Bird&Wings

Creature Animation

Peihang&Chuhan&Skyler&Weize



e Dove

e Crane& Eagle
e Owl

e Hummingbird

e Bat



Dove - Wing Type

Many of the joint rotations in
the wing are rather
mechanical and limited in
their rotations
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You can think of a bird’s wing as three segments: the
upper arm, the middle section, and the outer part.

When the wing opens or folds, the outer segment doesn’t
rotate freely but follows the front segment,

So in the end, these two parts appear to stay roughly
parallel



Dove

1. 3.
Wing at its highest point Wing at its lowest point
2.
4.
At the highest point, as the wing starts to At the lowest point, as the wing begins to rise,
push down, the mid-section moves the tip drops slightly while the mid-section lifts

downward while the tip lifts slightly upward upward



Dove

FLIGHT TRAJECTORIES OF SMALL BIRDS (PIGEON & SPARROW)

e Small birds don’t fly in straight lines; their paths rise and fall with each wingbeat, forming wave-like trajectories.
e They are agile and can change direction quickly by tilting their bodies, creating curved or zigzag paths.
® Body movement has inertia and delay, giving the flight a sense of rhythm and bounce.

1. STRAIGHT FLIGHT (WAVE-LIKE TRAJECTORY)
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2. TURNING FLIGHT (CURVED TRAJECTORY)

TURNING BY BODY TILT
PIGEON: Turns in smooth arcs with larger curves. SPARROW: Tu

3 rns quickly and flexibly with smaller curves.
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3. LANDING SEQUENCE

Approach Slow Down Lean Back Extend Legs Touch Down
(Spread Wings)

KEY TAKEAWAYS

® Trajectory: wave-like ups and downs

with curved changes.
% P & . e Rhythm: fast and bouncy.
’j s -' y = Je e Key factors: lift, inertia, delay.

@ Result: natural and lively flight.

Small birds such as pigeons and sparrows rarely fly in perfectly straight lines. Their bodies rise and fall with
each wingbeat, creating wave-like flight trajectories. They are also very agile when turning, often tilting their
bodies to change direction, which creates many curved flight paths.

In animation, the most important thing for small birds is the body movement and rhythm. Adding vertical
bounce, inertia, and slight delay can make the flight feel more natural and believable.



Dove - Flight Mode

The bird’s flight path follows this trajectory: slow-in
and fast-out on the downward motion, and fast-in and
slow-out on the upward motion



Dove - Flight Mode

The wings not only flap up and down, but
also rotate forward and backward; when
divided into front and back surfaces, their
motion is as follows.

WA ERTE

where the sides are switchina nlaces

The wing’s front and back surfaces are
constantly changing, showing its
flexibility; when the wing begins to move
downward, its upper surface turns
forward as a whole.



Dove - Flight Mode

When the wing moves upward, as it passes the midpoint, its underside turns
more forward, making more of the underside visible.



Dove - Move Mode

Bird legs are structured differently from human legs. A bird’s real knee is actually
hidden high inside the body, while the backward-bending joint we usually see is the
ankle. Birds walk on their toes rather than flat feet, so their movement feels light and
spring-like.

During walking, most of the motion comes from the ankle and toes, which quickly
compress and extend to push the body forward, creating the fast and bouncy rhythm
common in bird locomotion.



Dove - Move Mode

When birds walk, the movement of the head and body follows different rhythms. The head quickly
moves forward to a new position and briefly stays stable there, almost like it is fixed at a point in space,
while the body continues moving forward and gradually catches up to the head. Once the body catches
up, the head quickly moves forward again, creating a repeating rhythm of “reach forward — hold —
follow.” This is why birds appear to “bob” their heads while walking. In animation, the head and body
should not move forward at the same speed. Instead, the head should have quick movements and
short pauses to create a more natural bird-like motion.



Eagles & Crane

SPINE CURVE | » Low frequency (much slower than a bird)
: = » Every stroke feels really 'heavy’
* There is a pause between each flap of the wings;
they do not flap continuously.

Cliding —»

Spine drives overall motion flow

These feathers
» Power stroke Opens or closes first
forward + down
Changes in the shape

* Recovery of a bird’s wings begin iRk
- v back + up at the wrist
= <of - WINGSPAN
Power stroke Flight: The chest area “EEATHERS.
Recovery (slightly behind the base of the wings)

Stand: Front of the upper thigh

When the moves towards the body, the
joint automatically bends significantly, with the
joint following suit




Flight Mode

The body
will have a
noticeable
forward
momentum

The legs and wings
generate power
simultaneously

© TAKEOFF SEQUENCE

© run © winGsOPEN @) POWER FLAP O LT oFF © cums @ STABLE ASCENT

Build up speed Wings spread wide Strong downstrokes Body rises, Continue flapping Reach cruising
with purposeful to generate lift. create lift and feet leave to gain altitude. height and settle
running. forward thrust. the ground. into rhythm.

Cranes need a run-up before taking off
(especially large waders)

@ APPROACH @ s.owDowN  E) LEGS FORWARD © raRe @ ToucHDOWN () SETTLE

Glide or flap : Wings spread wide i Legs extend : Wings raise up i Feettouchdown @  Wings fold,
toward landing and flapping forward to and body lifts lightly on the body lowers.
area. i becomes shallower prepare for : slightly to : surface. . Prepare to taxi
to reduce speed. i contact. ; soften landing. or stop.

The body produces a noticeable secondary cushioning effect



Flight Path

Maneuverability > Endurance

With significant in path and
elevation, it is well-suited to hunting scenarios

' EAGLE FLIGHT PATH REFERENCE SHEET: DYNAMIC SOARING AND PLUNGING - T
' 2. ARC (GLIDING CURVE 3. DIVE (PLUNGING DESCENT)

Gravty -

EAGLE FLIGHT PATH REFERENCE SH
| DYNAMIC SOARING AND PLUNGI |

Soaring; Thermal Soaring; Gliding; Intermittent Flapping

Ref Video: @

https://www.bilibili.com/video/BV1sC4y1b7Mn/  https://www.bilibili.com/video/BV1roUGYAEBG/

" GRANE FLIGHT PATH REFERENCE SHEET: GRACEFUL GLIDING AND FLAPPING

Eps:,!,l’ww.f'.ﬂ.f.biIibiIi..::em,J’\aficlvszw,-*E!"\."1ih4y1‘\;*7mZ,*r @ps:!fwww.bilibiIi.com}videofBWt5411Y7Jgi

Endurance > Maneuverability

paths with a rhythm are suitable for
migration/flock flight scenarios

0| 1. LINEAR ADVANCE (FLAPPING AND GLIDING) |'| 2. LARGE ARC (GRAVITATIONA 3. SLOW DESCENT (GRADUAL A

Large Turning Radius

Migration paths are either straight or have large arcs, are
highly stable, and have a strong sense of rhythm (slow
but powerful)



Special Behavior

The eyes remain almost still > the gaze is controlled by the head

Regardless of how their bodies move (flapping their wings,
jumping), their heads remain almost perfectly still in space.
This is for visual focusing.

https://youtu.be/rLnd4V8Gfq4?si=kOhNk40IV_apE8bM

1. Near-stationary wings

2. Slight corrective flapping

3. Airflow-driven spline
path

£ 1. Cycle is more

‘ uniform and
symmetrical

2. Rig emphasizes a
long neck & leg




Owl - Behaviors

e Nocturnal predators

e Silent, low-speed flight

e Fixed forward-looking eyes
e Head guidance and tracking

e Designed specifically for
covert hunting rather than
long-distance migration




Owl - Behaviors

® The eyes remain fixed, while the head
is responsible for tracking

® The head can rotate by approximately
270 degrees




Owl - Wings Type

® Broad and rounded wings

® \Vith a larger wing area compared
to body weight

® Flying slowly without stalling

® Supporting gliding and gentle wing
flapping e pur




Owl - Principle of Power
Airfoil

This pressure difference generates lift,
enabling owls to take flight.

During the flapping process, the wings
push the air backward, generating thrust.




Owl - Flight Mode

OWL FLIGHT CYCLE (FRONT VIEW - DETAILED WINGBEAT SEQUENCE) ~—— —— - OWL FLIGHT CYCLE (DETAILED WINGBEAT SEQUENCE) ——

© ueivesroe @ 2.Top TRANSITION
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The wings are lifted high
and partly rotated, reducing
drag during recovery.

At the top of the cycle,
the wings spread and
rotate to prepare for the
next power stroke.

Lift — upward aerodynamic force supporting
body weight.

Thrust — forward force generated mainly
during the downstroke.

Wing motion — direction of wing movement
through the cycle.

Drag — reduced during the upstroke as the
wings partly fold and rotate.

4. MID-DOWNSTROKE © 5. Lae nownsTRoKe

© 3. EARLY DOWNSTROKE
(POWER PHASE)

RECOVERY

The wings briefly
transition at the bottom,
then begin the recovery
movement into the next

upstroke.

This is the main power phase.
The wide wing surface produces
the strongest lift and most
forward thrust.

Lift remains high, but
thrust begins to decrease
as the wings approach
the lowest point.

The downstroke begins.
Air is driven downward,
generating lift and
forward propulsion.

FRONT-VIEW WING MOTION

Top of stroke /. 1 .‘ Top of stroke

Recovery

)
Power phase
<
< - N

Lowest point Lowest point

From the front, both wings move in a symmetrical cycle. During the downstroke
they sweep downward and outward; during recovery they rise upward with reduced drag.
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At the top of the stroke,
the wings rotate and
spread to reposition for
a strong downward beat.

The wings rise with
reduced surface area,
minimizing drag while
the owl prepares for
the next power stroke.

Lift — the upward aerodynamic force that supports
body weight and helps maintain altitude.

Thrust — the forward force generated mainly during
the downstroke as the owl pushes air backward.

Wing motion — the direction of wing movement
during each phase of the cycle.

Drag _— resistance is lower during the upstroke
because the wings partly fold and rotate.

From the front view, the wings form a smooth “U”-shaped path.
From the side view, the wing tips can follow a circular or figure-eight motion.

The downstroke generates lift and thrust, while the upstroke allows the wings to recover for the
next beat. This makes owl flight stable, efficient, and quiet.

© 3. EARLY DOWNSTROKE

4. MID-DOWNSTROKE
(POWER PHASE O s.umoownseoke . @ 6. :gg)?’rgkrvkmsnmr«/

¥ Thrust
T ft (reduced) Lift
As the stroke finishes,
lift is still produced, but
thrust decreases as the
wings approach the
bottom of the cycle.

T Lift  Thrust

The downstroke begins.
Air is pushed downward
and backward, creating
lift and forward thrust.

The wings briefly
transition at the bottom,
then begin the recovery

movement into the
next upstroke.

This is the main power
phase. The broad wing
surface produces the
greatest lift and most of
the forward propulsion.

——— WINGTIP TRAJECTORY (SIDE VIEW) ———

The wingtip does not move in a straight line. During steady flapping flight it
often follows a looped path, commonly a U-shaped or figure-eight pattern.
U-SHAPED PATH FIGURE-EIGHT PATH
End Start
[ J

Cross-over /

Lowest point lowest region

These curved wingtip paths help the owl manage lift efficiently,
reduce unwanted drag, and support quiet, controlled flight.



Owl - Flight Mode

7~

@ PrePARATION

s

The body crouches
and the center of
mass lowers. The
wings open slightly
and the legs bend,
storing energy for
takeoff.

€ rush-oFF

i
The legs push
forcefully against
the ground. The
body rises quickly,
gaining initial
upward motion and

forward momentum.

INITIAL

DOWNSTROKE

The wings beat
strongly downward,
accelerating air
downward and
generating lift and
forward thrust.

LIFTOFF
AND CLIMB

The body is fully
airborne. Lift
exceeds weight,
allowing the owl

to continue climbing
while moving
forward.

CONTINUED
ASCENT

g‘%\f '

T

Repeated strong
wingbeats generate
more lift. The legs
tuck in and the
body climbs
steadily.

~

STABLE
FLIGHT

The owl transitions
into steady flight,
where lift and
thrust become
balanced.

oy

~

€ ArrroacH

The owl maintains
a steady flight
posture, keeps its
eyes on the target,
and adjusts
direction, height,

and approach speed.

WINGS SPREAD
FOR DECELERATION

The owl spreads
its wings and tail
to increase drag
and reduce
forward speed in
preparation for
landing.

9 BRAKING WITH
BODY ANGLE

The body tilts
slightly upward,
changing the
airflow and
helping the owl
slow down
further.

OWL TAKEOFF AND LANDING BREAKDOWN

TAKEOFF SEQUENCE LANDING SEQUENCE

O ecsexreno @ contacTwit

The legs stretch
forward and the
talons open,
preparing to grasp
the landing surface
while maintaining
balance.

PERCH

The feet touch
the perch. The owl
grips the landing
point and keeps
the wings partly
open to control
balance.

@ wines Fowp

AND STABILIZE

The wings fold in,
the center of mass
stabilizes, and
the landing is
completed.

Lift: Upward aerodynamic force generated by the wings,
helping support body weight.

Thrust / deceleration control: Provides forward propulsion
during takeoff, or increases drag to slow down during landing.

Wing motion: Shows the direction of wing movement
and the main motion path.

i

3

to create initial lift.

KEY POINTS OF TAKEOFF AND LANDING

o Takeoff relies on a forceful leg push and powerful downstrokes

Landing relies on spreading the wings, raising the body angle,
fanning the tail, and extending the legs to slow down and stabilize.

0 Takeoff focuses on gaining height and forward momentum;

landing focuses on speed control and precise contact.




Hummingbird - introduction

Smithsonian *

CHANNEL




Hummingbird - Hovering
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Bat - Wing Type

laﬂgﬁwﬂqmpﬂy

/ki'raptera/

chiroptera s /- A

chiro = hand

pfera = wing
Humerus M Ulna "~ Metacarpals
M Radivs " Carpals  Phalanges
P @ 12/147 © E 3 3 5N

Bat wings are formed by elongated fingers connected by a
flexible membrane, enabling highly agile and controlled flight




Bat - Flight Mode

DON'T KEEP THE WINSS FLATS
. TH BUT QEMEMBER TO MAINTAIN THE VOLUME

NOWON = 3
KICK

IDEAS
2T ONE OF THIS ;
L, WE CAMN STAE COEATE WINGS WHICH FIT THE STFLE OF YOUR
& OTHEDR WAYS TO DRASON - THINE 4B
2 »E THE WINSS.., = I i - SMALL
PIEINAL SHAPESS

WE'LL LOOK AT
THE REST OF
! THE ORASON IN

' M \/HEH YOU 235
WANT THE 200 PAGE BOOKS? J KICKs T AnTER”

CAN |

LOOKE HOWEVER
YOU WANTS .
THETE WINGS
CAN LODK
HOWEVER YOu
WANT/ BUT

HERE'S SOME
IDEAS




Bat - Flight Mode + Hanging




Bat - how they hanging




Thank You
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