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MexaHuku UlScrollView
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SimpleScrollView

class SimpleScrollView: UIView {
var contentView: UIView?
var contentSize: (CGSize
var contentOffset: CGPoint



SimpleScrollView

let panRecognizer = UIPanGestureRecognizer()

override init(frame: CGRect) {
super.init(frame: frame)
addGestureRecognizer(panRecognizer)
panRecognizer.addTarget(self, action: #selector(handlePanRecognizer))
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SimpleScrollView

enum State {
case default
case dragging(initialOffset: CGPoint)

}

var state: State = .default

11



SimpleScrollView

@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) 1
switch sender.state {
case .began:
state = .dragging(initialOffset: contentOffset)

case .changed:
let translation = sender.translation(in: self)
if case .dragging(let initialOffset) = state {
contentOffset = clampOffset(initialOffset — translation)
I3

case .ended:
state = .default

// 0Other cases
¥
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SimpleScrollView

var contentOffsetBounds: CGRect {
let width = contentSize.width - bounds.width
let height = contentSize.height - bounds.height

return CGRect(x: @, y: 0, width: width, height: height)
}

func clampOffset( offset: CGPoint) —> CGPoint {
return offset.clamped(to: contentOffsetBounds)
}

13
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410 n3BectHoO npo Deceleration

var decelerationRate: UIScrollView.DecelerationRate

A floating-point value that determines the rate of deceleration after the user
lifts their finger

extension UIScrollView.DecelerationRate {

static let normal: UIScrollView.DecelerationRate // 0.998
static let fast: UIScrollView.DecelerationRate // 0.99

UlScrollView | developer.apple.com/documentation/uikit/uiscrollview
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410 n3BectHoO npo Deceleration

>  duHanbHaga no3mumsa ckponna
(Designing Fluid Interfaces — WWDC 2018):

// Distance travelled after decelerating to zero velocity at a constant rate.

func project(initialVelocity: Float, decelerationRate: Float) —> Float {
return (initialVelocity / 1000.0) * decelerationRate / (1.0 - decelerationRate)
}

Designing Fluid Interfaces | developer.apple.com/videos/play/wwdc2018/803
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N3MeHeHne CKoOpoCcTu
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PYHKLUNA CKOPOCTW

U(t) _ UleOOOt

U — CKOpPOCTb, pt/s
U0 — Ha4anbHasga ckopocTb, pt/s
d — koadbduumneHT 3ameanenus (0 < d < 1)

WV WV WV WV

t — Bpewms, s
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YpaBHeHue ABUXeHUs

r(t) =7

(1) = 2o + /Otv(x)dm

L () — Ha4valnbHOE MNMOJI0OXXeHNe TOYKU

21



YpaBHeHUue ABUXeHUs

t
r(t) = xg + UO/ d'% dz
0

r(t) = xo +

leOOt 1

“070000n(d)
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KoHeyHass Touka

dl()()()t 1

A= tlggo v(t) = tlgglc(:co ™ Yo 10()()ln(d))
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1000In(d)
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CpaBHeHue ¢ dpopmynoun ot Apple

—1 d
VS

In(d) 1 —d

> PasnoxeHune HaTypanbHOro norapudgpma B pan leunopa:

ln(:p):x_l I (x — 1)

T D12

Natural logarithm | en.wikipedia.org/wiki/Natural_logarithm#Series
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CpaBHeHue ¢ dpopmynoun ot Apple

f(d) 40
30
20

10

0,5 0,596 0,692 0,788 0,884
-1/ In(d) — d/(1-d)

.horma
. Tast
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Bpema ABMXeHUA
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Bpema ABUXeHUA

X —a(T)| = ¢
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—1000&ln(d)

o)
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1000In(d)
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DecelerationTimingParameters

struct DecelerationTimingParameters {
var initialValue: CGPoint
var initialVelocity: CGPoint
var decelerationRate: CGFloat
var threshold: CGFloat

extension DecelerationTimingParameters {
var destination: CGPoint
var duration: TimeInterval
func value(at time: TimeInterval) -> CGPoint
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TimerAnimation

class TimerAnimation {
typealias Animations
typealias Completion

( finished: Bool) —-> Void

(_ progress: Double, time: TimeInterval) -> Void

init(duration: TimeInterval, animations: @escaping Animations,
completion: Completion? = nil)

30



SimpleScrollView

@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) {
switch sender.state {
case .began:
state = .dragging(initialOffset: contentOffset)

case .changed:
let translation = sender.translation(in: self)
if case .dragging(let initialOffset) = state {
contentOffset = clampOffset(initialOffset - translation)
I3

case .ended:
state = .default

// 0Other cases
¥
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SimpleScrollView

@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) {
switch sender.state {
case .began:
state = .dragging(initialOffset: contentOffset)

case .changed:
let translation = sender.translation(in: self)
if case .dragging(let initialOffset) = state {
contentOffset = clampOffset(initialOffset - translation)
I3

case .ended:
state = .default
let velocity = sender.velocity(in: self)
startDeceleration(withVelocity: -velocity)

// 0Other cases
¥
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SimpleScrollView

var contentOffsetAnimation: TimerAnimation?

func startDeceleration(withVelocity velocity: CGPoint) {
let decelerationRate = UIScrollView.DecelerationRate.normal.rawValue
let threshold = 0.5 / UIScreen.mailn.scale

let parameters = DecelerationTimingParameters(initialValue: contentOffset,
initialVelocity: velocity,
decelerationRate: decelerationRate,
threshold: threshold)

contentOffsetAnimation = TimerAnimation(
duration: parameters.duration,
animations: { [weak self] , time in
guard let self = self else { return }
self.contentOffset = self.clampOffset(parameters.value(at: time))

})

33



Deceleration
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Spring Animation



Spring Animat
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Spring Animation

> 1 — macca (mass)
> Kk — xecTtkocTb (stiffness)

> d — 3aTyxaHue (damping)

NN
> ( — ko3admumeHT 3aTyxaHusa (damping ratio)
¢ = d
2V km

Damping ratio | en.wikipedia.org/wiki/Damping_ratio
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YpaBHeHue ABUXeHUs

d? dax
- d - ke = ()
T T g T

> 1M — macca (mass)
> Kk — xecTtkocTb (stiffness)

> d — 3aTyxaHue (damping)

Damping ratio | en.wikipedia.org/wiki/Damping_ratio
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Damping Ratio ¢

0.1

0.5

1.0
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Damping Ratio ¢
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Damping Ratio ¢

x(t) 100 - > Cnaboe 3atyxaHue

- (Underdamped)

50 O=¢=<1
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Damping Ratio ¢

x(t) 100 - > Cnaboe 3atyxaHue

(Underdamped)
0<({<1

75
50

25
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YpaBHeHue ABUXeHUs

> YpaBHeHWe OBUMXEeHUS

r(t) =7

> Bpems konebaHun

1T =7
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YpaBHeHue ABNXeHUA
Cnaboe 3atyxaHue (0 < (< 1)

x(t) = (Crcosw't + Cosinw't)e P

/
W — cobCcTBEeHHasa YyacTtoTa cuctembl
(damped natural frequency)

g — d r'(0) = vg C

2m
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YpaBHeHUe ABNXeHuUs
Cnaboe 3atyxaHue (0<({<1)

x(t) 100
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25
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YpaBHeHUue ABUXeHUs
[‘paHuua anepuoanyHocTu (¢ = 1)

x(t) = (C1 + Cot)e P

bxo
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YpaBHeHue ABUXeHUs
[‘paHuua anepuognyHocTu (¢ = 1)
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Bpemsa konebaHun

x(t) 100
75

50

25
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-25

0 0,4 0,8 1,2 1,6 2 Time



Bpemsa konebaHun
Cnaboe 3atyxaHue (0 < (< 1)

T lln|C’1\ + |Cy
5 £
- d
- 2m
C1 = xo
vo + Pxg
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Bpems KornebaHuu
[‘paHuua anepuoanyHocTu (¢ = 1)

C21Ch] 2, 4G
T = , —1
max(ﬁ e n Be
- d
- 2m
Cl — X0

)
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Spring Animations B iI0S SDK
UlView

extension UIView {

class func animate

delay: TimelInterval,

usingSpringWithDamping dampingRatio: CGF loat,
initialSpringVelocity velocity: CGFloat,
options: UIView.AnimationOptions = [],
animations: @escaping () —> Void,

completion: ((Bool) —> Void)? = nil)



Spring Animations B iI0S SDK
CASpringAnimation

open class CASpringAnimation : CABasicAnimation A

/* The mass of the object attached to the end of the spring. Must be greater
than 0. Defaults to one. x/
open var mass: CGFloat

/* The spring stiffness coefficient. Must be greater than 0.
* Defaults to 100. */
open var stiffness: CGFloat

/* The damping coefficient. Must be greater than or equal to 0.
* Defaults to 10. x/
open var damping: CGFloat

52



Spring Animations B iI0S SDK
CASpringAnimation

extension CASpringAnimation {

convenience init(mass: CGFloat = 1, stiffness: CGFloat = 100,
dampingRatio: CGFloat)

1

self.init()

self.mass = mass

self.stiffness = stiffness

self.damping = 2 * dampingRatio * sqrt(mass * stiffness)
+

53



Spring Animations B iI0S SDK
CASpringAnimation

open class CASpringAnimation : CABasicAnimation A

/* The basic duration of the object. Defaults to 0. x/
var duration: CFTimeInterval { get set }

/* Returns the estimated duration required for the spring system to be

* considered at rest. The duration 1s evaluated for the current animation
* parameters. x/

open var settlingDuration: CFTimeInterval { get }

¥

> settlingDuration He yunTbIBbIET CMELLLEHUE NPYKUHBbI:
fromValue un toValue
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Spring Animations B iI0S SDK

Ease In Ease Out
Progress 1 1.0
0.5 0.5
0.0 0.5 1.0 0.0 0.5 1.0 Time

Advanced Animations with UIKit | developer.apple.com/videos/play/wwdc2017/230/



Spring Animations B iI0S SDK

Critically Damped Spring

Damping ratio = 1.0

Progress 1

0.5

0.0 0.5 1.0

Advanced Animations with UIKit | developer.apple.com/videos/play/wwdc2017/230/

Underdamped Spring

Damping ratio < 1.0

1.0

0.5

0.0 0.5 1.0 Time
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Spring Animations B iI0S SDK
UISpringTimingParameters

class UISpringTimingParameters : NSObject, UITimingCurveProvider A
init(dampingRatio ratio: CGFloat, initialVelocity velocity: CGVector)

init(mass: CGFloat, stiffness: CGFloat, damping: CGFloat,
initialVelocity velocity: CGVector)
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Spring Animations B iI0S SDK
UISpringTimingParameters

let timingParameters = UISpringTimingParameters(mass: 1, stiffness: 100, damping: 10,
initialVelocity: .zero)

let animator = UIViewPropertyAnimator(duration: 4, timingParameters: timingParameters)

animator.addAnimations { /% animations %/ }
animator.startAnimation()

print(animator.duration) // 1.4727003346780927
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Spring Animations B iI0S SDK
UISpringTimingParameters

let timingParameters = UISpringTimingParameters(dampingRatio: 0.3,
initialVelocity: .zero)

let animator = UIViewPropertyAnimator(duration: 4, timingParameters: timingParameters)

print(animator.duration) // 4.0
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Spring Animations B iI0S SDK
HyneBoe cMeLlleHue

> He paboTtaeT ¢ HyneBbIM CMELLEHNEM:
fromValue == toValue

UIView.animate(
withDuration: 5,
delay: 0,
usingSpringWithDamping: 0.1,
initialSpringVelocity: -1000,
animations: {
self.circle.frame = self.circle.frame
+)
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SpringTimingParameters

struct Spring {
var mass: CGFloat
var stiffness: CGFloat
var dampingRatio: CGFloat

}

struct SpringTimingParameters <
var spring: Spring
var displacement: CGPoint
var initialVelocity: CGPoint
var threshold: CGFloat

¥

extension SpringTimingParameters A
var duration: TimelInterval
func value(at time: TimeInterval) —> CGPoint
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DecelerationTimingParameters

extension DecelerationTimingParameters {
func duration(to value: CGPoint) —-> TimelInterval?

func velocity(at time: TimeInterval) —> CGPoint
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SimpleScrollView

@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) {
switch sender.state {
case .began:
state = .dragging(initialOffset: contentOffset)

case .changed:
let translation = sender.translation(in: self)
if case .dragging(let initialOffset) = state {
contentOffset = clampOffset(initialOffset - translation)
I3

case .ended:
state = .default
let velocity = sender.velocity(in: self)
startDeceleration(withVelocity: -velocity)

// 0Other cases
¥
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SimpleScrollView

func startDeceleration(withVelocity velocity: CGPoint) {
let parameters = DecelerationTimingParameters(..)

let destination = parameters.destination
let intersection = getlIntersection(rect: contentOffsetBounds, segment: (contentOffset, destination))

let duration: TimelInterval
if let intersection = intersection {

duration = parameters.duration(to: intersection)
} else {

duration = parameters.duration
}

contentOffsetAnimation = TimerAnimation/(
duration: duration,
animations: { [weak self] , time in
self?.contentOffset = parameters.value(at: time)

}

completion: { [weak self] finished in
guard finished && intersection != nil else { return }
let velocity = parameters.velocity(at: duration)
self?.bounce(withVelocity: velocity)

)

} 65



SimpleScrollView

func bounce(withVelocity velocity: CGPoint) {
let restOffset = contentOffset.clamped(to: contentOffsetBounds)
let displacement = contentOffset - restOffset
Llet threshold = 0.5 / UIScreen.main.scale
let spring = Spring(mass: 1, stiffness: 100, dampingRatio: 1)

let parameters = SpringTimingParameters(spring: spring,
displacement: displacement,
initialVelocity: velocity,
threshold: threshold)

contentOffsetAnimation = TimerAnimation(
duration: parameters.duration,
animations: { [weak self] , time in
self?.contentOffset = restOffset + parameters.value(at: time)
)



Spring Animation
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Rubber Band Effect
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Rubber Band Effect
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Rubber Band Effect
[TonnHom

> wolframalpha.com

)  quadratic fit {0, 0} {500, 205} {1000, 328} {1500, 409}

y = 2+ 0.4562 — 0.0001242~

71


http://wolframalpha.com

Rubber Band Effect
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Rubber Band Effect

& twitter.com

Grant Paul
@chpwn

| mentioned a while back iOS 6 uses a new
formula for rubber-banding. Here's the
formula:

X=(1.0-1.0/((x*c/d)+1.0)) *d

4:17 PM - 30 Dec 2012

113 Retweets 355Likes 0 S @G 2 v ® £ &

Q) 17 171 113 ) 355

twitter.com/chpwn/status/285540192096497664
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Rubber Band Effect
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Rubber Band Effect

Offset 800
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Rubber Band Effect

func rubberBandClamp(_ x: CGFloat, coeff: CGFloat, dim: CGFloat) —> CGFloat A
return (1.0 - (1.0 / ((x * coeff / dim) + 1.0))) *x dim
s

/6



Rubber Band Effect

limits

o—O

func rubberBandClamp(_ x: CGFloat, coeff: CGFloat, dim: CGFloat,
limits: ClosedRange<CGFloat>) —> CGFloat
{

let clampedX = x.clamped(to: limits)
let diff = abs(x - clampedX)
let sign: CGFloat = clampedX > x ? -1 : 1

return clampedX + sign *x rubberBandClamp(diff, coeff: coeff, dim: dim)

77



Rubber Band Effect

struct RubberBand {
var coeff: CGFloat = 0.55
var dims: CGSize
var bounds: CGRect

func clamp(_ point: CGPoint) —> CGPoint
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SimpleScrollView

@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) {
switch sender.state {
case .began:
state = .dragging(initialOffset: contentOffset)

case .changed:
let translation = sender.translation(in: self)
if case .dragging(let initialOffset) = state {
contentOffset = clampOffset(initialOffset — translation)
I3

case .ended:
state = .default
let velocity = sender.velocity(in: self)
startDeceleration(withVelocity: -velocity)

// 0Other cases
¥
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SimpleScrollView

func clampOffset( offset: CGPoint) -> CGPoint A
return offset.clamped(to: contentOffsetBounds)
s

30



SimpleScrollView

func clampOffset( offset: CGPoint) -> CGPoint A

let rubberBand = RubberBand(dims:
return rubberBand.clamp(offset)

frame.size,

bounds:

contentOffsetBounds)

81



SimpleScrollView

@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) 1
switch sender.state {
case .began:
state = .dragging(initialOffset: contentOffset)

case .changed:
let translation = sender.translation(in: self)
if case .dragging(let initialOffset) = state {
contentOffset = clampOffset(initialOffset — translation)
Iy

case .ended:
state = .default
let velocity = sender.velocity(in: self)
startDeceleration(withVelocity: -velocity)

// Other cases
+
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SimpleScrollView

@objc func handlePanRecognizer(_ sender: UIPanGestureRecognizer) 1
switch sender.state {
case .began:
state = .dragging(initialOffset: contentOffset)

case .changed:
let translation = sender.translation(in: self)
if case .dragging(let initialOffset) = state {
contentOffset = clampOffset(initialOffset — translation)
Iy

case .ended:
state = .default
let velocity = sender.velocity(in: self)
completeGesture(withVelocity: -velocity)

// Other cases
+

33



SimpleScrollView

func completeGesture(withVelocity velocity: CGPoint) {
if contentOffsetBounds.contains(contentOffset) {
startDeceleration(withVelocity: velocity)

} else {
bounce(withVelocity: velocity)
}

34



Rubber Band Eff
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KapTou4ka
[lepexon mexay COCTOAHUAMM

01:65+«

Order 4 taxi .
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1 2]
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Order a taxi .
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KapTou4ka
[lepexon mexay COCTOAHUAMM

Anchor
Projection

origin
velocity

Designing Fluid Interfaces | developer.apple.com/videos/play/wwdc2018/803/

39


https://developer.apple.com/videos/play/wwdc2018/803/

KapTou4ka
[lepexon mexay COCTOAHUAMM

Anchor
Projection

origin
velocity

Designing Fluid Interfaces | developer.apple.com/videos/play/wwdc2018/803/
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KapTou4ka
[loncK npoekuuu

Uo

1000In(d)

X:a?()

func project(value: CGPoint, velocity: CGPoint, decelerationRate: CGFloat) -> CGPoint {
return value - velocity / (1000.0 * log(decelerationRate))
}

91



KapTou4ka

func completeGesture(velocity: CGPoint) {
let decelerationRate = UIScrollView.DecelerationRate.normal. rawValue

let projection = project(value: self.origin, velocity: velocity,
decelerationRate: decelerationRate)

let anchor = nearestAnchor(to: projection)

UIView.animate(withDuration: 0.25) { [weak self] in
self?.origin = anchor
¥
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KapTou4ka
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KapTou4ka
[lepexon mexay COCTOAHUAMM

Anchor

"""" origin
velocity
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KapTou4ka

[lepexon mexay COCTOAHUAMM

Anchor

Projection

~ origin
velocity

02:16 7

Order a taxi :
18 min, 430 rul

Cnopresmar
A Bopoladasi rops

YHMBEpCcHT Y

24 min

1 2

01553 -02.17, 1 transfer

Route details
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KapTou4ka

func completeGesture(velocity: CGPoint) {
let decelerationRate = UIScrollView.DecelerationRate.normal.rawValue
let projection = project(value: self.origin, velocity: velocity,
decelerationRate: decelerationRate)

let anchor = nearestAnchor(to: projection)

let timingParameters = SpringTimingParameters
spring: Spring(mass: 1, stiffness: 200, dampingRatio: 1),
displacement: self.origin - anchor,
initialVelocity: velocity,
threshold: 0.5 / UIScreen.main.scale)

originAnimation = TimerAnimation(
duration: timingParameters.duration,
animations: { [weak self] , time in
self?.origin = anchor + timingParameters.value(at: time)
)

96



KapTou4ka
Damping Ratio = 1.0

01:65+«

Order 4 taxi .
18 min, 430 rul
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KapTou4ka
Damping Ratio < 1.0
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3aKnrvyeHue

> [1naBHbIM Nepexon mexay coctoaHuamm — [lpoekuunsa + Spring Animation

> [1naBHada rpanHnya — Rubber Band Effect
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Offset
> Rubber Band Effect
1
Y — (1 CT )d
y -1

> TlpnbnuxeHune

y = 2+ 0.4562 — 0.00012427
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UlScrollView
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— Polynomial

Finger
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Cchbinkm

> Penosutopuun c npumepamu
github.com/super-ultra/ScrollIMechanics

> Designing Fluid Interfaces
developer.apple.com/videos/play/wwdc2018/803

> Advanced Animations with UIKIit
developer.apple.com/videos/play/wwdc2017/230

> bnor pa3spaboTtkmn AHgekc.Kapt
medium.com/yandex-maps-ios
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@ ultra@yandex-team.ru
%EI? github.com/super-ultra/ScrollMechanics

9 medium.com/yandex-maps-ios

medium.com/esskeetit


http://medium.com/esskeetit
http://github.com/super-ultra/ScrollMechanics

