body   shapes,   and   disp lacement
maps for  detai ls.    
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Critical Evaluation

To   evaluate   the   success   of   the   overal l   project ,   i t   would   seem   appropriate   to
break  i t  down  into  two par ts     f i rst ly  how wel l   i t  worked as an educat ional  p iece,
i .e.   whether   by   watching   the   animation   and   reading   the   repor t   someone   would
be   in   a   bet ter   posi t ion   to   des ign/model   a   humanoid   character,   and   secondly
how   be l ievable   the   characters   created   for   the   f ina l   animat ion   were,   because   i f
these  were  badly  model led   then  the  whole  pro ject   lacks  credib i l i ty.  Reading  the
repor t   ret rospect ively,   I   do   feel   that   i t   would   be   a   useful   resource   i f   I   were   to
create   the  characters  again  not  hav ing   the  understanding   that   I  do  now,  having
done   the   project.   Cer ta in   aspects   were   very   chal lenging      for   example,   why
does   a   character   based   on   an   old   man   look   the   way   he   does?   Everyone   has
the ir   own   idea   in   thei r   head   about   how   he   should   look,   but   to   actual ly   create
this   in   three   dimensions,   where   prec is ion   is   everyth ing   (assuming   one   wishes
to   make   a   "real"   character) ,   is   a   ver y   d i f fe rent   story.   How   can   you   know   what
his   legs  or  but tocks   look   l ike? Pictures  of  70+ year  o lds  showing any amount  of
naked   skin   are   very   hard   to   f ind.   I t   is   these   types   of   problems   that   I
encountered  in i t ia l ly,  and endeavored to answer  in my repor t .
 
In   th is   regard,   I   feel   that   the   project   succeeds.   The   large   amount   of   t ime   I
spent   f inding   out   what   the   nuances   and   landmarks   of   a   cer tain   body   type   are
would be cut  down substant ial ly   i f   I  were  to have read  the  repor t  before star t ing
the  project.  Having  said   that ,   there  are   very   few  shor t   cuts   in   creat ing   real ist ic
characters ,   and  get t ing  a   f i rm  grasp  of   anatomy  and   learn ing   how   to   apply   th is
understanding   in  3d   is  a   t ime   consuming  process,  and   there   is   only   so   much  a
project   l ike  th is  can do  to speed that  up.
 
The   actual   models   were   created   to   the   best   of   my   abi l i ty   g iven   the   amount   of
them   and   the   t ime   const ra ints.   Whi ls t   I   cannot   c la im   that   they   do   not   have   a
great   number   of   inaccuracies,   great   care   was   taken   to   make   them
fundamental ly  accurate,  and   they  were crossreferenced with  a  number  of  other
ar t is ts   to   check   for   not iceable   errors.   Each   model   in   their   own   r ight   I   feel   was
model led wel l  and  is bel ievable .
 
However,   one   issue   that   af fected   the   qual i ty   was   that   I   was   unable   to   get   the
detai l   that   I  had created   in  ZBrush  into  my  f inal   renders   in  Maya.  General ly   this
is  an   issue  when   taking  displacement  maps  out  of  ZBrush,  as   i t   lets  you  model
at   a   very   h igh   detai l   (over   two   mi l l ion   polygons),   and   get t ing   these   resul ts   in
Mental  Ray   takes   t ime  tweaking  and   ref in ing,  which  unfor tunately   I  d idn't   have.
Th is  a lso   resul ted   in  a   s l ight ly  d i f fe rent  appearance   to   some  of   the  characters,
which  was most  notab le   in   the  cherub,  as  he   lost  some of  his   "cuteness"   in   the
f inal   render.   Current ly   i t   is   not   known   where   along   the   l ine   the   detai l   was   lost ,
most   l ike ly   in   the   reso lut ion  of   the  d isplacement  maps   (which  were  ei ther  4096
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by   4096   or   8192   by   8192),   which   were   not   h igh   enough   to   carry   the   detai l
across.   A   solut ion   to   this   would   have   been   to   have   separate   UV   spaces   for
var ious  par ts  of   the  body,   so   that  mul t ip le  maps  could  be  expor ted   for  a   s ingle
model.   However,   wi th   the   issues   that   cropped   up   regarding   UVs,   this   would
simply  have  created   too   many  problems  and  was  not   v iable  with in   the  scope  of
the   project.   Instead,   th is   repor t   uses   screenshots   from   with in   ZBrush   rather
than  the  renders  from Menta l  Ray  so  that   the detai l   is  much more readable,  and
thus st i l l  serves a purpose somewhere.
 
How   much   the   f inal   p iece   wi thout   the   repor t   aids   in   understanding   the
impor tance   of   anatomy   in   character   des ign   is   debatable.   Clear ly,   people   wi l l
not   immediate ly   understand   that   the   project   is   a   study   in   anatomy   just   by
watching   a   character   morph   into   other   characters.   However,   s ince   the   star t ing
character   is  c lear ly  human,  seeing  how  th is  can  be  a  bas is   for  other  characters
wi l l ,   i t   is   hoped,   educate   the   v iewer   more   than   just   looking   at   s ix   seemingly
unrelated   characters ,   and   hopeful ly   insp ire   those   with   an   interest   in   character
creat ion.
 
Was   the   morph   necessary   for   th is   project?   Choosing   to   have   the   character
morph   into   his   d i f ferent   types   of   anatomy   was   a   decis ion   that   hugely   af fected
this  project .  The   t ime spent   researching  morph ing  and   the   t ime  spent  making   i t
a   real i ty   ( r igging,   sk inning,   uving,   and   general   problem   solv ing)   was
considerable,   and   th is   could   have   been  spent   fur ther   explor ing   the   potentia l   of
anatomy   in   character   design,   look ing   at   the   female   form,   or   quadrupeds,   or
birds,   or   insects      there   is   an   inf in i te   range   of   characters   we   can   create
inspi red  by   the  wor ld  around  us,  and  perhaps   th is  project  would  have  benef i ted
from delv ing  fur ther  into   th is potentia l .  
 
As   previously   ment ioned,   though,   I   wanted   an   an imat ion   that   would   g ive   the
viewer   just   an   inkl ing   of   what   can   be   done   by   us ing   anatomy   as   a   base   for
characters ,   and   al though   creating   a   broader   range   of   nonmorphing   characters
would   have   demonst rated   more   examples   of   this,   there   would   have   been   no
incent ive   to  make   the connection  that   they are  based  on  real i ty.  Ul t imately,   i t   is
not   for   me   to   demonst rate   al l   the   ways   in   which   di f ferent   types   of   anatomy
could  be  used   in   character  des ign.   I f   th is  project   ser ves   i ts  purpose  and   is   the
sl ightest  b i t   of   inspirat ion   to  other  ar t is ts,   then   i t   is  up   to   them  to  explore   i t   for
themselves.
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Appendix

The following is the mental ray shader written by Jimmi Gravesen to blend between UV sets in
this project

#include <shader.h>
#include <stdio.h>

struct result {
miColor color;
miScalar alpha;

};

struct UVsetBlend {
miScalar debug;

        miTag color1;
miScalar blend1;

        miTag color2;
miScalar blend2;
miTag color3;
miScalar blend3;
miTag color4;
miScalar blend4;
miTag color5;

        miScalar blend5;
miTag color6;

        miScalar blend6;
miTag color7;

        miScalar blend7;
miTag color8;

        miScalar blend8;
miTag color9;

        miScalar blend9;
miTag color10;

        miScalar blend10;
};

DLLEXPORT int UVsetBlend_version(void) {return(1);}

DLLEXPORT miBoolean UVsetBlend(
        struct result         *result,
        miState         *state,
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        struct UVsetBlend       *paras)
{
miScalar debugs = *mi_eval_scalar(&paras>debug);
miScalar blend1 = *mi_eval_scalar(&paras>blend1);
miScalar blend2 = *mi_eval_scalar(&paras>blend2);
miScalar blend3 = *mi_eval_scalar(&paras>blend3);
miScalar blend4 = *mi_eval_scalar(&paras>blend4);
miScalar blend5 = *mi_eval_scalar(&paras>blend5);
miScalar blend6 = *mi_eval_scalar(&paras>blend6);
miScalar blend7 = *mi_eval_scalar(&paras>blend7);
miScalar blend8 = *mi_eval_scalar(&paras>blend8);
miScalar blend9 = *mi_eval_scalar(&paras>blend9);
miScalar blend10 = *mi_eval_scalar(&paras>blend10);

miColor outPut;
miColor current;
outPut.r =0;
outPut.g =0;
outPut.b =0;
outPut.a =0;

int n;
if( ! mi_query( miQ_NUM_TEXTURES, state, miNULLTAG, &n ) )
{

printf("SHIT!!!\n");
};

int i;
if(debugs)
{

for(i = 0; i < n; i++)
{

printf("UV set %d: %f , %f \n", i+1, state>tex_list[i].x, state>tex_list[i].y);
}

}

if(blend1 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color1);
mi_lookup_color_texture(&current,state,texTag,&state>tex_list[0]);

outPut.r += current.r * blend1;
outPut.g += current.g * blend1;
outPut.b += current.b * blend1;
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outPut.a += current.a * blend1;
}

if(n > 1 && blend2 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color2);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[1]);
outPut.r += current.r * blend2;
outPut.g += current.g * blend2;
outPut.b += current.b * blend2;
outPut.a += current.a * blend2;

}
if(n > 2 && blend3 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color3);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[2]);
outPut.r += current.r * blend3;
outPut.g += current.g * blend3;
outPut.b += current.b * blend3;
outPut.a += current.a * blend3;

}
if(n > 3 && blend4 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color4);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[3]);
outPut.r += current.r * blend4;
outPut.g += current.g * blend4;
outPut.b += current.b * blend4;
outPut.a += current.r * blend4;

}

if(n > 4 && blend5 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color5);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[4]);
outPut.r += current.r * blend5;
outPut.g += current.g * blend5;
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outPut.b += current.b * blend5;
outPut.a += current.a * blend5;

}
if(n > 5 && blend6 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color6);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[5]);
outPut.r += current.r * blend6;
outPut.g += current.g * blend6;
outPut.b += current.b * blend6;
outPut.a += current.a * blend6;

}
if(n > 6 && blend7 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color7);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[6]);
outPut.r += current.r * blend7;
outPut.g += current.g * blend7;
outPut.b += current.b * blend7;
outPut.a += current.a * blend7;

}
if(n > 7 && blend8 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color8);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[7]);
outPut.r += current.r * blend8;
outPut.g += current.g * blend8;
outPut.b += current.b * blend8;
outPut.a += current.a * blend8;

}
if(n > 8 && blend9 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color9);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[8]);
outPut.r += current.r * blend9;
outPut.g += current.g * blend9;
outPut.b += current.b * blend9;
outPut.a += current.a * blend9;
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}   
if(n > 9 && blend10 > 0)
{

miTag texTag = *mi_eval_tag(&paras>color10);

mi_lookup_color_texture(&current,state,texTag,&state>tex_list[9]);
outPut.r += current.r * blend10;
outPut.g += current.g * blend10;
outPut.b += current.b * blend10;
outPut.a += current.a * blend10;

}  

result>color.r = outPut.r;
result>color.g = outPut.g;
result>color.b = outPut.b;
result>alpha = outPut.a;

return(miTRUE);
}
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